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Abstract

Background: Testicular cancer is the most common cancer among men aged 15 to 40 years, and the incidence of testicular cancer is
steadily increasing. Despite successful treatment outcomes and the rate of survival at 5 to 10 years being 95%, survivors can experience late
effects of both their cancer and the treatment they received, including secondary malignant neoplasms (SMNs). We discuss the development
of non–germ cell SMNs that develop after diagnosis and treatment of testicular cancer and their effect on mortality.
Results: Patients diagnosed with testicular cancer frequently choose postoperative surveillance if they are diagnosed with clinical stage I disease.

These patients may experience an increased risk for developing SMNs following radiation exposure from diagnostic imaging. Similarly, radiotherapy
for testicular cancer is associated with increased risks of developing both solid tumors and leukemia. Studies have reported that patients exposed to
higher doses of radiation have an increased risk of developing SMNs when compared with patients who received lower doses of radiation. Patients
treated with chemotherapy also experience an increased risk of developing SMNs following testicular cancer, though the risk following
chemotherapy and radiation therapy combined is not well described. A large population-based study concluded that the rate ratios for both cancer-
specific and all-cause mortality for SMNs among testicular cancer survivors were not significantly different from those of matched first cancers.
Conclusions: Although it is known that patients who receive adjuvant chemotherapy or radiotherapy or who undergo routine diagnostic

or follow-up imaging for a primary testicular cancer are at an increased risk for developing SMNs, the extent of this risk is largely unknown.
It is critically important that research be conducted to determine this risk and its contributing factors as accurately as possible. r 2015
Elsevier Inc. All rights reserved.
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Introduction

Testicular cancer is the most common cancer among men
aged 15 to 40 years. For unclear reasons, the incidence of
testicular cancer is steadily increasing and has doubled in
North America and many European countries over the past
20 years. Contemporary data on survival reveal that 95% of
patients with testicular cancer survive for more than 5 to 10
years and go on to live for decades, given their young age at
diagnosis. Over time, however, survivors may develop
serious treatment- and cancer-related late effects such as
cardiovascular disease and secondary malignant neoplasms
(SMNs). All available data suggest that these life-threatening
illnesses occur more often in testicular cancer survivors than

in the general population. Large studies taken from national
and international databases suggest that over time, some
patients who are cured of testicular cancer have an increased
risk of mortality when compared with age- and gender-
matched controls. The authors reviewed these studies and
others describing the risk of developing SMNs in testicular
cancer survivors based on search criteria including testicular
cancer histologies and treatment regimens. This article
focuses on the development of non–germ cell SMNs that
develop in the decades following the diagnosis and treatment
of testicular cancer and its effect on mortality.

Orchiectomy and surveillance

With the exception of patients who present with very
advanced disease necessitating urgent therapy, the diagnosis
of testicular cancer is made following a radical inguinal
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orchiectomy, which completely removes the cancerous
testicle. Patients with clinical stage I disease (CS I), defined
as no disease beyond the testicle at the time of diagnosis,
frequently select active surveillance after orchiectomy as
their treatment strategy. With active surveillance, no adju-
vant therapy is given, and patients are monitored by
physical examination, tumor markers, and imaging studies
for a period, usually 5 years, after diagnosis. Unless a
patient develops recurrent testicular cancer, no treatment
beyond orchiectomy is administered. As most relapses in
patients with CS I disease are in retroperitoneal nodes and
are asymptomatic, surveillance protocols rely heavily on
retroperitoneal imaging. Although a few testicular cancer
surveillance strategies use ultrasound imaging of the retro-
peritoneum, most patients undergo episodic abdominopelvic
computerized tomography (APCT) and chest x-rays. In the
National Comprehensive Cancer Network (NCCN) Clinical
Practice Guidelines In Oncology (NCCN Guidelines) [1],
the number of recommended CT scans in asymptomatic
patients ranges from 5 to 8 depending on the histology of
the primary tumor and the risk of recurrence following
orchiectomy, which is approximately 15% for patients with
CS I seminomatous tumors, 10% for patients with CS I low-
risk nonseminomatous tumors, and up to 50% for those
with high-risk CS I nonseminomatous tumors. Both chest
x-rays and APCT scans expose patients to ionizing radia-
tion, although the exposure is much lower with a chest x-
ray (0.02 mSv) than with an APCT scan or a chest CT scan
(10 mSv) [2]. Ionizing radiation is a known carcinogen. The
exact risk of developing a radiation-induced malignancy
after low-dose exposure, such as a chest x-ray, is con-
troversial. However, concerns have been raised regarding
obtaining repeated APCT scans taken in this young patient
population [3,4]. Brenner et al. estimated that approxi-
mately 1.5% of all cancers in the United States could be
attributed to the radiation from diagnostic CT scans [2].
Although concerning, this number should be put into
perspective. A second modeling study suggested that the
lifetime attributable risk of mortality from cancer for an
individual is extremely small (0.02%) following an abdomi-
nal CT taken at 35 years of age [3].

A modeling study looking at the risk of developing a
radiation-induced SMN after CT scans was reported in 2009
by Tarin et al. [2]. Using sets of normalized dose data for
different normal soft tissues provided by the National
Radiological Protection Board following a typical APCT
scan, the authors estimated a 1 in 52 (1.9%) lifetime cancer
risk for an 18-year-old patient and a 1 in 63 (1.2%) risk for
a 40-year-old patient after 13 to 16 scans. These rates
increased with the addition of a chest CT scan to 2.6% and
1.8%, respectively. It is well established that beyond very
low doses of ionizing radiation, the risk of developing a
secondary cancer increases linearly as the dose of ionizing
radiation increases. Furthermore, young patients are con-
sidered more at risk, as they have longer to live and more
time to develop a radiation-induced malignancy. This study

did not consider lifestyle factors associated with an increased
risk developing of cancer, such as tobacco use. A study
performed by Chamie et al. [5] retrospectively compared the
risk of developing an SMN for patients who underwent a
retroperitoneal lymph node dissection with that of those who
did not, based on the assumption that most patients in the
first group underwent surveillance only. With a median
follow-up time of 15 years, an increased rate of developing
SMNs was identified only in patients older than 45 years at
the time of SMN diagnosis who did not undergo retroper-
itoneal lymph node dissection, but this study did not look at
other risk factors for development of SMNs, such as positive
family history or tobacco use. In a study of 2,569 testicular
cancer survivors managed with surveillance, at a median
follow-up time of 11 years, the hazard ratio for developing
SMNs per 10 mSv increase was 0.99 (95% CI: 0.95–1.04)
[4]. The median number of CT scans in this cohort was 10,
with a median radiation dose of 110 mSv. However, as the
authors pointed out, longer follow-up may be necessary to
detect any increased risk of developing SMNs.

Although the risk of developing an SMN may be small
after diagnostic exposure to radiation, most authors agree that
the possible risks should be minimized. To do so, the NCCN
Guidelines for active surveillance in testicular cancer have
been changed to minimize the number of APCT scans
undertaken per patient [1]. Furthermore, low-dose CT scans
have been tested and found to be readable and useful for
surveillance, further decreasing the exposure and potential
risk. In a study of 100 patients with testicular cancer
undergoing CT-based surveillance, low- and standard-dose
CT scans were taken for each patient [6]. The authors
reported that the low-dose CT provided a diagnostically
acceptable image for 99% of patients and achieved a 55%
reduction in ionizing radiation dose. Low-dose CT scan has
become the standard of care in many institutions, and its use
is encouraged by most testicular cancer specialists. An
obvious question is whether magnetic resonance imaging
(MRI) could be substituted for CT-based imaging, as MRI is
unassociated with ionizing radiation and the risk of an
induced malignancy. Unfortunately, MRI of the retroperito-
neum requires special breath-holding and sequencing techni-
ques that are not widely available, and it is not recommended
outside centers of excellence. A British randomized trial
comparing CT-based surveillance with MR-based surveil-
lance recently reached its enrollment goals, but it will be
several years before the results of this study are known [7].

Radiation therapy

One of the earliest reports of an increased risk of
developing SMNs following therapeutic radiation for tes-
ticular cancer dates back to 1984. Hay et al. [8] reported on
the outcomes of 897 patients with testicular cancer who
received radiotherapy between 1950 and 1969. With a mean
follow-up of 15 years, the observed incidence of SMNs was
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