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Chapter 1

HPV infections and related gynecologic disease
Human papillomavirus (HPV) is a virus transmitted by direct (sexual) contact. Infections with 

HPV are common, as the lifetime risk in sexually active individuals is approximately 80-90% 

(1). Over 100 HPV types have been discovered of which more than 40 types are able to 

infect the mucosa (2,3). The virus can be classified into low-risk and high-risk (hrHPV) types. 

Low-risk HPV types mainly cause skin lesions such as anogenital warts. Persistent infection 

with hrHPV increase the risk of dysplasia and cancerous lesions (4). Around 15 hrHPV 

genotypes have been described that are associated with cancer of the urogenital tract (5). 

Immunosurveillance leads to clearance of the virus in most of the cases within 1-2 years (6,7), 

but if the viral infection persists, carcinogenesis takes about 12-15 years (4,8). It is estimated 

that 5% of all cancers worldwide are associated with HPV (9). Distribution of HPV-related 

cancer is different across genders: in men <1% of cancers are linked to HPV, while in women 

8.6% of cancers is attributable to HPV (10). Persistent infections with hrHPV are responsible 

for virtually all cervical cancers (>99%) (4,11,12), for approximately one third of vulvar cancers 

and also for other anogenital and oropharyngeal carcinomas (9,13,14). HPV16 and 18 are 

the most prevalent hrHPV types and related to most (pre-)cancer cases (4,5). Prophylactic 

HPV vaccination (currently targeting 2 to 9 HPV genotypes) in combination with screening 

programs are cost-effective and contribute to prevention of cervical cancer, as well as other 

HPV-related malignancies (15). However, vaccine coverage rates in countries across Europe 

range from 15-85%, with a suboptimal coverage of around 50% over the last few years 

amongst preadolescent girls in the Netherlands (16–18). At the moment, vaccination of boys 

to reduce HPV prevalence is also recommended and implemented in several countries. Models 

predict that vaccination of boys in addition to girls could eliminate HPV 6, 11, 16 and 18 if 

80% coverage is achieved (19). Considering the current low vaccination rates, many men and 

especially women still have to face HPV-related morbidity and mortality in the upcoming years.

Intraepithelial neoplasia
Cervical intraepithelial neoplasia (CIN) is a premalignant lesion of the uterine cervix and caused 

by infection with HPV (Figure 1). CIN develops in the transformation zone of the cervix. This 

transformation zone is an area of metaplastic tissue between the squamous epithelium of the 

vagina and the glandular tissue of the endocervical canal, and is susceptible to carcinogenesis. 

Low-grade CIN (CIN1) has a low risk to progress to cervical cancer (20), while high-grade 

lesions (CIN2 and 3) have a higher potential for progression. Therefore, CIN2 and CIN3 are 

often treated by excision or ablation in order to remove the transformation zone (21,22).

Vulvar intraepithelial neoplasia can be divided into low-grade squamous intraepithial lesions 

(LSIL), high-grade squamous intraepithelial lesions (HSIL) or differentiated VIN (dVIN). dVIN 

is the precursor of HPV-negative vulvar cancer, which is associated with worse disease-free 

survival than HSIL-associated vulvar cancer (23). HSIL is also known by its former designation 

of usual type VIN (uVIN) and is associated with hrHPV infection (Figure 1). Management 

options are surgical excision, ablative therapy or pharmacologic treatment. In contrast to 

CIN lesions, women with uVIN lesions often develop recurrent disease (24,25). Therefore, 
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therapeutic HPV-vaccination may offer an attractive treatment option for uVIN patients in 

order to prevent recurrent disease and treatments, and importantly, progression to cancer.

Much of the information on vaginal intraepithelial neoplasia (VaIN) is an extrapolation of the 

knowledge of the pathophysiology of uVIN and CIN, as this is a much rarer condition (26).

Figure 1. Deve opment of invasive cancer through HPV-infected squamous epithe ium. 
Adapted with permission from the original version by Woodman et al. 2007 (27).

Cervical cancer
More than half a million (530.000) new cases of cervical cancer worldwide were diagnosed 

in 2018 (28). In the Netherlands, around 900 women were diagnosed with cervical cancer 

in 2019 (29). The two main histological subtypes, squamous cell carcinoma (SCC) and 

adenocarcinoma (AC), account for 65% and 30% of the cases, respectively (30). HPV16 is often 

associated with SCC and HPV18 with AC (31). Most women are diagnosed with cervical cancer 

between 30-44 years of age (29). Advanced stages and mortality however, are increasing with 

age. The most important prognostic factors are stage and lymph node (LN) status (32). Cervical 

cancer metastasizes via lymphatic vessels to pelvic, para-aortic, mediastinal, supraclavicular, 

and inguinal LN (33). In the previous International Federation of Gynaecology and Obstetrics 

(FIGO) system of 2009 stage of disease was determined clinically based on tumor size and 

the degree of pelvic extension (32). In the new 2018 FIGO staging system, imaging and 

pathological findings are incorporated as a source of staging information (34).

In early stage cervical cancer the disease is limited to the uterus and standard treatment is 

a radical hysterectomy with pelvic lymphadenectomy, or primary radiation therapy with or 

without chemotherapy (33). In patients with early stage cervical cancer and a wish to preserve 

fertility, fertility sparing surgery may be the treatment of choice. With negative pelvic LN, 

five-year survival is 88-96%, while this is 50-74% in the presence of LN metastases (35–37). 

The number of positive LN also influences prognosis (38). After radical surgery, patients may 

1
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experience several adverse effects, such as lymphedema and bladder, bowel and/or sexual 

dysfunction (39–41).

After primary surgical treatment, adjuvant therapy consisting of radiotherapy with or without 

chemotherapy may be indicated in the presence of risk factors. Intermediate risk factors 

for disease recurrence are lymphovascular space invasion, deep cervical stromal invasion 

and tumor size ≥ 4cm (42,43). In patients with two of these risk factors present, adjuvant 

radiotherapy should be considered. Indication for adjuvant chemoradiotherapy is the presence 

of high risk factors for recurrence: positive surgical margins, LN metastasis and parametrial 

involvement (42,44–46). In locally advanced cervical cancer (stage IIB and higher) treatment 

consists of definitive chemoradiotherapy (47). Chemoradiotherapy may have long-term effects 

on bladder and bowel function as well, and results in loss of ovarian function in premenopausal 

women. Furthermore, it is associated with worse quality of life and sexual function (48,49).

Metastatic disease is most often detected within 2 years after initial treatment (50). While 

the treatment of metastasized cervical cancer has been improved over the years, the 5-year 

survival rates are not higher than 10% (51). The occurrence of treatment related morbidities 

and poor survival in the advanced or metastasized setting, highlight the need for novel well-

tolerated therapies that prevent recurrent disease and improve clinical outcomes.   

Vulvar cancer
Vulvar cancer is the fourth most common gynecologic malignancy and the incidence has been 

rising over the last decades (52). Most women are 60 years or older and diagnosed at an early 

stage (53). SCC is the most common histologic type. There are two oncogenic pathways: tumor 

development may be related to HPV-infection or to chronic autoimmune diseases (e.g. lichen 

sclerosis) (54). HPV DNA is detected in ± 30% of invasive vulvar cancer cases (13). Current 

guidelines recommend radical excision of the primary vulvar lesion, if feasible. The presence 

of inguinofemoral LN metastases is the most significant prognostic factor for survival (55). For 

this reason, a sentinel LN (SLN) procedure, lymphadenectomy or LN debulking is performed 

as well, except for women with stage IA disease (lesions ≤ 2cm and stromal invasion ≤ 1mm). 

Chemotherapy and radiation are applied as adjuvant or primary treatment for disease that 

cannot be surgically resected.

HPV life cycle
HPVs are non-enveloped, capsid DNA viruses. The viral genes encode for early (E1, E2, E4-E7) 

and late (L1 and L2) proteins (56). The early proteins are involved in viral gene regulation and 

cell transformation, while the two late capsid proteins form the shell of the virus. Infection with 

HPV is dependent on the differentiation process of the epithelium and leads to deregulation 

of the cell cycle. At each level of cutaneous or mucosal differentiation, specific genes are 

transcribed. Infection of dividing basal epithelial cells occurs as a result of microlesions in the 

epithelium (2,57). The infected basal keratinocytes form a reservoir of infection and as these 

cells divide, daughter cells are formed that move towards the epithelial surface. Increased 
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proliferation and transformation of suprabasal epithelial cells is caused by the expression and 

activity of viral oncoproteins E6 and E7 (4,57), which block normal terminal differentiation 

of keratinocytes. E6-mediated tumor suppressor gene p53 degradation prevents a normal 

cellular DNA damage response (58,59). E7 associates with retinoblastoma protein (pRB) and 

other transcription factors and proteins involved in cell proliferation and contributes to a 

transforming HPV infection leading to neoplastic progression (60,61). The inhibition of pRB 

via HPV E7 leads to upregulation of p16INK4A through a cellular defense mechanism called 

oncogene-induced senescence. For that reason, p16 is often used as a surrogate marker of 

HPV-infection in addition to HPV DNA and/or HPV mRNA (62).

Immune evasion strategies of HPV
Immune responses to HPV infection are weak, variable and specific to particular HPV types, 

and therefore a person can acquire multiple new infections of different HPV types (57). HPV-

related cancers usually develop in patients who fail to resolve the infection and who retain 

oncogene expression for years or decades (63). Only about 10% to 15% of the infected persons 

establish life-long persistent infection, of which a subset (2-5%) has the potential to progress 

to high-grade intraepithelial neoplastic lesions and eventually invasive cancer (57,63,64). 

This means that in a minority of infected people, HPV has the ability to stay unnoticed by the 

host’s immune system for a long time. Risk factors for persistent infection and progression are 

immunodeficiency (in patients with HIV or receiving immunosuppressants), cigarette smoking, 

sexually transmitted infection and oral contraceptive use (15). Several intracellular as well as 

extracellular strategies of HPV to evade the immune responses have been described over 

the years.

Intracellular immune evasion strategies
A first evasion strategy of HPV is that it has its life cycle in the epithelial layer, protected by 

the epithelial basement membrane. With only low levels of viral proteins being expressed 

in the keratinocytes, thereby limiting the release of danger signals, and with poor access 

for immune cells, this ensures sub-optimal activation of the local immune response. Only 

during disease progression in high-grade lesions and cancer, the expression of HPV E6 and 

E7 starts to increase, which makes them good targets for immunotherapy in established 

disease (65,66). Innate pathogen sensors (such as IFI16 and cGAS) and toll-like receptors 

(TLR) are able to recognize HPV DNA, as soon as HPV enters the keratinocyte (67,68). To 

evade immune recognition and establish persistence, HPV E6 and E7 are able to modulate 

host gene expression by deregulating DNA methylation, histone modification and transcription 

factors (65,66,69). In this manner, important signaling pathways (e.g. cGAS-STING, TLR9, 

NF-KB) are dysregulated (65,67,70,71). Also, downregulation of the adhesion molecule 

E-cadherin which is necessary for Langerhans cell (LC) mobilization, and downregulation of 

proinflammatory cytokines and chemokines (such as type I interferons, IL-8, IL-18, CXCL14, 

CCL2 and CCL20) is effected by HPV E6 and E7 (66,72–78). Next to disturbing protein 

function and altering gene expression, HPV-transformed cells are able to modify the antigen 

processing machinery (APM), resulting in hindered cytotoxic T-cell (CD8+ T-cell) recognition 

1
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and weakened anti-tumor responses. Several studies showed aberrations in human leukocyte 

antigen (HLA) expression, also known as major histocompatibility complex (MHC), in cervical 

cancer (79–82). HLA class I molecules are important as they present antigens of HPV epitopes 

to CD8+ T cells. Furthermore, changes in epitope editing by aminopeptidase ERAP1 (83,84), 

decreases immunoproteasome expression necessary for protein degradation, and repression 

of transporters associated with antigen expression (TAP) have been described (85,86), all 

of which contribute to less immune recognition and failure of effective immune responses 

against HPV-infected cells.

Extracellular immune evasion strategies
Both innate and adaptive immune responses are critical for control and clearance of HPV 

infections. Immunosuppressed individuals (e.g. transplant or HIV-patients) have a higher risk 

of persistent HPV infections and HPV-related malignancies (87). As mentioned earlier, immune 

cells that are necessary to clear the virus, have only limited access to the upper epithelial 

layers where the immunogenic virions are released during productive HPV infections (64). 

This enables the virus to escape from immune recognition. However, once transforming HPV 

infections are established, the oncoproteins E6 and E7 also effectively perturb immune cell 

function by several immunosuppressive mechanisms, vital for cancer progression. The HPV-

driven tumor cells additionally employ their own strategy in order to evade the host immune 

system. The cancer immunity cycle in HPV-related cancer is illustrated in Figure 2.

Antigen presenting cells
Antigen presenting cells (APC) initiate the cellular immune response and are the connection 

between the innate and adaptive immune system. In the upper epithelial layers of the epidermis, 

LC detect viral structures via pattern recognition through their TLR. Upon recognition and 

uptake of antigens, they migrate to tumor-draining LN (TDLN) where they are able to prime 

adaptive immune cells. However, several studies showed that HPV virus-like particles (VLP) 

are not able to properly activate LC and prime T cells, thereby effectively escaping an immune 

response (89–91). Moreover and as aforementioned, since E-cadherin is downregulated 

by HPV, adhesion of LC to keratinocytes is disrupted (78,92). Also the downregulation of 

CCL20 by HPV in keratinocytes can prevent immature LC to migrate to the epidermis (93). 

In cervical lesions, active HPV infection and/or expression of E6 and E7 is associated with 

decreased frequencies of intraepithelial LC (93–95). In cleared cervical HPV infections 

however, an accumulation of LC is observed (96), suggesting that tissue-resident LC have an 

important role in controlling HPV infection. In addition, in uVIN, decreased numbers of CD1a+ 

and Langerin+ DC are found compared with healthy tissue (97). With increasing VIN grade, 

decreased numbers of CD1a+ DC are found (98). Not only frequencies of DC in HPV-infected 

lesions are of significance, but also the maturation status of the DC for effecting an HPV-

specific immune response. Cervical and vulvar cancer cells are able to secrete factors such as 

IL-6, PGE2, receptor activator of NF-KB ligand (RANKL) and indoleamine 2,3-dioxygenase 

(IDO) that inhibit DC maturation and function (99–102). In low-grade CIN lesions, reduced 

expression of MHC-II and Langerin on LC is observed compared to normal cervical tissue (94). 
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The expression of the T-cell activating costimulatory molecules CD80 and CD86 on CD11c+ 

DC decreases with increasing CIN grade, resulting in a poor antigen-presenting environment 

(103). Interestingly, in cervical cancer TDLN almost no LC are present (104). Taken together, 

HPV-infections seem to be associated with depletion of mature DC, which may lead to 

defective or inhibited T-cell priming in the TDLN and thereby no effective T-cell response.

Figure 2. Cancer immunity cyc e, therapeutic approaches, and immune escape mechanisms in HPV 
re ated cancer. 
Adapted with permission from the original version by Kim and Chen 2016 (88).

T-helper cell- and cytotoxic T-cell responses
Robust HPV-specific CD4+ T-helper cell- and CD8+ T-cell responses are necessary to 

effectively eliminate HPV-infected cells. In healthy individuals measurable numbers of HPV-

specific IFNγ producing T cells are found (105), while these are absent in patients with HPV-

driven cancers (106). Furthermore, in HPV-related lesions, regression is associated with high 

CD4+ and CD8+ T-cell infiltration (107). Not only HPV-specific T-cell responses are important, 

also T-cell responses against non-viral tumor antigens, including neo-antigens, seem to be 

essential in HPV-driven cancers (108).

Naïve CD8+ T cells can differentiate into cytotoxic CD8+ T cells (CTL) by interaction with 

mature APC. They migrate to sites of infection to kill HPV-infected cells and tumor cells. In 

cervical carcinomas, CTL lacking granzyme B (GrB) and IL-2 expression have been observed 

1
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(109). Also the amount of IFNγ produced by HPV-specific CD4+ and CD8+ T cells is found to 

be low in cervical tumors and their TDLN (110). These results indicate that CTL are present, 

but not properly activated and thereby unable to eliminate infected cells. As mentioned before, 

CTL recognition and activation is prevented by downregulation of MHC I expression on HPV 

infected keratinocytes (79–82). Regression rates of CIN lesions are strongly correlated with 

the presence of intraepithelial GrB+ CTL (111). Furthermore, a survival benefit for cervical 

cancer patients with high (intraepithelial) CD8+ T cell/Treg ratio is observed (112). Also in 

vulvar cancer, the number of activated GrB+ intraepithelial lymphocytes correlates with longer 

overall survival (113).

Also, proper CD4+ T-helper cell responses are needed for clearance of HPV and for durable 

T-cell memory. Higher HPV16 E6 and E7 CD4+ T cell responses are observed in patients with 

regressed HPV+ cervical lesions, compared with patients with CIN1-3 lesions (114,115). A Th1 

response is required for an anti-HPV immune response, marked by the release of IFNγ and IL-2 

(116,117). A shift from a Th1 response to a Th2 response is associated with the development of 

high-grade HPV-related disease (118,119). Th2 responses are characterised by the secretion 

of tumor supporting cytokines IL-6, IL-8 and IL-10 (119). Furthermore, controversial roles of 

Th17 cells have been described in cervical cancer, as well as in other tumor types. Some studies 

show that increased frequencies of these IL-17 producing cells are associated with cervical 

cancer progression (120,121), while others show that a high number of Th17 cells represent 

a favorable prognosis in SCC (122). In contrast to SCC, in AC of the cervix Th17 cells might 

indeed represent a poor response (123). In vulvar cancer, high infiltration with activated helper 

T cells is associated with a better clinical outcome (124).

Regulatory T cells
In persistent HPV infections, regulatory CD4+ T cells (Tregs) are recruited and activated. Tregs 

are characterized by the expression of the FoxP3-transcription factor and are also able to 

inhibit effective T-cell responses. This takes place via the secretion of suppressive cytokines 

IL-10 and TGF-β and through direct and indirect cell-to-cell contact via membrane-bound 

TGF-β and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) (125,126). It is not fully 

understood how HPV-infected tumor cells recruit and activate Tregs. Tregs possibly originate 

from naïve or differentiated CD4+ T cells. After recognition of antigens presented by DC and 

in the presence of host-derived cytokines produced by immune cells and tumor cells in the 

local environment, such as TGF-β, IL-10 and IL-2 produced by suppressive immune cell subsets, 

they expand (127,128). Also, their activation and expansion may be induced by interaction 

with M2-macrophages (104,129,130). Patients with persistent HPV16 infection have higher 

Treg frequencies in blood compared with patient that cleared the infection or have proper 

E6-specific CD4+ T-cell responses (115,131). Patients with uVIN more often have recurrences 

when high numbers of intraepithelial Tregs and CD14+ macrophages are present (130). Also, 

E6 and E7 specific Tregs are present in cervical tumors and TDLN (132,133). In LN containing 

metastasis (LN+), significantly higher numbers of Tregs are found compared with metastasis-

free LN (LN-) (104) and patients with a low CD8+ T cell/Treg ratio in the tumor, more often have 
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LN metastases and worse survival (134,135). Remarkably, high numbers of Tregs in cervical 

SCC are associated with poor outcomes (134,136), while in the AC tumor-microenvironment 

an opposite effect has been observed (123).

Myeloid immune cells
HPV-transformed cells are able to recruit and alter myeloid cells by releasing soluble 

factors. Macrophages are a heterogeneous population of tissue-resident monocytes with 

high phenotypic plasticity, which is influenced by factors in the microenvironment. Blood-

derived monocytes can differentiate into two types: by Th1 cytokines into classically activated 

macrophages producing anti-tumoral IL-12 (M1-macrophages) and by Th2 cytokines into 

alternatively activated macrophages producing IL-10, PGE2, TGF-β and CCL22 (M2-

macrophages) (137). M2 macrophages promote initiation of metastasis and inhibit tumor-

specific T-cell responses. In cervical cancer tissue, higher numbers of intraepithelial M2 

tumor-associated macrophages (TAM) are present than in non-tumorous cervical tissue 

(138). Progression of disease is associated with increased numbers of CD163+ TAM and also 

patients’ outcomes are worse with higher numbers of M2-macrophages (139,140). In cervical 

AC the presence of CD204+ M2 macrophages is associated with shorter disease-free survival 

(141). On the other hand, the presence of M1-macrophages (CD14+CD33-CD163-) in the 

microenvironment is associated with influx of intraepithelial T cells and a good prognosis (112).

Another type of myeloid cells able to infiltrate HPV-infected tissue is myeloid-derived 

suppressor cells (MDSC). MDSC are a heterogenous group of immune cells generated in the 

bone marrow, that possess strong immunosuppressive functions and can differentiate into 

TAM in the TME (142). In cervical LN+, the presence of MDSC has been observed (104) and 

furthermore, high frequencies of MDSC in cervical tumors are associated with recurrence 

and metastasis (143).

T-cell activation and inhibition
As mentioned before, T cells need to be activated in order to induce an anti-tumor immune 

response. T cells are activated after presentation of antigens on MHC I/II molecules by APC 

and DC to T-cell receptors (TCR) (144). Antigen recognition only is not enough for the full 

induction and activation of T cells, a second signal (co-stimulation) is also needed and results 

from the interaction of mainly CD28 receptors on T cells and CD80/CD86 on APC. T-cell 

anergy and apoptosis follow in the absence of co-stimulation (145). To prevent uncontrolled 

T-cell activation, specialized receptors on T cells, called ‘immune checkpoint receptors’, 

bind to their ligands preventing the development of autoimmune disease (146). The tumor 

microenvironment is enriched with immunosuppressive factors, inducing checkpoint receptor 

expression on T cells and promoting dysfunctional T cells with an exhausted, dysfunctional 

phenotype, ultimately resulting in immune escape (147).

One of the most studied immune checkpoint pathways is the interaction of programmed-

death-1 receptor (PD-1) with PD-ligand-1 (PD-L1) and PD-ligand-2 (PD-L2). PD-1 is a co-

1
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inhibitory receptor on T cells that has an immunoregulatory function in normal situations. 

Interaction of PD-1 on T cells with PD-L1 and PD-L2, expressed on several types of myeloid 

cells and tumor cells, triggers a cascade of downstream signals. Inhibition of TCR signal 

transduction and CD80 co-stimulation results in T-cell functional exhaustion and anergy 

(148,149). It has been suggested that HPV E6 and E7 oncoproteins activate the PD-1/PD-L1 

axis (150). In several tumor types, a T-cell-inflamed environment with interferon-induced 

signalling, leads to upregulation of PD-L1 (151,152). In HPV-related vulvar and cervical 

(pre-)cancer, multiple immunohistochemistry (IHC) studies have shown that the expression 

of PD-1 on T-cells and PD-L1 on myeloid cells and tumor cells is common (103,153–162). 

The exact underlying mechanisms for this upregulation remain to be elucidated (163). In 

SCC of the cervix, PD-L1-positivity is found more often than in AC. In SCC, diffuse PD-L1 

expression is associated with worse survival compared with patients with marginal (i.e. on the 

interface between stroma and tumor) PD-L1 expression (164), highlighting the importance of 

expression patterns of PD-L1. In AC patients survival is worse in patients with PD-L1 positive 

macrophages (164). Also in cervical LN+, elevated levels of PD-L1+CD14+ APCs are observed 

compared with LN- (104). These rates are interrelated with Tregs in the microenvironment of 

LN+. Besides, they express low levels of costimulatory markers and maturation marker CD83, 

and often express M2-macrophage marker CD163. Taken together, these data emphasize the 

important role of the PD-1/PD-L1/2 pathway in inhibiting immune responses in HPV-related 

vulvar and cervical cancers.

Another well-studied immune checkpoint is cytotoxic T-lymphocyte-associated protein 

(CTLA-4). This is a receptor which is expressed on activated T-cells and especially on Tregs. 

CTLA-4 competes with CD28 receptor for binding to CD80 and CD86 on APC. In cervical 

cancer, higher frequencies of CD4+ and CD8+ T cells that express CTLA-4 are found in LN 

containing metastases, indicative of an immunosuppressed microenvironment (104).

The expression of other immune checkpoints in various cancer types has been described, 

such as TIM-3, LAG-3 and TIGIT (147). T-cell immunoglobulin and mucin-domain containing-3 

(TIM-3) is expressed on fully differentiated Th1 cells and activated by binding to its ligand 

galectin-9 (Gal-9). This leads to downregulation of the activity of CTL and an increased Treg 

activity. A recent IHC study showed that TIM-3 and its ligand Gal-9 are co-expressed in most 

of the PD-L1+ cervical and vulvar SCC, suggesting an interesting combinatorial target for 

immune checkpoint blockade (165).

Restoring immune cell function in the HPV-infected microenvironment
As described above, immune cells present in the microenvironment of HPV-related (pre-)

cancers are often functionally impaired and inhibited in their anti-tumoral function. Several 

studies have tried to re-establish the immune cell function in HPV-related disease by the 

application of immune modulatory agents.
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TLR-ligands
Stimulation of CIN and cervical cancer suspensions by TLR-ligands leads to phenotypic 

and functional activation of LC and enhancement of HPV-specific effector T-cell function 

(110,166). In patients with uVIN lesions, imiquimod (a TLR7 agonist) is already used as initial 

topical therapy (167) and in patients with CIN, this therapy seems to be effective as well 

(168). However, in cervical TDLN+, TLR-stimulation also increases Th2 response with tumor-

promoting IL-10 and IL-6 release, indicating that TLR-stimulation should be combined with 

agents targeting immune suppression in HPV-related cancers (104).

Therapeutic HPV-vaccination
Instead of generating neutralizing antibodies, therapeutic HPV vaccines aim to restore cell-

mediated immunity by the induction of HPV-specific T-cell responses (10). Since the E6 and 

E7 oncoproteins are constitutively expressed in HPV-transformed cells and absent in healthy 

cells, they are the ideal targets for immunotherapy (169). Various therapeutic HPV vaccination 

strategies have been studied, including genetic vaccines (DNA/RNA/virus/bacterial), protein-

based, peptide-based or DC-based vaccines. DNA-based vaccines have shown promising 

responses, however the induction of T-cell responses often was poor (170). Therefore other 

strategies to increase the immunogenicity of therapeutic vaccines against HPV have been 

investigated (171). In CIN and uVIN patients, responses to therapeutic HPV vaccination are 

associated with the strength of induced Th1 response (172–174). In cervical cancer patients 

though, monotherapy with a therapeutic vaccine shows only weak T-cell response and no 

clinical benefits (175). The reason for this failure could be that this microenvironment is too 

heavily immunosuppressed in late-stage cancer patients and additional therapies are needed 

in order to overcome this severe suppression. Although some of the data are encouraging, no 

therapeutic vaccines have been licensed for clinical use yet (10).

Chemotherapeutics, radiotherapy & anti-angiogenic agents
Chemotherapeutics are able to target immunosuppressive immune populations. In patients 

with advanced cervical cancer, carboplatin-paclitaxel normalizes abnormal numbers of 

circulating myeloid cells (176). In the tumor microenvironment of cervical cancer, treatment 

with neoadjuvant cisplatin and paclitaxel increases the number of cytotoxic CD8+ T-cells 

and as well as the expression of PD-L1 (177,178). Therefore, when patients are treated with 

chemotherapy in combination with therapeutic vaccines or immune checkpoint therapy, 

antigen specific T-cell responses may be improved (179).

Combination therapy of radiotherapy with immune checkpoint inhibitors (ICI) also poses an 

attractive treatment strategy. Abscopal effects have been observed of patients receiving 

local radiotherapy, with tumor regression at distant metastatic sites (180). This is possibly 

mediated by CD8+ cytotoxic T cells, as a result of the release of tumor-associated antigens 

(TAA), damaged-associated molecular patterns (DAMP) and pro-inflammatory cytokines (181). 

However, PD-L1 is also upregulated after chemo- and radiotherapy and for that reason the 

1



20

Chapter 1

addition of ICI could lead to more effective immune responses targeting tumor-antigens, in 

both the tumor as well as in distant metastases (182).

Combinations of anti-angiogenic agents with ICI should be considered as well, as the former 

have the potential to normalize the tumor vasculature, enabling efficient tumor infiltration by 

effector immune cells and thereby can generate more potent antitumor effects (183).

Immune checkpoint inhibitors (ICI) – results
Immune checkpoint therapy blocking PD-1, PD-L1 and/or CTLA-4 has proven its success 

in several cancer types, such as melanoma or non-small cell lung cancer (NSCLC) (184,185). 

Clinical trials with ICI for cervical cancer have been conducted since 2015 (Table 1). In a study 

investigating the effects of ipilimumab (anti-CTLA-4) monotherapy in patients with metastatic 

cervical cancer (n=42), an overall response rate (ORR) of only 2.9% was observed (186). In 

another phase I study (GOG9929) the safety and efficacy of adjuvant ipilimumab following 

chemoradiation therapy in node-positive cervical cancer patients was investigated. This 

combination was well tolerated with possible clinical activity (187). Grade 3 adverse events 

(AE) were observed in 9.5% of patients. Of note, PD-1 expression on CD4+ and CD8+ T cells 

increased during CRT and was sustained with sequential anti-CTLA-4 immunotherapy.

In the phase Ib KEYNOTE-028 study, the safety and efficacy of pembrolizumab (anti PD-1) 

therapy was investigated in patients with PD-L1+ advanced cervical SCC (n=24) (188). 

Patients with previously treated locally advanced or metastatic cervical cancer, received 

pembrolizumab at 10 mg/kg, every two weeks, for up to 24 months. The ORR was 17%. All 

patients discontinued treatment during this study, because of adverse events, physician’s 

decision or because of disease progression. Grade 3 treatment-related AE were observed 

in 5/24 patients.

Based on the subsequent KEYNOTE-158 trial, pembrolizumab (anti-PD-1) was approved by 

the FDA in June 2018 as a second-line treatment for patients with PD-L1+ advanced cervical 

cancer (189,190). This phase II trial involved 98 patients with recurrent and/or metastatic 

cervical carcinomas after ≥1 prior chemotherapy regimens. For up to two years, every three 

weeks, 200 mg of pembrolizumab was given intravenously (i.v.). The objective response rate 

was 12.2% (12 patients) and all of these responses were seen in patients with PD-L1+ tumors. 

Of these 12 patients, one patient had AC. Only 3 patients showed a complete response (CR). 

Treatment-related grade 3 or 4 AE were seen in 12.2% of patients. Discontinuation as a result 

of AE occurred in 8% of patients, as a results of fistula, hemorrhage, anemia, and infections.

A response rate of 26.3% after nivolumab (anti-PD-1) treatment was observed in the phase 

I/II CheckMate 358 trial among 19 patients with previously treated recurrent or metastatic 

cervical cancer (191). These patients received 240 mg nivolumab i.v. every 2 weeks, up to 2 

years. Any-grade treatment related AE occurred in 12 of 19 patients (63.2%), with one patient 
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who discontinued treatment after grade 3 pneumonitis. Notably, in this study the response to 

nivolumab was not related to PD-L1 status or previous treatments.

These results show that patients treated with anti-PD-1 therapy, often do not show a response, 

and the majority of the patients have no durable benefit. The failure of this single-agent 

immunotherapy treatment may be attributable to the fact that there are other mechanisms 

of immune evasion involved. Also, these patients often received several treatments before 

treated with ICI. In order to improve responses of immunotherapy, combined approaches are 

relevant and first data of studies combining ICI and radiation therapy are emerging.

At the European Society for Medical Oncology (ESMO) conference 2019, interim results of the 

CheckMate 358 trial, investigating the combination of nivolumab and ipilimumab in patients 

with recurrent or metastatic cervical cancer, were presented (192). The first cohort, combo A, 

consisted of patients receiving nivolumab at 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg 

every 6 weeks and in combo B patients were treated with nivolumab 1mg/kg plus ipilimumab 

3 mg/kg every 3 weeks for 4 doses, followed by 240 mg nivolumab every 2 weeks. This was 

continued for up to 24 months, until disease progression or unacceptable toxicity. The ORRs 

were higher in patients without prior systemic therapies: 32% for combo A and 46% for combo 

B. In patients with prior systemic therapy the ORR was 23% for combo A and 36% for combo 

B. Clinical benefit was observed regardless of PD-L1 status. Grade 3-4 AE were observed in 

29% of patients in combo A and 37% for combo B.

Recently, preliminary results of two independent phase II trials investigating balstilimab 

(anti-PD-1) monotherapy or in combination with zalifrelimab (anti-CTLA-4) in recurrent or 

metastatic cervical cancer patients were presented at ESMO 2020 (193). Patients received 3 

mg/kg balstilimab every 2 weeks, or in combination with 1 mg/kg zalifrelimab every 6 weeks, 

up to 2 years. All patients received platinum-based chemotherapy as previous treatment. The 

ORR in the monotherapy group was 14% (n=160), while in the combination cohort the ORR 

increased to 22% (n=143). Interestingly, responses were higher in patients with SCC: 18% for 

monotherapy and 27% for combination therapy. In AC histology responses were only 8% for 

monotherapy and 7% for combination therapy. Responses were higher in PD-L1+ patients, but 

also responses in PD-L1- patients were observed. Treatment was well tolerated, though 30% 

of patients had immune related AE in the monotherapy cohort and 35% in the combination.

In a recent phase I trial, the PD-1 inhibitor cemiplimab was investigated as monotherapy or 

in combination with hypofractionated radiation therapy (hfRT) in patients with recurrent or 

metastatic cervical cancer (194). Patients were treated with 3 mg/kg cemiplimab i.v. every 2 

weeks for 48 weeks, and patients in the combination cohort received hfRT in week 2. In both 

cohorts, monotherapy or combination therapy, 10 patients were included. In each cohort one 

patient experienced a partial response and both of these patients had squamous histology. 

Treatment-related AE (≥ grade 3) occurred in 1/10 monotherapy patients and in 3/10 patients 

in the combination cohort.

1
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No studies focused specifically on vulvar cancer, but patients were included in a few basket 

trials investigating the use of anti-PD-(L)1 inhibitors in rare malignancies (NCT02834013; 

NCT02834013). In the Checkmate 358 trial investigating nivolumab monotherapy, the HPV+ 

vulvar/vaginal cancer cohort consisted of 5 patients and one showed a (partial) response 

(191). An impressive complete response to pembrolizumab in a patient with vulvar cancer 

was described in a case report (195).

Anti-PD-(L)1 checkpoint inhibition is currently investigated in locally advanced, metastatic 

or recurrent cervical cancer patients in combination with other ICI, bevacizumab (anti-

VEGF) and (chemo)radiation therapy (196). Nivolumab, pembrolizumab, atezolizumab and 

dostarlimab are studied in combination with chemoradiotherapy in locally advanced cervical 

cancer (NCT03298893, NCT03144466, NCT02635360, NCT03738228, NCT03556839, 

NCT03833479) and in second-line therapy for patients with platinum-resistant cervical 

cancer (NCT03257267). Pembrolizumab is also being investigated in the first-line recurrent/

metastatic setting in the KEYNOTE-826 phase III trial (NCT03635567). Anti-PD-(L)1 is also 

studied in combination with bevacizumab therapy and chemotherapy in advanced, recurrent 

or metastatic cervical cancer patients (NCT03912415, NCT03556839).
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Tab e 1. Results of clinical trials with ICI in vulvar and cervical cancer

Study Medication Study 
popu ation

Objective 
response rate

N = AE

ICI - Monotherapy
KEYNOTE-028 

– Phase Ib (188)

Pembrolizumab

(anti-PD-1)

PD-L1+ 

advanced CxCa

17% (no CR, 4 

PR, 3 SD)

24 21% grade 3

KEYNOTE-158 

– Phase II (189)

Pembrolizumab Advanced CxCa 

(recurrent or 

metastatic)

12.2% (3 CR, 

9 PR)

98 12.2% 

grade 3-4

CheckMate 358 

- Phase I/II

(191)

Nivolumab

(anti-PD-1)

Recurrent/

metastatic 

CxCa, vaginal or 

vulvar cancer

26% for cervical 

cancer (3 CR, 

1 PR)

20% for vulvar/

vaginal cancer (0 

CR, 1 PR)

19 CxCa, 

5 vaginal 

or vulvar

21.1% 

grade 3-4 in 

CxCa

NCT0163784 – 

Phase I/II (186)

Ipilimumab (anti-

CTLA-4)

HPV-related 

recurrent CxCa

2.9% (1 PR) 42 29% ≥ 

grade 3

ICI – Combination therapy
NCT03104699 

& 

NCT03495882 

– Phase II (193)

Bastilimab (anti-

PD-1) mono 

or combo with 

zalifrelimab (anti-

CTLA-4)

Recurrent or 

metastatic CxCa

14% mono (3 

CR, 20 PR)

22% combo

(8 CR, 23 PR)

160 mono

143 

combo

≥ Grade 

3: mono 

8% combo 

10.5%

NCT02383212 

- Phase I (194)

Cemiplimab (anti-

PD-1) mono or 

combo with hfRT

Advanced CxCa 10% both 

cohorts

(only SCC 

histology, as 

secondary 

outcome)

10 mono

10 combo

≥ Grade 3: 

mono 10%, 

combo 30%

Checkmate-358 

– Phase I/II 

(192)

Combo A: nivo 

+ ipi

Combo B: nivo + 

ipi, followed by 

nivo

Recurrent or 

metastatic CxCa

A: 32% w/o PST

/ 36% with PST

B: 46% w/o PST

23% with PST

A: 19 w/o 

PST, 26 

with PST

B: 24 w/o 

PST, 22 

with PST

A: 28.9% 

grade 3-4

B: 37% 

grade 3-4

GOG 9929 – 

Phase I (187)
Ipilimumab + CRT Node-positive 

CxCa (IB2-IVA)

1 yr-OS 90%, 

PFS 81% (as 

secondary 

outcome)

32 9.5% grade 

3

Abbreviations: N, number of patients; AE, adverse events; CxCa, cervical cancer; ICI, immune checkpoint 

inhibitors; CR, complete response; PR, partial response; SD, stable disease; mono, monotherapy; combo, 

combination therapy; SCC, squamous cell carcinoma; nivo, nivolumab; ipi, ipilimumab; w/o, without; PST, 

prior systemic therapies; CRT, chemoradiation therapy; OS, overall survival; PFS, progression-free 

survival
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ICI - biomarkers
Currently, a combined positive score (CPS) of ≥ 1 is used for selecting cervical cancer patients 

initiating pembrolizumab treatment (189,190). The CPS is the combined score for PD-L1 

expression in tumor-related immune cells, as calculated by the number of PD-L1 positive cells 

divided by the total number of tumor cells, multiplied by 100. The PD-L1 IHC 22C3 pharmDx 

test is used as companion diagnostic. However, not all patients with PD-L1 expression show a 

response to anti-PD-(L)1 therapy and patients with PD-L1 negative tumors can benefit from 

anti-PD-1 and anti PD-L1 therapies (188,189). For that reason, PD-L1 is far from ideal as 

predictive biomarker and identification of biomarkers for efficacy beyond PD-L1 expression 

are urgently needed.

ICI - adverse events
Although promising, patients on ICI can develop severe and sometimes fatal auto-immune 

toxicities, also described as immune-related adverse events (irAE). The onset of irAE is 

unpredictable, they can develop early but also several months after the treatment started 

(197). According to the Common Terminology Criteria for Adverse Events (CTCAE), these AEs 

can be graded in severity from 1 (mild) to 5 (death). In contrast to anti-CTLA-4 therapy, less 

patients receiving immune checkpoint therapy with anti-PD-(L)1 experience severe AE. It has 

been described that 10-30% of cancer patients treated with anti-CTLA-4 therapy experience 

serious (grade 3 or higher) irAE (198), 16% of anti-PD-1 treated patients and with combination 

therapy of anti-CTLA-4 and anti-PD-1, 55% of patients experience serious AE. Dermatitis, 

colitis, and thyroiditis are the most common reported irAE in patients receiving ICI (199). 

Treatment depends on the severity of the irAE and this includes (temporary) discontinuation, 

corticosteroids or other immunosuppressants (197). So far, no single blood-based biomarker 

has been discovered that can reliably predict the development of irAE. Improved responses 

to ICI treatment have been observed in patients who developed irAE (200). This could be 

explained by the mechanism underlying anti-tumor responses and activation of the immune 

system (201). For that reason, early irAE management could inhibit ICI efficacy (202).

ICI – the local and neoadjuvant approach
Currently, ICI therapy is mainly applied in the recurrent or metastatic setting. TDLN are 

essential players in anti-tumor immunity, and for that reason, relevant therapeutic targets of 

immunotherapy. Since only a slight fraction of systemically administered medication reaches 

TDLN, locally applied treatments could be more effective in overcoming local immune 

suppression, while minimizing irAE by applying lower dosages (203). For instance, in early 

stage melanoma patients, low-dose intradermal injection with TLR-9 agonist CpG-B (alone 

or combined with GM-CSF), led to increased activation of LN resident DCs as well as of 

pDC in the SLN (204,205). Also local and systemic tumor-specific CD8+ T-cell reactivity was 

observed (206). Of note, patients receiving this treatment had fewer LN metastases and longer 

recurrence-free survival (207).
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Also, promising data have emerged from recent studies focussing on neo-adjuvant PD-(L)1 

blockade in resectable high-risk NSCLC, melanoma and glioblastoma (208–213). Substantial 

pathologic responses at the primary tumor (PT) site were observed, with improved recurrence-

free and overall survival rates. A great advantage of this approach is that higher tumor antigen 

load is present, leading to priming of more tumor-specific T cells circulating systemically (208). 

In this way, micrometastases can be eliminated, that otherwise would lead to postsurgical 

relapses.

Since HPV-related vulvar and cervical cancer are locally invading diseases and initially 

metastasize to TDLN (214), local neo-adjuvant ICI could possibly lead to immune stimulatory 

conversion of the TDLN suppressive microenvironment. In that manner, this strategy would be 

able to prevent nodal metastatic disease and subsequent invalidating treatments. So far, this 

attractive approach has not been studied in patients with early stage HPV-related vulvar- or 

cervical cancer.

Outline of this thesis
The aim of the studies described in this thesis was to study locally applied, neo-adjuvant, LN 

targeting, immunotherapeutic approaches in early stages of HPV-related vulvar and cervical 

(pre-)cancer, and to optimize these strategies by carefully evaluating the systemic and local 

immune responses. In chapter 2 we provide a review of different mechanisms underlying 

immune escape in TDLN of several tumor types, including cervical cancer, and describe 

clinical opportunities for local immune modulation of TDLN. In chapter 3 we aimed to identify 

therapeutic targets for local immune modulation of cervical PT and TDLN. Also, we determined 

the in-vitro effects of PD-1 blockade on T-cell reactivity to HPV16 E6 oncoproteins. Chapter 

4 describes a study protocol of the DURVIT trial: a phase-I trial of single low-dose durvalumab 

intratumorally injected in cervical cancer. This study investigates the safety, toxicity and effects 

on the PT and LN environment of locally administered anti-PD-L1 therapy. Preliminary results 

of the DURVIT trial are described in chapter 5. Subsequently, in chapter 6 we focus on the 

two most common histological subtypes of cervical cancer, SCC (squamous cell carcinoma) 

and AC (adenocarcinoma). The immunological features of these tumor types were investigated 

with potential therapeutic implications. Since PD-L1 protein is not an ideal biomarker for 

response to immune checkpoint inhibition, we evaluated other techniques to determine PD-L1 

expression in chapter 7, and we aimed to discover mechanisms of PD-L1 regulation in cervical 

cancer.

Patients with uVIN often experience recurrences after treatment and are at risk of developing 

vulvar cancer. In chapter 8 the results of a phase I/II clinical trial are described, where we 

investigated an HPV16 E6 and E7 DNA tattoo vaccination using genetically optimized 

vaccines, in patients with usual intraepithelial neoplasia (uVIN). We describe the safety, clinical 

outcomes and the systemic HPV-specific T-cell responses after therapy. To gain more insight 

in the microenvironment of vulvar cancer TDLN in order to find targeted immunotherapeutic 

1
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approaches for these patients, we studied various immune cell populations by comprehensive 

flow cytometry analyses in chapter 9.

The summarizing discussion in chapter 10 gives an overview of the findings presented in this 

thesis and highlights future directions.
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ABSTRACT

Lymph nodes draining the primary tumor are essential for the initiation of an effective anti-

tumor T-cell immune response. However, cancer-derived immune suppressive factors render 

the tumor-draining lymph nodes (TDLN) immune compromised, enabling tumors to invade 

and metastasize. Unraveling the different mechanisms underlying this immune escape will 

inform therapeutic intervention strategies to halt tumor spread in early clinical stages. Here, 

we review our findings from translational studies in melanoma, breast, and cervical cancer and 

discuss clinical opportunities for local immune modulation of TDLN in each of these indications.
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INTRODUCTION

Many complex processes are involved in the metastatic spread of cancer cells from the primary 

tumor to lymph nodes and distant organs. The sentinel lymph node (SLN) is the first node to 

receive lymphatic drainage from the primary lesion and is of great importance in initiating 

an effective anti-tumor immune response; it also constitutes a first line of defense against 

metastatic spread (1). For many malignancies, the presence of tumor cells in tumor-draining 

lymph nodes (TDLN), and in the SLN in particular, is a key prognostic factor and in some cases 

predicates the course of treatment (2). In some tumors, e.g. cervical cancer (CxCa) or oral 

cancer, a complete lymphadenectomy provides overall survival benefit (3–6). However, for 

other indications, such as melanoma (7) and breast cancer (BrC), this is not the case (8).

Tumor-draining lymph nodes as a target for immunotherapy
The main focus of current immunotherapeutic strategies is on targeting the microenvironment 

of primary tumors and/or metastatic lesions, most notably by checkpoint inhibitors. As 

therapeutic targets, TDLN, and SLN in particular, are relatively undervalued, and clinically 

under-utilized. They are nonetheless essential players in anti-tumor immunity. In this focused 

review, we will discuss the importance of, and clinical opportunities for, therapeutic targeting 

of TDLN, based on findings from pre-clinical and clinical studies carried out by our group.

In the TDLN, tumor-specific T-cell responses are initiated. Here, effective priming of cytotoxic 

CD8+ T cells takes place upon tumor-specific (neo)antigen recognition, presented by APCs, 

including DC and macrophages (9). Although DCs represent only a small population of all the 

immune cell subsets in the LNs, they are crucial in initiating an effective immune response. In 

cancer however, TDLN are under the influence of tumor-derived factors, such as extracellular 

vesicles (1), IL-6 (10), TGF-β (11), prostaglandin-E2 (PGE2) (10), and VEGF (12,13). As a 

result, DCs are suppressed and acquire an immature and M2 macrophage-like phenotype, 

and will therefore not properly cross-present in TDLN (14). During tumor progression 

and prior to metastasis, TDLN undergo many additional profound alterations leading to 

invasion by cells derived from the primary tumor (1,2,15). Such alterations include increased 

lymphangiogenesis, blood vessel remodeling, and increased chemokine and cytokine secretion, 

which can ultimately lead to changes in immune cell composition, resulting in a ‘tumor-

supportive’ microenvironment, i.e. the pre-metastatic niche (1). Moreover, with the ability of 

tumor cells to evade immune surveillance by the upregulation of immunosuppressive ligands 

and downregulation of MHC class I-molecules, this can eventually lead to the metastatic 

growth of tumor cells that have reached the TDLN (1).

Thus, immune modulation of TDLN could generate effective tumor-specific T-cell responses 

and in this way prevent metastatic spread. Considering that only a minor fraction of 

systemically administered drugs reaches the TDLN (16), locally applied therapies may be more 

effective in counteracting immune-suppression in TDLN. Based on immune profiling and ex-

vivo proof-of-concept studies, we have conducted and are currently conducting a number of 
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clinical trials aimed at immune potentiation of the TDLN through local delivery of immune 

modulatory drugs.

Immune profiling of lymph nodes in cancer
Over the past two decades, our group has pioneered the flow cytometry-based immune 

profiling of TDLN in humans. In these studies, we employ a scraping method (i.e., we scrape 

the cutting surface of a bisected TDLN) to obtain viable leukocytes from the TDLN, which was 

shown not to interfere with diagnostic procedures (17). Compared to dissociation of the entire 

node, we found similar viabilities and phenotypic characteristics of T cell and DC subsets in 

scrapes (18). In addition, using multiparameter (fluorescent) IHC, we are currently working 

on improving our understanding of the TDLN architecture and cellular networks by studying 

(co-)localization of diverse immune cell subsets in their microenvironment (19–21).

The influence of primary and invasive melanoma on conventional DC in SLN
In early pioneering studies on the immune status of melanoma SLN, Cochran and colleagues 

convincingly demonstrated that DC in SLN were more immune suppressed than DC in further 

downstream located TDLN (22,23). This observation suggested DC to be a prime target of 

melanoma-induced immune suppression, consistent with their pivotal role in initiating T cell-

mediated antitumor immunity. Our group was the first to characterize and functionally test 

conventional DC (cDC) subsets, distinguishing migratory from LN-resident (LNDC) subsets, 

in human skin-draining LNs using multiparameter flow cytometry (24) closely followed by 

Segura and colleagues (25). We identified two migratory CD1a+ cDC subsets, i.e., dermal 

DC (DDC) and Langerhans cells (LC), and two LNDC CD1a- cDC subsets, distinguished by 

absence or presence of CD14 expression (see Table 1). The relative importance and varying 

roles of these cDC subsets in the priming of immune responses in healthy human LN remains 

largely illusive, but some clues are emerging. The migratory subsets take up antigens in the 

skin and will subsequently migrate to the skin-draining LNs where they can present those 

antigens to T cells. The two LNDC subsets are found in skin-draining LNs but not among DC 

migrated from skin explants and are recruited from the peripheral blood to the LNs (26). They 

are key players in cross-presentation as evidenced by the high surface levels of cross-priming 

associated markers CLEC9A and BDCA3/CD141 (as well as expression of BATF3 mRNA; van 

de Ven et al., unpublished data) and by correlation of their frequencies to cross-presentation 

ability of melanoma SLN single-cell suspensions, which we observed after TLR9-mediated 

conditioning (26). Importantly, although the migratory subsets appeared more phenotypically 

mature under steady-state conditions, ex-vivo isolated LNDC (both CD14- and CD14+) subsets 

proved more powerful in-vitro primers of allogeneic effector T cells, which might tie in with 

higher release levels of T cell activating cytokines (24). Functional differentiation between 

the CD14- and CD14+ subsets remains obscure, but both may be involved in the priming of 

systemic antitumor effector T cell responses, as we found the activation state of either to be 

associated with distant recurrence-free survival in early-stage melanoma (27). Another DC 

subset in skin-draining LNs are plasmacytoid DC (pDC) (26). These cells are poor antigen 
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presenters but are powerful producers of type I interferons upon TLR activation (28). As such, 

pDC play an important role in the activation of cDC and other immune cells.

Tab e 1. Conventional dendritic cell subsets found in skin-draining lymph nodes

Name Phenotype (24) Origin (24) Most affected by (27)

Langerhans cells CD1ahiCD11cint Skin (migratory) Primary tumor

Dermal dendritic 

cells CD1aintCD11chi Skin (migratory) Primary tumor

CD14- LNDC

CD1a-

CD11c+BDCA3hiCD14-

Circulation (LN 

resident) LN metastasis

CD14+ LNDC

CD1a-

CD11c+BDCA3loCD14+

Circulation (LN 

resident) LN metastasis

In melanoma we observed a significant negative correlation between the activation state 

(based on CD83 expression) of DDC and LC in the SLN and primary tumor burden (Breslow 

thickness) (27). Interestingly, primary tumor burden was not shown to have a significant 

effect on either the frequency or activation state of LNDC subsets. However, the presence 

of SLN tumor metastases did have a significant impact on both the frequency and activation 

state of conventional LNDC, the latter showing a reverse correlation with the size of the 

metastasis (Table 1). This suggests that the primary melanoma can create a pre-metastatic 

niche in the TDLN by suppressing the activation states of migratory cDC subsets, which was 

shown to be associated with a shorter local recurrence-free survival. Subsequently, TDLN 

metastasis suppress LNDC which, interestingly, was shown to be associated with a worse 

distant recurrence-free survival (27). The latter indicates an essential role for conventional 

LNDC in the induction of effective systemic antitumor immunity.

Immune modulation of the melanoma SLN
The 10-year melanoma specific-survival of stage I and II melanoma patients, defined as any 

primary tumor without regional or distant metastases, ranges from 98% to 75% depending 

on risk factors like Breslow tumor depth and tumor ulceration (29). After tumor spread to the 

regional LNs, the 10-year melanoma specific-survival can drop to as low as 24% in patients 

with stage IIID melanoma (30). The unmet medical need for many of these patients stems 

from the fact that there is no widely used adjuvant treatment available to reduce the chances 

of disease recurrence, although systemic treatment (neo-adjuvant, i.e., preceding complete 

lymph node dissection) with immune checkpoint inhibitors in patients who are at very high 

risk of recurrence (high-risk stage III) and treatment with dual BRAF and MEK inhibitors in 

patients with BRAF V600E or V600K mutated stage III melanoma, has shown to improve 

recurrence-free survival (31–34) and has recently been approved by the FDA. For all other 

early-stage patients, there is a “wait and see” approach after surgical removal of the primary 

lesion and SLN.
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Interestingly, we were able to show in multiple randomized and placebo-controlled clinical 

trials that there is a good rationale to treat these early-stage melanoma patients with local 

immunotherapy aiming to prevent loco-regional and, eventually, distant spread, while 

minimizing immune-related side effects in this essentially healthy population. Our earliest 

results were published in 2004 and reported on a 2-armed (1:1) randomized placebo controlled 

phase II trial in which 12 patients received four daily intradermal injections directly adjacent 

to the scar from the primary melanoma excision from day −3 to day 0, just before the sentinel 

node biopsy (SNB) and re-excision of the (former) primary tumor site. Patients received either 

3 µg/kg body weight recombinant human GM-CSF dissolved in 1 mL saline or 1 mL plain 

saline alone. GM-CSF administration resulted in higher frequencies and enhanced maturation 

and activation state of CD1a+ migratory cDC in the SLN (35). In two more recent trials, we 

showed that low-dose intradermal injections with the TLR9 agonist CpG-B, either alone or 

combined with GM-CSF, at one week prior to the SNB, resulted in enhanced activation of 

conventional CD14- and CD14+ LNDC as well as of pDC in the SLN (26,36). Interestingly, 

this local immunotherapy instigated local (i.e. in the SLN) as well as systemic tumor-specific 

CD8+ T cell reactivity (37). A recent meta-analysis showed that patients in the treatment 

arm of these two studies had fewer tumor-positive SLN after SNB and a longer recurrence-

free survival (38). These studies thus deliver an important proof-of-concept, showing that 

local immune modulation, specifically of TDLN, may lead to systemic protection against later 

tumor recurrences (see Figure 1). We are currently planning a confirmatory randomized and 

placebo-controlled phase II clinical trial with a next-generation CpG oligodeoxynucleotide in 

214 patients with stage II melanoma (Netherlands Trial Registry no. NTR7355).

Figure 1. In melanoma and breast cancer draining SLN, tumors can effectively suppress the activation 

state of LN-resident cDC (a). Immune modulation of the SLN by local injection of TLR-9 agonist CpG-B, 

results in activation of LN-resident cDC subsets (through type-1 IFN release by pDC), which ultimately 

leads to systemic protection against later tumor recurrences (b).
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Immune modulation of TDLN in breast cancer
Comparable DC-targeting therapeutic approaches may be implemented in patients with 

BrC, since both melanoma and BrC drain to LN in the skin catchment area with comparable 

migratory and LN-resident DC subset distribution profiles. In BrC, neoadjuvant chemotherapy 

(NAC) is one of the treatment options. A pathologic complete response (pCR) upon NAC 

is an independent predictor for favorable clinical outcome in all molecular subtypes (39). 

Interestingly, T cell infiltration in BrC holds predictive value for response to chemotherapy 

(40). Since certain cytostatic drugs can induce immunogenic cell death (ICD), leading to the 

release of tumor-associated antigens (41), there is a clear rationale to combine NAC with 

DC-potentiating strategies to optimize tumor-specific T cell priming in the TDLN. An early 

study from 1999 already showed a favorable effect on patient survival of combined GM-CSF 

with NAC in patients with locally advanced BrC (42). Patients were treated with doxorubicin, 

cyclophosphamide (both agents known to induce ICD) and GM-CSF at three-weekly intervals. 

After a maximum of six cycles, patients underwent surgery and postoperative radiotherapy. 

We observed higher frequencies of mature DCs in the TDLN of these patients, suggesting 

that GM-CSF is able to improve patient outcome via DC recruitment and maturation, and a 

subsequent antitumor response (43). Interestingly, we have observed a similar relationship 

between hampered activation of LNDC and tumor involvement of SLN in patients with BrC 

as we previously reported in melanoma (van Pul et al., manuscript submitted). Therefore, 

in analogy to our clinical findings in melanoma, CpG-based local immune potentiation in 

combination with NAC may improve response rates in patients with BrC. This certainly 

deserves further (pre-)clinical exploration.

The role of TDLN in cervical cancer
In contrast to melanoma and BrC, CxCa is caused by a persistent infection with high-risk 

strains of the human papillomavirus (HPV), mainly HPV16 and HPV18. HPV-specific T cells 

(44) as well as T cells that target non-viral tumor-associated (neo-)antigens (45) have been 

detected in CxCa TDLN. As HPV-derived antigens are highly immunogenic, it is assumed that 

an immunosuppressive environment facilitates immune escape and thereby causes lymphatic 

spread.

CxCa is a locally invading disease and initially metastasizes to pelvic TDLN. The presence of 

LN metastases in patients with CxCa is a crucial prognostic factor (46). Importantly, survival 

benefit was observed for CxCa patients who underwent complete lymphadenectomy upon 

low-volume disease detection in the SLN, or even upon the removal of solely tumor-negative 

LNs (5,47), indicating the presence of an unfavorable immune microenvironment in CxCa-

draining pelvic LNs. To understand the cellular basis for this phenomenon and to find new 

immunotherapeutic targets that would allow immune stimulatory conversion of the TDLN 

microenvironment, we performed several studies in which we found various immune escape 

mechanisms exploited by CxCa.

2
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The influence of PD-L1+ M2-like macrophages on cervical cancer 
progression
Interestingly, flow cytometric characterization of diverse immune cell subsets in TDLN of 

CxCa patients, showed that in contrast to melanoma and BrC, Langerhans cells were hardly 

present in CxCa LN. Although higher levels of CD1a+ DCs were present in tumor-positive LNs 

(LN+) as compared to tumor-negative LNs (LN-) (48), these cells might have been derived from 

recruited and tumor-converted monocytes rather than conventional migratory CD1a+ DCs. 

Remarkably, we did not find evidence of decreased LNDC activation. These results point to 

the requirement for a different immunotherapeutic approach aimed at TDLN conditioning in 

CxCa, than the one tested and proposed for melanoma and BrC, respectively.

In addition to higher levels of CD1a+ DCs, elevated levels of activated CD8+ T cells in LN+ 

suggested immune activation (48). However, this activation was apparently overruled by a 

highly immunosuppressed microenvironment in LN+ compared to LN-, with high expression 

levels of the checkpoint molecules PD-1 and CTLA-4 on T cells and the presence of MDSCs. 

Moreover, high rates of Tregs were observed in LN+, which correlated with the rates of M2-

like CD14+PD-L1+ APCs. A cytokine release profile consistent with an immune suppressive 

microenvironment was observed as well, with high IL-10, IL-6, TNFα and low IFNγ expression. 

In a comparative study of all dissected cervical TDLN from five patients with CxCa, we found 

that immune suppression (identified as low CD8+ T cell/ FoxP3+ Treg ratios) preceded actual 

metastasis, creating metastatic niches in the tumor-draining lymphatic catchment area 

(21). We hypothesize that primary tumors are able to recruit (possibly via the secretion of 

CCL2) (49) and polarize CD14+ monocytes into suppressive PD-L1+ M2-like macrophages 

((co)-expressing CD14 and/or CD163) (50). These M2-macrophage-like cells, induced by 

tumor-derived factors, are incapable of stimulating proper CD8+ T-cell responses, favor Treg 

expansion, and facilitate tumor progression by the production of pro-angiogenic and pro-

tumor-invasive factors (51,52).

In aggregate, our findings support the clinical exploration of immunotherapies in CxCa aimed 

at converting the prevailing immunosuppressive conditions in the primary tumor and TDLN 

into an immune activated tumor-targeting environment.

Modulating TDLN in cervical cancer
Recently, an immune checkpoint inhibitor of PD-1, pembrolizumab, was approved by the FDA 

for patients with recurrent or advanced CxCa based on an overall response rate of 14.3%, and 

a complete response rate of (only) 2.6% (53). Based on these results, and the fact that CxCa is 

mainly a locally invasive disease, we believe that intratumorally administered immunotherapies 

in earlier stages of CxCa may accomplish tumor control, as TDLN and the PD-L1+ macrophages 

residing therein are most efficiently targeted in this manner. We hypothesize that interference 

in the functionality of M2-like macrophages in the TDLN may hamper Treg expansion and 

break the vicious cycle of metastatic niche formation and tumor spread through the lymphatic 

catchment area, and subsequently to more distant sites (see Figure 2). Currently, a phase-I 
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clinical trial is ongoing, testing the safety and feasibility of a single low-dose of intratumorally 

injected durvalumab (anti-PD-L1) in CxCa patients two weeks before radical hysterectomy 

with pelvic LN dissection (Netherlands Trial Registry no. NTR6119). With this strategy, we 

aim to achieve modulation of the microenvironment in the primary tumor and the TDLN and 

so break immune suppression. This will hopefully result in the generation of both local and 

systemic tumor-specific T-cell reactivity (54), like we previously observed when investigating 

locally administered CpG-B in melanoma patients, with an even shorter time window of one 

week between drug administration and surgery.

Figure 2. A mode  of tumor-re ated immune suppression in CxCa TDLN. 
In the primary tumor expansion and activation of Tregs takes place through their interaction with 

CD14+PD-L1+ M2-like macrophages (differentiated from monocytes recruited to the TME from 

peripheral blood). This leads to effector T cell suppression and, upon their migration, to a pre-metastatic 

niche formation by Tregs in the first-line CxCa TDLN. Upon subsequent metastatic spread, monocytes 

are again recruited to the TME and converted into immunosuppressive M2-macrophages. These in 

turn expand and activate a new wave of Tregs that migrate to more distant TDLN and promote further 

metastatic spread through the LN catchment area. This vicious cycle of immune suppression may be 

interrupted by blocking the negative impact of PD-L1+ M2-like macrophages with intratumorally applied 

PD-L1 checkpoint blockade.

CONCLUSION

Immune profiling of TDLN in patients with various types of solid tumors enabled us to ascertain 

the suppressive effects of the tumor on loco-regional cellular immunity and provided a clear 

2



52

Chapter 2

rationale for the local application of immune modulating therapies targeting TDLN (see Table 

2). It is essential to perform immune profiling for each tumor type and subsequently select the 

appropriate immune modulating agent, as various possible mechanisms of immune suppression 

were found per tumor type. Importantly, we found evidence of systemic anti-tumor immune 

activation which seemed capable of preventing (distant) recurrences, as shown by a profoundly 

increased 10-year recurrence-free survival rate in melanoma patients treated locally with 

CpG-B prior to the standard-of-care SLN-procedure. With the use of less invasive locally 

applied therapies, surgical complications resulting from LN dissection (e.g., lymphedema), 

may be avoided. Moreover, this localized therapeutic approach may stop cancer spread in its 

tracks at an early stage and trigger a protective systemic antitumor T-cell response without 

the unwanted, and sometimes severe, side effects associated with systemic treatment with 

immune checkpoint blockade (55,56). This may have a major impact on patient survival 

and quality of life. Moreover, by administering a single low dose, the high costs associated 

with systemic immunotherapeutic treatments in more advanced stages of cancer could be 

conceivably reduced (57).

Tab e 2. Theoretical advantages of low-dose, local immune potentiation in early-stage cancer

1. Low(er) tumor load

2. Low(er) levels of immune suppression

3. Limited tumor heterogeneity: clonal neoantigens (61)

4. Systemic protection against distant recurrence (37,38)

5. Single administration provides long-lasting protection (38)

6. Limited to no side effects (35,36)

7. Pre-empts the need for expensive systemic therapies

8. Off-the-shelf generally applicable

9. Leveraging a (sub-optimally) primed T-cell repertoire in the TDLN (37)

In conclusion, we believe that TDLN are of major importance in initiating a robust antitumor 

response upon immune modulating therapies and should be targeted by local delivery of 

immune modulatory agents. Evidence for this was provided by i.t. delivery of CTLA4 blocking 

antibodies in a mouse model, showing equivalent tumor control to systemic administration with 

reduced side effects (58). Interestingly, Chamoto and colleagues observed absent antitumor 

efficacy of PD-1 blockade in a mouse model with TDLN ablation, and so demonstrated TDLN 

to be indispensable, even for an immune modulatory agent assumed to be primarily active 

in the tumor microenvironment (59). Fransen et al. recently confirmed these results and, 

importantly, showed equal in vivo antitumor efficacy of low-dose locally injected anti-PD-1 

and of systemically administered high-dose anti-PD-1 (60).

The rational design of future clinical trials targeting TDLN should encompass combinatorial use 

of immunotherapeutic agents, such as oncolytic viruses and/or immune checkpoint blocking 

antibodies. Moreover, it will likely not be limited to the cancer types discussed in this focused 

review, but may also be applied to other solid tumors proven amenable to immunotherapy, 

like e.g. lung cancer and head-and-neck cancer.
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ABSTRACT

Background: Cervical cancer (CxCa) is mainly a locally invading disease that metastasizes to 

loco-regional lymph node basins before involving distant organs in more advanced stages. 

Local immune potentiation of tumor-draining lymph nodes (TDLN) may thus protect against 

tumor progression.

Methods: To identify therapeutic targets for local immune modulation, multi-parameter flow 

cytometric T-cell profiling of primary cervical tumors (PT) and TDLN (n = 37) was performed. 

The in-vitro effect of PD-1 blockade on T-cell reactivity to HPV16 E6 oncoproteins was 

determined in cultures of TDLN and PT single cell suspensions (n = 19). Also, intracellular 

cytokine staining (ICS) upon anti-CD3 stimulation was performed in metastatic TDLN (LN+) 

and PT (n = 7), as well as multiplexed immunofluorescence histochemistry staining (n = 8).

Results: Our data revealed elevated rates of activated regulatory T cells (aTregs) and of central 

or effector memory CD8+ T cells in metastatic TDLN (LN+) as compared to tumor-free TDLN 

(LN-), and equally high or even higher rates of these subsets in PT. Both memory subsets co-

expressed multiple immune checkpoints. PD-1 blockade significantly enhanced detectable 

E6-specific T-cell responses in 4/5 HPV16+ LN+ and in 1/5 HPV16+ PT. Whereas aTreg rates 

were higher in anti-PD-1 non-responders, in responders elevated levels of CD8+FoxP3+CD25+ 

T cells were observed, which correlated with the efficacy of PD-1 blockade (P = 0.018). This 

subset was characterized by an early effector memory phenotype with particularly high levels 

of co-expressed PD-1, CTLA-4, TIM-3 and LAG-3 checkpoints, but, rather than exhausted, 

was shown upon polyclonal activation to produce higher levels of Granzyme-B and effector 

cytokines as compared to its CD8+FoxP3− counterparts.

Conclusion: These observations support local PD-(L)1 blockade to interrupt loco-regional 

immune suppression in CxCa and control metastatic spread to TDLN. Furthermore, our data 

identify CD8+FoxP3+CD25+ T cells as therapeutic targets, which may also serve as predictive 

biomarker for PD-(L)1 checkpoint blockade.
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INTRODUCTION

The development of cervical cancer (CxCa) is associated with suppression of CD4+ and CD8+ 

T-cell responses against human papillomavirus (HPV) [1, 2]. Even though screening programs 

and vaccines protecting against high-risk HPV-types have been implemented, CxCa is still the 

second most diagnosed cancer among women worldwide [3, 4]. The disease is mainly locally 

invading, with the involvement of parametrium, vagina, bladder and pelvic lymph nodes, rather 

than of distant organs [5]. The most important prognostic factor in early stage CxCa is the 

presence of lymph node metastases, with a 5-year survival rate that decreases from circa 80 

to 60% in patients with only one tumor-positive node, and this percentage decreases further 

with the presence of multiple lymph node metastases [6, 7]. In order to improve the prognosis 

of CxCa patients at risk for (lymph node) metastasis, novel adjuvant immunotherapeutic 

strategies should be explored focusing on targeting the tumor-draining lymph nodes (TDLN).

Many clinical trials have shown that releasing immuno-suppressive brakes on effector T cells, 

e.g. by blocking inhibitory receptors such as cytotoxic T-lymphocyte-associated antigen 4 

(CTLA-4) and programmed cell death (−ligand)-1 (PD-(L)1), leads to unprecedented complete 

and long-lasting clinical responses in subgroups of patients with various cancer types [8–10]. 

In squamous cell CxCa, increased expression of (diffuse) PD-L1 on tumor cells is associated 

with poorer survival [11, 12]. High rates of PD-L1-positive myeloid cells are associated with 

high rates of regulatory T cells (Tregs) in metastatic cervical lymph nodes [13]. Several trials 

investigating immune checkpoint blockade in CxCa have been conducted or are ongoing, but 

mainly in patients with recurrent or metastatic disease [14]. Anti-CTLA-4 therapy showed 

minimal clinical efficacy in patients with recurrent or metastatic CxCa; out of 42 patients, no 

complete responses were observed and only one patient had a partial response [15]. Based 

on a reported overall response rate of 14.3%, of which 2.6% represented complete responses, 

pembrolizumab was recently approved by the FDA for PD-1 blockade in recurrent or advanced 

CxCa [16, 17]. In view of these low response rates on systemic immune checkpoint blockade 

in the metastatic setting, and since CxCa mainly spreads to adjoining tissues and pelvic lymph 

nodes before hematogenous spread occurs, we hypothesize that locally applied low-dose 

immunotherapy in earlier stages of the disease may more effectively achieve tumor control 

while lowering the risk of immune-related side effects associated with systemic administration 

of checkpoint inhibitors [18, 19].

No reliable biomarkers predictive of clinical response on PD-1 blockade have been identified 

yet. Although some studies have shown that tumor PD-L1 expression correlates with the 

anti-tumor response upon PD-L1 checkpoint blockade in different cancer types [20, 21], 

other studies showed that PD-L1-negative tumors can respond as well [22, 23]. In order to 

select the appropriate patients who can clinically benefit from immunotherapy, more research 

focusing on the mechanisms of PD-1 inhibition is needed. Previously, it was thought that PD-1 

inhibition was able to reverse exhaustion of chronically antigen-exposed effector T cells [24], 

however, current data demonstrate that PD-1 blockade acts on earlier activation stages of T 
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cells [25–27]. Conversely, whereas CTLA-4 blockade was previously thought to affect effector 

T-cell priming, it is now recognized to also effect Treg depletion, thus possibly synergizing with 

PD-1 blockade in the effector phase [28].

With this study we aimed to identify immunotherapeutic targets on T cells in primary cervical 

tumors and their draining lymph nodes for local intervention strategies. Immune profiling of 

primary tumors (PT) and pelvic tumor-draining lymph nodes (TDLN) revealed predominant 

and elevated PD-1 expression on effector T-cell subsets in PT and metastatic TDLN. This 

observation prompted the in-vitro functional validation of anti-PD-1 blockade as local 

treatment strategy for patients with CxCa. Our data suggest more consistent biological 

efficacy of PD-1 blockade in TDLN than in PT and implicate a specific CD8+ T-cell subset 

with an apparently exhausted phenotype, but with superior effector functions. These findings 

support the clinical exploration of local PD-(L)1 blockade in early-stage CxCa.

METHODS

Patients
Patients (n = 28) were enrolled in member institutions of the Center for Gynecologic 

Oncology Amsterdam (CGOA), i.e., the Antoni van Leeuwenhoek (AVL) Hospital and the 

Amsterdam UMC. Clinical samples were processed in the Amsterdam UMC-Cancer Center 

Amsterdam (CCA). The study was performed in accordance with the ethical guidelines of 

the 1975 Declaration of Helsinki and was approved by the local Institutional Review Boards 

(no. NL25610.058.08). All included patients gave written informed consent. Patients who 

participated in this study underwent a radical hysterectomy with lymphadenectomy or a lymph 

node debulking prior to chemoradiotherapy for CxCa. None of the patients were treated with 

chemoradiotherapy before enrollment. In Table 1 the clinical and pathological characteristics 

of the study population per subgroup are described. HPV-typing was performed according to 

the institutional standard procedures. Data per patient are provided in Supplementary Table 1.

Collection of material and processing
Leukocytes from tumor-negative lymph nodes (LN-, n = 14), metastatic lymph nodes (LN+, 

n = 13) and primary tumors (PT, n = 10) were isolated as previously described [13]. In short, 

LNs were bisected and scraped 15 times with a surgical blade. LN cells from the blade were 

collected in dissociation medium (RPMI1640 (BE12-702F; Lonza), supplemented with 0.1% 

DNase I (10,104,159,001; Roche), 0.14% Collagenase A (10,103,586,001; Roche), 5% fetal 

calf serum (FCS; SV30160.03; Hyclone), and Penicillin Streptomycin Glutamine (PSG; 10,378–

016; Gibco)). If the PT was of sufficient size, a tumor biopsy was taken. After collection of 

the samples, the patient material was processed further for routine diagnostic pathology 

procedures. The PT biopsy was cut into small fragments with a surgical blade and resuspended 

in dissociation medium. Next, primary tumor and TDLN samples were incubated on a magnetic 

stirrer for 45 min at 37 °C. For the primary tumor this was repeated twice. Finally, the primary 

tumor and LN cells were washed with Iscove’s Modified Dulbecco Medium (IMDM; BE12-
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722F; Lonza) containing 10% FCS, Gentamicin/Amphotericin B (50–0640; Gibco), and PSG, 

passed through a 100 µm cell strainer (352,360; BD Falcon), erythrocytes were lysed and 

cells were counted. Cells were either used directly or stored in liquid nitrogen until further use.

Tab e 1. Clinical and pathological characteristics of the study population

C inica  characteristics LN- (n = 14) LN+ (n = 13) PT (n = 10)

Age, mean ± SD 42,7 ± 9,5 47,6 ± 16,4 41,9 ± 12,1

FIGO stage

IB1 6 (42) 2 (15) 7 (70)

IB2 3 (22) 2 (15) 2 (20)

IIA2 1 (7) 1 (8) 1 (10)

IIB 3 (22) 6 (47) 0

IIIB 1 (7) 2 (15) 0

Histology

SCC 13 (93) 11 (85) 10 (100)

ASCC 1 (7) 2a (15) 0

Vaginal involvement

Yes 0 2 (15) 1 (10)

No 11 (79) 10 (77) 9 (90)

Unknown 3 (21) 1 (8) 0

Parametrium invasion

Yes 6 (43) 10 (77) 0

No 7 (50) 3 (23) 10 (100)

Unknown 1 (7) 0 0

HPV-type

6 0 1 (8) 0

16 7 (50) 7 (53) 5 (50)

18 1 (7) 2 (15) 0

31 1 (7) 0 0

33 0 1 (8) 1 (10)

59 0 0 1 (10)

Unknown 4 (29) 1 (8) 2 (20)

p16+ 1 (7) – 1 (10)

Negative 0 1 (8) 0

Values in the table expressed as n (%) a Two tumor-positive lymph nodes were collected from the 

same patient. Abbreviations: LN- tumor-negative lymph nodes, LN+ tumor-positive lymph node, 

FIGO International Federation of Gynecology and Obstetrics, SCC squamous cell carcinoma, ASCC 

adenosquamous cell carcinoma, HPV human papillomavirus, PT primary tumor

Multi-color flow cytometry
For phenotypic T cell analysis and comparison of the microenvironment of PT and TDLN, multi-

color flow cytometry was carried out using the LSR Fortessa X-20 (BD Biosciences). 150,000 

T-cells per sample were stained using the following surface antibodies: CD3, CD4, CD8, CD25, 
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CD45RA, CD27, CD127, HLA-DR, PD-1, TIM-3 and LAG-3. See Supplementary Table 2 

for antibody specifications. After surface staining, cells were permeabilized and stained for 

FoxP3, Ki67, and CTLA-4 using a FoxP3 staining kit (00–8332-56, 00–5223-56, 00–5123-43; 

eBioscience) according to the manufacturer’s instructions. Data were analyzed using Kaluza 

version 1.3 (Beckman Coulter). CD8+ T cell data were visualized in t-Distributed Stochastic 

Neighbor Embedding (t-SNE) density plots generated in FCS express 6 (De Novo software).

HPV16 E6 specific T-cell stimulation with anti-PD-1 and IFNγ analyses
The detection of antigen-specific IFNγ release by PT- or TDLN-derived T cells, was performed 

using a pool of overlapping 15-mer synthetic long peptides covering the HPV16 E6 sequence 

(PepMix™ HPV 16 (protein E6) (PM-HPV16-E6; JPT)) as tumor antigen and a CEFT pool 

(PM-CEFT-3; JPT) as a positive recall control. PT- or TDLN-derived cells were washed and 

resuspended at 5× 106/mL in IMDM medium with human AB serum 5% (2,931,949; CELLect™, 

MP Biomedicals) and PSG and afterwards equally divided into responder and stimulator 

cells. The stimulator cells served as antigen presenting cells and were loaded with either the 

HPV16 E6 long peptide pool (1 µg/mL per peptide) or with the CEFT peptide pool (1 µg/

mL per peptide) and 3 µg/mL β2-microglobulin (β2M; 30C-cp1022U; Fitzgerald Indus- tries, 

International). After 1-h incubation at 37 °C, cells were washed with IMDM without human 

AB and the stimulator cells resuspended at 1 × 106/mL. Stimulator and responder cells (at least 

0.5–1× 106 cells of each) were co-seeded in a 48-well or 24-well plate. IL-2 (10 U/mL; Novartis) 

and IL-15 (10 ng/mL; 34–8159; eBioscience) were added to each well [29]. Finally, anti-PD-1 

(nivolumab, Bristol-Myers Squibb) 10 µg/mL was added to half of the E6 and CEFT wells and 

the cells were incubated for 10 days. Every 3–4 days the medium was changed with IMDM 

medium, and IL-2 and IL-15 replenished.

Cells were harvested at day 10 and seeded in 2 × 4–6 replicate wells at a density of 1 × 105/

well (E6) or 0.5 × 105/well (CEFT) in a multiscreen 96-well plate coated with an IFNγ catch 

antibody (3420-2A; Mabtech). Cells were either re-challenged overnight (o/n) with the 

peptides to which they were initially stimulated or cultured with a DMSO vehicle control. Next 

day the cells were removed and the plates rinsed and developed according to manufacturer’s 

instructions (3420-2A; Mabtech). Spots were counted by an automated ELISPOT-reader (AID 

Diagnostika). IFNγ ELISPOT responses were considered positive when 1) the mean number 

of spots in the test condition exceeded the mean number of spots in the control condition by 

at least two-fold; 2) the absolute increase in spots in the test condition was at least 5; and 3) 

the mean number of spots exceeded the mean number of spots of LN- plus twice the standard 

deviation.

Polyclonal stimulation and intracellular cytokine staining and detection
Four LN+ suspensions and three PT suspensions were used for anti-CD3 stimulation in the 

presence or absence of anti-PD-1. At least 1,5 × 106 cells were incubated with OKT3 (1:100; 

8DSTQ00; Janssen Cilag) for 1 h at 4 °C. After incubation and washing, cells were resus- 

pended in IMDM medium and transferred to a 24-well plate coated with 1:100 affinity-purified 
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goat-anti-mouse Ig (Z0420; DAKO; Agilent) for 1 h at 4 °C. Subsequently, 10 µg/mL anti-

PD-1 was added to one of the wells (nivolumab, Bristol-Myers Squibb) and the cells were 

cultured o/n at 37 °C. The next day, Golgiplug (1:500; 555,029; BD Biosciences) was added 

and cells were incubated for another 4–5 h at 37 °C. Subsequently, cells were collected and 

incubated with 1:1000 fixable viability dye eFluor 780 (65–0865-14; eBioscience) in PBS for 

30 min at 4 °C. Next, both LN+ as PT samples were stained after o/n anti-CD3 stimulation 

as described above with the following membrane antibodies: CD3, CD4, CD8 and PD-1 and 

the following intracellular antibodies: FoxP3, TNFα, IL-2, IFNγ, and Granzyme B (GrB). See 

Supplementary Table 2 for antibody specifications. Flow cytometric analysis was performed 

as described above.

Multiplexed immunohistochemistry
Multiplexed immunofluorescence staining was performed on LN+ (n = 4) and PT (n = 4) 

samples from patients with CxCa to identify the location of FoxP3-expressing CD8+ T cells. 

Formalin-fixed, paraffin-embedded tissue blocks were sectioned at 4 µm and mounted on 

StarFrost slides. Slides were deparaffinized in 3x xylene and washed in 1 × 100% and 1 × 96% 

ethanol. Then, endogenous peroxidase was blocked with 0.3% H
2
O

2
 in methanol for 20 min in 

the dark. Slides were rehydrated in 70% ethanol and Milli-Q water and an extra fixation step 

was included for 20 min with 10% neutral buffered formalin (3800604E; Leica Biosystems), 

followed by 2 × 2 min in Milli-Q water and 2 min in 0.05% Tween20 in 1x Tris-buffered saline 

(TBST). Antigen retrieval microwave treatment was carried out in 0.05% ProClin300/ Tris-

EDTA buffer at pH 9.0 in an 800 W standard microwave at 100% power until boiling point, 

followed by 15 min at 30% power. Slides were cooled down, washed in Milli-Q water and 1x 

TBST and were blocked with Normal Antibody Diluent (S0809; DAKO) for 10 min at room 

temperature (RT). After that, slides were incubated with primary antibody diluted in Normal 

Antibody Diluent o/n at RT (anti-PD-1), for 30 min at RT (anti-CD8, anti-CD3, and anti-

GrB), and for 60 min at RT (anti-FoxP3) and 30 rounds per minute (rpm) on a shaker. Primary 

antibodies were separately added and incubated in the following order: anti-PD-1, anti-CD8, 

anti-CD3, anti-FoxP3, and anti-GrB. See Supplementary Table 2 for antibody specifications. 

Next, slides were washed 3x in 1x TBST at RT and 30 rpm and subsequently incubated with 

SuperPicture Polymer Detection Kit - HRP - broad spectrum (87–8963; Life Technologies) for 

20 min at RT and 30 rpm. Afterwards, slides were washed 3x in 1x TBST and incubated with 

Opal fluorochromes diluted in amplification buffer (all provided by the OPAL 7-color fIHC kit; 

NEL797B001KT, Perkin Elmer) for 10 min at RT and 30 rpm: 1:100 Opal520, 1:250 Opal620, 

1:150 Opal690, 1:150 Opal570, and 1:250 Opal540, respectively. Next, slides were washed 

3x in 1x TBST and a final microwave treatment with AR6 buffer (provided by the OPAL 7-color 

fIHC kit) was performed and slides were washed in Milli-Q water and in 1x TSBT. NB: all steps 

were sequentially repeated for each primary antibody. DAPI working solution (provided by 

the OPAL 7-color fIHC Kit) was applied for 5 min at RT and the slides were washed again in 1x 

TBST and Milli-Q water, mounted under coverslips with ProLong Diamond antifade mounting 

medium (P36970; Life Technologies) and stored at 4 °C until imaging.
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Imaging and quantification
The multiplex immunofluorescence stainings were visualized with Leica TCS SP8 microscope 

(Leica), tile-scan (3 × 3, 40x oil objective with 1.3 NA) images were generated and viewed 

using LAS AF Lite software (Leica). Single-layer Tagged Image File Formats were used for 

automated quantification analysis in TissueStu- dio® software version 4.3.0 (Definiens). 

Software training for tissue- (intratumoral vs. peritumoral) and cell segmentation was done 

based on DAPI staining. Then, Comma Separated Value (.csv) files were extracted and used 

for image cytometry in FCS express 6 (De Novo software). Gates were set using the (manually) 

determined threshold for each marker in the TissueStudio software.

Statistical analysis
Normal distribution was tested using either the D’Agostino-Pearson omnibus test (in case 

of sufficient sample size) or the Shapiro-Wilk test. In case of normally distributed data an 

unpaired two-sided t test was used to compare T-cell frequencies in LN- vs. LN+ and LN+ vs. 

PT or, otherwise, the Mann-Whitney-U test was used. A paired t-test (for normally distributed 

data) or the Wilcoxon test was used to compare frequencies of CD8+FoxP3+ vs. CD8+FoxP3− 

populations and to compare T cell subset frequencies in intratumoral vs. peritumoral areas. 

Correlations were determined by the Pearson r test. Data were analyzed using Prism 7 

Software. P-values below 0.05 were considered statistically significant.

RESULTS

Immunophenotyping of T-cell subsets in cervical cancer (CxCa) tumor-
draining lymph nodes (TDLN) and primary tumors (PT) and expression of 
immune checkpoints
We assessed the frequencies of various T-cell subsets in single-cell suspensions derived from 

27 cervical TDLN and 10 PT. As demonstrated in Fig. 1a, a relative shift from CD4+ to CD8+ T 

cells was apparent in LN+ as compared to LN-, and significantly more so in PT than in LN+. A 

decrease in naïve CD8+ T cells (Tn) was found in LN+ as compared to LN- (P < 0.001; Fig. 1b), 

and, as expected for an effector site, naïve T-cell rates were even lower in PT (P < 0.0001). In 

PT, an increase of effector memory CD8+ T cells (Tem; CD27−CD45RA−) was found (P < 0.001). 

Increased rates of effector and central memory CD8+ T cells (Tcm) in LN+ and PT confirmed 

our previous data [13], and indicated tumor-associated induction of T-cell differentiation.

For CD4+ T-cell populations, frequencies were determined based on CD45RA and FoxP3 

expression as previously proposed by Miyara et al. [30], subdividing this group into naïve 

CD4+ T cells (nCD4+), memory-like CD4+ T cells (F−CD4+) and cytokine-producing activated 

CD4+ T cells (F+aCD4+; for gating procedure see Supplementary Figure 1A). As expected, 

predominantly nCD4+ (FoxP3−CD45RA+) were present in LN- (Fig. 1c). Based on CD45RA, 

FoxP3 and Ki67 expression, activated Tregs (aTregs) were detected at high frequencies in 

LN+, but even more so in PT (P < 0.0001). Resting Tregs (rTregs) were found at the highest 

frequencies in LN-. These data indicate that rTregs recruited to PT or LN metastases, are 
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rapidly activated in the tumor microenvironment (TME) to become functional aTregs 

consistent with findings in an earlier report [31]. Although frequencies were low, significantly 

more CD8+FoxP3+CD25+ T cells were present in LN+ as compared to LN- (P = 0.03; Fig. 

1d), whereas no significant differences were found in LN+ vs. PT (for gating procedure see 

Supplementary Figure 1B).

Figure 1. T-ce  subset frequencies in LN-, LN+ and PT of patients with CxCa. 
A) Frequencies of CD4+ and CD8+ T cells. B) Frequencies of CD8+ central memory (Tcm, 

CD27+CD45RA−), effector memory (Tem, CD27−CD45RA−), and effector (Temra, CD27−CD45RA+) 

T cells. C) Left panel: frequencies of naïve (nCD4+, FoxP3−CD45RA+), F−CD4+ (FoxP3−CD45RA−) 

and F+aCD4+ (FoxP3intCD45RA−) conventional CD4+ T cells. Right panel: frequencies of activated 

(aCD4+Tregs, FoxP3hiCD45RA−) and resting regulatory T cells (rCD4+Tregs, FoxP3intCD45RA+). 

D) Frequencies of CD8+FoxP3+CD25+ T cells. Error bars represent standard error of the mean. LN-: 

n = 12–14, LN+: n = 12–14, PT: n = 9–10. *P = 0.01 to 0.05, **P= 0.001 to 0.01, ***P= 0.001 to 0.0001, 

****P< 0.0001
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Next, we studied the expression levels of various immune checkpoint receptors on the 

different T-cell subsets (i.e., CD4+ and CD8+ T cells and Tregs). See Supplementary Figure 

2A-B for gating strategy of immune checkpoints on CD4+ and CD8+ T cells. For all studied 

immune checkpoints (i.e., CTLA-4, PD-1, TIM- 3, and LAG-3) on all three assessed T-cell 

subsets, the expression levels were significantly higher in LN+ vs. LN-, except for LAG-3 

on CD4+ T cells. Generally, immune checkpoint expression levels on these T-cell subsets 

were even higher in PT than in LN+ (Fig. 2a-c). As expected, the highest expressed immune 

checkpoint on Tregs was CTLA-4 (Fig. 2b), whereas on conventional CD4+ T cells the highest 

averaged expression rate was found for PD-1 (Fig. 2a). Also on CD8+ T cells PD-1 was the 

most frequently expressed immune checkpoint (Fig. 2c). PD-1 expression levels on Tregs were 

mainly intermediate, whereas in the conventional effector subsets relatively more cells had 

high PD-1 expression levels (Fig. 2a-c). Nevertheless, CD8+ T cells with intermediate PD-1 

levels outnumbered CD8+ T cells with high expression levels in LN+; a more equal distribution 

was observed in PT (Fig. 2c). Of note, on CD8+PD-1hi T cells also higher expression levels of 

the other immune checkpoints were observed (Supplementary Figure 2C) as compared to 

the CD8+PD-1int T cells (Supplementary Figure 2D). Moreover, checkpoints were often co-

expressed on conventional CD8+ T cells in both CxCa PT and LN+ (Supplementary Figure 2E). 

Whereas combined expression of PD-1 and other checkpoints (TIM-3 and LAG-3 in particular) 

has been identified as a sign of functional exhaustion [24], intermediate expression levels of 

PD-1 has been related to recoverable effector functionality through PD-(L)1 blockade [25–27]. 

Considerable frequencies of CD8+PD-1int T cells in PT and LN+ therefore provided us with a 

rationale to explore whether PD-1 blockade could enhance antitumor T-cell functions.

HPV-specific T-cell cultures with PD-1 blockade
To assess PD-1 blockade efficacy, we performed in-vitro tumor-antigen specific T-cell cultures 

with overlapping 15-mer HPV16 E6 peptides in the absence or presence of nivolumab (10 µg/

mL). We initially performed these cultures o/n (n = 9), followed by IFNγ ELISPOT, but we were 

unable to detect any robust E6-specific T-cell responses in the tested single-cell suspension 

samples, unlike CEFT recall responses which were readily detected (data not shown). We 

therefore resorted to a 10-day culture method, followed by an o/n IFNγ ELISPOT assay (as 

previously described by Yuan and colleagues [29]). Employing this method, we were able to 

detect HPV16 E6 specific responses in 3/5 LN+ samples derived from patients with HPV16+ 

CxCa, and in 4/5 HPV16+ PT samples, but in none of the four tested HPV16+ LN- samples (Fig. 

3a). The specificity of our assay was confirmed by the fact that we did not measure any HPV-16 

E6-specific T-cell responses in any of the other samples that were derived from patients with 

HPV infections other than HPV16 (Supplementary Figure 3A). Significantly increased E6-

specific T-cell frequencies after PD-1 blockade in positive E6 responders were observed in 

4/4 LN+, but, remarkably, in only 1/4 PT samples (Fig. 3a). These effects were restricted to 

tumor antigen-specific T-cells as CEFT recall responses were also detected in HPV16-negative 

samples and not increased by PD-1 blockade (Supplementary Figure 3B).
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Figure 2. Immune checkpoint expression on CD4+ and CD8+ T-ce  subsets in LN-, LN+ and PT. 
Expression rates of CTLA-4, total PD-1, intermediate-level and high-level PD-1, TIM-3 and LAG-3 on 

(a) conventional CD4+ T cells (non-Tregs) (b) regulatory T cells (Tregs), and (c) CD8+ T cells. Error bars 

represent standard error of the mean. LN-: n = 14, LN+: n = 13, PT: n = 10. *P= 0.01 to 0.05, **P= 0.001 

to 0.01, ***P= 0.001 to 0.0001, ****P< 0.0001
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Figure 3. In-vitro PD-1 b ockade in HPV16 E6-stimu ated LN-, LN+ and PT sing e ce  suspensions. 
The IFNγ ELISPOT reactivity is expressed as number of spots per 100,000 T cells. A) IFNγ T cell reactivity 

to a set of 15-mer overlapping peptides covering the HPV16 E6 protein sequence; enhanced reactivity 

upon PD-1 blockade was observed in 4/4 responders in the LN+ (n = 7) group and in 1/4 responders 

in the PT (n = 7) group; there were no positive responders in the LN- (n = 5) group. Data from positive 

responders are depicted in black, from non-responders in grey. HPV-types other than 16 are depicted 

in the graph (HPV16-, x; HPV16+, ●) B) The IFNγ Elispot response upon PD-1 blockade correlated 

with the percentage of CD8+FoxP3+CD25+ T cells in the tested samples. Only positive responders 

to HPV16 E6 were included in the analysis. C) Activated Treg frequencies (aTregs) and D) the ratio of 

CD8+FoxP3+CD25+ T cells: Tregs, both subdivided by responders to anti-PD-1 (i.e., increased HPV16 

E6-specific IFNγ response upon PD-1 blockade) and non-responders to anti-PD-1 in HPV16+ LN+ and 

PT samples (with detectable reactivity to HPV16 E6, same samples as shown in panel b and c). Error bars 

represent standard error of the mean. **P= 0.001 to 0.01

CD8+FoxP3+CD25+ T cell and aTreg rates in relation to PD-1 blockade efficacy
Multiparameter flow cytometric analysis of the HPV16+ samples with positive E6 responses 

before stimulation with HPV16 E6 peptides(LN+ n = 4, PT n = 4), revealed that only one T-cell 

subset significantly correlated with in-vitro efficacy of PD-1 blockade, i.e., CD8+FoxP3+CD25+ 

T cells (P = 0.018; Fig. 3b). In contrast, aTreg rates were elevated at the start in samples that 

did not respond to PD-1 blockade (P < 0.01, Fig. 3c). Consequently, CD8+FoxP3+CD25+ T 
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cell:aTreg ratios appeared to have predictive value for PD-1 efficacy, although not significant 

due to small sample size, in LN+ and PT samples with detectable (i.e., pre-existent) E6-specific 

T-cell responses (Fig. 3d).

Phenotypic and functional profiling of CD8+FoxP3+CD25+ T cells
To visualize (co-)expression of FoxP3, CD25, PD-1, TIM-3, LAG-3, and CTLA-4 at the single-

cell level within the CD8+ T cell population of LN+ vs. LN-, high-dimensional t-SNE analysis 

was performed on flow cytometric data from two pairs of matched LN- and LN+, of which the 

LN+ had shown elevated HPV-16 E6-specific IFNγ responses after PD-1 blockade. Differential 

expression of these markers between LN- and LN+ was clear, with a distinct CD25+FoxP3+ 

population, co-expressing relatively high levels of the assessed immune checkpoints, present 

only in the LN+ samples (Fig. 4a). Conventional FACS analyses further confirmed co-expression 

of multiple immune checkpoints on CD8+FoxP3+CD25+ T cells (Supplementary Figure 2F) 

and, in a comparative analysis with conventional CD8+FoxP3− T cells, showed the levels of 

CTLA-4, TIM-3 and LAG-3 in LN+ to be significantly higher (all P < 0.01), but, remarkably, 

only rates of cells with intermediate PD-1 expression levels were similarly elevated in the CD8+ 

CD25+FoxP3+ T-cell population (P < 0.01, Fig. 4b). CD8+FoxP3+CD25+ T cells in LN+ (and in PT, 

data not shown) displayed a CD127−, CD45RA− and CD27+ profile, consistent with a previously 

reported early effector memory phenotype [32], and were shown to have proliferative 

capacity and to be activated, as evidenced by increased Ki67 and HLA-DR expression levels, 

respectively (Fig. 4c). CD25 levels within the CD8+ T-cell subset appeared to be generally 

lower in the LN- than in the LN+ samples (Fig. 4a); within the activated CD8+CD25+ T cells 

in LN+ samples, FoxP3+ T cells comprised significantly lower frequencies of PD-1hi cells and 

significantly higher frequencies of PD-1int cells than their FoxP3− counterparts (Fig. 4d).

As CD8+FoxP3+CD25+ T cells in CxCa metastatic tumors were previously reported to be 

immune suppressive [33] and as expression of multiple immune checkpoints is generally 

regarded as a sign of exhaustion [24], we assessed the functional status of this subset after 

polyclonal stimulation. After o/n anti-CD3 stimulation of single-cell suspensions from LN+ 

(n = 4) and PT samples (n = 3), intracellular flow cytometric analysis showed increased 

expression of GrB (P< 0.05), IL-2 (P < 0.01), and TNFα (P < 0.05) in CD8+FoxP3+ T cells as 

compared to the conventional CD8+FoxP3− T cells (Fig. 4e, Additional file 6: Figure S4A-B). Of 

note, no such effector activity was observed for CD4+FoxP3+ Tregs (Supplementary Figure 

4C-F). Although saturating binding of PD-1 was demonstrated by flow cytometry in parallel 

cultures with anti-PD-1, no resulting functional changes were observed in this model system 

(data not shown).

Phenotype, distribution, and localization of CD8+FoxP3+ T cells in cervical 
cancer (CxCa) tissue
Next, we studied the distribution and localization of CD8+FoxP3+ T cells in cervical LN+ (n = 4) 

and PT (n = 4) samples using the markers CD3, CD8, FoxP3, PD-1, and GrB in a multiplexed 

immunohistochemistry analysis (Fig. 5a). CD8+FoxP3+ T cells were mainly located in the 
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peritumoral compartment of PT (P = 0.043) and LN metastases (Fig. 5b). Circa 40–60% 

of CD8+FoxP3+ cells were positive for PD-1 (PT > LN+), with comparable expression levels 

in peritumoral and intratumoral T cells (Fig. 5c). Further sub-phenotyping showed low 

percentages of GrB-expressing CD8+FoxP3+PD-1+ T cells, indicative of a functionally 

suppressed state of this subset in vivo (Fig. 5d).
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(See figure on previous page.) Figure 4. Phenotyping and functiona  status of CD8+FoxP3+CD25+ T 
ce s vs. CD8+FoxP3− T ce s. 
A) t-SNE density plots showing expression distribution within the CD8+ T cell population of FoxP3, CD25, 

PD-1, TIM-3, LAG-3, and CTLA-4; representative results from matched LN- and LN+ samples from the 

same patient (a) are shown and from another SLN+ sample (b). NB: both LN+ samples showed positive 

response to HPV16 E6, which was enhanced by PD-1 blockade (no response in LN-). Box indicates the 

CD8+FoxP3+CD25+ population. B) Immune checkpoint receptor profiling of CD8+FoxP3+CD25+ T 

cells versus CD8+FoxP3− T cells (LN+, n = 13). C) Frequency of the effector and memory markers CD127, 

CD27 and CD45RA on the CD8+FoxP3− vs. CD8+FoxP3+CD25+ subsets in LN+ (n = 12). D) PD-1 

expression on CD8+FoxP3−, CD8+FoxP3−CD25+, and CD8+FoxP3+CD25+ T cells in LN+ (n = 13). e 

Frequency of CD8+FoxP3+ vs. CD8+FoxP3− T cells (co-)expressing intracellular Granzyme-B (GrB), 

IFNγ, IL-2 and TNFα upon o/n anti-CD3 stimulation in LN+ (n = 4) and PT (n = 3). Error bars represent 

standard error of the mean. *P= 0.01 to 0.05, **P= 0.001 to 0.01, ***P= 0.001 to 0.0001

3
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Figure 5. Phenotype, distribution, and oca ization of CD8+FoxP3+ T ce s in cervica  tumor tissue. 
A) Representative immunofluorescence staining showing FoxP3 (in orange), CD8 (in blue), CD3 (in 

red), PD-1 (in yellow), GrB (in green), and the merged image including DAPI (in grey). Boxes denote 

CD8+FoxP3+ T cells. Scale bar in merged image is 50 µm. In merged image, T (tumor) represents 

intratumoral area and S (stroma) represents peritumoral area. Scatter plot showing peritumoral and 

intratumoral rates for B) CD8+FoxP3+ T cells, and percentages of C) PD-1- expressing CD8+FoxP3+ T 

cells and D) GrB-expressing CD8+FoxP3+PD-1+ T cells in tumor-positive lymph nodes (n = 4 for LN+, 

●) and primary tumors (n = 4 for PT, ▲). Error bars represent standard error of the mean. *P = 0.01 to 

0.05

DISCUSSION

The goal of the current study was to profile T-cell populations in CxCa PT and TDLN and 

identify therapeutic targets for local immune intervention strategies in a bid to curtail tumor 

progression and metastatic spread. Based on our previous data on PD-L1 expression in cervical 

PT and TDLN samples [12, 13, 34] and our current data on high PD-1 expression on different 

T-cell subsets in TDLN and PT, the effects of in-vitro blocking of PD-1 were studied and linked 

to a CD8+ T-cell subset with superior effector functionality. 

Cervical tumor development was associated with T-cell differentiation and activation, 

as evidenced by elevated frequencies of memory T cells, co-expressing multiple immune 
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checkpoints, in LN+ and PT samples. Indeed, we observed high expression of immune 

checkpoint molecules on the different T-cell subsets in cervical PT and metastatic TDLN. 

CTLA-4 and PD-1 were most often (co-)expressed, TIM-3 was expressed frequently whereas 

LAG-3 had low expression rates on most of the T-cell subsets. Checkpoint expression levels 

were elevated in LN+ over LN- samples and highest in PT samples, indicative of a tissue-specific 

hierarchy. This is in agreement with findings described previously by Ahmadzadeh et al. in 

melanoma [35]. Taken together, these results suggest that the TME plays an important role in 

the differentiation of T cells and upregulation of the checkpoint receptors. Of interest in this 

regard are the observed increased frequencies of both aTregs and CD8+ effector T cells in 

PT and LN+ with intermediate expression levels of PD-1, which may be particularly amenable 

to PD-1 blockade [27]. Thus, expansion and/or activation of recruited Tregs and effector 

cytotoxic T cells to the TME in PT and TDLN may be modulated by PD-(L)1 blockade. Indeed, 

the inability to affect T cell responses upon HPV16 E6-specific or polyclonal stimulation in 

o/n cultures of PT and TDLN samples, but the finding of enhanced HPV16 E6 responses after 

10 days of culture in the presence of anti-PD-1, suggest a requirement for more long-term 

conditioning of the microenvironment and a possible expansion or contraction of targeted 

immune subsets.

We found an association between the IFNγ T-cell response upon stimulation with tumor-

specific HPV16 E6 peptides and PD-1 blockade, and lower levels of aTregs as well as elevated 

levels of a particular subset of CD8+ T cells, specifically CD8+FoxP3+CD25+ T cells. Although 

frequencies were generally low, higher percentages of this CD8+ T-cell subset were present in 

the (metastatic) tumor samples than in LN-, confirming our previously published data [13]. With 

low expression of CD127 and CD45RA, and high expression of CD27, this subset appeared 

to have an early effector memory phenotype, more often positive for proliferation (Ki67) and 

activation (HLA-DR) markers than its CD8+FoxP3− counterparts. Interestingly, the subset also 

had high surface expression levels of immune checkpoints (PD-1, CTLA-4, TIM-3, LAG-3), 

suggestive of functional exhaustion [36]. In keeping with this notion it did not express GrB 

in situ. However, these seemingly exhausted cells were actually able to respond to in-vitro 

CD3-mediated stimulation by expressing GrB and TNFα, and seemed able to be reinvigorated 

by PD-1 blockade in a 10-day culture experiment. Interestingly, CD8+FoxP3+CD25+ T cells 

had more often intermediate-level PD-1 expression compared with CD8+FoxP3− T cells, 

suggesting that functionality of these cells is “recoverable” and can be reinvigorated upon anti-

PD-1 therapy [37]. Of note, in contrast with the CD8+FoxP3+CD25+ population, CD8+FoxP3−

CD25+ T cells did not show a significant correlation with the IFNγ response boosted upon 

antigen specific stimulation in the presence of anti-PD-1. An explanation for this could be 

the significantly lower intermediate-level PD-1 expression by CD8+FoxP3−CD25+ T cells 

and elevated high-level PD-1 expression (Fig. 4d), which may be a sign of true, irreversible 

exhaustion.

CD8+FoxP3+ T cells were previously described as CD8+ ‘Tregs’ with suppressive functions 

in CxCa [33] and in other tumor types [38–40]. However, no unique surface marker has 
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been established yet to isolate the population and confirm its suppressive features. There is 

contrasting evidence suggesting that this subset is a tumor-reactive effector cell population 

[32, 41, 42]. In melanoma [41] and in non-small-cell lung cancer (NSCLC) [32], CD8+FoxP3+ 

T cells were described as a population of early effector T cells. Tassi et al. [32] described that 

the CD8+FoxP3+ T cells were PD-1-positive and had an activated non-exhausted phenotype, 

with a high expression of other immune checkpoint molecules. Of note, the CD8+FoxP3+ T-cell 

subset was the only subset able to produce IFNγ after co-culture with autologous lung cancer 

cells. The authors suggested that these cells may represent a valuable biomarker for monitoring 

ongoing adaptive immunity in the tumor. Our finding of this subset being present in LN+ with 

detectable HPV16 E6 reactive T cells, but not in LN-, in which we failed to detect any such 

responses, is consistent with this suggestion. In addition, Anichini et al. described that these 

proliferating “early effector cells” could be tumor-reactive effector cells in melanoma in the 

earliest stage after priming. On the other hand, as upregulation of immune checkpoints is 

described in T cells chronically stimulated by antigens, the high expression of the immune 

checkpoints on CD8+FoxP3+ T cells might also indicate that this is a more differentiated antigen-

experienced population, which was also suggested by Le et al. [42]. In the latter study, CD8+ 

T cells became FoxP3+ after they had been transferred into tumor-bearing mice, signifying 

that these cells could serve as a marker of an effective T-cell response in the TME. Moreover, 

CD8+FoxP3+ T cells were induced in vitro in co-cultures with breast cancer and ovarian cancer 

cell lines, whereas in the presence of non-cancerous cells this subset was not induced [43, 44]. 

These in-vitro differentiated FoxP3-expressing CD8+ T cells produced more IFNγ and TGF-

β1, whereas no IL-10 secretion was observed [44]. Based on these studies and our own data 

we propose that these CD8+FoxP3+ T cells likely represent tumor-specific effector T cells, 

recruited to the tumor sites, rather than suppressive Tregs. Our immunohistochemical T-cell 

data shows these effector cells to be mostly situated in the peritumoral areas of both cervical 

PT and metastatic lymph node tissues. Therefore, the question remains if these cells first need 

to be recruited into the actual tumor areas before they can exert antitumor immunity after 

checkpoint inhibition. High frequencies of aTregs may also interfere with their functionality 

and account for their low in-situ GrB levels, as established by immunohistochemistry. This is 

in keeping with our observation of an association of the CD8+FoxP3+CD25+ T cell:aTreg ratio 

with the in-vitro efficacy of PD-1 blockade. As both subsets co-express high rates of CTLA-4 

and intermediate-level PD-1, this again argues in favor of a combined anti-PD-1/anti-CTLA-4 

intervention strategy.

The effect of PD-1 blockade was more pronounced in LN+ than in PT. This is an interesting 

observation for which at least two possible explanations exist. First, as described in this 

study, we observe a tissue-specific hierarchy for expression levels of the different immune 

checkpoints on T-cells, which is consistent with the notion of a more profound state of T-cell 

immune suppression or “exhaustion” in PT. Moreover, the favorable PD-1int to PD-1hi ratio 

on CD8+ T cells in LN+ as compared to PT (Fig. 2c), and on CD8+FoxP3+CD25+ T cells in 

particular (Fig. 4d), is also consistent with a more “recoverable” state of exhaustion, e.g. by PD-1 

blockade, as suggested by several recent reports [25, 27, 45]. Secondly, aTregs, i.e., functionally 
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suppressive Tregs [30], are dramatically elevated in PT over LN+, and elevated aTreg rates were 

associated with the absence of a response to PD-1 blockade (Fig. 3d). Based on this evidence, 

we conclude that whereas PD-1 blockade may be sufficient to boost antitumor immunity in 

TDLN, in PT this may additionally require depletion of aTregs, e.g. by administration of anti-

CTLA-4. The latter is further supported by the high co-expression levels of PD-1 and CTLA-4 

on CD8+FoxP3+CD25+ T cells (Additional file 4: Figure S2F). Our finding of anti-PD-1 blockade 

efficacy in TDLN also fits with a recent report from Chamoto and colleagues who showed in a 

mouse model that antitumor efficacy of PD-1 blockade depended on continuous recruitment of 

effector-memory CD8+ T cells, which were induced to proliferate by PD-1 inhibition [46], from 

TDLN to tumor sites. The CD8+FoxP3+CD25+ early effector-memory T-cell subset in LN+, 

identified by us as related to PD-1 blockade efficacy, displayed an activated and proliferative 

state and might well represent the human equivalent of the TDLN-derived effector-memory 

CD8+ T cells shown to be crucial for effective in-vivo PD-1 blockade.

CONCLUSION

In conclusion, our data support the earlier reports of an HPV-specific T-cell repertoire in 

TDLN “poised for action” and show it to be a valid target for PD-1 blockade [47]. These T 

cells may subsequently effect both loco-regional and systemic tumor control, thus prolonging 

(recurrence-free) survival. Moreover, they point to CD8+FoxP3+CD25+ T cells in TDLN as 

likely therapeutic target, which (together with aTregs) may ultimately also serve as predictive 

biomarker. These observations provide important supportive evidence for the use of local PD-

(L)1 blockade in lifting loco-regional immune suppression in CxCa and controlling metastatic 

spread to TDLN, one of the most important risk factors in CxCa. Indeed, based on our previous 

reports [13, 48] and further supported by our current findings, we are testing a neo-adjuvant 

immunotherapy approach in early-stage CxCa patients, involving intratumoral delivery of anti-

PD-L1/durvalumab (who.int/trialsearch, NTR6119) [49]. Importantly, immune monitoring of 

this trial may provide in-vivo validation of the in-vitro findings from this paper.
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SUPPLEMENTARY FILES

Supp ementary Tab e 1

Clinical characteristics of the study population, per patient Collected tissue

No. Age FIGO
stage

Histo-
ogy

PT 
Size 
(mm)

VI† PI† Presence 
of LN+
(n)

HPV-
type

LN- 
(n)

LN+ 
(n)

Mets. 
Size 
(mm)

PT

1. 49 IB1 SCC 15 No No - N/A 1 - -

2. 36 IB1 SCC 14 No No - N/A 1 - Yes

3. 44 IIIB SCC 80 No Yes - 16 1 - -

4. 29 IIB ASCC 40 No Yes 11 18 1 2 50/55 -

5. 41 IB2 SCC 38 No No - 16 1 -

6. 59 IIB SCC 38 No Yes 1 16 1 1 34 -

7. 28 IB1 SCC 42 No No - p16+ 1 - Yes

8. 50 IB2 SCC 50 No Yes - 16 1 - -

9. 41 IB1 SCC 35 No N/A - 31 1 - -

10. 37 IB2 SCC 50 No No 2 16 1 1 50 -

11. 50 IB1 SCC 5 No No - N/A 1 - -

12. 42 IB1 SCC 30 No Yes - 16 1 - -

13. 59 IIB SCC 37 No Yes 2 16 1 1 10 -

14. 33 IIA2 SCC 32 No No 5 N/A 1 - Yes

15. 68 IIIB SCC 70 No Yes 10 33 - 1 25 -

16. 28 IIA2 SCC 60 Yes Yes 3 16 - 1 38 -

17. 41 IB2 SCC 45 No Yes 2 Neg - 1 25 -

18. 67 IIB SCC 60 Yes Yes 4 N/A - 1 40 -

19. 60 IIB SCC 25 No Yes 3 16 - 1 40 -

20. 69 IB1 SCC 30 No No 2 6 - 1 1,3 -

21. 43 IB1 SCC 33 No No 1 16 - 1 0,35 Yes

22. 30 IIIB SCC 60 No Yes 3 16 - 1 N/A -

23. 37 IB2 SCC 62 Yes No - 16 - - Yes

24. 42 IB2 SCC 48 No No - 59 - - Yes

25. 36 IB1 SCC 30 No No - 16 - - Yes

26. 49 IB1 SCC 20 No No - 16 - - Yes

27. 43 IB1 SCC 35 No No - 16 - - Yes

28. 72 IB1 SCC 24 No No - 33 Yes

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; SCC, squamous cell 

carcinoma; ASCC, adenosquamous cell carcinoma; VI, vaginal involvement; PI, parametrial invasion; HPV, 

human papillomavirus; N/A, not available; LN-, tumor-negative lymph node; LN+, tumor-positive lymph 

node; Mets., metastasis; PT, primary tumor. † When data on VI and PI was not available from the pathology 

report (e.g. in case of lymph node debulking only), this was obtained from the medical record.
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 Supp ementary Tab e 2. Antibody specifications

Antibodies C one Isotype Cata og no. Manufacturer

CD3 PerCP-Cy5.5 SK7 mouse IgG1 332771 BD

CD4 AF700 RPA-T4 mouse IgG1 557922 BD

CD8 V500 SK1 mouse IgG1 561618 BD

CD25 APC 2A3 mouse IgG1 340907 BD

CD45RA APC-H7 HI100 mouse IgG2b 560674 BD

CD27 PE-Cy7 M-T271 mouse IgG1 560609 BD

CD127 BV421 HIL-27-M21 mouse IgG1 562437 BD

PD-1 BV786 EH12.1 mouse IgG1 563789 BD

HLA-DR BV786 L243 mouse IgG2a 307642 Biolegend

TIM-3 BV421 F38-2E2 mouse IgG1 345008 Biolegend

LAG-3 PE-Cy7 3DS223H mouse IgG1 25-2239-42 eBioscience

FoxP3 PE PCH101 rat IgG2a 12-4776-42 eBioscience

Ki67 FITC B56 mouse IgG1 556026 BD

CTLA-4 PE-CF594 BNI3 mouse IgG2a 562742 BD

TNF-α FITC Mab11 mouse IgG1 554512 BD

IL-2 PE-Cy7 MQ1-17H12 rat IgG2a 25-7029-42 eBioscience

IFNγ APC B27 mouse IgG1 554702 BD

Granzyme B PE-CF594 GB11 mouse IgG1 562462 BD

PD-1 (unconjugated) EH33 mouse-IgG2a 43248S Cell Signaling

CD8 (unconjugated) C8/144B mouse IgG1 M7103 DAKO

CD3 (unconjugated) polyclonal rabbit A0452 DAKO

FoxP3 (unconjugated) 236A/E7 mouse IgG1 ab20034 Abcam

Granzyme B (unconjugated) GRB-7 Mouse IgG2a M7235 DAKO

3
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Supp ementary Figure 1. Gating strategies. 
(A) Gating strategy for different CD4+ T cell subsets in representative examples of LN- (from patient 

10), LN+ (from patient 10) and PT (from patient 7) as described by Miyara et al. (30). (B) Gating strategy 

for CD8+FoxP3+CD25+ T cells is provided in representative examples of LN- (from patient 10), LN+ 

(from patient 10) and PT (from patient 7).
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Supp ementary Figure 2. Co-expression of immune checkpoint receptors on CD8+ T-ce  subsets. 
Gating strategy is provided in a representative LN+ for immune checkpoints CTLA-4, LAG-3, TIM-3, 

and PD-1 on (A) non-Tregs CD4+ T cells and (B) CD8+ T cells based on fluorescence minus one (FMO), 

both plotted against CD25. Co-expression of immune checkpoints on (C) PD-1hi CD8+ T cells and (D) 

PD-1int CD8+ T cells. (E) Elevated levels of multiple immune checkpoints on CD8+FoxP3- T cells in LN+ 

vs. LN-. (F) High frequencies of CD8+FoxP3+CD25+ T cells co-express immune checkpoints in LN-, LN+ 

and PT. Error bars represent standard error of the mean. LN-: n=13-14, LN+: n=12-13, PT: n=10. *P=0.01 

to 0.05, **P=0.001 to 0.01, ***P=0.001 to 0.0001, ****P<0.0001.

3
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Supp ementary Figure 2 (continued). 



87

Efficacy anti-PD-1 related to CD8+FoxP3+CD25+ T-cells

Supp ementary Figure 3. The IFNγ ELISPOT reactivity in LN-, LN+ and PT sing e ce  suspensions. 
(A) IFNγ T cell reactivity against HPV16 E6 was only observed in HPV16+ patients (n=5 for LN+; n=5 for 

PT) rather than in patients with other HPV infections (n=2 for LN=; n=2 for PT). (B) The IFNγ ELISPOT 

reactivity against positive recall control CEFT is expressed as number of spots per 100.000 T cells. No 

consistent effect of PD-1 blockade is detected in LN- (n=5), LN+ (n=7) or PT (n=7). HPV-types other than 

16 are labeled in the graphs.

3



88

Chapter 3

Supp ementary Figure 4. Cytokine expression upon anti-CD3 stimu ation: CD8+ vs. CD4+ T ce s. 
Dot plots showing representative gates for intracellular cytokines GrB, IFNγ, IL-2, and TNFα in (A) 

CD8+FoxP3- T cells and in (B) CD8+FoxP3+ T cells present in LN+. Frequency of CD8+ (grey) vs. CD4+ 

(black, including Treg) T cells expressing intracellular (C) GrB, (D) IFNγ, (E) IL-2, and (F) TNFα upon o/n 

anti-CD3 stimulation in LN+ (n=4) and PT (n=3) samples. Error bars represent standard error of the 

mean. *P=0.01 to 0.05, **P=0.001 to 0.01.
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ABSTRACT

Background: Treatment with programmed cell death receptor (PD-1) and programmed 

cell death ligand 1 (PD-L1) inhibitors is a promising strategy to lift tumour-induced immune 

response suppression. However, the current systemic treatment often causes autoimmune 

side effects. In more than 50% of squamous cell cervical cancer, PD-L1 expression is detected. 

Moreover, we observed high and interrelated rates of PD-L1 positive macrophages and 

regulatory T cells in metastatic lymph nodes of cervical cancer patients. As cervical cancer in 

general initially metastasizes to regional lymph nodes, local administration of durvalumab (a 

PD-L1 checkpoint inhibitor) at an early stage will deliver these antibodies exactly where they 

are needed, facilitating immune protection. This may result in a clinical benefit while reducing 

undesirable side effects.

Methods: DURVIT is a non-randomized, single-arm, open-label, phase I study. Three escalating 

dose levels of intratumourally (i.t.) injected durvalumab will be tested, i.e. 5, 10 and 20 mg (three 

patients per dose level, with an additional three at the highest tolerated dose). The primary 

endpoint of this phase-I study is safety. Immune monitoring will consist of flow cytometric, 

immunohistochemical and functional T cell reactivity testing. Enrollment is expected to start 

in November 2017.

Discussion: Evidence of safety and biological efficacy of this locally administered checkpoint 

blockade may expand adjuvant therapy options for cervical cancer patients. Early metastatic 

spread of cervical cancer cells may thus be controlled in the draining lymph node basin, and 

beyond, and hopefully delay or even prevent the onset of disease recurrence.

Trial registration: NTR6119, 1-nov-2016
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BACKGROUND

Cervical cancer is the fourth most common cancer in women worldwide and is caused by 

a persistent infection with high-risk human papilloma virus (HPV) types [1, 2]. The highest 

incidence of cervical cancer lies between 35 and 45 years of age [3]. Although vaccines to 

prevent cervical cancer are widely implemented, advanced stage cervical cancer is still an 

important cause of mortality among women worldwide [4].

The most important prognostic factor in early stage cervical cancer is the presence of 

metastatic tumour cells in the pelvic lymph nodes [5]. After radical hysterectomy and pelvic 

lymphadenectomy, women with early stage cervical cancer with negative lymph nodes have a 

5-year survival rate of 80-90%, compared to a 5-year survival of 60-65% for patients with one 

lymph node metastasis [6, 7]. Adjuvant treatment in patients with lymph node metastasis and/

or other risk factors is (chemo)radiation [8, 9]. However, adjuvant chemoradiation is associated 

with increased morbidity (with reported symptoms such as nausea, pain, vaginal tightness 

and urinary complaints) and impaired quality of life [10]. Of note, adjuvant (chemo)radiation 

in cervical cancer may also result in ovarian failure, and most patients diagnosed with cervical 

cancer are relatively young [11].

To improve the prognosis and quality of life of cervical cancer patients, novel adjuvant 

treatments are urgently needed. A highly promising area of research focuses on lifting tumour-

induced immune suppression. Cancer cells employ various mechanisms to evade immune-

mediated surveillance and elimination, which allows them to develop and spread unchecked. 

One of these strategies comprises upregulation of proteins on the cell surface that deliver 

inhibitory signals to cytotoxic T cells, the so-called immune checkpoints. Programmed cell 

death ligand 1 (PD-L1) is an example of such an immune checkpoint, and is upregulated in 

a broad range of cancers, including lung [12], renal cell [13–15], pancreatic [16–18], ovarian 

cancer [19] and hematologic malignancies [20, 21].

Several studies have reported on the upregulation of PD-L1 and/or PD-1 in cervical carcinoma 

and surrounding inflammatory cells [22–25]. Recently, we performed a retrospective study on 

primary tumours (n=205) and paired metastatic lymph nodes (n=127) from cervical cancer 

patients and showed PD-L1 expression by primary tumour cells as well as by tumour infiltrating 

and stromal CD163+ positive M2 macrophages [26]. In 54% of all squamous cell primary 

tumours (SCC) and in 14% of all adenocarcinomas (AC) PD-L1 positivity was observed in >5% 

of the tumour cells. PD-L1 expression in tumour margins (i.e. at the tumour/stroma interphase) 

in SCC was related to favourable survival and most likely induced by IFNγ released by adjacent 

activated T cells. In SCC, diffuse PD-L1 expression was associated with poor prognosis as 

was the presence of PD-L1 positive macrophages in AC. Furthermore, we reported on the 

high and interrelated rates of PD-L1 positive myeloid cells and regulatory T cells (Tregs) in 

metastatic lymph nodes in patients with cervical cancer [27]. In a comparative study of the 

immune status of all dissected cervical tumour-draining lymph nodes in five patients, we 

4
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described that immunosuppression (identified as low CD8+ T cell/ FoxP3+ Treg ratios) may 

precede actual metastasis, creating niches in the tumour-draining lymphatic catchment area 

[28]. These results led to the hypothesis that tumour-associated PD-L1 positive macrophages 

expand Tregs which subsequently migrate to down-stream lymph nodes to create immune 

suppressed metastatic niches [29].

These studies support the clinical exploration of immunotherapies aimed at counteracting 

the immunosuppressive microenvironment in the primary tumour and the tumour-draining 

lymph nodes by PD-1/PD-L1 checkpoint blockade. By facilitating a robust antitumour T cell 

response, immune therapy can break the cycle of immune suppression and metastatic spread.

Durvalumab is a human monoclonal antibody (mAb) of the immunoglobulin G1 kappa (IgG1κ) 

subclass that blocks binding of PD-L1 to PD-1 and CD80 (B7-1). To date, results of several trials 

with systemically administered durvalumab in patients with advanced or metastatic cancer 

show promising antitumour activity with durable responses [30]. Durvalumab was recently 

approved by the U.S. Food and Drug Administration for patients with locally advanced or 

metastatic urothelial carcinoma who have disease progression during or following platinum-

containing chemotherapy [31].

The systemic treatment with PD-1 and PD-L1 inhibitors can cause severe autoimmune 

side effects [32]. In the current study durvalumab is administered locally, i.e. in the cervix. 

As cervical cancer initially metastasizes through regional lymph nodes, we believe that local 

administration of durvalumab at an early stage will deliver these antibodies exactly where 

they are needed. Our hypothesis is that local conditioning of the tumour and tumour draining 

lymph nodes (TDLN) in the neo-adjuvant setting will lead to both loco-regional and systemic 

immune activation.In this way, undesirable systemic side effects may be avoided. Additional 

interest in local administration of checkpoint inhibitors is raised by the fact that the locally 

administered medication is expected to be (systemically) effective at a lower dose, leading to 

a desirable decline in the expenses involved.

METHODS/DESIGN

Study design
‘DURVIT’ is a non-randomized, single-arm, open-label, phase I study. Patients with cervical 

cancer who are scheduled for (radical) hysterectomy with lymph node dissection will be 

enrolled at the Academic Medical Center (AMC), Amsterdam. Two weeks before the patient 

is scheduled for surgical treatment, durvalumab (AstraZenecaBV) will be injected locally into 

the cervix (Fig. 1). Three doses of durvalumab will be tested in a 3+3 dose escalation design: 

5, 10 and 20 mg intratumourally (i.t.) (Fig. 2). If no dose limiting toxicities (DLTs) or treatment 

related serious adverse events (SAEs) are observed in the 3 different dose cohorts (5, 10, 20 

mg) and no clear (systemic) immunological responses are detected based on T cell levels and 

FACS immunomonitoring, we will add an extra dose cohort of 3 patients treated with 50 mg 
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durvalumab i.t. based on the same criteria. The Common Terminology Criteria for Adverse 

Events (CTCAE) v4.03 will be used for the assessment of adverse events.

Figure 1. DURVIT study time ine. 
SN = sentinel lymph node

Pre-treatment archival formalin-fixed, paraffin-embedded (FFPE) tissue samples will be 

requested from centres where patients were diagnosed or had their primary treatment. Post-

surgery tumour and lymph node material will be fixed and stored. To have a complete clinical 

characterization of the patients included in this study, we will perform the standard diagnostic 

HPV typing for our institution: the HPV Risk Assay (Self-Screen) [33]. Blood samples will be 

taken once during the screening period, at day 0 (prior to durvalumab administration, i.e. at 

baseline), at day 14 (at the time of surgery), after 4 weeks, and at 3 months after administration 

of durvalumab. Post-surgery biopsies of the removed tumour and sentinel and non-sentinel 

TDLN samples will be collected and processed as described previously [27].

The trial has been approved by the Institutional Review Board of the Academic Medical Center 

(AMC) and sponsored by the AMC, with funding from Stichting Vrije Universiteit Medical 

Center - Cancer Center Amsterdam (VUmc-CCA) and Astra Zeneca for the immunological 

tests (requested). Electronic data is submitted by the study staff via the online database 

CastorEDC. The study will be monitored by the Clinical Research Unit of the AMC. The first 

patient to enroll in this trial is expected in November 2017.

4
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Figure 2. DURVIT study flowchart. 
DLT = dose limiting toxicity, SAE = serious adverse event, MTD = maximum tolerated dose.
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Participants
The inclusion and exclusion criteria for the DURVIT-study are listed in Table 1.

Tab e 1. DURVIT Inclusion/Exclusion criteria

Inclusion criteria Exclusion criteria

1. Age > 18 years at time of study entry
2. Willing and able to undergo the planned 

study procedures
3. World Health Organization (WHO) 

performance status of 0 or 1
4. Written informed consent
5.	 Histologically	confirmed	cervical	cancer	of	

all histological types
6. S cheduled to undergo (radical) 

hysterectomy with lymphadenectomy
7. No indication of an active infectious disease: 

HIV, HCV and HBV negative
8. No history of autoimmune disease or 

systematic underlying disease which might 
affect immunocompetence

9. Adequate bone marrow function
10. Subjects must either be of non-reproductive 

potential or must have a negative urine 
pregnancy test before study entry

11. Ability of subject to understand Dutch 
language

1. Prior treatment with immunotherapy including 
therapeutic vaccines

2. Involvement in the planning and/or conduct of the 
study

3. Participation in a study with another investigational 
drug within 30 days prior to enrolment in this study

4. Major surgery within 28 days before inclusion 
(conization or biopsy is not major surgery)

5. Severe cardiac, respiratory, or metabolic disease
6. Use of oral anticoagulant drugs (except ascal)
7. Severe infections requiring antibiotics
8. Lactation or pregnancy
9. Current or prior use of immunosuppressive 

medication	within	 28	 days	 before	 the	 first	 dose	 of	
durvalumab, with the exceptions of intranasal and 
inhaled corticosteroids or systemic corticosteroids at 
physiological doses, which are not to exceed 10 mg/
day of prednisone, or an equivalent corticosteroid

10.	 Any	 prior	Grade	≥3	 immune-related	 adverse	 event	
(irAE) while receiving any previous therapy, or any 
unresolved irAE >Grade 1

11. Active or prior documented autoimmune disease 
within the past 2 years

12.	 Active	 or	 prior	 documented	 inflammatory	 bowel	
disease

13.	 History	of	primary	immunodeficiency/allogeneic	organ	
transplant/previous clinical diagnosis of tuberculosis/ 
uncontrolled intercurrent illness

14. Receipt of live attenuated vaccination within 30 days 
prior to study entry or within 30 days of receiving 
durvalumab

15. Any condition that, in the opinion of the investigator, 
would interfere with evaluation of study treatment or 
interpretation of patient safety or study results

Interventions
Dependent on the dose cohort, 5, 10 and 20 mg (and possibly 50 mg) of durvalumab, in a 4 

ml dilution will be administered using a single syringe and a 27-gauge needle. The solution will 

be administered at room temperature and will be injected at 4 sites (1mL/site) peri- and/or 

intratumourally, depending upon tumour location, visibility and size. The injection procedure 

4



98

Chapter 4

is identical to the i.t. injections already performed in a standardized fashion for the sentinel 

lymph node procedure. The whole procedure will take approximately 15-30 minutes.

During surgery (day 14), patent blue will be injected intratumourally for identification of the 

sentinel lymph node. The detection of the sentinel node using a blue dye and/or radioactive 

tracer is a feasible technique in cervical cancer [34] and increasingly used in the treatment of 

cervical cancer patients.

Outcome measurements
The primary outcome of this study is safety, by the evaluation of (serious) adverse events, in 

order to determine the maximum tolerated dose (MTD) durvalumab. Dose-limiting toxicities 

(DLTs) will be evaluated during the dose escalation phase of the trial. If ≥ 2 out of 3 patients or 

≥ 2 out of 6 patients in the first dose cohort (5 mg durvalumab) experience a DLT, this study 

will be ended. A DLT will be defined as any grade 3 or higher toxicity that occurs during the 

DLT evaluation period. Toxicity that is clearly and directly related to the primary disease or 

to another etiology is excluded from this definition. Grading of DLTs will follow the guidelines 

provided in the Common Terminology Criteria for Adverse Events (CTCAE) version 4.03.

The following will be DLTs:

• Any grade 4 immune-related adverse event (irAE)

• Any ≥ grade 3 colitis

• Any grade 3 or 4 non-infectious pneumonitis irrespective of duration

• Any grade 2 pneumonitis that does not resolve to ≤ grade 1 within 3 days of the initiation 

of maximal supportive care

• Any grade 3 irAE, excluding colitis or pneumonitis, that does not downgrade to grade 

2 within 3 days after onset of the event despite optimal medical management including 

systemic corticosteroids or does not downgrade to ≤ grade 1 or baseline within 14 days

• Liver transaminase elevation > 8 × upper limit of normal (ULN) or total bilirubin > 5 × ULN

• Any ≥ grade 3 non-irAE, except for the exclusions listed in Additional file 1.

The period for evaluating DLTs will be from the time of administration of durvalumab until 3 

months afterwards.

Secondary outcomes include the analysis of the microenvironment and immune status of the 

primary tumour and the draining lymph nodes, as well as the systemic antitumour immune 

response. Tumour and TDLN single-cell suspensions, as well as peripheral blood mononuclear 

cells (PBMC), will be analysed by multiparameter FACS panels for frequency and activation 

state of dendritic cell subsets, myeloid derived suppressor cells, macrophages, effector-T 

cells and Tregs. Advanced 35-parameter CYTOF analyses will also be performed to delineate 

known as well as novel immune subsets. In this way, the effects of the loco-regional treatment 

with durvalumab will be ascertained.
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State-of-the-art 7-parameter fluorescence immunohistochemistry (IHC) panels will be used 

to analyse lineage and activation markers for the same subsets as for the aforementioned flow 

cytometry panels. The use of pre- and post-treatment FFPE material will allow the precise 

analysis of the density, compartmentalization, and (co-)localization of specific subsets. All IHC 

parameters will be determined using fully automated analyses.

As an indication of the induction of local and systemic T cell immunity, IFNγ elispot assays 

after in vitro stimulation will be performed on TDLN single-cells and PBMC to ascertain pre- 

and post-treatment frequencies of HPV-specific T cells (against long peptide pools derived 

from the immunodominant region of HPV-16 E6). We will also assess HPV16 T cell reactivity 

in PBMC and small tumour and TDLN samples using an ultra-sensitive technique based on 

DNA-barcoded MHC multimers with a PCR-based read-out (in collaboration with Dr. Sine 

Reker Hadrup, Technical University of Denmark). The multimers will be complexed to synthetic 

peptides (9-10 aa, 1210 peptides in total) spanning the whole sequence of E2, E6, and E7.

Considerations for sample size
In the maximum tolerated dose (MTD) level we will treat 3 additional patients (n=6 in total). 

This number is based on a power calculation (α=0.05, power=0.8) to enable detection of a 

33% decrease, as compared to untreated tumours, in the expression of Treg frequencies in 

the primary tumour based on recent data (unpublished) showing 38.1% Tregs (SD of 10.5) of 

all CD4+ T cells present in primary cervical tumours (n=5). If no DLTs or treatment related 

SAEs are observed in the 3 different dose cohorts (5, 10, 20 mg) and no clear (systemic) 

immunological responses are detected based on T cell levels and FACS immunomonitoring, 

we will add an extra dose cohort of 3 patients treated with 50 mg durvalumab i.t. based on 

the same criteria as stated in this protocol. Therefore the sample size is at minimum 3 patients 

and at maximum 24 patients.

Statistical analysis
Tabular summaries will be presented by cohort. Categorical data will be summarized by the 

number and percentage of subjects in each category. Continuous variables will be summarized 

by descriptive statistics.

MTD evaluation
The MTD will be based on the occurrence of any DLTs. Any DLTs will be summarized or listed.

Analysis of safety endpoint(s)
Safety analyses will include AEs, SAEs, changes in laboratory findings, vital signs, performance 

status and physical examinations. The number of patients reporting (S)AEs will be summarized. 

The treatment related (S)AEs will be summarized as well. Adverse events will be graded 

according to the NCI CTCAE v4.03. Similarly, laboratory abnormalities will be graded 

according to the NCI CTCAE v4.03, if applicable.

4
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Analysis of secondary endpoints (immune parameters)
Frequencies and activation status of the aforementioned immune cell subsets will be analyzed 

before and after treatment. We will use standard paired or unpaired parametric T or non-

parametric Mann Whitney U tests for comparisons between groups and one-way repeated 

measures ANOVA for follow-up analyses over time

DISCUSSION

With a peak incidence between 35 and 45 years of age, patients diagnosed with cervical cancer 

are relatively young. In early stage cervical cancer, the percentage of relapses is 5% to 40% 

depending on lymph node metastasis and other risk factors [35]. The most common types of 

cervical cancer are squamous cell carcinoma (SCC) and adenocarcinoma (AC), which are known 

to be mostly HPV-16 and HPV-18 positive, respectively [36, 37]. We have previously reported 

on the expression of PD-L1 in SCC and AC [26]. Intratumoural injection of anti-PD-L1, in 

this case durvalumab, with the aim to specifically modulate the loco-regional environment is 

an innovative clinical approach for the treatment of cervical cancer. Evidence of safety and 

biological efficacy of this strategy will contribute to the design of novel adjuvant therapy 

options for cervical cancer patients. In this way early metastatic spread to the draining lymph 

node basin, and beyond, may be controlled and thereby the onset of disease recurrence may 

be delayed or even prevented.

Although blocking the PD-1/PD-L1 axis has been associated with improved survival in 

many cancer types, auto immune-related side effects are often reported (in up to 70% of 

patients) [38]. These findings are based on studies including patients with advanced stages of 

disease. In studies evaluating the safety of intravenous anti-PD-L1 in patients with different 

types of cancer, most reported side effects were fatigue, infusion reactions, rash, arthralgia, 

pruritus, diarrhoea and decreased appetite. Immune-related adverse events included rash, 

hypothyroidism and hepatitis [39, 40]. Local administration of low-dose checkpoint inhibitors 

may reduce these side effects.

Until now, there is only one study that has reported interim results on the effect of systemic 

anti-PD-1 or PD-L1 treatment in cervical cancer. Data show that pembrolizumab, an anti-

PD-1 antibody, can have durable antitumour activity in patients with PD-L1-positive advanced 

cervical cancer [41]. The safety profile was consistent with that seen in other tumour types. 

Out of 24 treated patients there were 2 discontinuations due to grade 3 treatment-related 

AEs and no ≥ grade 4 treatment-related AEs were reported. Currently, several trials are in 

progress testing systemic anti-PD-1 or PD-L1 treatment in cervical cancer [42]. However, 

none of these trials concern the local administration of therapy.

We have recently obtained promising results in early-stage melanoma patients receiving a 

single low dose of the anti-CTLA4 checkpoint inhibitor tremelimumab. Low Treg frequencies 

were seen in the draining sentinel lymph node (compared to historic saline placebo controls) 
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as well as post-treatment reduced systemic rates of activated Tregs in peripheral blood. 

Simultaneously, tumour-specific, NY-ESO-1 reactive effector-T cell frequencies were 

increased in the peripheral blood. Of note, apart from one mild case of vitiligo, no serious 

side effects were observed [van Pul et al., manuscript in preparation]. Furthermore, in 2016 

Ray et al reported that intratumourally injected IL-2 and ipilimumab (anti CTLA-4) in patients 

with non-resectable melanoma was well tolerated. Antitumour responses were detected in 

the injected lesions, as well as an abscopal effect was observed [43]. In general, anti-CTLA4 

checkpoint inhibitors have more immune related adverse events than antibodies blocking 

PD-1 or PD-L1 [38].

Encouragingly, similar local immune potentiation of the primary melanoma excision site and 

the sentinel lymph node with the Toll-like receptor-9 ligand CpG-B in two randomized phase 

II trials of early-stage patients with melanoma led to activation of dendritic cell subsets. 

Tumour-specific T cell expansion at the injection site, in the draining sentinel lymph nodes 

and peripheral blood was detected [44, 45] Moreover, significantly increased recurrence-free 

survival rates were observed [46].

Since patients will be given a single and low dose of durvalumab, we do not expect any treatment 

related SAEs exceeding grade 3. We anticipate that the side effects of local administration of 

durvalumab may include:

• local inflammation reaction of the vagina, vulva and/or cervix with one or more of the 

following symptoms:

• change in the volume, consistency, colour, or odour of vaginal discharge

• vulvar or vaginal irritation, or burning sensation

• pruritus

• dysuria

• genital edema.

• hemorrhage or fistula due to tumour or tissue necrosis/degeneration.

4
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CONCLUSION

For the first time in cervical cancer, intratumoural administration of an immune checkpoint 

inhibitor will be investigated primarily for safety. We believe we will also be able as an 

exploratory objective, to unravel in a quantitative and qualitative manner the effect of the 

PD-L1 inhibitor durvalumab on the microenvironment in the primary tumour, the tumour 

draining lymph nodes and, importantly, on the systemic immune response. The proposed 

correlative immunoassays will shed light on mechanisms underlying the biological effects 

of PD-L1 blockade and may demonstrate its biological efficacy. These tests will aid in the 

selection of optimal dose and target population for subsequent studies, and facilitate a rational 

approach to the design of later phase 2 trials of this novel immunotherapy strategy.
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SUPPLEMENTARY FILES

Additional file 1. List of ≥ grade 3 non-irAE excluded for the definition of DLT

Any ≥ grade 3 non-irAE will be DLTs, except for the following conditions:

• Grade 3 fatigue lasting ≤ 7 days

• Grade 3 endocrine disorder (thyroid, pituitary, and/or adrenal insufficiency) that is 

managed with or without systemic corticosteroid therapy and/or hormone replacement 

therapy and the subject is asymptomatic

• Grade 3 inflammatory reaction attributed to a local antitumor response (e.g., inflammatory 

reaction at sites of metastatic disease, lymph nodes, etc.)

• Concurrent vitiligo or alopecia of any AE grade

• Grade 3 injection-related reaction (first occurrence and in the absence of steroid 

prophylaxis) that resolves within 6 hours with appropriate clinical management

• Grade 3 or 4 neutropenia that is not associated with fever or systemic infection that 

improves by at least 1 grade within 3 days. Grade 3 or grade 4 febrile neutropenia will be 

a DLT regardless of duration or reversibility

• Grade 3 or 4 lymphopenia

• Grade 3 thrombocytopenia that is not associated with clinically significant bleeding that 

requires medical intervention, and improves by at least 1 grade within 3 days

• Isolated grade 3 electrolyte abnormalities that are not associated with clinical signs or 

symptoms and are reversed with appropriate maximal medical intervention within 3 days
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ABSTRACT

Background: Activation of T cells in tumor-draining lymph nodes has been pinpointed as vital 

for the efficacy of immune checkpoint inhibitors targeting PD-(L)1 or CTLA-4. Intratumoral 

administration of lower doses of immune checkpoint inhibitors will result in optimal access to 

both tumor and draining lymph nodes, while minimizing systemic treatment-related adverse 

events (AE).

Purpose: We conducted a phase I trial to assess the safety and toxicity of neo-adjuvant, 

intratumorally injected durvalumab, a PD-L1 checkpoint inhibitor, in early-stage cervical 

cancer.

Patients and methods: Key eligibility criteria included patients with early-stage cervical cancer, 

planned for radical hysterectomy and pelvic lymph node dissection. Three escalating doses of 

durvalumab (5 mg, 10 mg or 20 mg) were injected intratumorally two weeks before standard 

surgical treatment. Primary endpoints were safety and toxicity as assessed by CTCAE 

criteria. PD-L1 expression was evaluated in tumor specimens by immunohistochemistry using 

a combined-positive score (CPS) cutoff of ≥ 1. Immune responses were evaluated by flow 

cytometric analyses and functional T-cell reactivity testing.

Results: Twelve patients were included in the study: three patients received 5 mg durvalumab, 

three patients received 10 mg durvalumab and at the highest dose level of 20 mg, six patients 

were injected with durvalumab. Eight out of twelve patients experienced a treatment-related 

AE, not exceeding grade 1-2. One patient at the highest dose level (20 mg) had immune-related 

thyroiditis, resulting in grade 2 hypothyroidism. Six patients had adenocarcinoma as histologic 

type and six squamous cell carcinoma. PD-L1 expression (CPS ≥1) was identified in 6/12 of 

pre-treatment tumor samples. Comprehensive flow cytometry analyses revealed increased 

systemic rates of regulatory T cells and a decreased CD8+PD-1+/aTregsPD-1+ ratio two weeks 

after durvalumab injection.

Conclusion: This is the first study to investigate neo-adjuvant and intratumorally administered 

anti-PD-L1 in early-stage cervical cancer patients. This strategy can be considered as safe, 

since no AE exceeding grade 2 were observed. Increased Treg frequencies suggest that PD-L1 

blockade should be combined with Treg-reducing treatment strategies in future studies.
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ABSTRACT

Purpose: Adenocarcinoma (AC) of the uterine cervix is the second most common type of 

cervical cancer after squamous cell carcinoma (SCC). Although both subtypes are treated 

similarly, patients with AC have a worse prognosis. In this study, immunologic features of 

the tumor microenvironment in these two subsets were pursued with potential therapeutic 

implications.

Experimental design: The immune microenvironment of primary tumors (PT) and non-

metastatic tumor-draining lymph nodes (TDLN) was compared between patients with cervical 

AC (n = 16) and SCC (n = 20) by polychromatic flow cytometry and by transcriptional profiling 

of the PT (n = 299) using publicly available data from The Cancer Genome Atlas (TCGA).

Results: Flowcytometric analyses revealed intact T-cell differentiation in TDLN but hampered 

effector T-cell trafficking to the PT in AC, as compared to SCC. TCGA analysis demonstrated 

higher expression of chemokines involved in effector T-cell homing (CXCL9/10/11) in SCC PT 

as compared to AC PT, which was highly correlated to a transcriptional signature for type 1 

conventional dendritic cells (cDC1). This was consistent with elevated frequencies of CD141+/

BDCA3+ cDC1 in PT SCC samples relative to AC and correspondingly elevated levels of CXCL9 

and CXCL10 in 24h ex-vivo cultures. Hampered cDC1 recruitment in AC was in turn related to 

lower transcript levels of cDC1-recruiting chemokines and an elevated β-catenin activation 

score, and was associated with poor overall survival.

Conclusion: Our data have identified an opportunity for the investigation of potentially novel 

therapeutic interventions in AC of the cervix, i.e. β-catenin inhibition and cDC1 mobilization.
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INTRODUCTION

With an estimated 570,000 new cases in 2018 worldwide and over 311,000 deaths, cervical 

cancer is the fourth most common cancer in women globally (1). The most prevalent histological 

subtypes are squamous cell carcinoma (SCC) and adenocarcinoma (AC). SCC accounts 

for approximately 70% of all cases, and is mostly associated with an infection with human 

papillomavirus (HPV) type 16, whereas AC accounts for approximately 20% of all cases, and 

is more often associated with HPV 18 (2,3). As a result of the implementation of population-

based screening programs for the early detection of cervical neoplasia, the incidence of 

cervical cancer has decreased over the last 50 years and is expected to decrease further due 

to recently introduced prophylactic HPV-vaccination (4). However, the incidence of cervical 

AC has shown a relative and absolute increase compared with SCC over the past decades, 

especially in younger women (5–7). Several retrospective studies showed that AC patients 

have a higher risk of developing metastases, resulting in a poorer prognosis (8–10). Cervical 

AC also differs from SCC in terms of prognostic factors, biological behavior, mutational profiles 

and sensitivity to chemo- and/or radiotherapy (2,11–15). However, patients with AC and SCC 

are still subjected to the same conventional treatment modalities (i.e., surgery and/or chemo-

radiotherapy), often leading to infertility and reduced quality of life (16). Therefore, there is an 

urgent need to elucidate the differences between these histological types, which could lead 

to more effective and tumor-specific treatment strategies.

Cervical carcinogenesis is fueled by an active infection with high-risk types of HPV, and 

the immune system has been shown to be suppressed in order to prevent clearance of the 

tumor and maintain disease progression (17,18). Immunotherapy has proven its efficacy in 

several tumor types (19–21), and the use of pembrolizumab in patients with advanced PD-L1+ 

cervical cancer has recently been approved by the FDA based on an overall response rate 

of 12.2% as reported by Chung and colleagues (22). Only five of 98 patients in this trial had 

cervical AC, but interestingly, all were PD-L1 positive. In a smaller cohort of patients (n=24), 

an overall response rate of 17% was reported but only one patient with AC was included (23). 

In these studies, no subgroup analyses were performed for AC versus SCC. Furthermore, 

immune checkpoint blockade with anti-CTLA-4 showed disappointing results in patients 

with recurrent and metastatic cervical cancer, and the only partial responder had SCC, 

while stable disease was observed in patients with both AC and SCC subtypes (24). Several 

(combination-)immunotherapy trials are currently ongoing (18), but again, no distinction is 

being made for histological subtypes. Considering the rising incidence rates of cervical AC and 

its poor prognosis, it is of great interest to study the immunological behavior of the histological 

subtypes. Since distinct therapeutic strategies for AC and SCC have not yet emerged, this 

knowledge can contribute to the development of different immunotherapeutic combinatorial 

approaches in order to improve response and tumor control.

In this study, comprehensive flow cytometry analyses, functional assays and publicly available 

mRNA sequencing data of The Cancer Genome Atlas (TCGA) were used to determine immune 

6
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cell subset frequencies, activation status, and chemokine release in AC versus SCC. By 

mapping out the immune landscape of cervical AC and SCC we aimed to uncover leads for 

novel immunotherapeutic options tailored for each histological subtype.

METHODS

Patients
Patients (n=36) were included at the Antoni van Leeuwenhoek hospital (AVL) and the 

Amsterdam UMC, location AMC (Center for Gynecologic Oncology Amsterdam (CGOA)). 

Clinical samples for immunomonitoring were processed at the Amsterdam UMC, location 

VUmc - Cancer Center Amsterdam (CCA). All included patients were diagnosed with cervical 

SCC or AC and were scheduled for a (radical) hysterectomy, and/or pelvic lymphadenectomy. 

The study was approved by the local Institutional Review Board (no. NL25610.058.08) 

and executed in accordance with the ethical guidelines of the 1975 Declaration of Helsinki. 

Patients gave written informed consent prior to participation. The patients’ clinicopathological 

characteristics are shown in Table 1. We recently published data on the SCC cohort (25). In 

the current study we have undertaken comparative analyses between immune profiling data 

from all available SCC primary tumor (PT) and metastasis-free lymph node (LN-) samples and 

data from all the available AC PT and LN- samples. Although they were not a priori matched, 

no obvious differences in clinical characteristics were apparent between these two small SCC 

and AC patient cohorts (see Table 1). The clinical characteristics per patient from both AC 

and SCC cohorts and the collected tissue samples per patient (PT, LN or both) are shown in 

Supplementary Tables 1 and 2). Of note, primary tumors and corresponding lymph nodes 

were collected for only eight patients (SCC n=5, AC n=3). Thus, the performed analyses were 

not paired.
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Tab e 1. Clinical and histopathological characteristics of the study population

Clinical characteristics TDLN 

AC† 

(n=11)

TDLN SCC 

(n=13)

P PT AC 

(n=11)

PT SCC 

(n=10)

P

Age, mean ± SD 47,2 ± 6,5 43,8 ± 9,4 0.34 43,45 ± 8,9 41,9 ± 12,1 0.48

FIGO stage‡ 0.26 0.54

IB1 9 (82) 6 (46) 7 (64) 7 (70)

IB2 1 (9) 3 (23) 3 (27) 2 (20)

IIA1 1 (9) 0 1 (9) 0

IIA2 0 1 (8) 0 1 (10)

IIB 0 2 (15) 0 0

IIIB 0 1 (8) 0 0

Vaginal involvement¥ 0.15 >0.99

- Yes 1 (9) 0 0 1 (10)

- No 10 (91) 10 (77) 10 (100) 9 (90)

- Unknown 0 3 (23) 0 0

Parametrium invasion¥ 0.13 >0.99

- Yes 1 (9) 5 (38) 1 (9) 0

- No 10 (91) 7 (54) 10 (91) 10 (100)

- Unknown 0 1 (8) 0 0

HPV type

- 16 4 (37) 7 (54) - 1 (9) 5 (50) -

- 18 1 (9) 0 2 (18) 0

- 31 0 1 (8) 0 0

- 33 0 0 0 1 (10)

- 59 0 0 0 1 (10)

- Unknown 1 (9) 4 (30) 1 (9) 2 (20)

- P16+* 3 (27) 1 (8) 4 (37) 1 (10)

- Negative 1 (9) 0 0 0

- hrHPV+¶ 1 (9) 0 3 (27) 0

NOTE: Values in the table expressed as n (%), abbreviations: TDLN, tumor-draining lymph nodes; FIGO, 

International Federation of Gynecology and Obstetrics; AC, adenocarcinoma; SCC, squamous cell 

carcinoma; HPV, human papillomavirus; PT, primary tumor. †Two lymph nodes were collected from the 

same patient (sentinel and non-sentinel). ‡ FIGO-staging was based on clinical characteristics ¥ Vaginal 

and parametrium invasion were based on pathology reports and in case this information was missing, 

based on clinical findings *In case no HPV-typing was performed, results of the p16 staining are shown 

¶ hrHPV-positive, but exact type unknown

6
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Fresh tissue collection and processing
Cells were scraped from a halved lymph node with a surgical blade, as described previously 

(25). After collection of samples for this study, the patient material was used for routine 

pathological diagnostics. In case of a primary tumor (PT), the specimen was first cut into 

small fragments. All samples were collected in dissociation medium, consisting of RPMI1640 

without HEPES (Lonza), 0.1% DNAse I (Roche), 0.14% collagenase A (Roche), 5% fetal calf 

serum (FCS, Hyclone), and a penicillin-streptomycin-glutamine (PSG, Gibco) solution. Next, 

the cell suspension was transferred to a sterile dissociation flask followed by incubation in a 

water bath at 37°C on a magnet stirrer. Incubation time differed depending on the sample 

type, ranging from 30 minutes for lymph node samples to 3 times 45 minutes (by refreshing 

dissociation medium each time) for a PT biopsy. After incubation, the cell suspension was 

filtered through a 100 µm cell strainer (BD Falcon), in IMDM (Lonza) containing 10% FCS, 

Gentamicin/Amphotericin B (Gibco), and PSG. Erythrocytes were lysed and viable cells were 

counted. Cells were directly used or cryopreserved until further use.

Multi-color flow cytometry
Per sample 150,000-200,000 cells were stained with the following surface antibodies: 

BDCA-3 (1:50, Miltenyi Biotec), BDCA-2 (1:20, Miltenyi Biotec) [labeled with FITC] CD3 

(1:25, BD), CD14 (1:20, BD) [both labeled with PerCP-Cy5.5]; CD4 (1:200, BD), CD45 (1:200, 

Biolegend) [both labeled with AF700]; CD8 (1:75, BD) [labeled with V500]; CD25 (1:75, BD), 

CD11c (1:100, BD) [both labeled with APC]; CD45RA (1:100, BD) [labeled with APC-Cy7/H7); 

CD27 (1:100, BD) [labeled with PE-Cy7]; CD127 (1:50, BD), Tim-3 (1:20, Biolegend), EpCAM 

(1:50, BD), [all labeled with BV421]; Lag-3 (1:20, eBioscience) [labeled with PE-Cy7]; CD123 

(1:30, BD) [labeled with BV650], PD-1 (1:20, BD) [labeled with BV786], CD1a (1:50, BD) 

[labeled with PE], diluted in BD Horizon Brilliant Stain Buffer (BD). After membrane staining, T 

cells were stained with intracellular antibodies against FoxP3 (1:40, eBioscience) [labeled with 

PE]; Ki-67 (1:50, BD) [labeled with FITC]; and CTLA-4 (1:100, BD) [labeled with PE-CF594] 

using a FoxP3 staining kit according to manufacturer’s instruction (eBioscience). Frequencies 

of CD4+ T-cell populations were based on expression of FoxP3 and CD45RA as previously 

proposed by Miyara et al (26). We recently published examples of CD4+ subpopulation T-cell 

gating strategies within cervical cancer (25). The gating strategy of CD1a+ migratory cDC, 

CD14+ antigen-presenting cells (APC), the type 1 conventional dendritic cells (cDC1) and 

plasmacytoid dendritic cells (pDC) are shown in Supplementary Figure 1. Specifications of 

the antibodies used are listed in Supplementary Table 3. Multi-color flow cytometry was 

performed using the LSR Fortessa X-20 flow cytometer (BD Biosciences). Data were analyzed 

using the Kaluza flow cytometry analysis software version 1.3 (Beckman Coulter).

mRNAseq TCGA patient cohort
Differential gene expression was examined using a publically available dataset. The R2 

genomics analysis and visualization platform (https://r2.amc.nl) has the TCGA dataset on 

gene expression in cervical cancer available (27). For our analyses, RSEM normalized mRNA 

expression data from patients with AC and SCC were used (n=299). For the generation of 
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gene expression signatures, normalized expression values were log-2 transformed and the 

mean value of the various signature defining transcripts was calculated. The following gene 

signatures were used, based on previously published data: CD8+ effector T-cell score (CD8A, 

CD8B, IFNG, PRF1, GZMB), CXCL-score (CXCL9, CXCL10, CXCL11) (28), cDC1-score (BATF3, 

XCR1, CLEC9A, CLNK) (29,30), cDC1 chemoattractant score (CCL5, XCL1, XCL2) (29) and 

a β-catenin signaling activation score (ALCAM, AQP4, AQP5, BMP4, CDH16, CHGA, CXCL8, 

EPCAM, FOXA2, HHIP, IGF2BP1, LGR5, POU3F2, SHH, SIX1, SOX11, TH, TMSB15A, TSPAN8, 

WIF1) (31). Recurrence free and overall survival analyses were performed using Kaplan-Meier 

Plotter (kmplot.com) which was previously used for studies involving several tumor types 

(32–35). Thresholds for follow-up were set at 60 months.

Chemokine release with TLR7/8 ligands and CBA read-out
Per well 1 x 105 disaggregated cells from primary tumors (n=8 for SCC, n=4 for AC) were 

plated into a U-bottom 96-well plate in 200 µL IMDM medium with 10% FCS and PSG. 

Cells were cultured without stimulation, or with the toll-like receptor 7/8 (TLR7/8) ligand 

resiquimod (R848) (10 µg/mL, InvivoGen). After an incubation of 24 hours at 37°C, 

supernatant was collected and stored at -20°C until further analysis. A Cytometric Bead 

Array (CBA) was performed with the human chemokine flex kit (BD Biosciences) to measure 

CXCL9 (MIG), CXCL10 (IP-10), CXCL11 (I-TAC), CXCL8 (IL-8), CCL2 (MCP-1) and CCL5 

(RANTES) production in the collected supernatants. For specifications of the used beads 

see Supplementary Table 3. Per sample 15 µL supernatant was used and the samples were 

analyzed on the BD LSR Fortessa flow cytometer. The quantity of each chemokine was 

calculated using FCAP array software version 3.0 (BD Biosciences), reported in pg/mL and 

values below the detection limit were set to zero.

Statistical analysis
To compare clinicopathological characteristics of patients in the AC versus SCC cohort, a 

Fisher’s exact test (2x2 tables) or a Chi-square test was used to assess significant differences. 

Normal distribution was assessed with the D’Agostino-Pearson omnibus test or Shapiro-Wilk 

test. An unpaired Students T-test (in case of normally distributed data) or the Mann-Whitney 

test were applied to assess statistically significant differences between groups. Correlations 

were determined by the Pearson r test. All statistical analyses were performed using GraphPad 

Prism 8.0 (GraphPad Software Inc.). Differences were considered statistically significant when 

P < 0.05.

RESULTS

Lower level of T-cell infiltration in AC tumors
First, we compared the immune infiltration rates in the PT of patients with cervical SCC with 

those of patients with AC. Based on expression of the marker CD45 within the total cell 

population, significantly higher percentages of CD45+ immune cells were found in SCC (Figure 

1A, left panel). Next, CD45+ infiltration was related to the number of tumor cells, based on 
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the expression of the tumor marker EpCAM (Figure 1A, middle panel). Indeed, higher ratios 

of infiltrating immune cells to EpCAM+ tumor cells were found in SCC. Also, CD3+ T cells were 

observed at higher frequencies within the SCC tumor microenvironment (TME) (Figure 1A, 

right panel).

Subsequently, the frequencies of CD4+ T cells, CD8+ T cells, double-negative (DN; CD4-CD8-

) and double-positive cells (DP; CD4+CD8+) were determined (Figure 1B). No differences 

were observed between SCC and AC PT. However, within the CD4+ T cell population, the 

distribution between regulatory T cells (Tregs) and non-Tregs was skewed in favor of Tregs in 

SCC PT (Figure 1C, left panel), with relatively more naïve T cells (nCD4+; FoxP3-CD45RA+) 

-albeit at very low frequencies- and memory T cells (F-CD4+; FoxP3-CD45RA-) present in 

the AC PT (Figure 1C, right panel). Specifically, the frequencies of activated, i.e. functionally 

suppressive (26), Tregs (aTregs; FoxP3+CD45RA-) were significantly higher in SCC PT (Figure 

1C, right panel). Taken together, these data indicate that compared to AC the TME of SCC is 

more T cell infiltrated, but also more immune suppressed, as judged by Treg activation.

Immune checkpoint expression and differentiation state of CD8+ T cells in 
PT and TDLN of AC patients
We next analyzed immune checkpoint expression on effector T cells in PT and TDLN samples. 

Overall, higher expression levels of the various immune checkpoints were observed on CD8+ T 

cells in PT of patients with SCC as compared to AC (Figure 2A). Specifically, the combination of 

more frequent CD8+ T cells with high PD-1 expression levels and higher rates of CD8+ T cells 

(co-)expressing TIM-3, LAG-3, and/or PD-1, pointed to a generally more “exhausted” state of 

CD8+ T cells in SCC. Also in the TDLN of patients with SCC more CD8+ T cells were TIM-3+, 

PD-1+TIM-3+ and LAG-3+ (Figure 2B). Similarly, higher immune checkpoint expression levels 

were found on conventional CD4+ Th cells in SCC, both in tumors and TDLN (Supplementary 

Figure 2).

While the distribution between CD8+ T cell differentiation states within the PTs of AC versus 

SCC was the same (based on relative percentages within the whole CD8+ T cell population, see 

Figure 2C), surprisingly, in the TDLN of AC patients we observed more CD8+ memory T cell 

differentiation. Here, increased rates of central memory CD8+ T cells (Tcm; CD27+CD45RA−) 

and effector memory CD8+ T cells (Tem; CD27−CD45RA−) were found and lower frequencies 

of naïve CD8+ T cells (Tn; CD27+CD45RA+) when compared with SCC TDLN (Figure 2D).
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Figure 1. T-ce  frequencies and subsets in primary tumor (PT) samp es of cervica  AC and SCC patients. 
A) Lower percentages of CD45+ leukocytes (left panel), lower CD45+:EpCAM ratio (middle panel) and 

percentages tumor infiltrating CD3+ lymphocytes in AC PT as compared to SCC PT. B) No significant 

differences in CD4+, CD8+, double negative (DN; CD4-CD8-) T-cell frequencies, and double positive 

(DP; CD4+CD8+) T-cell frequencies in AC PT compared with SCC PT. C) Higher frequencies of 

CD4+ nonTregs in AC PT, and more CD4+ totalTregs in SCC PT (left panel). Lower frequencies of 

naïve (nCD4+, FoxP3-CD45RA+) and F-CD4+ (FoxP3-CD45RA-) in SCC PT, same frequencies of 

F+CD4+ (FoxP3intCD45RA-) conventional CD4+ T cells and resting regulatory T cells (rCD4+Tregs, 

FoxP3intCD45RA+), but higher percentages of activated Tregs (aCD4+Tregs, FoxP3hiCD45RA-) in 

SCC PT (right panel). Error bars represent the standard error of the mean. *, P ≤ 0.05; **, P ≤ 0.01.
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Figure 2. Effector-memory differentiation of CD8+ T ce s within TDLN and PT of AC vs SCC patients.
(A) In AC PT significantly more cells had intermediate PD-1 expression as compared to SCC PT, where 

more cells had high expression of PD-1. (Co)expression of PD-1 and TIM-3 was significantly higher in 

SCC PT. (B) Immune checkpoint expression in TDLN of AC vs SCC patients. Significantly higher (co)

expression of PD-1, LAG-3 and TIM-3 was observed in SCC TDLN. Within the tumor microenvironment 

(C) Frequencies of CD8+ central memory (Tcm, CD27+CD45RA-), effector memory (Tem, CD27-

CD45RA-), effector memory RA (Temra, CD27-CD45RA+) CD8+ T cells and naïve CD8+ T cells (Tn, 

CD27+CD45RA+). No significant differences in percentages of CD8+ T-cell subsets were observed. Only 

in TDLN (D) differences were observed in percentages of Tcm, Tem and Tn for AC vs SCC, with more 

effector memory differentiation of CD8+ T cells within the AC TDLN compared with SCC. Error bars 

represent the standard error of the mean. *, P ≤ 0.05; **, P ≤ 0.01; ***, P ≤ 0.001

Lower CD8+ effector T cell rates and chemokine release levels in AC are 
related to cDC1 content
The combination of apparently intact CD8+ T cell differentiation in TDLN, but low levels of 

T-cell recruitment to the PT of patients with AC, led us to hypothesize that AC PT might be 

impaired in the production of effector T-cell attracting chemokines, such as CXCL9, CXCL10 

and CXCL11, which bind to the CXCR3 chemokine receptor on effector T cells. We tested 

this hypothesis by analyzing publicly available cervical cancer mRNAseq data of the TCGA 
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database. We generated a CXCL9/10/11 score and compared the expression for AC versus 

SCC. As hypothesized, significantly higher expression of these chemokines was observed 

in SCC (Figure 3A, left panel). We further assessed whether this chemokine score was 

correlated with the presence of CD8+ effector T cells, by creating a CD8+ T cell effector 

score comprising the following genes: CD8A, CD8B, IFNG, PRF1 and GZMB. Indeed, a strong 

correlation was observed between the chemokine score and the effector CD8+ T cell score, 

with AC tumors generally scoring low on both (Figure 3A, right panel), thus supporting our 

hypothesis of hampered trafficking of effector T cells due to low-level chemokine release. 

Recent studies have identified BDCA3/CD141+ type 1 conventional dendritic cells (cDC1) as 

an essential source of T-cell attracting chemokines in the TME (28,36). We therefore assessed 

the presence of cDC1 in the PT TME of the two histological subtypes. Indeed, a higher cDC1 

transcriptional signature (which included CLEC9, XCR1, CLNK and BATF3) was observed in 

SCC PT (Figure 3B; left panel). Furthermore, this signature showed a positive correlation 

with CXCL9/10/11 transcript levels (Figure 3B; right panel). To validate the observation 

of lower expression levels of T cell-attracting chemokines in AC, we performed overnight 

cultures with single-cell suspensions of AC and SCC PT, with and without R848, a ligand for 

TLR8, which is known to be expressed by cDC1 (37). Subsequently, release of the chemokines 

CXCL8, CCL2 and -5, and CXCL9, -10, and -11 was assessed by CBA (Figure 3C). Both in 

steady state and upon R848-mediated activation, generally higher levels of these chemokines 

were observed in SCC, except for CXCL11, which remained below detection levels. Upon 

stimulation, significant increases in the release of CXCL8, CCL5 and CXCL10 were found, 

but only in SCC, thus confirming an intrinsically hampered ability for effector chemokine 

release in AC. To assess whether this could be related to cDC1 content, the frequencies of 

different APC subsets in PT samples from patients with AC versus SCC were determined by 

flow cytometry. Consistent with the TCGA analysis, the flow cytometry analysis revealed 

that BDCA3+ cDC1 (CD45+CD11c+CD14-CD1a-BDCA3+) were significantly more frequent 

in SCC (both as a ratio per EpCAM+ as well as a percentage of all CD45+CD11c+ cells), 

whereas no differences for CD1a+ DCs (CD45+CD11c+CD14-CD1a+), CD14+ APCs (CD45+ 

CD11c+CD14+) or plasmacytoid DCs (pDC, CD45+BDCA2+CD123+) were observed between 

SCC and AC (Figure 3D). In keeping with the notion that cDC1 might be a major source of 

effector T cell-attracting chemokines in the TME, low CXCL9 or -10 producing tumors (i.e. 

lower than mean) had indeed lower frequencies of cDC1, whereas high chemokine-producing 

tumors had correspondingly higher cDC1 frequencies (P < 0.01 for CXCL9, Figure 3E). A 

strong positive correlation between the cDC1 gene signature and the CD8+ effector T-cell 

score lent further support for a role of the cDC1 in attracting CD8+ effector T cells to the TME 

in cervical cancer (Figure 3F). This correlation further showed the AC TME to be relatively 

low on both cDC1 and CD8+ effector T cells.
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Figure 3. Chemokine transcript expression and protein re ease in AC vs SCC PT is re ated to cDC1 content.
(A) Mean of CXCL9/10/11 was used to compare the transcriptional signature of the chemokines in AC 

vs SCC PT (left panel). The CXCL9/10/11 signature score was plotted against the CD8+ effector T-cell 

score (CD8A, CD8B, IFNG, PRF1, GZMB, right panel) showing a significant correlation (right panel).

(B) TCGA analyses of mRNA expression data shows that the cDC1 score (CLEC9A, XCR, CLNK, BATF3) 

is higher within the SCC PT samples compared with AC PT (left panel). A significant correlation (right 

panel) exists for the CXCL9/10/11 score vs cDC1 score.

C) The production of the chemokines CXCL8, CXCL9, CXCL10, CCL5, CCL2 and CXCL11 in single cells 

suspensions of AC (n=4) and SCC (n=8) PT in medium and R848 condition was assessed by using a CBA-

assay. Wilcoxon matched-pairs signed rank test was used to compare differences in chemokine production 

upon R848 stimulation. Significantly higher chemokine production of CXCL8, CXCL10 and CCL5 was 

observed in SCC PT samples upon R848 stimulation compared to no stimulation.

D) Flow cytometry analyses reveal a lower ratio per EpCAM+ cell of BDCA3+CD11c+CD45+ DCs, 

double-negative (DN) for CD14 and CD1a (DN BDCA3+) and lower percentages of DN BDCA3+ as a 

percentage of all CD11c+CD45+ cells, in AC compared with SCC PT. No differences in CD14+ and CD1a+ 

myeloid cells and plasmacytoid dendritic cells (pDC) were observed for AC vs SCC PT.

E) Percentages of BDCA3+ DN cells vs chemokine production of CXCL9 (left panel) and CXCL10 (right 

panel), based on mean release in unstimulated condition.

 F) A significant correlation for mRNA expression data of the cDC1 vs CD8+ T-cell signatures.

 Error bars represent the standard error of the mean. r, Pearson correlation coefficient, **, P ≤ 0.01; 

****, P ≤ 0.0001.
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Figure 3 (continued).

β-Catenin activation and a lack of cDC1 attracting chemokines as 
underlying cause for low cDC1 content in AC
Next, factors involved in the attraction of the cDC1 to the TME were assessed for SCC and 

AC based on TCGA gene expression scores, and all were correlated to the cDC1 score (Figure 

4, upper panels). Expression of CCL5, XCL1 and XCL2 (i.e. the cDC1 chemoattractant score 

(29)) was significantly higher in the SCC samples when compared with AC. No differences were 

found for the expression of fms-like tyrosine kinase 3 ligand (FLT3L), a growth factor for cDC1, 

between SCC and AC. Transcript levels of CCL4, a chemokine recently shown in melanoma to 

attract cDC1 to the TME and to be produced in the absence of active Wnt/β-catenin signaling 

(38), were also increased in SCC. Interestingly, and consistent with observations made by 

Spranger and colleagues, transcripts of known response genes of the Wnt/β-catenin pathway 

as described by Luke et al (31) were found to be increased in AC samples. Strong significant 

correlations with the cDC1 score were observed for the cDC1 chemoattractant score, CCL4, 

and the β-catenin response gene score (see Figure 4, lower panels), thus confirming β-catenin 

activation and a lack of CCL4-mediated cDC1 recruitment to likely be at the root of hampered 

T-cell recruitment to the PT in AC.
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Figure 4. Factors responsib e for attraction and maintenance of cDC1 in TME
Higher transcript levels of the cDC1 chemoattractant signature score (composed of XCL1, XCL2 and 

CCL5) and CCL4 and lower transcript levels of the β-catenin response signature (activation) score 

(ALCAM, AQP4, AQP5, BMP4, CDH16, CHGA, CXCL8, EPCAM, FOXA2, HHIP, IGF2BP1, LGR5, 

POU3F2, SHH, SIX1, SOX11, TH, TMSB15A, TSPAN8, WIF1) in SCC samples compared with AC. 

Significant positive correlations were found for the cDC1 chemoattractant score and CCL4 vs the cDC1 

score. A significant negative correlation was found for the β-catenin signature score vs the cDC1 score. 

No significant difference for FLT3L and only a weak correlation with the cDC1-score was found between 

AC and SCC. r, Pearson correlation coefficient, ***, P ≤ 0.001,****, P ≤ 0.0001.

Expression of gene signatures related to effector CD8+ T cell and cDC1 
recruitment correlate with improved patient survival
Lastly, we determined whether the transcriptional signatures that we identified to be 

connected to cDC1 and/or effector CD8+ T cell recruitment, were related to overall survival 

(OS) and recurrence free survival (RFS). Indeed, higher expression of CD8+ effector T cell 

and effector T cell-attracting chemokine (CXCL9, -10, -11) signature genes was significantly 

associated with improved OS and RFS, respectively (Figure 5 and Supplementary Figure 3). 

Also, a high cDC1 signature score was significantly associated with a better OS (Figure 5). 

Finally, expression of genes involved in the attraction to or maintenance of cDC1 within the 

TME (as determined by the cDC1 chemoattractant score, β-catenin activation score, and 

FLT3L transcript levels) were also significantly associated with OS and/or RFS (Figure 5; 

Supplementary Figure 3). These data show that the prognosis of patients with cervical cancer 

is related to processes involved in cDC1 and CD8+ effector T-cell recruitment to the TME, 

underlining the importance of these immune-cell subsets in orchestrating effective antitumor 

immunity. Of note, AC numbers with available follow-up data were too low to perform separate 

survival analyses based on histological subtype. Nevertheless, the obvious difference in these 

signatures between AC and SCC may offer an underlying cause for the difference in prognosis 

associated with these two histological subtypes as well as provide new leads for the effective 

treatment of patients with AC.
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Figure 5. TCGA derived mRNAseq gene signatures and their corre ation with overa  surviva
Prognostic value of the CD8+ effector T-cell score, CXCL9/10/11 score, cDC1 score, cDC1 

chemoattractant score and β-catenin activation score comparing top and bottom quartiles for overall 

survival within the cervical cancer TCGA dataset, obtained via kmplot.com.

DISCUSSION

In this study, we explored immunological differences between cervical AC and SCC that would 

provide novel therapeutic targets for the treatment of AC. There is a clear unmet need in this 

regard, since patients with AC currently receive the same treatment regimen as patients with 

SCC, despite their clearly worse response to therapy. In freshly collected PT and TDLN tissue 

we observed that the immune microenvironment in AC of the cervix is less immune infiltrated 

compared to SCC in terms of frequencies of CD45+ cells and CD3+ T cells. Also, more evidence 

of immune suppression was observed in SCC with elevated levels of immune checkpoints (such 

as PD-1 and TIM-3) and increased rates of Tregs. cDC1, that play an important role in the 

orchestration of an effective immune response by both priming and attracting effector T cells, 

were found at lower frequencies in AC. Our findings indicate that different immunotherapy 

strategies for patients with these different histological subtypes of cervical cancer should be 

explored.
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This is the first study to undertake an in-depth analysis of the differences in infiltrating 

T-cell content between the two main histological subtypes of cervical cancer. In AC, lower 

frequencies of T cells were found. This is of importance, since the presence of CD8+ T cells 

in the TME has been shown to be prognostically favorable in multiple cancer types including 

cervical cancer and, importantly, it has also been recognized as a possible predictive biomarker 

for response to immune checkpoint blockade (39–41). Interestingly, this increased immune 

infiltration in SCC may have actually triggered the suppressive features that we observed in 

this histological subtype, i.e. increased Treg rates and higher immune checkpoint expression 

levels on CD8+ T cells. So they may have facilitated immune escape from an ongoing antitumor 

response in the TME. Indeed, previous immunohistochemistry-based studies showed that 

Tregs were more frequently present in SCC than in AC, which in SCC correlated with a poor 

survival (42). In contrast, the presence of Tregs correlated positively with survival in AC, 

presumably because it was also indicative of a higher effector T-cell infiltration rate (43). By 

the same token, the upregulation of HLA-DR and HLA-E on tumor cells that we previously 

reported in cervical AC, may have been induced by IFNγ, derived from any infiltrating T cells 

present. Consequently, these parameters may have served as surrogate markers for an ongoing 

effector response, which could explain their association with improved survival despite their 

obvious roles in immune suppression (44,45). SCC were found to express other inhibitory 

receptors at higher levels as well, such as the C-type lectin MGL and PD-L1 on tumor cells and 

tumor-associated macrophages, consistent with the more urgent need for immune escape in 

order for the tumor to grow and spread. Importantly, in lung cancer and esophageal cancer, 

differences in the immune landscape were also reported among the histological subtypes, with 

evidence for different immune escape mechanisms and hence a need for different immune 

interventions (15,46,47).

An obvious explanation for the lower T-cell content of AC tumors might have been a lower 

intrinsic immunogenicity of AC. However, this notion was refuted by the higher frequencies 

of CD8+ effector memory and central memory T cells found in the tumor-free TDLN of AC 

patients compared to SCC TDLN, a clear sign of T-cell priming and differentiation. Rather, 

we interpreted this as being indicative of impaired trafficking of differentiated T cells to the 

tumor. Expression of the effector T-cell attracting chemokines CXCL9, CXCL10 and CXCL11 

has been associated with increased numbers of T cells in the TME and favourable outcome in 

patients with melanoma or colorectal cancer (28,48–51). Similarly, we found that in cervical 

cancer chemokine gene transcripts showed a positive correlation with a CD8+ effector T-cell 

signature for both SCC and AC, with higher levels significantly associating with improved 

OS. Noteworthy, melanoma patients with high pre-treatment CXCL9 levels had an improved 

response to treatment with anti-PD-L1 (52), underlining the importance of the presence of 

these chemokines for an effective antitumor immune response. In keeping with the lower 

T-cell content of AC tumors, they also expressed significantly lower levels of CXCL9/-10/-11 

transcripts.
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One of the crucial CXCL9 and CXCL10 producing immune-cell subsets in the TME are cDC1 

(28). The presence of cDC1 has been associated with patient survival and response to immune 

checkpoint blockade across different cancer types (53–55). Indeed, using the cervical cancer 

TCGA mRNAseq dataset, we found a strong positive correlation between CXCL9/-10/-11 

transcripts and the gene expression signature for cDC1. Furthermore, we observed higher 

numbers of cDC1 within SCC tumors with accordingly higher CXCL9 and CXCL10 production 

levels. Altogether these data point to the low frequencies of cDC1 as responsible for lower 

CXCL9 and CXCL10 expression levels and correspondingly lower T-cell content in AC. This 

also fits with the observation that increased CXCL9 and CXCL10 production was fueled by 

24h R848 stimulation of SCC but not of AC single-cell suspensions.

As described by Spranger et al (38), activation of the oncogenic WNT/β-catenin signaling 

pathway might prevent the production of CCL4 by tumor cells, and through that effect 

defective cDC1 recruitment to the tumor. In the present study, gene expression analyses 

showed that there was a positive correlation between CCL4 and the cDC1 signature and 

indeed a negative correlation between the β-catenin activation score and the cDC1 transcript 

levels. In seeming contradiction, Luke et al (31) recently reported a relatively weak association 

between β-catenin activation and immune exclusion in cervical cancer, but in that study no 

distinction was made between histological subtypes. In our study, we found that the β-catenin 

response score was significantly higher in AC. In keeping with this observation, Noordhuis 

et al. previously reported on higher levels of membrane expressed (i.e. inactive) β-catenin in 

SCC PT (56). Vice versa, we found that CCL4 transcript levels were significantly lower in AC 

as compared with SCC. This clearly links active β-catenin signaling in AC with defective cDC1 

and CD8+ effector T cell recruitment and points the way to specific therapeutic intervention 

options for AC of the uterine cervix.

Response rates to immune checkpoint blockade in cervical cancer patients remain low. By 

enhancing cDC1 abundance and function, we might engender a more T-cell inflamed TME in 

AC tumors (i.e. “cold” to “hot” conversion) and possibly improve outcome of immune checkpoint 

blockade with anti-PD-(L)1. This might be achieved by targeting the Wnt/β-catenin pathway, 

e.g. by Wnt-inhibitors or by (oncolytic) viruses encoding constitutively active GSK3β (57), 

intratumoral injection of NK cells (29), or by the application of DC mobilizing and activating 

compounds like FLT3-L, CpG, or GM-CSF (58,59). Importantly, as well-differentiated CD8+ T 

cells seem to be abundant in the AC TDLN, targeting these TDLN by intratumoral therapies, 

in order to leverage these T cells, would be an interesting option.

As there is a wide range in β-catenin response scores among T-cell non-inflamed AC tumors, 

other oncogenic signaling pathways might as well be involved in the apparent immune exclusion 

and could be considered for therapeutic targeting. For instance, the JAK-2/Stat3 and PI3K 

signaling pathways have also been described to affect T-cell migration and exclusion (60,61). 

However, PI3K mutations have been described to occur more often in SCC of the cervix than 

in AC (15).
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Other chemokines responsible for the attraction of cDC1 into tumors are CCL5, XCL1 and 

XCL2 which are produced by NK cells and by the tumor itself (36). In the present study, the 

transcript levels of CCL5, XCL1 and XCL2, were associated with the cDC1 specific gene 

signature and found to be significantly lower in AC. Böttcher et al., described that in COX-

deficient tumors, PGE2-mediated DC suppression was lifted and cDC1 were attracted to 

the tumor by the chemokines XCL1 and CCL5 (36). Indeed, in AC higher COX-2 expression 

has been observed when compared with SCC (62). Therefore COX-2 inhibition should also be 

considered in the treatment of cervical AC and could be combined with other agents acting to 

recruit cDC1 and/or effector T cells to the TME.

As for SCC tumors, direct activation of the tumor-associated cDC1 by (intratumorally-

delivered) TLR3 and/or (as applied ex-vivo in this study) TLR7/8 ligands seems sufficient to 

trigger CXCL9 and CXCL10 secretion. Combining this effector T-cell recruitment strategy 

with anti-PD-L1 with anti-TIM-3 or Treg depleting agents such as anti-CTLA-4, seems an 

attractive immunotherapeutic approach for the treatment of SCC.

In conclusion, we have uncovered a link between oncogenic β-catenin signaling and impaired 

cDC1 and CD8+ effector T cell recruitment that offers novel and specific treatment options 

for AC of the uterine cervix. An important future direction for biomarker research would be 

to study β-catenin protein expression in relation to T cell markers by immunohistochemistry, 

as well as to study the possible role of β-catenin as a predictive biomarker upon anti-PD-1 

therapy in patients with CxCa. Besides, it would be interesting to explore if similar observations 

would hold true for the same histological subtype across different anatomically determined 

cancer types.
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SUPPLEMENTARY FILES

Supp ementary Figure 1. Gating strategies
(A) The gating strategy of CD1a+ migratory cDC, CD14+ antigen-presenting cells (APC) and the type 1 

conventional dendritic cells (cDC1) is shown for a representative SCC PT example. (B) Gating strategy 

of plasmacytoid dendritic cells (pDC) is shown for a representative SCC PT example.
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Supp ementary Figure 2.
Immune checkpoint levels on conventional CD4+ Th cells in AC PT vs SCC PT (A) and in AC TDLN vs 

SCC TDLN (B). *, P ≤ 0.05; **, P ≤ 0.01. ***, P ≤ 0.001****, P ≤ 0.0001.
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Supp ementary Figure 3. TCGA derived mRNAseq gene signatures and their corre ation with recur-
rence free surviva
Prognostic value of the CD8+ effector T-cell score, CXCL9/10/11 score, cDC1 score, cDC1 

chemoattractant score and β-catenin activation score comparing top and bottom quartiles for recurrence 

free survival within the cervical cancer TCGA dataset, obtained via kmplot.com. HR, hazard ratio.
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Supp ementary Tab e 1

C inica  characteristics of the AC study popu ation, per patient Co ected tissue

No. Age FIGO* PT size 
(mm)

VI¥ PI¥ Number of 
LN+ (n)

HPV 
type‡

TDLN
(n)

PT

1. 49 IB1 23 No No 0 16 1 -

2. 43 IB1 12 No No 0 N/A 1 -

3. 46 IB1 25 No No 0 16 1 Yes

4. 35 IB1 35 No No 0 p16+ - Yes

5. 45 IB2 50 No No 0 p16+ - Yes

6. 62 IB1 25 No No 1 p16+ 1 Yes

7. 49 IB1 35 Yes No 20 neg 1 -

8. 36 IB1 30 No No 0 p16+ 1 Yes

9. 53 IB1 30 No No 0 18 - Yes

10. 49 IB1 10 No No 0 16 2† -

11. 45 IB1 14 No No 0 p16+ 1 -

12. 39 IB1 35 No No 13 N/A - Yes

13. 45 IB2 45 No Yes 0 18 1 Yes

14. 48 IIA1 30 No No 2 hrHPV+ 1 Yes

15. 37 IB1 15 No No 0 hrHPV+ - Yes

16. 32 IB2 46 No No 1 hrHPV+ - Yes

Abbreviations: AC, adenocarcinoma; FIGO, International Federation of Gynecology and Obstetrics; VI, 

vaginal involvement; PI, parametrial invasion; HPV, human papillomavirus; hr, high risk; N/A, not available; 

LN+, tumor-positive lymph node; TDLN, tumor-draining lymph node(s); PT, primary tumor *clinically 

defined FIGO stage (i.e., before surgery). †non-sentinel lymph node and sentinel lymph node ¥When data 

on VI and PI was not available from the pathology report (e.g. in case of lymph node debulking only), this 

was obtained from the medical record.‡ HPV-testing performed on institutional standards
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Supp ementary Tab e 2

C inica  characteristics of the SCC study popu ation, per patient Co ected tissue

No. Age FIGO PT Size (mm) VI† PI† Number 
of LN+

(n)

HPV-
type

TDLN 
(n)

PT

1. 49 IB1 15 No No - N/A 1 -

2. 36 IB1 14 No No - N/A 1 Yes

3. 44 IIIB 80 No Yes - 16 1 -

4. 41 IB2 38 No No - 16 1 -

5. 59 IIB 38 No Yes 1 16 1 -

6. 28 IB1 42 No No - p16+ 1 Yes

7. 50 IB2 50 No Yes - 16 1 -

8. 41 IB1 35 No N/A - 31 1 -

9. 37 IB2 50 No No 2 16 1 -

10. 50 IB1 5 No No - N/A 1 -

11. 42 IB1 30 No Yes - 16 1 -

12. 59 IIB 37 No Yes 2 16 1 -

13. 33 IIA2 32 No No 5 N/A 1 Yes

14. 43 IB1 33 No No 1 16 - Yes

15. 37 IB2 62 Yes No - 16 - Yes

16. 42 IB2 48 No No - 59 - Yes

17. 36 IB1 30 No No - 16 - Yes

18. 49 IB1 20 No No - 16 - Yes

19. 43 IB1 35 No No - 16 - Yes

20. 72 IB1 24 No No - 33 Yes

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; SCC, squamous cell 

carcinoma; ASCC, adenosquamous cell carcinoma; VI, vaginal involvement; PI, parametrial invasion; 

HPV, human papillomavirus; N/A, not available; LN-, tumor-negative lymph node; LN+, tumor-positive 

lymph node; Mets., metastasis; TDLN, tumor-draining lymph node(s); PT, primary tumor. † When data 

on VI and PI was not available from the pathology report (e.g. in case of lymph node debulking only), this 

was obtained from the medical record.
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Supp ementary Tab e 3. Antibody and CBA bead specifications

Antibodies C one Isotype Cata og no. Manufacturer

CD3 PerCP-Cy5.5 SK7 mouse IgG1 332771 BD

CD4 AF700 RPA-T4 mouse IgG1 557922 BD

CD8 V500 SK1 mouse IgG1 561618 BD

CD25 APC 2A3 mouse IgG1 340907 BD

CD45RA APC-H7 HI100 mouse IgG2b 560674 BD

CD27 PE-Cy7 M-T271 mouse IgG1 560609 BD

CD127 BV421 HIL-27-M21 mouse IgG1 562437 BD

PD-1 BV786 EH12.1 mouse IgG1 563789 BD

TIM-3 BV421 F38-2E2 mouse IgG1 345008 Biolegend

LAG-3 PE-Cy7 3DS223H mouse IgG1 25-2239-42 eBioscience

FoxP3 PE PCH101 rat IgG2a 12-4776-42 eBioscience

Ki67 FITC B56 mouse IgG1 556026 BD

CTLA-4 PE-CF594 BNI3 mouse IgG2a 562742 BD

Epcam BV421 EBA-1 mouse IgG1 λ 563180 BD

CD45 AF700 HI30 mouse IgG1 қ 304024 Biolegend

CD1a PE HI149 mouse IgG1 қ 555807 BD

CD14 PerCP-Cy5.5 MΦP9 IgG2b қ 562692 BD

CD11c APC S-HCL-3 mouse IgG2b 333144 BD

BDCA-3 FITC AD5-14H12 mouse IgG1 130-090-

513

Miltenyi Biotec

BDCA-2 FITC AC144 mouse IgG1 130-090-

510

Miltenyi Biotec

CD123 BV650 7G3 mouse IgG2a қ 563405 BD

CBA-Chemokine A t e r n a t i v e 
name

Cata og no. Bead position Manufacturer

CCL2 MCP-1 558287 D8 BD

CXCL8 IL-8 558277 A9 BD

CXCL11 I-TAC 560364 A7 BD

CXCL10 IP-10 558280 B5 BD

CCL5 RANTES 558324 D4 BD

CXCL9 MIG 558286 E8 BD

Abbreviations: CBA, cytometric bead array
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ABSTRACT

PD-1/PD-L1 immune checkpoint inhibitors show potential for cervical cancer treatment. 

However, low response rates suggest that patient selection based on PD-L1 protein 

expression is not optimal. Here, we evaluated different PD-L1 detection methods and studied 

transcriptional regulation of PD-L1/PD-L2 expression by The Cancer Genome Atlas (TCGA) 

mRNAseq analysis. First, we determined the copy number of the PD-L1/PD-L2 locus by 

fluorescence in situ hybridization (FISH), PD-L1 mRNA expression by RNA in situ hybridization 

(RNAish), and PD-L1/PD-L2 protein expression by immunohistochemistry (IHC) on tissue 

microarrays containing a cohort of 60 patients. Additionally, distribution of PD-L1/PD-L2 was 

visualized based on flow cytometry analysis of single-cell suspensions (n=10). PD-L1/PD-L2 

locus amplification was rare (2%). PD-L1 mRNA expression in tumor cells was detected in 56% 

of cases, while 41% expressed PD-L1 protein. Discordant scores for PD-L1 protein expression 

on tumor cells between cores from one patient were observed in 27% of cases. Interestingly, 

with RNAish, PD-L1 heterogeneity was observed in only 11% of the cases. PD-L2 protein 

expression was found in 53%. PD-L1 mRNA and protein expression on tumor cells were 

strongly correlated (p < 0.001). PD-L1 and PD-L2 protein expression showed no correlation 

on tumor cells (p = 0.837), but a strong correlation on cells in stromal fields (p < 0.001). Co-

expression of PD-L1 and PD-L2 on macrophage-like populations was also observed with flow 

cytometry analysis. Both PD-L1 and PD-L2 TCGA transcript levels strongly correlated in the 

TCGA data, and both PD-L1 and PD-L2 strongly correlated with interferon gamma (IFNG) 

expression/transcript levels (p < 0.0001). Importantly, patients with high PD-L1/PD-L2/

IFNG transcript levels had a survival advantage over patients with high PD-L1/PD-L2 and 

low IFNG expression. Based on these findings, we conclude that PD-L1/PD-L2 expression 

in cervical cancer is mainly associated with interferon induction and not gene amplification, 

which makes FISH unsuitable as biomarker. The heterogeneous PD-L1 and PD-L2 expression 

patterns suggest IHC unreliable for patient selection. RNAish, in conjunction with interferon 

signaling evaluation, seems a promising technique for immune checkpoint detection. These 

results warrant further investigation into their prognostic and predictive potential.
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INTRODUCTION

Cervical cancer is the second most common gynecologic tumor and a leading cause of 

cancer-related death for women worldwide (1). It is caused by a persistent infection with 

high-risk types of the human papillomavirus (HPV) (2). Squamous cell carcinoma (SCC) and 

adenocarcinoma (AC) are the two most prevalent histological subtypes, with differences in 

terms of oncogenic mutations, immune microenvironment, response to treatment and disease 

outcome (3–7). Despite advancements in prevention and treatment over the last decades, 

the overall patient survival rate is still less than 60% in cases of regional disease, and < 

20% if distant metastases are present (8). Therefore, alternative treatment options such as 

immunotherapy are currently explored.

Targeting of the PD-1/PD-L1 pathway has shown the most successful responses by immune 

checkpoint inhibition for various cancer types (9–12). Programmed cell death ligand 1 (PD-L1) 

is a receptor mainly expressed on tumor cells and various myeloid cell types (13). By binding to 

its receptor, programmed cell death protein 1 (PD-1) on activated T cells, the immune response 

is inhibited (14). PD-L2 is a less-studied ligand of PD-1 and mainly present on activated 

dendritic cells and macrophages, which play an important role in the inhibition of the anti-

tumor immune response (15). The regulation mechanisms of PD-L1/PD-L2 expression are 

not fully understood. Genetic aberrations at the 9p24.1 chromosomal region, transcriptional 

regulation by factors such as interferons, oncogenic signaling pathways (e.g., JAK/STAT and 

RAS/ERK signaling), epigenetic modifications, and productive infection with HPV (in case of 

cervical cancer), may all play individual or synergistic roles in the regulation of PD-L1/PD-L2 

(16–19).

The prognostic significance of PD-L1 protein expression in cervical cancer has been reported 

in a few studies with contradictory results (19–23). We have shown that not only the extent, 

but also the pattern of PD-L1 expression is an important prognostic factor, since marginal 

PD-L1 expression, most likely induced by interferon gamma (IFNG) signaling, was associated 

with favorable prognosis when compared to diffuse PD-L1 expression or lack of PD-L1 (24). 

The prognostic potential of PD-L2 has not been studied in cervical cancer, but was associated 

with worse prognosis in patients with other types of solid tumors (25).

Results of the phase II KEYNOTE-158 study demonstrated the efficacy of the PD-1 inhibitor 

pembrolizumab in cervical cancer which led to Food and Drug Administration (FDA) approval 

(26). The objective response rate was 12.2% (12/98) and no clinical activity was observed in 

patients with PD-L1-negative tumors, as assessed by immunohistochemistry (IHC). In another 

study with less heavily pre-treated patients with advanced cervical cancer (n = 19), an overall 

response rate (ORR) of 26% was observed after nivolumab (anti-PD-1) treatment, including 

a complete response in a patient lacking tumoral PD-L1 expression (27).

7
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These data suggest that PD-L1 protein expression is not optimal as prognostic or predictive 

biomarker for response on treatment. Also in melanoma and lung cancer, treatment response 

was observed in PD-L1-negative tumors (28). Patient selection according to PD-L1 protein 

expression thereby excludes potential patients for whom anti-PD-(L)1 therapy could be 

effective. PD-L1 DNA and/or mRNA status, or inclusion of PD-L2 expression may provide 

more suitable predictive biomarkers for PD-(L)1 checkpoint therapy.

In this study, we evaluated different detection methods of PD-L1 and PD-L2 in cervical 

cancer on DNA, mRNA and protein level to address two major questions: 1.) What is the 

main mechanism leading to PD-L1/PD-L2 expression and 2.) Which molecular method should 

be used for detection of the notoriously heterogeneous expression patterns? Ultimately 

our findings may also lead to the development of more reliable prognostic and predictive 

biomarkers.

MATERIALS AND METHODS

Patients and samples
Sixty patients with a pathologically confirmed diagnosis of cervical cancer who underwent 

radical hysterectomy or conisation/loop excision between 1991 and 2012 in the Netherlands 

Cancer Institute – Antoni van Leeuwenhoek (NKI-AVL) hospital, Amsterdam, were included. 

The use of data and material was approved by the Institutional Review Board (IRB; IRBd19076) 

of the NKI-AVL according to national regulations in The Netherlands concerning the proper use 

of clinical materials. Patient data were pseudonymized and clinicopathological characteristics 

were collected retrospectively from medical records. The International Federation of 

Gynecology and Obstetrics (FIGO) staging system from 2009 was used for the patient data. 

Patient characteristics are shown in Table 1. Mean age at diagnosis was 46 ± 12 years. 44 of 60 

cases were histologically categorized as SCC, 14 cases as AC and 2 cases as adenosquamous 

cell carcinoma (ASCC). Patient characteristics showed no significant differences for SCC vs. 

AC subgroups (data not shown).



177

PD-L1 and PD-L2 expression in cervical cancer

Tab e 1. Clinicopathological characteristics of the study population

C inicopatho ogica  characteristics Tota
n (%)

Number of patients 60

Age at diagnosis in years (Mean ± SD) 46 ± 12

Histology AC 14 (23)

SCC 44 (73)

ASCC 2 (4)

HPV type a Type 16 28 (47)

Type 18 14 (23)

Other type 9 (15)

Negative 4 (7)

FIGO stage (2009) ≤ IB1 43 (72)

> IB1 17 (28)

Tumor size b ≤ 40 mm 45 (75)

> 40 mm 13 (22)

Infiltration depth c ≤ 15 mm 44 (73)

> 15 mm 12 (20)

Vaginal involvement d No 47 (78)

Yes 12 (20)

Parametrium invasion e No 54 (90)

Yes 5 (8)

Lympho-vascular space invasion f No 22 (37)

Yes 24 (40)

Tumor-positive lymph nodes g No 38 (63)

Yes 18 (30)

Recurrence in 5 years No 52 (87)

Yes 8 (13)

Primary treatment h Surgery 36 (60)

Surgery + adjuvant tr. 21 (35)

Chemoradiation 1 (2)

Neo-adjuvant tr. + surgery 1 (2)

Abbreviations used: FIGO: International Federation of Gynecology and Obstetrics, SCC: squamous cell 

carcinoma, AC: adenocarcinoma, ASCC: adenosquamous cell carcinoma a data missing for 5 cases; b data 

missing for 2 cases; c data missing for 4 cases; d data missing for 1 case; e data missing for 1 case; f data 

missing for 14 cases; g data missing for 4 cases; h data missing for 1 case, this tissue was obtained after 

conization in a patient with stage IA1 disease

Formalin-fixed, paraffin-embedded (FFPE) material was collected from primary cervical tumor 

samples and two or three core 4 mm biopsies were punched for tissue microarray (TMA) 

construction. A total of 178 FFPE core biopsies were divided over two TMAs.

Additionally, fresh cervical primary tumor samples were collected from 10 patients that 

underwent radical hysterectomy at the NKI-AVL or AmsterdamUMC and used for flow 
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cytometry analysis, as described below. This study design was approved by the local 

Institutional Review Board (no. NL25610.058.08) and patients gave written informed consent.

FISH for copy number analysis of the PD-L1/PD-L2 locus (9p24.1)
Copy number analysis (CNA) of the PD-L1/PD-L2 locus was performed by fluorescent in 

situ hybridization (FISH) as previously described (29,30). In short, DNA of bacterial artificial 

chromosome (BAC) clones (Source Bioscience, Nottingham, UK), extracted from Luria broth 

cultures with the Qiagen Maxi-prep Kit (Hilden, Germany) was used. The DNA was repeat 

depleted using Kreatech’s proprietary Repeat-Free technology and labelled using Kreatech’s 

(Leica Biosystems) proprietary ULS™ labeling. PlatinumBright™495 (green) targeting 9p24.1 

which encompassed PD-L1 locus CD274, a PlatinumBright™550 (red) probe also targeting 

9p24.1 and encompassing the PD-L2 locus PDCD1LG2 and a (blue) probe labelled with 

PlatinumBright™415 that targeted the SE9 (D9Z4) centromeric region. Slides were hybridized 

following the manufacturer’s recommendations (Leica Biosystems). Approximately 100 

cells per core biopsy to a total of 200-300 cells per patient were analyzed manually on a 

Leica Biosystems DM5500B microscope, equipped with a DFC365FX camera. Cases were 

classified as ‘disomy’ when nuclei had a target:control ratio of 1:1 and contained two red signals 

targeting PD-L1, two green signals targeting PD-L2 (target) and two blue signals targeting the 

centromeric region of chromosome 9 (control). In cases classified as ‘polysomy’, nuclei also had 

a target:control ratio of 1:1, but more than 2 copies. Cases were classified as ‘monosomy or 

deletion’ when nuclei contained only one red (PD-L1) and green signal (PD-L2) and either one, 

or two blue control signals, respectively. ‘Gain’ was scored when nuclei had a target:control 

ratio of > 1:1 but < 3:1. Cases were classified as ‘amplification’ when nuclei had a target:control 

ratio ≥ 3:1 (29,31).

RNAish for detection of PD-L1 mRNA expression
RNAscope® was used to detect and quantify PD-L1 mRNA molecules (32). The staining was 

performed by Pharma Assay Services at Advanced Cell Diagnostics (ACD), USA. TMAs were 

hybridized with RNAscope® Probe Hs-CD274-C2, the positive control probe (Hs-PolR2a-C2) 

and negative control probe DapB (DapB-C2). RNA in situ hybridization (RNAish) signals were 

amplified and visualized by using the RNA ISH Detection kit – RED (ACD). Positive signals 

were visible as red punctate dots in cytoplasm and/or nucleus, with each signal corresponding 

to a single PD-L1 mRNA molecule. PD-L1 mRNA expression in tumor cells was scored by 

the mean number of dots per cell and by the percentage of PD-L1 mRNA positivity in tumor 

tissue (0: no dots, 1: 1-3 dots per tumor cell in <10% of tumor fields, 2: 1-3 dots per tumor cell 

in ≥ 10% of tumor fields, 3: 4-9 dots per tumor cell, 4: ≥10 dots per tumor cell). Cases were 

further classified as negative (score of 0) or positive (score of ≥1) for statistical analysis. PD-L1 

mRNA expression in stromal compartment cells was scored as negative or positive. Slides 

were analyzed and imaged on a brightfield microscope (Olympus BX50; Olympus, Center 

Valley, PA, USA).
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Immunohistochemistry for detection of PD-L1/PD-L2 protein expression
PD-L1/PD-L2 protein expression was detected by standard immunohistochemical DAB 

staining as previously described (4) using rabbit anti-PD-L1 antibody (1:100, SP-142, Spring 

Bioscience, USA) and rabbit anti-PD-L2 antibody (1:200, D7U8C; Cell Signaling, USA). 

Standard negative and positive FFPE tonsil tissue control slides were included during the 

staining. Slides were deparaffinized in 3x xylene and washed in 1x100%, 1x90% of ethanol. 

Then, endogenous peroxidase was blocked with 0.3% H2O2 (MERCK, Germany) in methanol 

for 20 min. Slides were rehydrated in 1x70% of ethanol and 1x demineralized water and 

heated in a microwave for antigen retrieval for 10 min in boiling Tris/EDTA buffer pH 9.0. The 

slides were allowed to cool down for 1 h at room temperature (RT). After antigen retrieval, 

all slides were washed with 2x demineralized water and 2x phosphate buffered saline (PBS) 

and incubated overnight at RT with the PD-L1 or PD-L2 antibodies. The next day, slides were 

washed 3x in PBS and incubated with BrightVision (ImmunoLogic, The Netherlands) for 30 

min at RT. Then, slides were washed 3x in PBS, after which immune complexes were visualized 

using 3,3’-diaminobenzidine tetrahydrochloride (Sigma, USA). Slides were counterstained 

with Haematoxylin followed by 5 min rinsing with running tap water. Finally, sections were 

dehydrated and mounted under coverslips with Quick-D mounting medium (Klinipath, The 

Netherlands). Slides were analyzed and imaged on a brightfield microscope (Olympus BX50; 

Olympus, Center Valley, PA, USA) and scored by two individuals (EJ, LO) blinded to the clinical 

data. Haematoxylin nuclear staining was used to distinguish tumor fields from stromal tissue. 

PD-L1 and PD-L2 expression in tumor tissue was scored in H score; the sum of intensity (0: 

negative, 1: weak, 2: clear, 3: strong) and percentage (0: 0-1%, 1: 1-10%, 2: 10-25%, 3: 25-50%, 

4: 50-75%, 5: 75-100%). For cells in stromal fields we scored expression in three categories: 

0: negative, 1: weak, 2: strong. The mean expression of the core biopsies that were suitable 

for evaluation was used. If only one core was available, these cases were not evaluated and 

were left out of all following analyses.

Flow cytometry and high-dimensional analysis
For phenotypic analysis of myeloid cells in 7 SCC and 3 AC tumors, multi-color flow cytometry 

was carried out using the LSR Fortessa X-20 (BD). Samples were freshly collected as described 

previously (33,34). 200.000 cells per tumor sample were stained using the following directly 

labelled surface antibodies: CD1a-PE (1:50, BD), CD14-PerCP-Cy5.5 (1:20, BD), CD11c-

APC (1:100, BD), CD1c-PE-Cy7 (1:100, Biolegend), CD45-AF700 (1:200, Biolegend), PD-L2-

BV711 (1:25, BD), PD-L1-BV786 (1:25, BD), CD80-FITC (1:50, BD), CD163-BV421 (1:70, 

BD). Data were visualized in t-Distributed Stochastic Neighbor Embedding (t-SNE) density 

plots generated in FCS express 6 (De Novo software).

TCGA mRNA expression analysis
For additional analysis, publicly available mRNA sequencing and copy number data of The 

Cancer Genome Atlas (TCGA) database from cervical cancer patients (n = 299, SCC and AC 

only) was retrieved by using the ‘R2: Genomics Analysis and Visualization Platform (http://

r2.amc.nl) and cBioPortal for Cancer Genomics Interface (https://cbioportal.org) (35,36).
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Statistical analyses
For statistical analyses IBM SPSS version 22 and GraphPad Prism version 8 was used. 

Continuous variables were reported as mean ± standard deviation (SD) and categorical 

variables as number (n) and percentage (%). The Pearson’s χ2 and/or Fisher’s exact tests was 

used to compare parameters between groups. The Kruskall-Wallis test was used to determine 

the relation between DNA-, mRNA- and/or protein status. Kaplan-Meier survival curves and 

the Log-rank test were used to determine survival outcomes in the TCGA database. RStudio 

was used to generate a heat map with cluster analysis. Statistical significance was defined as 

p ≤ 0.05 two-sided.

RESULTS

NKI-AVL patient cohort: Gene locus status and mRNA and protein 
expression of PD-L1 and PD-L2
In Table 2, the results of the gene status and mRNA- and protein expression analyses of PD-L1 

and DNA- and protein expression analyses for PD-L2 are summarized.

DNA status analysis by FISH showed that most of the evaluable cervical cancer cases had 

disomy of chromosome 9 with two signals for both the CD274 (PD-L1) and PDCD1LG2 (PD-

L2) locus (n = 43, 81%). In 9% of the cases, monosomy or heterozygous deletion was detected, 

in 8% polysomy and in 1 SCC patient (2% of cases) an amplification was observed (Table 2, 

Figure 1A). None of the cases met criteria for copy number gain.

Next, we assessed PD-L1 mRNA expression by RNAish (Table 2, Figure 1B). Within tumor cells, 

expression was detected in 30 of 54 evaluable cases (56%) and in the stromal compartment 

in 30 of 52 evaluable cases (52%). PD-L1 mRNA expression within cells in the stroma was 

detected more frequently in SCC as compared to AC, 48 vs. 8% relatively (p < 0.05).

When protein expression was examined by IHC, a mean of 41% of tumor cells were PD-L1 

positive and 53% were PD-L2 positive (Table 2, Figure 1C-D). Furthermore, stromal field 

cells were PD-L1 positive in 83% of the cases, whereas 39% of cells in the stromal fields were 

PD-L2 positive (Figure 1C-D). As compared to AC, cells in SCC stroma were more often PD-L1 

positive (p = 0.044), as were tumor (p = 0.000) and stroma compartment cells (p = 0.005) for 

PD-L2, based on H-scores of 0 (i.e. negative) versus values exceeding 0 (i.e. positive) (Table 2).
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Tab e 2. Gene status, RNA and protein expression of PD-L1 and PD-L2

PD-L1/2 DNA status Tota
n (%)

SCC
n (%)

AC
n (%)

ASCC
n (%)

p-value a

Disomy 43 (81) 32 (60) 10 (19) 1 (2) 0.862

Monosomy/deletion 5 (9) 5 (9) 0 (0) 0 (0)

Polysomy 4 (8) 2 (4) 1 (2) 1 (2)

Amplification 1 (2) 1 (2) 0 (0) 0 (0)

PD-L1 mRNA expression Tota
n (%)

SCC
n (%)

AC
n (%)

ASCC
n (%)

p-value a

Tumor ce s Negative 24 (44) 15 (28) 8 (15) 1 (2) 0.226

Positive 30 (56) 24 (44) 6 (11) 0 (0)

Stroma  
ce s†

Negative 22 (42) 13 (25) 9 (17) 0 (0) 0.049

Positive 30 (58) 25 (48) 4 (8) 1 (2)

PD-L1 protein 
expression

Tota
n (%)

SCC
n (%)

AC
n (%)

ASCC
n (%)

p-value a

Tumor ce s Negative 35 (59) 23 (39) 11 (19) 1 (2) 0.124

Positive 24 (41) 20 (34) 3 (5) 1 (2)

Stroma  
ce s†

Negative 10 (17) 5 (9) 5 (9) 0 (0) 0.044

Positive 48 (83) 37 (64) 9 (16) 2 (3)

PD-L2 protein 
expression

Tota
n (%)

SCC
n (%)

AC
n (%)

ASCC
n (%)

p-value a

Tumor ce s Negative 28 (47) 14 (24) 13 (22) 1 (2) 0.000

Positive 31 (53) 29 (49) 1 (2) 1 (2)

Stroma  
ce s†

Negative 36 (61) 22 (37) 13 (22) 1 (2) 0.005

Positive 23 (39) 21 (36) 1 (2) 1 (2)

Abbreviations used: SCC: squamous cell carcinoma, AC: adenocarcinoma, ASCC: adenosquamous cell 

carcinoma aFisher’s exact or χ 2 and calculated only between SCC and AC, due to the limited number of 

ASCC cases † Cells within stromal compartment
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Figure 1. Representative microscopic images of PD-L1/PD-L2 DNA FISH, PD-L1 RNAish and immu-
nohistochemica  PD-L1 and PD-L2 protein expression.
(A) Microscopic images of a PD-L1/PD-L2 disomy (I), polysomy (II), monosomy/heterozygous deletion 

(III) and amplification (IV) case. Visualization of CD274 (PD-L1 locus) in green, of PDCD1LG2 (PD-L2 

locus) in red, and of the centromeric region in blue. (B) Moderate (I, score = 3) and strong (II, score = 4) 

PD-L1 mRNA expression (in red) in tumor cells. Expression of PD-L1 mRNA was also observed in cells in 

stroma (III). The right panel (IV) shows a negative tumor for PD-L1 mRNA. (C) Strong PD-L1 expression 

(in brown) on tumor cells (I, H-score = 8) in an SCC core biopsy and an example of intermediate expression 

(II, H-score = 5) in an AC tumor. The third image (III) shows positive cells in stroma and the last image is 

a negative tumor for PD-L1. (D) Strong PD-L2 expression (in brown) on tumor cells in an SCC sample (I, 

H-score = 8) and weak PD-L2 expression on tumor cells in AC (II, H-score = 2). Image III shows positive 

stromal fields for PD-L2 protein and the last image shows a negative tumor for PD-L2.
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Expression and distribution of PD-L1 and PD-L2 in tumor digests based on 
flow cytometry analyses
In order to gain more insight in the expression of PD-L1 and PD-L2 in relation to CD80 on 

infiltrating immune cell populations, we performed additional comprehensive flow cytometric 

analyses on tumor digests of 7 SCC and 3 AC. t-SNE analysis revealed four PD-L1 and PD-L2 

co-expressing macrophage-like populations (i.e. CD14 or CD163 positive and low or absent 

expression of CD1c), designated 1 through 4 (see Figure 2). A very small PD-L1+PD- L2+CD80-

CD163+ M2-like macrophage population (no.2) was present in both SCC and AC. The most 

frequent population (no.3) expressed high levels of both PD-L1 and PD-L2. Remarkably, in 

SCC this population showed equally high co-expression levels of CD80, whereas in AC CD80 

levels were lower, consistent with a more immune suppressive M2-like phenotype. Similarly, 

a larger (no.1) and smaller (no.4) population were over-represented in AC and expressed 

relatively high levels of PD-L1 and PD-L2 and low levels of CD80. In conclusion, PD-L1 and 

PD-L2 co-expressing macrophage-like populations appear to be more frequent in SCC, but 

in that sub-type these macrophages are marked by co-expression of CD80. In contrast, in AC 

relatively more infiltrating macrophages express PD-L1 and PD-L2 with absent or low-level 

expression of CD80.
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Figure 2. t-SNE p ots of PD-L1 and PD-L2 expression and distribution in SCC and AC.
Comprehensive flowcytometric analysis on tumor digests of SCC (n=7, top rows) and AC (n=3, bottom 

rows). t-SNE analysis shows four PD-L1 and PD-L2 co-expressing macrophage-like populations, based on 

CD14 or CD163 positivity and low or absent CD1c expression. No. 1) a large population over-represented 

in AC with relatively high levels of PD-L1 and PD-L2 and low levels of CD80. No. 2) a small PD-L1+PD-

L2+CD80-CD163+ M2-like macrophage population present in both SCC and AC. No 3.) most frequent 

population with high levels of both PD-L1 and PD-L2. In SCC only, high co-expression of CD80. No 4.) 

a small PD-L1+/PD-L2+ population in AC with low levels of CD80.
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Comparison of DNA, mRNA and protein expression of PD-L1 and PD-L2
Cases with high PD-L1 protein expression had also higher mRNA expression (p < 0.0001, 

Figure 3A). No correlation for PD-L1 protein and PD-L2 protein expression on tumor cells 

was observed (Figure 3B, p = 0.837), but on stromal field cells, a correlation was observed 

(Figure 3C, Spearman r = 0.44, p < 0.001). The only case with amplification of both CD274 

and PDCD1LG2 loci had correspondingly high mRNA expression of PD-L1, as well as strong 

PD-L1 and high PD-L2 protein expression within the tumor fields (Figure 3D). To visualize 

the co-expression of PD-L1/PD-L2 of all patients for whom all parameters were available 

(n=48), a heat map was created based on copy number and mRNA/protein expression in the 

tumor and groups could be divided into four clusters: 1) patients with high expression of both 

PD-L1 and PD-L2; 2) patients with intermediate PD-L1-expressing samples and without or 

low PD-L2 expression; 3) patients without or with low PD-L1 expression but with high PD-L2 

expression; and 4) patients without or with low expression of both PD-L1 and PD-L2 (Figure 

3E). Interestingly, all 4 patients in cluster 1 (high expression of both PD-L1 and PD-L2) had 

cervical cancer of the SCC subtype and most of the patients with AC were grouped together 

in cluster 4 (low expression of both PD-L1 and PD-L2) (Table 3). We deemed the cohort too 

small to perform meaningful subgroup analysis based on clinicopathological parameters.

Heterogeneity of PD-L1/PD-L2 protein and PD-L1 mRNA expression within 
TMA cores
Next, we investigated the heterogeneity of the PD-L1/PD-L2 protein and mRNA PD-L1 

expression on tumor cells by examining the scoring discrepancy between the cores per patient. 

Discordant scores for PD-L1 protein expression on tumor cells between cores from one patient 

were observed in 27% of cases, based on percentage of positive tumor cells, and in 15% of 

cases based on intensity of PD-L1 staining. Interestingly, with RNAish, PD-L1 heterogeneity 

was observed in only 11% of the cases (Figure 4A). Similarly to the PD-L1 IHC scores, in 32% of 

the samples discordant percentages of PD-L2 protein expression between cores were found. 

Based on PD-L2 intensity, 14% of scores had different values between cores. An example of 

the heterogeneity of PD-L1 protein expression between cores within one patient is illustrated 

in Figure 4C-I-III. Figure 4C-IV also shows heterogeneity of PD-L1 expression within one core.
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Figure 3. Comparison of DNA status, mRNA- and protein expression of PD-L1/PD-L2
(A) Higher mRNA expression levels of PD-L1 in tumor cells associated with higher PD-L1 protein 

expression on tumor cells as assessed by the H-score. (B) No correlation was found between PD-L1 and 

PD-L2 protein expression on tumor cells as assessed by the H-score (Spearman r = 0,0273, p = 0.837). 

(C) Correlation between PD-L1 and PD-L2 protein expression on cells in stroma (Spearman r = 0,447, 

p = 0.000). (D) Microscopic images of the case with PD-L1/PD-L2 DNA amplification and accordingly 

high mRNA PD-L1 expression (in red, >10 dots/tumor cell) and high PD-L1 protein expression (in brown, 

H-score = 8). (E) Heatmap cluster analysis based on PD-L1/PD-L2 DNA status, PD-L1 mRNA-, PD-L1 

protein- and PD-L2 protein expression on tumor cells (n=48).

Tab e 3. Histological subtype differences between heatmap clusters

C usters heatmap Tota Histo ogica  type p-valuea

N (%) SCC AC ASCC

1 PD-L1hi/PD-L2hi 4 (8) 4 (11) 0 0 0.007

2 PD-L1hi/PD-L2lo 12 (25) 9 (25) 3 (27) 0

3 PD-L1lo/PD-L2hi 15 (31) 15 (42) 0 0

4 PD-L1lo/PD-L2lo 17 (36) 8 (22) 8 (73) 1 (100)

Tota 48 36 11 1

Abbreviations used: SCC: squamous cell carcinoma, AC: adenocarcinoma, ASCC: adenosquamous cell 

carcinoma; hi, high; lo, low

 a χ 2 calculated only between SCC and AC, due to only 1 ASCC case
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Figure 4. Heterogeneity of protein expression and mRNA within TMA cores
Diagrams showing the number of cases where discordant scores were given to TMA core biopsies derived 

from one patient. (A) In 16/59 patients a different percentage of PD-L1 expression was observed, based 

on 5 categories (0: 0-1%, 1: 1-10%, 2: 11-25%, 3: 26-50%, 4: 51-75%, 5: 76-100%; left panel). 9/59 

patients were scored with different intensities of PD-L1, based on 4 categories (0: negative, 1: weak, 

2: clear, 3: strong; middle panel). In 6/54 patients different scores were given for mRNA PD-L1, based 

on 5 categories (0: no dots, 1: 1-3 dots per tumor cell in <10% of tumor fields, 2: 1-3 dots per tumor 

cell in ≥ 10% of tumor fields, 3: 4-10 dots per tumor cell, 4: ≥10 dots per tumor cell). (B) 19/59- and 

(C) 8/59 patients had discordant scores for PD-L2 protein percentages on tumor cells and PD-L2 

protein expression based on intensity, respectively. Immunohistochemical example of discordant PD-L1 

expression pattern (in brown) on tumor cells (I, II, III with H-scores of 5, 3 and 6 respectively) with also a 

representative example of heterogeneity within one core (IV).

TCGA-derived copy-number and mRNA sequencing data
To study transcriptional regulation of PD-L1/PD-L2 expression we used mRNAseq data 

from the TCGA database. Within the cervical cancer cohort, 8 of 293 evaluable patients (3%) 

had reported amplification of the PD-L1/PD-L2 locus. These cases, which were all SCC, had 

significantly higher levels of PD-L1 (CD274, p < 0.0001), but not PD-L2 (PDCD1LG2, p > 0.05) 

mRNA expression compared to the SCC cases without amplification (Figure 5A, B). PD-L1 

and PD-L2 mRNA levels showed a strong correlation in both histological subtypes (Figure 
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5C, D, E; AC, r = 0,516, p < 0.0001; SCC, r = 0,699, p < 0.0001). Both PD-L1 and PD-L2 

showed a correlation with a canonical interferon gamma (IFNG) signaling pathway signature 

as described by Garcia-Diaz et al (37,38) consisting of IFNGR1, IFNGR2, STAT1, JAK1, JAK2, 

IRF9, STAT2 and STAT3 (p < 0.001 for PD-L1 for both AC, (r = 0,500), and SCC (r = 0,640); p 

< 0.0001 for PD-L2 in SCC (r = 0,567) and P = 0.03 for AC (r = 0,317) (Figure 5D and E). Also 

the IFN-ɣ response signature, which was associated with clinical response to PD-1 blockade as 

described by Ayers and colleagues (39), correlated with both PD-L1 and PD-L2 mRNA in AC 

(r = 0,55; p < 0.001; r= 0,57; p < 0.001 respectively) and in SCC (r = 0,58; p < 0.0001; r = 0.67; 

p < 0.001, respectively). This 6-gene signature consists of IDO1, CXCL10, CXCL9, HLA-DRA, 

STAT1 and IFNG. The canonical pathway for interferon alpha (IFN-α) signaling (consisting 

IFNAR1, IFNAR2, JAK1, TYK2, STAT1, STAT2, STAT3 and IRF9) showed a correlation with PD-L1 

in AC (p <0.0001, r = 0,50) and a correlation for both PD-L1 (r = 0,51) and PD-L2 (r = 0,53) 

in SCC (p < 0.0001 for both) (37). Next to the interferon signatures, CD80 showed a strong 

correlation with PD-L1 and PD-L2 for both AC (r=0,492 for PD-L1, r=0,762 for PD-L2) and 

SCC (r=0,537 for PD-L1, r = 0,645 for PD-L2) (Figure 5D, 5E; p < 0.0001 for all). Other genes 

that have been described (17) as regulators of PD-L1 showed less strong correlations with 

PD-L1 (see Figure 5D and E).

No associations for mRNA expression levels and/or amplification cases with patient survival 

were found for PD-L1 and PD-L2 (data not shown). However, combining transcript levels 

of IFNG with PD-L1 and PD-L2, a survival advantage for SCC patients with high PD-L1 or 

PD-L2 levels and high IFNG mRNA expression levels (PD-L1hiIFNGhi/PD-L2hiIFNGhi) 

was observed, compared to patients with PD-L1hiIFNGlo/PD-L2hi/IFNGlo, with median 

expression as cut-off (p = 0.040 for PD-L1 and p = 0.001 for PD-L2) (Figure 6A, B). Also in 

AC patients, the PD-L1hiIFNGhi group had a better overall survival than patients with PD-

L1hiIFNGlo (p = 0.050) (Figure 6C). For PD-L2hi no significant difference in survival was 

observed in the AC patient cohort based on IFNG expression levels (p = 0.330) (Figure 6D). 

However, the AC patient group was small.
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Figure 5. TCGA derived copy-number and mRNA sequencing data
(A) Higher levels of PD-L1 mRNA transcripts were found in patients with PD-L1 locus amplification (n=8) 

compared with patients without amplification (n=285). (B) No significant differences in PD-L2 mRNA 

expression were found for patients with amplification compared to those without amplification. (C) A 

strong correlation for PD-L1 and PD-L2 mRNA transcript levels was found (AC, r = 0,516, p < 0.001; SCC, 

r = 0,699, p < 0.0001). (D) Correlations (Pearson r-values) for genes described as regulators of PD-L1 and 

PD-L2 are shown for cervical adenocarcinoma. Gene signatures for IFNG signaling pathway (Garcia-Diaz) 

consisting of IFNGR1, IFNGR2, STAT1, JAK1, JAK2, IRF9, STAT2 and STAT3. IFNG response signature 

(Ayers): IDO1, CXCL10, CXCL9, HLA-DRA, STAT1 and IFNG. IFN-α signaling (Garcia-Diaz) signature: 

IFNAR1, IFNAR2, JAK1, TYK2, STAT1, STAT2, STAT3 and IRF9 (E) Correlations (Pearson r-values) for 

genes described as regulators of PD-L1 and PD-L2 are shown for cervical squamous cell carcinoma. **** 

P ≤ 0.0001. ns, not significant.
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Next, we assessed which genes had higher expression in the IFNGlo compared with the 

IFNGhi group, to unveil other possible mechanisms responsible for PD-L1/PD-L2 expression 

in a microenvironment with low IFNG expression (Supplementary Tables 1 and 2). For SCC, 

KEGG (Kyoto Encyclopedia of Genes and Genomes) gene set analysis showed that in the PD-

L1hiIFNGlo 90 genes were expressed at a significantly higher level than the PD-L1hiIFNGhi 

group (with p < 0.01 as cut-off). 34 of these genes were in a KEGG gene set collection and 

were involved in various signaling pathways, most notably the Wnt and hedgehog signaling 

pathways and pathways regulating pluripotency of stem cells (Supplementary Table 1). In 

total, 29 genes had higher expression (with p > 0.01) in the PD-L2hiIFNGlo group compared 

to the PD-L2hiIFNGhi group. Only 11 of these genes were present in a KEGG gene set 

(Supplementary Table 2). In AC, no genes were found that were significantly deferentially 

expressed between the PD-L1hiIFNGhi and PD-L1hiIFNGlo group and the PD-L2hiIFNGhi 

and PD-L2hiIFNGlo group.

Figure 6. Combined TCGA mRNA transcript eve s of PD-L1/PD-L2 and IFNG and associations with surviva
(A) A survival advantage for SCC patients with PD-L1hiIFNGhi mRNA transcript levels was observed, as 

well as for SCC patients with (B) PD-L2hiIFNGhi transcript levels. For AC patients (C) PD-L1hiIFNGhi 

was linked to better prognosis, whereas (D) PD-L2hiIFNGhi was not associated with survival.
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DISCUSSION

In this study, we report that mRNA expression of PD-L1 and protein expression of PD-L1 

and PD-L2 are common in cervical cancer, while amplification of the PD-L1/PD-L2 locus is 

rare. Importantly, considerable PD-L1 heterogeneity was observed based on IHC protein 

expression, and we propose future investigations in the application of in situ PD-L1 mRNA 

expression as a novel biomarker. Publicly available TCGA mRNAseq and copy number data 

was used as a validation cohort and for additional exploratory analyses to uncover regulation 

mechanisms of PD-L1/PD-L2 expression in cervical cancer.

Patients with amplification of the PD-L1/PD-L2 locus have high response rates to immune 

checkpoint blockade, but amplification incidence in solid tumors is generally very low (< 1%) 

(40). Amplification was indeed rare in our cohort (2%), in contrast to the report of Howitt et al. 

where the prevalence was 23% (31). This discrepancy might be explained by the CNA scoring 

method used in the latter study, where cases were classified according to the highest observed 

genetic abnormality by FISH analysis; even cases in which only 2% of evaluated cells showed 

amplification were classified as ‘amplification’. Detection of a higher amount of probe signals 

in a minority of cells can however be a result of overlapping cells on Z-stack images and/or 

background signals. In our study, cases were classified by the most abundantly present genetic 

abnormality, in concordance with the conventional diagnostic approach (29). Our results are 

comparable with other reports, showing amplification rates of 2.7% (40) and were confirmed 

by additional TCGA analysis (3% amplification rate). The one amplification case in our cohort 

showed a high level of PD-L1 mRNA and protein expression. Correspondingly, PD-L1 mRNA 

levels were significantly higher in amplification cases in the TCGA cohort. Also in lymphomas, 

increased PD-L1 expression was detected in cases with 9p24.1 amplification (30,41,42).

Previous studies have shown a strong correlation between PD-L1 mRNA expression and 

protein expression in lung cancer, lymphoma and neuroendocrine tumors (43–47). PD-L1 

mRNA expression and PD-L1 protein expression were also strongly correlated in the present 

cohort (p < 0.001). However, still in 20% of the cases, only PD-L1 mRNA expression and no 

PD-L1 protein expression was detected. This heterogeneity in protein expression could be 

caused by post-translational modifications (48). RNAish detection of PD-L1 mRNA might 

therefore be more sensitive when compared to PD-L1 protein expression by IHC and might 

serve as a better predictive biomarker for immune checkpoint therapy, specifically as in various 

cancer types PD-L1 negative patients did show response to PD-L1/PD-1 checkpoint inhibition 

(49).

There is a need for consensus on sampling, staining and scoring procedures concerning 

detection of PD-L1/PD-L2 protein expression by IHC to improve reproducibility of studies 

and confirm inter-study results. Here, we used the SP142 antibody clone for PD-L1 protein 

detection. Huang et al. compared two clones (SP142 and SP263) commonly used for PD-L1 

IHC, and showed SP263 staining to be easier to evaluate, whereas SP142 was more strongly 
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correlated with survival rates in diffuse large B-cell lymphoma (50). However, compared with 

other clones, such as 22C3, 28-8 and SP263, the SP142 antibody has been described to be 

least sensitive for tumor cell expression (51). In a previously published study on cervical cancer 

though, we have had good experience with this clone for the detection of PD-L1 on both 

tumor cells as well as on immune cells (24), and as well, the SP142 clone has been approved 

by the FDA as companion diagnostic for atezolizumab (anti-PD-L1) treatment in several other 

cancer indications (52,53). Furthermore, we used an H-score to evaluate PD-L1 and PD-L2 

expression. Also a tumor proportion score (TPS) and combined positive score (CPS) have 

been developed and are used frequently. The TPS is defined as the percentage of tumor cells 

that express PD-L1 and uses thresholds of 1%, 10% and 50% (54). This score does not take 

the expression of PD-L1 on cells in stromal fields into account. The CPS is a ratio of all cells 

that express PD-L1 (tumor cells and immune cells) to the number of all tumor cells (55). In 

cervical cancer, pembrolizumab was approved by the FDA for treatment of patients with a 

CPS ≥ 1, with the PD-L1 IHC 22C3 clone (26). However, consensus on universal staining 

and scoring methods for PD-L1/PD-L2 expression has not been reached. In this study, we 

evaluated different cores from one tumor to determine heterogeneity between biopsies. The 

high number of samples with discordant scores for PD-L1 (27%) and PD-L2 (32%) in our study 

demonstrates their expression heterogeneity in cervical cancer, also shown in other tumor 

types (56–59). Core biopsies for patient selection can be punched in a negative area of a 

(partly) positive tumor, which consequently leads to false-negative results. This might explain 

controversial response rates regarding PD-L1 patient selection based on biopsies. The use 

of a tissue microarray for this study also has its limitations when compared to whole section 

analysis (60). For instance, PD-L1 expression patterns (diffuse vs. marginal), which have been 

shown to be pivotal for patient survival, cannot be detected in these small core biopsies (24,61) 

since the tumor-stroma interface is not always included during construction of the TMA. In the 

future, PD-L1 PET-CT imaging may present as a good alternative to non-invasively determine 

the PD-L1 status of tumors and/or metastases in order to overcome false-negative results 

due to tumor heterogeneity (62).

Here, we found no correlation between PD-L1 and PD-L2 ligand expression by tumor cells, in 

concordance with findings in lung and esophageal adenocarcinoma (63,64). The co-expression 

of PD-L1 and PD-L2 on myeloid infiltrating cells (see Figure 2) suggests that expression of both 

proteins may be induced in the same manner, for instance by IFNG signaling, while expression 

on tumor cells might be caused by different mechanisms (65,66). It was shown that both 

PD-L1 expression on tumors cells alone or on immune cells alone, were related to responses 

in patients treated with anti-PD-L1 therapy in NSCLC (65). In melanoma patients treated with 

ipilimumab and nivolumab, the expression of PD-L1 on immune-infiltrating cells had an even 

stronger predictive value, than the expression of PD-L1 on tumor cells (13), warranting further 

research into the role of PD-L1 and PD-L2 on stromal compartment cells versus tumor cells. 

Of note, a recent report showed that interactions in cis of co-expressed PD-L1 and CD80 led 

to the inactivation of PD-L1 but the maintained co-stimulatory ability of CD80 (67). In this 

regard, it is of particular interest that PD-L1 on macrophages in SCC was mostly co-expressed 
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with CD80, in contrast to AC. Thus, although PD-L1-expressing macrophage-like cells are 

more frequent in SCC, in AC they might be more effective in terms of T cell suppression, due 

to the absence of CD80 on their cell surface, and as such possibly also more predictive for 

PD-(L)1 blockade efficacy.

In this study, analyses in subcohorts based on histological subtypes (SCC vs. AC) show 

higher PD-L1 mRNA, PD-L1 and PD-L2 protein expression in SCC when compared to AC. 

The origin and regulation of PD-L1/PD-L2 expression might be accordingly different in 

these histological subtypes. Previous studies also showed that expression of PD-L1 is more 

prevalent in cervical SCC as compared to cervical AC (24,68) and also in the current study, 

by visualizing the distribution of PD-L1 and PD-L2 using high dimensional t-SNE analyses, 

it was clearly shown that AC tumors and their infiltrates express both PD-L1 and PD-L2 to 

a lesser extent, although, as discussed above, with generally lower levels of co-expressed 

CD80. Therefore, it is important for future trials investigating immune checkpoint therapy 

to incorporate histological subcohort analysis.

PD-L1 protein expression is currently used as a predictive biomarker for checkpoint therapy 

in cervical cancer with suboptimal results. As our cohort and the TCGA cohort did not 

contain cervical cancer patients that were treated with checkpoint therapy, we were not 

able to evaluate the PD-L1/PD-L2 predictive potential. Because our cohort was limited in 

size, consisted of mainly early stage cervical cancer (72%) and consequently had low 5 year 

recurrence- (n = 8/60) and death rates (n = 4/60), we performed survival analyses based on 

the TCGA database. We found that patients with high PD-L1 or PD-L2 mRNA expression 

and high IFNG signaling activity, consistent with an ongoing T-cell response inducing PD-L1 

expression, had better overall survival compared to patients with high PD-L1 and low IFNG 

expression. In the latter group, PD-L1 upregulation might be explained by other (not immune-

related) factors; for instance associated with oncogenesis and stem cell-related aberrant Wnt 

and Hedgehog signaling pathways (69), as we observed in the SCC TCGA cohort. The plethora 

of factors, at the genetic, epigenetic, transcriptional, translational and post/translational level 

that have been described to influence PD-L1 expression is impressive and underlines the 

complexity of the regulation of PD-L1 expression (16,17).

Our observations show that amplification of the PD-L1/PD-L2 gene in cervical cancer patients 

is a rare event, which makes it an unsuitable biomarker of response to checkpoint inhibition. 

RNAish appears to be the most sensitive and consistent detection method. Future research, 

including a larger patient cohort, should evaluate whether RNAish could serve as a better 

biomarker than IHC detection. Importantly, we conclude that interferon signaling is the 

major cause of PD-L1 expression in cervical cancer and is correlated with improved survival. 

Evaluation of interferon signaling in conjunction with PD-L1/PD-L2 expression for prediction 

of clinical response to immune checkpoint therapy should be considered.
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SUPPLEMENTARY FILES

Supp ementary Tab e(s) 1. SCC - genes with higher expression in PDL1hiIFNlo group

HUGO R pva

ADAMTS12 0.325 6.39e-03

FRK kinase,sign transd 0.432 3.22e-05

MFN1 membrane 0.313 9.85e-03

IPO9 0.430 3.49e-05

ADAM23 development,membrane 0.313 9.82e-03

CAMSAP2 0.425 4.79e-05

HECTD1 0.313 9.77e-03

PUM1 0.410 1.11e-04

PLEKHG6 sign transd 0.410 1.14e-04

SUN1 0.407 1.36e-04

SH3PXD2B 0.400 2.01e-04

MAP3K4 kinase,sign transd 0.399 2.08e-04

PLEKHA1 membrane 0.387 3.96e-04

LRP6 development,membrane 0.314 9.59e-03

,sign transd

ZNF704 0.384 4.63e-04

SHISA2 0.383 4.83e-04

FAM172A 0.314 9.40e-03

PRICKLE1 membrane 0.383 4.85e-04

UBTD2 0.378 6.20e-04

SHANK1 0.378 6.39e-04

PRND membrane 0.376 6.84e-04

LRP4 membrane 0.371 8.92e-04

PCLO membrane 0.367 1.09e-03

CNKSR3 membrane,sign transd 0.315 9.20e-03

LRRC17 0.315 9.20e-03

TULP3 membrane,sign transd 0.315 9.20e-03

B3GNT5 development,membrane 0.315 9.17e-03

VGLL4 0.365 1.16e-03

TOM1L1 membrane 0.365 1.18e-03

TANC1 0.316 9.05e-03

ZC3HAV1L 0.316 9.05e-03

PPFIBP1 membrane 0.361 1.40e-03

7
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Supp ementary Tab e(s) 1. SCC - genes with higher expression in PDL1hiIFNlo group

HUGO R pva

GALNT13 membrane 0.360 1.44e-03

SERTAD4 0.360 1.47e-03

ACPP 0.360 1.48e-03

PSD3 sign transd 0.359 1.55e-03

MMP16 drugtarget,membrane 0.358 1.58e-03

FZD7 development,membrane 0.358 1.59e-03

,sign transd

KLHL42 0.358 1.61e-03

ACVR1 apoptosis,cell cycle 0.358 1.63e-03

,development,diff

,drugtarget,kinase

,membrane,sign transd

TACC2 0.356 1.73e-03

TFRC membrane 0.353 2.02e-03

ZRANB1 0.353 2.05e-03

PCYT1B drugtarget 0.350 2.26e-03

CNTN1 membrane,sign transd 0.349 2.39e-03

RASAL2 sign transd 0.319 8.08e-03

SHROOM4 0.349 2.40e-03

FZD6 development,membrane 0.347 2.59e-03

,sign transd

DSTYK 0.319 7.96e-03

NHSL1 0.347 2.61e-03

SBF2 development,membrane 0.319 7.84e-03

RAET1L membrane 0.345 2.91e-03

IGFBP2 0.344 2.92e-03

DCUN1D1 0.342 3.20e-03

DIP2B 0.341 3.35e-03

PRICKLE2 membrane 0.341 3.38e-03

CTTNBP2 0.340 3.51e-03

USP54 0.339 3.58e-03

DIRAS1 membrane,sign transd 0.320 7.70e-03

PLD1 drugtarget,membrane 0.338 3.72e-03

,sign transd

ITGAV membrane,sign transd 0.338 3.75e-03
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Supp ementary Tab e(s) 1. SCC - genes with higher expression in PDL1hiIFNlo group

HUGO R pva

PCDH19 membrane 0.338 3.79e-03

SERTAD4-AS1 0.336 4.03e-03

ATP8B1 membrane 0.336 4.04e-03

CDS1 membrane,sign transd 0.336 4.12e-03

PTPRF membrane,sign transd 0.335 4.31e-03

KIAA1715 development,membrane 0.334 4.52e-03

ULBP3 membrane 0.332 4.76e-03

MTSS1L 0.321 7.28e-03

ITGB5 development,membrane 0.331 4.92e-03

,sign transd

PRKG2 kinase,sign transd 0.331 4.92e-03

PLEKHG1 sign transd 0.331 4.92e-03

TMEM47 membrane 0.331 4.94e-03

AKR1C2 drugtarget 0.331 4.99e-03

CTDSPL2 0.330 5.11e-03

SC5D 0.322 7.12e-03

MFSD11 0.330 5.23e-03

ADGRA3 0.329 5.38e-03

FREM2 development,membrane 0.328 5.64e-03

APCDD1L membrane 0.328 5.67e-03

XKRX membrane 0.328 5.68e-03

GNAL sign transd 0.323 6.78e-03

ATP2B4 membrane 0.327 5.91e-03

WNT5A development,sign transd 0.323 6.76e-03

PLEKHA5 0.327 5.99e-03

SMO apoptosis,development 0.324 6.60e-03

,diff,membrane

,sign transd

KIAA1549L 0.326 6.04e-03

INPP5A membrane 0.326 6.22e-03

ZAK apoptosis,cell cycle 0.326 6.24e-03

,diff,kinase

,sign transd

LGR5 membrane,sign transd 0.324 6.48e-03
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Set R# No of 

genes

P-value Genes

over-representation 55 4 9.9e-10 , FZD6, FZD7, 

SMO, WNT5ABasal_cell_carcinoma

over-representation 140 6 1.0e-08 , FZD6, FZD7, 

LRP6, PRICKLE1, 

PRICKLE2, 

WNT5A

Wnt_signaling_pathway

over-representation 200 6 6.6e-06 , FZD6, FZD7, 

ITGAV, ITGB5, 

SMO, WNT5A
 Proteoglycans_in_cancer

over-representation 141 4 9.1e-04 , ACVR1, FZD6, 

FZD7, WNT5A Signaling_pathways_regulating_

pluripotency_of_stem_cells

over-representation 94 3 3.3e-03 , CDS1, PCYT1B, 

PLD1 Glycerophospholipid_metabolism

over-representation 100 3 5.0e-03 , FZD6, FZD7, 

WNT5AMelanogenesis

over-representation 50 2 0.01 , SMO, WNT5A

Hedgehog_signaling_pathway

over-representation 397 6 0.01 , FZD6, FZD7, 

ITGAV, PLD1, 

SMO, WNT5A
Pathways_in_cancer

over-representation 139 3 0.03 , CNTN1, ITGAV, 

PTPRFCell_adhesion_molecules__CAMs_

over-representation 150 3 0.04 , ITGAV, ITGB5, 

TFRCPhagosome
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Supp ementary Tab e(s) 2. SCC - genes with higher expression in PDL2hiIFNlo group

HUGO R pva Pres

RBM24 0.323 7.90e-03 116

APCDD1L membrane 0.385 5.05e-04 116

PPP6R3 0.375 7.99e-04 121

SHANK1 0.374 8.52e-04 92

CA12 drugtarget,membrane 0.367 1.20e-03 121

CTTN 0.362 1.51e-03 121

CAMSAP2 0.357 1.84e-03 121

KCND2 membrane 0.356 1.93e-03 121

DHCR7 development,diff 0.355 2.08e-03 121

,drugtarget,membrane

SHISA2 0.352 2.38e-03 120

ARAP3 0.319 9.17e-03 121

ENDOD1 0.350 2.54e-03 121

FOXL1 TF,development 0.319 9.06e-03 121

,transcription regulator Act

SRPX2 0.346 3.00e-03 121

SUN1 0.320 8.92e-03 121

TOM1L1 membrane 0.320 8.91e-03 121

LRP4 membrane 0.346 3.02e-03 121

PTHLH development,diff 0.344 3.37e-03 121

,sign transd

FRK kinase,sign transd 0.341 3.74e-03 121

GALNT5 membrane 0.336 4.52e-03 115

SYT7 membrane 0.335 4.76e-03 121

ADAMTS12 0.332 5.36e-03 120

MMP16 drugtarget,membrane 0.331 5.68e-03 116

ZAK apoptosis,cell cycle 0.329 6.05e-03 121

,diff,kinase

,sign transd

PCDH10 membrane 0.322 8.19e-03 96

NPBWR1 membrane,sign transd 0.328 6.30e-03 93

TACC2 0.322 8.07e-03 121

MAP3K4 kinase,sign transd 0.326 7.07e-03 121

MSRB3 0.323 7.98e-03 121
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set R# # _p_value_ Genelist

over-representation 17 1 4.8e-03 , CA12

 Nitrogen_metabolism

over-representation 137 2 6.8e-03 , CTTN, ZAK

 Tight_junction

over-representation 20 1 0.01 , DHCR7

 Steroid_biosynthesis

over-representation 30 1 0.04 , GALNT5

 Mucin_type_O_Glycan_biosynthesis
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ABSTRACT

Background: Usual vulvar intraepithelial neoplasia (uVIN) is a premalignancy caused by 

persistent infection with high-risk types of human papillomavirus (HPV), mainly type 16. Even 

though different treatment modalities are available (e g., surgical excision, laser evaporation 

or topical application of imiquimod), patients often have recurrences and 2-8% of patients 

develop vulvar carcinoma. Therefore, immunotherapeutic strategies targeting the pivotal 

oncogenic HPV proteins E6 and E7 are being explored to repress carcinogenesis.

Method: In this phase I/II clinical trial, 14 patients with HPV16+ uVIN were treated with a 

genetically enhanced DNA vaccine targeting E6 and E7. Safety, immunogenicity and clinical 

responses were assessed. Patients received 4 intradermal tattoo vaccinations, with a 2-week 

interval, alternating between both upper legs. HPV16-specific T cell responses were measured 

over time in ex vivo reactivity assays. Biopsies of the lesions were taken at screening and +3 

months after last vaccination. Digital photography of the vulva was performed at every check-

up until 12 months of follow-up for measurement of the lesions.

Results: Vaccinations were well tolerated, although one grade 3 SUSAR was observed. 6/14 

(43%) of patients showed an objective clinical response at 3-12 months of follow-up, with 

2 complete responses (CR) and 4 partial responses (PR). Notably, 5 out of 6 patients with a 

CR or PR showed HPV-specific T cell responses in ex vivo reactivity assays, whereas such T 

cell responses were detected in 0/8 patients that did not show clinical responses (p = 0.003).

Conclusions: Our results indicate that HPV-16 E6/E7 DNA tattoo vaccination is a biologically 

active and safe treatment strategy in patients with uVIN, and suggest that T cell reactivity 

against the HPV oncogenes is associated with clinical benefit.
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INTRODUCTION

Usual vulvar intraepithelial neoplasia (uVIN), also known as vulvar high-grade squamous 

intraepithelial lesions (vHSIL), is a premalignant chronic skin disorder of the vulva and 

associated with a persistent infection with high risk types of HPV, mainly HPV type 16 1-3. 

Spontaneous regression is rare, restricted to 1-2% of women, and progression to vulvar cancer 

is observed in 2-8% of cases 4-8. Current treatment strategies are laser ablation, local excision 

or topical treatment with the TLR7-ligand imiquimod. Since patients frequently suffer from 

recurrent disease, different sequential therapies are often applied over the years 5,7-9. Multiple 

surgical treatments can however be mutilating, and induce psychosexual dysfunction. Also, 

topical treatment with imiquimod is associated with side effects such as pruritis and pain 10-12. 

In order to avoid the need for debilitating treatments, and prevent relapses and potential 

malignant transformation, new therapeutic strategies should be explored with a final goal to 

eradicate the persistent HPV infection.

Infection with high-risk genotypes of HPV leads to the expression of the oncogenic HPV 

proteins E6 and E7. Together, E6 and E7 drive cellular immortalization and maintain the 

transformed phenotype during tumor progression 13-15. The E6 and E7 oncoproteins are 

continuously expressed in transformed cells, consequently enabling presentation of E6 and E7 

epitopes by the transformed cells and creating the opportunity for T cell recognition. Notably, 

patients with persistent uVIN often have dysfunctional HPV16-specific T cell responses 16-18, 

suggesting that immune stimulating therapies that induce or enhance functional HPV16-

specific T cell responses may lead to clinical benefit.

In line with this notion, several HPV-vaccination studies targeting E6 and/or E7 have been 

performed with promising clinical responses, confirming the suitability of the target proteins. 

However, side effects, such as local swelling and fever, were reported at high frequencies 19,20. 

Recently, we performed a phase I clinical trial using the E7 directed DNA vaccine Tetanus 

Toxin Fragment C (TTFC)-E7SH, which was delivered using a previously reported tattooing 

technique 21. This DNA vaccine was well tolerated in patients with uVIN and the tattoo-induced 

skin damage was completely reversible. However, no induction of E7 directed CD8+ responses 

could be observed in these patients, and no clinical responses were observed.

Our aim is to improve the immunological and clinical response of the DNA vaccine, and 

therefore we developed a novel DNA vaccine 22. Since targeting both E6 and E7 has been 

reported to have a synergistic effect on HPV infection control 21, both oncogenes are targeted 

in this new format. With the combined novel DNA vaccines sig-HELP-E6SH-KDEL and sig-

HELP-E7SH-KDEL (further referred to as HPV-16 E6/E7 DNA tattoo vaccine), we aim to 

increase the immunogenicity towards E6 and E7, by providing CD4+ T cell help and including 

signals for enhanced endoplasmic reticulum targeting and retention. Here, we describe the 

results of a phase I/II clinical trial in which we evaluated the toxicity, immunogenicity and clinical 

response of this HPV-16 E6/E7 DNA tattoo vaccination in patients with uVIN.

8



210

Chapter 8

MATERIALS & METHODS

Patients
Fourteen female patients with histology and PCR proven HPV16+ uVIN lesions were included. 

Patients needed to have adequate bone marrow function (WBC > 3.0/nL, platelets > 100/

nL), renal function (creatinine clearance > 40 mL/min), and liver function (bilirubin < 1.5 ULN, 

normal blood coagulation). Exclusion criteria were active infectious disease (HIV, Hepatitis 

B and Hepatitis C), and history of autoimmune disease or immunodeficiency. Furthermore, 

patients could not participate if the uVIN was treated with another modality within 6 weeks 

prior to enrolment, if patients were treated before with therapeutic HPV vaccines, or if patients 

participated in a study with another investigational drug within 30 days prior to enrolment. 

In addition, criteria for exclusion were: pregnancy/lactation, use of oral anticoagulant drugs, 

use of systemic steroids or other immunosuppressive drugs and indication of severe cardiac, 

respiratory or metabolic disease. Patient characteristics are shown in Table 1.

The study was approved by the Central Committee on Research Involving Human Subjects 

(In Dutch: Centrale Commissie Mensgebonden Onderzoek; CCMO) in The Hague, the 

Netherlands (Number NL46637.000.13) and registered at trialregister.nl (NTR4607). All study 

protocols were conducted in accordance with the ICH Harmonised Tripartite Guideline for 

Good Clinical Practice and the principles of the Declaration of Helsinki. All patients provided 

written informed consent before enrolment.

Vaccine composition
The HPV-16 E6/E7 DNA vaccine comprises of sig-HELP-E6SH-KDEL and sig-HELP-E7SH-

KDEL, which are plasmid DNA constructs of 4814 and 5240 base pairs respectively (figure 

1a). In this plasmid, the CMV promotor drives the continuous expression of E6SH and E7SH. 

To prevent toxicity and protect against the transforming properties of E6 and E7, coding 

sequences were rearranged (‘shuffled’). To prevent loss of potential immunogenic epitopes, 

sequences flanking the positions where the coding sequence was cut, were added 3’ from the 

coding regions (figure 1b). The HPV-16 E6/E7 DNA vaccine includes three helper sequences: 

CD4 epitopes NEF from HIV (39bp), P30 from Tetanus Toxin (63bp) and the universal 

synthetic epitope PADRE (39bp). By only inserting the relevant epitopes, and not the full 

protein domains, the risk of antigenic competition and skewing of the CD8+ T cell response 

towards the helper epitopes was minimized. The C-terminal KDEL sequence was included to 

achieve endoplasmic reticulum targeting and retention, resulting in higher immunogenicity 23,24.

For the manufacturing of both vaccines, a standard Good Manufacturing Practice (GMP) 

production process was followed as described earlier 25. Resulting DNA vaccines were 

formulated as a lyophilized powder for solution for intradermal injection, using sucrose as 

stabilizer 25. Just before administration, 1 mg of sig-HELP-E6SH-KDEL was reconstituted with 

Water for Injections and mixed with 1 mg reconstituted sig-HELP-E7SH-KDEL to obtain 2 mg 

of the combined HPV-16 E6/E7 DNA tattoo vaccine at a concentration of 5mg/ml.
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Tab e 1. Baseline characteristics of the study population

Patient
no.

Age Mu ti/
unifoca

Symptoms Smoker Previous 
treatment(s)

First diagnosis 
uVIN

Lesion 
size 
(cm²)

1 51 Uni Pruritis No Laser, LE (2x), 

imiquimod

2012 1,4

2 64 Multi Pruritis Former smoker 

(stopped in 2016)

Laser, imiquimod 2015 1,3

3 55 Multi Pruritis Smoker None 2017 0,6

4 37 Multi None Former smoker 

(stopped in 2017)

LE 2013 3,5

5 65 Uni Pain Former smoker 

(stopped in 1998)

None 2017 3,5

6 69 Uni None Former smoker Laser (2x), 

imiquimod

1996 0,9

7 46 Multi None Smoker LE (3x) 2010 3,7

8 45 Uni None Former smoker 

(stopped in 2018)

Imiquimod 2018 3,8

9 41 Multi Pruritis Smoker Laser (3x), LE 

(3x), imiquimod 

(3x)

2005 36

10 50 Multi Pruritis Smoker LE (3x), laser (6x), 

imiquimod

1993 6,8

11 46 Multi None Smoker Laser (2x), 

imiquimod

2016 1,7

12 61 Multi Pruritis, 

pain

Former smoker 

(stopped in 1995)

Laser, LE, 

imiquimod

2003 3,5

13 29 Multi None Smoker Imiquimod 2019 0,7

14 36 Multi Pruritis, 

pain

Smoker Laser 2017 2,0

Abbreviations: uVIN, usual vulvar intraepithelial neoplasia; LE, local excision.

All patients were diagnosed with hrHPV type 16, but patient #10 had a co-infection with hrHPV type 56 

and patient #13 had a co-infection with hrHPV type 40.

8
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Figure 1. pUMC3 sig-HELP-E6SH-kde  and pUMVC3 sig-HELP-E7SH kde  p asmids used in this tria  
and administered by tattoo vaccination. 
a) schematic representation of the therapeutic region of the plasmid, including 3 helper sequences: 

Synthetic epitope PADRE (39bp), NEF from HIV (39bp) and P30 from Tetanus Toxin (63bp) for CD4 

help. Sig and kDEL for improved ER targeting and retention, resulting in better antigen uptake by DCs, 

enhanced processing and presentation. b) To prevent toxicity, E6 and E7 coding sequences were shuffled. 

Splice sites are added at the back of the construct so no potential immunogenic epitopes are lost. c) Picture 

of the patients’ skin immediately after vaccination with sig-HELP-E6SH-kdel/sig-HELP-E7SH-kdel. d) 

Picture of the skin two weeks after vaccination. e) Picture of the skin 6 months after last vaccination, 

demonstrating hardly any visible tissue scar remains.

Study design
This was a single center, non-randomized phase I/II study, consisting of two cohorts. In the 

first cohort, 5 patients were treated, followed by an interim analysis that assessed vaccine 

immunogenicity. Since the criteria for continuation after interim analysis were met (a 2-fold 

increase in the T cell response compared to baseline in ≥2 out of 5 patients), an additional 9 

patients were enrolled. The primary objective of this trial was to study the systemic HPV-

specific immune response of patients with HPV-16+ uVIN that received the E6SH/E7SH 

vaccine. Secondary objectives were the safety and clinical responses.
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The HPV-16 E6/E7 DNA tattoo vaccine was applied topically on the skin of the upper legs 

(close to a regional lymph node area) on days 0, 14, 28 and 42 and administered into the 

skin using a permanent make-up tattoo device (Derm.MT GmbH, Berlin, Germany). Patients 

received 2 mg of vaccine injected over a skin surface of 16 cm². Prior to tattoo vaccination 

the skin area was treated with an epilating cream (VEET; Reckitt Benckiser Healthcare B.V., 

Hoofddorp, The Netherlands). Vaccination at day 28 was administered to the same area 

as vaccination at day 0, and vaccination at day 42 was administered to the same area as 

vaccination at day 14. Patients were observed during one hour after tattooing. Peripheral 

blood mononuclear cell (PBMC) isolation was performed at day 0 and day 28 before vaccine 

administration, and at follow-up on day 56 and day 84. A biopsy of the uVIN was taken before 

treatment and 3 months after the last vaccination. Patients were seen for follow-up after 

3, 6, 9 and 12 months after last vaccination with evaluation of the vulvar lesions including 

photography and measurement of the lesion(s).

Safety & toxicity
The CTCAE version 4.03 was used for the assessment of adverse events. All patients that 

received at least one vaccine dose were included in the evaluation of safety. Vital signs 

were measured at baseline and at all visiting days. Hematology and biochemistry tests were 

performed before inclusion, and at day 0, day 28, day 56 and day 84. Unacceptable toxicity was 

defined as an adverse event of the following types for which the relation to the study treatment 

was likely or not assessable: non-hematological toxicity of grade 3 or higher, hematological 

toxicity grade 4, neutropenia grade 3 plus fever, or non-reversible neurotoxicity of CTC grade 

>2. In case unacceptable toxicity occurred in more than 30% of patients, the study would be 

discontinued. Local toxicity was scored as CTCAE ‘injection site reaction’.

Clinical responses
Lesions were examined, described in a standardized manner and measured bi-dimensionally 

by an experienced gynecologist and another member of the study team. Drawings were made 

on a vulvoscopy form in the medical record. Furthermore, the lesions were monitored by 

digital photography. The total area (in mm²) of the lesions was determined using ImageJ. A 

complete response (CR) was defined as a complete disappearance of the lesion(s) and a partial 

response (PR) defined as at least 50% regression of the lesion. A patient was classified as a Non 

Responder (NR) if lesion size was reduced by less than 50% compared to the original lesion 

size, or in case of progressive disease.

Immune monitoring
To assess systemic induction of HPV E6 and E7 specific T cells, PBMCs were collected at 

baseline (day 0) and at day 28, 56, and 84 after the first HPV-16 E6/E7 DNA tattoo vaccination. 

PBMCs were isolated from fresh heparinized blood samples by Ficoll density-gradient 

centrifugation and cryopreserved until further use.

8
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Presence and magnitude of HPV E6 and E7 specific T cell responses was determined by 

co-culture of T cells with autologous antigen presenting cells (APCs) loaded with long 

overlapping peptides for 6 hours (adapted protocol based on method described by Samuels 

et al.  23 ). To obtain peptide loaded APCs, PBMCs were thawed and plated in 24 well plates at 

a concentration of 0.3-1.5 *10^6 cells/mL in 20/80 AIM-V/RPMI T cell mixed media (Thermo 

Fisher) without serum. Monocytes were separated by plate adherence, and the non-adherent 

cells were harvested to be used as T cell input in the co-culture. Monocytes were peptide 

loaded in T cell mixed media with 800 U/ml GM-CSF (Invitrogen/Thermo Fisher Scientific, 

California, USA) with 5 different peptide pools. Long overlapping peptides covering the entire 

E6 protein were split over pool 1 and 2, long overlapping peptides covering the entire E7 

protein were combined in pool 3. Pool 4 consisted of all epitopes that arose as a consequence 

of shuffling E6 and E7 proteins. The full amino acid sequences of the long overlapping peptides 

from these 4 pools are listed in supplementary table 1. Pool 5 consisted of a set of 32 viral 

epitopes covering multiple HLA-alleles, and served as a positive control to assess immune 

competence (ICE peptide pool, U-CyTech biosciences, Utrecht, The Netherlands). Because 

these were short peptides that could be directly presented without processing, the ICE peptide 

pools were loaded onto the APCs for only 1.5 hrs prior to the start of co-cultures. An unloaded 

APC condition was taken along in order to be able to determine the background reactivity. Five 

hours after peptide loading, monocytes were cultured overnight in the presence of 25 µg/ml 

poly(I:C) (InvivoGen, California, USA), to generate monocyte-derived APCs. The previously 

harvested non-adherent T cells were rested overnight in T cell mixed media without serum 

or cytokines. After overnight incubation, peptide loaded APCs were washed and T cells were 

added. After 1 hour, 0.7 µl/ml Golgistop and 1 µl/ml Golgiplug was added to each well (BD 

Biosciences, USA), and cultures were continued for an additional 5 hours. Subsequently, T cells 

were harvested and stained for surface markers and intracellular cytokines and analyzed by 

multiparametric flow cytometry (antibody panel listed in supplementary table 2). Acquisition 

of cells was performed using an LSR II (BD Biosciences). FCS files were analyzed using FlowJo 

software (FlowJo_v10.6.1).

Immunological responses were assessed by measuring intracellular cytokine production (IFNγ, 

TNFα and IL-2) and the degranulation marker CD107a (LAMP-1). Patients were considered 

an immunological responder when the positive cells were visible as a clearly distinguishable 

population in the analysis dot plot (before the clinical response of the patient was evaluated) 

and when the frequency of positive cells exceeded that of unloaded APC control by at least a 

factor of two. A T cell response was considered vaccine induced, when frequencies showed 

an increase of at least twofold increase relative to baseline.

Blood counts by hemocytometer
Routine blood counts were measured with a hemocytometer at the Clinical Chemistry 

Department at the Netherlands Cancer Institute. Blood was analyzed on the Xn2000 system 

(Sysmex). Lymphocyte, neutrophil, eosinophil and monocyte counts were extracted and 

analyzed from the patient records by the involved study team.
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Statistical analysis
For sample size calculation, an optimal Simons two-stage design was implemented, aimed to 

exclude an immunological response rate of 30% and targeting a response rate of 60%. With 

alpha = 0.1 and power = 80%, 5 patients had to be enrolled in the first stage and the vaccine-

induced immune response had to be observed in at least 2 patients to continue to the next 

stage (second cohort of n=9).

Patients were included in the evaluation of HPV-specific immune responses if they had 

received at least 2 doses of the vaccine, and if the blood samples at baseline and at least 

2 blood samples during therapy were drawn. Fishers exact test was used to test whether 

responding patients had significantly more immunological responses ex vivo compared to 

non-responding patients.

Blood counts were compared between responders (CR and PR) and non-responders using 

the non-parametric two-tailed Mann-Whitney U test. Paired analysis of the same patient 

over two time points was performed using the Wilcoxon signed rank test. P-value < 0.05 is * 

and p-value < 0.01 is **.

RESULTS

Safety and toxicity
13 patients received all 4 vaccinations and 1 patient received only 2 vaccinations due to 

adverse reactions. All adverse events are listed in table 2. The patient (patient #12) who 

had to discontinue vaccination was diagnosed (by biopsy of a skin eruption) with a Stevens-

Johnson syndrome grade 3, two weeks after the second vaccination. Although she presented 

with similar symptoms earlier that year during imiquimod treatment and before she received 

the first vaccination, an effect of the vaccination could not be excluded, and this event was 

therefore reported as a suspected unexpected serious adverse reaction (SUSAR). Other 

patients did not have treatment-related adverse events higher than grade 1 (table 2). Pruritus 

at the injection site after vaccination was the most commonly observed adverse event (36%). 

A picture of the injected skin immediately after vaccination, 2 weeks after vaccination and 6 

months after vaccination is shown in figure 1 c-e.
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Toxicity Grade Re ated No. of patients

Steven Johnsons Syndrome 3 Unlikely 1

Pruritis 1 Definitely 5

Injection site reaction 1 Definitely 3

Fatigue 1 Possibly 3

Flu like symptoms 1 Possibly 3

Dizziness 1 Possibly 2

Dysgeusia 1 Possibly 2

Local infection after skin biopsy 1 Definitely 1

Hot flushes 1 Possibly 1

Pain of skin 1 Possibly 1

Table 2: Overview of treatment-related adverse events. Grades according to the Common Terminology Criteria 
for Adverse Events (CTCAE) v4.3.

Clinical responses
In the first cohort we included 5 patients. In this cohort a complete response was observed 

in 2 patients and a partial response was seen in 1 patient (figure 2). Both complete responses 

were seen after 6 months of follow-up and the partial responses after 3 months. The uVIN 

lesions did not recur after a complete response had been observed for the duration of follow-

up (12 months after the last vaccination). Patient #5 showed no response and started with 

imiquimod treatment 3 months after the last vaccination. Clinical responses after the start 

of new treatments were not taken into account in this study. In the second cohort, 9 patients 

were included. In this second cohort 4 patients showed a durable partial response during 

follow-up. The biopsies of the vulva at 3 months follow-up showed uVIN in all of the vaccinated 

patients. This correlates with the clinical observation that complete responses were first seen 

at 6 months after vaccination. Five patients showed no response. One patient (patient #9) 

was diagnosed with micro-invasive vulvar cancer after 6 months of follow-up. Patient #10 

underwent laser treatment and patient #11 local excision, 6 months after last vaccination. 

Patient #12 underwent laser excision after 84 days of follow-up. Patient #14 is still in follow-up 

for lesion size examination (most recent follow-up is visit +9 months after last vaccination). An 

overview of all clinical responses is given in figure 2c-d. In figure 2E the pre-treatment size of 

the lesions per group (NR, PR, CR) is illustrated. The patients with the biggest lesion size (#9 

and #10), were both non-responders. These two patients also had received most previous 

treatments before inclusion in this study, as shown in Table 1.
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Figure 2. c inica  response data of cohort 1 and 2 
a) uVIN lesions visible at screening visit. b) Partial response of uVIN lesions visible at follow-up +12 

months after vaccination with sig-HELP-E6SH-kdel/sig-HELP-E7SH-kdel. c) Overview of uVIN lesion 

size changes (as percentage change compared with baseline) during follow-up. d) Waterfall plot showing 

percentage change of uVIN lesion at last follow-up compared with baseline lesion size (= lesion size 

at screening). e) Lesion size per response category. Complete responders are depicted in red, partial 

responders in orange and non responders in blue. 

Blood counts
At matching time points with the PBMCs for ex vivo reactivity assays, regular blood cell counts 

were established. At baseline, no statistically significant differences in number of circulating 

lymphocytes, neutrophils, monocytes and eosinophils could be found between responding 

and non-responding patients (shown in figure 3a,b,c,d), although lymphocyte counts already 

appear to be somewhat elevated in responders. However, during the vaccinations at day 28, 

as well as at the peak of the response at day 56, lymphocyte counts were significantly higher 

in responding patients than in non-responding patients (figure 3e). The number of circulating 
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neutrophils, monocytes and eosinophils remained similar for responders and non-responders 

and unaltered compared to baseline levels.

Figure 3. b ood counts by hemocytometer. 
No statistically significant differences could be detected between responding and non-responding 

patients in baseline levels of a) lymphocytes, b) neutrophils, c) monocytes and d eosinophils. e) Lymphocyte 

counts at different timepoints. Lymphocyte counts were higher at day 28 and 56 in responding patients 

compared to non-responding patients. Two tailed Mann-Whitney test D28 p=0,015, D56 p=0,048.

Systemic HPV-16 specific T cell responses
Patient PBMCs from baseline samples, as well as from ~day 28, ~ 56, and ~ 84 after 

primary vaccination were subjected to basic phenotypic characterization, read out by flow 

cytometry. PD-1 expression on T cells was overall very low systemically (<0,2%) and did not 

show any directionality in terms of response prediction or evaluation (see supplementary 

figure 2a for gating example). We also did not uncover an increase in PD-1 expression upon 

vaccination. No differences between responders and non-responders could be found in the 

differentiation state of T cells based on the surface marker expression of CD45RA and CCR7 

(see supplementary figure 2b for gating example).

The same PBMCs used for phenotypic characterization of T cells, were also used to monitor 

systemic immune responses against the HPV16 E6 and E7 oncoproteins. IFNγ production 

of CD8+ T cells from an immunological responder and an immunological non responder are 

displayed in figures 4a and 4b respectively. In addition, a dot plot of CD4+ T cells positive for 

CD107a is displayed in figure 4c. T cell responses against E6-1, E6-2 and E7 peptide pool 

compared to unloaded APCs of two representative responding patients (patient #2 and patient 

#8) are presented in figure 4d and 4e. CD8+ and CD4+ T cells of patient #8 produced IFNγ 

when co-cultured together with APC loaded with the E6-2 peptide pool (figure 4d). CD8+ and 

CD4+ T cells of patient #2 were positive for CD107a when co-cultured together with APCs 

loaded with the E6-1 and E6-2 peptide pools. In addition, CD8+ T cells were also CD107a 

positive when co-cultured together with APCs loaded with the E7 peptides (figure 4e). Time 
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course graphs showing the IFNγ, TNFα, IL-2 and CD107a responses against E6-1, E6-2 and 

E7 peptide pool of all patients, can be found in supplementary figure 3.

Figure 4. in vitro reactivity data. 
a) Immunological non-responder. Fold increase compared to D0 and compared to unloaded APC both 

meet the 2-fold requirements, but the IFNγ positive population is not nicely distinguishable. b) Example 

of an immunological responder, in which you can appreciate a cloud of IFNγ producing cells that also meet 

the fold increase requirements described earlier. c) Gating example of a CD107a response in CD4+ T 

cells. d) Time course of a responding patient (#8). T cell responses against E6-1, E6-2 and E7 peptide pool 

are depicted, with a ‘no peptide’ control to establish background reactivity. This particular patient has a 

transient IFNγ response against APCs loaded with the E6-2 peptide pool. e) Like D, but showing patient 

#2, with a persistent CD107a response in both CD4 and CD8 compartment, against multiple peptide 

pools. Arrows indicate days of vaccination. Time courses of IFNγ, TNFα, IL-2 and CD107a production 

for all patients are displayed in supplementary figure 3.

Table 3 shows an overview of the CD4+ and CD8+ T cell responses against E6-1, E6-2 and E7 

peptide pools, depicted as the fold change over the unloaded APC background. A patient was 

called an immunological responder when the percentage of positive cells for one or more of the 

read-out molecules (IFNγ, TNFα, IL-2 and CD107a) was at least two times over background. 

Furthermore, a response was considered vaccine induced when fold change over background 

was at least doubled at day 56 compared to baseline.
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The peak of the immunological response in blood was mostly detected at day 56; two weeks 

after the boost vaccination. From the 14 patients treated in this study, five showed an ex vivo 

immunological response (36% immunological response rate). Four of these immunological 

responses were not detected at baseline, and one response showed a substantial increase after 

vaccination (see for time course supplementary figure 3, patient #7 IFNγ). Furthermore, 4 out 

of 5 of these responses could still be detected one month after the final vaccination. No vaccine 

induced immune responses were detected against the junction sites of the shuffled proteins.

The effector molecule measured in the response was variable between patients, but IFNγ 

was the dominant effector molecule (3/5). Interestingly, both CD4+ and CD8+ T cell reactivity 

against all peptide pools was observed. In 4/5 immunological responders the response could 

be detected in both the CD4+ and CD8+ T cell compartments, and in 1/5 immunological 

responders the response was limited to the CD4+ T cells.

Notably, all patients who showed ex vivo HPV E6 or E7 specific T cell responses also had 

clinical benefit from the vaccine. In contrast, such HPV E6 or E7 specific T cell responses were 

completely absent in clinical non-responders (0/8). Only for 1 out of 6 patients that showed 

a clinical response, no ex vivo reactivity could be determined, so clinical and immunological 

responses overlap remarkably well (p=0,003).

DISCUSSION & CONCLUSION

Despite a variety of treatment modalities for patients suffering from uVIN, these patients 

are often confronted with recurrent disease and are at risk to progress to invasive disease. 

Immunotherapeutic strategies targeting the oncogenic HPV proteins E6 and E7 have been 

studied in the past, with moderate success. In this study, we have used an HPV-16 E6/E7 

DNA vaccine comprising of sig-HELP-E6SH-KDEL and sig-HELP-E7SH-KDEL. In mice, this 

DNA vaccine has shown to be much more immunogenic than the variants with other helper 

cassettes (such as TTFC) that were previously used in the clinic 23,24. This is the first clinical 

trial using this optimized DNA vaccine.

Our data indicate clinical efficacy with a 43% clinical response rate. A clinically durable and 

ongoing complete response was seen in 14% of the patients. Partial responses were observed 

in 29% of patients and were ongoing at the time of most recent follow-up. Importantly, unlike 

other treatment modalities (e.g., laser ablation, surgical excision or imiquimod application) with 

up to one-third of patients showing a recurrence 9,26, none of the responders had recurrences 

or increasing lesion size over time. Most probable reason for this is that this vaccination 

strategy targets the cause of the disease, i.e., HPV infection, and this is underlined by the 

fact that 83% of the responders showed a clear HPV16+ specific T cell response accordingly. 

However, follow-up period in this study was 12 months, and future studies have to point out 

whether recurrent uVIN over one year is indeed prevented by therapeutic HPV-vaccination. 
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Furthermore, no HPV-testing at the end of follow-up was performed, which would be 

interesting to take into account in follow-up studies.

Several HPV-vaccination studies targeting E6 and/or E7 have been performed with different 

results. TA-CIN (fusion protein HPV16 E6E7L2) in combination with imiquimod has been 

studied, with a clinical response rate of 63% in patients with uVIN but all patients in this 

study displayed moderate (n=5, 26%), or severe (n=14, 74%) side effects 19. In a trial with 

synthetic long peptides (SLP) vaccination, clinical responses were observed after 12 months 

in 79% of women with uVIN 20. However, grade 1 and grade 2 side effects were reported 

at very high frequencies and were probably linked to the use of the Freund’s adjuvant. In 

our trial, no adverse events higher than grade 1 were reported (apart from one patient with 

a grade 3 SUSAR that was most probably unrelated as symptoms had occurred before the 

first vaccination) and at much lower frequencies, suggesting that HPV-16 E6/E7 DNA tattoo 

vaccination is safe to use. This difference in toxicity and tolerability can largely be explained 

by the fact that no adjuvant or other treatment modality such as imiquimod was used in our 

trial. Since intramuscular administration with adjuvant of the therapeutic HPV vaccines can 

cause significant adverse events (such as local skin swelling), we focused on improving the 

administration route and optimization of immunogenicity of the vaccine. DNA vaccination 

forms an attractive approach for the induction of cellular immune responses, as these vaccines 

are safe, easy to produce, very stable, relatively cheap and do not suffer from the drawback of 

pre-existing immunity or induction of anti-vector immunity, as is the case for most viral vectors 
24,27. Therefore, we developed a DNA vaccination strategy based on DNA tattoo vaccination, 

which demonstrated a 10-100 fold increase in vaccine specific T cell responses as compared 

with classical intramuscular DNA vaccination when tested in non-human primates 28.

Interestingly, 5 out of 6 patients with complete or partial responses also showed HPV-specific 

T cell responses in ex vivo assays. Likewise, patients without a clinical response, did not show 

an HPV-specific response ex vivo. Immunological HPV-specific T cell responses were found 

in both the CD4+ as well as the CD8+ compartment. These responses were either vaccine 

induced (4/5) or vaccine enhanced (1/5).

At baseline, there was a trend towards increased circulating lymphocyte numbers in responders 

compared to non-responders. We could speculate that the responding patients were better 

equipped to elicit a relevant immune response and were in that sense primed to respond. 

Upon treatment, responders had statistically significant more circulating lymphocytes than 

non-responders, which could potentially be a reflection of a more competent immune system. 

Future experiments will tell whether this higher number of systemic lymphocytes will translate 

into a more infiltrated VIN lesion locally, and what potential immunosuppressive mechanisms 

in the lesions might have hampered a T cell response in the non-responding patients.

Follow-up studies should be performed to determine the effects of this vaccination strategy 

in a larger cohort of patients with uVIN, as well as patients with other intraepithelial neoplasia 
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caused by hrHPV 16, such as anal intraepithelial neoplasia (AIN), penile intraepithelial neoplasia 

(PeIN) and cervical intraepithelial neoplasia (CIN). HPV-16 and HPV-18 CIN2/3 patients have 

already shown to respond to other types of DNA vaccination targeting E6 and E7 proteins 29.

Although responses were durable in our study, complete response rates were still low (2/14). 

Therefore we would like to advocate the combination of our vaccine with for instance immune 

checkpoint inhibitors such as (locally administrated) anti PD-(L)1 or TLR-agonists, such as 

poly-IC. Besides this, it might be beneficial for patients with large uVIN lesions to first decrease 

lesion size (e.g. by laser or topical therapy), before administering our vaccine, because patients 

with largest uVIN lesion size at baseline did not show any response to vaccination in this trial. 

However, since the sample size in this study was quite small, future studies have to reveal 

whether this effect will still be observed. Interestingly though, Kenter et al. also reported 

that lesions were smaller in the CR group after E6 and E7 synthetic long-peptide vaccination 

in uVIN patients 20.

In conclusion, we found in this phase I/II clinical trial that HPV-16 E6/E7 DNA tattoo 

vaccination for the treatment of HPV16 positive uVIN is effective, with 6/14 patients showing 

a clinical response. In 5 out of the 6 responding patients, E6/E7 specific CD4+ and CD8+ T cell 

reactivity could be detected in ex vivo blood samples, and such responses were not observed 

in patients without a clinical response. Our results suggest that HPV-16 E6/E7 DNA tattoo 

vaccination is a safe and clinically meaningful treatment strategy in patients with uVIN.
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SUPPLEMENTARY FILES

Supp ementary tab e 1. Overview of peptide pools used in the in vitro reactivity screens, and the amino 

acid sequence of each peptide.

Peptide Pool Peptide Number Amino Acid Sequence

Pool 1: E6-1 1 MHQKRTAMFQDPQERPRKLPQL

2 DPQERPRKLPQLCTELQTTIHD

3 QLCTELQTTIHDIILECVYCKQ

4 HDIILECVYCKQQLLRREVYDF

5 KQQLLRREVYDFAFRDLCIVYR

6 DFAFRDLCIVYRDGNPYAVCDK

7 YRDGNPYAVCDKCLKFYSKISE

8 DKCLKFYSKISEYRHYCYSLYG

Pool 2: E6-2 9 SEYRHYCYSLYGTTLEQQYNKP

10 YGTTLEQQYNKPLCDLLIRCIN

11 KPLCDLLIRCINCQKPLCPEEK

12 INCQKPLCPEEKQRHLDKKQRF

13 EKQRHLDKKQRFHNIRGRWTGR

14 RFHNIRGRWTGRCMSCCRSSRT

15 GRWTGRCMSCCRSSRTRRETQL

Pool 3: E7 16 MHGDTPTLHEYMLDLQPETTDL

17 YMLDLQPETTDLYCYEQLNDSS

18 DLYCYEQLNDSSEEEDEIDGPA

19 SSEEEDEIDGPAGQAEPDRAHY

20 PAGQAEPDRAHYNIVTFCCKCD

21 HYNIVTFCCKCDSTLRLCVQST

22 CDSTLRLCVQSTHVDIRTLEDL

23 STHVDIRTLEDLLMGTLGIVCP

24 RTLEDLLMGTLGIVCPICSQKP

Pool 4: Potential epitopes 

that may have arisen as a 

consequence of shuffling 

the protein domains.

25 TDLYCICSQKPKCDSTLRL

26 GTLGIVCPYEQLNDSS

27 YNIVTFCCQPETTDLY

28  HDIILECVNCQKPLCP

29 GRWTGRCMKCLKFYSK

30 CDLLIRCIYCKQQLLR

31 GNPYAVCDSCCRSSRT

32 RTRRETQLQLCTELQT
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Supp ementary tab e 2. Antibody panel used for in vitro reactivity screens.

Target + F uorochrome C one Detai s Vendor

CD3-APC-H7 Clone SK7 Mouse IgG1 BD Biosciences

CD14-Pacific Blue Clone TȕK4 Mouse IgG2a Invitrogen

CD16-Pacific Blue Clone 3G8 Mouse IgG1 Invitrogen

CD19-Pacific Blue Clone SJ25-C1 Mouse IgG1 Invitrogen

CD4-PE Clone S3.5 Mouse IgG2a Invitrogen

CD8-PerCP-Cy5.5 Clone SK1 Mouse IgG1 BioLegend

CCR7-PE-CF594 Clone 150503 Mouse IgG2a BD Biosciences

CD45RA-PE-Cy5.5 Clone MEM-56 Mouse IgG2b Invitrogen

PD-1-eVolve 655 Clone J105 Mouse IgG1 eBiosciences

IFNɣ-FITC Clone B27 Mouse IgG1 BD Biosciences

IL-2-APC Clone MQ1-17H12 Rat IgG2a BD Biosciences

TNFα-PE-Cy7 Clone MAb11 Mouse IgG1 BD Biosciences

CD107a-Alexa Fluor 700 Clone H4A3 Mouse IgG1 BD Biosciences

Fixable Violet Dead Cell Stain Kit, 

405 nm

Fluorescent reactive 

dye + DMSO

Invitrogen

Supp ementary Figure 1. Gating strategy unti  CD4 and CD8 popu ations are separated. 
Cytokine production of those populations was assessed separately.
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Supp ementary figure 2. Gating strategy examp e of phenotypic characterization of CD8 T ce s. 
a) PD-1 expression. b) Differentiation state of CD8 T cells defined by CD45RA and CCR7 surface marker 

expression. CD45RA+ CCR7+: naïve T cells, CD45RA- CCR7+: central memory T cells, CD45RA- CCR7-: 

effector memory T cells and CD45RA+ CCR7-: effector T cells.
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Supp ementary figure 3. Time course graphs showing the IFNγ, TNFα, IL-2 and CD107a responses 
against E6-1, E6-2 and E7 peptide poo  for each patient.
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Supp ementary figure 3 (continued).
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Supp ementary figure 3 (continued).
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ABSTRACT

Therapeutic immune intervention is highly dependent on the T-cell priming and boosting 

capacity of tumor-draining lymph nodes (TDLN). In vulvar cancer, in-depth studies on the 

immune status of (pre-)metastatic TDLN is lacking. Therefore, we have phenotyped and 

enumerated various T-cell and myeloid subsets in tumor-free (LN-, n=27) and metastatic 

TDLN (LN+, n=11) using flowcytometry. Additionally, we studied chemokine and cytokine 

release profiles and assessed expression of Indoleamine 2,3-Dioxygenase (IDO) in relation to 

plasmacytoid dendritic cell (pDC) or myeloid subsets. Metastatic involvement of TDLN was 

accompanied by an inflamed microenvironment with immune suppressive features, marked 

by hampered activation of migratory DC, increased cytokine/chemokine release, and closely 

correlated elevations of pDC and lymph node-resident conventional DC (LNR-cDC) activation 

and frequencies, and of terminal CD8+ effector-memory T-cell (TemRA) differentiation, 

regulatory T-cell (Treg) rates, T-cell activation, and expression of CTLA-4 and PD-1 immune 

checkpoints. In addition, high IDO expression and increased frequencies of monocytic 

myeloid-derived suppressor cells (mMDSC) were observed. Correlation analyses with primary 

and metastatic tumor burden suggested respective roles for Tregs and suppression of ICOS+ 

T helper cells in early metastatic niche formation and for CD14+ LNR-cDC and terminal 

T-cell differentiation in later stages of metastatic growth. In conclusion, metastatic spread 

in vulvar TDLN is marked by an inflamed microenvironment with activated effector T cells, 

which are likely kept in check by suppressive feedback mechanisms. Our data support (neo-

adjuvant) TDLN-targeted therapeutic interventions based on CTLA-4 and PD-1 blockade, to 

reinvigorate memory T cells and curb early metastatic spread and growth.
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Chapter 10

SUMMARIZING DISCUSSION

In the last decades, HPV cervical screening and prevention programmes have been 

implemented in many countries worldwide. However, due to low vaccination rates in several 

countries, including the Netherlands, many men and women will still be diagnosed with 

HPV-related disease (1–3). Early stages of gynecologic HPV-related cancer can be surgically 

treated. However, surgery is often associated with adverse effects, such as lymph edema 

or sexual dysfunction (4–6). In addition, adjuvant treatments for cervical cancer can result 

in premature ovarian failure and infertility, which is of importance, since this population is 

relatively young (7). In case of metastasized or recurrent disease, survival outcomes are 

generally poor (8,9). Cervical and vulvar cancer may metastasize to tumor draining lymph 

nodes (TDLN). Removal of sentinel nodes and/or lymphadenectomy is therefore generally 

performed (10,11). From previous studies we know that both the tumor microenvironment, 

as well as the TDLN in cervical cancer patients, are heavily immune inflamed, but also show 

signs of immune suppression (chapter 1). For that reason immune checkpoint blockade trials 

have been performed over the last few years. So far these studies provide promising results, 

however, the outcomes of these studies for HPV-related cervical or vulvar cancer, have not 

been as impressive as for instance for melanoma or non-small cell lung cancer (NSCLC) (12,13). 

There is an urgency to find out which mechanisms are involved in therapy resistance in order to 

improve clinical outcomes of patients receiving immunotherapy. In-depth immunomonitoring 

studies could help to answer these questions and find appropriate immunotherapeutic targets. 

TDLN are important in triggering the right immune responses, and therefore more and more 

studies investigate the role of TDLN in the application of immunotherapy. Since LN metastasis 

is the most important prognostic factor in early stage HPV-related cervical and vulvar cancer, 

immunotherapeutic approaches targeting TDLN should be explored. Treatment may be given 

locally and neoadjuvant to surgical treatment, as antibodies will be delivered to TDLN that are 

still in-situ. These strategies can be optimized by carefully evaluating the systemic and local 

immune responses and building on this knowledge to further refine the applied therapies, 

and possibly combinations thereof. Importantly, local immunotherapies may also prevent 

immune related adverse events (irAE), which are associated with systemically applied immune 

checkpoint inhibitors (ICI) and which can even be life-threatening.

In the studies described in this thesis we set out to study the immune status of the primary 

tumor (PT) and TDLN in HPV-associated cancer of the uterine cervix and the vulva, in order 

to uncover actionable therapeutic targets for local immunotherapy approaches. Based on our 

findings we have initiated a clinical Phase I study, the DURVIT trial, to study the safety and 

feasibility of intratumorally applied anti-PD-L1/durvalumab. The first results from this study 

are also presented in this thesis. Here, we discuss our findings and their possible bearing on 

future developments in the treatment of cervical and vulvar cancer.
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Cervical cancer
Many mechanisms are involved in immune escape in the PT and TDLN of HPV-related 

cervical (pre-)cancer, leading to opportunities for local immune modulation, as described in 

chapter 1. HPV-derived antigens have high immunogenicity, which leads to the assumption 

that immune suppression is required for effective immune escape, and subsequent local and 

lymphatic spread. Immune suppression (exemplified by low CD8+ T cell/FoxP3 Treg ratios) 

precedes metastasis by creating metastatic niches in TDLN as previously shown by Heeren 

et al (14). Then CD14+ monocytes are recruited to the growing tumors and polarized into 

PD-L1+ M2-like macrophages by tumor-derived factors. These M2-macrophages are incapable 

of stimulating CD8+ T cell responses, favor Treg expansion and facilitate tumor progression 

(15). These findings support the clinical exploration of immunotherapies targeting TDLN in 

cervical cancer, in order to convert the immune suppressed environment into an immune-

activated tumor-targeting environment in a bid to prevent metastasis. The advantages of 

such LN targeting immunotherapeutic strategies are listed in chapter 2. In summary, by 

the intratumoral administration of ICI, (suboptimally) primed T cells in the TDLN are easily 

targeted. By facilitating their proper priming and differentiation, cancer may be halted at 

an early stage, and systemic anti-tumor T-cell responses could be triggered, which would 

offer long-lasting protection against recurrences. In this way, the tumor is used as its own 

“vaccine” (16). Other advantages of early local application are that early stages of cancer have 

lower tumor load, lower levels of immune suppression and more limited tumor heterogeneity 

and more clonal “trunk” neoantigens (17), which might be easier to convert to an immune 

stimulating environment, as compared to more advanced stages of cancer. By making use 

of an effective local approach, surgical complications and side-effects often associated with 

systemic treatments may be decreased. Of note, lower doses of ICI would have considerably 

lower costs involved, adding to its possible societal economic impact.

In chapter 3 we show that immune suppression in cervical squamous cell carcinoma (SCC), in 

terms of immune checkpoint expression (i.e. PD-1, CTLA-4, TIM-3 and LAG-3) and frequencies 

of Tregs, is less pronounced in metastatic TDLN (TDLN+) than in the PT, indicative of tissue-

specific hierarchy (18). However, it seems that in those same TDLN+ a repertoire of HPV-

specific T cells is present, “poised for action”, as previously reported (19). After in-vitro PD-1 

blockade, enhanced E6-specific T-cell responses were detected in 4/5 TDLN+, as compared to 

only 1/5 PT, which may be related to the above mentioned lower state of immune suppression. 

We observed that Treg rates were higher in the non-responding group (mainly consisting of 

PT). Interestingly, in responders, elevated levels of a small early effector-memory like CD8+ 

T-cell subset, specifically CD8+FoxP3+CD25+ T cells, were observed, which correlated with 

the efficacy of PD-1 blockade. Upon activation these cells were not exhausted, but produced 

higher levels of effector cytokines and granzyme-B, and thus were likely reinvigorated by 

PD-1 blockade. These results were in line with earlier reports, showing that this subset of 

CD8+FoxP3+ T cells is a tumor-reactive effector cell population (20–24). Interestingly, we 

observed that these T cells mainly had intermediate levels of PD-1 expression in TDLN+ as 

compared to PT, which have been described to be more responsive to PD-1 blockade than T 

10
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cells with high expression of PD-1 (25). Besides, T cells in TDLN seem to be less exhausted (i.e. 

lower levels of multiple immune checkpoints) compared with T cells in the PT and thus may have 

a proliferative advantage upon administration of ICI. Of note, in melanoma, CD8+FoxP3+ T cells 

have also been identified as possible predictors of response to PD-1 blockade (Dr Janis Taube, 

SITC 2019 and personal communication). These results indicate that CD8+FoxP3+CD25+ T 

cells in cervical cancer TDLN+ may serve as a possible therapeutic target, and possibly also as 

a predictive biomarker for PD-1 blockade. Since high frequencies of Tregs were correlated with 

lower responses to PD-1 blockade, and since CTLA-4 blockade can curb Treg rates (26–28) 

and co-expression of CTLA-4 and PD-1 was observed on CD8+FoxP3+CD25+ T cells, the 

combination of anti-CTLA-4 with anti-PD-(L)1 should be considered as well.

As shown in chapter 3, the effects of in-vitro PD-1 blockade were more pronounced in 

cervical cancer TDLN+ than in the PT. Additionally, pre-clinical studies showed that TDLN 

were essential for anti-tumor efficacy of in-vivo (locally injected) PD-1 blockade (29,30). 

These data support the use of TDLN targeted, local PD-(L)1 blockade, in the treatment of 

CxCa, in order to lift loco-regional immune suppression and control metastatic spread. The 

design of such a study, targeting TDLN in early-stage cervical cancer by local administration 

of low-dose durvalumab (anti-PD-L1) is described in chapter 4. The DURVIT study is a phase 

I study, investigating the safety and toxicity of three dose levels of intratumorally injected 

durvalumab (5, 10 and 20 mg) two weeks before radical surgery. Three patients were included 

per dose level with three additional patients at the highest dose level, in order to determine 

the maximum tolerated dose (MTD). Exploratory endpoint was the evaluation of the immune 

responses in the TDLN, PT and peripheral blood mononuclear cells (PBMC). To our knowledge, 

this was the first study to investigate local administration of ICI in cervical cancer patients. Of 

note, proof-of-concept was provided by Van Pul et al, reporting that in stage I-II melanoma 

patients (n=13) intradermal ICI with anti-CTLA-4 was tolerable (only one case of mild vitiligo 

was observed), with a systemic decrease of Tregs and an increase of tumor-specific (NY-ESO-

1) effector T cells, 7 days after injection (manuscript in preparation).

Intratumoral low-dose durvalumab injection in early-stage cervical cancer patients, two weeks 

before radical surgery, is a tolerable and safe neo-adjuvant treatment strategy (chapter 5). 

Cervical tumors are easily accessible for injection. In total, 12 patients were included and 

the highest tested dose level (20 mg) proved safe, with the observation of only one irAE, 

which was auto-immune thyreoditis resulting in grade 2 hypothyroidism. No treatment-

related serious AE were observed. As expected, the most common AE was pre-surgical 

vaginal haemorrhage (in 42% of patients), not exceeding grade 2. This strategy appeared 

more tolerable than systemically applied anti-PD-L1, since grade 3-4 treatment related AE 

have been reported to occur in approximately 12-21% of patients that receive anti-PD-(L)1 

therapy intravenously, sometimes leading to discontinuation of ICI administration (31–33). 

When systemic administration of anti-PD-1 is combined with anti-CTLA-4, this even increases 

to 37% of patients (34).
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As shown in chapter 5, flow cytometry analysis revealed that systemic Treg rates two weeks 

after durvalumab injection had increased. Pre-clinical studies previously showed that PD-1 

deficient Tregs in mice exhibited an activated phenotype and enhanced immunosuppressive 

functions (35). This suggests that PD-1 interactions normally constrain Treg functionality and 

that blockade of PD-1 on Tregs could lead to more immunosuppression. Kamada and colleagues 

have described the amplification of intratumoral PD-1+ Tregs by PD-1 blockade, which led to 

hyperprogressive disease (HPD) in ~10% of patients with gastric cancer (36). Although we did 

not observe HPD or an increase of Tregs within the PT, we did observe increased proliferation 

of activated Tregs (aTregs) in treated TDLN, which may explain the subsequent increases in 

systemic Treg rates. Although it remains unclear what the clinical effects of systemic increases 

of Tregs are, one could imagine that these enhanced Treg frequencies would interfere with 

effector T-cell activation and the efficacy of PD-L1 blockade. For that reason, future studies 

should preferably combine local anti-PD-(L)1 with anti-CTLA-4 immunotherapy, which could 

decrease both loco-regional and systemic Treg cell rates, as shown by Van Pul et al in early-

stage melanoma cells receiving locally delivered tremelimumab (manuscript in preparation). 

This Treg-constricting effect of CTLA-4 blockade could conceivably synergize with increased 

effector T-cell function due to PD-(L)1 blockade. Moreover, as described in chapter 3 and 

chapter 5, high CTLA-4 and PD-1 co-expression is observed on T cells in TDLN+ and PT, 

again supporting the idea to target both these two checkpoint with ICI. First results of phase 

I/II trials show promising response rates with combination of anti-PD-(L)1 and anti-CTLA-4 

in cervical cancer patients, although severe side effects were observed in a significant number 

of patients (34). This may be prevented by local administration of both anti-PD-(L)1 and anti-

CTLA-4.

In the DURVIT trial patients with cervical cancer of every histological subtype were eligible. 

In total, 6/12 patients had adenocarcinoma (AC) and 6/12 patients squamous cell carcinoma 

(SCC). These patients were included in all dose cohorts, leading to a heterogeneous patient 

population. Recently published data from other trials show that AC patients seem to have 

lower responses to ICI in the recurrent/metastatic or advanced cervical cancer setting 

when compared to SCC patients (37,38). Results of a phase II trial investigating balstilimab 

(anti-PD-1) with or without zalifrelimab (anti-CTLA-4) show lower responses in AC: 8% 

versus 18% in SCC for anti-PD-1 monotherapy, and 7% versus 27% in SCC for combination 

therapy (37). Several retrospective studies have shown that also after conventional therapy, 

patients with AC have higher risk of developing metastases and poorer survival outcomes 

than patients with SCC (39–41). Furthermore, these subtypes differ in terms of biological 

behaviour, mutational profiles, prognostic factors and responses to chemo- and radiotherapy 

(42–46). Interestingly, the presence of Tregs in SCC correlates with poor survival, whereas 

the presence of Tregs correlates positively with survival in AC (47,48). This may be explained 

by Treg rates in AC acting as a surrogate marker for overall T-cell infiltration. In chapter 6 we 

mapped out the immune landscape of AC versus SCC, with the aim to uncover leads for novel 

immunotherapeutic options for each histologic subtype. One of the first observations was 

that AC were so-called “colder” tumors, since lower levels of T-cell infiltration were observed. 

10
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This is important, as CD8+ T-cell infiltration has been described as possible predictive 

biomarker of response to immune checkpoint blockade (49–51). The microenvironment of 

AC also seemed less immune suppressed, as infiltrating T cells had lower immune checkpoint 

expression, and relatively less Tregs were present. However, in the TDLN of AC more CD8+ 

memory T-cell differentiation was observed, indicating intact T-cell priming and differentiation 

but a block in TDLN egress of primed effector T cells. This led us to hypothesize that AC 

patients’ PT were impaired in the production of effector T-cell attracting chemokines. Indeed, 

less chemokine production (CXCL9 and CXCL10) was observed in AC PT. cDC1 (BDCA3/

CD141+) play an important role in the orchestration of an effective immune response, and 

are essential producers of effector T-cell attracting chemokines such as CXCL10 in the tumor 

microenvironment (52). Indeed, lower frequencies of cDC1 were observed in AC PT. Activation 

of the oncogenic WNT/β-catenin signalling pathway has been described by Spranger and 

colleagues to prevent the production of CCL4 by tumor cells, responsible for cDC1 attraction 

(53). In keeping with this, TCGA mRNAseq analysis confirmed that β-catenin activation and 

a lack of the cDC1-attracting chemokine CCL4 might well be the underlying cause of the 

low cDC1 content in AC. Therefore, to improve response rates to ICI with anti-PD-(L)1 in 

patients with cervical AC, cDC1 frequency and function should be enhanced, in order to 

convert “cold” tumors into “hot” tumors, amenable to immune checkpoint blockade. This might 

be achieved 1) by targeting oncogenic signalling pathways (e.g. the Wnt/β-catenin pathway), 

2) by intratumoral injection of NK cells (54), 3) by the inhibition of COX-2 (55,56), or 4) by 

application of DC mobilizing and activating agents like CpG, GM-CSF and/or FLT3-L (57,58). 

Since well-differentiated CD8+ T cells seem to be abundantly present in the TDLN, intra- or 

peri-tumoral immunotherapy targeting TDLN is a suitable option. As SCC tumors are already 

more heavily T-cell inflamed and suppressed, a different immunotherapeutic approach should 

perhaps be considered. Anti-PD-(L)1 therapy should preferably be combined with other ICI, 

such as anti-TIM-3 or Treg depleting anti-CTLA-4. Interestingly, also in oesophageal and lung 

cancer (59,60), these differences in immune landscape and immune escape mechanisms have 

been described between histologic subtypes, underlining the need for exploration of different 

immunotherapeutic strategies for specific histologic subtypes in other cancers as well.

Currently, a PD-L1 combined positive score (CPS) of ≥1 is used as criterion to select cervical 

cancer patients eligible for pembrolizumab treatment (31,61). However, so far PD-L1 protein 

expression in the tumor as determined by immunohistochemistry has not proven optimal as 

prognostic or predictive biomarker for ICI responses. Complete responses are observed in 

tumors lacking PD-L1 expression and not all patients with PD-L1+ tumors show a response 

to therapy (32,62). Therefore, in chapter 7, we evaluated detection techniques of PD-L1 (and 

PD-L2) on cervical cancer primary tumors on a tissue-microarray (TMA) and aimed to uncover 

regulatory mechanisms of PD-L1 expression in cervical cancer. Since amplification of the PD-L1 

gene in cervical cancer was a rare event, this would be an unsuitable biomarker of response 

to ICI. The detection of PD-L1 mRNA by RNAish was more sensitive and consistent than 

the heterogeneous expression of PD-L1 protein. Future research should therefore evaluate 

whether RNAish could serve as better biomarker than IHC detection. As for regulatory 
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mechanisms, interferon signalling appeared to be the major cause of PD-L1 expression in 

cervical cancer, which correlated with improved survival. Consequently, interferon signalling 

in conjunction with PD-L1/PD-L2 expression should be further evaluated as prognostic and/

or predictive biomarker. Besides these options, the presence of CD8+FoxP3+CD25+ T cells 

(chapter 3) might be interesting to take into account, as well as tumoral PD1+CD8+ T cells 

relative to PD-1+ Tregs, as this has been described to predict clinical efficacy of ICI in gastric 

cancer, NSCLC and melanoma (63). Our study focused on expression of PD-L1 in PT. However, 

a recent report by Dammeijer and colleages, shows that PD-1/PD-L1 interactions frequently 

occur in TDLN and correlate with prognosis in melanoma patients, whereas this is not the 

case in PT (64). In future studies, evaluating ICI responses in cervical cancer, PD-L1 and PD-1 

expression and interactions in TDLN should be evaluated as well. In patients with cervical 

cancer presenting with recurrent disease, formalin-fixed paraffin-embedded material will often 

be available from previous radical surgery. But to assess PD-L1 expression non-invasively, 

PD-L1 PET-CT imaging may present an alternative option to determine PD-L1 status of both 

the PT as well as TDLN or metastases, which may bypass the hurdle of tumor heterogeneity, 

which may well limit the reliability of theranostics based on small tumor biopsies (65).

Vulvar (pre)cancer
Chapter 8 describes the results of a phase I/II clinical trial, investigating a therapeutic 

intradermal DNA vaccine targeting E6 and E7 in patients with HPV16+ usual vulvar 

intraepithelial neoplasia (uVIN) lesions. Vaccines were applied four times, on the upper legs, 

targeting the same draining LN as the vulvar lesions. Overall, this tattoo vaccination strategy 

was well-tolerated. Although one patient experienced a grade 3 Suspected Unexpected 

Serious Adverse Reaction (SUSAR), which was possibly treatment-related, no adverse events 

higher than grade 1 were observed. Other therapeutic HPV-vaccination trials (sometimes 

combined with imiquimod) reported adverse events at higher frequencies (66,67). In our study, 

two patients showed a complete response and four patients had a partial response. In five out 

of the six responding patients, systemic HPV-specific T-cell responses were observed following 

vaccination. Correspondingly, all patients without responses, did not show HPV-specific T-cell 

responses. In contrast to, for instance, therapy with the immune modulator imiquimod (68), 

none of the responders (partial or complete) had recurrences or increased lesion size within 

12 months after last vaccination. Interestingly, during vaccinations patients who responded 

had more circulating lymphocytes than non-responders. Future experiments should be 

performed to find out whether these patients had higher infiltration rates in the uVIN lesions, 

and what immunosuppressive mechanisms were present in the lesions of the non-responding 

patients. By combining HPV-vaccination with other immunotherapeutic strategies (e.g., ICI 

or TLR-ligands), the current non-responding patients might benefit as well. This therapeutic 

HPV vaccination strategy does not only apply for HPV16+ vulvar lesions, but should also be 

considered for patients suffering other mucosal HPV-16 related disease, such as anal (AIN), 

vaginal (VAIN) or cervical (CIN) intraepithelial neoplasia.

10
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While promising results for several therapeutic HPV-vaccines are observed in premalignant 

HPV-related lesions, results from a phase II study investigating a therapeutic vaccine in 

advanced or recurrent cervical cancer were disappointing (69). In cancer patients, the 

microenvironment of tumors and TDLN might be too heavily immune suppressed and 

(combination with) other therapies might be needed in order to establish effective anti-tumor 

immune responses. Since vulvar cancer, like cervical cancer, initially metastasizes to TDLN, 

in-depth analysis of the immune microenvironment of vulvar TDLN could be useful in order to 

find the right immunotherapeutic targets. We observed that metastatic spread in vulvar TDLN 

was marked by an inflamed microenvironment with immunosuppressive features (chapter 9). 

Hampered activation of migratory DC was observed, as well as increased inflammatory 

cytokine release, and closely correlated elevations of plasmacytoid DC and CD14+ LN resident 

conventional DC (LNR-cDC) activation and frequencies. Furthermore, more terminal T-cell 

(TemRA) differentiation, higher Treg rates, T-cell activation and expression of CTLA-4 and 

PD-1 were all observed in vulvar TDLN containing metastases, as compared with metastasis-

free TDLN. Based on our findings, we hypothesize that Tregs and suppression of ICOS+ Th 

cell play a role in early metastatic niche formation, and recruitment of CD14+ LNR-cDC and 

terminal TemRA differentiation play a role in later stages of metastatic growth. Therefore, 

TDLN-targeting interventions combining CTLA-4 (in earlier stages) and PD-1 blockade (in 

later stages) should be considered for vulvar cancer patients, in order to reinvigorate memory 

T cells and prevent metastatic spread and growth.

FUTURE DIRECTIONS

The results of the studies presented in this thesis, indicate that there is room for improvement 

in terms of immunotherapeutic intervention in vulvar and cervical cancer. It is encouraging 

that in cervical cancer, TDLN-targeted ICI can be easily and safely applied in the neo-adjuvant 

setting by local delivery (chapter 5). Future studies will have to prove whether this strategy 

triggers effective anti-tumor immune responses, and if metastatic spread or recurrent disease 

is prevented. Only application of anti-PD-(L)1 might not be sufficient, and combinations of 

ICI may be more effective. Stratification of the histological subtypes AC and SCC in trials 

investigating ICI should be taken into consideration, as distinct immune microenvironments 

and immune escape mechanisms have been observed.

To predict responses to immunotherapy, PD-L1 expression as assessed by 

immunohistochemistry is used as selection criterion for pembrolizumab treatment in cervical 

cancer patients. However, even in this preselected group, many patients do not respond to 

therapy. We have to improve our understanding of immune-escape mechanisms and resistance 

to therapy, in order to find markers that are relevant in predicting responses and inform new 

therapeutic strategies. For the studies presented in this thesis, we used the more conventional 

immune-monitoring techniques, such as multiplex immunohistochemistry and advanced flow 

cytometry. However, the developments in immune-profiling techniques and bioinformatic 

platforms are advancing rapidly (70). In the future, state of the art high-dimensional techniques 
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such as single-cell RNA-Seq (scRNA-Seq), cytometry by time of flight (CyTOF) and spatially 

resolved RNA transcriptomics and protein expression patterns should be applied for biomarker 

discovery. In this way, the depth and dimensionality of immune-profiling in HPV-related vulvar 

and cervical cancer can be improved greatly, hopefully leading to improved predictors of 

clinical outcomes for patients receiving immunotherapy as well as novel therapeutic options.

Since immune-escape mechanisms at play in the tumor microenvironment are compounded 

and become more complex with progression of disease, early interventions should be 

considered. Already in the premalignant setting, overcoming early immune escape could 

prevent progression to full-blown malignancy. Since prophylactic HPV vaccines have no effect 

in established HPV-infections, it is important to develop effective therapeutic vaccination 

strategies. Promising responses were observed with the DNA tattoo vaccination technique 

in patients presenting with uVIN (chapter 8). Future studies should point out whether this is 

applicable for premalignancies of other entities related to oncogenic HPV-infection, such as 

AIN, VAIN and CIN, in order to prevent many future cases of anal, vaginal and cervical cancer 

as well. Also here combinations with local immune modulation could further increase clinical 

efficacy, while minimizing side effects which would be unacceptable in these premalignant 

stages.

10
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Het humaan papillomavirus (HPV) is een seksueel overdraagbaar virus. Een persisterende 

infectie met HPV kan leiden tot de ontwikkeling van verschillende kankersoorten bij zowel 

mannen als vrouwen. Cervixcarcinoom (baarmoederhalskanker) is de meest voorkomende 

kankersoort veroorzaakt door HPV. In de laatste decennia zijn daarom in veel landen 

wereldwijd HPV-screening en vaccinatie programma’s opgezet om cervixcarcinoom (en andere 

kankersoorten veroorzaakt door HPV) te voorkomen. Echter, vanwege de lage vaccinatiegraad 

in verscheidene landen, waaronder Nederland, zullen er nog bij veel mannen en vrouwen in 

de komende jaren HPV-gerelateerde (pre)maligniteiten vastgesteld worden. Vrouwen met 

vroege stadia van gynaecologische tumoren veroorzaakt door HPV, zoals cervixcarcinoom 

of vulvacarcinoom (schaamlipkanker), kunnen vaak door middel van een operatie behandeld 

worden. Operaties kunnen echter nadelige gevolgen voor de patiënt hebben, zoals het 

ontstaan van lymfoedeem of seksuele disfunctie. Aanvullende behandelingen, in de vorm van 

chemotherapie en radiotherapie, kunnen bovendien een vroege overgang of onvruchtbaarheid 

veroorzaken. Wanneer de ziekte metastaseert (uitzaait) of recidiveert (terugkomt), dan zijn 

de overlevingskansen voor de patiënt over het algemeen slecht.

Tumorcellen kunnen metastaseren naar de tumor-drainerende lymfeklieren (TDLN) en daarom 

worden deze vaak operatief verwijderd bij de behandeling van cervix- of vulvacarcinoom. 

Niettemin zijn TDLN erg belangrijk bij het induceren van een immuunrespons (afweerreactie) 

tegen het cervix- of vulvacarcinoom. Uit eerdere studies weten we dat er in zowel de TDLN 

als in de primaire tumor, veel geactiveerde immuuncellen aanwezig zijn. De activiteit van 

deze immuuncellen wordt echter vaak onderdrukt door factoren afkomstig uit de tumor. Om 

die reden zijn er in de laatste jaren veel studies verricht naar medicijnen die de onderdrukte 

immuuncellen in kanker weer kunnen activeren. Deze medicijnen, de zogenoemde ‘immune 

checkpoint inhibitors,’ zijn een vorm van immuuntherapie, waarbij gebruik wordt gemaakt 

van antilichamen. Indrukwekkende resultaten hiervan worden gezien bij patiënten met een 

gemetastaseerd melanoom en niet-kleincellige longkanker. Bij patiënten met cervixcarcinoom 

of HPV-gerelateerd vulvacarcinoom zijn de resultaten echter iets minder hoopgevend. Daarom 

is het belangrijk om te onderzoeken welke mechanismen betrokken zijn bij het ontsnappen van 

deze tumoren aan de immuunrespons om met deze kennis de behandeling met immuuntherapie 

te kunnen verbeteren. Het uiteindelijke doel is het voorkomen van recidieven en het verbeteren 

van de overlevingskansen van patiënten met gynaecologische tumoren veroorzaakt door HPV.

Lymfkliermetastasen zijn de belangrijkste prognostische factor bij cervix- en vulvacarcinoom. 

Onderzoek met betrekking tot immuuntherapie gericht op TDLN is derhalve van belang. 

Immune checkpoint inhibitors kunnen zowel systemisch als lokaal worden toegediend. Het 

potentiële voordeel van lokale toediening, voorafgaand aan een chirurgische behandeling, is 

dat de antilichamen dan via de lymfbanen naar de nog aanwezige TDLN kunnen draineren. Het 

middel komt dan precies waar het zijn werking moet doen: namelijk suboptimaal geïnduceerde 

immuuncellen (met name de zogenaamde T-cellen) optimaal (her) activeren. Tevens kan de 
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lagere dosering die kan worden gebruikt bij lokale immuuntherapie ook immuun-gerelateerde 

bijwerkingen voorkomen die veelal bij systemisch toegepaste immuuntherapie optreden en in 

sommige gevallen zelfs levensbedreigend kunnen zijn.

In de studies beschreven in dit proefschrift hebben we de immuunstatus van de primaire 

tumor (PT) en TDLN bij HPV-geassocieerde cervix- en vulvacarcinomen onderzocht 

om therapeutische aangrijpingspunten te ontdekken voor de toepassing van lokale 

immunotherapie. Op basis van onze bevindingen hebben we een klinische fase I studie, de 

DURVIT-studie, opgezet en uitgevoerd waarin we de veiligheid en de werkzaamheid van 

intratumoraal toegediende anti-PD-L1/durvalumab hebben onderzocht. Anti-PD-L1 is een 

immune checkpoint inhibitor die het checkpoint programmed cell death ligand-1 (PD-L1) 

blokkeert op tumorcellen en bepaalde immuuncellen. PD-L1 kan binden aan PD-1 op T-cellen, 

waardoor T-cellen afgeremd worden en daardoor niet de tumorcellen kunnen aanvallen. De 

eerste resultaten van deze studie worden in dit proefschrift beschreven, alsmede mogelijke 

nieuwe therapeutische aangrijpingspunten voor zowel cervix- als vulvacarcinoom.

Cervixcarcinoom
Veel mechanismen zijn betrokken bij het ontsnappen aan de immuunrespons in de PT en TDLN 

bij cervixcarcinoom. Hierdoor zijn er veel mogelijkheden voor lokale immuun-modulatie door 

middel van immuuntherapie, zoals besproken in hoofdstuk 1. Voorafgaand aan metastasering 

zijn er al tekenen van immuunsuppressie zichtbaar in de TDLN. Door middel van het toepassen 

van lokale immuuntherapie zou dit immuunsuppressieve milieu omgezet kunnen worden in 

een immuun-geactiveerd milieu, waardoor er gerichte immuunresponsen tegen tumorcellen 

kunnen optreden. In hoofdstuk 2 worden de voordelen van vroege en lokaal toegepaste 

immuuntherapie besproken. Door het lokaal toedienen van immune checkpoint inhibitors, 

kunnen de antilichamen makkelijk vanuit de tumor naar de TDLN draineren. Aangezien in de 

TDLN veel getrainde, maar door de tumor onderdrukte, immuuncellen aanwezig zijn, zouden 

deze weer geactiveerd kunnen worden en zo gericht de tumorcellen (weer) aan kunnen vallen. 

Deze immuuncellen kunnen vervolgens ook in het bloed circuleren, waardoor metastasen 

op afstand op deze manier ook aangepakt worden. Het voordeel van de vroege toepassing 

van immune checkpoint inhibitors is dat vroeg in het ziekteproces de totale tumormassa nog 

relatief laag is, en er ook sprake is van minder immuunsuppressie en tumor heterogeniteit 

dan in latere stadia. Hierdoor is het mogelijk makkelijker om een immuunactiverend milieu 

te bewerkstelligen. Indien deze strategie aanslaat, zouden systemische behandelingen met 

mogelijk zwaardere bijwerkingen voorkomen kunnen worden. Daarnaast kan de lagere dosis 

ook bijdragen aan vermindering van de kosten ten gevolge van systemische behandelingen.

In hoofdstuk 3 beschrijven we dat de immuunsuppressie in plaveiscelcarcinoom van de cervix 

sterker is in de PT dan in TDLN met metastasen. In de PT komen meer immuun checkpoint 

moleculen ter expressie op T-cellen (met name PD-1 en CTLA-4, maar ook TIM-3 en LAG-3) 

en zijn er meer suppressieve immuuncellen aanwezig, de zogenaamde regulatoire T-cellen 

(Tregs). Na kweken met celsuspensies van de PT en TDLN met de immune checkpoint inhibitor 

A
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anti-PD-1 bleek dat er meer HPV-specifieke immuunresponsen optraden in TDLN met 

metastasen dan in de PT. Dit heeft mogelijk te maken met de hiervoor genoemde aanwezige 

immuunsuppressie, welke zwakker leek te zijn in de TDLN. Bovendien hing de aanwezigheid 

van een bepaalde groep T-cellen (CD8+FoxP3+CD25+ T-cellen) sterk samen met het optreden 

van een HPV-specifieke immuunrespons na PD-1 blokkade. Daarom zou deze groep van 

CD8+FoxP3+CD25+ T-cellen mogelijk een therapeutisch aangrijpingspunt kunnen zijn, of 

kunnen dienen als een voorspeller voor therapeutische responsen na PD-1 blokkade, een 

zogenoemde voorspellende biomarker. Aangezien het immune checkpoint molecuul CTLA-4 

veel aanwezig is op Tregs én op CD8+FoxP3+CD25+ T-cellen, zou immuuntherapie met de 

combinatie van anti-CTLA-4 en anti-PD-(L)1 ook overwogen kunnen worden.

Bovengenoemde studie liet zien dat de effecten van PD-1 blokkade sterker waren in TDLN 

met metastasen dan in de PT. Daarnaast toonden enkele preklinische studies dat (lokaal 

toegediende) PD-1 blokkade alleen werkt als de TDLN nog aanwezig zijn. Deze resultaten 

ondersteunen de gedachte om lokaal toegediende, op TDLN gerichte PD-1 blokkade in een 

vroeg stadium bij patiënten met cervixcarcinoom te onderzoeken, voorafgaand aan de operatie 

waarbij de TDLN verwijderd worden. In hoofdstuk 4 wordt de opzet van een dergelijke 

studie beschreven, de zogeheten DURVIT-studie. In deze fase-I studie werd de veiligheid en 

toxiciteit van drie verschillende lage doses (5, 10 en 20 mg) van intratumoraal toegediende 

durvalumab (anti-PD-L1) onderzocht bij vrouwen met een vroeg stadium cervixcarcinoom. 

Durvalumab werd in de tumor geïnjecteerd, twee weken voorafgaand aan de operatie waarbij 

de baarmoeder met de baarmoederhals(tumor) en TDLN werden verwijderd. Per dosis 

werden drie patiënten geïncludeerd en in de hoogst haalbare veilige dosis werden drie extra 

patiënten geïncludeerd. Op deze manier werd de maximaal getolereerde dosis bepaald. Naast 

de veiligheid en toxiciteit, werden de immuunresponsen in het bloed, in de TDLN en in de PT 

bepaald.

Intratumoraal toegediend, lage dosis, durvalumab bij vroeg-stadium cervixcarcinoom 

patiënten, twee weken voorafgaand aan de operatie, bleek een veilige en haalbare strategie 

(hoofdstuk 5). In totaal werden 12 patiënten geïncludeerd en de hoogste dosis van 20 mg 

durvalumab, bleek veilig toegediend te kunnen worden. Slechts één immuun-gerelateerde 

bijwerking werd geobserveerd: een auto-immuun schildklierontsteking (thyreoïditis) welke 

resulteerde in een graad 2 hypothyreoïdie. Er werden geen ernstige bijwerkingen gezien. De 

meest voorkomende bijwerking was vaginaal bloedverlies (bij 42% van de patiënten), niet hoger 

dan graad 2. Deze bijwerkingen waren beduidend minder dan bij systemisch toegediende 

anti-PD-(L)1, waarbij in zo’n 12-21% van de patiënten graad 3 of 4 bijwerkingen werden 

gerapporteerd.

Analyses door middel van flow cytometry lieten zien dat de aantallen in het bloed circulerende 

Tregs twee weken na durvalumab toediening waren toegenomen. In de TDLN zagen we tevens 

toenames van proliferende Tregs, een mogelijke oorzaak van de systemisch toegenomen Treg 

aantallen. Het is niet duidelijk wat de klinische betekenis is van deze toename, maar het zou 
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kunnen dat dit een negatief effect heeft op T-cel activatie en daarmee de effectiviteit van 

PD-L1 blokkade. Vervolgstudies zouden daarom de combinatie van lokale anti-PD-(L)1 met 

anti-CTLA-4 kunnen onderzoeken, waarmee de Treg aantallen mogelijkerwijs naar beneden 

gebracht kunnen worden. Eerste uitkomsten van studies waarin anti-PD-(L)1 met anti-

CTLA-4 werden onderzocht lieten veelbelovende resultaten zien, echter gepaard gaande 

met ernstige bijwerkingen, mogelijkerwijs als een gevolg van de systemische toediening ervan. 

Lokale toediening van anti-PD-(L)1 i.c.m. anti-CTLA-4 zou tevens een effectieve, maar wellicht 

veiligere optie zijn.

In de DURVIT-studie werden patiënten toegelaten met alle histologische soorten 

cervixcarcinoom. Er werden zes patiënten met adenocarcinoom (AC) en zes patiënten met 

plaveiscelcarcinoom (PCC) geïncludeerd, verspreid over de verschillende dosis-groepen. In 

studies waarin systemische toediening van anti-PD-1 werd onderzocht, werden minder goede 

responsen gezien bij patiënten met AC. In hoofdstuk 6 hebben we gekeken naar de verschillen 

in het immuunmilieu tussen AC en PCC van de cervix. In AC zagen we minder infiltratie van 

T-cellen in de PT. De mate van T-cel infiltratie is belangrijk voor het voorspellen van een goede 

immuunrespons na immune checkpoint blokkade. De infiltrerende T-cellen lieten bovendien 

minder expressie van immune checkpoint moleculen zien en daarnaast waren er minder Tregs 

aanwezig, indicatief voor minder immuunsuppressie in AC. Dit terwijl er in de TDLN van AC 

patiënten wel meer CD8+ geheugen T-cellen werden gevormd in vergelijking met PCC TDLN. 

Het bleek dat in de PT van AC patiënten minder factoren werden geproduceerd om die in de 

TDLN geactiveerde geheugen T-cellen aan te trekken, namelijk de chemokines CXCL9 en 

CXCL10. De cellen die deze chemokines aanmaken, conventionele dendritische cellen type I 

(cDC1), waren ook minder in AC PT dan in PCC PT aanwezig. mRNAseq analyses toonden dat 

een bepaalde signaleringsroute (WNT/β-catenin) betrokken kon zijn in dit proces, waardoor er 

lagere aantallen cDC1 aanwezig zijn in AC. Daarom zou bij patiënten met AC van de cervix ook 

getracht kunnen worden om de cDC1 aantallen en functie te verbeteren, om zo meer T-cellen 

aan te trekken van de TDLN naar de PT en daarmee de werking van immune checkpoint 

blokkade te verbeteren. In patiënten met PCC van de cervix blijft het combineren van anti-

PD-(L)1 met een andere immuun checkpoint inhibitor een optie, gezien de hoge expressie van 

immune checkpoint moleculen en grote aantallen infiltrerende T-cellen.

Op dit moment wordt een PD-L1 gecombineerde (d.w.z. op tumorcellen én immuuncellen) 

positieve score van ≥1 gebruikt om patiënten met cervixcarcinoom te selecteren die 

aanmerking komen voor behandeling met het goedgekeurde geneesmiddel pembrolizumab 

(anti-PD-1). Dit terwijl de eiwitexpressie van PD-L1 eigenlijk niet de ideale prognostische of 

voorspellende biomarker is. Er worden volledige responsen gezien in patiënten waarbij er geen 

PD-L1 eiwit wordt aangetroffen in de tumor, en andersom reageren lang niet alle patiënten 

met PD-L1 eiwitexpressie op anti-PD-(L)1 therapie. Daarom hebben we in hoofdstuk 7 

verschillende technieken geëvalueerd waarmee PD-L1 (en PD-L2) expressie kan worden 

aangetoond. Daarnaast hebben we gekeken naar welke mechanismen verantwoordelijk zijn 

voor deze expressie. Hierbij maakten we gebruik van kleine tumorbiopten van 60 patiënten met 
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cervixcarcinoom. We zagen dat amplificatie van het PD-L1/PD-L2 gen zeer zelden voorkomt, 

wat dit diskwalificeert als biomarker. De detectie van PD-L1 mRNA was echter sensitiever en 

minder heterogeen dan PD-L1 eiwitexpressie. Toekomstig onderzoek zou daarom moeten 

uitwijzen of PD-L1 aangetoond d.m.v. de zogenaamde RNAish (in situ hybridisatie) techniek 

zou kunnen dienen als betrouwbaardere biomarker dan eiwitexpressie van PD-L1. Daarnaast 

bleek dat interferon signalering een belangrijke oorzaak is voor PD-L1/PD-L2 expressie in 

cervixcarcinoom, wat samen hing met een verbeterde overleving. Daarom zou PD-L1/PD-L2 

expressie in combinatie met interferon signalering verder geëvalueerd kunnen worden als 

prognostische of voorspellende biomarker.

(Pre)maligniteit van de vulva
In hoofdstuk 8 worden de resultaten van een fase I/II klinische studie beschreven, waarin 

een therapeutisch intradermaal toegediend DNA vaccin, gericht op de HPV onco-eiwitten 

E6 en E7, werd onderzocht bij 14 patiënten met vulvaire intraepitheliale neoplasie (uVIN, een 

voorloperstadium van vulvacarcinoom) veroorzaakt door HPV type 16. Deze vaccinaties 

werden viermaal op het bovenbeen van de patiënt getatoeëerd, in de buurt van de 

drainerende lymfeklieren van de uVIN laesies. Over het algemeen werd deze strategie goed 

door de patiënten verdragen. Hoewel er in één geval vermoeden was van een onverwachte 

ernstige bijwerking (namelijk Stevens Johnson syndroom) welke mogelijk door het vaccin 

werd veroorzaakt, traden er verder geen bijwerkingen op die hoger waren dan graad 1. 

Andere therapeutische HPV-vaccinatie studies rapporteerden ernstiger bijwerkingen. In 

deze studie observeerden we bij vijf van de zes patiënten met een klinische respons, ook een 

systemische HPV-specifieke T-cel respons. Patiënten zonder klinische respons lieten ook 

geen HPV-specifieke T-cel respons zien. Geen van de patiënten met klinische (complete of 

partiële) respons had een recidief uVIN binnen 12 maanden na laatste vaccinatie. Toekomstige 

studies zullen moeten uitwijzen wat de verschillen waren in het lokale immuunmilieu van 

patiënten met klinische dan wel immunologische respons, in vergelijking met patiënten zonder 

respons. Daarnaast zou deze strategie onderzocht kunnen worden bij patiënten met andere 

premaligniteiten veroorzaakt door HPV, zoals cervicale (CIN) of anale (AIN) intraepitheliale 

neoplasie. Op deze manier zou de ontwikkeling van vulva-, cervix- of anuscarcinoom hopelijk 

voorkomen kunnen worden.

Aangezien vulvacarcinoom, net als cervixcarcinoom, in eerste instantie metastaseert naar 

TDLN, is het nuttig om het lokale immuun milieu van TDLN bij vulvacarcinoom te bestuderen 

om zo therapeutische aangrijpingspunten te ontdekken. In hoofdstuk 9 beschrijven we dat 

metastasering van vulvacarcinoom naar TDLN gepaard gaat met uitgebreide inflammatie, 

echter met tekenen van veel immuunsuppressie. Immunologische veranderingen in de TDLN 

zonder metastasen duidden op mogelijke vroege therapieën. Daarnaast werden er meer Tregs 

en T-cel activatie met expressie van zowel CTLA-4 als PD-1 gezien in TDLN met metastasen 

in vergelijking met TDLN zonder metastasen. Therapeutische strategieën gericht op TDLN 

met CTLA-4 en PD-1 blokkade zouden overwogen moeten worden voor patiënten met 
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vulvacarcinoom, om zo geheugen T-cellen weer te activeren en om verdere metastasering en 

groei van de tumor te beperken.

Tot slot staat in hoofdstuk 10 een algemene discussie met daarin beschreven de resultaten van 

bovengenoemde studies in de context van relevante literatuur. Dankzij de studies beschreven in 

dit proefschrift hebben we meer inzicht gekregen in de veiligheid en toepasbaarheid van lokaal 

toegediende anti-PD-L1 bij patiënten met vroeg-stadium cervixcarcinoom en van intradermaal 

toegediende HPV vaccinaties bij patiënten met voorstadium van vulvacarcinoom. Daarnaast 

zijn we meer te weten gekomen over het lokale immuunmilieu van cervix- en vulvacarcinoom, 

waarmee nieuwe aangrijpingspunten voor immuuntherapie onderzocht kunnen worden bij 

patiënten met door HPV veroorzaakte gynaecologische (pre)maligniteiten. Uiteindelijk zou 

dit de overlevingskansen en de kwaliteit van leven voor deze patiënten aanzienlijk moeten 

verbeteren!

A
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DANKWOORD

Allereerst mijn dank aan de patiënten die deelgenomen hebben aan de studies beschreven in 

dit proefschrift. Zonder hen waren de wetenschappelijke inzichten er niet geweest.

Veel dank aan de leescommissie voor het zorgvuldig doornemen en beoordelen van dit 

proefschrift: prof. dr. H.W. Nijman, prof. dr. R.E. Mebius, prof. dr. S.H. van der Burg, dr. A.D. 

Bins en dr. P.J. de Vos van Steenwijk.

Prof. dr. Kenter, Gemma, dank voor de kans die ik kreeg om dit PhD-traject aan te gaan. Bij jou 

weet je waar je aan toe bent. Als één van de laatste PhD-studenten die je hebt begeleid, hoop 

ik dat je naast je wetenschappelijke inspanningen volop van je pensioen aan het genieten bent.

Prof. dr. de Gruijl, Tanja, never a dull moment, dankzij jouw eindeloze ideeën en overweldigende 

enthousiasme en kennis over de wondere wereld van de tumorimmunologie (en die daarbuiten). 

Als de data er eenmaal was, dan beleefde ik door jouw inzichten vaak veel plezier aan het 

schrijven van de papers. Fijn dat bij jou de deur altijd open stond. Ik zal de tripjes naar München 

en Washington niet gauw vergeten en al die gezellige avonden met collega’s bij jou thuis.

Dr. Jordanova, Katja, gelukkig heb je nooit echt je kalasjnikov erbij hoeven pakken. Ik waardeer 

de integere manier waarop jij de wetenschap beoefent. Je zit bovenop al je lopende projecten 

en houdt de voortgang van je PhD-studenten goed in de gaten. Veel dank voor je fijne 

begeleiding.

Dr. Mom, Stijn, wat heb ik prettig met je samengewerkt op het DURVIT project. Je bent 

eerlijk en professioneel, weet als geen ander de rust te bewaren en verzekerde mij er keer 

op keer van dat alles wel goed zou komen. Je had gelijk. Dank voor al je zinvolle feedback en 

het vertrouwen.

Hartelijk dank aan alle gynaecologisch oncologen en het ondersteunende personeel van de 

gynaecologische oncologie in het AMC. Het was soms een hoop logistiek geregel om patiënten 

in de DURVIT studie te krijgen, maar we hebben het voor elkaar gekregen. Zonder jullie was 

het niet gelukt.

Daarnaast veel dank aan de gynaecologen, doktersassistenten en secretaresses van de 

gynaecologische oncologie in het AVL. Marc, na mijn wetenschappelijke stage werd ik door jou 

getipt voor dit PhD-traject, dankjewel daarvoor. Henry, dankzij jou hebben een hoop patiënten 

aan de CIRCLE/GINA studies meegedaan, met als resultaat een aantal mooie publicaties. En 

Nienke, erg leuk om met jou aan de vaccinatiestudie gewerkt te mogen hebben. Ook aan Noor 

en Joost, dank voor de mooie samenwerking.
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Het personeel van de afdeling pathologie van het AMC, VUmc en AVL, en in het bijzonder 

Maaike Bleeker, wil ik bedanken voor jullie hulp bij de CIRCLE/GINA, DURVIT en N16SIG 

studies.

Marijne, jij hebt me wegwijs gemaakt op het lab en samen moesten we naar het AMC en AVL 

om lymfeklieren te schrapen en stukjes tumor te vergaren. Jouw overzichtelijkheid en geduld 

waren hierbij ongelooflijk prettig. Noëlle, je was nog maar een student, maar van jou heb ik 

ook veel mogen leren en daarnaast waren de publicaties er niet zonder jou gekomen. Met jullie 

beiden was de samenwerking top en waren de Mighty meetings niet geweest zoals ze waren. 

Ook zonder jou had het niet gekund Anita, het was fijn om je er met je jarenlange ervaring bij 

te hebben. Vinitha, Joyce en Sinead, dikwijls stonden jullie klaar om te ondersteunen bij de 

DURVIT studie, ik ben jullie zeer dankbaar. Ook voor alle gezellige momenten, waar ik Jana 

natuurlijk ook voor wil bedanken.

Roomies van 2.48, mede PhD-genootjes: Marta, Ioanna, Lisa, Elisa en Tessa. Ik had me geen 

betere kamergenootjes kunnen wensen. Er werd rijkelijk gelachen, hard gewerkt, soms 

vloeiden er tranen, maar bovenal was het gezellig. Borrels, squats, ’n bietjie afrikaans, planking, 

opruimsessies, veel chocola, (avocado)planten verzorgen, Spaans en Italiaans temperament, 

het nuttigen van maaltijden, eindeloos geklets, schilderijen knutselen en de kamer pimpen; 

het gebeurde allemaal in onze container. Niet alleen in 2.48, maar ook daarbuiten, op retreats 

en congressen, bij de etentjes en op de Nijmeegse Vierdaagse feesten was het volop genieten 

met jullie. Tracy, ook al had je m’n zitplek (her)ingepikt, het is je vergeven - met jou was het ook 

altijd dolle pret in de kamer.

Uiteraard ook veel dank aan alle andere collega’s die er al waren, kwamen of weer gingen, 

voor de fijne sfeer en kennis in het lab – Rieneke, Bas, Jurjen, Natasa, Inge, Roeland, John, Iris, 

Terki, Renee, Magdalena, Merwe, Neha, Femke, Hans, Sarah, Tom, Micaela, Daniella, Ruben, 

studenten en vele anderen.

En Maartje, Simone en Henk, jullie hulp kwam vaak goed van pas, dank!

Awa, Sophie, Judit en Leonie, ontzettend leuk om jullie begeleid te mogen hebben tijdens jullie 

stages. Dank voor al jullie hulp in het lab!

Lieve OVGO meiden, als ‘outsider’ voelde ik me steeds heel erg welkom bij de lunches, borrels, 

etentjes, taart-momenten en Sinterklaasavonden. De wintersport en het weekend op de boot 

met verkleedpartij in Fryslân zijn om niet gauw meer te vergeten. Dank voor al die gezellige 

momenten.

Kim en Geerke, met z’n drietjes van wetenschapsstage in het AMC tot promotietraject bij 

de gynaecologie. De gezellige etentjes (die we te weinig plannen), houden we er hopelijk in.

A
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Oud-collega’s van de GGD Zaanstreek-Waterland: Geertruida, Anja, Hilda, Gerda, Wieneke 

en alle anderen van de IZB. Wat heb ik het fijn gehad bij jullie. De perfecte werkplek om veel 

nieuwe dingen te leren en daarnaast mijn onderzoek af te ronden.

Huidige collega’s bij DermaHaven, dank voor de prettige werksfeer. Ik voelde me direct welkom 

en heb dankzij jullie al ontzettend veel geleerd op dermatologisch vlak. Het op en neer reizen 

naar Rotterdam is het dubbel en dwars waard.

M’n paranimfen, Valerie en Rosa, heel bijzonder om jullie straks naast me te hebben mogen 

staan. Lieve Val, met jou valt er altijd iets te beleven. In Afrika zijn we echt naar elkaar 

toegegroeid, wat een prachtige herinneringen hebben we daar gemaakt. M’n nuchtere doch 

enthousiaste mede-Groninger danwel low-flying-doctoring-Dutchess, je hebt een speciaal 

plekje in mijn hart. Ik heb nu al zin in het Afrika Burn avontuur én de vele wintersporten 

die we met de mannen en kleine Bella mogen gaan beleven. Roos, lief BoLo buurtje, helaas 

scheiden onze wegen vanaf deze zomer. Jij hebt altijd een luisterend oor (of een geinig verhaal 

te vertellen) en als ik je een dag niet heb gesproken voelt het gek. Zulke fijne herinneringen aan 

Amsterdam heb ik met jou. Samen fanatiek sporten (én met Grietje en Roos stoom afblazen 

na lange werkdagen), veel kletsen (op het hoekje), gezellige etentjes met de mannen erbij, 

weekendjes en vakanties weg. Laten we daar vooral mee doorgaan.

Roos, lieve Rosanne, mede sporty spice vriendin, afgelopen jaren met jou dichtbij koester ik. 

Je bent bent een vriendin waar je op kan bouwen en waar de deur altijd open staat. Ik kijk er 

nu al naar uit om jullie derde huwelijksfeestje tot een gigantisch hoogtepunt te maken, hoe 

speciaal dat jullie dan met zijn drietjes zijn!

Xan, met jou is het lachen, gieren en brullen - de weekendjes in Raalte worden sowieso genieten. 

Ben, jouw enthousiasme is aanstekelijk, steeds weer blij om je te zien. Day, samen in hetzelfde 

schuitje, heerlijk om daar uren over te kletsen met jou. De lunches en koffietjes tussen het 

schrijven door mis ik wel hoor. Floor, Hel, Greet (Haarlem, mooi!), met jullie is het altijd feest, 

we moeten absoluut meer met elkaar fietsen, wandelen en borrelen. Joan, Griet, Geert, heel 

gezellig om nu na werk met jullie in het leuke Rotterdam te kunnen meeten. En Meer en Jits, 

wat hebben we een mooie herinneringen met elkaar. Lieve Bambú vriendinnen, zo waardevol 

wat we met elkaar hebben. De weekenden weg, lustrumreizen en Lowlands avonturen zijn 

onvergetelijk. Nu dient zich zelfs een hele nieuwe generatie bambino’s en bambina’s aan, ik 

kan niet wachten om ze stuk voor stuk te mogen ontmoeten.

Liefste San en Ster, de leukste lichtingsgenootjes ooit. Alle drie een geni(t)aal PhD onderwerp, 

lief en leed daarover gedeeld en vooral veel perfecte uitstapjes voor onszelf geregeld. Ik ben 

benieuwd waar ons volgende avontuur ons zal brengen. San, heerlijk enthousiast en meelevend, 

ik geniet van onze vriendschap. Ster, boordevol gezellige en lekkere plannen, ik ben blij om je 

weer wat dichterbij te hebben!
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Lin, veel leuke herinneringen van vakanties en feestjes heb ik met jou. Keer op keer fijn om je 

eventjes te zien - inmiddels gezellig met Evi erbij tijdens de wandelingen.

Lieve Sjorsies - Mary, Marly en Babs (en Lou, San en Val inmiddels natuurlijk ook). Wat hadden 

we het goed aan de Esgang 2. Met de (koel)kast vol After Eights, choco cakejes, brood van de 

bakker en bakleverworst met maggi, kwamen wij de tijd daar in Twente wel door. Ik kijk nu 

alweer uit naar de heerlijke weekenden in de sauna, op de Military, met carnaval of gewoon 

bij iemand thuis om lekker te borrelen. Straks gezellig met wat kleintjes erbij.

Lien en Loes, lieve vriendinnen uit het Hoge Noorden, inmiddels kennen we elkaar alweer 

zo’n 20-25 jaar, de tijd vliegt voorbij. Ik ben trots op onze vriendschap. Gauw weer leuke 

weekendjes met elkaar plannen!

Lieve dispuutsgenootjes van M.D.D. Usus Cognitus. Ik koester de gezellige tijd die we met 

elkaar hadden in Groningen. En gelukkig hebben velen van jullie zich door het land verspreid, 

waardoor er tussen het harde werken door, vele koffietjes gedronken konden worden in zowel 

het AMC, VUmc, AVL en zelfs bij de GGD. Waar dan ook, altijd geniet ik ervan om iemand van 

jullie te spreken.

In goede en in slechte tijden, vrienden voor het leven. Breda boys en lieve gleuven, de afgelopen 

jaren zitten vol met mooie herinneringen aan jullie. Ik kan niet wachten totdat we weer 

nieuwjaarsdiners, huwelijken, festivals en natuurlijk carnaval met elkaar mogen vieren. Jeroen 

en Aniek, wat een gezelligheid om jullie nu, na een half jaar (semi)klussen, officieel buren te 

mogen noemen.

De allerleukste schoonfamilie! Ulla en Rob, boordevol goede ideeën en in voor gezelligheid. De 

pannenkoekenavonden zijn toch wel mijn favoriet. Florus en Khiem, telkens fijn om weer met 

jullie bij te kletsen. Pieter en Ellen, bij jullie staat de deur altijd open. De Brabantse gezelligheid 

en warmte is ongekend.

Tije, hoewel de uitstapjes naar Ierland erg vermakelijk waren, ben ik blij dat je weer in 

Nederland woont. Het voelt goed om je dichtbij te hebben. Van jou kan ik vaak een nuchter 

grote-broer-advies verwachten. En wat is het toch gezellig, met Patricia en Vas erbij, of bij 

pap en mam in Kropswolde - we amuseren ons wel. Patricia, met jou is het gezellig - altijd heb 

je iets interessants te vermelden. Hopelijk duurt het nog lang voordat jullie naar je thuisland 

Oostenrijk vertrekken (hoewel dat voor de ski-vakanties met elkaar geen probleem zou zijn).

Pap en mam, hoe kan ik jullie nou in een zo’n kort stukje tekst bedanken voor al die jaren. Van 

jullie hoefde (bijna) niks en mocht veel. Gepusht hebben jullie me in elk geval nooit, waarvoor 

ik jullie dankbaar ben. Op het moment dat ik toch een klein duwtje in de rug nodig had, voelden 

jullie dat uitermate goed aan. Ik hou oneindig van jullie en ben trots op jullie.

A
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Lieve Vas. Al die leuke dingen die we afgelopen jaren planden, moesten soms toch ineens wijken 

voor een last-minute onderzoeksactiviteit. Toch toonde jij uiteindelijk altijd je begrip, waarvoor 

ik je ontzettend dankbaar ben. Ook op de momenten dat ik het even niet zag zitten, wist jij me 

weer te motiveren en gaf je goede raad. Ik ben zo intens blij om met jou samen te mogen zijn 

- met jouw (flauwe) humor tover je elke dag weer een lach op mijn gezicht.
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