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15General introduction

1Second primary malignancies in cancer survivors
Cancer treatment has improved over the past decades, resulting in a better 
survival of cancer survivors.1,2 With improved survival, however, it has be-
come clear that long-term cancer survivors have an increased risk of several 
adverse events, especially when treated for a malignancy at a young age. 
Different late events can develop after chemotherapy and/or radiotherapy, 
among which cardiovascular disease, nephrotoxicity, diabetes, psychosocial 
disorders and the development of second primary malignancies.3-5 Second 
primary malignancies account for 20% of cancer diagnosis in the Western 
world.3 The occurrence of second primary malignancies has increased over 
time due to the improved prognosis of cancer patients and increased life ex-
pectancy in general (Figure 1).6 

Figure 1 | Occurrence of primary malignancies and second primary malignancies 
among adults in the Netherlands between 1990 and 2016 (unpublished data of Neth-
erlands Cancer Registry). In the United States, a percentage of 19% of second primary 
malignancies has been reported.6  

The development of cancer treatment strategies has already led to an adap-
tion of treatment, taking into account the long-term effects of treatment. 
Both chemotherapy and radiotherapy have been changed to more accurate 
and less toxic treatments, with adjustments of the dosage and for radiother-
apy also to the size of the radiation field.7,8 These alterations will result in 
more precise treatments and also will cause less damage on non-neoplastic 
(surrounding) tissue.9 However, the long-term effects of new therapies are 
not known yet. The development of second primary malignancies is partly due 
to the late effects of cancer treatment as dose-dependent relationships have 
been described, but also germline variants, lifestyle factors and environmen-
tal factors can be involved.10 The development of second primary malignan-
cies has been described early after treatment, but also after 10 years up to 
40 years after treatment.3,11 



16 Chapter 1

Further evaluation of the characteristics of second primary malignancies is of 
importance. If the carcinogenesis of these second primary malignancies dif-
fers from that of sporadic malignancies, this could affect preventive options. 
For certain second primary malignancies, surveillance can be offered in order 
to reduce the incidence of that malignancy, resulting in a better survival of the 
cancer survivor. Secondly, differences in pathogenesis could affect treatment 
options for those malignancies necessitating more personalized treatment. 

The increased risk of developing second primary (gastrointestinal) malignan-
cies has been reported for different types of cancer survivors, among which 
childhood cancer.12-14 This thesis focusses on second primary gastrointestinal 
malignancies in Hodgkin lymphoma and testicular cancer survivors, as both 
malignancies are diagnosed at a relatively young age and data of two large 
Dutch cohorts were available.11,15

Second primary gastrointestinal malignancies in Hodgkin lymphoma 
survivors
The increased survival for Hodgkin lymphoma survivors has been the result of 
the introduction of combination chemotherapy and high-energy radiotherapy. 
However, even though the treatment regimens for Hodgkin lymphoma have 
changed over time,16-20 the cumulative incidence of gastrointestinal malig-
nancies did not appear to differ significantly among the different treatment 
periods of Hodgkin lymphoma treatment, ranging from 1965 through 2000.11 
High doses of (supra- or infradiaphragmatic) radiotherapy, chemotherapy 
containing alkylating agents (predominately procarbazine-containing chemo-
therapy) and especially the combination of chemotherapy and radiotherapy 
have been associated with an increased risk of developing a second primary 
(gastrointestinal) malignancy in Hodgkin lymphoma survivors.11,21,22 The in-
creased risk of developing a second primary malignancy is elevated 10 years 
after the treatment, and remains elevated up to 40 years after treatment.11 

The risk of developing a gastrointestinal malignancy is about 5-fold higher in 
Hodgkin lymphoma survivors compared with the general population.11,21,23,24 A 
strongly increased risk of gastrointestinal cancer has been shown for patients 
who were treated with both infradiaphragmatic radiotherapy and procarba-
zine-containing chemotherapy.11 Furthermore, younger age at Hodgkin lym-
phoma diagnosis has been associated with an increased risk of developing a 
second gastrointestinal malignancy (Figure 2).21 

A higher relative risk for developing esophageal cancer (4 to 9-fold), gastric 
cancer (3 to 11-fold) and small bowel cancer (11 to 16-fold) in Hodgkin lym-
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1phoma survivors has been reported.25,26 Compared with the general popula-
tion, Hodgkin lymphoma survivors have a 2 to 7-fold higher risk of developing 
colorectal cancer.11-14,21,23,27 The 30 year cumulative incidence of esophageal 
and stomach cancer was 1.5% and 1.6%, respectively. The cumulative risk 
for developing colorectal cancer in Hodgkin lymphoma survivors was 0.6% at 
20 years and 2.1% at 30 years of follow-up.21

Figure 2 | A. Cumulative incidence of colorectal cancer by age at diagnosis according 
to age at Hodgkin lymphoma treatment.21

B. Cumulative incidence of colorectal cancer by age at diagnosis according to infradia-
phragmatic (infra) radiation therapy (RT) and procarbazine dose for Hodgkin lympho-
ma patients treated before the age of 35 years.21
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In the Netherlands, we have assembled a large cohort of Hodgkin lymphoma 
survivors who were alive at least five years after the initiation of the treat-
ment for Hodgkin lymphoma.11 These Hodgkin lymphoma survivors were re-
trieved from seven Dutch hospitals. This cohort was used for the retrieval of 
cases of second primary gastrointestinal malignancies in Hodgkin lymphoma 
survivors.

Second primary gastrointestinal malignancies in testicular cancer 
survivors
The introduction of cisplatin-containing chemotherapy has led to improved 
prognosis of patients with testicular cancer.28,29 The 10-year survival of pa-
tients diagnosed with testicular cancer is currently higher than 95%.28 The 
incidence of testicular cancer is increasing and accounts for about 1% of all 
cancers in men. The main histological types include seminoma and non-sem-
inoma. The treatment strategies differ between these two histological sub-
types and stages of the malignancy, but nearly always include orchiectomy. 
For non-seminoma, treatment can consist of chemotherapy (frequently con-
sisting of cisplatin, etoposide and bleomycin (BEP)) and/or retroperitoneal 
lymph node dissection as first-line therapy, and sometimes radiotherapy. The 
treatment for seminoma more frequently consists of radiotherapy, targeting 
the para-aortic and/or iliac fields but could also consist of platinum-based 
chemotherapy.

Testicular cancer survivors have an increased risk of developing various sec-
ond primary malignancies.15,30-40 Especially (cis)platinum-based chemothera-
py has been associated with increased risk of second primary malignancies, 
including an increased risk for gastrointestinal malignancies.15,34,40 This in-
creased risk of second gastrointestinal malignancies has also been reported in 
childhood cancer survivors who received platinum-based chemotherapy with 
a hazard ratio of 7.9.13 Moreover, a cisplatin-dose-dependent relationship has 
been shown for the risk of gastrointestinal second malignancies in testicular 
cancer survivors, with the hazard ratio increasing by 53% per 100 mg/m2 
increase of platinum-containing chemotherapy (Figure 3).15 Furthermore, an 
association between administered infradiaphragmatic radiotherapy dose and 
the risk for second primary gastrointestinal malignancies was shown, as the 
hazard ratio increased by 9% per Gray.15

The risk for developing a solid malignancy is especially increased from 10 years 
after treatment and remains significantly elevated for at least 35 years.30,34 A 
standardized incidence ratio of 4 to 5 has been reported for developing small 
bowel cancer among testicular cancer survivors.15,41 For colorectal cancer, a 
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1hazard ratio of 3.9 has been described in testicular cancer survivors treated 
with platinum-based chemotherapy.15 

To study the risk of second primary malignancies in testicular cancer survi-
vors, a large Dutch cohort study was assembled. One year testicular cancer 
survivors from a multicenter cohort were evaluated to determine the risk of 
second primary malignancies and identify treatment-related risk factors.15 

Figure 3 | Risk of second gastrointestinal malignancy in testicular cancer survivors 
treated with platinum-based chemotherapy increased with a higher dosage of plat-
inum-containing chemotherapy (hazard ratio increased by 0.53 for each additional 
dosage of 100 mg/m2 of body surface area of platinum-containing chemotherapy.15

Pathogenesis and molecular profile of second primary (gastrointesti-
nal) malignancies
Even though an increased risk for developing second primary gastrointesti-
nal malignancies has been reported, this has not resulted in an alternative 
clinical approach for these high-risk individuals. This could be the effect of 
limited knowledge on the pathogenesis and molecular profile of these second 
primary malignancies. Survival data indicate that second primary colorectal 
cancers may be different from first primary colorectal cancers.42 Also, studies 
have suggested that the carcinogenesis and the subsequent molecular tumor 
profile of second primary malignancies in cancer survivors may differ from 
sporadic malignancies,43-45 as chemotherapy and radiotherapy have been as-
sociated with the increased risk of second primary malignancies. In mouse 
models it has been shown that chemotherapy and radiotherapy can induce 
tumorigenesis in mismatch repair deficient mice46-48 and that radiotherapy 
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can induce a mutational signature in radiation-induced malignancies.49 A 
small exploratory study detected a genetic diversity in esophageal cancer in 
both Hodgkin lymphoma and breast cancer survivors compared with sporad-
ic esophageal cancer.44 Furthermore, a mutational signatures has previously 
been described for different cancer therapies in metastatic tumors originating 
from different tumors.50 

Besides affecting the tumor tissue of the primary malignancy, anti-cancer 
treatment has also been shown to induce changes in non-neoplastic tissue. 
This includes changes within the radiation field,8,51-56 as well as chemotherapy 
and radiation therapy induced field cancerization in the body. Various changes 
on both genetic and epigenetic level have been reported.57

Our group has previously reported that mismatch repair deficiency occurred 
more often in colorectal cancers of patients with a history of Hodgkin lympho-
ma (24%) compared with colorectal cancer in the general population (11%). 
This increased frequency was due to biallelic somatic inactivation in the mis-
match repair genes, which occurs more frequently in colorectal cancer di-
agnosed in Hodgkin lymphoma survivors (7/10, 70%) in comparison with 
colorectal cancer in the general population (8/36, 22%).58 Based on these 
findings, we hypothesized that increased frequency of mismatch repair defi-
ciency might also be found  in second primary colorectal cancer in testicular 
cancer survivors. However, whether we can expect higher frequency of mis-
match repair deficiency in various types of  second primary gastrointestinal 
cancers is not straight forward, as it has already been shown that mismatch 
repair deficiency did not occur more frequent in second primary gastric ade-
nocarcinomas compared with primary gastric adenocarcinomas.59

Mismatch repair deficiency testing
Evaluating the mismatch repair status is of great importance in sporadic ma-
lignancies and second primary malignancies in order to identify Lynch syn-
drome and because of potential treatment with immune checkpoint inhibi-
tors.60

Patients with Lynch syndrome have an increased risk of developing colorectal 
cancer, but also other malignancies among which endometrial cancer and 
ovarian cancer, as well as stomach, hepatobiliary, urinary, brain and skin ma-
lignancies. Lynch syndrome is caused by mutations in one of four mismatch 
repair genes (MLH1, MSH2, MSH6, PMS2 or deletions in 3’ region of EPCAM 
gene) and these tumors display microsatellite instability.61 For individuals 
diagnosed with Lynch syndrome, recommendations for surveillance of col-
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1orectal cancer and endometrial cancer have been developed. For colorectal 
cancer, surveillance has been shown to reduce the incidence and mortality in 
individuals affected with Lynch syndrome.62,63 For some malignancies such as 
cutaneous squamous cell carcinoma, an association with Lynch syndrome has 
been suggested, but these malignancies are not included yet in the spectrum 
of tumors associated with Lynch syndrome.64,65

Colorectal cancer surveillance in Hodgkin lymphoma and testicular 
cancer survivors 
For individuals with an average-risk of colorectal cancer, fecal immunochemi-
cal testing is offered every two years in the Dutch population-based screening 
program to asymptomatic individuals aged 55 to 75 years old.66 In high-risk 
populations for developing colorectal cancer, colonoscopy surveillance is ad-
vised, which has been shown to be cost-effective.62,63,67 In patients with a 
familial risk for colorectal cancer, the European guideline recommends a colo-
noscopy every five years in order to reduce colorectal cancer incidence and/
or mortality by detecting colorectal cancer at an early stage and/or direct 
removal precursor lesions of colorectal cancer.68,69 

Both Hodgkin lymphoma survivors treated with infradiaphragmatic radiother-
apy and/or procarbazine-containing chemotherapy and testicular cancer sur-
vivors treated with platinum-based chemotherapy have an increased risk of 
developing colorectal cancer compared with the general population.15,21 Based 
on the magnitude of the risk increase, these cancer survivors can be consid-
ered a high-risk-group for developing colorectal cancer as the risk of develop-
ing colorectal cancer is 2.5–fold higher compared with the general population. 
Comparable to individuals with familial risk of colorectal cancer, the life-time 
risk for colorectal cancer is >10% in these cancer survivors. Therefore, a 
similar surveillance program can be advised to these cancer survivors as for 
patients with a familial risk of colorectal cancer.68,69 

Currently, colonoscopy surveillance is not yet implemented in the Dutch fol-
low-up guideline for Hodgkin lymphoma and testicular cancer survivors. Our 
group previously evaluated the diagnostic yield of colonoscopy surveillance a 
prospective study of in Hodgkin lymphoma survivors treated with abdominal 
radiotherapy and/or procarbazine-containing chemotherapy. The participants 
were offered a colonoscopy, in order to determine whether these Hodgkin 
lymphoma survivors would benefit from colorectal cancer surveillance.70 The 
results were compared with the colonoscopies performed in Dutch asymptom-
atic individuals who underwent a screening colonoscopy, at a significant higher 
age (median age 60 years) compared with Hodgkin lymphoma survivors (me-
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dian age at colonoscopy 51 years).71 This prospective study detected a sig-
nificantly higher prevalence of neoplasia and advanced neoplasia (advanced 
adenoma (defined as high-grade dysplasia, ≥25% villous component, or ≥10 
mm diameter), advanced serrated lesion (defined as dysplasia or ≥10-mm di-
ameter) or colorectal cancer) in Hodgkin lymphoma survivors compared with 
the control group. The higher prevalence included adenomas and advanced 
adenoma, but especially more serrated lesions and advanced serrated lesions 
were detected. Furthermore, serrated polyposis syndrome occurred signifi-
cantly more frequently in Hodgkin lymphoma survivors.71,72 Colorectal cancer 
was not detected in the Hodgkin lymphoma survivors. Based on the signifi-
cantly higher prevalence of (advanced) neoplasia, colonoscopy surveillance 
was recommended in Hodgkin lymphoma survivors who were treated with 
abdominal radiotherapy and/or procarbazine-containing chemotherapy.72 For 
testicular cancer survivors treated with platinum-based chemotherapy, the 
diagnostic yield of colonoscopy surveillance is not yet known.

However, colonoscopy surveillance is quite burdensome. A different, less in-
vasive surveillance strategy could be a stool test – fecal immunochemical 
test or multi-target stool DNA test – to determine whether occult fecal blood 
is detectable, and subsequently offer a colonoscopy to these individuals with 
a positive fecal test or at a positive outcome of the multi-target stool DNA 
test. In the average-risk population, multi-target stool DNA test has a higher 
sensitivity for detecting advanced neoplasia in comparison with fecal immu-
nochemical test.73-75 At this time the diagnostic accuracy of stool tests in high-
risk-groups is unknown. A possible advantage of stool test surveillance would 
be that the participation rate could increase. To determine the most optimal 
surveillance strategy for colorectal cancer, a cost-effectiveness analysis76,77 
can provide guidance for recommendations in the follow-up guideline of Hod-
gkin lymphoma and testicular cancer survivors (being colonoscopy or stool 
test surveillance).

OUTLINE OF THIS THESIS

General outline
This thesis provides insight into the pathogenesis and molecular profile of 
second primary gastrointestinal malignancies diagnosed in Hodgkin lympho-
ma and/or testicular cancer survivors. Furthermore, for Hodgkin lymphoma 
survivors, the stool tests as an alternative surveillance strategy are evaluat-
ed. We will determine what the most cost-effective strategy is for colorectal 
cancer surveillance in this group. This will give guidance to the implementa-
tion of surveillance in the follow-up guideline of Hodgkin lymphoma survivors. 
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1Recently, it has been observed that testicular cancer survivors treated with 
platinum-based chemotherapy also have an increased risk of developing col-
orectal cancer. A prospective study has been developed to determine the yield 
of colorectal cancer surveillance in that population and is currently ongoing. 
Additionally, this thesis will focus on mismatch repair deficiency, as identifica-
tion of Lynch syndrome could have implications for the patients and implica-
tions for treatment choice. 

Outline per part/chapter
Part I evaluates the pathogenesis of second primary gastrointestinal ma-
lignancies in Hodgkin lymphoma and testicular cancer survivors. Chapter 2 
investigates the gene expression profiles of esophageal squamous cell can-
cer in Hodgkin lymphoma survivors in comparison with expression profiles 
of sporadic esophageal squamous cell cancer. Chapter 3 involves the copy 
number aberrations (gains or losses on chromosomes) of small bowel adeno-
carcinoma in Hodgkin lymphoma and testicular cancer survivors. These copy 
number aberrations are compared with copy number aberrations of sporadic 
forms of small bowel adenocarcinoma. Furthermore, copy number aberrations 
of colorectal cancers in Hodgkin lymphoma survivors and sporadic colorectal 
cancers are evaluated in order to examine whether there exists a possible 
‘therapy-induced’ pattern in copy number aberrations. The clinicopathological 
features of advanced neoplasia and risk factors for developing (advanced) 
neoplasia in Hodgkin lymphoma survivors are shown in chapter 4. The last 
chapter of this part, chapter 5, evaluates the histopathological and molecu-
lar characteristics of colorectal cancer diagnosed in non-seminoma testicular 
cancer survivors.

Part II gives insight into colorectal cancer surveillance in Hodgkin lymphoma 
and testicular cancer survivors. Previously it has been shown that Hodgkin 
lymphoma survivors have a higher prevalence of neoplasia and advanced 
neoplasia as detected in a prospective multi-center study of Rigter et al.72. 
Chapter 6 and chapter 7 will elaborate on this previously performed pro-
spective study. Chapter 6 evaluates the diagnostic accuracy of different stool 
tests in detecting advanced neoplasia in Hodgkin lymphoma survivors in order 
to evaluate whether stool tests could be an effective method for colorectal 
cancer surveillance. A cost-effectiveness analysis is performed in chapter 7, 
which includes both colonoscopy and stool test surveillance. This analysis de-
termines the most optimal surveillance strategy for Hodgkin lymphoma sur-
vivors who received different treatment strategies. Chapter 8 describes the 
study protocol for a prospective study of the diagnostic yield of colonoscopy 
surveillance in testicular cancer survivors treated with platinum-based che-
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motherapy. This study will also evaluate the burden of colonoscopy, accuracy 
of fecal immunochemical test, analysis of platinum in the plasma in order to 
correlate this with the colonoscopy result and determine the most cost-ef-
fective surveillance strategy for this population. These data will be used for 
recommendations for the follow-up guideline of testicular cancer survivors.

Data on mismatch repair testing is provided in part III, including adherence 
to MMR testing in pT1 colorectal cancer and widening the Lynch syndrome 
associated tumor spectrum. Chapter 9 describes the adherence to guidelines 
regarding mismatch repair deficiency testing in early invasive colorectal can-
cer (pT1) diagnosed before the age of 70 years in the Dutch population-based 
screening program. As mismatch repair testing is recommended in all new-
ly diagnosed colorectal cancer, we wanted to evaluate whether differences 
occurred between locally excised pT1 colorectal cancer and pT1 colorectal 
cancer removed by oncological resection. Chapter 10 evaluates whether cu-
taneous squamous cell carcinomas can be included into the spectrum of Lynch 
syndrome associated tumors, since an association has been suggested. For 
other types of skin malignancies an association has already been described 
with Lynch syndrome. 

Finally, chapter 11 and chapter 12 includes the general discussion, summa-
ry and future perspectives.



25General introduction

1REFERENCES

1. Jemal A, Ward EM, Johnson CJ, et al. Annual Report to the Nation on the Status 
of Cancer, 1975-2014, Featuring Survival. J Natl Cancer Inst 2017;109.

2. Anderson C, Nichols HB. Trends in Late Mortality Among Adolescent and Young 
Adult Cancer Survivors. J Natl Cancer Inst 2020;112:994-1002.

3. Morton LM, Swerdlow AJ, Schaapveld M, et al. Current knowledge and future 
research directions in treatment-related second primary malignancies. EJC Suppl 
2014;12:5-17.

4. Ewer MS, Ewer SM. Cardiotoxicity of anticancer treatments. Nat Rev Cardiol 
2015;12:547-58.

5. Groot HJ, Gietema JA, Aleman BMP, et al. Risk of diabetes after para-aortic radi-
ation for testicular cancer. Br J Cancer 2018;119:901-7.

6. Morton LM, Onel K, Curtis RE, Hungate EA, Armstrong GT. The rising incidence 
of second cancers: patterns of occurrence and identification of risk factors for 
children and adults. Am Soc Clin Oncol Educ Book 2014:e57-67.

7. Newhauser WD, Durante M. Assessing the risk of second malignancies after 
modern radiotherapy. Nat Rev Cancer 2011;11:438-48.

8. Journy N, Mansouri I, Allodji RS, et al. Volume effects of radiotherapy on the risk 
of second primary cancers: A systematic review of clinical and epidemiological 
studies. Radiother Oncol 2019;131:150-9.

9. Formenti SC, Demaria S. Systemic effects of local radiotherapy. Lancet Oncol 
2009;10:718-26.

10. Travis LB, Rabkin CS, Brown LM, et al. Cancer survivorship--genetic susceptibility 
and second primary cancers: research strategies and recommendations. J Natl 
Cancer Inst 2006;98:15-25.

11. 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.

12. Teepen JC, de Vroom SL, van Leeuwen FE, Tissing WJ, Kremer LC, Ronckers CM. 
Risk of subsequent gastrointestinal cancer among childhood cancer survivors: A 
systematic review. Cancer Treat Rev 2016;43:92-103.

13. 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.

14. Tukenova M, Diallo I, Anderson H, et al. Second malignant neoplasms in diges-
tive organs after childhood cancer: a cohort-nested case-control study. Int J 
Radiat Oncol Biol Phys 2012;82:e383-90.

15. Groot HJ, Lubberts S, de Wit R, et al. Risk of Solid Cancer After Treatment of 
Testicular Germ Cell Cancer in the Platinum Era. J Clin Oncol 2018;36:2504-13.

16. Engert A, Plutschow A, Eich HT, et al. Reduced treatment intensity in patients 



26 Chapter 1

with early-stage Hodgkin’s lymphoma. N Engl J Med 2010;363:640-52.
17. Engert A, Haverkamp H, Kobe C, et al. Reduced-intensity chemotherapy and 

PET-guided radiotherapy in patients with advanced stage Hodgkin’s lymphoma 
(HD15 trial): a randomised, open-label, phase 3 non-inferiority trial. Lancet 
2012;379:1791-9.

18. Koshy M, Fairchild A, Son CH, Mahmood U. Improved survival time trends in 
Hodgkin’s lymphoma. Cancer Med 2016;5:997-1003.

19. Connors JM, Jurczak W, Straus DJ, et al. Brentuximab Vedotin with Chemother-
apy for Stage III or IV Hodgkin’s Lymphoma. N Engl J Med 2018;378:331-44.

20. de Vries S, Schaapveld M, Janus CPM, et al. Long-term cause-specific mortality 
in hodgkin lymphoma patients. J Natl Cancer Inst 2020.

21. van Eggermond AM, Schaapveld M, Janus CP, et al. Infradiaphragmatic irradi-
ation and high procarbazine doses increase colorectal cancer risk in Hodgkin 
lymphoma survivors. Br J Cancer 2017;117:306-14.

22. Morton LM, Gilbert ES, Stovall M, et al. Risk of esophageal cancer following radio-
therapy for Hodgkin lymphoma. Haematologica 2014;99:e193-6.

23. 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.

24. Dores GM, Metayer C, Curtis RE, et al. Second malignant neoplasms among 
long-term survivors of Hodgkin’s disease: a population-based evaluation over 25 
years. J Clin Oncol 2002;20:3484-94.

25. Swerdlow AJ, Higgins CD, Smith P, et al. Second cancer risk after chemother-
apy for Hodgkin’s lymphoma: a collaborative British cohort study. J Clin Oncol 
2011;29:4096-104.

26. Birdwell SH, Hancock SL, Varghese A, Cox RS, Hoppe RT. Gastrointestinal cancer 
after treatment of Hodgkin’s disease. Int J Radiat Oncol Biol Phys 1997;37:67-
73.

27. Nottage K, McFarlane J, Krasin MJ, et al. Secondary colorectal carcinoma after 
childhood cancer. J Clin Oncol 2012;30:2552-8.

28. Bray F, Richiardi L, Ekbom A, Pukkala E, Cuninkova M, Moller H. Trends in tes-
ticular cancer incidence and mortality in 22 European countries: continuing in-
creases in incidence and declines in mortality. Int J Cancer 2006;118:3099-111.

29. Verhoeven RH, Coebergh JW, Kiemeney LA, Koldewijn EL, Houterman S. Testic-
ular cancer: trends in mortality are well explained by changes in treatment and 
survival in the southern Netherlands since 1970. Eur J Cancer 2007;43:2553-8.

30. Fossa SD, Langmark F, Aass N, Andersen A, Lothe R, Borresen AL. Second non-
germ cell malignancies after radiotherapy of testicular cancer with or without 
chemotherapy. Br J Cancer 1990;61:639-43.

31. Horwich A, Fossa SD, Huddart R, et al. Second cancer risk and mortality in men 
treated with radiotherapy for stage I seminoma. Br J Cancer 2014;110:256-63.

32. Ondrus D, Ondrusova M, Friedova L. Second malignancies in long-term testicular 



27General introduction

1cancer survivors. Int Urol Nephrol 2014;46:749-56.
33. Richiardi L, Mirabelli D, Calisti R, et al. Occupational exposure to diesel exhausts 

and risk for lung cancer in a population-based case-control study in Italy. Ann 
Oncol 2006;17:1842-7.

34. 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.

35. van den Belt-Dusebout AW, de Wit R, Gietema JA, et al. Treatment-specific risks 
of second malignancies and cardiovascular disease in 5-year survivors of testic-
ular cancer. J Clin Oncol 2007;25:4370-8.

36. van Leeuwen FE, Stiggelbout AM, van den Belt-Dusebout AW, et al. Second can-
cer risk following testicular cancer: a follow-up study of 1,909 patients. J Clin 
Oncol 1993;11:415-24.

37. Wanderas EH, Fossa SD, Tretli S. Risk of subsequent non-germ cell cancer after 
treatment of germ cell cancer in 2006 Norwegian male patients. Eur J Cancer 
1997;33:253-62.

38. Hemminki K, Liu H, Sundquist J. Second cancers after testicular cancer diag-
nosed after 1980 in Sweden. Ann Oncol 2010;21:1546-51.

39. Richiardi L, Scelo G, Boffetta P, et al. Second malignancies among survivors of 
germ-cell testicular cancer: a pooled analysis between 13 cancer registries. Int 
J Cancer 2007;120:623-31.

40. Fung C, Fossa SD, Milano MT, Oldenburg J, Travis LB. Solid tumors after chemo-
therapy or surgery for testicular nonseminoma: a population-based study. J Clin 
Oncol 2013;31:3807-14.

41. Hellesnes R, Kvammen O, Myklebust TA, et al. Continuing increased risk of sec-
ond cancer in long-term testicular cancer survivors after treatment in the cispla-
tin era. Int J Cancer 2020;147:21-32.

42. Rigter LS, Schaapveld M, Janus CPM, et al. Overall and disease-specific survival 
of Hodgkin lymphoma survivors who subsequently developed gastrointestinal 
cancer. Cancer Med 2019;8:190-9.

43. Allan JM, Travis LB. Mechanisms of therapy-related carcinogenesis. Nat Rev Can-
cer 2005;5:943-55.

44. Boldrin E, Rumiato E, Fassan M, et al. Genetic features of metachronous esoph-
ageal cancer developed in Hodgkin’s lymphoma or breast cancer long-term sur-
vivors: an exploratory study. PLoS One 2015;10:e0117070.

45. Tukenova M, Guibout C, Hawkins M, et al. Radiation therapy and late mortality 
from second sarcoma, carcinoma, and hematological malignancies after a solid 
cancer in childhood. Int J Radiat Oncol Biol Phys 2011;80:339-46.

46. Bugni JM, Meira LB, Samson LD. Alkylation-induced colon tumorigenesis in mice 
deficient in the Mgmt and Msh6 proteins. Oncogene 2009;28:734-41.

47. Wojciechowicz K, Cantelli E, Van Gerwen B, et al. Temozolomide increases the 



28 Chapter 1

number of mismatch repair-deficient intestinal crypts and accelerates tumorigen-
esis in a mouse model of Lynch syndrome. Gastroenterology 2014;147:1064-72 
e5.

48. Morioka T, Miyoshi-Imamura T, Blyth BJ, et al. Ionizing radiation, inflammation, 
and their interactions in colon carcinogenesis in Mlh1-deficient mice. Cancer Sci 
2015;106:217-26.

49. Sherborne AL, Davidson PR, Yu K, Nakamura AO, Rashid M, Nakamura JL. Muta-
tional Analysis of Ionizing Radiation Induced Neoplasms. Cell Rep 2015;12:1915-
26.

50. Pich O, Muinos F, Lolkema MP, Steeghs N, Gonzalez-Perez A, Lopez-Bigas N. The 
mutational footprints of cancer therapies. Nat Genet 2019;51:1732-40.

51. Baskar R, Dai J, Wenlong N, Yeo R, Yeoh KW. Biological response of cancer cells 
to radiation treatment. Front Mol Biosci 2014;1:24.

52. Baskar R, Balajee AS, Geard CR, Hande MP. Isoform-specific activation of protein 
kinase c in irradiated human fibroblasts and their bystander cells. Int J Biochem 
Cell Biol 2008;40:125-34.

53. Hickman AW, Jaramillo RJ, Lechner JF, Johnson NF. Alpha-particle-induced p53 
protein expression in a rat lung epithelial cell strain. Cancer Res 1994;54:5797-
800.

54. Seymour CB, Mothersill C. Delayed expression of lethal mutations and genomic 
instability in the progeny of human epithelial cells that survived in a bystand-
er-killing environment. Radiat Oncol Investig 1997;5:106-10.

55. Ponnaiya B, Jenkins-Baker G, Bigelow A, Marino S, Geard CR. Detection of chro-
mosomal instability in alpha-irradiated and bystander human fibroblasts. Mutat 
Res 2004;568:41-8.

56. Nagasawa H, Little JB. Induction of sister chromatid exchanges by extremely low 
doses of alpha-particles. Cancer Res 1992;52:6394-6.

57. Curtius K, Wright NA, Graham TA. An evolutionary perspective on field cancer-
ization. Nat Rev Cancer 2018;18:19-32.

58. Rigter LS, Snaebjornsson P, Rosenberg EH, et al. Double somatic mutations in 
mismatch repair genes are frequent in colorectal cancer after Hodgkin’s lympho-
ma treatment. Gut 2018;67:447-55.

59. Rigter L.S. (2017). Pathogenesis and prevention of gastrointestinal neoplasia in 
Hodgkin lymphoma survivors. (VU University Medical Center).

60. Leenen CH, Goverde A, de Bekker-Grob EW, et al. Cost-effectiveness of routine 
screening for Lynch syndrome in colorectal cancer patients up to 70 years of age. 
Genet Med 2016;18:966-73.

61. Lynch HT, Snyder CL, Shaw TG, Heinen CD, Hitchins MP. Milestones of Lynch 
syndrome: 1895-2015. Nat Rev Cancer 2015;15:181-94.

62. de Jong AE, Hendriks YM, Kleibeuker JH, et al. Decrease in mortality in Lynch 
syndrome families because of surveillance. Gastroenterology 2006;130:665-71.



29General introduction

163. Jarvinen HJ, Renkonen-Sinisalo L, Aktan-Collan K, Peltomaki P, Aaltonen LA, 
Mecklin JP. Ten years after mutation testing for Lynch syndrome: cancer inci-
dence and outcome in mutation-positive and mutation-negative family mem-
bers. J Clin Oncol 2009;27:4793-7.

64. Adan F, Crijns MB, Dekker E, et al. A squamous cell carcinoma in a young woman 
with Lynch syndrome. Fam Cancer 2019;18:193-6.

65. Adan F, Crijns MB, Zandstra WSE, et al. Cumulative risk of skin tumours in pa-
tients with Lynch syndrome. Br J Dermatol 2018;179:522-3.

66. Toes-Zoutendijk E, van Leerdam ME, Dekker E, et al. Real-Time Monitoring of 
Results During First Year of Dutch Colorectal Cancer Screening Program and 
Optimization by Altering Fecal Immunochemical Test Cut-Off Levels. Gastroen-
terology 2017;152:767-75 e2.

67. Dove-Edwin I, Sasieni P, Adams J, Thomas HJ. Prevention of colorectal cancer by 
colonoscopic surveillance in individuals with a family history of colorectal cancer: 
16 year, prospective, follow-up study. BMJ 2005;331:1047.

68. Roos VH, Mangas-Sanjuan C, Rodriguez-Girondo M, et al. Effects of Family His-
tory on Relative and Absolute Risks for Colorectal Cancer: A Systematic Review 
and Meta-Analysis. Clin Gastroenterol Hepatol 2019;17:2657-67 e9.

69. van Leerdam ME, Roos VH, van Hooft JE, et al. Endoscopic management of Lynch 
syndrome and of familial risk of colorectal cancer: European Society of Gastroin-
testinal Endoscopy (ESGE) Guideline. Endoscopy 2019;51:1082-93.

70. Rigter LS, Spaander MC, Moons LM, et al. Colorectal cancer surveillance in Hod-
gkin lymphoma survivors at increased risk of therapy-related colorectal cancer: 
study design. BMC Cancer 2017;17:112.

71. Stoop EM, de Haan MC, de Wijkerslooth TR, et al. Participation and yield of colo-
noscopy versus non-cathartic CT colonography in population-based screening for 
colorectal cancer: a randomised controlled trial. Lancet Oncol 2012;13:55-64.

72. Rigter LS, Spaander MCW, Aleman BMP, et al. High prevalence of advanced col-
orectal neoplasia and serrated polyposis syndrome in Hodgkin lymphoma survi-
vors. Cancer 2019;125:990-9.

73. Carethers JM. Fecal DNA Testing for Colorectal Cancer Screening. Annu Rev Med 
2020;71:59-69.

74. Imperiale TF, Ransohoff DF, Itzkowitz SH, et al. Multitarget stool DNA testing for 
colorectal-cancer screening. N Engl J Med 2014;370:1287-97.

75. Bosch LJ, Carvalho B, Fijneman RJ, et al. Molecular tests for colorectal cancer 
screening. Clin Colorectal Cancer 2011;10:8-23.

76. Gini A, Meester RGS, Keshavarz H, et al. Cost-Effectiveness of Colonoscopy-Based 
Colorectal Cancer Screening in Childhood Cancer Survivors. J Natl Cancer Inst 
2019;111:1161-9.

77. Lansdorp-Vogelaar I, Knudsen AB, Brenner H. Cost-effectiveness of colorectal 
cancer screening. Epidemiol Rev 2011;33:88-100.


