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Radioimmunodetection and radioimmunotherapy of head and neck cancer

Head and neck squamous cell
carcinoma (HNSCC)
Incidence and extension
Head and neck cancer refers to malignant tumors that arise in the mucosa of
the upper aerodigestive tract including the oral cavity, pharynx, larynx, nasal
cavity and paranasal sinuses. More than 90% of the head and neck tumors
comprise squamous cell carcinoma (SCC). Worldwide, more than 500,000 new
cases of HNSCC are projected annually, and this incidence is rising (1,2). About
one third of the patients present with early stage disease (stage I and II), whereas
the remaining patients present with advanced disease (stage III and IV). Spread
at the primary site is dictated by the local anatomy. Each anatomic site has its
own pattern of spread. Lymphatic dissemination is an important mechanism in
the spread of HNSCC. The sentinel node (SN) is the lymph node most likely to
harbor metastatic disease in case of lymphatic dissemination. A tumor-infiltrated
lymph node can act as a source for further dissemination into the surrounding
lymphatics or the blood stream, the latter resulting in distant metastases. Distant
metastases can also develop as a result of direct hematogenous spread from the
primary tumor, however, HNSCC almost always spreads to distant sites via the
lymph nodes as an intermediate stage (3).

Staging of the neck
The status of the lymph nodes is the single most important tumor-related
prognostic factor of HNSCC (3). For optimal treatment planning, it is essential to
be informed about the exact involvement of the nodes. If metastases in the neck
are detected, the neck should be treated. Primary diagnosis of the neck should
always be achieved by thorough palpation of the neck. However, palpation is far
from reliable for the detection of lymph node metastases (4). Modern imaging
techniques, such as computed tomography (CT), magnetic resonance imaging
(MRI), ultrasound (US), and especially US-guided fine-needle aspiration cytology
(USgFNAC), are more reliable than palpation, but also leave much room for
improvement. Using the most optimal radiological criteria, the overall error of CT
and MRI in the preoperative detection of lymph node metastases in neck sides
is about 20% (5,6). From the perspective of neck management, especially a neck
without palpable lymph node metastases (N0) remains a therapeutic dilemma,
because of the risk of still harboring occult metastases. For the detection
of occult lymph node metastases in the clinically N0 neck, USgFNAC has a
higher sensitivity and specificity than CT and MRI. In experienced hands, the
sensitivity for the N0 neck can reach 73% with a specificity of 100% (7). Despite
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this, USgFNAC also has some unfavorable aspects: (1) its accuracy is strongly
dependent on the skills of the ultrasonographer and the cytopathologist, (2) it
is an invasive method, and (3) it only gives diagnostic information of a selected
part of the neck and not on the primary tumor or distant metastases. In this
procedure, selection of lymph nodes to be aspirated is based on known patterns
of lymphatic spread and on lymph node size and morphology as assessed
with US. Inaccuracies of USgFNAC result from the absence of enlarged nodes,
aspiration of the wrong lymph node, failure of cytological analysis due to the
presence of too few tumor cells, or the presence of micrometastases in parts of
the lymph nodes not aspirated (sampling error).
Combining USgFNAC with SN identification procedures, to further
improve the selection of lymph nodes to be aspirated because of their risk
of harboring an occult metastasis, appeared unsuccessful thusfar (8,9). For
identification of the SN, radiocolloid can be injected around the primary tumor,
and the radioactive lymph node(s) can be delineated by either imaging with
a gamma camera and/or by the use of a hand-held gamma probe. Instead
of cytological aspiration of the SN, the identified SN can also be excised and
processed for histopathological evaluation. This technique, called sentinel lymph
node biopsy (SLNB), is the gold-standard in sentinel node investigation techniques
(10-17). Molecular techniques to improve the accuracy for detection of tumor cells
in SN aspirates or SLNBs are under evaluation (18-20). Whether it is justified to
spare patients a complete lymphadenectomy in case of a tumor-free SLNB, is soon
to be demonstrated in ongoing multi-center trials. Since the risk of metastases
is relatively high for HNSCC, and the standard approach is to perform a selective
neck dissection, there must be strong data validating the SLNB procedure before
reduced surgery can become standard practice. However, the SN technique may in
the near future also be used to improve the concept of selective lymphadenectomy
through gamma probe guided selective lymphadenectomies (21,22).
One of the novel options for refinement of the staging of head and
neck cancer is the use of positron emission tomography (PET). In PET, usually
radioactive tracers are used, which give an elevated accumulation in tissues with
high metabolic activity, such as with 18fluorine-fluorodeoxyglucose (18FDG) in
cancer tissue. Although high sensitivity and specificity values have been reported
in 18FDG-PET studies on the detection of cervical node metastases, mostly
higher than for CT and MRI (23-25), data have to be interpreted with caution
as these studies comprised a wide range of N-stages. From the perspective of
neck management, most relevant is the accurate evaluation of the N0 neck. In
this application, 18FDG-PET demonstrated a poor sensitivity and specificity, and
therefore it was concluded that PET has no role for the pre-operative staging of
the clinically N0 neck (14,26-31).
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Major drawbacks of initial 18FDG-PET technology were the limited
anatomical information obtained, and its limited resolution. Although the first
limitation has been solved by the recent introduction of PET/CT scanners, the
second limitation is still there. As a consequence, false-negative observations are
mostly due to the presence of small metastatic lymph nodes (micrometastases)
(32), especially when located close to the primary tumor (14,26,33). The most
important sources for the observed false-positive results (14,34) are processes
that also accumulate 18FDG like in reactive lymph nodes (35) and muscle activity
(36).

Detection of distant metastases
Approximately 25% of stage III and IV patients develop clinical distant
metastases. Autopsy studies have shown incidences up to 57% (37-39). The
number of histopathologically positive nodes, extranodal spread, and lymph
node metastases at multiple sites in the neck have been shown to be risk factors
for the development of distant metastases. Patient with more than three lymph
node metastases have a risk of almost 50% to develop distant metastases (3).
Eighty percent of the distant metastases become manifest within two years after
the appearance of lymph node metastases (3).
Because surgical management is reserved for patients with locoregional
disease, the presence or absence of distant metastases is critical and may
significantly influence treatment. With conventional imaging modalities like CT
and MRI, distant metastases are only accurately identified at a late stage of their
development, when their size is greater than approximately 1 cm. As indicated
previously, 18FDG-PET might be better able to delineate small-sized occult tumors,
and therefore its applicability for detecting distant metastases is currently
extensively evaluated (40-43).
In conclusion, the presence or absence of lymph node and distant
metastases has a major impact on the choice of treatment. There is still a great
demand for sensitive, specific and minimally invasive methods to detect occult
(micro) metastases in the lymph nodes in the neck as well as at distant sites.

Treatment of head and neck cancer
Therapy usually consists of surgery, radiotherapy with or without chemotherapy,
or a combination of these modalities. Generally, patients with stage I and II
disease, undergo either surgery or radiotherapy with curative intent, reaching 5
year survival rates up to 80%. For patients with local or regional advanced disease
(stage III and IV), the prognosis is much worse, and 5 year survival rates will drop
to approximately 50% (44). Frequently, combinations of surgery and radiotherapy
or radiotherapy and chemotherapy are used. Despite the decrease of local and
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particularly of the regional failures, the survival rates of patients with advanced
stage head and neck cancer have not improved much over the last decades. In
the USA, the relative 5 year survival rate for laryngeal SCC decreased from 67%
in the period 1975 – 1977 to 64% in the period 1996 – 2004. For oral cavity SCC
the 5 year survival rate was 53% in the period 1975 – 1977 and increased up to
60% in the period 1996 – 2004. For both laryngeal SCC and oral cavity SCC, these
differences in survival rates between the periods 1975-1977 and 1996-2004 were
statistically significant (P<0.05) (44). The decrease in survival from laryngeal SCC
may be due to a shift toward nonsurgical treatment in the subset of patients with
advanced primary disease (45).
As fewer patients die from uncontrolled disease in the head and neck,
more are exposed to the risk of disseminated disease below the clavicles (46). It is
obvious that there is a great demand for a systemic treatment, effective in destroying (micro)metastases at distant sites and minimal residual disease at the
local and regional level. The past decade, the role of chemotherapy has moved towards a more prominent position within the different treatment strategies in
HNSCC patients. This is particularly true for the locoregionally advanced disease
condition in which chemotherapy may be given either concurrently with radiotherapy (as definitive treatment or postoperatively) or before (induction) or after
(adjuvant) locoregional treatment as a single modality. Concomitant chemoradiation in patients with locoregionally advanced HNSCC conferred an absolute survival benefit of 6.5% at 5 years (47,48). The best studied and most widely used regimen, which can be considered the standard comparator for randomized trials, is
radiotherapy combined with cisplatin at 100 mg/m2 on days 1, 22 and 43. In case
of locoregional recurrence, some patients can be salvaged by surgery or re-irradiation. However, most patients with recurrent or metastatic disease only qualify
for palliative treatment. Treatment options in these patients include supportive
care only, single agent chemotherapy, combination chemotherapy, or targeted
therapies (monoclonal antibodies or small molecules) either alone or in combination with cytotoxic agents. Using one of the 4 most studied single cytotoxic
agents, bleomycin, methotrexate, 5-fluorouracil and cisplatin, response rates in
patients with recurrent and/or metastatic HNSCC are generally in the 15 to 30%
range, while response duration is generally between 3 and 5 months (49). Newer
cytotoxic agents such as paclitaxel, docetaxel, pemetrexed, irinotecan, vinorelbine and gemcitabine, have shown similar response rates (50-54). Thus far, data
supporting a positive impact of chemotherapy on quality of life have not been
generated. There has been only one study evaluating the benefit of chemotherapy
for recurrent and/or metastatic HNSCC in terms of survival, which showed that
cisplatin significantly prolonged median survival by 10 weeks over best supportive care (55). Various combinations of the most active chemotherapies in HNSCC,
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platinums, taxanes, and 5-FU, have been evaluated (56). To date, no randomized
trial has demonstrated improvement in overall survival, even though high response rates have been achieved. The response rates appear greater with platinum-taxane combinations, but the greater toxicity associated with these regimens may preclude their ability to offer palliation (56). The inability of
combination chemotherapy to significantly impact overall survival indicates that
a therapeutic plateau has been reached for cytotoxic therapy. Clearly, a more effective and more tumor-selective systemic therapy (“targeted therapy”) is needed.
The use of monoclonal antibodies could play an important role in achieving this.

Monoclonal antibodies for cancer
diagnosis and therapy
Characteristics of monoclonal antibodies and tumor targets
A century ago, Paul Ehrlich envisioned the use of antibodies for selective
eradication of tumors (57). The introduction of the hybridoma technology for
monoclonal antibody (MAb) development by Kohler and Milstein in 1975 turned
this “magic bullet” concept in a realistic option (58). With this technology, an
unlimited range of monoclonal antibodies (MAbs) can be obtained against any
particular cellular antigen. However, the first generations of MAbs had limitations
for clinical use, because their murine origin made them immunogenic.
Developments in recombinant DNA technology circumvented this, resulting in
the production of chimeric (cMAb), humanized (hMAb) and complete human
MAbs (59). Besides intact MAb molecules (molecular weight ~150 kDa), also MAb
fragments and engineered variants are used like F(ab’)2, F(ab’), Fab, single chain
Fv (scFv), and the covalent dimers scFv2, diabodies and minibodies (molecular
weights ranging from 25-100 kDa), as well as several types of protein therapeutics
based on nontraditional scaffolds such as domain antibodies, affibodies,
nanobodies, and anticalins (60). Intact MAbs have a long residence time in
humans ranging from a few days to weeks, which results in optimal tumor-tonontumor ratios at 2-4 days after injection). In contrast, MAb fragments have a
much faster blood clearance. This will result in higher tumor-to-nontumor ratios
at earlier time points after administration, but the absolute tumor uptake is often
lower. These characteristics in general make intact MAbs the format of choice for
therapy, while the optimal format for diagnosis is still under discussion.
Therapeutic MAbs can exert various modes of action: selective
inhibition of proliferation of tumor cells by blocking growth factors or growth
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factor receptors, induction of apoptosis, recruitment of immunological effector
functions such as antibody-dependent cellular cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC), and the selective delivery of cytotoxic
payloads to tumor cells such as radionuclides and toxins.
A high binding affinity of the MAb to the target structure is generally
considered necessary, as it minimises the risk of competing low affinity
interactions in normal tissues or of interactions with circulating antigen.
However, MAb requirements might be different for the use in imaging and
therapy. With respect to therapeutic applications, it has been claimed that an
intermediate affinity MAb will perform better than a MAb with extremely high
affinity, since it distributes more extensive and more homogeneous throughout
solid tumor masses (61-63). An ideal antigenic target for imaging and therapeutic
purposes is abundantly expressed by all tumors in the patient population, at the
outer cell surface of all tumor cells, and not by normal tissues. Unfortunately,
the majority of identified antigens in human tumors represent tumor-associated
antigens, present on tumor tissue but also detectable on normal tissues. Expres
sion of the target antigen in normal tissues can be acceptable for imaging
purposes when this normal tissue is poorly accessible for MAbs, or when it
is localized outside the anatomic region of interest. However, for therapeutic
purposes also the latter might be unacceptable.
Other factors influencing the suitability of antigens for tumor targeting,
are internalization and shedding. If the antigen-antibody complex is internalized
after binding of the MAb, optimal cellular retention can be achieved. This is
especially of great importance for MAbs conjugated with toxins (therapeutic). But
also in case of conjugated radionuclides (diagnostic and therapeutic) this might
be important, since the longer time the radionuclides stay in or near the targeted
cell, the better the tumor-to-background ratio, or the higher the radiation dose
that will be delivered, respectively. Shedding of an antigen by the tumor into the
blood stream is considered to be a disadvantage, since circulating antigen can
disturb efficient tumor targeting with the MAb.

Diagnostic monoclonal antibodies
In the last decade, the U.S. Food and Drug Administration (FDA) has approved
4 diagnostic murine MAbs (mMAbs) for imaging of cancer in so-called
radioimmunoscintigraphy (RIS) (64). To this end, MAbs have been labeled with
γ-emitting radionuclides like technetium-99m (99mTc) or indium-111(111In) and
imaged with a single photon emission computerized tomography (SPECT)
camera. Satumomab pendetide has been approved for imaging of ovarian
and colorectal cancer (OncoScint™, 111In-IgG binding to the TAG-72 antigen),
acritumomab for imaging of colorectal cancer (CEA-Scan™, 99mTc-F(ab’) to CEA),
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nofetumomab merpentan for imaging small cell lung cancer (Verluma™, 99mTcFab to EPG40), and capromab pendetide for imaging prostate cancer (ProstScint™,
111

In-IgG to PSMA). However, today capromab pendetide is the only being used,

as the others have become obsolete and are no longer available. Although
radiolabeled MAbs have not behaved as perfect diagnostic agents thusfar, they
have the theoretical potential of being very specific tools for tumor detection. RIS
identifies antigenic targets on the tumor cell, and therefore differs fundamentally
from other imaging modalities.
The use of better MAb formats directed against more valuable targets,
in combination with state of the art imaging cameras such as PET/CT, might
create even more appealing possibilities. This approach is called immuno-PET.
For quantification of MAb uptake in tumor and normal organs, PET can provide
reliable information when appropriate corrections are performed.

Therapeutic monoclonal antibodies
In addition to the diagnostic MAb applications, MAbs are gaining momentum for
use in selective targeted therapy. At present, 22 MAbs (19 being intact IgG MAbs)
have been approved by the FDA for therapy, and 9 of them for systemic therapy of
cancer. Five of these MAbs are used in treatment of hematological malignancies:
rituximab, gemtuzumab ozogamicin, alemtuzumab, ibritumomab tiuxetan, and
tositumomab. The remaining 4 FDA approved MAbs are used in treatment of solid
tumors: trastuzumab (breast cancer), cetuximab (HNSCC, metastatic colorectal
cancer), bevacizumab (metastatic colorectal cancer, non-small cell lung cancer),
and panitumumab (metastatic colorectal cancer). These “solid tumor MAbs” are
most effective when combined with chemo- or radiotherapy. They interfere with
signal transduction pathways by targeting growth factors or their receptors,
the key drivers of tumor growth and survival. In addition, most of the naked
therapeutic MAbs can also act by other effector mechanisms like ADCC, CDC, or
induction of apoptosis.
To enhance the therapeutic potency, gemtuzumab has been armed
with the supertoxic drug ozogamicin, while ibritumomab tiuxetan (Zevalin™)

and tositumomab (Bexxar™) are radiolabeled MAbs containing the β- emitters
yttrium-90 (90Y) and iodine-131 (131I), respectively. The use of radiolabeled MAbs
for therapy, also called radioimmunotherapy (RIT), has been successfully applied
in hematological malignancies (65-69).

Perspectives of antibody therapy in head and neck cancer
Also in the treatment of head and neck cancer, some of the aforementioned
naked MAbs have demonstrated initial clinical value. Cetuximab is a chimeric
anti-epidermal growth factor receptor (EGFR) MAb. The EGFR is highly expressed
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in more than 95% of the HNSCC. Increased expression is associated with poor
prognosis. Upon binding of cetuximab to EGFR, signal transduction is blocked,
causing inhibition of growth and eventually death of tumor cells. In combination
with radiotherapy, cetuximab improved locoregional control and overall survival
in patients with locally advanced HNSCC (70). Treatment with this combination
therapy, decreased the risk of locoregional progression by 32% and the risk of
death by 26%, as compared to radiotherapy alone. However, no decrease was seen
in the rates of distant metastases at 1 and 2 years after treatment. Cetuximab has
also been tested as a single agent in patients with recurrent or metastatic HNSCC
that was resistant to platinum-based therapy (71). In this study, the response rate
was 13%, and the rate of disease control was 46%. The median time to disease
progression was 70 days, and median overall survival was 178 days. Combining
cetuximab with cisplatin in this group of patients did not show any benefit.
However, another study in patients whose disease had progressed after curative
therapy and who were treated with cisplatin and fluorouracil in combination
with cetuximab, showed that the addition of cetuximab was superior to cisplatin
and fluorouracil only (72).
Another promising unconjugated MAb for treatment of head and neck
cancer is bevacizumab, a humanized anti-vascular endothelial growth factor
(VEGF) MAb. Tumors stimulate the abnormal development of blood vessels
to support their own growth, and the VEGF produced by tumors may play an
essential role in this angiogenesis (73,74). It has been proposed that bevacizumab
inhibits growth of new tumor blood vessels and also normalizes existing vessels,
thereby boosting drug delivery when used in combination with cytotoxics (75).
Bevacizumab is now being investigated in several clinical trials, also in head and
neck cancer, in combination with cetuximab, erlotinib (tyrosine kinase inhibitor),
chemotherapy and/or radiotherapy, respectively (76,77).
Since the mode of action of cetuximab and bevacizumab is tumor
growth inhibition rather than tumor eradication, in the present project we
decided to explore the use of MAbs for delivery of toxic payloads to head and
neck cancer. We consider RIT to be a promising approach, since some studies
have reported encouraging results with RIT for small metastatic lesions of solid
tumors or as adjuvant treatment (78-80). In addition, because of a “cross-fire”
effect, RIT seems particularly appealing for treatment of solid tumors, as not all
tumor cells have to be targeted by radiolabeled MAbs to become irradiated, while
neither internalization of the MAb is needed.

Added value of SPECT or PET imaging with antibodies
Despite clinical optimism, it is fair to state that the efficacy of current MAbs is
still quite limited, with benefit for just a proportion of patients. Moreover, costs of
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MAb therapy are excessive. The question is how to improve the efficacy of MAbbased therapy and how to identify patients with highest chance of benefit.
Quantitative imaging of MAbs with SPECT or PET can be a valuable tool at several
stages of MAb development and application (81). From first-in-man clinical trials
with new MAbs it is important to learn about the ideal MAb dosing for optimal
tumor targeting (e.g. saturation of receptors), the uptake in critical normal organs
to anticipate toxicity, and the interpatient variations in pharmacokinetics and
tumor targeting. MAb imaging might provide this information in an efficient
and safe way, with fewer patients treated at suboptimal dose. This approach is
especially attractive when the MAb of interest is directed against a novel tumor
target that has not been validated in clinical trials before, although quantitative
MAb imaging might also be of value to guide optimal use of FDA approved MAbs.
Pretherapy imaging might have added value for patient selection, because it
can be used to assess target expression and MAb accumulation in all tumor
lesions and normal tissues, non-invasively, quantitatively, and even over
time (4-dimensional). This information might be particularly relevant when
MAb therapy is combined with other treatment modalities like chemo- and
radiotherapy, to find routes to maximum synergism. Ideally, topographic
information on tumor extension is obtained to enable assessment of homogeneity
of MAb tumor accumulation. Until now, pretherapy antibody imaging has mostly
been applied as prelude to RIT, for assessment of dosimetry (82). In this setting,
quantitative imaging is particularly attractive, because of the small therapeutic
window of RIT with the red marrow generally being the dose limiting organ.

Radiolabeled monoclonal antibodies: choice of radionuclides
The choice of the radionuclide to be coupled to the MAb depends on the antibody
used, antigen properties and purpose of the radiolabel: radioimmunodiagnosis,
RIT, or RIT planning. In the latter application, nuclear imaging is performed as a
scouting (molecular imaging) procedure prior to RIT, to enable the confirmation
of tumor targeting and the estimation of radiation dose delivery to both tumors
and normal tissues (i.e. dosimetry). For SPECT imaging purposes, a radionuclide
should only emit gamma radiation, preferably of low energy. Nowadays, positronemitters in combination with PET are an superior alternative for gamma emitting
radionuclides in combination with SPECT/gamma camera, because of improved
resolution and sensitivity of imaging and the possibility of quantification of
radioimmunoconjugates. The half-life (t1/2) of the radionuclide should be long
enough to permit imaging at the time point of optimal targeting. For intact MAbs
this is mostly several days after injection. The radionuclide should be routinely
available at low costs. Finally, labeling procedures should be facile.
Radionuclides most commonly used in RIS are iodine-131 (131I; t1/2, 192 h),
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iodine-123 (123I; t1/2, 13 h), indium-111 (111In; t1/2, 68 h) and technetium-99m (99mTc;
t1/2, 6 h). Degradation of 131I- , 123I- and 99mTc-labeled MAbs upon internalization
will result in a rapid clearance of these radionuclides from the target cells, and
therefore the SPECT image will show less tumor contrast and will not reflect the
actual MAb distribution. In contrast, when 111In-labeled MAbs are processed, this
gamma emitter will be trapped intracellular in lysosomes (residualization). These
phenomenons should be taken into account when selecting radionuclides for
radioimmunodiagnosis or radioimmunotherapy.
For immuno-PET, gallium-68 (68Ga; t1/2, 1.13 h), fluorine-18 (18F; t1/2, 1.83
h), copper-64 (64Cu; t1/2, 12.7 h), yttrium-86 (86Y; t1/2, 14.7 h), bromine-76 (76Br; t1/2,
16.2 h), zirconium-89 (89Zr; t1/2, 78.4 h), and iodine-124 (124I; t1/2, 100.3 h) are most
commonly used. While the very short-lived positron emitters 68Ga and 18F can
only be used in combination with MAb fragments or in pretargeting approaches,
Zr and 124I are particularly suitable in combination with intact MAbs, because

89

their long half-life allows imaging at late time points for obtaining maximum
information. While the positron emitters 76Br and 124I can be coupled directly to
MAbs, the others require indirect labeling methods, using bifunctional chelates
or other prosthetic groups. 76Br and 124I are non-residualizing positron emitters,
while 68Ga, 64Cu, 86Y, and 89Zr are residualizing positron emitters. During the past
years appropriate positron emitters and chelates became commercially available,
as well as standardized procedures for production of optimal quality antibody
conjugates (Good Manufacturing Practice). These achievements will open avenues
for clinical introduction of immuno-PET.
For RIT, other factors influence the choice of a radionuclide. A
therapeutic radionuclide is preferably a beta-emitter with a half-life of several
days. The path length of beta-particles is several millimeters and therefore
permits irradiation of several layers of cells, including poorly accessible cells or
antigen-negative cells (cross-fire effect). The maximum particle range and halflife time are different for the most commonly used beta-emitters: luthetium-177
(177Lu; 1.5 mm and 161 h), copper-67 (67Cu; 1.8 mm and 62 h), 131I (2.0 mm and
192 h), rhenium-186 (186Re; 5.0 mm and 89 h), rhenium-188 (188Re; 11 mm and 17
h), and 90Y (12.0 mm and 64 h). The different path lengths make 177Lu, 67Cu, 131I,
and 186Re particularly well suited for eradication of minimal residual disease,
while 188Re and 90Y are the radionuclides of choice for treatment of bulky tumors.
The stability of the radioimmunoconjugate in vivo and internalization of the
antibody-antigen complex are also of main importance. For instance unbound
radiometals like 90Y are taken up by mineral bone, and therefore cause an
increase of the red marrow radiation dose. The effect of internalization of a MAb
on RIT depends on the conjugated radionuclide. Degradation of 131I-, 186Re- and
Re-labeled MAbs will result in a rapid clearance of these radionuclides from
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the tumor. In contrast, when internalized 177Lu-, 67Cu-, or 90Y-labeled MAbs are
processed, the radionuclides will be trapped intracellularly in lysosomes (83).
An interesting novel option is to use immuno-SPECT or immuno-PET
as a scouting procedure for selection of RIT candidate patients on the basis of
dosimetry. For this purpose, the radioimmunoconjugates used for imaging and
RIT should demonstrate a similar biodistribution, and therefore radionuclides
(and if required chelates) with comparable chemical properties have to be
chosen. Examples of SPECT/RIT radionuclide pairs are 123I/131I, 111In/90Y, 111In/177Lu,
99m

Tc/186Re, and 99mTc/188Re, while PET/RIT radionuclide pairs are 64Cu/67Cu, 124I/131I,

Y/90Y, 89Zr/177Lu and 89Zr/90Y.
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Radioimmunodetection and
RADIOIMMUNOtherapy in head and neck
cancer
Antibodies available for targeting head and neck cancer
So far, at least 30 MAbs directed against head and neck cancer have been
described in the literature. These MAbs can be divided in three main categories.
The first group of MAbs is predominantly reactive with squamous cell carcinoma
and much less with other tumor types. To this group belong e.g. the MAbs
174H.64, E48, U36 and BIWA. A general point of concern of this group of MAbs is
their reactivity with normal squamous epithelia, which might cause uptake of
radioactivity in the normal oral mucosa. This can hamper tumor detection in the
head and neck area when applied in imaging, while in therapeutic use mucositis
might occur.
A second group of MAbs, known as pan-carcinoma MAbs, are not
only directed against HNSCC, but also against other tumor types. To this group
belong e.g. MAbs directed against carcinoembryonic antigen (CEA), epithelial cell
adhesion molecule (EpCAM) and EGFR. A general shortcoming of these MAbs is
their heterogenous reaction pattern with HNSCC, and their reactivity with several
normal tissues.
Most recently a third group of MAbs became available and entered
clinical trials. These MAbs do not bind to tumor cells themselves but to stromal
cells (84) or to components involved in angiogenesis (85-87). This might be
especially attractive because such markers are expressed by a diversity of tumor
types, and are well accessible for MAbs. Also for this category of MAbs, cross
reactivity with normal tissues might form a limitation.
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Many of the MAbs described in literature are poorly characterized
with respect to their reactivity profile, and only a few have been administered
to HNSCC patients for RIS, and even less for RIT (Table 1). Despite promising
preclinical results, it may appear at an early stage of clinical studies, that the
MAb is not suitable for RIS or RIT. It is also possible that a MAb, though not
selective enough for application in RIS or RIT, holds promise for other therapeutic
approaches. This latter seems to be the case with MAbs directed against EGFR
and VEGF, as describe before (103).

Clinical radioimmunodetection of head and neck cancer
Imaging procedures
For head and neck patients, both planar images of the whole body and of the
head and neck region can be acquired. Moreover, SPECT images can be acquired
and compared with other three-dimensional imaging modalities. For imaging
and dosimetry, MAbs can nowadays also be used in PET. Several aspects should

Table 1. Monoclonal antibodies used for RIS and RIT of HNSCC
patientsa.
MAb
Radioimmunoscintigraphy
anti-CEA

anti-EGFR
mMAb 174H.64

mMAb SF-25
mMAb 323/A3/anti-Ep-CAM
mMAb K928
mMAb E48/anti-hLy-6D
mMAb U36/anti-CD44v6
mMAb BIWA 1/anti-CD44v6
hMAb BIWA 4/anti-CD44v6

No. of
patients

No. of patients
with neck
involvement

5
13
29
7
20
11
21
10
40
1
3
6
32
10
10
10

3
6
1
3
18
3
18
1
6
1
0
6
25
9
10
5

13
9

-

Reference
Tranter et al. (88)
Kairemo et al. (89)
Kairemo et al. (90)
Timon et al. (91)
De Rossi et al. (92)
Soo et al. (93)
Baum et al. (94)
Heissler et al. (95)
Adamietz et al. (96)
De Bree et al. (97)
De Bree et al. (97)
De Bree et al. (97)
De Bree et al. (98)
De Bree et al. (99)
Stroomer et al. (100)
Colnot et al. (63)

Radioimmunotherapy
cMAb U36
cMAb U36

Colnot et al. (101)
Colnot et al. (102)

	All studies were performed with head and neck cancer patients, except the study with MAb 225 in
which patients with lung cancer were imaged.

a
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be taken into account when assessing the optimal time-point for making later
images. First, when the images will be used for dosimetric analyses, several
images have to be made, and the first image should be acquired within a few
minutes after injection of the c
 onjugate. These early images serve also as a
baseline reference in the interpretation of later images. Second, images should
be made at the most optimal time-points, when the uptake in the tumor as well
as the tumor-to-nontumor ratios are high. Interpretation of increased uptake of
activity is based on asymmetry and retention, especially on late images. Third,
the imaging system should receive a sufficiently high count-rate from the tumor.
Detection of lymph node metastases
For topographical evaluation of the RIS results of the neck, findings can be
recorded per tumor deposit, per lymph node level (e.g. level I through V) or per
neck side (left or right side). Evaluation of RIS data per deposit is inaccurate, due
to the lack of anatomical structures on the images. An example of a SPECT image
of a HNSCC patient with lymph node involvement is shown in Figure 1.
The first use of radiolabeled antibodies in head and neck cancer patients has
been reported by Tranter et al. (88). They demonstrated the possibility for tumor
targeting with 131I‑labeled polyclonal anti‑CEA antibody in five head and neck
cancer patients. Since all patients had large size tumors, the diagnostic potential

1

2

Figure 1.
Coronal SPECT image at 21 h after administration of 99mTc-labeled hMAb BIWA 4, of a patient with a primary oral
cavity carcinoma (arrow 1) and a neck lymph node metastasis in level II (arrow 2).
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of RIS did not become clear in this study. Also 111In-labeled monoclonal antiCEA antibodies have been used for this purpose in small groups of patients,
indicating that RIS is able to detect both primary sites and metastases (89-92).
Kairemo and Hopsu (90) evaluated 111In-labeled anti-CEA F(ab’)2 in 13 patients
with HNSCC of the oropharynx and larynx. Of the known 19 tumor sites 17 were
visualized in the antibody scan (sensitivity 89%). There were two positive findings
that did not prove to be positive during 12 months follow-up. De Rossi et al.
used 111In-labeled anti-CEA F(ab’)2 in combination with SPECT imaging to detect
primary sites (n = 14), recurrences (n = 3), and lymph node metastases (n = 3)
(92). For the latter two groups, RIS was correct in all cases and more correct than
conventional techniques, but this finding in 6 patients has to been confirmed in a
large group of patients. Another target exploited in RIS was EGFR. Soo et al. used
111

In‑labeled MAbs against the EGFR in eleven patients with HNSCC. Only large,

primary sites were detected in 8 of 11 patients, whereas the smallest tumor of 1
cm in diameter was not detected (93). Besides that, high uptake in the liver was
observed with this conjugate, which might partly be due to EGFR expression in
this organ. Baum et al. described the use of 99mTc-labeled MAb 174H.64, a MAb
directed against a cytokeratin antigen, in 21 HNSCC patients. It appeared that the
diagnostic value of RIS was comparable with other imaging techniques (94). In
their group of patients, 15 of 18 lymph node metastases were visualized by RIS.
In one patient, lymph node metastases were detected by RIS only. Besides that,
distant metastases were present in 3 patients, of which 2 were identified by RIS.
Imaging results with MAb 174H.64 were confirmed by others (95,96), and it was
stated that the initial treatment planning had to be changed in 25% of patients
due to the findings of RIS (96).
Extensive research has been conducted with the MAbs E48 and U36 for
detection of lymph node metastases of HNSCC. MAb E48 is directed against an
HNSCC-associated antigen belonging to the human Ly-6 antigen family (104). In
the first clinical study, a group of ten patients was given 99mTc-labeled E48 F(ab’)2
(105). RIS was found to detect all primary tumors and to be correct in 13 of 13
tumor involved neck sides and 17 of 20 tumor involved lymph node levels. Two
false‑positive observations were reported. A subsequent study used both E48
F(ab’)2 fragments and intact IgG MAbs (98). In this study with 32 HNSCC patients,
who were at risk for having neck lymph node metastasis and who were planned
to undergo a neck dissection, 15 patients received E48 F(ab’)2 fragments, and 17
patients received E48 intact IgG, both labeled with 740 MBq 99mTc. All patients
were examined by palpation, CT, MRI, and RIS of the neck prior to surgery. All 31
primary tumors in 32 patients were visualized by RIS. RIS was correct in 201 of
221 dissected lymph node levels and in 38 of 47 neck sides, yielding an accuracy
of 91% and 81%, respectively. Sensitivity and specificity of RIS were comparable
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to those of palpation, CT, and MRI. Furthermore, the diagnostic value of RIS with
either E48 F(ab’)2 or E48 IgG appeared to be similar.
Besides MAb E48, a second MAb called U36 was explored by the same
research group. The epitope recognized by MAb U36 has been mapped to the
v6 domain of CD44 (106). The mMAb U36, also labeled with 99mTc, was studied
in a comparable group of 10 HNSCC patients (99). All 10 primary tumors were
visualized by RIS, while lymph node metastases in 7 of 14 tumor-positive levels
were detected. Recently, similar diagnostic results were obtained with a second
mMAb directed against CD44v6, called BIWA 1, and its humanized derivative
called BIWA 4 (63,100).
From above mentioned studies it was concluded that for the detection of
lymph node metastases the diagnostic value of RIS with MAbs E48, U36 or BIWA
is comparable to that of palpation, CT and MRI. No clear advantage of any of the
radioimmunoconjugates for RIS was found. In addition, biodistribution studies in
which radioactivity was measured in blood samples and biopsies from surgical
specimen, revealed similar tumor uptake levels and tumor-to-non-tumor ratios
for the three MAbs, indicating that they are equally well suited for targeting
antigen-positive HNSCC (63,99,100,107,108). The most important question about
this approach is whether RIS can contribute to the preoperative staging of the
neck in HNSCC patients, for example by complementing other methods used to
assess nodal involvement. The answer at this moment is clearly no, because of
the high percentage of false-negative scores. All missed tumor-involved lymph
nodes were smaller than 2 cm in diameter. Micrometastases, small involved
lymph nodes, and tumor-involved nodes containing a large proportion of keratin,
necrosis, or fibrosis and only a small proportion of viable tumor cells were not
diagnosed. Immunohistochemical analyses performed as part of the RIS studies,
however, revealed that the MAbs had targeted all tumor-involved lymph nodes,
also the deposits that were not visualized by RIS. Therefore, perspectives still
exist for tumor-imaging with MAbs, especially in combination with RIT.
Immuno-PET
One of the possibilities to further improve tumor detection with MAbs, is the use
of PET technology. In comparison with SPECT, PET provides a high spatial and
temporal resolution for imaging. Besides that, PET offers superior quantification
possibilities, which are especially attractive when immuno-PET is used as prelude
to RIT. As indicated before, 89Zr and 124I are particularly suitable when used in
combination with intact MAbs, since their half-life is well fitting with the half-life
of intact MAbs in serum after injection. 124I-labeled MAbs have been successfully
used for imaging of tumors in animals and humans (109-111), while methods
for coupling of 124I are still improving (112,113). Potential disadvantages of 124I are
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its limited availability and high costs, the high β+-energy and the high-energy

γ-photons emitted in coincidence with the positrons, which hamper accurate
quantification. At these aspects, 89Zr seems better qualified. Recently, improved
methods were developed for purification of large batches (7.4-14.8 GBq) of 89Zr,
and for the coupling of 89Zr to MAbs (114). The suitability of such conjugates for
detection of millimeter-sized tumors (19-154 mm3) was demonstrated in HNSCC
xenograft-bearing nude mice (Figure 2).

Clinical radioimmunotherapy of head and neck cancer
Radiolabeled MAbs are exploited in order to irradiate tumors from the closest
distance as possible, with low radiation burden to surrounding, healthy tissue.
Therefore, beta-emitting radionuclides have to be used, since the range of beta
particles in tissue does not exceed several millimeters (10 – 100 cell diameters).
Among the advantages of RIT over other MAb-based therapies are the previously
mentioned cross-fire effect and the possibility to perform imaging and dosimetry.

Figure 2.
HNSCC xenograft-bearing nude mouse, injected with 89Zr-labeled cMAb U36. (A-C) Coronal (upper) and
transaxial (lower) PET images obtained from the same mouse at 24 h (A), 48 h (B), and 72 h (C). Image planes
are those for which both tumors of the same animal were visible. (D) Photographs of imaged mouse and excised
tumors (left, 47 mg; right, 45 mg).
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Taking into account the availability of suitable MAbs and the radiosensitivity of
HNSCC, starting clinical RIT trials with HNSCC patients was a logical next step.
cMAb U36 was selected for the first clinical RIT trial in HNSCC patients. Colnot
et al. described the clinical use of cMAb U36, labeled with 186Re, in patients with
recurrent HNSCC, either locally or at distant sites (101). Thirteen patients received
0.7 GBq 99mTc-cMAb U36 (2 mg) as scouting procedure, followed 1 week later by
a single dose of 186Re-cMAb U36 (12 or 52 mg) in radioactivity dose-escalating
steps of 0.4, 1.0, and 1.5 GBq/m2. Administration was well tolerated and excellent
targeting of tumor lesions was seen in all patients (Figure 3). Dose-limiting
myelotoxicity was the only toxicity observed, and the maximum tolerated dose
(MTD) was established at 1.0 GBq/m2. Pharmacokinetics varied between patients
treated at the same dose level and were accurately predicted by the scouting
procedure. In two patients with dose-limiting myelotoxicity, the tumor size was
reduced by RIT, while in one patient treated at MTD stable disease was observed
for six months.
The dose-limiting organ in non-myeloablative RIT is the red marrow.
Therefore, ways have been explored to overcome this limitation. One option is
to give myeloablative doses of radiolabeled MAbs in combination with stem cell
transplantation (115,116). Alternatively, stem cell-containing whole blood can be
harvested, without separation of the stem cells from the blood. This procedure,
which can be performed in a routine clinical setting at low cost, was combined

Figure 3.
Whole body scans of patient with oropharyngeal tumor acquired within 2 h after administration of 186Re-labeled
cMAb U36 and after 21, 72, and 144 h and after 2 weeks. Immediately after injection, most prominent activity is
in blood-pool. This activity remains high up to 72 h after injection. Relative uptake of radioimmunoconjugate in
tumor in right oropharynx increases over time. Tumor becomes better delineated as background activity
decreases.
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with RIT of HNSCC by Colnot et al. (102). The procedure and rationale in short:
before RIT, granulocyte colony-stimulating factor (G-CSF: 10 µg/kg/day) was
administered s.c. at home during 5 days. This treatment resulted in a rise of
CD34+ stem cells in the peripheral blood. On day 6, just before administration
of 186Re-labeled cMAb U36, 1 liter of whole blood was harvested and kept
unprocessed at 4oC until re-infusion 72 h later. At that time, 186Re levels in the
blood are low enough to allow homing and proliferation of the administered
CD34+ cells in the red marrow before myelotoxicity would become manifest (4-6
weeks after injection), thereby reducing the severity of myelotoxicity. Indeed,
when applying this technique the administered dose of 186Re-cMAb U36 could
be doubled, while myelotoxicity greater than grade 3 was not observed. Stable
disease was observed in five of nine patients, ranging from 3 to 7 months, and in
all patients treated at the highest dose level of 2.0 GBq/m2.
One way to increase the tolerable administered activity dose is by
reduction of the circulation time of the radioactivity. A possibility to do so
was described by Paganelli et al., who treated a HNSCC patient by infusing
non-radioactive biotinylated anti-CEA MAbs, followed by administration of
streptavidin 36 h later (117). As the last step in this pre-targeting approach, 18
h after the streptavidin infusion, 2.6 GBq of 90Y-DOTA-biotin was infused. This
patient, having a T4N3M0 HNSCC of the right tonsil that was initially treated
with chemo-radiation therapy, responded with a complete remission to RIT. No
hematological toxicity was observed. Still, the dose absorbed by the tumor was
less than 10 Gy (117). Therefore, the authors state that this treatment modality
should preferably be used in combination with external beam radiation. Since
also other RIT studies suggest that tumor doses of at most 20 Gy can be achieved,
it is realistic to expect future application of RIT of HNSCC in an adjuvant setting
(118). Especially the treatment of minimal residual disease seems to be attractive
as it was demonstrated that MAb uptake and dose delivery are approximately 4
times higher in small-volume tumors (1 cm3) than in the large-volume tumors (50
cm3) (119).
Also some other novel approaches might be particular attractive for
application in head and neck cancer. For example, it was shown that the antiEGFR MAb 425 strongly enhanced the efficacy of RIT with 186Re-cMAb U36 in
HNSCC-bearing nude mice (120). Also other studies showed synergism when
combining EGFR inhibitors with irradiation (121,122). Taking into account the
high expression of EGFR in most HNSCC and its absence on red marrow cells,
such approach holds promise for future clinical application.
A noteworthy finding of the clinical trials with 186Re-cMAb U36 was the
development of human anti-chimeric antibodies (HACA) in 35% of the patients.

29

chapter 1

Radioimmunodetection and radioimmunotherapy of head and neck cancer

HACA responses can lead to allergic reactions like anaphylaxis, and may lead to
rapid clearance of the antibody (123,124). Repeated administrations of mMAbs
for multiple treatment strategies, therefore, can be limited by the development of
HACAs. One of the possibilities to overcome this problem is the introduction of
humanized or fully human antibodies.

Conclusions
RIS studies used for staging of HNSCC patients has not altered local treatment
of HNSCC, since the detection of lymph node metastases was not improved by
SPECT imaging compared with conventional staging of the neck. However, there
is a potential role for immuno-PET. Theoretically, immuno-PET should be superior
to SPECT imaging for the detection of lymph node metastases. Regardless of the
outcome of diagnostic immuno-PET studies, future imaging strategies will focus
on treatment planning by immuno-PET.
Although few clinical studies have been conducted, data suggest that
RIT could play a future role in the treatment of HNSCC.

Aims and outline of the thesis
Improvement of the diagnostic and therapeutic armament in head and neck
squamous cell carcinoma (HNSCC) remains a great challenge. To this end, the
application of monoclonal antibodies (MAbs) for selective tumor targeting has
been investigated extensively the last decade. The primary aims of this thesis
were to investigate the performance of radioimmunotherapy (RIT) with CD44v6
targeting humanized MAb (hMAb) BIWA 4 and of immuno-positron emission
tomography (immuno-PET) with CD44v6 targeting chimeric MAb (cMAb) U36, in
HNSCC patients.
In the introductory chapter 1, an overview is given of the recent
diagnostic and therapeutic developments in HNSCC, and the needs,
possibilities, and restrictions of current approaches. Moreover, the perspectives
of using radiolabeled monoclonal antibodies for radioimmunodetection and
radioimmunotherapy of HNSCC are discussed. In chapter 2, the results of a
phase I radiation dose-escalation study with the rhenium-186 (186Re)-labeled
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hMAb designated BIWA 4 in HNSCC patients are documented. The primary aim
of this study was to determine the safety, immunogenicity, pharmacokinetics,
and maximum tolerated dose of the conjugate in patients with HNSCC for
whom no curative treatment was available. Although not a primary aim, also
the therapeutic effects were monitored. Chapter 3 presents the results of the
dosimetric analysis of source organs, red marrow and tumors of the patients
treated in the phase I radiation dose-escalation study with 186Re-hMAb BIWA
4 in HNSCC patients. The relationship between red marrow toxicity and the
injected and absorbed doses, respectively, was also investigated. In chapter 4
the diagnostic imaging performance of immuno-PET with zirconium-89 (89Zr)labeled-cMAb U36 was evaluated in patients with HNSCC, who were at risk of
having neck lymph node metatasases. This was the first clinical 89Zr-immunoPET study ever. Chapter 5 presents the assessment of safety, biodistribution,
radiation dose, and quantification of 89Zr-labeled-cMAb U36 in the HNSCC patient
population evaluated in chapter 4.
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Abstract
Purpose
In previous studies we have shown the potential of radioimmunotherapy (RIT)
with 186Re-labeled chimeric monoclonal antibody (MAb) U36 for treatment of
head and neck cancer. A limitation of this anti-CD44v6 MAb, however, appeared
to be its immunogenicity, resulting in human anti-chimeric antibodies in 40% of
the patients. Aiming for a less immunogenic anti-CD44v6 MAb, the humanized
MAb BIWA 4 (bivatuzumab) was introduced. In the present phase I RIT study,
we determined the safety, maximum tolerated dose (MTD), pharmacokinetics,
immunogenicity, and therapeutic potential of 186Re-labeled BIWA 4 in patients
with squamous cell carcinoma of the head and neck.

Experimental design
Twenty patients with inoperable recurrent and/or metastatic head and neck
squamous cell carcinoma received a single dose of 186Re-labeled BIWA 4 in
radiation dose-escalation steps of 0.74, 1.11, 1.48, 1.85, and 2.22 GBq/m2 (20, 30,
40, 50, and 60 mCi/m2). Three patients received a second dose at least 3 months
after the initial dose. After each administration, whole-body images as well as
planar and tomographic images of the head and neck region were obtained, and
the pharmacokinetics and the development of human anti-humanized antibody
responses were determined. Radiation absorbed doses were calculated for whole
body, red marrow, organs, and tumor.

Results
First and second administrations were all well tolerated, and targeting of tumor
lesions proved to be excellent. The only significant manifestations of toxicity
were dose-limiting myelotoxicity consisting of thrombo- and leukocytopenia
and, to a lesser extent, oral mucositis (grade 2). Grade 4 myelotoxicity was seen
in two patients treated with 2.22 GBq/m2. The MTD was established at 1.85 GBq/
m2, at which level dose-limiting myelotoxicity was seen in one of six patients.
Stable disease, varying between 6 and 21 weeks, was observed in three of six
patients treated at the MTD level. The median tumor dose, recalculated to MTD
level, was 12.4 Gy. The absorbed dose in red marrow was 0.49 ± 0.03 mGy/MBq for
males and 0.64 ± 0.03 mGy/MBq for females. Two patients experienced a human
anti-humanized antibody response. Pharmacokinetics showed consistency across
patients and within the three patients receiving 186Re-BIWA 4 on two occasions.
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Conclusions
This study shows that 186Re-labeled BIWA 4 can safely be administered, also in a
repeated way. The MTD was established at 1.85 GBq/m2. In comparison with the
previously described anti-CD44v6 MAb U36, the humanized MAb BIWA 4 seems
to be less immunogenic. The fact that antitumor effects were seen in incurable
patients with bulky disease, justifies the evaluation of RIT with 186Re-labeled
BIWA 4 in an adjuvant setting.
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Introduction
Squamous cell carcinoma, the predominant histological type among tumors of
the head and neck, accounts for approximately 5% of all malignant tumors in
Europe and the United States. In 2000, an estimated 551,100 new cases of head
and neck squamous cell carcinoma (HNSCC) of the oral cavity, pharynx or larynx
were diagnosed worldwide (1). Early stages (stage I/II) of HNSCC generally have
a good prognosis after surgery or radiotherapy. Unfortunately, this does not hold
true for advanced-stage disease (stage III/IV) as present in about two-thirds of
all HNSCC patients. Despite improvements in locoregional treatment modalities,
the rate of locoregional recurrence still is near 40%, whereas approximately 25%
of these patients develop distant metastases. With respect to the latter, autopsy
studies have shown incidences up to 57% (2-5). In particular, patients with
multiple lymph node metastases are at risk for the development of locoregional
recurrences and distant metastases (6,7). Considering these figures, it is plausible
that many of the advanced-stage HNSCC patients harbor residual tumor cells
after surgery and radiotherapy. The role of adjuvant chemotherapy for this group
of patients has not proven to be beneficial, and therefore the development of an
effective adjuvant systemic treatment is a major challenge.
Selective targeting of radionuclides to HNSCC by use of monoclonal
antibodies (MAbs) as in radioimmunotherapy (RIT), might contribute to a more
effective treatment of advanced-stage disease. Because HNSCC is relatively
radiosensitive compared with other solid tumors, RIT can become a realistic
option. To date, most successes in the field of RIT have been achieved in patients
with hematological malignancies, such as non-Hodgkin’s lymphomas, where
high rates of partial and complete responses have been observed (8). In the
treatment of B-cell non-Hodgkin’s lymphoma, most experience has been gained
with iodine-131- and yttrium-90-labeled anti-CD20 MAbs such as tositumomab
and ibritumomab, respectively (9-13).
These successes have motivated us to explore the additional value of
RIT against HNSCC. In the selection of a suitable target antigen in HNSCC, CD44
splice variants containing the v6 domain appeared to be the most promising thus
far. The CD44 protein family consists of isoforms, encoded by standard exons
and up to nine alternatively spliced variant exons (v2-v10), which are expressed
in a tissue-specific way and involved in physiological functions such as signal
transduction, growth factor binding, cell adhesion, and cell migration. Expression
of v6-containing CD44 variants has been related to aggressive behavior of various
tumor types and was shown to be particularly high and homogeneous on the
outer cell surface of HNSCC (14,15).
In the past decade, the development of CD44v6-directed RIT in HNSCC
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has shown encouraging progress. For this purpose, two murine MAbs (mMAbs)
became available, designated mMAb U36 and mMAb BIWA 1. Although BIWA 1
resembles U36, it binds to a different epitope with a 35-fold higher affinity (16).
According to the numbering of Kugelman et al. (17), the epitope recognized by
BIWA 1 consists of amino acids 360-370, and the epitope recognized by MAb U36
consists of amino acids 365-376.
Biodistribution studies with radiolabeled MAbs U36 and BIWA 1 in
HNSCC patients undergoing surgery showed promising biodistribution patterns
with selective tumor targeting and high tumor uptake for both MAbs (18,19).
Unfortunately, administration of BIWA 1 resulted in human anti-mouse antibody
(HAMA) responses in 11 out of 12 patients (19), a problem also observed after
injection of mMAb U36 although to a lesser extent (18).
Subsequent phase I RIT studies with a chimeric (human/mouse) MAb
U36 showed favorable targeting and (although not a primary objective) promising
anti-tumor effects (20,21). However, chimerization of MAb U36 had not resulted in
a decrease of the immunogenicity because 5 of 12 patients showed development
of human anti-chimeric antibodies (HACAs) (20). Formation of HAMA or HACA
should be eliminated to prevent allergic reactions and rapid clearance of the
radioimmunoconjugate, especially when multiple administrations of the
radioimmunoconjugate are anticipated. The engineering of humanized MAbs
(hMAbs), being almost completely human apart from a small part of the antigenbinding sites, became the next approach to deal with this problem. In several
studies, hMAbs showed excellent tumor targeting in combination with low or no
immunogenicity (22, 23).
To reduce immunogenicity, two humanized BIWA versions were
developed called BIWA 4 and BIWA 8. The intermediate affinity MAb BIWA 4 was
selected for further clinical evaluation rather than the high-affinity MAb BIWA 8,
because of its superior tumor targeting in HNSCC bearing nude mice (16).
In the present study, RIT with 186Re-labeled hMAb BIWA 4 was evaluated
in 20 head and neck cancer patients with regard to safety, maximum tolerated
dose (MTD), pharmacokinetics, immunogenicity, and preliminary therapeutic potential. Three of these patients received a second dose, which was the same or
slightly different from the first dose.
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Materials and methods
Patient eligibility
Patients with clinical evidence of recurrent locoregional and/or metastatic
HNSCC, for whom no curative option was available, were candidates. A
histologically confirmed HNSCC in the past was required for inclusion. Other
eligibility criteria were an age between 18 and 80 years, a Karnofsky performance
status above 60, and a life expectancy of at least 3 months. An interval of at least
4 weeks from the last chemotherapy or radiotherapy was required, as well as
good recovery from prior treatment. Patients were excluded if their WBC count
was less than 3000/μl, if their granulocyte count was less than 1500/μl, if their
platelet count was less than 100,000/μl, if the bilirubin level was greater than 30
µmol/l (upper limit of laboratory normals: 20 µmol/l), or if the serum creatinine
concentration was greater than 150 µmol/l (upper limit of laboratory normals:
110 µmol/l). Other exclusion criteria were pregnancy, life-threatening infection,
severe allergic condition, organ failure, hematological disorders, recent
myocardial infarction on electrocardiogram or unstable angina pectoris,
congestive heart failure, and bronchial asthma. Also premenopausal women were
excluded when not surgically sterile or not practicing acceptable means of birth
control. The study was reviewed and approved by the Institutional Ethics
Committees of the VU University Medical Center (Amsterdam, the Netherlands)
and UMC Nijmegen (Nijmegen, the Netherlands). All patients gave written
informed consent after receiving a thorough explanation of the study.

hMAb BIWA 4 (bivatuzumab) and the v6 domain of CD44
mMAb BIWA 1 (Boehringer Ingelheim, Vienna¸ Austria), the parental MAb of BIWA
4, was generated by immunizing BALB/c mice with glutathione S-transferase
fusion protein containing the human CD44 domains v3-v10 (14). The epitope
recognized by BIWA 1 has been mapped to the v6 domain of CD44. Homogenous
expression of v6-containing CD44 isoforms has been observed in squamous cell
carcinoma of the head and neck, lung, skin, esophagus, and cervix, whereas
heterogeneous expression was found in adenocarcinomas of the breast, lung,
colon, pancreas, and stomach. In normal tissues, expression has been found in
epithelial tissues such as skin, breast and prostate myoepithelium and bronchial
epithelium (24).
Generation, production, and characterization of BIWA 4 have been
described previously (16). In short, mRNA was isolated from the BIWA 1
hybridoma cell line (Boehringer Ingelheim) using the QuickPrep mRNA
Purification Kit (Pharmacia, Uppsala, Sweden). cDNA from heavy and light chain
variable regions was generated by reverse transcription-PCR. Fragments were
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cloned into the TA cloning vector pCR II (Invitrogen, Groningen, the Netherlands)
and sequenced. Two expression vectors derived from the plasmid pAD CMV1

(25), were constructed, carrying the constant regions of human γ-1 and of the

human κ light chain, respectively. Subsequently humanized versions of the BIWA
1 heavy and light chain variable regions (generated by CDR grafting) were cloned
in front of the immunoglobin constant regions of the abovementioned expression
vectors, resulting in the hMAb BIWA 4.
BIWA 4 was stably expressed in Chinese hamster ovary cells, whereas
high producers were selected as described previously (16). Cultivation was
performed in proprietary serum-free medium TH-7 (Boehringer Ingelheim,
Biberach an der Riss, Germany). Bulk substance from fermentation runs (titer
after harvest, 90 mg/l) was purified according to a generic downstream process
for MAbs consisting of ultra/diafiltration, affinity chromatography on protein
A-Sepharose, microwave treatment at 80oC, nanofiltration, ultra/diafiltration,
anion exchange chromatography on Q-Sepharose, and ultra/diafiltration. The
bulk substance was formulated in PBS (pH = 7.4) containing 0.02% Tween 20, filter
sterilized and dispensed aseptically into vials. Each vial contained 5 mL BIWA 4
at a concentration of 5 mg/ml.

Radiolabeling and quality controls
For coupling of 186Re to BIWA 4, the chelate S-benzoyl-mercaptoacetyltriglycine
(MAG3) was used as described previously (26). 186Re and MAG3 were obtained from
Mallinckrodt, Inc. (Petten, the Netherlands). The mean specific activity of 186Re at
the time of labeling was 11± 3 MBq/nmol (0.31 ± 0.07 mCi/nmol). After synthesis
of 186Re-MAG3, an esterification with tetrafluorophenol was performed.
Subsequently, the ester was purified and conjugated to BIWA 4. Radiolabeled
BIWA 4 was purified on a PD10 column (Pharmacia-Biotech, Woerden, the
Netherlands) with 0.9% NaCl containing 5 mg/ml ascorbic acid (pH 5) as the
eluent. Finally, the conjugates were filter sterilized. These procedures result in a
sterile final product with endotoxin levels < 5 endotoxin units per ml, as
demonstrated in five preceding validation runs. The molar ratio of 186Re-MAG3 to
BIWA 4 was always < 4. The radiochemical purity of the conjugates as assessed by
high-performance liquid chromatography (HPLC) and thin-layer chromatography
was always > 95% (mean: 98 ± 1.3%). After each preparation of 186Re-BIWA 4, the
immunoreactivity was determined by measuring binding to 0.1%
paraformaldehyde-fixed cells of the HNSCC cell line UM-SCC-11B as described
previously (16). The immunoreactive fraction of the 186Re-BIWA 4 preparations, as
determined by a modified Lineweaver-Burk plot, ranged from 81% to 100% (mean,
90 ± 6.9%).
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Prestudy screening and radiologic assessment
The medical history and physical condition of all patients were examined, and
routine laboratory analyses were performed, including complete blood cell
counts, serum electrolytes, urine sediment, liver enzymes, and renal and thyroid
functions. An electrocardiogram and a radiograph of the thorax were obtained.
For all patients with locoregional tumor recurrence, a CT and/or MRI scan of the
head and neck region was performed prior to treatment as has been described
previously (18), and in cases with distant metastases a CT scan of the region of
interest was obtained. CT and/or MRI scans were also obtained at 6 weeks after
administration for evaluation of RIT efficacy. To this end, perpendicular diameters
of tumors were assessed by an experienced radiologist in both centers. In case of
stable disease, follow-up assessments were, if possible, performed every 4 weeks.
For dosimetry, tumor volume was assessed by drawing regions of interest on
consecutive CT or MRI slices with a VoxelQ system (Picker International, Highland
Heights, OH), as described previously (20). This system enables 3-dimensional
reconstruction and automated volume calculation.

Study design
RIT was performed with a starting activity dose of 0.74 GBq/m2, followed by
escalation with 0.37 GBq/m2 increments of 186Re-labeled BIWA 4. All patients
received 50 mg BIWA 4, a dose that was found to result in optimal tumor uptake
and tumor:nontumor ratios in a preceding MAb dose-finding study in which
doses of 25, 50, and 100 mg BIWA 4 were evaluated (27). A complete pretreatment
assessment was performed before the study, and blood samples were taken for
pharmacokinetic analyses. Monitoring of vital functions (blood pressure, pulse
rate, temperature, and breathing rate) was performed at the screening visit;
before infusion; at 10, 60, 120, and 240 min after infusion; and 6 weeks after
infusion. Patients who developed an objective response or stable disease after the
first dose of 186Re-BIWA 4 were eligible for a second administration. They
underwent the same visit schedule as for the first administration. As a safety
precaution, all repeated administrations were conducted at least 3 months after
the first administration, and the same inclusion/exclusion criteria were used as
for the first dose.

Safety
After treatment, patients were admitted for approximately 21 h in a special
treatment room at the Department of Nuclear Medicine, and thereafter they
stayed an additional 3 days in a single room at the Department of
Otolaryngology/Head and Neck Surgery. Dose rates (in μSv/h) were measured 1 h
after administration at a distance of 100 cm with a γ-radiation dose rate counter
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[at VU University Medical Center, Berthold LB 1230 (EG&G, Wildbad, Germany); at
UMC Nijmegen, Automess 6150 AD 2 (Automess GmbH, Ladenburg, Germany)].
The patients were discharged 4 days after administration of 186Re-BIWA 4, and the
set of pretreatment laboratory analyses was repeated weekly for at least 6 weeks.
The severity of toxicities was graded according to the National Cancer Institute
Common Toxicity Criteria, version 2.0. The MTD was defined as the dose level at
which grade 4 hematological or grade 3 nonhematological toxicity developed in
not more than one of six patients.

Tumor response
Tumor response was assessed according to the WHO guidelines using physical
examination or radiographic criteria. Stable disease was defined as a decrease of
< 50%, or an increase of < 25% of the sum of the perpendicular diameter products
and no appearance of new lesions, which had to persist for at least 4 weeks.
Progression was defined as a ≥ 25% increase in the size of one or more lesions or
the appearance of a new lesion.

Imaging studies
Simultaneously acquired planar anterior and posterior whole-body scans were
obtained within 1 h after administration of the radioimmunoconjugate; 21, 48, 72,
and 144 h after administration of the radioimmunoconjugate; and, if feasible, for
up to 2 weeks after administration of the radioimmunoconjugate. For all
scintigraphic studies, a large field-of-view gamma camera[(at VU University
Medical Center, Dual Head Genesys Imaging System (ADAC Laboratories, Milpitas,
CA); at UMC Nijmegen, Siemens Multispect 2 (Siemens, Erlangen, Germany)]
equipped with low-energy high-resolution parallel-hole collimators and
connected to a computer system [at VU University Medical Center, Pegasys (ADAC
Laboratories); at UMC Nijmegen, ICON version 7.1 (Siemens)] were used. Camera
quality control was performed at each imaging session. With the aliquot retained
from the radioimmunoconjugate preparation for injection, a weighed dilution of
the injected patient dose was prepared as standard, put in an Adams phantom,
and measured simultaneously during whole-body imaging. Lateral, anterior, and
posterior planar images of the head and neck region, were acquired at 21, 48, 72,
and 144 h. Single photon emission computed tomography (SPECT) images were
acquired at 72 h. Acquisition parameters for planar and SPECT images were as
previously described (18), with a Hanning filter used for postfiltering (cutoff at 1
cycle/cm). In each of the study centers, all images were interpreted by one
experienced examiner, who was unaware of the site of recurrence and/or the
presence of distant metastases.
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Dosimetry
Dosimetry to assess dose delivery to whole body, bone marrow, organs, and
tumor was performed as previously described (20). Patients 5 and 17 were
excluded from dosimetric analysis due to insufficient data. In short, whole-body
scintigraphy was used to draw regions around organs and sites of interest.
Residence times in these organs and sites were calculated and entered in the
MIRDOSE3 computer program, version 3.1 (Oak Ridge Associated Universities,
Oak Ridge, TN). If CT/MRI scanning before treatment with 186Re-BIWA 4 showed a
measurable tumor lesion, and if this lesion was visible on scintigraphy after RIT,
dosimetry of the tumor was performed. The red marrow dose was calculated
using a blood-derived method as described previously (20,28).

Pharmacokinetics
Serial blood samples were taken from a peripheral vein of the arm opposite to
the infusion site at the following time points: preinfusion; at the end of the
infusion; and at 5 and 30 min, and 1, 2, 4, 16, 21, 48, 72, and 144 h after
administration of 186Re-BIWA 4. Preliminary results obtained from the first four
patients showed that blood sampling at additional time points in the second
week after administration would improve the characterization of the 186Re-BIWA
4 pharmacokinetics. Therefore, for patients 5 – 20 blood samples were also taken
at 240 and 336 h after administration. Plasma samples were prepared for
determination of the concentration of immunoreactive BIWA 4 by validated
ELISA methods, essentially as described previously (19). In this sandwich type
ELISA, microtiter plates were absorptively coated with the fusion protein GSTCD44v6. In a first step, BIWA 4 in the plasma sample bound to the immobilized
antigen CD44v6. After incubation, unbound BIWA 4 and plasma components
were removed by washing. In a second step, rabbit anti-human IgG labeled with
horseradish peroxidase (DAKO, Copenhagen, Denmark) was used for detection of
bound BIWA 4, and tetramethyl-benzidine (Kirkegaard & Perry, Gaithersburg, MD)
was used for detection of enzyme activity.
In addition, whole-blood and serum samples were prepared and counted
in a gamma counter [(at VU University Medical Center: 1470 Wizard (Wallac,
Turku, Finland); at UMC Nijmegen: 1480 Wizard (Wallac)], and radioactivity levels
were expressed as percentage of injected dose per kilogram (%ID/kg). Background
activity and decay were corrected for, and the %ID/kg was determined by
comparison with an aliquot retained from the conjugate preparation for
injection.
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Human anti-BIWA 4 response
Evaluation of the immunogenicity of the BIWA 4 radioimmunoconjugate was
conducted by determination of human anti-hMAbs in serum samples taken
before administration of 186Re-BIWA 4 and 1 and 6 weeks after administration,
using a validated bridging ELISA. In short, BIWA 4 antibodies labeled with the
chelator MAG3 were immobilized onto microtiter plates. Antibodies to BIWA
4-MAG3 present in the serum sample bound simultaneously to the solid phase
and to biotinylated BIWA 4-MAG3 that was added at the same time in a fixed
amount. Streptavidin coupled to horseradish peroxidase (Boehringer Mannheim,
Mannheim, Germany) was used for signal generation by the peroxidase/
tetramethyl-benzidine system. Due to the lack of a positive human anti-BIWA 4
serum, which would be desirable as a standard, the validation of the present
assay was done with a rabbit antiserum from an animal, which was previously
immunized with nonradioactive 185Re-MAG3-BIWA 4. The assay only enabled the
relative measurement of the human anti-humanized antibody (HAHA) titer in
equivalents of the anti-BIWA 4 titer of the reference rabbit serum. For an easier
handling of data, the dilution factors of the rabbit reference serum were
converted into Boehringer Ingelheim titer units. The titer unit was defined as
dilution of the rabbit reference serum (1:x) multiplied by 18,000. Assay
performance during the study was assessed by back-calculation of calibration
standards, tabulation of the standard curve fit function parameters,
measurement of quality control samples, and construction of a precision profile.
Triplicate determinations in three randomly assigned wells of a microtiter plate
were used for unknown samples, calibration standards, and quality controls. The
lower and upper limits of determination of the assay were 0.180 and 60
Boehringer Ingelheim titer units (1:100,000 – 1:300 dilution of the rabbit reference
serum). A serum sample was considered HAHA positive only, if all the following
criteria were met: (a) the measured titer was above the lower limit of
determination/quantification; (b) the titer in the postinjection sample was at
least two times higher than in the preinjection sample; (c) the sample could be
serially diluted with a strong correlation between titer and dilution factor; (d) the
titer could be blocked by addition of BIWA 4; and (e) the titer could not be blocked
by a nonspecific IgG MAb.
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Results
Twenty patients (14 males and 6 females; age range, 42-73 years; mean age, 58
years) entered this study. Their characteristics are shown in Table 1. Thirteen
patients had received surgical treatment of their disease at an earlier stage. All
patients had been treated previously with radiotherapy, and some of them had
also been treated with chemotherapy. Two patients were treated at the lowest
dose level of 0.74 GBq/m2, four patients were treated at 1.11 GBq/m2 (one patient
more than planned because of death of one of the patients during follow-up),
three patients were treated at 1.48GBq/m2, six patients were treated at 1.85 GBq/
m2, and five patients were treated at 2.22 GBq/m2. Three patients received a
second administration of 1.85 GBq/m2 186Re-BIWA 4 (Table 2).

Safety and nonhematological toxicity
Administration of 186Re-BIWA 4 was tolerated well, and no side effects were
observed directly after and during the first few days after treatment. No changes
occurred in the physical parameters during the first few days after
administration, and no changes in blood parameters indicated toxicity of organs
such as the liver or kidneys. Nonhematological toxicity defined as drug-related
CTC grade 3 or 4 occurred in four patients (Table 2). One patient (patient 5)
treated at the 1.11-GBq/m2 dose level, was admitted to the hospital because of
unexplained seizures 5 days after treatment. During hospitalization, Quincke’s
edema or angioedema caused respiratory distress 8 days after the start of RIT,
which was treated with infusion of prednisolone and inhalation of
bronchodilatators. After treatment for low serum sodium levels and treatment
with anti-epileptic drugs, the patient left the hospital again 11 days after the start
of RIT. She was found dead at home 22 days after start of treatment. No signs
indicating a relationship between antibody administration and death were
noticed, but the possibility of a relationship could not be excluded. Permission for
autopsy was not given by the relatives. Analysis of pre- and posttreatment serum
samples showed absence of human anti-humanized antibodies (HAHAs). Because
this patient was not evaluable for hematological toxicity and antitumor response,
an extra patient was treated at the 1.11-GBq/m2 dose level.
Febrile neutropenia occurred in patients 13 and 16 (both CTC grade 3),
and in patient 17 (CTC grade 4), all of whom were treated at the 2.22-GBq/m2 dose
level. All three patients received empirical antibiotic and antimycotic treatment
until WBC counts had recovered and the patients were afebrile. CTC grade 3
fatigue occurred in patient 17 at approximately 4 weeks after administration of
2.22 GBq/m2 186Re-BIWA 4. The fatigue was most likely related to the aggravation
of the pre-existing anemia. Main nonhematological toxicity consisted of mild
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16
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Oropharynx and sinus maxillaris, right side, and lung metastasis

Skin metastasis neck, left side, and lung metastasis, right side

Recurrent disease mandibula, left side

Multiple subcutaneous metastases

Nasal vestibule and neck recurrence, right side

Neck recurrence at tracheostoma

Neck recurrence, right side

Floor of mouth, and lung metastasis

Neck recurrence, bilateral, and lung metastasis, bilateral

Hypopharynx, neck recurrence left side, and lung metastasis

Tonsillar cavity and base of tongue, right side

Neck recurrence, right side, and metastasis left lung

Neopharynx, and neck recurrence, right side

Neck recurrence, bilateral

Parotic gland, and neck recurrence, left side

Hypopharynx, and metastases thoracic wall and lung

Oral cavity, and neck recurrence, left side

Neck recurrence, left side

Neck recurrence, right side

Oral cavity, and metastasis parotid gland, bilateral

Prior treatment besides radiotherapy

Cyclo + Etopo + Doxorub

Surgery + Doce + Cis + 5-FU

Surgery + MTXb

Surgery

Surgery + Cis

Surgery

Surgery

Surgery

None

MTX

Cis + Vin + Bleo + MTX

Cis

Surgery

Surgery

Cis + 5-FU

Doce + Cis + 5-FU

Surgery + MTX

Surgery

Surgery

Surgery + MTXa + Cis

MTX, methotrexate; Cis, cisplatin; Doce, docetaxel; 5-FU, fluorouracil; Vin, vincristin; Bleo, bleomycin; Cyclo, cyclophosphamide;
Etopo, etoposide; Doxorub, doxorubicin.
MTX prescribed for treatment Rheumatoid arthritis
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M

3

1

Patient Sex Age (yrs) Site of disease

Table 1. Patient and tumor characteristics					
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1.11

1.11

1.11

1.48

1.48

1.48

1.85

3

4

5

6

7

8

9
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3.17

3.34

3.35

3.61

3.83

3.16

4.00

3.22

3.67

1.85

1.85

2.22

2.22

1.85

2.22

2.22

2.22

1.85

1.85

1.85

12a

12bc

13

14a
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15
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65
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8

12
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47
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43
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209
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89
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89

277

143

NAb

183

52

321

199

Possibly related to study drug.

2.57

3.61

3.31

3.12

1.85

1.85

11a

11bc

2.40

2.60

1.64

1.98

1.18

0.74

1.27

0.74

1

2

2.9

2.3

0.9

0.4

1.2

2.0
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2.7

0.7

1.7

2.3

6.4

4.5

3.4

4.9

3.0
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2

2

4
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3

2

0

2

4

3

2

0

0

0

0

1

0

0

NA

0

3

0

0

2.00
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1.52

0.03

0.70

0.96

2.89

1.70

0.23

0.99

1.45

4.75

2.34

2.01

4.12

2.43

9.33

4.42

NA

6.36

1.30

6.45

9.55

0

0

1

1

4

3

3

0

1

4

3

2

0

0

0

0

0

0

0

NA

0

2

0

NA, not applicable due to insufficient follow-up.

2

1

4

3

3

3

1

1

3

3

1

0

0

1

0

1

0

5.2

NA

NA

0

7.4

1.8

7.5

10.1

0

2

0

0

c

Patient received 186Re-BIWA 4 on two occasions.

None

None

Minor signs of petechiae (1)

Fever (4), febrile neutropenia (4),increased anemia (4), fatigue (3)

Fever (3), febrile neutropenia (3), oral mucositis (2),candida stomatitis (1), petechiae (1)

None

Oral mucositis (1)

Oral mucositis (2)

Fever (3), febrile neutropenia (3),oral mucositis (2), candida stomatitis (2)

Oral mucositis (2)

Oral mucositis (2)

Loss of taste (2)

Gout (2), loss of taste (2)

None

None

None

None

None

Quincke's edema (3), rash (3)

None

None

Facial edema (1)

None

Dose 186Re Total Platelet Toxicity WBC Toxicity Granulocyte Toxicity
Patient (GBq/m2) (GBq) nadir
grade nadir grade
nadir
grade Significant nonhematological toxicitya (toxicity grade)

Table 2. Administered dose and toxicity			
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(maximum CTC grade 2) mucositis (Figure 1) in two of the six patients treated at
the 1.85-GBq/m2 dose level, and in three of the five patients treated at the 2.22GBq/m2 dose level. This form of toxicity is most likely drug related, as the CD44v6
target-antigen is known to be expressed in normal mucosa. The mucositis
usually started 1-2 weeks after administration of the conjugate and disappeared
2 weeks after onset. Most other toxicity was not related to the conjugate, except
for reversible loss of taste in one patient, observed after both injections of 186ReBIWA 4.
For patients treated at the MTD level, mean radiation dose rate measured 1
h after injection at a distance of 100 cm was 4.9 μSv/h. These dose rates would result in cumulative doses far less than the annual limit of 2 mSv, which, according
to Dutch guidelines for radionuclide therapy, is considered to be acceptable for
medical personnel and family members.

Figure 1.
Example of oral mucositis (patient 12). Mucositis (encircled) occurred in this patient from day 11 – 32 after injection of 1.85 GBq/m2 186Re-BIWA 4.
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Hematological toxicity
The bone marrow appeared to be the dose-limiting organ. A significant decrease
of platelet and WBC counts was observed for patients treated at the highest dose
levels, with a nadir of 4 - 5 weeks after injection of the conjugate (Figure 2).
Hematological dose-limiting toxicity defined as drug-related CTC grade 4 was
reported in three patients (Table 2). Reversible CTC grade 4 leukocytopenia and
granulocytopenia were observed in two patients (patients 13 and 17) treated at
2.22 GBq/m2, at 4 and 5 weeks after injection, respectively. In addition, the anemia
present before entering the study worsened slowly in patient 17 and finally
resulted in a CTC grade 4 anemia, which was treated with blood transfusions.
Reversible CTC grade 4 thrombocytopenia and grade 4 leukocytopenia was
observed in one patient (patient 18) treated at 1.85 GBq/m2, who received
concomitant treatment with methotrexate for rheumatoid arthritis. Clinical
symptoms of thrombocytopenia in this patient consisted of mild petechiae.
Patient received a total of two pooled donor units of platelets on day care basis.
All three patients with grade 4 hematologic toxicity received antibiotic and
antimycotic treatment until WBC counts had recovered and the patient was
afebrile. MTD was established at 1.85 GBq/m2. Nadirs of each individual patient
are listed in Table 2. Drug-related thrombocytopenia and leukocytopenia occurred
about 21 days after start of RIT, and the patients started recovering from these
conditions before 6 weeks postinjection.
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Figure 2.
Relationship between myelotoxicity and administered 186Re-BIWA 4 radioactivity dose. Myelotoxicity, measured
as mean percentage decrease from baseline for WBCs (A) and platelets (B) after administration of 0.74 ( ),
1.11 ( ), 1.48 ( ), 1.85 ( ), or 2.22 GBq/m2 ( ).
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Imaging
Whole-body scans obtained directly after administration of 186Re-BIWA 4 showed
mainly blood-pool activity, which decreased over time. Representative wholebody scans are shown in Figure 3. At later intervals, a homogenous distribution
was observed in the lungs, liver, spleen, and kidneys, whereas relative uptake at
tumor sites gradually increased. In general, no selective accumulation at
nontumor sites was visible except for uptake in squamous epithelia (oral mucosa,
nasal mucosa and skin), testes, feces and urine (bladder). Planar and SPECT
images obtained showed improved delineation of small tumors in the head and
neck region (see Figure 4). However, visualization of distant metastases,
concerning mainly lung metastases, was in most cases hampered by the
presence of blood-pool activity and the small size of the lesions.

Figure 3.
Whole-body scans of patient 10 acquired within 1 h (A) after administration of 186Re-BIWA 4 and after 21 (B), 48
(C), 72 (D), and 144 h (E). Immediately after injection, activity is mainly present in blood-pool. Relative uptake of
the radioimmunoconjugate in the tumor in the right tonsillar cavity and base of tongue increases over time.
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Figure 4.
Frontal (A) and lateral (B) planar image of the head and neck region of patient 16, 72 h after
administration of 186Re-BIWA 4. Accumulation of radiolabeled hMAb BIWA 4 is visible in tumor recurrence
in right nasal cavity, and at two cutaneous metastases in the neck (arrows).

Pharmacokinetics
Concentrations of 186Re-BIWA 4 were assessed by measuring immunoreactive
BIWA 4 in plasma with an ELISA assay as well as by measuring radioactivity in
serum. Since each patient received BIWA 4 as a 50 mg infusion, the
immunoreactive BIWA 4 concentrations are presented as a group to demonstrate
the consistency of data across patients (Figure 5A). In a similar way, the
normalized (%ID/kg) radioactivity data are presented (Figure 5B). Overlaying the
immunoreactivity and radioactivity data, demonstrates that plasma BIWA 4
concentrations and radioactivity serum concentrations track each other well,
indicating that the 186Re-BIWA 4 conjugate remained stable after i.v. injection.
This graphical consistency between plasma BIWA 4 concentrations and serum
radioactivity concentrations was observed for each patient and within the three
patients receiving 186Re-BIWA 4 twice (Figure 6). However, modeling of the data
revealed that the geometric mean serum half-life for the radioactive portion of
186

Re-BIWA 4 was significantly longer than the plasma half-life of BIWA 4 portion:

126.5 ± 36.3 versus 95.1 ± 15.9 h (p < 0.001). Differences noted in the modeling
occurred at late time points, when most of the radioactivity was already
eliminated or physically decayed. These data might indicate that a small
proportion of injected radiolabeled BIWA 4 loses binding capacity at late time
points after injection, by which detection in ELISA becomes impossible.
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Figure 5.
Average blood clearance curves of 186Re-BIWA 4 as assessed by ELISA for measuring immunoreactive BIWA 4 in
plasma (A) or by 186Re radioactivity measurement in serum (B). Individual data points are depicted after
administration of 50 mg BIWA 4 labeled with 1.18 – 4.00 GBq 186Re to 20 HNSCC patients.
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Dosimetry
Twenty-one patient studies [5 female, 13 male (of which 3 patients received two
administrations)] could be used for dosimetry. The mean whole-body absorbed
self-dose was 0.28 ± 0.02 mGy/MBq for males and 0.37 ± 0.03 mGy/MBq for
females. The mean red marrow dose was 0.49 ± 0.03 mGy/MBq for males and 0.64
± 0.03 mGy/MBq for females. The normal organ with the highest absorbed dose
appeared to be the kidneys (mean dose in males, 1.61 ± 0.75 mGy/MBq; mean
dose in females, 2.15 ± 0.95 mGy/MBq, which is not expected to lead to renal
toxicity). The doses delivered to the tumors (n = 15), recalculated to the MTD level
of 1.85 GBq/m2, ranged from 3.8 to 76.4 Gy for tumors ranging in size from 285.9
to 5.1 cm3. The median absorbed dose was 12.4 Gy. The largest tumor (285.9 cm3)
showed the lowest absorbed dose (3.8 Gy), whereas the two tumor localizations
with the highest absorbed dose (65.1 and 76.4 Gy) appeared to be small lesions
(11.5 and 5.1 cm3, respectively). However, no clear correlation was found between
tumor absorbed dose and tumor size.

Human anti-BIWA 4 response
HAHA analyses were evaluable for all patients. Two of the 20 patients (patients 10
and 17) showed a HAHA response (Table 3). For both patients, the titer of the 6
weeks sample was elevated and regarded as HAHA positive.

Tumor response
All patients treated with doses of up to 1.48 GBq/m2 186Re-BIWA 4 showed
progressive disease upon RIT. One patient (patient 5) was not evaluable for tumor
size measurements, due to intercurrent death (see “Safety and Nonhematological
Toxicity”). Three of the six patients (patients 10, 11, and 12) treated with 1.85 GBq/
m2 186Re-BIWA 4 developed stable disease after the first administration (Table 4).
As a result, patients 11 and 12 received a second administration, and progressive
disease was observed after a total of 18 weeks (patient 11) and 21 weeks (patient
12) after first administration of the trial drug. One patient (patient 14) treated
with 2.22 GBq/m2 186Re-BIWA 4 experienced stable disease after the first
treatment. Progressive disease was observed after a second treatment with 1.85
GBq/m2 186Re-BIWA 4, approximately 24 weeks after the first administration of the
trial drug.
The overall time to progression for patients who did not respond to therapy ranged from 0 to 55 days, with a mean of about 5-6 weeks, irrespective of the
treatment group. The survival time of the patients who did not obtain stable disease upon 186Re-BIWA 4 treatment, ranged from 21 to 219 days. For the 4 patients
with stable disease, the survival time ranged from 217 to 403 days.
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Table 3. Human anti-hMAb BIWA 4 antibody response

b

1 week
after RIT

6 weeks
after RIT

HAHA titer

HAHA titer

HAHA titer

1

50

< 0.180

< 0.180

< 0.180

2

50

< 0.180

< 0.180

< 0.180

3

50

< 0.180

0.570

0.784

4

50

< 0.180

< 0.180

< 0.180

Patient BIWA 4 dose (mg)

a

Before
RIT

5

50

< 0.180

< 0.180

< 0.180a

6

50

< 0.180

< 0.180

< 0.180

7

50

< 0.180

< 0.180

< 0.180

8

50

0.532

0.425

0.404

9

50

0.584

0.977

0.952

10

50

< 0.180

< 0.180

11a

50

< 0.180

< 0.180

< 0.180
< 0.180

1.01b

11b

50

< 0.180

< 0.180

12a

50

< 0.180

< 0.180

0.337

12b

50

< 0.180

< 0.180

< 0.180

13

50

< 0.180

< 0.180

< 0.180

14a

50

< 0.180

< 0.180

< 0.180

14b

50

< 0.180

< 0.180

< 0.180

15

50

< 0.180

< 0.180

< 0.180

16

50

< 0.180

< 0.180

< 0.180

17

50

< 0.180

< 0.180

25.2b
< 0.180

18

50

< 0.180

< 0.180

19

50

< 0.180

< 0.180

< 0.180

20

50

< 0.180

< 0.180

< 0.180

Week 6 sample taken 2 weeks after RIT.
Positive responses.

65

66

1.48

1.48

1.85

1.85

1.85

1.85

8

9

10

11a

11b

12a

2.22

2.22

1.85

1.85

1.85

15

16

17

18

19

20

180 / 14 / 165

750 / 144

396

216 / 196 / 289 / 350 / 196 / 100 / 196 / 150 / 16 / 80

2,100 / 225

2,250

1,440

1,378

1,900

81 / 81 / 100 / 25 / 16

81 / 100 / 100 / 25 / 16

450

608 / 173 / 127

432

396 / 1,428

600

1,600 / 2,700 / 324

750

b

a

MRI

CT

CT

Clinical

CT

Clinical

CT

CT

CT

CT

CT

CT

CT

CT

CT

CT

MRI

CT

CT

CT

CT

CT

MRI

Progression

Progression

Progression

Progression

Progression

Progression

Stable disease

Progression

Stable disease

Stable disease

Stable disease

Progression

Progression

Progression

Progression

Not evaluable

Progression

Progression

Progression

Progression

Type of
Response
investigation to therapy

	NA not applicable
Patients received a second dose of 186Re-BIWA 4, 3 months after the first administration

1.85

2.22

14b

2.22

1.48

7

14a

1.11

6

1.85

1.11

5

2.22

126 / 2,025

1.11

4

13

126 / 2,025

1.11

12b

760

0.74

2

3

1,120

10,304 / 800 / 225

0.74

1

Pretreatment tumor measurements (mm2)

Dose 186Re
(GBq/m2)

Patient

Table 4. Tumor response

NA

NA

NA

NA

NA

NA

24b

NA

21b

18b

6

NA

NA

NA

NA

NA

NA

NA

NA

NAa

Duration of
response (weeks)
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Discussion
RIT with 186Re-BIWA 4 seems to be safe, and no severe side-effects were observed
in this phase I study besides dose-limiting myelosuppression at a 186Re dose level
of 2.22 GBq/m2. Furthermore, mild mucositis was observed at the highest 186Re
dose levels of 1.85 and 2.22 GBq/m2. Mucositis is most probably caused by binding
of 186Re-BIWA 4 to the CD44v6 target antigen as present in oral mucosa. The MTD
of 186Re-BIWA 4 was established at 1.85 GBq/m2, which seems to be higher than
the 1.0 GBq/m2 found in a previous phase I trial with the other anti-CD44v6
conjugate 186Re-cMAb U36 (20). In the trial with 186Re-cMAb U36 no mucositis
became apparent. Because BIWA 4 and cMAb U36 have a comparable biological
half-life in blood, differences in MTD cannot be explained by differences in
pharmacokinetics. We believe that the large increments of the radiation doseescalation steps used in the 186Re-cMAb U36 phase I trial can partly explain the
difference in MTD and that the use of smaller dose-escalation steps would most
likely have resulted in a higher MTD for 186Re-cMAb U36. Also the heterogeneity
of the HNSCC patient population might have contributed to this difference.
Of great importance is the low immunogenicity of this humanized MAb directed
against the CD44v6 antigen. Ten percent of the patients treated in the present
study developed HAHAs. In the meantime, 28 more patients have been
administered 25 – 100 mg radiolabeled BIWA 4 in three parallel
radioimmunoscintigraphy/biodistribution studies with HNSCC, non-small cell
lung cancer, and breast cancer patients. HAHA responses were observed in none
of these patients, resulting in an overall HAHA response rate of 4% for all four
studies. This is considerably lower than the 40% human anti-chimeric antibodies
(HACAs) as found with the cMAb U36 (20) and the 90% human anti-mouse
antibodies (HAMAs) as found with the parental mMAb BIWA 1 (19). None of the
three patients who received a second administration developed HAHAs, which
illustrates the possibility for repeated treatment with BIWA 4.
Humanization of other MAbs has been performed with variable success. For
instance, hMAb M195 elicited no immune response in a study group of 14
patients (23), compared with 37% HAMAs found with mMAb M195 (29).
Furthermore, hMAb BrE-3 showed 14% HAHAs (22), compared with mMAb BrE-3,
which showed immunogenicity in 46,7% (30) and 83% (31), respectively. On the
other hand, hMAb A33 elicited HAHAs in 26 of 41 patients (32). Although
significantly lower as compared to its parental mMAb A33, for which HAMAs
were found in all treated patients (33), this example illustrates that humanization
does not always solve the problem of immunogenicity.
A secondary objective in this phase I study was to determine the
therapeutic effects of RIT with 186Re-BIWA 4. Stabilization of tumor growth was
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observed in three of six patients treated at the MTD level, with durations ranging
from 6 to 21 weeks. This is consistent with efficacy results obtained in previous
phase I RIT trials with 186Re-cMAb U36. In a first phase I trial with 186Re-cMAb U36
stable disease was observed in one of six patients treated at MTD. In a second
phase I trial with 186Re-cMAb U36, reinfusion of granulocyte colony-stimulating
factor-stimulated unprocessed whole blood was used to reduce myelotoxicity
and to increase the MTD (21). In this procedure, granulocyte colony-stimulating
factor is administered s.c. at home during 5 days before the start of RIT. On day 0,
just prior to administration of 186Re-labeled MAb, 1 liter of whole blood is
harvested and kept unprocessed at 4oC, until reinfusion after 72 h. Indeed, by
using this facile procedure the administered dose could be increased from 1.0 to
2.0 GBq/m2, without exceeding grade 3 myelotoxicity and grade 2 mucositis. In
this particular study stable disease was observed in five of nine patients, for a
period ranging from 3 to 7 months. All three patients treated at the highest dose
level showed stable disease. Whether such a procedure for further dose
escalation is also applicable for 186Re-BIWA 4, remains to be established. It might
well be that a second dose-limiting toxicity, most probably mucositis, will become
manifest. Furthermore, it has to be considered that all HNSCC patients included
in the phase I RIT trials described above had a history of external beam
irradiation, which had caused severe mucositis in some of the patients.
The observation of antitumor effects in patients with bulky disease
offers opportunities for further development of RIT with single or multiple doses
of 186Re-labeled BIWA 4 in an adjuvant setting. The tumor absorbed doses,
recalculated to MTD level, ranged from 3.8 to 76.4 Gy, whereas the median
absorbed dose was 12.4 Gy. The tumor with the highest absorbed dose of 76.4 Gy
appeared to be a small lesion of 5.1 cm3, which remained stable in size upon RIT
(patient 10). It is unlikely that antitumor effects are caused by immune
modulating effects, because BIWA 4 lacks antibody-dependent cell-mediated
cytotoxicity or complement-dependent cytotoxicity-mediating activity in vitro.
Recently, we reported on the relationship between HNSCC size and MAb
accumulation (34). Data for this report were obtained from several
radioimmunoscintigraphy and biodistribution studies with the anti-HNSCC MAbs
E48 and U36 in HNSCC patients. MAb uptake in small-volume tumors (1 cm3) was
approximately 4 times higher than uptake in tumors with a large volume (>50
cm3). Therefore, in our view, these data justify evaluation of RIT with 186Re-BIWA 4
as a systemic adjuvant treatment.
In conclusion, this study shows that RIT with 186Re-BIWA 4 is safe. By using BIWA
4, a humanized anti-CD44v6 MAb, the rate of HAHA responses was reduced to a
minimum, and repeated administrations appeared possible. The MTD was
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established at 1.85 GBq/m2, at which dose level stabilization of disease was
observed in three of six inoperable HNSCC patients with bulky disease. The
application of RIT with 186Re-BIWA 4 therefore holds promise, especially in an
adjuvant setting.
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Abstract
From December 1999 until July 2001, a phase I dose escalation study was
performed with 186Re-labeled bivatuzumab, a humanized monoclonal antibody
against CD44v6, in patients with inoperable recurrent and/or metastatic head
and neck cancer. The aim of the trial was to assess the safety and tolerability
of intravenously administered 186Re-bivatuzumab and to determine the
maximum tolerated dose (MTD) of 186Re-bivatuzumab. The data were also used
for dosimetric analysis of the treated patients. Dosimetry is used to estimate
the absorbed doses by nontarget organs, as well as by tumors. It can also help to
explain toxicity that was observed, and to predict organs at risk because of the
therapy given.

Methods
Whole-body scintigraphy was used to draw regions around sites or organs of
interest. Residence times in these organs and sites were calculated and entered
into the MIRDOSE3 program, to obtain absorbed doses in all target organs except
for red marrow. The red marrow dose was calculated using a blood-derived
method. Twenty-one studies on 18 patients, 5 female and 16 male, were used for
dosimetry.

Results
The mean red marrow doses were 0.49 ± 0.03 mGy/MBq for men, and 0.64 ±
0.03 mGy/MBq for women. The normal organ with the highest absorbed dose
appeared to be the kidney (mean dose, 1.61 ± 0.75 mGy/MBq in men and 2.15
± 0.95 mGy/MBq in women; maximum kidney dose in all patients, 11 Gy), but
the doses absorbed are not expected to lead to renal toxicity. Other organs with
doses exceeding 0.5 mGy/MBq were the lungs, the spleen, the heart, the liver,
the bones, and the testes. The doses delivered to the tumor, recalculated to the
MTD level of 1.85 GBq/m2, ranged from 3.8 to 76.4 Gy, with a median of 12.4 Gy. A
good correlation was found between platelet and white blood cell counts and the
administered amount of activity per kilogram of body weight (r = -0.79).

Conclusions
Dosimetric analysis of the data revealed that the range of the doses to normal
organs seems to be well within acceptable and safe limits. Tumor doses ranged
from 4 to 76 Gy. Given the acceptable tumor doses, 186Re-labeled bivatuzumab
could be a good candidate for future adjuvant radioimmunotherapy in patients
with minimal residual disease.
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INTRODUCTION
Squamous cell carcinoma (SCC) is the predominant histological type among
tumors of the head and neck. They account for approximately 5% of all malignant
neoplasms in Europe and the United States. World-wide, over 500,000 new cases
were diagnosed in 2000 (1). Patients with early stages of disease (stage I and II) are
usually treated with surgery or radiotherapy and have a good prognosis. Patients
with stage III or IV disease usually undergo combined surgery and radiotherapy,
but the failure rate is high: locoregional disease recurs after conventional therapy
in about 40% of these patients, and distant metastases develop in nearly 25%.
The management of these advanced stages of disease especially leaves room
for improvement. Development of an effective systemic adjuvant therapy
for eradication of minimal residual disease is a major challenge. The use of
radiolabeled monoclonal antibodies (MAbs) for this purpose may be a promising
approach, since SCC of the head and neck (HNSCC) is a radiosensitive tumor type.
The use of radiolabeled MAbs for the treatment of malignancies is
called radioimmunotherapy (RIT). RIT appeared to be a successful treatment
modality in patients with non-Hodgkin’s lymphoma, a radiosensitive tumor type
(2). RIT is also used in studies for the treatment of solid tumors. For treatment
of HNSCC, the CD44 antigen seems a suitable target. A particular CD44 isoform,
containing the variant exon v6 (CD44v6), is expressed homogeneously in almost
all tumors derived from squamous epithelium, whereas its expression on
normal human tissues is highly restricted (3). This expression is maintained in
tumor metastases, as immunohistochemical evaluation showed homogeneous
expression of CD44v6 in 94 of 95 lymph node metastases (3). Antibodies directed
against CD44v6 were already used in previous clinical RIT trials. In 1998, a phase
I study using the 186Re-labeled chimeric MAb U36 was performed for evaluation of
the safety and efficacy of RIT (4). In 5 of 12 patients treated with U36, human antichimeric antibodies developed. Therefore, a humanized MAb called bivatuzumab,
which is also directed against CD44v6, was developed for further clinical trials.
In most RIT trials, the radionuclide 131I or 90Y is used. 131I emits low-energy

β-radiation and high-energy, high abundance γ-radiation. Although, in most
cases, treatment with 131I-labeled MAbs can be given on an outpatient basis in

the United States (5,6), the high-energy, high abundance γ-radiation emitted by

131

I may, in some countries, require hospitalization of patients to protect relatives

and the general public from radiation. 90Y decays by high-energy β-emissions but

lacks γ-radiation. Therefore, scintigraphy and dosimetry cannot be performed

when only 90Y-labeled MAbs are used - a limitation, especially when a new MAb is
clinically evaluated in RIT for the first time. For this study, 186Re was used because

of its excellent physical properties. 186Re decays by both β- and γ-emission. The
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mean energies of both β-emissions is 362 keV (71% of disintegrations) and 309

keV (22%). The low-energy (137 keV), low abundance (10%) γ-radiation is ideal for
scintigraphy, as shown in Figure 1, and permits treatment on an outpatient basis
even at high doses.
Given the encouraging results of RIT with 186Re-U36, the ideal physical
properties of 186Re, and the availability of a humanized MAb, this study was
conducted to assess the safety and tolerability of intravenously administered
186

Re-bivatuzumab and to determine the maximum tolerated dose (MTD) of

186

Re-bivatuzumab. The data of this trial were also used for dosimetric analysis.

Dosimetry can be used to give insight into the radiation doses absorbed by
nontarget organs, as well as by tumors. It can also help to explain toxicity that is
observed and to predict organs at risk because of the therapy given.

FIGURE 1.
Biodistribution directly after and 1, 2, and 3 days after 186Re-bivatuzumab RIT in patient 6, who had a carcinoma
in the left parotid region.
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Materials and methods
Patient eligibility
Patients with a history of histologically confirmed HNSCC were candidates. At
the time they entered the study, they had to have either distant metastases or
local or regional recurrent disease for which curative treatment options were not
available. The tumor had to be measurable clinically or radiologically. Patients
had to be between 18 and 80 y old, give written informed consent, and have a life
expectancy of at least 3 months and a Karnofsky performance status of over 60.
Patients with serious concomitant pathology, such as life-threatening infections,
organ failure, or a recent myocardial infarction, were excluded. Other exclusion
criteria were allergic diathesis, hematologic disorders, congestive heart failure,
unstable angina pectoris, bronchial asthma, pregnancy, or the absence of
acceptable means of birth control in fertile women.
The white blood cell (WBC) count had to be at least 3.0 × 109/l, the
granulocyte count at least 1.5 × 109/l, and the platelet count at least 100 × 109/l.
The last course of chemotherapy or radiotherapy had to have been at least 4
weeks before inclusion in the study.

Bivatuzumab
Bivatuzumab (also known as BIWA 4) is a humanized MAb of the IgG1 isotype.
It was produced and supplied by Boehringer Ingelheim Pharma GmbH & Co
KG. Bivatuzumab recognizes a transmembrane glycoprotein on the outer cell
surface. After binding of the MAb to the antigen, an epitope encoded by CD44v6,
it is slightly internalized (< 20%). This antigen is expressed by all primary head
and neck tumors and by the majority of cells within these tumors. In addition,
homogeneous expression has been observed in SCC of the lung, skin, esophagus,
and cervix (3). Heterogeneous expression was found in adenocarcinomas of the
breast, lung, colon, pancreas, and stomach (3). In normal tissues, expression has
been found in epithelial tissues, such as skin, breast, prostate myoepithelium,
and bronchial epithelium (3). The reactivity of bivatuzumab is essentially
restricted to squamous epithelia.
Bivatuzumab was labeled with 186Re using S-benzoylmercaptoacetyltriglycine (MAG3) as a chelator by the method of Visser et al. (7).
Radiochemical purity of each 186Re-bivatuzumab batch, as assessed by thin-layer
chromatography or high-pressure liquid chromatography, always exceeded
95%. The immunoreactive fraction of each batch ranged from 81% to 100%, with
a mean of 90%. 186Re and MAG3 were obtained from Mallinckrodt (Petten, the
Netherlands.
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Study design
The present clinical trial was an uncontrolled dose escalation study. All patients
underwent prestudy screening, consisting of a review of their history and
physical examination, including examination by an experienced oncologic ear,
nose, and throat surgeon; laboratory analysis; electrocardiography; CT of the
thorax; and radiologic assessment of the tumor site by CT, MRI, or ultrasound.
Study treatment consisted of a single injection with 50 mg of bivatuzumab
labeled with 186Re in increasing dosages, starting at 0.74 GBq/m2 (20 mCi/m2), with
increments of 0.37 GBq/m2 (10 mCi/m2). Two patients were entered at the lowest
dose level, at which toxicity did not exceed grade 1 according to the Common
Toxicity Criteria, version 2.0, of the National Cancer Institute. At the higher dose
levels, 3 patients were entered per level. If dose-limiting toxicity occurred (grade 3
non-hematologic or grade 4 hematologic toxicity), the group treated at that dose
level had to be extended to a total of 6 patients. The MTD was defined as the dose
level at which not more than 1 of 6 patients experienced dose-limiting toxicity.
Patients who responded to the first treatment with 186Re-bivatuzumab were
elegible for a second administration. They underwent the same visit schedule as
for the first administration.

Pharmacokinetics
Blood samples for pharmacokinetic analysis were taken directly after injection,
at 5 and 30 min after injection, and 1, 2, 4, 16, 21, 48, 144, 240, and 336 h after

injection. Both serum and blood samples were counted in a well-type γ-counter
(Wizard 1470 [at the Amsterdam study center] or Wizard 1480 [at the Nijmegen
study center]; Wallac) along with standards of the injection solution. The
amount of activity in the samples was expressed as percentage injected dose per
kilogram of blood or serum.

Scintigraphy
Whole-body scintigrams for visual assessment of biodistribution and for
dosimetric analysis were made within one h after injection and at 21, 48, 72, and
144 h after injection. A known aliquot of the injected dose (γ-camera standard)
was inserted in an acrylic block of 15-cm height and was scanned at the same
time for reference purposes. At the Nijmegen study center, images were acquired
using a Siemens double-head γ-camera. The images were processed at ICON

workstations using a locally developed dosimetry tool. This tool allows copying
and transferring regions of interest (ROIs) between various whole body studies.
At the Amsterdam study center, the data were acquired with an ADAC double-

head γ-camera. Data were transferred electronically in Interfile format and were
converted without loss of information to ICON files. These data were analyzed
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using the same dosimetry tool.

ROIs were drawn around the γ-camera standard; the whole body; the heart

and its background; the right lung and its background, the liver, the spleen and
its background, the left kidney and its background; the testes, if applicable, and
their background, and the tumor, if visible, and its background. All images were
reviewed by one physician. The counts in each ROI were corrected for background
using the ROIs drawn adjacent to each organ.

Dosimetry
Background correction
The activity in the body (CWB) was determined as the geometric mean of the counts
in the anterior image (CAWB) minus the counts in the standard ROI on the anterior
image (CAST), and the counts in the posterior image (CPWB) minus the counts in the
standard ROI on the posterior image (CPST). This is depicted in equation 1:

C WB = (CA WB − CA ST ) ⋅ (CPWB − CPST )

(1)

The activity in the standard (CST) is determined as the geometric mean of the
counts in the ROI on the anterior image (CAST) and the counts in the ROI on the

€

posterior image (CPST):

C ST = CA ST ⋅ CPST

(2)

The activity in the heart (CH) was determined as the geometric mean of the
counts in the anterior (CAH) and in the posterior ROI (CPH) minus background

€

(equation 3). The background in the anterior image (CAH,BG) was calculated by
multiplying the counts per pixel in the ROI for the background of the heart by
the number of pixels in the ROI of the heart. Similarly, the background in the
posterior image (CPH,BG) was calculated. Partial background subtraction was used:
only a fraction of the counts in the background ROIs was subtracted (8). This
fraction (F) was calculated by dividing abdomen thickness minus organ thickness
by the abdomen thickness. For the heart, F equals 0.5 (8).

CH = (CAH − 0.5 ⋅ CAH,BG ) ⋅ (CPH − 0.5 ⋅ CPH,BG )

(3)

The activity in the lungs, spleen, and kidneys (CORG) was determined as the

€

geometric mean of the counts in the anterior ROI (CAORG)and in the posterior ROI
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(CPORG), minus F = 0.66 times the background in the anterior image (CAORG,BG) and
the posterior image (CPORG,BG), respectively (equation 4) (9). The background for
each organ was calculated similarly to the background for the heart. The activity
in the lungs was assumed to be two times the activity in the right lung. The
activity in the kidneys was assumed to be two times the activity in the left kidney.

CORG = (CAORG − 0.66 ⋅ CAORG,BG ) ⋅ (CPORG − 0.66 ⋅ CPORG,BG )

(4)

The activity in the liver (CLI) was determined as the geometric mean of the

€

counts in the anterior ROI (CALI) and in the posterior ROI (CPLI) (equation 5). No
background correction was made, since the liver occupies almost the entire
thickness of the patient’s abdomen (8).

CLI = CALI ⋅ CPLI

(5)

The activity in the testes (CTE) was determined using the anterior image only (the

€

geometric mean of the counts in the anterior ROI [CATE] and the background in
the anterior image [CATE,BG]) (equation 6).

C TE = CA TE − CA TE,BG

(6)

The activity in the tumor (CT) was determined using either the anterior image

€

(the geometric mean of the counts in the anterior ROI [CAT] and the background
in the anterior image [CATE,BG]) or the posterior image (the geometric mean of
the counts in the posterior ROI [CPT] and the background in the posterior image
[CPT,BG]), depending on the site of the tumor (equation 7).

C T = CA T − CA T,BG

or

C T = CPT − CPT,BG

		

(7)

Attenuation correction

€

The attenuation of the activity in the whole body and in the abdominal organs

€ by 11.25 cm of tissue between the center of the
was considered to be caused

patient and the skin. The attenuation of activity in the intrathoracic organs is
less, because the lungs contain air, leading to less attenuation. Therefore the
residence times of these organs are multiplied by 0.85 to correct for the
differences in attenuation in the abdomen and thorax.
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The residence times of the testes and the tumor are multiplied by 0.25 and 0.58,
respectively. The attenuation of the testes by an overlying layer of 1.5 cm soft
tissue can be defined using equation 8, in which μ equals 0.144 cm-1 for 137- keV
photons in tissue, and x = 1.5 cm of tissue. The attenuation of the abdomen can
be defined using the same equation and x = 11.25 cm. By dividing A11.25 by A1.5, a
correction factor of 0.25 is obtained.

A x = A 0 ⋅ e−μx

						

(8)

The distance between the center of the tumor and the skin is thought to be 7.5
cm, leading to a correction factor of 0.58, which is calculated using the same

€ method as described for attenuation correction of the testes.
Residence times

Equations 1-7 were applied to each imaging time-point to yield time-activity
curves for each organ. The activity in the whole body at each time-point was
decay-corrected. Time-activity curves for the whole body were obtained by
assuming no biological clearance of injected activity at the first imaging timepoint. The decay-corrected counts were fit to a single-component exponential
clearance expression, yielding the biological half-life. Assuming that 100% of the
injected dose was present at the first imaging time-point, the percentage of the
injected dose for each succeeding scan was calculated by dividing counts of each
succeeding scan by the counts of the first scan. These data were fit in a singlecomponent exponential clearance expression, yielding the residence time value
of the whole body.
Residence times in all organs were calculated using the trapezoidal method.
First, a linear extrapolation was made between the assumed uptake fraction of
0 at time of injection and the measured fractional uptake at the time of the first
image. This extrapolation was not corrected for physical decay. From each timepoint to the next, a line was drawn between the fractions of uptake. The areas
under all these lines were summed. The remaining area under the curve from the
end of data collection until infinity was determined by considering only physical
decay of the radionuclide.
Absorbed doses
The absorbed dose to the organs was calculated using the MIRD schema. Tumor,
heart (contents), lungs, liver, spleen, kidneys, red marrow, testes, urinary bladder,
and the rest of the body (remainder) were considered as source organs. The
tumor as a source organ was considered to be located at the site of the thyroid
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gland. Because the organ anatomically nearest to the tumor is the thyroid gland,
one cannot estimate the absorbed dose to it. The absorbed dose to the thyroid is
expected to be (very) low, since no uptake in the thyroid (and the stomach) is
seen, meaning that neither circulation of perrhenate (186ReO4-) nor actual uptake
of radiolabeled antibody occurs in the thyroid. For the bladder, the dynamic
bladder model was used. A voiding interval of 4 h was assumed. Using the counts
for the whole body, the biologic half-life was determined as described previously.
Biologic half-life and voiding interval were entered into the dynamic bladder
model, yielding the residence time in the urinary bladder. The calculated
residence times as described in the previous section, were entered into the
MIRDOSE3 computer program, version 3.1 (Oak Ridge Associated Universities)
(10), to compute the absorbed doses, using the reference adult software phantom
for the men. For the women, the adult female phantom was used.
The absorbed doses in the tumors were calculated using the known fraction of
activity in the tumor, divided by the weight of the tumor. To assess the volume
of the tumor, its 3 dimensions – as assessed by CT scanning – were multiplied
by π/6. The weight was estimated by multiplying the volume of the tumor by its
density, being 1.0 g/cm3. This calculated weight was entered into MIRDOSE3, in
which a sphere represents the tumor. The dose rate in each tumor was estimated
using iterative approximation.
The red marrow dose (DRM) was estimated using the blood clearance data, as
described by Shen et al. (11). The absorbed dose in the red marrow (mGy/MBq) is
calculated according to equation 9:

DRM =
			

0.5 ⋅ 0.19 ⋅ Cblood 0.2128 ⋅ Ã WB
+
1− Ht
Wbody

In equation 9, Ht represents the patient’s hematocrit before infusion (l/l), Cblood

€

is calculated using the residence times in blood (kBq ∙ h ∙ ml-1 ∙ MBq-1), ÃWB
represents the whole body residence time (h), and Wbody represents the body
weight of the patient (g).

Statistical analysis
Associations between myelotoxicity and doses were calculated with SPSS 10.0
software (SPSS Inc.) using the Pearson correlation test. Two-sided significance
levels were calculated for all parameters, with P < 0.05 considered statistically
significant.
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RESULTS
Twenty patients with locoregional recurrence or metastases of head and neck
cancer, and for whom no curative options were available, were included in the
trial and treated with 186Re-bivatuzumab. Three of these patients received a
second injection with 1.85 GBq/m2 (50 mCi/m2) 186Re-bivatuzumab at least 12
weeks after the first injection. More specific clinical data of the patients treated
and the trial outcome are described elsewhere (12). For 2 patients treated, not
enough data were available for adequate dosimetric analysis. Thus, the results of
the dosimetry of 21 RIT procedures on 18 patients are presented.

Red marrow doses
The doses absorbed in the red marrow were estimated for all 21 patient studies, as
presented in Table 1. The data of men and women are presented separately, since
men and women have different mean blood volumes according to the standard
phantom models (5.2 l in men, 3.9 l in women). Therefore, the weight of the bone
marrow differs between the sexes, leading to differences in absorbed marrow
doses. Table 2 shows the mean absorbed doses at the different dose levels.
Because pharmacokinetic data were used to estimate the red marrow doses, the
small variance in absorbed doses suggests a consistency in the pharmacokinetics
of these patients.

Absorbed doses in other organs
The calculated residence times in the source organs were entered into the
MIRDOSE3 program. The results of the MIRDOSE3 analysis are listed in Tables 3
and 4. Since two different models were used (adult and female adult), the data
for men and women are presented separately. As stated earlier, the thyroid dose
could not be estimated. Although MIRDOSE3 lists both the effective dose and the
effective dose equivalent, these values are not applicable for patients receiving
radiation therapy. As an alternative, the absorbed total-body dose was calculated,
considering the body as an organ.
Table 3 shows the mean absorbed doses, expressed as mGy/MBq and
grouped by dose level, in all target organs of male patients. The mean dose actually
absorbed by all organs was determined by MIRDOSE3 using the reference adult
phantom and was calculated by multiplying the mGy/MBq values by the actual
dose in megabecquerels, that the patients received.
The data for the women were processed similarly, using the female adult
phantom. The mean absorbed doses, expressed as mGy/MBq, are presented in
Table 4. The absorbed doses in women appear to be higher than those in men
because of the different reference body weight of the 2 models (female adult, 57
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TABLE 1. Absorbed doses in red marrow
Patient

Dose level
(GBq/m2)

Dose (GBq)

Red marrow dose Red marrow dose
(mGy/MBq)
(Gy)

1

0.74

1.27

0.522

3

1.11

2.06

0.503

1.03

4

1.11

1.98

0.532

1.06

MEN
0.66

6

1.11

2.08

0.511

1.06

7

1.48

2.76

0.497

1.37

8

1.48

2.60

0.524

1.37

10

1.85

3.38

0.459

1.55

11.1

1.85

3.12

0.516

1.61

11.2

1.85

3.17

0.481

1.53

12.1

1.85

3.34

0.486

1.62

12.2

1.85

3.35

0.497

1.67

14.1

2.22

3.83

0.459

1.76

14.2

1.85

3.16

0.438

1.38
1.93

15

2.22

4.00

0.481

18

1.85

3.22

0.514

1.65

19

1.85

3.67

0.449

1.65

0.492 ± 0.029

mean ± SD

Women
2

0.74

1.18

0.635

9

1.48

2.40

0.622

0.75
1.49

13

2.22

3.61

0.624

2.26

16

2.22

3.31

0.619

2.05

20

1.85

2.57

0.684

1.76

0.637 ± 0.027

mean ± SD
Abbreviations: SD, standard deviation

TABLE 2. Mean absorbed doses in red marrow
Men
treated
(n)

Dose level
(GBq/m2)

Mean absorbed
red marrow
dose ± SD (Gy)

Women
treated
(n)

Dose level
(GBq/m2)

Mean absorbed
red marrow
dose ± SD (Gy)

1
3

0.74

0.66

1

0.74

0.75

1.11

1.05 ± 0.02
1.49

2

1.48

1.37 ± 0.00

1

1.48

8

1.85

1.58 ± 0.09

1

1.85

1.76

2

2.22

1.85 ± 0.12

2

2.22

2.15 ± 0.15

Abbreviations: SD, standard deviation
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0.27
0.26
0.27
0.27
0.27
0.27
0.27
1.07
1.80
0.60
1.35
0.26
0.27
1.26
0.26
1.97
0.65
0.37
0.36

2.08E-01 ± 2.08E-02

2.01E-01 ± 2.14E-02

2.08E-01 ± 2.11E-02

2.05E-01 ± 2.15E-02

2.05E-01 ± 2.15E-02

2.04E-01 ± 2.13E-02

2.05E-01 ± 2.14E-02

8.35E-01 ± 2.12E-01

1.61E+00 ± 7.52E-01

7.62E-01 ± 1.72E-01

1.16E+00 ± 2.89E-01

2.02E-01 ± 2.13E-02

2.08E-01 ± 2.11E-02

9.22E-01 ± 4.65E-02

2.00E-01 ± 2.12E-02

1.11E+00 ± 3.86E-01

7.31E-01 ± 2.28E-01

3.03E-01 ± 3.27E-02

2.81E-01 ± 1.66E-02

Adrenals

Brain

Gallbladder wall

LLI wall

Small intestine

Stomach

ULI wall

Heart wall

Kidneys

Liver

Lungs

Muscle

Pancreas

Bone surfaces

Skin

Spleen

Testes

Urine bladder wall

Total body

0.58 ± 0.03

0.60 ± 0.03

1.88 ± 0.32

1.65 ± 0.81

0.42 ± 0.04

1.96 ± 0.08

0.44 ± 0.04

0.43 ± 0.04

2.25 ± 0.77

1.63 ± 0.28

2.54 ± 1.70

1.50 ± 0.10

0.43 ± 0.04

0.43 ± 0.04

0.43 ± 0.04

0.43 ± 0.04

0.44 ± 0.04

0.42 ± 0.04

0.44 ± 0.03

1.11 GBq/m2
(n = 3)

0.71 ± 0.10

0.85 ± 0.28

1.77 ± 0.12

2.67 ± 0.27

0.47 ± 0.09

2.53 ± 0.06

0.49 ± 0.09

0.48 ± 0.09

3.29 ± 0.60

2.39 ± 0.63

4.20 ± 0.03

2.53 ± 0.47

0.49 ± 0.09

0.49 ± 0.09

0.49 ± 0.09

0.49 ± 0.09

0.49 ± 0.09

0.48 ± 0.09

0.50 ± 0.09

1.48 GBq/m2
(n = 2)

0.92 ± 0.05

1.01 ± 0.09

2.28 ± 0.81

3.78 ± 1.35

0.65 ± 0.07

2.97 ± 0.14

0.68 ± 0.07

0.66 ± 0.07

4.00 ± 0.84

2.53 ± 0.48

6.14 ± 3.06

2.78 ± 0.82

0.67 ± 0.07

0.67 ± 0.07

0.67 ± 0.07

0.67 ± 0.07

0.68 ± 0.07

0.66 ± 0.07

0.68 ± 0.07

1.85 GBq/m2
(n = 8)

+ SD (Gy)
Mean absorbed organ dose for different dose levels –

Abbreviations: SD, standard deviation; LLI, lower large intestine; ULI, upper large intestine

Organ

0.74 GBq/m2
(n = 1)

Mean absorbed organ
dose –
+ SD (mGy/MBq)

TABLE 3. Absorbed organ doses in men

1.14 ± 0.02

1.14 ± 0.15

2.98 ± 1.31

5.17 ± 0.75

0.85 ± 0.09

3.51 ± 0.16

0.89 ± 0.09

0.86 ± 0.09

3.89 ± 2.20

2.75 ± 0.98

5.28 ± 2.45

3.21 ± 1.09

0.88 ± 0.09

0.87 ± 0.09

0.88 ± 0.09

0.87 ± 0.09

0.88 ± 0.09

0.86 ± 0.09

0.89 ± 0.09

2.22 GBq/m2
(n = 2)
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0.57

0.48

3.72E-01 ± 2.61E-02

Total body

Abbreviations: SD, standard deviation; LLI, lower large intestine; ULI, upper large intestine

0.34
0.36

3.51E-01 ± 3.91E-02

2.69E-01 ± 3.66E-02

Urine bladder wall

Uterus

0.35
1.99

2.64E-01 ± 3.61E-02

0.37
1.10

2.75E-01 ± 3.63E-02

9.18E-01 ± 2.56E-02

Pancreas

Bone surfaces

1.56E+00 ± 5.30E-01

0.36
0.36

2.67E-01 ± 3.66E-02

2.70E-01 ± 3.66E-02

Muscle

Ovaries

Skin

1.70
1.76

1.12E+00 ± 2.59E-01

1.46E+00 ± 2.17E-01

Liver

Lungs

Spleen

2.17

1.77
1.45

1.27E+00 ± 1.97E-01

2.15E+00 ± 9.51E-01

Heart wall

Kidneys

0.58

0.84

0.58

0.90

2.09

0.59

0.58

0.58

3.86

2.81

5.69

3.10

0.58

0.36
0.36

2.71E-01 ± 3.63E-02

2.71E-01 ± 3.69E-02

Stomach

0.58

0.58

0.59

0.57

0.57

0.60

1.48 GBq/m2
(n = 1)

0.93

0.61

0.92

5.45

0.60

2.38

0.62

0.61

0.60

4.37

3.24

9.00

3.57

0.61

0.61

0.61

0.61

0.62

0.60

0.60

0.63

1.85 GBq/m2
(n = 1)

+ SD (Gy)
Mean absorbed organ dose for different dose levels –

ULI wall

0.36
0.36

2.70E-01 ± 3.70E-02

2.70E-01 ± 3.66E-02

0.36
0.37

2.66E-01 ± 3.63E-02

2.74E-01 ± 3.62E-02

Breasts

Gallbladder wall

LLI wall

0.37
0.36

2.75E-01 ± 3.56E-02

2.66E-01 ± 3.68E-02

Adrenals

Brain

Small intestine

0.74 GBq/m
(n = 1)

Mean absorbed organ dose
+ SD (mGy/MBq)
–
2

Organ

TABLE 4. Absorbed organ doses in women

1.30 ± 0.17

0.99 ± 0.21

1.29 ± 0.01

5.35 ± 1.70

0.97 ± 0.20

3.18 ± 0.32

1.00 ± 0.21

0.99 ± 0.21

0.98 ± 0.21

4.34 ± 0.27

3.02 ± 0.34

6.30 ± 2.58

3.77 ± 0.28

0.99 ± 0.21

0.99 ± 0.21

0.99 ± 0.21

0.99 ± 0.21

1.00 ± 0.21

0.97 ± 0.20

0.98 ± 0.21

1.00 ± 0.20

2.22 GBq/m2
(n = 2)
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kg; adult, 70 kg). Because the data of only 5 women could be used for dosimetric
analysis, no mean absorbed doses per dose level could be given, except for the
highest dose level of 2.22 GBq/m2 (60 mCi/m2), at which 2 women were treated.
The organ that received the highest doses was the kidney (1.61 ± 0.75 mGy/MBq
in men, 2.15 ± 0.95 mGy/MBq in women). Other organs receiving absorbed doses
exceeding 0.5 mGy/MBq were the lungs (1.16 ± 0.29 mGy/MBq in men, 1.46 ± 0.22
mGy/MBq in women), the spleen (1.11 ± 0.39 mGy/MBq in men, 1.56 ± 0.53 mGy/
MBq in women, the heart (0.83 ± 0.21 mGy/MBq in men, 1.27 ± 0.20 mGy/MBq in
women), the liver (0.76 ± 0.17 mGy/MBq in men, 1.12 ± 0.26 mGy/MBq in women),
the bones (0.92 ± 0.05 mGy/MBq in men, 0.92 ± 0.03 mGy/MBq in women), and the
testes (0.73 ± 0.23 mGy/MBq).

Tumor dosimetry
If CT scanning before treatment with 186Re-bivatuzumab showed a measurable
tumor lesion, and if this lesion was visible on scintigraphy after RIT, dosimetry
for the tumor was performed. In this study, 15 lesions could be evaluated and
were analyzed.
The tumor sizes ranged from 5.1 to 285.9 cm3. The tumor doses differed
markedly: doses ranged from 1.4 to 73.9 Gy. Because tumor doses in a doseescalation study cannot easily be compared, tumor doses were calculated
postulating that all patients were treated at MTD, being 1.85 GBq/m2 (50 mCi/m2). The
recalculated tumor doses ranged from 3.8 to 76.4 Gy, with a median dose of 12.4 Gy.
The tumor doses of all individual lesions are listed in Table 5. In the patient studies
used for tumor dosimetry, stable disease was observed in two cases. The actual
absorbed doses in the tumors of these patients were 74 and 16 Gy, respectively.

Correlation between toxicity and absorbed doses
Because hematologic toxicity appeared to be dose-limiting, and because no other
serious toxicity was observed, platelet and WBC nadir levels were compared with
total injected activity, injected activity per square meter of body surface area,
injected activity per kilogram of body weight (all parameters listed in Table 6), wholebody absorbed dose (listed in Tables 3 and 4), and red marrow absorbed dose (as
listed in Table 1). Correlation coefficients between nadir of platelets and WBCs, and
the 5 parameters mentioned above, were plotted (Figure 2), calculated and listed
in Table 7. The injected activity per kilogram of body weight appeared to correlate
best with hematologic toxicity, with a correlation coefficient of -0.79. Second-best
correlations were found between whole-body dose and WBC nadir (r = -0.75) and
between administered activity per square meter of body surface area and nadirs (r =
-0.73).
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1
2
3
4
6
7
8
9
10
13
14.1
14.2
15
16
19
Median

Patient

285.9
11.5
19.2
10.8
11
47.1
8.1
16.2
5.1
69.6
32.5
30.2
56
66
6.7

Tumor volume
(cm3)
7.38E-01
1.79E+01
1.02E+01
1.82E+01
1.79E+01
3.84E+00
2.37E+01
9.16E+00
4.14E+01
2.84E+00
5.97E+00
7.24E+00
3.54E+00
3.00E+00
2.86E+01

Tumor self-dose S-value
(mGy · MBq-1 · h-1)

TABLE 5. Dose absorbed by tumor

1.45
1.19
0.32
0.22
0.07
0.54
0.11
0.44
0.53
2.65
0.69
0.94
0.62
1.84
0.12

Residence
time (h)
1.27
1.18
2.06
1.98
2.08
2.76
2.60
2.40
3.38
3.61
3.83
3.16
4.00
3.36
3.67

Administered
activity (GBq)
1.4
25.2
6.7
7.9
2.6
5.7
6.8
9.7
73.9
27.1
15.8
21.5
8.8
18.5
12.6
9.7

Actual tumor
dose (Gy)
3.8
65.1
10.8
13.5
4.4
7.4
8.7
12.4
76.4
22.8
13.9
22.3
7.3
15.5
11.9
12.4

Tumor dose if treated at
1.85 GBq/m2 (Gy)
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1
2
3
4
6
7
8
9
10
11.1
12.1
13
14.1
15
16
17
18
19
20

Patient

0.74
0.74
1.11
1.11
1.11
1.48
1.48
1.48
1.85
1.85
1.85
2.22
2.22
2.22
2.22
2.22
1.85
1.85
1.85

Dose level
(GBq/m2)
1.27
1.18
2.06
1.98
2.08
2.76
2.68
2.40
3.38
3.12
3.34
3.61
3.82
4.00
3.36
3.61
3.22
3.67
2.57

Administered
activity (GBq)
70.0
56.0
59.0
64.0
71.0
73.0
60.0
61.5
72.0
64.0
65.0
59.0
79.0
61.0
50.0
60.0
58.0
70.0
43.5

Weight (kg)

TABLE 6. Administered doses and toxicity

18.1
21.1
34.9
30.9
29.3
37.8
44.7
39.0
47.0
48.7
51.5
61.1
48.4
65.6
67.3
60.2
55.4
52.4
59.1

Administered
activity (MBq/kg)
199
321
52
183
143
277
89
202
89
122
117
25
78
47
18
12
8
94
65

Platelet nadir
(× 109/l)
10.1
7.5
1.8
7.4
5.2
10.6
3.0
4.9
3.4
4.5
2.3
0.7
2.7
2.0
1.2
0.4
0.9
2.3
2.9

WBC nadir
(× 109/l)
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FIGURE 2.
Correlation of platelet and WBC nadirs with total injected activity (A), injected activity per square meter of body
surface area (B), injected activity per kilogram body weight (C), whole-body absorbed dose (D), and red marrow
absorbed dose (E).

TABLE 7. Correlation coefficients of hematologic toxicity
versus dose
Parameter

Platelet nadir

WBC nadir

Dose (GBq)

-0.69

-0.69

Dose level (GBq/m2)

-0.73

-0.73

Dose per kg (MBq/kg)

-0.79

-0.79

Whole-body dose (Gy)

-0.69

-0.75

Red marrow dose (Gy)

-0.69

-0.72
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DISCUSSION
Dosimetric analysis of patients treated with 186Re-bivatuzumab did not reveal
unexpectedly high absorbed doses in normal organs. The organ that received the
highest dose is the kidney. Patients treated at MTD and 1 dose level higher (1.85
and 2.22 GBq/m2, respectively) had absorbed doses in the kidneys of maximally
11 Gy, thus not exceeding 20-25 Gy, a dose that is thought to cause renal
toxicity (13). Other organs receiving relatively high absorbed doses are the lungs
(maximally 5.4 Gy). Because lung toxicity is expected at doses over 27 Gy (14), the
doses found in this trial were thought not to lead to pulmonary problems. For the
spleen, the heart, the liver, and the bones, doses were considered to be within
safe ranges as well. The absorbed dose in the testes appeared to be maximally 4
Gy, assuming that there was uptake in the testes only, and not in the epididymes
or scrotal skin. Some uptake in the scrotal skin could be expected, using a
radiolabeled antibody that could target skin. In a particular patient, 2 separate
testicles were seen, thus suggesting that not the scrotum was visualized, but
the testes. Relatively high uptake of radiolabeled immunoglobulins in the testes
is not unusual. It was also described for patients who received 111In-labeled
polyclonal IgG for infection detection (8). Few data on the effects of radionuclides
on fertility and deterministic effects have been published. Commentary 7 of the
National Council on Radiation Protection and Measurements gives a threshold
value of 3.5 Gy for external beam radiation. Because the dose rate of radionuclide
therapies is lower when compared with external beam radiation, doses that can
be tolerated by normal organs are higher than doses delivered by external beam
radiation. The effects of RIT on fertility have not been sufficiently established.
The absorbed dose to the red marrow was calculated using the pharmacokinetic
data. Because pharmacokinetic data did not vary much between patients (12), the
interindividual variation in red marrow doses per administered megabecquerel
was small as well. There are some factors associated with stable clearance of the
MAbs. The antibody is humanized, so aberrant clearance caused by neutralizing
antibodies (human anti-murine or human anti-chimeric) is not to be expected.
There is no antigenic sink in the bone marrow or other organs influencing the
clearance of the antibody. Because there is uptake neither in the bone marrow,
nor in the bone, the main contributor to the red marrow dose is the activity in
the blood. Therefore, we believe it to be appropriate to use the blood-derived
method of Shen et al. to estimate red marrow dose (11).
The absorbed red marrow dose correlated well with the blood cell nadirs (r =
-0.69 for platelets, r = -0.72 for WBC). The whole-body dose even showed a slightly
better correlation (r = -0.69 for platelets, r = -0.75 for WBC). Surprisingly, both
dosimetry-independent parameters, the administered activity per kilogram of body
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weight (r = -0.79) and the administered activity per square meter of body surface
area (r = -0.73), correlated well with the blood cell nadirs. The reason to correlate
parameters like dose/kg or absorbed whole-body dose with toxicity is that there
are as many administration and dosing schemes as there are RIT trials. Most RIT
trials concern the treatment of non-Hodgkin’s lymphoma patients. Although trials
in patients with this disease cannot be compared with trials on patients with head
and neck cancer (differences in pretreatment, intrinsic activity of the MAbs used,
localization of disease in the bone marrow, use of murine MAbs), the method of
dosing the activity can be discussed. The 2 main dosing schemes are dosimetry
based or weight based. The first method uses a tracer dose of 131I-labeled MAb to
determine the therapeutic dosage of radioiodinated anti-CD20 MAb tositumomab
that would lead to a whole-body dose of 0.75 Gy (15). The second method
uses a body weight-derived dosing scheme for the 90Y-labeled anti-CD20 MAb
ibritumomab (15 MBq/kg) and does not analyse dosimetric data before treatment
(16). In retrospect, we can consider the suitability of these alternative methods of
dosing if they had been applied in the present study. If a dose of 55 MBq/kg (the
lowest dose at which grade 4 hematologic toxicity was observed) had been defined
as MTD, only 3 patients would have appeared to tolerate a dose of more than 55
MBq/kg without having grade 4 hematologic toxicity (Table 6). Two of them had
grade 3 toxicity. If 0.84 Gy whole-body dose (the lowest whole-body dose at which
grade 4 hematologic toxicity was observed) had been chosen as MTD, 9 patients
would have been undertreated, since they appeared to tolerate higher whole-body
doses. Our data suggest that to dose using the patient’s weight can be safe and has
the lowest chance of undertreating patients.
The absorbed doses in the tumors tend to vary enormously. These
doses were similar to those achieved by treatment with the other anti-CD44v6
conjugate, 186Re-U36 (4). The absorbed dose is higher in small lesions than in
larger tumors. Although it is to be expected that the smallest tumors will have
the highest doses, the actual doses in these tumors could be lower: the statistical
error could be significant, because the number of pixels in such a small ROI is
low. In the estimation of tumor doses, the influence of necrosis within a tumor is
not considered. Radiolabeled antibodies can only reach viable tumor cells, since
there are no blood vessels in necrotic parts of the tumor. Moreover, intratumoral
pressure plays a more important role in large lesions. The absorbed dose in the
tumor could therefore be estimated more precisely by dividing the absorbed
energy through the weight of viable tissue, leading to higher absorbed doses. The
fact that high tumor doses can be achieved encourages the thought that 186Rebivatuzumab can be an effective systemic adjuvant treatment for patients with
head and neck cancer with minimal residual disease.
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CONCLUSION
Dosimetric analysis of the data on treatment of patients with 186Re-bivatuzumab
revealed that the range of doses to normal organs seems to be well within acceptable and safe limits. Attention should be paid to the absorbed dose in the
testes. Hematologic toxicity was dose-limiting. The administered activity per kilogram of body weight correlated best with the extent of hematologic toxicity.
Doses absorbed in tumors were quite similar to those achieved by treatment with
the other anti-CD44v6 conjugate, 186Re-U36. Given the acceptable tumor doses,
186

Re-labeled bivatuzumab could be a good candidate for future adjuvant RIT in

patients with minimal residual disease.
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ABSTRACT
Purpose
Immuno-positron emission tomography (PET), the combination of (PET) with
monoclonal antibodies (MAb), is an attractive option to improve tumor detection
and to guide MAb-based therapy. The long-lived positron emitter zirconium-89
(89Zr) has ideal physical characteristics for immuno-PET with intact MAbs, but has
never been used in a clinical setting. In the present feasibility study, we aimed to
evaluate the diagnostic imaging performance of immuno-PET with 89Zr-labeledchimeric MAb (cMAb) U36 in patients with squamous cell carcinoma of the head
and neck (HNSCC), who were at high risk of having neck lymph node metastases.

Experimental design
Twenty HNSCC patients, scheduled to undergo neck dissection with or without
resection of the primary tumor, received 75 MBq 89Zr coupled to the anti-CD44v6
cMAb U36 (10 mg). All patients were examined by computed tomography (CT)
and/or magnetic resonance imaging (MRI) and immuno-PET prior to surgery.
Six patients also underwent PET with 18F-fluoro-2-deoxy-D-glucose (FDG-PET).
Immuno-PET scans were acquired up to 144 hours after injection. Diagnostic
findings were recorded per neck side (left or right) as well as per lymph node
level (6 levels per side), and compared with histopathological outcome. For this
purpose the CT/MRI scores were combined and the best of both scores was used
for analysis.

Results
Immuno-PET detected all primary tumors (n = 17) as well as lymph node
metastases in 18 of 25 positive levels (sensitivity 72%) and in 11 of 15 positive
sides (sensitivity 73%). Interpretation of immuno-PET was correct in 112 of 121
operated levels (accuracy 93%) and in 19 of 25 operated sides (accuracy 76%). For
CT/MRI sensitivities of 60% and 73% and accuracies of 90% and 80% were found
per level and side, respectively. In the six patients with seven tumor involved
neck levels and sides, immuno-PET and 18F-fluoro-2-deoxy-D-glucose PET gave
comparable diagnostic results.

Conclusion
In this study, immuno-PET with 89Zr-cMAb U36 performed at least as good as CT/
MRI for detection of HNSCC lymph node metastases.
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INTRODUCTION
Radiolabeled monoclonal antibodies (MAbs) have shown considerable potential
for diagnosis and treatment of cancer (1,2). In clinical radioimmunoscintigraphy
and radioimmunotherapy studies performed at our institute, the potential of the
CD44v6-specific murine MAb (mMAb) U36 for these purposes has been shown.
Radioimmunoscintigraphy with technetium-99m (99mTc)-labeled mMAb U36 IgG
was found to be as reliable as the radiological imaging techniques computed
tomography (CT) and magnetic resonance imaging (MRI) for the detection of
lymph node metastases in patients with head and neck squamous cell carcinoma
(HNSCC), but the detection of tumor deposits smaller than 1 cm appeared to
be a problem despite the proven accumulation of the MAb in these tumors (3).
Subsequently, chimeric MAb (cMAb) U36 was tested in clinical phase I dose
escalation radioimmunotherapy trials (4,5). Promising antitumor effects were
observed with 186Re-cMAb U36 in HNSCC patients with end-stage disease.
Introduction of immuno-PET, the combination of PET with MAbs, is
an attractive option to improve tumor detection because it combines the high
sensitivity and resolution of a PET camera with the specificity of a MAb (6-8).
The latter might be an advantage in comparison with the currently used PET
tracers such as fluorine-18 labeled fluoro-2-deoxy-D-glucose (18FDG), which
shows increased uptake not only in tumors but also in normal tissues with high
metabolic activity. Apart from its diagnostic capabilities, PET also has potential
for quantification of molecular interactions, which is particularly attractive when
immuno-PET is used as prelude to antibody-based therapy. First, patients can be
selected who have the best chance to benefit from MAb treatment (6-8). Next, in
an individualized therapeutic approach, immuno-PET enables the confirmation
of tumor targeting and the quantification of MAb accumulation in tumor and
normal tissues. For this purpose, we started the coupling of positron emitters to
MAbs and a preclinical evaluation of these radiolabeled MAbs in immuno-PET.
For being suitable for immuno-PET, a positron emitter has to fulfill
several requirements. Its physical half-life has to be compatible with the time
needed for a MAb to achieve optimal tumor-to-nontumor ratios. For intact MAbs,
presently the most frequently used format for targeting solid tumors, this time is
generally 2 to 4 days.
Two positron emitters with a proper half-life for immuno-PET with
intact MAbs are zirconium-89 (89Zr, half-life 78.4 hours) and iodine-124 (124I,
half-life 100.3 hours). Of these isotopes, 89Zr can be obtained with high yield,
high radionuclide purity, and low production costs (9). Moreover, 89Zr has ideal
characteristics for optimal image quality and accurate quantification. Stable
coupling of 89Zr to MAbs was accomplished using the succinylated chelate
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desferrioxamine B (desferal) (9). The suitability of such conjugates, 89Zr-labeled
cMAb U36 included, for detection of millimeter-sized tumors was shown in
HNSCC xenograft-bearing nude mice (10). In addition, the potential of PET for
quantification of 89Zr-labeled MAbs was shown in these studies (10).
Based on aforementioned encouraging preclinical results, we
hypothesized that PET with 89Zr-labeled MAb U36 might be better suited for
detection of lymph node metastases in HNSCC patients than previously tested
single-photon emission computerized tomography (SPECT) approaches with
MAb U36. To the best of our knowledge, the long-lived positron emitter 89Zr has
never been tested in a clinical setting before. In the present study, PET with 89Zrlabeled MAb U36 was evaluated for its safety and preliminary diagnostic accuracy
in patients with proven HNSCC and clinically at high risk of having lymph node
metastases.

MATERIALS AND METHODS
Patient study
Twenty patients, who were at high risk of having neck lymph node metastasis
from a proven HNSCC and who were planned to undergo neck dissection with
or without resection of the primary tumor, participated in this study. Decision
about the need for neck dissection, and the type of neck dissection, was based
on primary tumor site and tumor stage as found by conventional clinical
and diagnostic examinations. Immuno-PET did not influence this decision.
Confirmation of CD44v6 expression by biopsy was not required, as > 96% of
tumors show CD44v6 expression by at least 50% of the cells (11). The primary
tumor and the status of neck lymph nodes were classified according to the
tumor-node-metastasis system of the International Union Against Cancer (12).
Patient and tumor characteristics are given in Table 1. Prior and up to 6 weeks
after administration of radiolabeled cMAb U36, routine laboratory analyses were
done, including complete blood cell counts, serum electrolytes, urine sediment,
liver enzymes, and renal and thyroid functions. Vital signs were recorded before
and up to 3 hours after injection.
Patients received cMAb U36 IgG radiolabeled with 89Zr (74.9 ± 0.6 MBq).
The first 14 patients simultaneously received 55 MBq 186Re-labeled cMAb U36
IgG for comparison of pharmacokinetics and biodistribution. These data are
not shown. The total administered cMAb U36 dosage was 10 mg for all patients.
Seventeen of 20 patients had surgery of their primary tumor, whereas all patients
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had unilateral (n = 16) or bilateral (n = 4) neck dissections done 6 to 8 days after
administration of radiolabeled cMAb U36. All patients underwent radical neck
dissection (patients 2, 14 and 16) or modified radical neck dissection comprising
levels I through V, except for patients 11, 12, and 18. Patients 11 and 18 underwent
selective bilateral neck dissection (levels II–IV + VI for patient 11, and II – IV for
patient 18), whereas patient 12 underwent selective neck dissection (II-IV) on
the left side and modified radical neck dissection (level I-VI) on the right side.
The study was reviewed and approved by the Medical Ethics Committee of the
VU University Medical Center. All patients gave written informed consent after
receiving a thorough explanation of the study.

TABLE 1. Patient and tumor characteristics
Patient Sex Age Primary tumor
57

Oral cavity, tongue, right

cTNM
T2N0M0

pTNM

1

F

T2N1M0

2

M

57

Unknown primary, base of tongue right side suspected TXN2aM0

T1N2bM0

3

F

72

Oropharynx, tonsil, right

T2N2bM0

T2N2bM0
T3N2bM0

4

F

53

Oropharynx, tonsil, right

T3N0M0

5

M

63

Oropharynx, tonsil, right

T4N0M0

T4N2bM0

6

F

58

Oral cavity, alveolar process and floor of mouth, left

T4N0M0

T4N2bM0

7

M

54

Oral cavity, tongue/floor of mouth, right

T3N0M0

T3N2bM0

8

M

55

Oropharynx, tonsil, left

T4N2aM0

T4N2bM0

9

F

54

Hypopharynx, piriform sinus, left

T4N2bM0

T4N2bM0

10

F

65

Oral cavity, base of tongue, right

T2N0M0

T2N0M0

11

M

53

Larynx, glottic

T4N0M0

T4N0M0

12

M

59

Larynx, supraglottic

T4N0M0

T4N0M0

13

F

49

Residual disease after T2N0 tonsil carcinoma, left

NA

NA

14

M

58

Oropharynx, base of tongue, right

T2N2bM0

T2N2bM0

15

M

48

Oropharynx, tonsil, right

T3N0M0

T3N1M0

16

F

63

Oropharynx, tonsil, left

T3N2bM0

T3N2cM0

17

M

53

Oropharynx, tonsil, right

T2N3M0

T2N3M0

18

M

58

Larynx, supraglottic, recurrence

NA

NA

19

M

71

Oropharynx, soft palate, right

T3N2cM0

T2N2cM0

20

M

60 Larynx, supraglottic, recurrence

NA

NA

Abbreviations: TNM, tumor-node-metastasis system; cTNM, clinical classification; pTNM,
pathologic classification; NA, not applicable
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Monoclonal antibody U36
Selection and production of MAb U36 and its chimeric (mouse/human) IgG1
derivative (cMAb U36) have been described previously (4). MAb U36 binds
to the v6 region of CD44 (CD44v6). Homogeneous expression of CD44v6 has
been observed in squamous cell carcinoma of the head and neck, lung, skin,
esophagus, and cervix, whereas heterogeneous expression was found in
adenocarcinomas of the breast, lung, colon, pancreas, and stomach. In normal
tissues, expression has been found in epithelial tissues such as skin, breast, and
prostate myoepithelium, and bronchial epithelium (13).

Production of 89Zr-cMAb U36
The production and purification of 89Zr and its coupling to cMAb U36 have been
described previously (9). 89Zr was produced by a (p,n) reaction on natural yttrium
(89Y).
Labeling of cMAb U36 was achieved starting from the chelate
desferrioxamine B (Df; desferal, Novartis, Basel, Switzerland). All procedures
were done under aseptic conditions in a shielded laminar flow hood. In short,
Df was succinylated (N-sucDf), temporarily filled with stable iron [Fe(III)], and
coupled to the lysine residues of cMAb U36 by means of a tetrafluorophenol-NsucDf ester. After removal of Fe(III) by transchelation to EDTA, the premodified
cMAb U36 was purified on a PD10 column. Subsequently, N-sucDf-cMAb U36 (5
mg) was labeled with 89Zr (185 MBq). Finally, 89Zr-N-sucDf-cMAb U36 was purified
on a PD10 column [eluent: 0.9 % NaCl/gentisic 5 mg/mL (pH 5.0)]. 89Zr-N-sucDfcMAb U36 will be abbreviated to 89Zr-cMAb U36 in the rest of this chapter. The
mean labeling efficiency was 87.4 ± 11.0%. Finally, cold cMAb U36 and for 14
of the 20 patients 186Re-MAG3-cMAb U36 were added and the conjugates were
filter sterilized (total amount of cMAb U36 to be administered was 10 mg). These
procedures resulted in a sterile final product with endotoxin levels < 5 EU/mL.
The molar ratio N-sucDf to cMAb U36 was always <2. The radiochemical purity
was always >94.9 % (mean, 96.0 ± 1.2%). After each preparation of 89Zr-cMAb U36,
the immunoreactivity was determined by measuring binding to a serial dilution
of UM-SCC-11B cells as described previously (10). The immunoreactive fraction of
the 89Zr-cMAb U36 preparations ranged from 74.8% to 91.0% (mean, 85.1 ± 4.5%)
at the highest cell concentration. In addition, the data were graphically analyzed
in a modified Lineweaver-Burk plot and the immunoreactivity was determined by
extrapolating to conditions representing infinite antigen excess. By doing so, the
immunoreactive fraction ranged from 89.4% to 100 % (mean, 98.7 ± 3.1%).

Imaging studies
All patients were examined by palpation, CT and/or MRI, and 89Zr-cMAb U36 PET
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(immuno-PET), whereas six patients were also examined by FDG-PET. The latter
procedure was indicated for the detection of unknown primary tumors and/or for
screening of distant metastases.
Preoperative palpation was performed in all patients by the same
experienced head and neck surgeon. CT, MRI, FDG-PET, and immuno-PET were
performed in 17, 15, 6, and 20 patients, respectively. In all patients diagnostic
examinations and surgery were done within a 3-week period. CT scans were
obtained with a third-generation Siemens Somaton Volume Zoom (Siemens
AG, Erlangen, Germany). After contrast administration, axial scans with a slice
thickness of 3 mm and increment of 3 mm were obtained. MRI examinations
were done on a 1.5 T imaging system (Vision-system, Siemens AG, Erlangen,
Germany) using a dedicated neck coil. Axial T2-weighed spin-echo, short-term
inversion recovery, and pre- and post-gadolinium-diethylenetriaminepentaacetic
acid (Magnevist, Schering AG, Germany) T1-weighed spin-echo MRI examinations
were made. Slice thickness varied, depending on the MRI pulse sequence used,
from 4 to 7 mm, with an interslice gap of 10%. Criteria for the optimal assessment
of cervical lymph node metastases by CT or MRI, as defined by our Institute, were
used (14). At CT and MRI, lymph nodes were considered malignant if nodes with
necrosis were depicted, or if the minimal diameter in the axial plane of the node
was ≥11 mm for nodes located in level II (subdigastric) and ≥10 mm for nodes in
other levels. In routine diagnostic work-up, patients with enlarged lymph nodes
of 4–11 mm (n = 14) went for additional diagnosis by ultrasound-guided fineneedle aspiration cytology.
PET scans were done using a dedicated full-ring PET scanner (ECAT
EXACT HR+, CTI/Siemens, Knoxville, TN, USA). In case of immuno-PET scanning,
whole body scans were made consisting of approximately seven bed positions
covering the patient from base of the skull to the pelvis. At each bed position, a
3-minute transmission scan, acquired using three germanium-68 rod sources,
and a 7-minute emission scan in three-dimensional mode were acquired.
Whole body scans were performed starting within 1 hour and at 24, 72, and/or
144 hours after i.v. injection of 89Zr-cMAb U36. All scans were normalized and
corrected for randoms, scatter, attenuation, and decay. Reconstructions were
performed using an attenuation and normalization weighted ordered subset
expectation maximization (OSEM) algorithm (ECAT software version 7.2, CTI/
Siemens) with two iterations and 16 subsets followed by postsmoothing of
the reconstructed image using a 5-mm FWHM Gaussian filter. Because images
with attenuation correction showed high noise levels due to the low amount
of radioactivity administered to the patients (for radiation exposure reasons),
OSEM reconstructions without attenuation correction were done as well.
Reconstructions without attenuation correction provided images with a quality
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similar to that of the diagnostic FDG scans (next paragraph). Interpretation of the
scans was therefore performed using these non-attenuation-corrected images
and was based on asymmetry and retention of activity, especially on late images.
In case of FDG-PET scanning, all patients fasted overnight before the PET
study. Whole body scans were made using approximately seven bed positions
from the base of the skull to the pelvis. At each bed position, a 7-minutes
emission scan in two-dimensional mode was made. Scanning started ~ 60
minutes after i.v. injection of 370 MBq 18FDG (Cyclotron BV, Amsterdam, the
Netherlands). All scans were corrected as described above for the 89Zr scans;
however, no attenuation correction was done. The PET images were evaluated
visually using standard ECAT (CTI/Siemens) software: foci with increased
uptake versus background were considered abnormal, taking physiological
biodistribution of FDG into account.
CT and MRI were scored by one experienced radiologist (J.A. Castelijns),
FDG-PET by one experienced nuclear physician (E.F.I. Comans), whereas
immuno-PET examinations were scored by consensus of two experienced
nuclear physicians (E.F.I. Comans and J.C. Roos). CT/MRI and nuclear imaging
examinations were performed in an independent and blinded way, without
knowledge of the pathologic outcome. Observers were not informed about the
sites of tumor involvement. All patients had neck dissections done 6 to 8 days
after the administration of the radioimmunoconjugate. After fixation, all palpable
and visible lymph nodes were dissected from the surgical specimen and cut
into 2- to 4-mm-thick slices for microscopic examinations. The different slices
of one lymph node were examined by a pathologist and the percentage tumor
involvement was estimated. The outcome of the histopathologic examination of
the neck dissection specimen was used as the gold standard.
For topographical examination, the findings were recorded per side
as well as per lymph node level according to the classification of the American
Academy of Otorhinolaryngology and Head and Neck Surgery (15). Patients
underwent either CT or MRI or both. For evaluation of overall anatomic imaging
results, the data on CT and MRI were combined, and if patients had undergone
both diagnostic modalities only the best performing modality was used for
analysis.

Human anti-cMAb U36 and anti-N-sucDf-cMAb U36 responses
To evaluate the immunogenicity of cMAb U36 and 89Zr-N-sucDf-cMAb U36, a human-anti-cMAb U36 (anti-isotypic) and a human anti-89Zr-N-sucDf-cMAb U36 assay were done. Human antibody response was tested in patient sera before administration of 89Zr-N-sucDf-cMAb U36 and at 1 and 6 weeks after administration.
The concentrations of human anti-cMAb U36 and anti-89Zr-N-sucDf-cMAb U36
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antibodies were measured, essentially as described previously (4). In short, microtiter plates (Costar Europe LtD, Badhoevedorp, the Netherlands) were coated with
cMAb U36 IgG or with 89Zr-N-sucDf-cMAb U36 (after decay), 2 µg/well, in PBS (pH
7.2), and incubated overnight at room temperature. After blocking with assay buffer [PBS with 1% FCS (BioWhittaker, Verviers, Belgium) and 0.02% Tween 20 (Sigma, Zwijndrecht, the Netherlands)] and extensive washing with wash buffer (PBS
with 0.05% Tween 20), 100 µL of standard dilutions of rabbit anti-human IgG
(DAKO, Glostrup, Denmark) and diluted patient serum (1:10 in assay buffer) were
pipetted into the wells and incubated for 1 hour at room temperature. Human
antichimeric antibody-positive sera from previous clinical trials with cMAb U36
served as reference samples. The rabbit anti-human IgG was used to construct a
calibration curve. After extentive washing with wash buffer and PBS, 100 µL biotinylated cMAb U36 or biotinylated 89Zr-N-sucDf-cMAb U36 were added (± 1 µg/
well), and the plate was incubated for 1 hour at room temperature. All subsequent steps, including incubation with horseradish peroxidase-conjugated
streptavidin (CLB, Amsterdam, the Netherlands) and tetramethylbenzidine substrate, as well as absorption measurement at 450 nm, were exactly the same as
previously described (4). Also, criteria for considering a sample positive were the
same (4).

Statistics
In this feasibility study, descriptive statistics were used with assessment of
sensitivity, specificity and accuracy for 89Zr-immuno-PET as well as for the routine
diagnostic modalities palpation, CT/MRI, and FDG-PET. This was considered
most appropriate because (a) in routine diagnostic work up CT/MRI might have
additional diagnostic value by identification of patients with enlarged lymph
nodes (4-11 mm) eligible for ultrasound-guided fine-needle aspiration cytology,
(b) clinical 89Zr-immuno-PET was used for the first time ever, and therefore it was
not known beforehand whether all parameters were optimal for tumor detection,
e.g., injected 89Zr dose and image acquisition, reconstruction, and evaluation. In
addition, procedures for 89Zr quantification are under development, and were not
available for the present evaluation.
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RESULTS
Neither adverse reactions nor significant changes in blood and urine values
were observed, which could be related to the injection of the antibody. Patients
9 and 10 developed a HACA response, and elevated titers were found at 1 and
6 weeks postinjection, whether or not cMAb U36 IgG or 89Zr-N-sucDf-cMAb U36
was used in the ELISA. These data indicate that the response was directed to the
protein part of the conjugate and not to the N-succinyldesferrioxamine B chelate
attached to the cMAb. None of the samples showed exclusive positivity in the
Zr-N-sucDf-cMAb U36 ELISA, indicating that immunogenicity of the chelate is

89

low.
Whole body images obtained directly after administration of 89Zr-cMAb
U36 showed mainly blood-pool activity with delineation of nose, heart, lungs,
liver, spleen, and kidneys. Uptake of radioactivity in these organs decreased over

FIGURE 1.
Immuno-PET images with 89Zr-cMAb U36 of head and neck cancer patient 5, with a tumor of the right tonsil and
a lymph node metastasis at the right side of the neck. Images were obtained within 1 h (A), at 24 h (B), at 72 h
(C), and at 144 h (D) postinjection. Slices from anterior (left) to posterior (right). Early images show mainly
blood-pool activity with visualization of nose, heart, lungs, and liver. At later images the primary tumor is clearly
visualized (arrow). The lymph node metastasis was missed by immuno-PET.
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time, whereas increased uptake was seen only at tumor sites and, in the thyroid
of some of the patients (patients 1, 6, 7, 10, and 11). Representative whole-body
scans are shown in Figure 1.
In the 20 patients studied, all 17 tumors at the primary site were
visualized by immuno-PET, including one unknown primary tumor (patient 2).
From the 20 patients, lymph nodes present in 25 neck dissections in 121 levels
were examined histopathologically for tumor involvement. HNSCC metastases
were found in 25 levels in 15 sides. There was no evidence for presence of distant
metastases. Representative immuno-PET images of patients with primary tumor
and lymph node involvement (patients 16 and 19) are shown in Figures 2 and
3. Preoperative findings obtained with immuno-PET, palpation, CT/MRI, and for
a subgroup of patients with FDG-PET were compared with the histopathologic
findings. Sensitivity, specificity, and accuracy of the different diagnostic
modalities for detection of lymph node metastases per level and per side in the
whole group of patients, are shown in Tables 2 and 3. Respective sensitivities of
immuno-PET, palpation and CT/MRI were 72%, 44% and 60% when evaluated per
neck level, and 73%, 53%, and 73% when evaluated per neck side. Accuracy of
immuno-PET, palpation, and CT/MRI for the whole group of patients was per level
93%, 88%, and 90%, and per side 76%, 72%, and 80%, respectively.

TABLE 2. Correlation of preoperative findings with
histopathologic findings per level
121 operated levels, 25 tumors involved

Sensitivity

Specificity

Accuracy

Palpation

11/25 (44%) 96/96 (100%) 107/121 (88%)

CT/MRI

15/25 (60%) 94/96 (98%) 109/121 (90%)

Zr-immuno-PET

89

18/25 (72%)

94/96 (98%)

112/121 (93%)

TABLE 3. Correlation of preoperative findings with
histopathologic findings per side
25 operated sides, 15 tumors involved

Sensitivity

Specificity

Accuracy

Palpation

8/15 (53%)

10/10 (100%)

18/25 (72%)

11/15 (73%)

9/10 (90%)

20/25 (80%)

11/15 (73%)

8/10 (80%)

19/25 (76%)

CT/MRI
Zr-immuno-PET

89
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Six patients also underwent FDG-PET. For these patients, the sensitivity
of immuno-PET and FDG-PET for detection of tumor-involved lymph node levels
was 85% and 62%, respectively (Table 4).
False-positive findings were obtained with immuno-PET (two levels),
CT (two levels), and MRI (one level). No false-positive cases were observed with
palpation and FDG-PET.
The paraffin slides of the seven tumor-involved lymph node levels
that had been missed with immuno-PET were reexamined by histopathologic
examination (Table 5). The tumor-involved lymph nodes found in these levels
were relatively small, and contained just a small proportion of tumor tissue. No
necrosis was observed in these tumors. Six of seven tumor-involved lymph node
levels that had been missed by immuno-PET, were also missed by CT and/or MRI.
The smallest tumor involved lymph node detected by immuno-PET was 5 x 5
mm, with 75% tumor involvement.

TABLE 4. Correlation of preoperative findings with histopathologic
findings per level in six patients who received FDG-PET
40 operated levels, 13 tumors involved

Sensitivity

Specificity

Accuracy
34/40 (85%)

Palpation

7/13 (54%)

27/27 (100%)

CT/MRI

10/13 (77%)

27/27 (100%)

37/40 (93%)

FDG-PET

8/13 (62%)

27/27 (100%)

35/40 (88%)

11/13 (85%)

27/27 (100%)

38/40 (95%)

Zr-immuno-PET

89

TABLE 5. Tumor involvement of tumor containing levels missed
by immuno-PET
Patient/level

112

Size (mm) % Tumor Remarks

1, level II

7 x 11

25

3, level III

9 x 15

50 – 75

Missed by MRI/detected by CT
Missed by CT/MRI

5, level III

4x4
8 x 15

10
10

Missed by CT/MRI

6, level II

5x7
6x8
5x9

5
50 – 75
5

Missed by CT/MRI

7, level I

5x7

5

14, level IV

8 x 12

10 – 25

Missed by CT/MRI

Missed by CT (no MRI)

15, level II

5x5

25 – 50

Detected by CT/MRI
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FIGURE 2.
Immuno-PET images with 89Zr-cMAb U36 of head and neck cancer patient 16, with a tumor in the left tonsil
(large arrow) and lymph node metastases (small arrows) at the left (level II and III) and right (level II) side of
the neck. Images were obtained 72 h postinjection. A, sagittal image; B, axial image, and C, coronal image.

FIGURE 3.
Immuno-PET images with 89Zr-cMAb U36 of head and neck cancer patient 19, with a tumor on the right side of
the soft palate and a lymph node metastasis at the left side of the neck (level III). Images were obtained 72 h
postinjection. A, coronal image of primary tumor; B, coronal image of lymph node metastasis in the neck; C,
sagittal image of primary tumor; D, sagittal image of lymph node metastasis in the neck.
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DISCUSSION
Immuno-PET combines the high resolution of PET with the high specificity and
selectivity of MAbs. This makes immuno-PET an attractive modality for tumor
detection. In addition, immuno-PET can also be used in a therapeutic setting with
MAbs for confirmation of tumor targeting and for quantitative dose calculations.
The possibility for combined use of MAbs in tumor detection, therapy planning,
and therapy, makes the position of immuno-PET fundamentally different from
FDG-PET.
In the current study, the long-lived positron emitter 89Zr was evaluated
for the first time ever in a clinical immuno-PET trial. 89Zr was coupled to cMAb
U36 via the bifunctional chelate N-succinyldesferrioxamine B. Modification
procedures were standardized to arrive at a chelate/MAb molar ratio <2.
No impairment of the immunoreactivity of cMAb U36 was observed upon
radiolabeling. Administration of 89Zr-cMAb U36 (75 MBq, 10 mg) to HNSCC
patients seemed to be safe. Just 2 of 20 patients showed an antibody response
directed against cMAb U36, while in a previous RIT study this was 5 of 12 after
administration of 50 mg radiolabeled cMAb U36. No evidence was found for
antibody reactions against the chelate.
Immuno-PET with 89Zr-cMAb U36 seemed to be a promising method for
imaging of primary head and neck tumors as well as metastases in the neck.
All primary tumors were visualized, whereas 18 of 25 tumor-containing neck
levels were also identified. In this feasibility study, the sensitivity of immunoPET for detection of lymph node metastases was at least as good as of CT/MRI:
72% versus 60%. In a previous SPECT study with 99mTc-labeled mMAb U36 in a
comparable group of patients, a sensitivity of 50% was found for nuclear imaging,
the same as for CT and MRI. Because the number of patients in both studies was
small, it is not justified to compare the performance of 89Zr-immuno-PET and
Tc-SPECT just on the basis of sensitivity percentages. Nevertheless, it became

99m

clear from the present study that 89Zr-immuno-PET performs better with respect
to tumor delineation. One reason for this is the better spatial resolution of PET.
Zr-immuno-PET showed detailed delineation of organs like heart as well as of
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tumors and blood vessels (Figure 1). This had not been the case with 99mTc-SPECT
(3). Another reason for better delineation is the longer half-life of 89Zr than of
99m

Tc (78.4 versus 6.0 hours), which allowed imaging at later time points, when

tumor-to-nontumor radioactivity uptake ratios are higher (Figure 1). Indeed, in
the present study delineation of primary tumors and lymph node metastases
was better at later time points (72 and 144 hours) than at earlier time points
(data not shown). Image quality might be further improved by elongation of the
scanning time for the two bed positions covering the head and neck region.
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Although good resolution is an advantage, it is fair to say that immunoPET is hampered by the lack of anatomic structures. For example, because
of the slow clearance of the conjugate from the blood, it might be difficult to
distinguish a targeted lymph node metastasis from a cross-section through
a blood vessel. In the present study, no explanation was found for the two
false-positive observations with 89Zr-immuno-PET. An improvement in image
interpretation might be obtained by fusion of immuno-PET images with CT or
MRI images. This approach enables the combination of (tumor) biological and
anatomic information. We explored this approach for a few patients, including
patient 16 with extensive bilateral lymph node involvement (Figure 2). Figure
4 shows the fused PET-CT image of the same patient 16, and the fusion makes
clear that increased uptake of 89Zr-cMAb U36 indeed is confined to the enlarged
lymph nodes in the neck. To get a proper match between the immuno-PET and
CT images, the head of this patient had to be fixed in the same way during both
imaging procedures by using a thermoplastic radiotherapy mask. Problems
related to matching will be solved when PET imaging and anatomical CT or MRI
imaging are performed simultaneously by use of hybrid scanners. The use of
combined PET/CT scanners is rapidly expanding and first efforts in developing
MRI-compatible PET scanners have been reported (16). The availability of
anatomic data will not only provide landmarks for PET image interpretation, but
can also be used for more accurate quantification of MAb distribution (e.g., partial
volume correction).
Following this feasibility study, the exact position of immuno-PET using
Zr-cMAb U36 within the current armamentarium for diagnosis of head and neck
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cancer still has to be established. One has to realize that apart from noninvasive

FIGURE 4.
Fusion (C) of CT (A) and coronal immuno-PET (B) images of head and neck cancer patient 16 (same as in Figure
2), with a tumor in the left tonsil and lymph node metastases at the left (level II and III) and right (level II) side of
the neck. Images were obtained 72 h postinjection. In these slices, only lymph node metastases are visible.
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imaging methods for the neck, invasive diagnostic procedures are also available,
e.g., ultrasound-guided fine-needle aspiration cytology. In ultrasound-guided
fine-needle aspiration cytology, selection of lymph nodes to be aspired is based
on known patterns of lymphatic spread and/or lymph node size and morphology
as assessed with ultrasound, sometimes after obtaining evidence by CT or
MRI scan. Although ultrasound-guided fine-needle aspiration cytology enables
detection of lymph node metastases at a single cell level it has also some
unfavorable aspects, however: (a) its accuracy is strongly dependent on the skills
of the ultrasonographer and the cytopathologist, (b) it is an invasive method, and
(c) it gives only information of a selected part of the neck and not on the primary
tumor or distant metastases.
At the current stage of development, immuno-PET with 89Zr-cMAb U36
is not able to detect micrometastases in the neck, an observation that has also
been previously reported for FDG-PET (17,18). False-negative observations in the
present study were mostly due to the presence of small metastatic lymph nodes
with minimal tumor involvement (Table 5), whether or not such small tumors are
efficiently targeted by MAb U36, as previously shown in a biodistribution study
with mMAb U36 (19).
From a diagnostic point of view, immuno-PET with 89Zr-cMAb U36 might
also have perspectives for the detection of distant metastases. Approximately
25% of advanced-stage (stage III and IV) head and neck cancer patients develop
distant metastases. Because surgical management is reserved for patients with
locoregional disease, the presence of distant metastases is critical and may
significantly influence treatment. Recent studies have shown that there is a
role for FDG-PET in the detection of occult distant metastases (20). It can be
anticipated, however, that the use of immuno-PET with 89Zr-labeled MAbs might
add another dimension to the detection of distant metastases, especially when
the same MAb is used for systemic therapy. Within such a strategy, immuno-PET
might play a dual role: tumor detection as well as treatment planning.
MAbs are gaining momentum for the use in tumor-selective systemic
therapy, also for treatment of head and neck cancer. Presently, 17 MAbs (all intact
IgGs) have been approved by the Food and Drug Administration for therapy, most
of them for systemic treatment of cancer. Of the approved MAbs, cetuximab (directed against the epidermal growth factor receptor) and bevacizumab (directed
against the vascular endothelial growth factor) are also used in strategies for
treatment of head and neck cancer. In addition, several other MAbs are under
evaluation for therapy of head and neck cancer, such as the radiolabeled MAbs
U36 (4,5) and L19. The latter MAb is directed against the ED-B domain of fibronectin, and capable of selective targeting of tumor neovasculature (21-23). Data presented in this initial clinical feasibility study justify further exploration of 89Zr-
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immuno-PET as an imaging tool for the selection of high-potential candidate
MAbs for therapy as well as of patients most likely to benefit from (expensive)
MAb treatment.
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ABSTRACT
Immuno-PET is an appealing concept in the detection of tumors and planning of
antibody-based therapy. For this purpose, the long-lived positron emitter
zirconium-89 (half-life, 78.4 h) recently became available. The aim of the present
first-in-human 89Zr-immuno-PET study was to assess safety, biodistribution,
radiation dose, and quantification of 89Zr-labeled-chimeric monoclonal antibody
(cMAb) U36 in patients with head and neck squamous cell carcinoma (HNSCC). In
addition, the performance of immuno-PET for detecting lymph node metastases
was evaluated, as described previously.

Methods
Twenty HNSCC patients, scheduled to undergo surgical tumor resection, received
75 MBq 89Zr-cMAb U36 (10 mg). Immuno-PET scans were acquired at 1, 24, 72, or
144 h after injection. The biodistribution of the radioimmunoconjugate was
evaluated by ex vivo radioactivity measurement in blood and in biopsies from the
surgical specimen obtained 168 h after injection. Uptake levels and residence
times in blood, tumors, and organs of interest were derived from quantitative
immuno-PET studies, and absorbed doses were calculated using OLINDA/EXM 1.0.
The red marrow dose was calculated using the residence time for blood.

Results
Zr-cMAb U36 was well tolerated by all subjects. PET quantification of blood-pool

89

activity in the left ventricle of the heart showed a good agreement with sampled
blood activity (difference equals 0.2% ± 16.9% [mean ± SD]), except for heavyweight patients (>100 kg). A good agreement was also found for the assessment
of MAb uptake in primary tumors (mean deviation, -8.4% ± 34.5%). The mean
absorbed red marrow dose was 0.07 ± 0.02 and 0.09 ± 0.01 mSv/MBq in men and
women, respectively. The normal organ with the highest absorbed dose was the
liver (mean dose 1.25 ± 0.27 mSv/MBq in men and 1.35 ± 0.21 mSv/MBq in
women), thereafter followed by kidneys, thyroid, lungs, and spleen. The mean
effective dose was 0.53 ± 0.03 mSv/MBq in men and 0.66 ± 0.03 mSv/MBq in
women. Measured excretion via the urinary tract was less than 3% during the
first 72 h.

Conclusion
Zr-immuno-PET can be safely used to quantitatively assess biodistribution,

89

uptake, organ residence times, and radiation dose, justifying its further clinical
exploitation in the detection of tumors and planning of MAb-based therapy.
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INTRODUCTION
Monoclonal antibodies (MAbs) have been approved for use as diagnostics and
therapeutics in a broad range of medical indications, but especially in oncology
(1). Immuno-PET, the tracking and quantification of MAbs with PET in vivo, is an
exciting novel option to improve diagnostic imaging and to guide MAb-based
therapy and has been described previously (2-6).
To enable PET of MAbs, an appropriate positron emitter, with a halflife (t1/2) that is compatible with the time needed to achieve optimal tumor-tonontumor ratios (typically 2-4 d for intact MAbs), has to be securely coupled
to the targeting molecule. 124I (t1/2, 100.3 h) and 89Zr (t1/2, 78.4 h) are particularly
suitable in combination with intact MAbs, because their long half-lives allow
imaging at late time points for obtaining maximum information. Although the
nonresidualizing positron emitter 124I is particular suitable for immuno-PET
when used in combination with noninternalizing intact MAbs, the residualizing
positron emitter 89Zr may be optimal in combination with internalizing intact
MAbs, because 89Zr stays in the targeted cell (residualization) after intracellular
catabolism of the radioimmunoconjugate (7). 89Zr can also be used as a PET
surrogate label for the prediction of the biodistribution and dosimetry of 177LuMAb and 90Y-MAb conjugates as used in radioimmunotherapy trials, although
deviations have to be anticipated because of subtle differences in the metalchelate complexes used (8,9).
Although the first clinical immuno-PET studies with 124I-labeled MAbs
were performed about 15 y ago, technology for 89Zr-immuno-PET became available
just recently (10). For this purpose, we developed the large-scale production of
pure 89Zr and a strategy for labeling MAbs with 89Zr via a multistep synthesis using
a succinylated derivative of desferrioxamine B (Df) as bifunctional chelate (10).
Labeling technology is universal and, therefore, can be used for each individual
MAb or other type of protein. In the meantime, several preclinical immuno-PET
studies have been performed with 89Zr-labeled MAbs as a prelude to clinical
trials, for example with chimeric (mouse-human) MAb (cMAb) U36 (anti-CD44v6)
(10), DN30 (anti-cMet) (11), G250 (anticarbonic anhydrase IX) (12), ibritumomab
tiuxetan and rituximab (anti-CD20) (9), bevacizumab (anti-vascular endothelial
growth factor) (13), cetuximab (anti-epidermal growth factor receptor) (8,14), and
trastuzumab (anti-human epidermal growth factor receptor-2) (15).
In a first-in-humans 89Zr-immuno-PET clinical trial, we recently
determined the diagnostic value of immuno-PET with anti-CD44v6 89Zr-cMAb
U36 in patients with head and neck squamous cell carcinoma (HNSCC), who were
at high risk of having neck lymph node metastases (2). Twenty HNSCC patients
underwent 89Zr-cMAb U36 immuno-PET before surgery. Immuno-PET detected
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all primary tumors (n = 17) and lymph node metastases in 18 of 25 positive neck
levels. For the detection of HNSCC lymph node metastases (and probably distant
metastases), immuno-PET with 89Zr-cMAb U36 performs at least as well as CT or
MRI.
No radiation dose estimates have been previously described for 89ZrcMAb U36 or other 89Zr-labeled MAbs. Therefore, the aim of the present study
was to assess the safety, biodistribution, radiation dose, and potential for
quantification of immuno-PET with 89Zr-cMAb U36 in HNSCC patients using data
from the aforementioned clinical trial.

MATERIALS AND METHODS
Patient study
A total of 20 patients (8 women and 12 men) with histologically proven HNSCC
(Table 1), at high risk of having neck lymph node metastasis and, therefore,
planned to undergo neck dissection with or without resection of the primary tumor, participated in this study. Other eligibility criteria have been decribed previously (2). Patients received cMAb U36 IgG radiolabeled with 89Zr (74.9 ± 0.6 MBq).
The total administered cMAb U36 dose was 10 mg for all patients. In previous
studies, it had been demonstrated that biodistribution is not MAb dose-dependent within the range of 2 - 52 mg (16,17). Surgery was performed 6-8 d after the
administration of radiolabeled cMAb U36.

Safety
Before and up to 6 wk after the administration of radiolabeled cMAb U36, routine
laboratory analyses were performed, including hemoglobin, hematocrit, mean
corpuscular volume, red blood cell count, white blood cell count (including
automated differential), platelet count, sodium, potassium, calcium, chloride,
creatinine, urea, uric acid, alanine aminotransferase, aspartate aminotransferase,

alkaline phosphatase, γ-glutamyl transferase, albumin, glucose, bilirubin, thyroidstimulating hormone, and urine sediment. Vital signs including pulse rate,
blood pressure, temperature, and respiratory rate were recorded before and up
to 3 h after injection. On the basis of previous studies with anti-CD44v6 MAbs,
cMAb U36 included, no adverse effects were expected (17). Dose rates (μSv/h)
were measured at 1, 24, and 72 h after injection at a distance of 100 cm with a

γ-radiation dose rate counter (Berthold LB 1230; EG&G). In addition, human anticMAb U36 and anti-Df-cMAb U36 antibody responses were assessed (2).
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Oral cavity, floor of mouth, left

Oropharynx, tonsil, right
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TABLE 1. Patient and tumor characteristics
cTNM

NA

T3N2cM0

T2N3M0

T3N2bM0

T3N0M0

T2N2bM0

NA

T4N0M0

T4N0M0

T2N0M0
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T4N2aM0

T3N0M0

T4N0M0

T4N0M0

T3N0M0

T2N2bM0

TXN2aM0

T2N0M0

pTNM

NA

T2N2cM0

T2N3M0

T3N2cM0

T3N1M0

T2N2bM0

NA

T4N0M0

T4N0M0

T2N0M0

T4N2bM0

T4N2bM0

T3N2bM0

T4N2bM0

T4N2bM0

T3N2bM0

T2N2bM0

T1N2bM0

T2N1M0
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The selection and production of mouse MAb U36 and its chimeric IgG1 derivative

cMAb U36 have been described previously (17). MAb U36 binds to the v6

region of CD44 (CD44v6). Expression of CD44v6 was found to be abundant and

homogeneous in 96% of all primary HNSCC and HNSCC lymph node metastases

(18). In normal tissues, expression has been found in epithelial tissues such as

skin, breast and prostate myoepithelium, and bronchial epithelium (19). CD44v6
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has been suggested to be involved in tumor formation, tumor cell invasion,
metastasis formation, and cancer cell stemness (20,21).

Synthesis of 89Zr-cMAb U36
The synthesis and purification of 89Zr, its coupling to cMAb U36 via the chelate Df
(Desferal®; Novartis Pharma AG), and the procedures and results of quality tests,
have been described previously (2). 89Zr emits positrons with a main energy of
897 keV and an abundance of 22.7%. In addition, nonprompt 909 keV photons are
emitted at an abundance of 99.9%.

Pharmacokinetics
Serial blood samples were taken from a peripheral vein of the arm opposite the
infusion site for the determination of activity at the following time points: 5,
10, and 30 min and 1, 2, 4, 16, 21, 72, and 168 h after the completion of infusion.
Urine was collected at intervals of 0-24, 24-48, and 48-72 h after injection to
determine renal excretion of 89Zr. Aliquots of blood, plasma, and urine samples
were measured for 89Zr activity in an isotope well-counter (1470 Wizard; Wallac),
compared with an aliquot retained from the conjugate preparation, and corrected
for decay. Blood activity was expressed as the percentage of the injected dose per
kilogram (%ID/kg).

PET acquisition
PET scans were obtained at 1 h (all patients, except 4 and 16), 24 h (patients
1-6), 72 h (all patients) and/or 144 h (all patients, except no 1, 2, and 13) after the
intravenous injection of 89Zr-cMAb U36, using a dedicated full-ring PET scanner
(ECAT EXACT HR+; CTI/Siemens) as described before (2). Before this study, the
PET scanner was calibrated using a standard cylindric calibration phantom
filled with a 89Zr solution (5 kBq/cm3). This calibration was performed to verify

the quantitative accuracy of the scanner in the presence of 909 keV γ-photons
emitted by 89Zr and the impact of emission spillover into the transmission scans.

This procedure indicated that activity concentrations measured with the HR+
were accurate within 5%. During image reconstruction, all scans were normalized
and corrected for randoms, scatter, attenuation, and decay. Reconstructions
were performed using an attenuation- and normalization-weighted orderedsubset expectation maximization (OSEM) algorithm (ECAT software version 7.2;
CTI/Siemens) with 2 iterations and 16 subsets, followed by post-smoothing of
the reconstructed image using a gaussian filter of 5 mm in full width at half
maximum. Because of the low amount of radioactivity administered to the
patients (for radiation exposure reasons), images with attenuation correction
showed high noise levels. Therefore, OSEM reconstructions without attenuation
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(and thus scatter) correction were performed as well and used for visual
interpretation only.

Validation of quantitative 89Zr-immuno-PET imaging
OSEM reconstructions with attenuation correction of the immuno-PET scans
were used to investigate the accuracy of quantification 89Zr-cMAb U36 PET in
vivo. To this end, three 1.5 cm-diameter regions of interest (ROIs) were defined
within the left ventricle of the heart in 3 subsequent image planes using
an axial view of the PET images. The average activity concentration within
these ROIs, representing PET-assessed blood-pool activity concentration, was
directly compared with the activity concentration measured in manual blood
samples (sampled blood activity) using a calibrated well-counter to validate the
quantitative accuracy of 89Zr-PET in vivo.
In addition, the uptake of the radioimmunoconjugate in tumors
(percentage injected dose [%ID]/cm3), as assessed from scans acquired at 144
h after injection, was compared with the uptake (%ID/g) derived from tumor
biopsies collected at 168 h after injection %ID/cm3, as derived from the PET scans,
was converted to %ID/g using a soft-tissue density factor of 1.04 g/cm3.

Volume-of-Interest (VOI) definition
The uptake in different organs was determined using manually defined ROIs and
the Clinical Application Programming Package (CAPP; provided with the ECAT
software). 89Zr uptake was determined in the following organs: lung, liver, spleen,
kidney, heart, and if visible, thyroid. In addition, a semiautomatic VOI was defined
over the tumor using in-house-developed software tools (22).
Details of ROI/VOI definition. As most organs could be visually best
identified on the 1-h-after-injection emission scans, most organ 3-dimensional
(3D) VOIs were defined manually using this early uptake scan. However, VOIs for
the thyroid and tumor were defined on the last scan, because their delineation
was optimal at this last time point. Finally, lung regions were defined on
reconstructed transmission scans, using the semiautomatic isocontour tool
within the CAPP software. All 3D VOIs were defined using a coronal view of the
PET images.
A 3D VOI was generated from multiple 2-dimensional ROIs by grouping
these ROIs into the VOI. The ROIs on the first and last slices were not used for
the VOIs, because these were prone to partial-volume effects (spill-in and spillout) or sampling errors. The VOIs defined on the 1-h-after-injection scan were
saved and imported to the other time frames, for which the organs were not
as clearly visible. To allow for projection of VOIs onto scans obtained at other
intervals, we scanned patients in the same (patient and bed) position during
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subsequent studies, using rigid head immobilization devices (e.g., radiotherapy
mask) and belts around the patient. To ensure correct positioning of the VOIs,
the elevation of the bed was registered for all scans and in case of differences in
patient or bed position, scans were aligned using an in-house-developed software
program. Furthermore, in the case of remaining dislocation of VOIs, all VOIs
were relocated in 1 step to keep the internal relations intact. For relocation, the
alignment of lung VOIs and the contour of the head and neck were verified using
reconstructed transmission scans (for each subsequent study) as well. However,
if still necessary, VOIs were ungrouped and individual VOIs were relocated to
improve the position. After this VOI positioning procedure, all VOIs were saved
and projected onto the emission scans. The mean uptake (in Bq/cm3) was then
derived using these final VOIs.
The tumor was defined on the 144-h-after-injection scan using a tool,
that semiautomatically defined a 3D 50% (to maximum) isocontour around
the tumor. Then the mean uptake (in Bq/cm3) was calculated. The mean tumor
uptake was determined for the latest acquired PET study only, as correct
repositioning of the tumor VOI onto earlier scans could not be reliably visually
verified because of the lack of signal from the tumor.
All VOIs set on organs and tumors were evaluated by 2 experienced
nuclear physicians.

Internal radiation dosimetry
The internal radiation dosimetry for the adult human was evaluated through
the normalized cumulated activities for each patient provided as input to the
OLINDA/EXM 1.0 code (23).
Residence times were calculated for liver, kidneys, lungs, spleen, and
the remainder of the body, entering the percentage of the injected dose at each
time point for each patient in OLINDA/EXM 1.0 and fitting these data using a
monoexponential function. The residence times for the thyroid were calculated
using trapezoidal integration. The remaining area under the curve from the
end of data collection until infinity was determined by considering physical
decay only. The residence time of the remainder of the body was defined as 113
minus the sum of residence times of source organs. A total residence time for
the entire body of 113 h is obtained in the case of no biologic clearance. The red
marrow dose was estimated using sampled blood clearance data (24,25). The red
marrow concentration was assumed to be 30% of the blood activity concentration
(conversion factor, 0.3). In addition, the dose from the remainder of the body onto
red marrow was considered as well.
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RESULTS
Unless otherwise specified, all 89Zr activities are decay corrected to time of
injection.
For 1 patient (patient 18) imaged, not enough data were available for
adequate dosimetric analysis. Regarding the evaluation of 89Zr-immuno-PET to
quantify tumor uptake, 4 patients (patients 1, 2, 13, and 18) were excluded from
analysis because of the lack of a scan at 144 h after injection. Another patient
(patient 6) was excluded because of delayed surgery 2 wk after injection.

Safety
Zr-cMAb U36 was found to be safe and well tolerated in all subjects. Neither
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adverse reactions nor significant changes in earlier mentioned blood and urine
parameters that could be related to the study drug were observed. The mean
radiation dose rates measured at 1, 24, and 72 h after injection at a distance
of 100 cm were 7.0 ± 0.3, 5.7 ± 0.3, and 3.8 ± 0.2 μSv/h, respectively. A human
antichimeric antibody (HACA) response developed in patients 9 and 10, and
elevated titers were found at 1 and 6 wk after injection, irrespective of whether
cMAb U36 IgG or 89Zr-N-sucDf-cMAb U36 was used in the enzyme-linked
immunosorbent assay. These data indicate that the response was directed to
the protein part of the conjugate and not to the N-sucDf chelate attached to the
cMAb.

Biodistribution
Images of a representative male patient between 1 and 144 h after injection of
Zr-cMAb U36 are presented in Figure 1. Whole-body images obtained directly
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after the administration of 89Zr-cMAb U36 showed mainly blood-pool activity,
with delineation of the heart, lungs, liver, kidneys, spleen and nose. Uptake of
radioactivity for most organs decreased over time, whereas increased uptake
was seen only at tumor sites and in the thyroid of some of the patients (patients
1, 6, 7, 10, and 11). The estimated uptake of 89Zr-cMAb U36 in single organs,
is presented in Table 2. The visual quality of the immuno-PET images varied
between different patients. Figure 2 illustrates the difference in visual quality
between an average-weight patient (58 kg) and an obese patient (104 kg).

PET-derived blood-pool activity versus sampled blood
Variation in visual image quality also affected the quantitative analysis of the
Zr-cMAb U36 immuno-PET images in a proportion of patients, as shown in
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Figure 3. This plot depicts the percentage under- and overestimation of the blood
activity as assessed by immuno-PET. To this end, immuno-PET-derived activity
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A

B

C

FIGURE 1.
Representative coronal images of male patient with oropharyngeal tumor (indicated by arrows), arranged (left to
right) from 1, 24, 72, and 144 h after injection. (A) Increased uptake in time of 89Zr-cmAb U36 in tumor (indicated
by arrows). (B) Circulating 89Zr-cmAb U36 in heart and uptake in organs. (C) Maximum-intensity projections of
same patient as shown in A and B. Gray scale settings were set for each image independently, for clarity.

TABLE 2. Uptake of 89Zr-cMAb U36 in single organs
Men (mean %ID ± SD)
Organ

t=0h

t = 24 h

t = 72 h

t = 144 h

Kidneys

1.21 ± 0.23

1.36 ± 0.14

0.70 ± 0.16

0.26 ± 0.09

Liver

12.23 ± 2.12

11.98 ± 0.78

6.18 ± 1.44

2.83 ± 0.79

Lungs

4.51 ± 3.58

5.86 ± 1.30

1.84 ± 1.20

0.69 ± 0.47

Spleen

0.99 ± 0.27

0.75 ± 0.12

0.29 ± 0.10

0.10 ± 0.04

Thyroid

0.08 ± 0.02

0.11

0.07 ± 0.04

0.05 ± 0.02

Women (mean %ID ± SD)
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Kidneys

1.78 ± 0.34

1.69 ± 0.44

0.95 ± 0.27

0.37 ± 0.07

Liver

11.50 ± 2.45

7.98 ± 1.02

4.94 ± 0.95

2.36 ± 0.52

Lungs

5.91 ± 1.94

3.86 ± 1.52

2.52 ± 0.75

1.16 ± 0.29

Spleen

1.02 ± 0.36

0.72 ± 0.09

0.27 ± 0.12

0.10 ± 0.05

Thyroid

0.06 ± 0.03

0.06 ± 0.04

0.10 ± 0.03

0.05 ± 0.03
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A

B

FIGURE 2.
Difference in visual quality of coronal PET images obtained 1 h after injection of 89Zr-cmAb U36 between averageweight patient (58 kg) (A) and obese patient (104 kg) (B).

in the left ventricle of the heart was compared with activity in sampled blood.
Patients with a weight lower than 100 kg showed, in general, a good agreement
with manually sampled data (difference equals 0.2% ± 16.9% [mean ± SD]).
Patients with a weight more than 100 kg showed an underestimation of activity
by immuno-PET, especially for later images. Figure 4 shows blood kinetics,
assessed by either immuno-PET or by blood sampling, for the whole group of
evaluable patients (n = 19). For the group of patients as a whole, no statistically
significant (P = 0.503) differences were observed between the 2 methods used
for assessment of activity. In addition, the small variances suggest a consistency
of the pharmacokinetics in these patients, even for those in whom a HACA
response developed. Therefore, we decided to use data on all these patients for
radiation dose estimations.

Quantification of MAb uptake in tumors
Antibody uptake was assessed on 144-h-after-injection scans for all primary
tumors and compared with uptake data from biopsies obtained 168 h after
injection. Comparison of %ID/g derived from biopsy and PET data showed a good
agreement with slightly lower values for PET (mean deviation, -8.4% ± 34.5%). The
mean tumor uptake at 168 h after injection as assessed by biopsies appeared to
be 0.019 ± 0.010 %ID/g (range, 0.006 - 0.038 %ID/g).
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FIGURE 3.
Difference between PET-assessed blood-pool activity and sampled blood activity of 89Zr-cmAb U36 as function of
patient weight. Difference in activity was assessed at 1 h (∆), 24 h (○), 72 h (■), and 144 h (♦) after injection.
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FIGURE 4.
Mean 89Zr-cmAb U36 activity in blood (Bq/cm3) of study population: PET-assessed blood-pool activity within left
ventricle of heart (■) and sampled blood-pool activity (▲).
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TABLE 3. Absorbed doses in red marrow
Patient

Red marrow dose* (mSv/MBq)
Men

2

0.07

5

0.07

7

0.06

8

0.06

11

0.08

12

0.07

14

0.09

15

0.11

17

0.09

19

0.07

20

0.05

Mean ± SD

0.07 ± 0.02
Women

1

0.09

3

0.10

4

0.11

6

0.09

9

0.11

10

0.09

13

0.07

16

0.09

Mean ± SD

0.09 ± 0.01

* Conversion factor = 0.3

Red marrow doses
The doses absorbed in the red marrow were estimated in 19 patients, as
presented in Table 3. The mean red marrow dose was 0.07 ± 0.02 mSv/MBq in
men and 0.09 ± 0.01 mSv/MBq in women.

Absorbed doses in source organs and whole body
Residence times of the source organs were entered into the OLINDA/EXM 1.0
program. The results of the OLINDA/EXM 1.0 analysis are listed in Table 4.
The effective dose for each patient was calculated using the available organ
dosimetry data of the source organs. Excretion of 89Zr via the urinary pathway
was 2.59 ± 1.89 %ID during the first 72 h after injection. As there was also very
little activity seen in the intestines, most loss of radioactivity was due to physical
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1.71

1.15

1.18 ± 0.26

13

16

Mean ± SD

Abbreviations: NV, not visible

1.04

10

0.87

4

1.32

1.12

3

0.99

1.26

1

6

0.82 ± 0.15

Mean ± SD

9

0.64

20

0.69

0.58

0.80

17

19

1.23

1.35 ± 0.21

1.33

1.52

1.09

1.65

1.56

1.15

1.19

1.31

1.25 ± 0.27

1.23

1.14

1.01

1.55

1.48

0.69

0.96

11

1.17

15

0.84

8

1.20

1.01

0.86

7

1.47

0.73

0.85

5

1.60

14

1.01

2

Liver

12

Kidneys

Patient

TABLE 4. Absorbed organ doses

0.94 ± 0.17

0.83

1.12

1.05

1.11

1.01

0.96

0.84

0.63

0.63 ± 0.20

0.49

0.54

0.42

0.50

0.44

0.53

0.54

1.01

0.68

0.83

0.93

Lungs

0.77 ± 0.14

0.55

0.64

0.84

0.86

0.87

0.62

0.86

0.89

Women

0.67 ± 0.11

0.70

0.59

0.47

0.57

0.58

0.82

0.81

0.71

0.74

0.66

0.74

Men

Spleen

Organ dose (mSv/MBq)

1.12 ± 0.20

0.98

1.11

1.44

NV

0.93

NV

NV

1.12

0.91 ± 0.27

0.81

0.85

0.72

0.70

0.86

NV

1.40

NV

0.70

NV

1.28

Thyroid

0.54 ± 0.0024

0.54

0.55

0.54

0.55

0.55

0.54

0.54

0.54

0.44 ± 0.0022

0.44

0.44

0.44

0.44

0.44

0.45

0.45

0.44

0.44

0.45

0.45

Total body

0.66 ± 0.03

0.65

0.71

0.69

0.66

0.67

0.63

0.65

0.64

0.53 ± 0.03

0.52

0.52

0.49

0.52

0.52

0.52

0.56

0.55

0.53

0.54

0.60

Effective dose (mSv/MBq)
organ dosimetry
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decay. The mean effective dose for the whole body was 0.53 ± 0.03 mSv/MBq
in men and 0.66 ± 0.03 mSv/MBq in women. As an alternative, the effective
dose was also calculated by considering the body to be a homogeneous mass,
that is, by ignoring organ doses and assuming a residence time of 113 h for the
entire patient. This simplified procedure showed only a minor decrease of the
estimated effective dose: 0.44 ± 0.002 mSv/MBq in men and 0.54 ± 0.002 mSv/MBq
in women. The difference in estimated effective dose between men and women
(with versus without, ignoring the biodistribution) suggests that this difference
might be explained by use of different models (men versus women) within
OLINDA/EXM 1.0.
The normal organs with the highest absorbed dose were the liver (mean
dose in men, 1.25 ± 0.27 mSv/MBq; in women, 1.35 ± 0.21 mSv/MBq) and kidneys
(mean dose in men, 0.82 ± 0.15 mSv/MBq; in women, 1.18 ± 0.26 mSv/MBq).

DISCUSSION
The purpose of this study was to assess the safety and to evaluate the
biodistribution, radiation dose, and potential for quantification of immunoPET with 89Zr-labeled-cMAb U36 in HNSCC patients. In this study, the tracer
was found to be safe and well tolerated. No adverse events occurred. A HACA
response was seen only in 2 patients, whereas none of the antibody responses
was directed to the chelate. In all normal organs, the uptake of radioactivity
decreased in time. Only in the tumor and in a few patients in the thyroid, uptake
increased in time, suggesting specific uptake of 89Zr-cMAb U36. Such variable and
sometimes high thyroid uptake was previously observed in HNSCC patients who
had been injected with 99mTc-cMAb U36 (16). This result might indicate that in
some individuals CD44v6 is expressed in the thyroid.
Furthermore, the advantage of the more detailed images obtained
with 89Zr-immuno-PET is the possibility of non-invasive quantification. In most
of the images, the visual quality was acceptable for defining ROIs; however,
there was a variation between images of different patients, and in some
images the delineation of organs and tumor was suboptimal. Nevertheless,
quantification results seem plausible. The 89Zr calibration procedure indicated
that the quantitative accuracy of the scanner was not compromised by the

presence of 909 keV γ-photons emitted from 89Zr and due to emission spillover
into the transmission scans. In fact, the procedure was repeated for activity
concentrations of about 17 kBq/mL (111 MBq in a phantom of 6,283 mL), showing
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that quantitative accuracy was not affected at higher counting rates as well.
Although the 909 keV photons could have resulted in increased dead time and
randoms fraction, the 89Zr activity in the field of view is much lower than usually
applied (e.g., for 18F-FDG studies, up to 370 MBq of 18F-FDG is applied for patients
and about 70 MBq is applied in a 6-L phantom for calibrations). Moreover, the
511 keV photon flux from 89Zr is much lower than that seen in 18F-FDG studies
because of lower positron emission abundance. Another effect that could hamper
quantification might be emission spillover into the transmission scan. However,
emission spillover into the transmission scan is minimized in 2 ways. First,
transmission scans are based on coincidence counting of the 511 keV photons
emitted by the 68Ge transmission rod sources, thereby reducing the detection of
noncoincident emitted photons (although these still result in increased randoms
fraction). Second, during transmission scanning a rod windowing technique
is applied (26). Rod windowing discards all detected coincidences that do not
intersect the rod source (within a certain distance), and, as such, it reduces
the influence of scatter, randoms, and emission spillover. To further validate
quantitative accuracy, a comparison was made between blood-pool activity seen
in the PET images and activity seen in manual samples.
The quantification of blood-pool activity in the left ventricle of the
heart agreed well with the sampled blood activity, except for a few heavy-weight
patients (>100 kg), suggesting that immuno-PET with 89Zr-cMAb U36 can be used
to quantify the radiation dose of the whole body and normal organs of interest.
However, as shown earlier with 18F-FDG-PET, excessive body weight has negative
effects on both quantitative and qualitative scan analysis (27-30). For 89Zr
studies, these effects may be even more pronounced because of the low positron
emission abundance resulting in lower noise-equivalent counting rates than seen
with 18F-FDG studies. The low noise-equivalent counting rates could potentially
hamper the accuracy and precision of the scatter correction, but further studies
are required to fully understand the negative bias seen with heavier patients.
Yet the association between patient weight and bias suggests that this effect is
indeed related to scatter correction issues. Despite this fact, a good agreement
between PET and sample-derived blood-pool activities was seen for most other
scans and subjects (Figure 3). In future studies, with modern PET/CT-scanners in
combination with time-of-flight reconstruction and optimized scan protocols, it
is probable that these problems will be of less magnitude, but this would require
further validation as well.
Also in the assessment of tumor uptake, a good agreement was found
between PET-derived data and data obtained from biopsies, despite the fact that
there was a 1-d difference in assessment time (144 h after injection versus 168 h
after injection). This good agreement is quite remarkable because both methods
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are prone to errors. For example, for uptake assessment in tumor biopsies it is
difficult to take a representative part of the tumor. For PET assessment, partialvolume effects will cause an underestimation of the tumor dose. This problem
with partial-volume effects is a known limitation of PET, and correction methods
are currently being developed to deal with this. At this point we can at least
identify patients with low and high tumor uptake; therefore, it is possible to
select the patients who may and may not benefit from therapy.
Although 89Zr-immuno-PET can become an important tool in the
detection and treatment of cancer, there are some limitations to overcome.
Drawing of the organ VOIs requires anatomic knowledge and training and is time
consuming. However, with modern PET/CT scanners, 89Zr-immuno-PET data can
be collected, along with a structural CT image, in 1 scanning session. The aligned
CT data can then be used for a more accurate and automated VOI definition.
The mean radiation dose for patients in this study was about 40 mSv,
which is high and will limit repeated application of 89Zr-immuno-PET. However,
the introduction of the new-generation PET/CT scanners will also allow betterquality immuno-PET images to be obtained with a lower 89Zr radioactivity
dose. This can be concluded from preliminary PET/CT studies in which 37 MBq
Zr-trastuzumab was used for human epidermal growth factor receptor type 2
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immuno-PET in breast cancer patients (15). Using 89Zr-cMAb U36 in combination
with these scanners would mean an effective dose of about 20 mSv for a wholebody scan. Theoretically, shorter-lived residualizing positron emitters like 64Cu
(t1/2, 12.7 h) and 86Y (t1/2, 14.7 h) might give less dose exposure, although clinical
experience with these positron emitters is limited. In the study by Cutler et al.,
immuno-PET with 370 MBq of 64Cu-labeled intact MAb 1A3 was evaluated for
detection of colorectal cancer with a Siemens/CTI ECAT EXACT PET scanner, as
was also used in the present study (31,32). The average whole-body dose for these
patients was 11.1 mSv. However, because of the short half-life of 64Cu, most of
the patients had to be imaged within 24 h after injection to obtain good-quality
images. As shown in Figure 1A, for cMAb U36 delineation of tumors is much
better at later time points (72 and 144 h), and, therefore, the use of 64Cu might be
a less suitable alternative. For the immuno-PET evaluation of antibody fragments,
however, 64Cu and 86Y might be suitable candidates.
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Conclusion
In the present study, we evaluated the safety, biodistribution, radiation dose, and
potential for quantification of immuno-PET with 89Zr-labeled cMAb U36 in HNSCC
patients. 89Zr-cMAb U36 was found to be safe and well tolerated in all subjects.
Uptake of radioactivity in heart, lungs, liver, kidneys, and spleen decreased over
time, and increased uptake was seen only at tumor sites and in the thyroid of
some of the patients. Quantitative analysis, comparing PET-derived blood-pool
activity and sampled blood activity, showed good agreement, except for the
patients with a body weight of more than 100 kg. Also, a good agreement was
found for the assessment of antibody uptake in tumors. The mean effective dose
for the whole body was 0.53 ± 0.03 mSv/MBq in men and 0.66 ± 0.03 mSv/MBq in
women.
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This thesis presents the potential of radioimmunoscintigraphy (RIS) and
radioimmunotherapy (RIT) in clinical studies in patients diagnosed with head
and neck squamous cell carcinoma (HNSCC). Squamous cell carcinoma is the
most frequently occurring malignant tumor in the head and neck and originates
predominantly (>95%) in the oral cavity, pharynx, and the larynx. The estimated
worldwide incidence of HNSCC in 2002 was more than 563,000 cases, and more
than 301,000 deaths were reported (1). All studies described in this thesis, were
conducted with monoclonal antibodies (MAbs) directed against CD44v6, a target
antigen abundantly expressed in HNSCC.
In the introduction (Chapter 1) of this thesis, an overview is given of
current diagnostic modalities and therapies of HNSCC, while the possibilities,
requirements, and restrictions of RIS and RIT in HNSCC are discussed. Studies
using MAbs directed against HNSCC-associated antigens, such as CD44v6, are
dealt with in more detail. Finally, novel diagnostic and treatment strategies using
radiolabeled MAbs are discussed.
One of the limitations encountered in previous RIT studies using
chimeric MAbs (cMAbs) directed against CD44v6 in patients is immunogenicity.
Development of human antibody responses can lead to allergic reactions like
anaphylaxis, and may lead to rapid clearance of the MAb, especially when
the MAb is administered repeatedly. In case of RIT this will result in less dose
deposition in the tumor. Chapter 2 presents the results of a phase I radiation
dose-escalation RIT study in HNSCC patients using the anti-CD44v6 humanized
MAb bivatuzumab, also called BIWA 4, labeled with rhenium-186 (186Re). In
this study, the safety, maximum tolerable dose (MTD), immunogenicity, and
therapeutic potential of the radioimmunoconjugate was determined in 20
patients with incurable recurrent and/or metastatic HNSCC. All patients received
a single dose of

186

Re-bivatuzumab in dose-escalation steps of 0.74, 1.11, 1.48,

1.85, and 2.22 GBq/m2. The MTD was established at 1.85 GBq/m2 at which level
dose-limiting myelotoxicity was seen in 1 out of 6 patients. Three patients
received a second dose of 1.85 GBq/m2 at least 3 months after the first dose.
First and second administrations were all well tolerated and targeting of tumor
lesions proved to be consistently very good, as shown by planar and tomographic
images of the head and neck. Figure 1 shows typical whole-body γ-camera

images of a patient with HNSCC who received 186Re-labeled anti-CD44v6 MAb.
The only significant manifestations of toxicity were dose-limiting myelotoxicity
consisting of thrombo- and leukocytopenia. CTC grade 4 myelotoxicity was
seen in 2 patients treated at the dose level 2.22 GBq/m2. To a lesser extent oral
mucositis was observed, CTC grade 2 in 2 out of 6 patients who received 1.85
GBq/m2 and in 3 out of 5 patients who received 2.22 GBq/m2. Two of the 3 patients
who underwent a second administration showed oral mucositis after both
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administrations. After the second administration, oral mucositis showed no
increase in severity, compared with the first administration. All patients in the
study population had been treated previously with external beam irradiation,
which had caused severe mucositis in some of the patients. It is possible that this
prior treatment could aggravate the mucositis encountered after RIT.
One patient treated at the 1.11 GBq/m2 dose level was admitted to
the hospital because of unexplained seizures 5 days after start of RIT. During
hospitalization, angioedema caused reversible respiratory distress 8 days after
start of RIT. Eleven days after start of RIT the patient was dismissed from the
hospital. She was found dead at home 22 days after RIT. Upon examination, no
relationship between antibody administration and death could be found, but the
possibility of a relationship could not be excluded. No human anti-bivatuzumab
response (HAHA) was detected after analysis of serum from this patient.
Stable disease, lasting 6 to 21 weeks, was observed in 3 out of 6 patients
treated at MTD-level. Regarding the immunogenicity, only 2 out of 20 (10%)
patients experienced a HAHA, whereas RIT studies with the anti-CD44v6 cMAb
U36 in HNSCC patients showed a human anti-U36 response (HACA) in 5 out of
12 (42%) patients (2). Moreover, in 3 radioimmunoscintigraphy-biodistribution
studies performed with 99mTc-bivatuzumab in a total of 28 patients with HNSCC
(n=10), non-small-cell lung cancer (n=9), and breast cancer (n=9), no HAHA
responses were observed (3,4). It was concluded that 186Re-bivatuzumab can be
safely administered, also when injected twice.
The observation of antitumor effects in patients with bulky disease,
offers opportunities for further development of RIT with single or multiple doses
of 186Re-labeled bivatuzumab. Although no objective responses were achieved in
patients with incurable HNSCC, one might expect a much better performance
of this radioimmunoconjugate in an adjuvant setting shortly after surgery in
patients with minimal residual disease and therefore at risk for development of
distant metastasis. The fact that the uptake of MAbs is higher in small volume
HNSCC tumors (1 cm3) as compared to large volume HNSCC tumors (50 cm3),
supports further development of RIT as an option for adjuvant targeted therapy
of minimal residual HNSCC (5). Another possibility to improve RIT efficacy is
by decreasing bone marrow toxicity using autologous blood or bone marrow
progenitor cell transplantation. A previous RIT study in HNSCC showed that reinfusion of granulocyte colony-stimulating factor stimulated unprocessed whole
blood, makes it possible to increase the MTD, and possibly enhancing antitumor
effects (6). Enhancement of the efficacy of RIT may also be established by
combining RIT with targeted therapies that have no or low myelotoxicity. On the
analogy of approaches in which anti-EGFR antibodies are combined with external
beam irradiation, as used for treatment of locally advanced HNSCC (7), anti-EGFR
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MAbs might also be combined with RIT. Indeed, combination of RIT with EGFR
blocking MAb 425 in a preclinical trial with HNSCC xenograft bearing nude mice,
showed an additional effect (8).
The data acquired from the phase I radiation dose-escalation RIT
study with 186Re-bivatuzumab in HNSCC patients, were also used for dosimetric
analysis, as described in Chapter 3. Whole body scintigraphy was used to draw
regions around sites or organs of interest. Residence times in these organs
and sites were calculated and entered into the MIRDOSE3 program, to obtain
absorbed doses in all source organs except for the red marrow. The red marrow
dose was calculated with a blood-derived method (9). Twenty-one studies in 18
patients were used for dosimetric analysis, 5 of them in women and 16 in men.
The data acquired from a second dose of 1.85 GBq/m2 administered to 3 patients
at least 3 months after the first dose are included in these 21 studies. The mean
red marrow dose was 0.49 ± 0.03 mGy/MBq in men and 0.64 ± 0.03 mGy/MBq in
women. The normal organ with the highest absorbed doses appeared to be the
kidneys (mean dose in men 1.61 ± 0.75 mGy/MBq; mean dose in women 2.15
± 0.95 mGy/MBq; maximum dose of kidneys in all patients 11 Gy) and are not
expected to lead to renal toxicity. The doses delivered to the tumor, recalculated
to the MTD level of 1.85 GBq/m2, ranged from 3.8-76.4 Gy, with a median of 12.4
Gy. A strong correlation (r = -0.79) was found between the amount of radioactivity
per kg body weight and platelet and white blood cell nadir, respectively.
In conclusion, RIT with 186Re-bivatuzumab is safe, and has a low
immunogenicity, allowing repeated administration. The only toxicity observed
in this study was myelotoxicity caused by circulating radioimmunoconjugate
and, in some patients, mild oral mucositis. Dosimetric analysis showed that
this treatment is also safe with respect to absorbed doses to normal organs. At
the highest RIT dose levels, antitumor effects have been observed consistently,
although higher tumor absorbed doses (>60 Gy) should be achieved before
objective responses might be expected from RIT monotherapy.
Selective tumor targeting by bivatuzumab as demonstrated in the RIT
studies, has also stimulated the use of this MAb in other therapeutic approaches.
Despite promising initial results, the large scale use of radioimmunoconjugates
may encounter problems related to logistics and radiation safety. Omission
of radioactivity could solve these issues, and therefore, an anti-CD44v6
antibody-drug conjugate designated bivatuzumab mertansine was developed
by the sponsor of the bivatuzumab RIT trial. Antibody-drug conjugates are
particularly attractive, because no bone marrow toxicity has to be expected, and
therefore perspectives might arise for combined treatment with conventional
chemotherapeutics.
Bivatuzumab mertansine is a tumor-activated prodrug conjugate, which
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consists of the super-toxic anti-microtubule drug mertansine (DM1) covalently
linked to bivatuzumab. After binding to CD44v6, the complex can be internalized,
and the mertansine molecules will be released intracellularly by cleavage of the
antibody-mertansine disulfide bonds. In a study with HNSCC patients described
by Tijink et al. (10), the safety, MTD, and preliminary efficacy of bivatuzumab
mertansine were assessed, and the pharmacokinetics and immunogenicity
were determined after 3 weekly i.v. injections of the conjugate. In this study, no
toxicity related to free mertansine as a result of deconjugation in the circulation
was observed, and no evidence was found for the non-specific uptake by cells
not expressing the antigen. The main toxicity of bivatuzumab mertansine was
directed against the skin, most probably due to CD44v6 expression in this tissue
(cross-reactivity). The majority of skin reactions was reversible, however, one
fatal drug-related adverse event occurred. Toxic epidermal necrolysis appeared
in 1 patient treated at a dose of 140 mg/m2. Toxicity was most probably triggered
by the cross-reactivity of bivatuzumab with skin keratinocytes. There was no
evidence for a dose-toxicity relationship, and it is therefore difficult to predict
when severe skin toxicity will occur. It was decided to discontinue further clinical
development of bivatuzumab mertansine. From this study and parallel studies
with bivatuzumab mertansine, it can be concluded that strict tumor-selective
expression of the particular target antigen is required, when using supertoxic
antibody-drug conjugates for therapy. The expression of CD44v6 was probably
not selective enough to allow safe therapy. This conclusion is probably reasonable
for approaches in which supertoxic drugs like mertansine are used, but may not
necessarily be the case for other approaches like RIT. In 3 RIT trials with 186Relabeled anti-CD44v6 MAbs U36 and bivatuzumab in a total of 45 administrations
(2,6,11), only 1 patient developed reversible skin reactions 8 days after the start
of RIT, consisting of angioedema (CTC grade 3) and rash (CTC grade 3). This
difference in toxicity between CD44v6-specific RIT (186Re) conjugates and CD44v6specific mertansine conjugates can be explained by the two following aspects.
First, radiation deposition with 186Re is relatively slow due to the long half-life of
89 hours of this ß-emitting radionuclide. Second, whereas the energy and path
length (5 mm) of the ß-emission of 186Re are ideal for irradiation of small-sized
to medium-sized tumors (0.5-1 cm) (12), toxicity in the skin is just moderate due
to the fact that a large part of the disintegration energy dissipates outside the
distribution volume of this tissue (especially the basal cell layer). This explains
low skin toxicity in the case of RIT.
Aforementioned studies illustrate that selective targeting of tumors
by targeted therapies like MAbs is possible, and that MAb imaging might be a
valuable tool to visualize and quantify uptake of the MAb in tumor and normal
organs. For this purpose the use of γ-camera images can be very informative,
although there is still room for improvements as illustrated by Figure 1. For
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example, the images shown in Figure 1 did not provide much details of organs.
The fact that the tumor looked much larger than in reality, has also to do with
limited resolution. No anatomical details are visible. Most importantly, a need
for more accurate quantification was felt, a reason to explore the potential of
positron emission tomography (PET) for MAb imaging.
Chapter 4 evaluates immuno-PET, the combination of PET with MAbs,
as an option to improve tumor detection and to guide MAb-based therapy. The
long-lived positron emitter zirconium-89 (89Zr) has ideal physical characteristics
for immuno-PET with intact MAbs, but was never used before in a clinical setting.
In a phase I study presented in this thesis, the diagnostic imaging performance
of immuno-PET with 89Zr-labeled-chimeric anti-CD44v6 MAb (cMAb) U36 was
evaluated in 20 patients with HNSCC, who were at high risk of having neck
lymph node metastases and therefore were scheduled to undergo neck dissection
with or without resection of the primary tumor. All patients received 75 MBq 89ZrcMAb U36. All patients were examined by computerized tomography (CT) and/or
magnetic resonance imaging (MRI) and immuno-PET prior to surgery. Six patients
also underwent PET with 18F-fluoro-2-deoxy-D-glucose (FDG-PET). ImmunoPET scans were acquired up to 144 hours after injection. Diagnostic findings
were recorded per neck side (left or right) as well as per lymph node level (6
levels per side), and compared with histopathological outcome. Immuno-PET
detected all primary tumors (n = 17) as well as lymph node metastases in 18 of
25 positive levels (sensitivity 72%) and in 11 of 15 positive sides (sensitivity 73%).
Interpretation of immuno-PET was correct in 112 of 121 operated levels (accuracy
93%) and in 19 of 25 operated sides (accuracy 76%). As illustrated in Figure 2, 89Zr
immuno-PET images show much more detail of the organs and tumor, compared
with the γ-camera images in Figure 1. For CT/MRI sensitivities of 60% and 73%

and accuracies of 90% and 80% were found per level and side, respectively. In the
6 patients with 7 tumor involved neck levels and sides, immuno-PET and FDGPET gave comparable diagnostic results. In this study, immuno-PET with 89ZrcMAb U36 performed at least as good as CT/MRI for detection of HNSCC lymph
node metastases. The future application of PET/CT might further support image
interpretation.
The data acquired from the phase I immuno-PET study with 89Zr-labeledcMAb U36 in HNSCC patients were also used for dosimetric and safety analysis,
as described in Chapter 5. Biodistribution of the radioimmunoconjugate was
evaluated by radioactivity measurement in blood, red marrow, and in biopsies
from the surgical specimen obtained 168 hours after injection. Uptake of the
radioimmunoconjugate in tumors and organs of interest was quantified by
creating volumes of interest in the immuno-PET images. Residence times in
tumors and organs were calculated and entered into the OLINDA/EXM 1.0
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program, to obtain absorbed doses. The red marrow dose was calculated using
a blood-derived method (13). Injection of 89Zr-cMAb U36 was well tolerated in all
subjects, with no serious or drug-related adverse events reported. Two patients
developed a HACA response, but this did not affect the body clearance of the
radioimmunoconjugate. Quantification of blood-pool activity in the left ventricle
of the heart showed good agreement with the activity measured in blood samples
(difference equals 0.2% ± 16.9% [mean ± SD]), except for heavy weight patients
(>100 kg). The mean red marrow dose was 0.07 ± 0.02 mSv/MBq in men and 0.09 ±
0.01 mSv/MBq in women. The normal organ with the highest absorbed dose was
the liver (mean dose in men 96.49 ± 21.02 mSv; in women 105.26 ± 16.25 mSv),
and thereafter followed by kidneys, thyroid, lungs and spleen. The mean effective
dose was 0.53 ± 0.03 mSv/MBq in men and 0.66 ± 0.03 mSv/MBq in women.
Excretion via the urinary pathway was low with a mean excretion of 2.59 ± 1.89
%ID 89Zr during the first 72 h after injection. The mean effective dose for the
whole body was 0.53 ± 0.03 mSv/MBq in men and 0.66 ± 0.03 mSv/MBq in women.
Evaluation of quantification of MAb uptake in tumors showed a good agreement
between %ID/g derived from biopsy data 168 h after injection and PET data 144 h
after injection, with slightly lower values for PET (mean deviation, -8.4% ± 34.5%).
In conclusion, the results of the first-in-human immuno-PET study
with Zr labeled cMAb U36 in HNSCC patients, showed that 89Zr immuno-PET
89

performs at least as good as CT and MRI in detection of primary tumor and
lymph node metastases. In general, 89Zr immuno-PET is a new, noninvasive
diagnostic modality, and more important, a promising quantitative imaging
tool which can be broadly applied in MAb research e.g. for the selection of high
potential candidate MAbs for therapy as well as of patients most likely to benefit
from specific MAb treatment.
Despite clinical optimism, it is fair to state that the efficacy of most of
the current FDA approved MAbs is still limited, with benefit for just a portion
of patients. Moreover, the costs of MAb therapy are excessive. The question is
how to improve the efficacy of MAb-based therapy and how to identify patients
with the highest chance of benefit. In other words: when, how, and for whom
should antibody-based therapy be reserved? We foresee that quantitative
imaging of MAbs by immuno-PET can be a valuable tool at several stages of
MAb development and application. From first-in-human clinical trials with
new MAbs, it is important to learn about the ideal MAb dosing for optimal
tumor targeting (e.g., saturation of receptors), the uptake in critical normal
organs to anticipate toxicity (although immuno-PET had not predicted skin
toxicity caused by bivatuzumab mertansine targeting), and the interpatient
variations in pharmacokinetics and tumor targeting. MAb imaging might
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provide this information in an efficient and safe way, with fewer patients treated
at suboptimal doses. This approach is especially attractive when the MAb of
interest is directed against a novel tumor target that has not been validated in
clinical trials before. Quantitative MAb imaging might also be of value to guide
the optimal use of FDA-approved MAbs. In current practice, tissue analyses
are often performed to confirm target expression and to select patients for
MAb therapy. For example, patients with metastatic breast cancer are only
eligible for therapy with the anti-human epidermal growth factor receptor-2
(HER2) MAb trastuzumab when protein overexpression or gene amplification
has been confirmed on a biopsy of the tumor by immunohistochemistry or
fluorescence in situ hybridization (in 20% - 30% of patients). It is questionable,
however, whether a representative overview of in vivo HER2 expression status
can be obtained by analysis of just one single biopsy, whereas the expression
of an antigen can be heterogenous within a single tumor and can also differ
between primary tumor and metastases. Pretherapy imaging might have added
value for patient selection, because it can be used to assess target expression
and MAb accumulation in all tumor lesions and normal tissues, noninvasively,
quantitatively, and even over time (four-dimensional). This information might
be particularly relevant when MAb therapy is combined with other treatment
modalities like chemo- and radiotherapy, to find routes to maximum synergism.
Ideally, topographic information on tumor extension is obtained to enable
assessment of homogeneity of MAb tumor accumulation. Until now, pretherapy
antibody imaging has mostly been applied as a prelude to RIT for assessment
of dosimetry (14). In this setting, quantitative imaging is particularly attractive
because of the small therapeutic window of RIT, with bone marrow toxicity being
dose limiting.
On the basis of the encouraging findings with immuno-PET described
herein, several clinical trials with 89Zr-labeled mAbs were recently started, among
which is a study with 89Zr-trastuzumab for the assessment of HER2 expression
status and for detection of HER2-positive tumor lesions in breast cancer patients.
Preliminary results from the first patients in this study (15) showed excellent
tumor tracer uptake and a resolution that was much better than that observed in
previous SPECT studies with 111In-trastuzumab (16). In other immuno-PET studies,
Zr-labeled bevacizumab, cetuximab and ibritumomab tiuxetan, respectively,

89

showed promising results when applied as a tool for non-invasive evaluation
of MAb uptake and treatment planning (17,18,19). It is to be expected that more
studies will follow, also in patients with HNSCC, in this interesting field of
research.
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FIGURE 1.
Planar whole body scans of a patient with a tumor in the right oropharynx. Scans were acquired 1 (A), 24 (B), 72
(C), 144 (D), and 312 (E) hours after administration of 186Re-labeled cMAb U36. Immediately after injection , the
MAb resides in the blood pool. Relative uptake of the radioimmunoconjugate in the tumor increases over time,
while the tumor becomes better delineated as background activity decreases.

FIGURE 2.
Representative coronal images of male patient with oropharyngeal tumor (indicated by arrows), arranged (left
to right) from 1, 24, 72, and 144 h after injection, showing circulating 89Zr-cmAb U36 in heart, uptake in organs
and increased uptake in time of 89Zr-cmAb U36 in tumor.
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In dit proefschrift worden de mogelijkheden van radioimmuniscintigrafie (RIS) en
radioimmunotherapie (RIT) beschreven in klinische studies bij patiënten met een
hoofd-halsplaveiselcelcarcinoom (HHPCC). Het plaveiselcelcarcinoom is de meest
voorkomende maligne tumor in het hoofd-halsgebied en ontstaat voornamelijk
(>95%) in het slijmvlies van mondholte, keelholte en strottenhoofd. De geschatte
wereldwijde incidentie van HHPCC betrof in 2002 meer dan 563.000 gevallen
en meer dan 301.000 personen overleden aan de ziekte (1). In alle studies die
in dit proefschrift beschreven worden, werd gebruik gemaakt van monoklonale
antilichamen (MAbs) gericht tegen CD44v6, een “target” antigeen met hoge
selectieve expressie in HHPCC.
In de introductie (Hoofdstuk 1) van dit proefschrift wordt een overzicht
gegeven van de huidige diagnostische en therapeutische mogelijkheden bij
HHPCC, terwijl ook de mogelijkheden, voorwaarden en beperkingen van RIS en
RIT voor toepassing bij HHPCC behandeld worden. Studies met MAbs die gericht
zijn tegen HHPCC-geassocieerde antigenen zoals CD44v6, worden in meer detail
uitvoeriger belicht. Tot slot worden ook nieuwe diagnostische en therapeutische
strategieën behandeld.
Eén van de beperkingen die in eerdere klinische RIT studies
ondervonden werden met chimere MAbs (cMAbs) gericht tegen CD44v6 was het
optreden van immunogeniciteit. Humane antilichaam reacties gericht tegen
het toegediende MAb kunnen leiden tot allergische reacties zoals anafylaxie,
en kan ook een snelle klaring van het MAb tot gevolg hebben, met name bij
herhaalde toedieningen. In het geval van RIT, zal dit leiden tot een verminderde
opname van het radioimmunoconjugaat in de tumor. In Hoofdstuk 2 worden
de resultaten gepresenteerd van een fase I stralingsdosis-escalatie RIT studie
bij HHPCC patiënten met het anti-CD44v6 gehumaniseerde MAb bivatuzumab,
ook BIWA 4 genoemd, gelabeld met het therapeutische radionuclide
rhenium-186 (186Re). In deze studie werd de veiligheid, maximaal tolerabele
dosis (MTD), immunogeniciteit en de therapeutische mogelijkheden van het
radioimmunoconjugaat bepaald bij 20 patiënten met een incurabel recidief en/
of gemetastaseerd HHPCC. Alle patiënten ontvingen een eenmalige toediening
van 186Re-bivatuzumab in een stralingsdosis-escalatie schema van 0,74, 1,11,
1,48, 1,85 en 2,22 GBq/m2. De MTD werd vastgesteld op 1,85 GBq/m2, op welk
niveau dosislimiterende myelotoxiciteit optrad bij 1 van de 6 patiënten. Drie
maanden na de eerste toediening ontvingen 3 patiënten een tweede toediening
van 1,85 GBq/m2. Zowel de eerste als tweede toediening werden goed verdragen
en tumor-targeting was in alle gevallen goed, zoals te zien op de planaire
en tomografische afbeeldingen van het hoofd-halsgebied. Figuur 1 laat een

voorbeeld van een γ-camera afbeelding zien van een HHPCC patiënt die 186Regelabeld anti-CD44v6 MAb ontving. De enige significante toxiciteit die optrad was
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dosis-limiterende myelotoxiteit in de vorm van trombo- en leukocytopenie. CTC
graad 4 myelotoxiciteit werd waargenomen bij 2 patiënten in de dosisgroep van
2,22 GBq/m2. Orale mucositis werd gezien bij een klein gedeelte van de patiënten:
CTC graad 2 bij 2 van de 6 patiënten binnen de dosisgroep van 1,85 GBq/m2 en
bij 3 van de 5 patiënten binnen de dosisgroep van 2,22 GBq/m2. Twee van de 3
patiënten die een tweede toediening ontvingen, ontwikkelden orale mucositis
na beide toedieningen. Er werd na de tweede toediening geen verergering van
de orale mucositis waargenomen ten opzichte van de eerste toediening. Alle
patiënten hadden eerder radiotherapie ondergaan, die in sommige gevallen met
ernstige mucositis gepaard was gegaan. Het is mogelijk dat bij patiënten die
eerder radiotherapie ondergaan hebben, de orale mucositis na RIT verergert.
Eén patiënt binnen de 1,11 GBq/m2 dosisgroep werd 5 dagen na de start
van RIT in het ziekenhuis opgenomen in verband met onverklaarbare insulten.
Gedurende de opname, 8 dagen na de start van RIT, ontstond angioneurotisch
oedeem met reversibele respiratoire insufficiëntie. De patiënt werd 11 dagen
na de start van RIT uit het ziekenhuis ontslagen. 22 dagen na de start van RIT
werd zij thuis dood aangetroffen. Bij nader onderzoek werd er geen oorzakelijk
verband gevonden tussen de antilichaamtoediening en het overlijden, maar deze
mogelijkheid kon ook niet worden uitgesloten. Analyse van serum van de patiënt
liet zien dat er geen anti-bivatuzumab respons (HAHA) opgetreden was.
Bij 3 van de 6 patiënten die op MTD niveau behandeld waren, werd
stabiele ziekte waargenomen met een duur van 6 tot 21 weken. Wat betreft
immunogeniciteit werd er bij slechts 2 van de 20 patiënten (10%) een HAHA
respons waargenomen, terwijl in een eerdere vergelijkbare studie met het antiCD44v6 cMAb U36 een humane anti-U36 respons (HACA) waargenomen werd in 5
van de 12 (42%) HHPCC patiënten (2). Bovendien werden er geen HAHA responsen
waargenomen in 3 andere radioimmunoscintigrafie-biodistributie studies waarbij
99m

Tc-bivatuzumab toegediend werd aan in totaal 28 patiënten met HHPCC (n =

10), niet-kleincellig longcarcinoom (n = 9) en borstcarcinoom (n=9)(3,4). Uit deze
studies werd geconcludeerd dat therapie met 186Re-bivatuzumab veilig is, ook als
er een tweede toediening gegeven wordt.
Het feit dat er anti-tumor effecten gezien werden bij patiënten met
grote tumoren, biedt mogelijkheden voor verdere ontwikkeling van RIT met een
eenmalige of meervoudige toediening van 186Re-labeled bivatuzumab. Er werden
geen objectieve responsen gezien in deze patiënten met incurabel HHPCC. Een
beter resultaat met dit radioimmunoconjugaat is te verwachten in een adjuvante
setting, kort na chirurgie bij patiënten met minimale residuale HHPCC. Dergelijke
patiënten hebben een verhoogd risico op het ontwikkelen van metastasen op
afstand. Het feit dat de opname van MAbs hoger is in HHPCC tumoren met een
klein volume (1 cm3) dan in HHPCC tumoren met een groot volume (50 cm3),
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ondersteunt de verdere ontwikkeling van RIT voor adjuvante, ‘targeted’ therapie
voor minimale residuale HHPCC (5). Een andere mogelijkheid om de effectiviteit
van RIT te verhogen, is door de beenmergtoxiciteit tegen te gaan met behulp
van autoloog bloed of beenmergtransplantatie. Een eerdere RIT studie bij HHPCC
toonde aan dat re-infusie van “granulocyte colony-stimulating factor” (G-CSF)
gestimuleerd autoloog volbloed het mogelijk maakt om de MTD te verhogen
en daarmee mogelijk ook de anti-tumor effecten te verbeteren (6). Verhoging
van de effectiviteit van RIT kan mogelijk ook bewerkstelligd worden door RIT te
combineren met andere “targeted” therapieën welke van zichzelf geen of een
zeer lage myelotoxiciteit veroorzaken. Als vervolg op toepassingen waarbij antiEGFR MAbs worden gecombineerd met radiotherapie bij lokaal vergevorderd
HHPCC (7), zou het ook aantrekkelijk kunnen zijn om anti-EGFR MAbs te
combineren met RIT. De combinatie van RIT met het EGFR blokkerende MAb 425
vertoonde een additioneel therapeutisch effect in preklinische studie met HHPCC
xenograft-dragende naakte muizen (8).
De data verkregen in de fase I stralingsdosis-escalatie RIT studie met
186

Re-bivatuzumab bij HHPCC patiënten, werden ook gebruikt voor dosimetrie

analyses, zoals beschreven in Hoofdstuk 3. “Total body” scintigrafie werd gebruikt
om de hoeveelheid radioactiviteit in bepaalde organen en gebieden vast te
stellen. De verblijftijden in deze organen en gebieden werden berekend en
vervolgens ingevoerd in het MIRDOSE3 programma om op die manier de
geabsorbeerde doses te verkrijgen. Alleen voor het beenmerg ging dat anders. De
beenmergdosis werd berekend op basis van de verblijftijd van het
radioimmunoconjugaat in het bloed (9). Eénentwintig scintigrafie studies in 18
patiënten werden gebruikt voor de dosimetrie analyses (5 bij vrouwen en 16 bij
mannen). De data van de 3 patiënten die 3 maanden na de eerste toediening een
tweede toediening van 1,85 GBq/m2 ontvingen, zijn bij deze 21 studies
inbegrepen. De gemiddelde beenmergdosis was 0,49 ± 0,03 mGy/MBq voor
mannen en 0,64 ± 0,03 mGy/MBq voor vrouwen. De nieren bleken de hoogste
geabsorbeerde dosis te krijgen (gemiddelde dosis in mannen 1,61 ± 0,75 mGy/
MBq; gemiddelde dosis in vrouwen 2,15 ± 0,95 mGy/MBq). De maximale
stralingsdosis voor de nieren in de totale patiëntengroep was 11 Gy, waarvan niet
wordt verwacht dat het tot niertoxiciteit zal leiden. De tumordoses, omgerekend
naar het MTD-niveau van 1,85 GBq/m2, bedroeg 3,8 tot 76,4 Gy, met een mediane
dosis van 12,4 Gy. Er werd een goede correlatie (r = -0,79) gevonden tussen de
hoeveelheid radioactiviteit die per kg lichaamsgewicht toegediend werd en de
maximale daling van het aantal trombo- en leukocyten (“nadir”).
Op basis van het voorgaande kan geconcludeerd worden dat RIT met
186

Re-bivatuzumab veilig is. 186Re-Bivatuzumab heeft een lage immunogeniciteit,

waardoor meervoudige toediening mogelijk is. De enige geobserveerde toxiciteit
in deze studie was myelotoxiciteit die veroorzaakt werd door het circulerend
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radioimmunoconjugaat. In sommige patiënten werd daarnaast een milde
vorm van mucositis gezien. Dosimetrie analyses toonden aan dat deze vorm
van therapie ook veilig is voor wat betreft de stralingsbelasting van normale
organen. Bij de patiënten die op het hoogste dosis-niveau behandeld werden,
werden consequent anti-tumor effecten waargenomen. Er zullen echter hogere
geabsorbeerde doses (>60 Gy) dienen te worden bereikt, voordat objectieve
responsen verwacht mogen worden van RIT als monotherapie.
Selectieve tumor-targeting met bivatuzumab zoals gedemonstreerd
in de eerder beschreven RIT studies heeft ook het gebruik van dit MAb bij
andere therapeutische benaderingen gestimuleerd. Ondanks de veelbelovende
resultaten, zijn bij het grootschalig gebruik van radioimmunoconjugaten
problemen te verwachten voor wat betreft logistiek en stralingsveiligheid.
Het weglaten van de radioactiviteit zou een oplossing voor deze problemen
kunnen bieden, en daarom werd er door de sponsor van de bivatuzumab RIT
studie een anti-CD44v6 antilichaam-toxine conjugaat ontwikkeld bestaande uit
bivatuzumab en mertansine. Het gebruik van antilichaam-toxine conjugaten is
bijzonder aantrekkelijk, omdat hiervan geen beenmergtoxiciteit te verwachten
is, waardoor perspectieven kunnen ontstaan voor combinatietherapie met
conventionele chemotherapie.
Bivatuzumab mertansine is een tumor-geactiveerd “prodrug” conjugaat,
bestaande uit het supertoxische mertansine (DM1) dat covalent gekoppeld is
aan bivatuzumab. Mertansine is een toxine dat aangrijpt op de microtubuli van
de cel. Na binding van het conjugaat aan CD44v6, kan internalisatie van het
complex plaatsvinden, waarna door klieving van de antilichaam-mertansine
disulfidebruggen de mertansine moleculen intracellulair vrijkomen. In een studie
beschreven door Tijink et al. (10), werd de veiligheid, MTD, farmacokinetiek,
immunogeniciteit en preliminaire effectiviteit van bivatuzumab-mertansine
vastgesteld na 3 wekelijkse i.v. toedieningen aan HHPCC patiënten. In deze
studie werd geen toxiciteit waargenomen, die toegeschreven kon worden aan
vrij mertansine dat ten gevolge van deconjugatie in de circulatie kan ontstaan.
Er werden ook geen aanwijzingen gevonden voor aspecifieke opname van het
conjugaat door CD44v6-negatieve weefsels. De voornaamste toxiciteit van
bivatuzumab-mertansine ontstond in de huid, waarschijnlijk ten gevolge van
CD44v6 expressie in dit weefsel (kruis-reactiviteit). De meerderheid van de
huidreacties was reversibel. Echter, bij 1 patiënt die met een dosis van 140 mg/
m2 behandeld was, ontstond een fatale conjugaat-gerelateerde complicatie op,
in de vorm van toxische epidermale necrolyse. De toxiciteit werd waarschijnlijk
veroorzaakt door de kruis-reactiviteit van bivatuzumab met keratinocyten in
de huid. Er werd geen relatie tussen conjugaatdosis en toxiciteit gevonden
en het is daarom moeilijk te voorspellen wanneer ernstige huidtoxiciteit kan
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ontstaan. Daarom werd besloten om de verdere klinische ontwikkeling van
bivatuzumab-mertansine stop te zetten. Op basis van deze studie en andere
parallelle studies met bivatuzumab-mertansine, kan geconcludeerd worden dat
strikte tumor-selectieve expressie van het target-antigeen vereist is als men
supertoxische antilichaam-toxine conjugaten wil gebruiken voor therapie. Deze
conclusie geldt weliswaar voor benaderingen waarbij gebruik gemaakt wordt van
supertoxische toxines zoals mertansine, maar is mogelijk niet van toepassing
bij benaderingen zoals RIT. In 3 RIT studies met 186Re-gelabeld anti-CD44v6
MAbs U36 en bivatuzumab met in totaal 45 toedieningen (2,6,11), werden slechts
bij 1 patiënt reversibele huidreacties gezien 8 dagen na de start van RIT. Deze
huidreacties bestonden uit angioneurotisch oedeem (CTC graad 3) en urticaria
(CTC graad 3). Dit verschil in toxiciteit tussen CD44v6-specifieke RIT (186Re)
conjugaten en CD44v6-specifieke mertansine conjugaten kan verklaard worden
door de volgende aspecten: ten eerste, de stralingsafgifte met 186Re verloopt
relatief traag ten gevolge van de lange halfwaardetijd van 89 uur van deze
ß-straler. Ten tweede, de energie en dracht (5 mm) van de ß-emissie van 186Re zijn
ideaal voor bestraling van kleine tot middelgrote tumoren (0,5 – 1 cm). (12) Door
deze eigenschappen is de huidtoxiciteit bij RIT laag, omdat een groot deel van de
stralingsenergie buiten de huid, en dan met name buiten de basaallaag van de
huid, terecht komt.
Bovengenoemde studies laten zien dat selectieve “targeting” van
tumoren met MAbs ten behoeve van therapie mogelijk is en dat “imaging” van
MAbs mogelijk een waardevol hulpmiddel kan zijn om de opname van het MAb
in tumor en normale organen af te beelden en te kwantificeren. Voor dit doel

kan het gebruik van “imaging” met een γ-camera informatief zijn, alhoewel er
veel ruimte is voor verbeteringen zoals weergegeven in Figuur 1. Zo laten de
afbeeldingen in Figuur 1 weinig details zien van de organen. Het feit dat de
tumor in Figuur 1 veel groter lijkt dan deze in werkelijkheid is, heeft te maken
met de beperkte resolutie. Er zijn geen anatomische details zichtbaar. Maar het
meest belangrijk: nauwkeurige kwantificering van de MAb distributie is lastig
met SPECT, en daarom werd er voor gekozen om de mogelijkheden van positron
emissie tomografie (PET) voor MAb “imaging” te gaan onderzoeken.
In Hoofdstuk 4 wordt onderzocht of immuno-PET, de combinatie
van PET met MAbs, geschikt is om tumordetectie te verbeteren en om MAbgebaseerde therapie te begeleiden. De langlevende positron emitter zirconium-89
(89Zr) heeft ideale fysische karakteristieken voor immuno-PET met intacte MAbs,
maar was nooit eerder toegepast is een klinische setting. In een fase I studie
zoals gepresenteerd in dit proefschrift, werden de diagnostische mogelijkheden
van immuno-PET met 89Zr-gelabeld chimeer anti-CD44v6 MAb (cMAb) U36
geëvalueerd in 20 patiënten met HHPCC. Deze patiënten hadden een groot risico
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op het ontwikkelen van lymfekliermetastasen en derhalve was er voor hen een
halsklierdissectie met of zonder resectie van de primaire tumor gepland. Alle
patiënten ontvingen 75 MBq 89Zr-cMAb U36. Alle patiënten ondergingen een
CT-scan en/of MRI-scan en immuno-PET voorafgaande aan de chirurgie. Zes
patiënten ondergingen ook PET met 18F-fluoro-2-deoxy-D-glucose (FDG-PET).
Immuno-PET scans werden verricht tot 144 uur na toediening. Diagnostische
bevindingen werden geregistreerd per halszijde (links of rechts) en per
lymfeklierniveau (6 niveaus per zijde), en vergeleken met de histopathologische
uitslag. Immuno-PET detecteerde alle primaire tumoren (n = 17) en de
lymfkliermetastasen in 18 van de 25 positieve niveaus (sensitiviteit 72%) en
in 11 van de 15 positieve zijdes (sensitiviteit 73%). Interpretatie van immunoPET was correct in 112 van de 121 geopereerde niveaus (nauwkeurigheid 93%)
en in 19 van de 25 geopereerde zijdes (nauwkeurigheid 76%). Vergeleken met
de γ-camera afbeeldingen in Figuur 1, zijn de 89Zr immuno-PET afbeeldingen
gedetailleerder en zijn de organen en tumor beter zichtbaar (Figuur 2). Voor
CT/MRI werd per niveau en per zijde een sensitiviteit van respectievelijk 60%
en 73% en een nauwkeurigheid van respectievelijk 90% en 80% gevonden. In 6
patiënten met 7 tumor-positieve hals niveaus en zijdes, vertoonden immunoPET en FDG-PET vergelijkbare diagnostische resultaten. In deze studie werd
aangetoond dat immuno-PET met 89Zr-cMAb U36 op zijn minst even goed is als
CT/MRI voor het detecteren van HHPCC lymfekliermetastasen. De toekomstige
toepassing van PET/CT zal naar verwachting de interpretatie van de afbeeldingen
vergemakkelijken.
De verkregen gegevens van de fase I immuno-PET studie met 89Zrgelabeld cMAb bij patiënten met HHPCC werden ook gebruikt voor dosimetrie
en analyse van de veiligheid zoals beschreven in Hoofdstuk 5. Biodistributie
van het radioimmunoconjugaat werd geëvalueerd door middel van
radioactiviteitsmetingen in bloed, beenmerg en in biopten die uit het chirurgisch
preparaat op 168 uur na de toediening verkregen werden. Opname van het
radioimmunoconjugaat in tumoren en organen werd gekwantificeerd door het
definiëren van “volumes of interest” op basis de immuno-PET afbeeldingen. De
verblijftijd van het conjugaat in tumoren en organen werd berekend en ingevoerd
in het software programma OLINDA/EXM 1.0, om zo de geabsorbeerde doses te
kunnen bepalen. De beenmergdosis werd berekend op basis van de verblijftijd
van het conjugaat in het perifere bloed (13). Toediening van 89Zr-cMAb U36 werd
goed verdragen door alle patiënten en bijwerkingen werden niet waargenomen.
Bij 2 patiënten werd een HACA respons aangetoond, maar zonder dat dit effect
had op de klaring van het radioimmunoconjugaat uit het lichaam. Kwantificering
van “blood-pool”activiteit in de linker ventrikel van het hart op basis van de
PET images, toonde een goede overeenkomst met de activiteit gemeten in de
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afgenomen bloedmonsters (gemiddelde afwijking 0,2 ± 16,9%), behalve voor
zwaarlijvige patiënten (>100 kg). De gemiddelde beenmergdosis was 0,07 ± 0,02
mSv/MBq bij mannen en 0,09 ± 0,01 mSv/MBq bij vrouwen. Het normale orgaan
met de hoogste geabsorbeerde dosis was de lever (gemiddelde dosis bij mannen
96,49 ± 21,02 mSv; bij vrouwen 105,26 ± 16,25 mSv), gevolgd door de nieren,
schildklier, longen en milt. De gemiddelde effectieve dosis was 0,53 ± 0,03 mSv bij
mannen en 0,66 ± 0,03 mSv/MBq bij vrouwen. Uitscheiding via de urine was laag
met een gemiddelde uitscheiding van 2,59 ± 1,89 %ID 89Zr gedurende de eerste 72
uur na toediening. De gemiddelde effectieve dosis voor het hele lichaam was 0.53
± 0,03 mSv/MBq bij mannen en 0,66 ± 0,03 mSv/MBq bij vrouwen. Kwantificering
van MAb opname in tumoren toonde een goede overeenkomst tussen %ID/g
afgeleid van bioptgegevens 168 uur na toediening en afgeleid van PET data 144
uur na toediening, met iets lagere waarden voor PET (gemiddelde afwijking -8,4%
± 34,5%).
Concluderend, laten de resultaten van deze “first-in-human” immunoPET studie met 89Zr-gelabeld cMAb U36 in HHPCC patiënten zien dat 89Zrimmuno-PET op zijn minst net zo geschikt is voor het detecteren van de primaire
tumor en lymfkliermetastasen als CT en MRI. 89Zr-immuno-PET is een nieuwe
niet-invasieve kwantitatieve diagnostische modaliteit, die toegepast kan worden
in MAb-onderzoek, bijvoorbeeld voor het selecteren van nieuwe veelbelovende
therapeutische MAbs en ook voor het selecteren van de patiënten die de grootste
kans hebben op baat van een specifieke MAb behandeling.
Ondanks veelbelovende klinische resultaten is het duidelijk dat
de effectiviteit van de meeste door de FDA goedgekeurde MAbs nog steeds
beperkt is, en dat slechts een gedeelte van de patiënten baat heeft van therapie.
Daarnaast zijn de kosten van MAb-therapie zeer hoog. De vraag is hoe de
effectiviteit van MAb-therapie verbeterd kan worden en hoe de meest geschikte
patiënten geïdentificeerd kunnen worden. Met andere woorden: wanneer,
hoe en voor wie moet antilichaam-gebaseerde therapie worden toegepast?
Wij verwachten dat kwantitatieve beeldvorming van MAbs met immuno-PET
een belangrijk hulpmiddel kan worden tijdens de diverse stadia van MAbontwikkeling en toepassing. Bij “first-in-human” klinische studies met nieuwe
MAbs is het belangrijk om informatie te verkrijgen over de ideale MAb-dosering
die tot optimale tumor targeting leidt (bijv. verzadiging van receptoren), over de
opname in belangrijke normale organen om toxiciteit te voorkomen (alhoewel
immuno-PET niet in staat is gebleken om de huidtoxiciteit te voorspellen
die door bivatuzumab-mertansine werd veroorzaakt), en over de variaties
in farmacokinetiek en “tumor targeting” tussen patiënten onderling. MAbgebaseerde beeldvorming kan mogelijk deze informatie op een efficiënte en
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veilige manier geven. Bovendien kan deze informatie met minder patiënten
verkregen worden, en zullen ook minder patiënten met een suboptimale dosis
behandeld worden. Deze benadering is met name aantrekkelijk wanneer het
te onderzoeken MAb is gericht tegen een nieuw “tumor target” dat nog niet
eerder gevalideerd is in een klinische studie. Kwantitatieve MAb-gebaseerde
beeldvorming kan mogelijk ook toegepast worden om tot een optimaal gebruik te
komen van MAbs die reeds door de FDA zijn goedgekeurd. In de huidige praktijk
worden vaak weefselanalyses verricht om target-expressie te bevestigen en
om patiënten voor MAb-therapie te selecteren. Patiënten met gemetastaseerd
mammacarcinoom bijvoorbeeld, komen alleen in aanmerking voor therapie met
het “anti-human epidermal growth factor receptor-2” (HER2) MAb trastuzumab
wanneer er in een biopt van de tumor met behulp van immunohistochemie
of fluorescentie in situ hybridisatie eiwit-overexpressie of genamplificatie is
aangetoond (in 20 - 30% van de patienten). Het is echter twijfelachtig of op
basis van één biopt een representatief overzicht van de in vivo HER2 expressie
status verkregen kan worden, omdat de expressie van een antigeen binnen één
tumor heterogeen kan zijn en er bovendien ook expressieverschillen tussen de
primaire tumor en metastasen op kunnen treden. Beeldvorming voorafgaand
aan de feitelijke therapie (pretherapie “imaging”) zou van additionele waarde
kunnen zijn voor de patiëntselectie, omdat het gebruikt kan worden om nietinvasief, kwantitatief en zelfs in verloop van de tijd (4-dimensionaal), de
targetexpressie en MAb ophoping in alle tumorlaesies en normale weefsels
vast te stellen. Deze informatie is waarschijnlijk bijzonder relevant in het geval
MAb-therapie gecombineerd wordt met andere behandelingsmodaliteiten zoals
chemo- en radiotherapie, om zo de routes te vinden die tot maximale synergie
leiden. In de ideale situatie wordt tevens topografische informatie over de
tumoruitbreiding verkregen zoals met PET/CT, om zo de homogeniteit van MAb
tumoraccumulatie te kunnen beoordelen. Tot nu, werd antilichaam-imaging met
name toegepast in de aanloop tot RIT, voor dosimetrische voorspellingen (14). In
deze setting is kwantitatieve beeldvorming bijzonder aantrekkelijk vanwege het
smalle therapeutische venster van RIT, waarbij met name beenmergtoxiciteit
dosislimiterend is.
Op basis van de bemoedigende bevindingen met immuno-PET zoals
beschreven in dit proefschrift, zijn recent meerdere klinische studies met 89Zrgelabelde MAbs gestart, waarvan één met 89Zr-trastuzumab voor de beoordeling
van de HER2 expressie status en voor detectie van HER2-positieve tumorlaesies
in patiënten met mammacarcinoom. Preliminaire resultaten van de eerste
patiënten in deze studie (15) toonden uitstekende tumoropname van het
radioimmunoconjugaat en een beter oplossendvermogen vergeleken met eerdere
SPECT studies met 111In-trastuzumab (16). In andere immuno-PET studies met
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bijvoorbeeld 89Zr-gelabeld bevacizumab, cetuximab en ibritumomab tiuxetan,
werden veelbelovende resultaten behaald bij de niet-invasieve evaluatie van
MAb-opname en therapieplanning (17,18,19). Het is te verwachten dat er meer
van dergelijke studies zullen volgen, ook studies met HHPCC patiënten.

A

B

C

D

E

FIGURE 1.

γ-camera afbeeldingen van een patiënt met een tumor in de orofarynx. De scans werden verricht 1 (A), 24 (B),
72 (C), 144 (D), en 312 (E) uur na toediening van 186Re-labeled cMAb U36. Direct na injectie bevindt het MAb zich
in de "blood-pool". Relatieve opname van het radioimmunoconjugaat in de tumor neemt toe met de tijd, terwijl
de tumor beter zichtbaar wordt op latere tijdstippen.

FIGURE 2.
Zr immuno-PET afbeeldingen van patiënt met een tumor rechts in de orofarynx (aangegeven door pijlen),
gerangschikt (van links naar rechts) 1, 24, 72, en 144 uur na injectie. Circulerend 89Zr-cmAb U36 in het hart,
opname in organen en verhoogde opname in tijd van 89Zr-cmAb U36 in de tumor is zichtbaar.
89
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