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KEY POINTS

e Potentially long-term life-threatening complications, including second malignant neoplasms, car-
diovascular disease, neurotoxicity and ototoxicity, pulmonary complications, hypogonadism, and
nephrotoxicity have accompanied the remarkable successes of testicular cancer treatment.

e Testicular cancer survivors should follow applicable national guidelines for cancer screening and
management of cardiovascular risk factors.

e Health care providers should capitalize on the time of testicular cancer diagnosis as a teachable
moment to introduce and promote lifestyle changes in testicular cancer survivors, including smok-
ing cessation, better nutrition, and participation in a regular exercise regimen.

e Testicular cancer is positioned to become a paradigm in survivorship research for adult-onset can-
cer and the most comprehensive multi-institutional study to date is currently underway to examine
genetic variants associated with long-term toxicities of platinum-based chemotherapy in testicular
cancer survivors.
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INTRODUCTION

Testicular cancer (TC) is the most common cancer
among men age 18 to 39 years.' Because of effec-
tive cisplatin-based chemotherapy introduced in
the 1970s? it is also the most curable cancer,
with the 10-year relative survival for all patients
with TC approaching 95%.%* The incidence of

TC has increased steadily in the past 20 years in
the United States,® likely attributable to genetic
and environmental factors.® However, potentially
life-threatening complications, including second
malignant neoplasms (SMN), cardiovascular
disease (CVD), neurotoxicity and ototoxicity, pul-
monary complications, hypogonadism, and neph-
rotoxicity,”® have accompanied these remarkable

Conflicts of interest: C. Fung has a consulting or advisory role with Janseen Scientific Affairs, Dendreon, and
Bayer HealthCare Pharmaceuticals Inc; receives research funding from Astellas Pharma (ISR000911); and has
stock and other ownership interests in GlaxoSmithKline. S.D. Fossa, A. Williams, and L.B. Travis have no con-
flicts of interest.

@ Division of Medical Oncology, James P. Wilmot Cancer Institute, University of Rochester Medical Center, 601
Elmwood Avenue, Box 704, Rochester, NY 14642, USA; ® Departments of Clinical Radiotherapy and Oncology,
Norwegian Radium Hospital, Postboks 4959 Nydalen, Oslo 0424, Norway; ¢ Department of Public Health Sci-
ences, University of Rochester Medical Center, University of Rochester School of Medicine and Dentistry, Saun-
ders Clinical and Translational Research Building, 265 Crittenden Boulevard, Rochester, NY 14642, USA;
4 Department of Radiation Oncology, Rubin Center for Cancer Survivorship, University of Rochester Medical
Center, Saunders Clinical and Translational Research Building, 265 Crittenden Boulevard, CU420318, Rochester,
NY 14642, USA

* Corresponding author.

E-mail address: chunkit_fung@urmc.rochester.edu

Urol Clin N Am 42 (2015) 393-408
http://dx.doi.org/10.1016/j.ucl.2015.05.002
0094-0143/15/$ — see front matter © 2015 Elsevier Inc. All rights reserved.

urologic.theclinics.com


mailto:chunkit_fung@urmc.rochester.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ucl.2015.05.002&domain=pdf
http://dx.doi.org/10.1016/j.ucl.2015.05.002
http://urologic.theclinics.com

394

Fung et al

successes.>® This article focuses on pathogen-
esis, risks, and management of late effects experi-
enced by long-term TC survivors (TCS), which are
defined as individuals who are disease free 5 years
or more after primary treatment.’°

SECOND MALIGNANT NEOPLASMS
Pathogenesis

SMNs can be classified according to their pre-
dominant causal factors, including syndromic,
cancer treatment, and shared causal exposures.'”
Categories are not mutually exclusive, and reflect
the joint contribution of lifestyle factors, genetic
susceptibility, environmental exposures, and host
effects, including gene-environment interactions
(Fig. 1)."> Age at exposure and attained age are
risk modifiers for selected SMNs. '3

Risks of Leukemia

Radiotherapy for TC is associated with an
increased risk of leukemia.’® An international
population-based study of leukemia in 18,567
TCS (n = 36 cases, 106 matched controls) re-
ported a significant 3-fold increased risk of leuke-
mia after abdominal and pelvic radiotherapy (mean
dose to active bone marrow = 10.9 Gy)."* The me-
dian latency of the leukemias (22 of 36 occurred
after radiotherapy alone) was 5.0 years, with
25% developing after 1 decade. However, the ab-
solute risk of leukemia was low (9 excess cases
per 10,000 patients per year followed for 15 years
after 25 Gy of abdominal and pelvic radiation).™*
Both cisplatin and etoposide are also associ-
ated with significant excesses of secondary leuke-
mia.’*"” The cumulative incidences of leukemia
5 years after receiving a cumulative etoposide
dose of less than 2000 mg/m? and greater than
or equal to 2000 mg/m? are approximately 0.5%
and 2.0%, respectively.'” In a multivariable model
that adjusted for radiation dose, an international
nested case-control study of leukemia'* reported
a significant dose-response relationship between
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increasing cumulative dose of cisplatin and leuke-
mia (Pyeng = -001). Although the excess risk was
small (16 excess cases among 10,000 patients
with TC at 15 years of follow-up), the estimated
risk of leukemia after a cumulative cisplatin dose
of 650 mg was increased about 3.2-fold.

Risks of Solid Cancers

The overall relative risk (RR) of second solid can-
cers in TCS compared with the general population
is 1.4 to 1.9, with risks increasing 5 years after
treatment (Table 1).''87® |n an international
population-based investigation of 40,576 TCS, pa-
tients with TC who survived at least 10 years
(n = 20,984) had significantly increased risks of
solid cancers associated with radiotherapy alone
(RR = 2.0; 95% confidence interval [Cl], 1.9-2.2),
chemotherapy alone (RR = 1.8; 95% CI, 1.3-
2.5), or both (RR = 2.9; 95% Cl, 1.9-4.2)."® In
particular, significantly 1.5-fold to 4.0-fold
increased risks for malignant melanoma and can-
cers of the lung, thyroid, esophagus, pleura, stom-
ach, pancreas, colon, rectum, kidney, bladder,
and connective tissue were reported.’® Compared
with population expected risks of 23%, the cumu-
lative risks of solid cancer by 75 years of age
among men diagnosed with seminomas or nonse-
minomas at 35 years of age were 36% and 31%,
respectively. In particular, among patients given
radiotherapy alone, the risks of SMN at sites
included in standard infradiaphragmatic radio-
therapy fields were significantly larger than risks
at unexposed sites (RR = 2.7 vs 1.6; P<.05), and
remained increased for more than 35 years.
Several studies reported significant dose-
response relationships between radiotherapy and
SMN risks in TCS."®22 In a case-control study of
5-year TCS (1959-1987),°> TCS given radio-
therapy had a 5.9-fold increased risk of stomach
cancer compared with controls, and risk increased
with increasing radiation dose to stomach
(Ptrena<-001). The odds ratios (OR) for developing
gastric cancer at radiation doses to the stomach

Fig. 1. Risk factors for second primary
cancer (refer to text). Many influ-
ences, some of which are shown
here, may contribute to the develop-
ment of multiple primary cancers,
including interactions between expo-
sures. (Adapted from Travis LB.
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