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Abstract  

Background 

Hodgkin lymphoma (HL) survivors treated with abdominal radiotherapy and/or 

alkylating chemotherapy have an increased risk of colorectal cancer. This study 

evaluated the prevalence of colorectal neoplasia in HL survivors.  

Methods 

The primary aim of this multicenter cohort study was to assess the diagnostic yield 

of advanced colorectal neoplasia detected by a first surveillance colonoscopy 

among HL survivors treated with abdominal radiotherapy and/or procarbazine. 

Advanced colorectal neoplasia included advanced adenoma (high-grade dysplasia, 

≥25% villous component, or ≥10 mm diameter), an advanced serrated lesion 

(dysplasia or ≥10 mm diameter), or colorectal cancer. Results were compared with 

a Dutch general population cohort that underwent a primary screening 

colonoscopy (n=1276 asymptomatic individuals between 50-75 years of age). This 

study demonstrates the results of a predefined interim analysis. 

Results 

A colonoscopy was performed in 101 HL survivors, who were significantly younger 

than general population controls (median 51 years (interquartile range 45-57) vs. 

60 years (interquartile range 55-65), P<0.001).  

Despite their young age, the prevalence of advanced neoplasia was higher in HL 

survivors than in controls (25% (95% confidence interval 16-33%) vs. 12% (10-14%), 

P<0.001). Advanced adenomas were detected in 14% (8-21%) of HL survivors and 

9% of controls (7-10%, P=0.08). The prevalence of advanced serrated lesions was 

higher in HL survivors than in controls (12% (6-18%) vs. 4% (3-5%, P<0.001). 

Serrated polyposis syndrome was present in 6% (2-11%) of HL survivors and absent 

in controls (P<0.001).  

Conclusion 

HL survivors treated with abdominal radiotherapy and/or procarbazine have a high 

prevalence of advanced colorectal neoplasia. Colonoscopy surveillance should be 

implemented as standard of care.  
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Background 

The risk of colorectal cancer (CRC) is increased in many cancer survivors, including 

survivors of Hodgkin lymphoma (HL), testicular cancer, Wilms tumor, central 

nervous system malignancies, and bone cancer. 1-8 In HL survivors specifically, 

reported relative risks of CRC range from 2-7 compared with the general 

population. 3-9 This increased risk continues up to 40 years after HL treatment and 

is strongly related to treatment with abdominal radiotherapy and/or alkylating 

agents, mainly procarbazine. 3, 5, 9 

In Dutch clinical practice, colonoscopy surveillance programs exist for several high-

risk populations, such as familial CRC, Lynch syndrome and inflammatory bowel 

disease. The efficacy of colonoscopy surveillance in these high-risk populations 

results from early detection of CRC and removal of premalignant lesions, leading to 

reduced CRC incidence and improved CRC-related survival rates. 10, 11 

Only one recent report evaluated the yield of colonoscopy in childhood cancer 

survivors after the recommendation of the US Children’s Oncology Group. 12 After 

a median interval of 19 years since treatment with abdominal radiotherapy, 

adenomas or serrated lesions of any size were detected in 15/54 (28%) patients. 13 

Colonoscopy surveillance is not incorporated in Dutch guidelines on management 

of lymphoma or childhood cancer survivors. This is related to the lack of knowledge 

on natural history and the presence of precursor lesions, which may influence 

surveillance efficacy. 14 Hereby, we report on a predefined interim analysis of a 

study that aims to compare the diagnostic yield of a first surveillance colonoscopy 

in HL survivors with a first screening colonoscopy in the general population.  

 

Methods 

Study aims 
The primary aim of this multicenter cohort study was to assess the diagnostic yield 

of advanced colorectal neoplasia detected by a first surveillance colonoscopy 

among HL survivors at increased risk of CRC. Advanced colorectal neoplasia was 

defined as an advanced adenoma (high-grade dysplasia, ≥25% villous component, 
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or ≥10 mm diameter), an advanced serrated lesion (hyperplastic polyp/sessile 

serrated adenoma with dysplasia or ≥10 mm diameter), or CRC. This definition of 

advanced colorectal neoplasia slightly differs from our original study protocol 

developed in 2013 15, as recent literature and guidelines acknowledge advanced 

serrated lesions as high-risk lesions for CRC development, and changed the 

definition of advanced neoplasia to also include advanced serrated lesions. 13, 16-18  

Results were compared with a Dutch cohort of 1276 asymptomatic individuals 

aged 50 to 75 years who underwent a primary screening colonoscopy between 

2009-2010, before implementation of the Dutch national screening program. 19, 20 

The Medical Ethics Committee of the Netherlands Cancer Institute approved this 

study protocol. All participating patients provided written informed consent. The 

study was registered at the Dutch Trial Registry (ID NTR4961). All authors had 

access to the study data and reviewed and approved the final manuscript. 

Study population 
HL survivors were invited for study participation in four Dutch study centers (the 

Netherlands Cancer Institute, Amsterdam, Erasmus MC Cancer Institute, 

Rotterdam, University Medical Center Utrecht, and Radboud University Medical 

Center, Nijmegen). Inclusion criteria were treatment of primary or recurrent HL by 

means of any of the following regimens: 

1. abdominal radiotherapy consisting of at least para-aortic and iliac fields 

2. a cumulative procarbazine dose of ≥2.8 g/m2 (e.g. ≥2 MOPP cycles or ≥4 

MOPP/ABV cycles) 

3. abdominal radiotherapy (any field(s)) and chemotherapy (any regimen) 

Additional inclusion criteria were HL diagnosis at the age of 16-50 years, survival of 

at least eight years after HL treatment, current age of 25 years or older, and life 

expectancy of five years or more. Patients who met one of the following criteria 

were excluded: proctocolectomy, colonoscopy surveillance for other indications, 

colonoscopy in the past five years, on-going cytotoxic treatment or radiotherapy 

for malignant disease, coagulopathy (prothrombin time >50% of control; partial 

thromboplastin time >50 seconds) or anticoagulants (vitamin K antagonists or 

direct oral anticoagulants) that could not be stopped, comorbidity leading to an 
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impaired physical performance (World Health Organization (WHO) performance 

status 3-4), or mental retardation. 

Sample size calculation 
Based on a 9% prevalence of advanced adenomas or CRC in the asymptomatic 

general population, an increase to 15% or more in HL survivors was defined as a 

significant change. To detect such a difference with 80% power, we needed to 

include at least 259 study participants (based on a two-sided test for two 

independent proportions with 5% significance level). A predefined interim analysis 

was performed after the inclusion of 100 participants. Here we report the results 

of this interim analysis.   

Study procedures 
All patients were invited for participation by their hematologist or radiation 

oncologist, as previously described, and received oral and standard written 

information about the preparation and the colonoscopy. 15 Details on the 

colonoscopy procedure (including preparation, conscious sedation, quality 

measure reporting, and data registration) were published previously. 15 In the 

presence of colorectal neoplasia (adenoma, serrated lesion, or CRC), polypectomy 

was performed or biopsies were taken according to standard protocol. Routine 

histological evaluation of all colorectal neoplasia was performed by experienced 

gastrointestinal pathologists. The endoscopic size of the neoplastic lesion was used 

for analyses, except if the microscopic measurement of the pathologist was larger 

than the endoscopic measurement. Follow up was performed according to 

standard clinical care. 

Statistical analyses 
All data were stored and analyzed in SPSS statistics version 22. Dichotomous or 

categorical data were compared between groups using χ2 tests or Fisher’s exact 

tests, whereas continuous data were compared using Mann-Whitney U tests. 

Univariable and multivariable logistic regression was performed to assess odds 

ratios for colorectal neoplasia associated with patient characteristics, including HL 

treatment. 21 The significance level was defined as two-sided P≤0.05. 
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Results 

Colonoscopy participants  
A total of 246 HL survivors were invited for participation (Figure 1). Between 

February 2015 and February 2017, 101 (41%) HL survivors underwent a 

colonoscopy.  

Patients had been diagnosed with HL between 1975 and 2004 at a median age of 

25 years (interquartile range (IQR) 20-32 years, table 1). HL treatment included 

both abdominal radiotherapy and procarbazine in 35% of patients, procarbazine 

without abdominal radiotherapy in 50% and abdominal radiotherapy without 

procarbazine in 15%. The median interval between HL diagnosis and colonoscopy 

was 22 years (IQR 19-28 years). Colonoscopy quality measures are reported in 

supplementary table 1. The cecal intubation rate was 100% and only one adverse 

event was reported (i.e. hospitalization for one day due to abdominal pain after 

colonoscopy).  

HL survivors underwent a colonoscopy at a median age of 51 years (IQR 45-57 

years) compared with a median age of 60 years (IQR 55-65) in the general 

population cohort, hereafter referred to as controls (P<0.001, table 2). HL survivors 

consisted of 56% males and 44% females, which was comparable with the 

distribution in controls. 

 

Prevalence of colorectal neoplasia in Hodgkin lymphoma survivors and the 
general population cohort 
A total of 350 neoplastic lesions of any type (adenoma, serrated lesion, or CRC) 

were detected in 101 HL survivors, compared with 1,529 in 1,426 controls (mean 

3.5 per HL survivor (standard deviation (SD) 4.9) vs. 1.1 per control (SD 1.8), 

P<0.001). In HL survivors, neoplastic lesions were more frequently located in the 

proximal colon (73% vs. 40% in controls) and less frequently in the distal colon 

(21% vs. 31%) and in the rectum (7% vs. 28%, overall P<0.001). 

Any type of neoplastic lesion was detected in 72% of HL survivors and in 45% of 

controls (p<0.001). The prevalence of advanced adenomas was 14% in HL survivors 

and 9% in controls (P=0.08, table 2). The prevalence of advanced serrated lesions  
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Figure 1. Flow diagram of study invitations and participants.  

* Invitations were accompanied by an information leaflet, including information about 

colorectal cancer in general, and about advantages and possible risks of colonoscopy. 

  



 

96  Chapter 5 

Table 1. Hodgkin lymphoma survivor characteristics. 
Characteristic  (N=101) % 
Age at HL treatment in years (median, IQR) 
16-25 

25 (20-32) 
51 

26-35 36 
35-48 13 
Time since HL treatment in years (median, IQR) 22 (19-28) 
12-19 years 29 
20-29 years 55 
30-40 years 17 
Year of HL treatment  
1975-1984 
1985-1994 
1995-2004 

15 
50 
35 

HL stage  
I 11 
II 50 
III 21 
IV 17 
Unknown 2 
HL treatment category  
Abdominal RT + Procarbazine  35 
Procarbazine  50 
Abdominal RT 15 
HL radiotherapy  
No RT 12 
Cervical RT only 1 
Mantle field only 38 
Abdominal RT  
Para-aortic + iliac + spleen 15 
Para-aortic + iliac  4 
Para-aortic + spleen 22 
Para-aortic only 5 
Iliac only 3 
Lumbal region only 1 
HL chemotherapy, including  
No CT 9 
MOPP* 20 
MOPP/ABV 58 
Other, with procarbazine† 7 
Other, without procarbazine 6 
Abbreviations: interquartile range, IQR; HL, Hodgkin lymphoma; RT, radiotherapy; CT, 
chemotherapy; MOPP, mechlorethamine, vincristine, procarbazine, prednisone; 
MOPP/ABV, mechlorethamine, vincristine, procarbazine, prednisone, doxorubicin, 
bleomycin, vinblastine. 
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* including two patients who also received MOPP/ABV. 
† including BEACOPP (bleomycine, etoposide, doxorubicin, cyclophosphamide, vincris ne, 
procarbazine, prednisone), MOPP/ABVD (mechlorethamine, vincristine, procarbazine, 
prednisone, doxorubicin, bleomycin, vinblastine, dacarbazine), BCVPP (carmustine, 
cyclophosphamide, vinblastine, procarbazine, prednisone). 
 
 

was higher in HL survivors than in controls (12% vs. 4%, P<0.001). Six HL survivors 

were diagnosed with serrated polyposis syndrome, five of whom with at least five 

serrated lesions proximal to the sigmoid colon, two of which were ≥10 mm in 

diameter (WHO criterion 1) and one with 20 serrated lesions or more, irrespective 

of size, but located throughout the colorectum (WHO criterion 3). 22 In contrast, 

serrated polyposis syndrome was not observed in controls (P<0.001). 

None of the HL survivors was diagnosed with CRC, compared with 0.6% of controls 

(P=0.42). The prevalence of advanced neoplasia – defined as an advanced 

adenoma, an advanced serrated lesion, or CRC – was 25% in HL survivors and 12% 

in controls (P<0.001, uncorrected for the younger age in HL survivors). 

 

Difference in colorectal neoplasia prevalence in male and female HL survivors  
In male HL survivors, the prevalence of advanced adenomas was higher than in 

male controls (23% vs. 10%, P=0.002), whereas the prevalence of advanced 

serrated lesions was similar in both groups (5% in HL survivors vs. 4% in controls, 

P=0.64, figure 2).  

In women, the prevalence of advanced adenomas was not significantly different in 

HL survivors and controls (2% vs. 8%, P=0.24), whereas the prevalence of advanced 

serrated lesions was evidently higher (21% in HL survivors vs. 4% in controls, 

P<0.001). Serrated polyposis syndrome was present in 11% of female HL survivors 

(vs. 0% in controls, P<0.001).  

 
Prevalence of colorectal neoplasia in different age groups  
When evaluating study participants aged 50-70 years, advanced neoplasia was 

present in 33% of HL survivors and in 11% of controls (P<0.001, median age 56 

years (IQR 52-60) vs. 59 years (IQR 55-64), P<0.001).  
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Table 2. Patient and colonoscopy characteristics of HL survivors and general population 
controls. 
 HL survivors 

(N=101) % 
Controls 

(N=1426) % 
 

P value 
Age (median in years, IQR) 51 (45-57) 60 (55-65) <0.001 
<40 9 0  
40-49 37 0  
50-59 37 47  
60-69 17 47  
≥70 1 7  
Gender    
Male 56 51 0.28 
Female 44 49  
Neoplastic lesions in total groups* % (95% CI) % (95% CI) P value 
Number per patient    
Median (IQR) 2 (0-4) 0 (0-1) <0.001 
0 28 (19-37) 55 (52-57)  
≥1  72 (63-81) 45 (43-48) <0.001 
Neoplasia detection per patient    
Adenomas     
≥1 adenoma 55 (46-65) 29 (27-32) <0.001 
≥1 advanced adenoma† 14 (8-21) 9 (7-10) 0.08 
Serrated lesions     
≥1 serrated lesion 47 (37-56) 27 (25-30) <0.001 
≥1 advanced serrated lesion‡ 12 (6-18) 4 (3-5) <0.001 
Serrated polyposis syndrome$ 6 (2-11) 0 <0.001 
WHO I 5 0  
WHO III 1 0  
Colorectal cancer 0 0.6 (0.3-1.1) 0.42 
Advanced neoplasia|| 25 (16-33) 12 (10-14) <0.001 
Neoplastic lesions in patients aged 
50-70 years 

N=54 
% (95% CI) 

N=1331 
% (95% CI) 

 
P value 

≥1 advanced adenoma† 15 (7-25) 8 (7-10) 0.09 
≥1 advanced serrated lesion‡ 20 (10-32) 4 (3-5) <0.001 
Serrated polyposis syndrome$ 11 (4-20) 0 <0.001 
Advanced neoplasia|| 33 (22-46) 11 (10-13) <0.001 
Abbreviations: HL, Hodgkin lymphoma; IQR, interquartile range; RT, radiotherapy; NA, not 
applicable; WHO, World Health Organization; CI, confidence interval.  
* defined as an adenoma, serrated lesion or cancer. † defined as a conventional adenoma 
with ≥10 mm diameter, ≥25% villous component or high-grade dysplasia. ‡ defined as a 
serrated lesion with ≥10 mm diameter or dysplasia. $ WHO I is diagnosed in the presence 
of 5 serrated lesions proximal to sigmoid, at least two with ≥10 mm diameter; WHO III is 
diagnosed in the presence of 20 serrated lesions in the colorectum, irrespective of size. 
|| defined as an advanced adenoma, advanced serrated lesion or colorectal cancer. 
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Figure 2. Frequencies of neoplasia detection in subgroups of HL survivors and general 

population controls.  

 

Abbreviations: HL, Hodgkin lymphoma; RT, radiotherapy; SPS, serrated polyposis syndrome.  

* significant difference between groups (P<0.05). 
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As the youngest age in controls was 50 years, we compared 37 HL survivors aged 

40-49 years with 666 controls aged 50-59 years (figure 2). The prevalence of 

advanced neoplasia was higher in younger HL survivors than in older controls (19% 

vs. 9%, P=0.045, respectively). In 37 HL survivors and the 666 controls aged 50-59 

years, prevalence of advanced neoplasia was 27% and 9%, respectively (P<0.001). 

Advanced neoplasia was more common in 17 HL survivors aged 60-69 years (47% 

vs. 14% in 665 controls, P<0.001). 

 
Prevalence of colorectal neoplasia after exposure to abdominal radiotherapy 
and/or procarbazine  
In HL survivors treated with both abdominal radiotherapy and procarbazine (n=35), 

the prevalence of advanced neoplasia was more common in HL survivors than in 

controls (31% vs. 12%, P=0.001). In HL survivors with procarbazine treatment 

(without abdominal radiotherapy, n=51), the prevalence of advanced adenomas 

was similar to controls (12% vs. 9%, P=0.45). The prevalence of advanced serrated 

lesions, however, was higher in these HL survivors than in controls (10% vs. 4%, 

P=0.04). Advanced neoplasia was slightly but not significantly more common in 

these HL survivors than in controls (20% vs. 12% P=0.10). In 15 HL survivors who 

were treated with abdominal radiotherapy without procarbazine, prevalences of 

advanced adenomas, advanced serrated lesions and advanced neoplasia were also 

high, but not significantly different from controls (13% vs. 9%, P=0.38; 13% vs. 4%, 

P=0.12 and 27% vs. 12%, P=0.10, respectively).  

 

Logistic regression models for colorectal neoplasia development in HL survivors 
and controls 
Potential other risk factors for colorectal neoplasia were similarly present or less 

frequently present in HL survivors compared with controls, including frequency of 

first-degree relatives with CRC, smoking, body mass index and alcohol use 

(supplementary table 2).  

An univariable logistic regression model showed that HL survivors treated with 

either abdominal radiotherapy or procarbazine had an odds ratio for advanced 
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neoplasia of 2.0 (95% CI 1.1-3.6, P=0.03) compared with controls, whereas HL 

survivors treated with both abdominal radiotherapy and procarbazine had an odds 

ratio for advanced neoplasia of 3.4 (95% CI 1.6-7.0, P=0.001, table 3). In a 

multivariable model (adjusted for age, gender, family history, smoking and body 

mass index), the odds ratio of advanced neoplasia was 3.3 (95% CI 1.6-6.6, 

P=0.001) in HL survivors treated with either abdominal radiotherapy or 

procarbazine and 5.7 (95% CI 2.6-12.6, P<0.001) in HL survivors treated with both 

abdominal radiotherapy and procarbazine. 

 
Table 3. Logistic regression models for the presence of neoplasia in HL treatment groups 
compared with general population controls. 
 Advanced 

adenoma* 
OR (95% CI) 

Advanced 
serrated lesion† 

OR (95% CI) 

Advanced 
neoplasia‡ 

OR (95% CI) 
Univariable    
Treatment category     
Control population 1.0 (ref) 1.0 (ref) 1.0 (ref) 
Abdominal RT or procarbazine 1.2 (0.6-2.8) 2.9 (1.2-6.5) 2.0 (1.1-3.6) 
Abdominal RT and procarbazine 2.6 (1.1-6.1) 4.0 (1.5-10.7) 3.4 (1.6-7.0) 
Multivariable    
Treatment category    
Control population 1.0 (ref) 1.0 (ref) 1.0 (ref) 
Abdominal RT or procarbazine 2.5 (1.0-5.9) 3.7 (1.4-9.8) 3.3 (1.6-6.6) 
Abdominal RT and procarbazine 4.5 (1.8-11.2) 6.2 (2.1-18.2) 5.7 (2.6-12.6) 
Age (ref: <55 years)    
55-59 2.0 (1.1-4.0) 1.3 (0.6-3.1) 1.7 (1.0-2.9) 
60-64 2.4 (1.3-4.6) 2.7 (1.3-5.7) 2.2 (1.3-3.7) 
65-69 2.9 (1.5-5.8) 1.4 (0.5-3.7) 2.1 (1.2-3.8) 
≥70 3.8 (1.7-8.4) 2.7 (0.9-7.8) 3.5 (1.8-6.7) 
Gender (ref: male) 1.4 (0.9-2.1) 0.9 (0.5-1.5) 1.2 (0.8-1.6) 
Family history$ 1.6 (1.0-2.7) 1.4 (0.7-2.8) 1.7 (1.1-2.6) 
Smoking|| 2.1 (1.3-3.4) 3.3 (1.9-5.9) 2.5 (1.7-3.7) 
BMI in kg/m2 1.0 (1.0-1.1) 1.1 (1.0-1.1) 1.0 (1.0-1.1) 
Abbreviations: HL, Hodgkin lymphoma; CRC, colorectal cancer; BMI, body mass index; ref, 
reference.  
* defined as a conventional adenoma with ≥10 mm diameter, ≥25% villous component or 
high-grade dysplasia 
† defined as a serrated lesion with ≥10 mm diameter or dysplasia 
‡ defined as an advanced adenoma, advanced serrated lesion or colorectal cancer 
$ 1st degree relative(s) with CRC vs. no 1st degree relative (ref) 
|| Current smoker vs. former/non-smoker (ref) 
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Discussion 

This is the first study to demonstrate that HL survivors have a higher prevalence of 

advanced colorectal neoplasia than the general population, particularly of 

advanced serrated lesions and of serrated polyposis syndrome. These results, in 

combination with the existing evidence for an increased risk of CRC associated with 

abdominal radiotherapy and/or procarbazine, indicate that colonoscopy 

surveillance should be recommended for HL survivors who received these 

treatments. 3-5, 9 

We demonstrated an increased prevalence of advanced colorectal neoplasia in age 

groups of HL survivors between 40 and 70 years of age. True differences in the 

prevalence of neoplasia are underestimated in this study, as HL survivors had a 

much lower median age than the general population comparison group. 

Unfortunately, no statistical adjustment could be performed to account for this age 

difference due to lacking data on primary colonoscopy yield in a young group of 

average-risk individuals. 

HL treatment consisting of either abdominal radiotherapy or procarbazine was 

associated with increased prevalence of advanced colorectal neoplasia. The 

strongest association with prevalence of advanced colorectal neoplasia was seen 

for HL survivors whose treatment consisted of both abdominal radiotherapy and 

procarbazine. These associations remained after adjustment for common risk 

factors of advanced neoplasia in the general population, such as smoking and 

family history of CRC. 21, 23 

Recent literature and recent guidelines of both the European Society of 

Gastrointestinal Endoscopy and the US Multi-Society Task Force on Colorectal 

Cancer acknowledge that serrated lesions with dysplasia and/or at least 10 mm in 

size should be approached as high-risk lesions, similar to advanced adenomas. 13, 16-

18 We therefore now included advanced serrated lesions within the definition of 

advanced colorectal neoplasia. 15, 19  

The current Dutch CRC screening program with biennial fecal immunochemical 

testing, has insufficient sensitivity for advanced adenomas and especially for 

advanced serrated lesions for this high-risk group. 24, 25 Based on the results of this 
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interim analysis, sufficient evidence is provided to currently recommend 

colonoscopy surveillance that starts after at least eight to ten years of follow up 

since HL treatment, as the increased colorectal cancer risk starts after 

approximately 10 years. 3-5, 9 Surveillance should not start before the age of 35 

years, as HL survivors have an increased risk of colorectal cancer that starts at 40 

years of age, and we did not have sufficient patient numbers to evaluate the 

prevalence of advanced colorectal neoplasia before the age of 40 years. Similar to 

the recommendations for other high-risk groups, such as familial CRC, we suggest a 

five-yearly interval after a negative colonoscopy. 25 In the presence of neoplasia, 

guidelines for colonoscopy surveillance after polypectomy should be followed. 

Future studies need to evaluate the diagnostic yield of advanced colorectal 

neoplasia during second surveillance colonoscopies. Based on these results, the 

details of the surveillance program, such as the interval, should be optimized. 

In the current study, comorbidity or prior colonoscopies were reasons for exclusion 

in 9% and 13%, respectively, and 33% declined participation. When implementing 

surveillance colonoscopies, increasing the participation rate will be important, 

starting with the increase in awareness among hematologists and radiation 

oncologists by incorporation of this recommendation in the guideline for HL 

survivors. 

In addition to the higher prevalence of colorectal neoplasia in HL survivors, the 

pattern of development may be different from the general population. Firstly, 

neoplastic lesions were more frequently located in the proximal colon in HL 

survivors compared with controls. . This includes the transverse colon, which is the 

colonic region that receives a significant irradiation dose during para-aortic 

radiotherapy, and that develops a high frequency of CRCs in HL survivors. 14, 26 

Secondly, especially in female HL survivors, we detected a high prevalence of 

serrated lesions and serrated polyposis syndrome. The reported prevalence of 

serrated polyposis syndrome in the general population ranges from 0-0.09%. 27 

Therefore, prior anticancer treatment may be a predisposing factor for the 

development of serrated polyposis syndrome. The explanation why different types 
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of neoplastic lesions were observed between men and women is unclear and 

deserves more study. 

Finally, our group previously demonstrated heterogeneous molecular 

characteristics of therapy-related CRCs, with a high frequency of somatic mismatch 

repair gene mutations. 14 These mutations could not be associated with a colonic 

region, gender or specific HL treatment. We aim to evaluate molecular 

characteristics of the neoplastic lesions detected in the present study, in order to 

gain more insight into therapy-related CRC pathogenesis.  

A limitation of our study concerns the comparability of our study results with the 

comparison population, as colonoscopies were performed in a different time 

period (2015-2017 in HL survivors vs. 2009-2010 in controls). Moreover, the 

endoscopic identification of serrated lesions can be difficult for expert as well as 

non-expert endoscopists, which may have affected our results. 28 However, in both 

the current study and the comparison population, the endoscopists of (partially 

overlapping) participating centers performed high-quality colonoscopies and were 

instructed to detect and remove all colonic polyps irrespective of their endoscopic 

appearance or size.20 In addition, the prevalence of serrated lesions in the control 

population was similar to other recent primary colonoscopy and fecal 

immunochemical test-based screening cohorts. 29 

Due to the relatively small number of HL survivors, the evidence provided by this 

study is insufficient for small subgroups, for example patients treated with 

abdominal radiotherapy alone. Another limitation is that the overall benefit of 

colonoscopy surveillance may be less than expected in HL survivors, as they have a 

high morbidity and mortality from other diseases, including cardiovascular disease 

and other second malignancies. 30-32 

HL treatment regimens have changed substantially over the past decades, 

including reductions of radiation target volumes and doses, and improvements of 

techniques. In addition, chemotherapy regimens and doses have been adapted. In 

spite of these adaptations, the risk of gastrointestinal malignancies did not appear 

to have decreased over the treatment period 1965 to 2000. 5 Thus, a large 

population of survivors is currently at risk of developing second primary 
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malignancies. For future HL patients, the balance between disease control and the 

risk of late treatment effects should involve the risks of lung cancer, gastric cancer 

and CRC after the procarbazine-containing BEACOPP regimen, especially when 

combined with radiotherapy. 5, 33-35 Fortunately, current HL patients have other 

treatment options. 35-37 

The efficacy of a surveillance program in HL survivors should be evaluated in future 

studies, including the burden and cost-effectiveness of such a program. Future 

studies should also evaluate the potential benefits of a colonoscopy surveillance 

program for other cancer survivors who were similarly treated. 1-3 

In conclusion, HL survivors who were treated with abdominal radiotherapy and/or 

procarbazine have a high prevalence of advanced colorectal neoplasia and serrated 

polyposis syndrome. In addition to the increased risk of CRC, the evidence provided 

by this interim analysis indicates that colonoscopy surveillance should be 

recommended. Surveillance should start after at least eight to ten years of follow 

up since HL treatment, but not before the age of 35 years.  

 

Acknowledgements 

Firstly, we thank all participating patients. We would also like to thank Els Wieten, 

Agnes Reijm, Maria van Vugt, Dorien van der Biessen, Mariette van Kouwen, 

Denise Buter, Klaartje Nijssen and Roel de Weijer for the invitations and care for 

participating patients.  

In addition, we thank Pauline van Mulligen and Margriet Lemmens for the logistics 

and analyses of the stool tests, Katarzyna Jóźwiak for the statistical support and 

Michael Schaapveld for the epidemiologic insights.  

 

 

  



 

106  Chapter 5 

References 

1. Reulen RC, Frobisher C, Winter DL, et al. Long-term risks of subsequent 

primary neoplasms among survivors of childhood cancer. JAMA 

2011;305:2311-9. 

2. Travis LB, Fossa SD, Schonfeld SJ, et al. Second cancers among 40,576 

testicular cancer patients: focus on long-term survivors. J Natl Cancer Inst 

2005;97:1354-65. 

3. Teepen JC, de Vroom SL, van Leeuwen FE, et al. Risk of subsequent 

gastrointestinal cancer among childhood cancer survivors: A systematic 

review. Cancer Treat Rev 2016;43:92-103. 

4. Hodgson DC, Gilbert ES, Dores GM, et al. Long-term solid cancer risk 

among 5-year survivors of Hodgkin's lymphoma. J Clin Oncol 2007;25:1489-

97. 

5. Schaapveld M, Aleman BM, van Eggermond AM, et al. Second Cancer Risk 

Up to 40 Years after Treatment for Hodgkin's Lymphoma. N Engl J Med 

2015;373:2499-511. 

6. Henderson TO, Oeffinger KC, Whitton J, et al. Secondary gastrointestinal 

cancer in childhood cancer survivors: a cohort study. Ann Intern Med 

2012;156:757-66, W-260. 

7. Nottage K, McFarlane J, Krasin MJ, et al. Secondary colorectal carcinoma 

after childhood cancer. J Clin Oncol 2012;30:2552-8. 

8. Tukenova M, Diallo I, Anderson H, et al. Second malignant neoplasms in 

digestive organs after childhood cancer: a cohort-nested case-control 

study. Int J Radiat Oncol Biol Phys 2012;82:e383-90. 

9. van Eggermond AM, Schaapveld M, Janus CPM. Infradiaphragmatic 

irradiation and high procarbazine doses increase colorectal cancer risk in 

Hodgkin lymphoma survivors. Br J Cancer 2017;In Press. 

10. Brenner H, Stock C, Hoffmeister M. Effect of screening sigmoidoscopy and 

screening colonoscopy on colorectal cancer incidence and mortality: 

systematic review and meta-analysis of randomised controlled trials and 

observational studies. Bmj 2014;348:g2467. 



 

 

High prevalence of colorectal neoplasia in Hodgkin lymphoma survivors 107 

 5 

11. Jarvinen HJ, Aarnio M, Mustonen H, et al. Controlled 15-year trial on 

screening for colorectal cancer in families with hereditary nonpolyposis 

colorectal cancer. Gastroenterology 2000;118:829-34. 

12. Daly PE, Samiee S, Cino M, et al. High prevalence of adenomatous 

colorectal polyps in young cancer survivors treated with abdominal 

radiation therapy: results of a prospective trial. Gut 2016;Published Online 

First: July 13, 2016 doi: 10.1136/gutjnl-2016-311501. 

13. Hassan C, Quintero E, Dumonceau JM, et al. Post-polypectomy 

colonoscopy surveillance: European Society of Gastrointestinal Endoscopy 

(ESGE) Guideline. Endoscopy 2013;45:842-51. 

14. Rigter LS, Snaebjornsson P, Rosenberg EH, et al. Double somatic mutations 

in mismatch repair genes are frequent in colorectal cancer after Hodgkin’s 

lymphoma treatment. Gut 2016; Published Online First: November 8, 2016 

DOI 10.1136/gutjnl-2016-312608. 

15. Rigter LS, Spaander MC, Moons LM, et al. Colorectal cancer surveillance in 

Hodgkin lymphoma survivors at increased risk of therapy-related colorectal 

cancer: study design. BMC Cancer 2017;17:112. 

16. Lieberman DA, Rex DK, Winawer SJ, et al. Guidelines for colonoscopy 

surveillance after screening and polypectomy: a consensus update by the 

US Multi-Society Task Force on Colorectal Cancer. Gastroenterology 

2012;143:844-57. 

17. Ponugoti PL, Rex DK. Yield of a second screening colonoscopy 10 years 

after an initial negative examination in average-risk individuals. 

Gastrointest Endosc 2017;85:221-224. 

18. Regge D, Iussich G, Segnan N, et al. Comparing CT colonography and 

flexible sigmoidoscopy: a randomised trial within a population-based 

screening programme. Gut 2016;Published Online First: April 12, 2016 

doi:10.1136/gutjnl-2015-311278. 

19. Stoop EM, de Haan MC, de Wijkerslooth TR, et al. Participation and yield of 

colonoscopy versus non-cathartic CT colonography in population-based 



 

108  Chapter 5 

screening for colorectal cancer: a randomised controlled trial. Lancet Oncol 

2012;13:55-64. 

20. Hazewinkel Y, de Wijkerslooth TR, Stoop EM, et al. Prevalence of serrated 

polyps and association with synchronous advanced neoplasia in screening 

colonoscopy. Endoscopy 2014;46:219-24. 

21. IJspeert JE, Bossuyt PM, Kuipers EJ, et al. Smoking status informs about the 

risk of advanced serrated polyps in a screening population. Endosc Int 

Open 2016;4:E73-8. 

22. Snover DC, Ahnen DJ, Burt RW et al. Serrated polyps of the colon and 

rectum and serrated polyposis. In: Bosman T, Carneiro F, Hruban R, et al. 

eds. WHO classification of tumours of the digestive system. Lyon 2010;160-

5. 

23. Davenport JR, Su T, Zhao Z, et al. Modifiable lifestyle factors associated 

with risk of sessile serrated polyps, conventional adenomas and 

hyperplastic polyps. Gut 2016;Published Online First: Nov 15, 2016 doi: 

10.1136/gutjnl-2016-312893. 

24. Chang LC, Shun CT, Hsu WF, et al. Fecal Immunochemical Test Detects 

Sessile Serrated Adenomas and Polyps With a Low Level of Sensitivity. Clin 

Gastroenterol Hepatol 2016;Published Online First: August 4, 2016  doi: 

10.1016/j.cgh.2016.07.029. 

25. CBO. Heriditary colorectal cancer, National Guideline, 2015. 

26. Youn P, Li H, Milano MT, et al. Long-term survival among Hodgkin's 

lymphoma patients with gastrointestinal cancer: a population-based study. 

Ann Oncol 2013;24:202-8. 

27. van Herwaarden YJ, Verstegen MH, Dura P, et al. Low prevalence of 

serrated polyposis syndrome in screening populations: a systematic 

review. Endoscopy 2015;47:1043-9. 

28. Bouwens MW, van Herwaarden YJ, Winkens B, et al. Endoscopic 

characterization of sessile serrated adenomas/polyps with and without 

dysplasia. Endoscopy 2014;46:225-35. 



 

 

High prevalence of colorectal neoplasia in Hodgkin lymphoma survivors 109 

 5 

29. IJspeert JE, Bevan R, Senore C, et al. Detection rate of serrated polyps and 

serrated polyposis syndrome in colorectal cancer screening cohorts: a 

European overview. Gut 2016;Published Online First: February 24, 2016 

doi:10.1136/gutjnl-2015-310784. 

30. Bhakta N, Liu Q, Yeo F, et al. Cumulative burden of cardiovascular 

morbidity in paediatric, adolescent, and young adult survivors of Hodgkin's 

lymphoma: an analysis from the St Jude Lifetime Cohort Study. Lancet 

Oncol 2016;17:1325-34. 

31. van Eggermond AM, Schaapveld M, Lugtenburg PJ, et al. Risk of multiple 

primary malignancies following treatment of Hodgkin lymphoma. Blood 

2014;124:319-27. 

32. van Nimwegen FA, Schaapveld M, Janus CP, et al. Cardiovascular disease 

after Hodgkin lymphoma treatment: 40-year disease risk. JAMA Intern Med 

2015;175:1007-17. 

33. Swerdlow AJ, Higgins CD, Smith P, et al. Second cancer risk after 

chemotherapy for Hodgkin's lymphoma: a collaborative British cohort 

study. J Clin Oncol 2011;29:4096-104. 

34. Morton LM, Dores GM, Curtis RE, et al. Stomach cancer risk after 

treatment for hodgkin lymphoma. J Clin Oncol 2013;31:3369-77. 

35. Jiang Y, Chen Y, Huang R, et al. Comparison of the efficiency of ABVD 

versus BEACOPP for Hodgkin lymphoma treatment: a meta-analysis. Int J 

Hematol 2016;104:413-9. 

36. Vassilakopoulos TP, Johnson PW. Treatment of advanced-stage Hodgkin 

lymphoma. Semin Hematol 2016;53:171-9. 

37. Engert A, Raemaekers J. Treatment of early-stage Hodgkin lymphoma. 

Semin Hematol 2016;53:165-70. 

 

  



 

110  Chapter 5 

Supplements 
Supplementary table 1. Colonoscopy quality measures. 
 HL survivors 

(N=101) % 
Cecal intubation rate  100 
Withdrawal time in minutes for negative 
colonoscopies (N=28) 
Median (IQR)  

 
 

12 (8-16) 
Boston bowel preparation score  
Good (score 6-7) 20 
Excellent (score 8-9) 80 
Sedation  
Midazolam and fentanyl  78 
Fentanyl only 8 
Propofol 5 
None 9 
Leeds sedation score  
Awake 24 
Somnolent 25 
Asleep, responsive to auditory/tactile 
stimuli 

 
24 

Unresponsive 4 
Unknown 23 
Gloucester comfort scale; discomfort  
No  32 
Minimal  44 
Mild  11 
Moderate  4 
Severe  0 
Unknown 9 
Adverse events  
None reported 99 
1 day post-colonoscopy hospitalization 
(due to abdominal pain regarded as post-
polypectomy syndrome) 

1 

Abbreviations: interquartile range, IQR; NA, not applicable; HL, Hodgkin lymphoma. 
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Supplementary table 2. Risk factors for neoplasia in HL survivors and general population 
controls.  
 HL survivors 

(N=101) % 
Controls  

(N=1426) % 
 

P value 
Family history    
1st degree relative(s) with CRC  7 13 0.12 
No 1st degree relative(s) with CRC 86 87  
Missing 7 0  
Smoking status    
Current smoker  13 13 0.70 
Non-smoker 80 73  
  Former smoker 21 41  
  Never smoker 47 31  
  Non-smoker, history unknown 13 0  
Missing 7 14  
BMI in kg/m2    
<25 41 32 0.07 
25-30 42 53  
>30 10 14  
Missing 8 <1  
Alcohol in units/week    
<15 89  72 0.004 
≥15 3 11  
Missing 8  18  
Abbreviations: HL, Hodgkin lymphoma; CRC, colorectal cancer; BMI, body mass index.  
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