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Platinum Exposure and Cause-Specific Mortality Among
Patients With Testicular Cancer

Harmke J. Groot, MSc YT Flora E. van Leeuwen, PhD'; Sjoukje Lubberts, MD?% Simon Horenblas, MD®; Ronald de Wit, MD%;
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Otto W. M. Meijer, MD'®; Igle J. de Jong, MD"; Hetty A. van den Berg, MD'?; Tineke J. Smilde, MD™; Ben G. L. Vanneste, MD':
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and Michael Schaapveld, PhD'

BACKGROUND: Although testicular cancer (TC) treatment has been associated with severe late morbidities, including second malignant
neoplasms (SMNs) and ischemic heart disease (IHD), cause-specific excess mortality has been rarely studied among patients treated
in the platinum era. METHODS: In a large, multicenter cohort including 6042 patients with TC treated between 1976 and 2006, cause-
specific mortality was compared with general population mortality rates. Associations with treatment were assessed with proportional
hazards analysis. RESULTS: With a median follow-up of 17.6 years, 800 patients died; 40.3% of these patients died because of TC. The
cumulative mortality was 9.6% (95% confidence interval [Cl], 8.5%-10.7%) 25 years after TC treatment. In comparison with general popu-
lation mortality rates, patients with nonseminoma experienced 2.0 to 11.6 times elevated mortality from lung, stomach, pancreatic, rectal,
and kidney cancers, soft-tissue sarcomas, and leukemia; 1.9-fold increased mortality (95% Cl, 1.3-2.8) from IHD; and 3.9-fold increased
mortality (95% ClI, 1.5-8.4) from pneumonia. Seminoma patients experienced 2.5 to 4.6 times increased mortality from stomach, pan-
creatic, bladder cancer and leukemia. Radiotherapy and chemotherapy were associated with 2.1 (95% Cl, 1.8-2.5) and 2.5 times higher
SMN mortality (95% ClI, 2.0-3.1), respectively, in comparison with the general population. In a multivariable analysis, patients treated
with platinum-containing chemotherapy had a 2.5-fold increased hazard ratio (HR; 95% Cl, 1.8-3.5) for SMN mortality in comparison
with patients without platinum-containing chemotherapy. The HR for SMN mortality increased 0.29 (95% Cl, 0.19-0.39) per 100 mg/m?
platinum dose administered (P, 4 < .001). IHD mortality was increased 2.1-fold (95% Cl, 1.5-4.2) after platinum-containing chemotherapy
in comparison with patients without platinum exposure. CONCLUSIONS: Platinum-containing chemotherapy is associated with a dose-
dependentincreaseintherisk of SMN mortality. Cancer2020;126:628-639. © 2019 The Authors. Cancer published by Wiley Periodicals, Inc.on
behalf of American Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial
License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used
for commercial purposes.
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INTRODUCTION
The prognosis of testicular cancer (TC) has greatly improved since the late 1970s because of the introduction of
cisplatin-containing combination chemotherapy for disseminated TC, improvements in radiation techniques, and better
supportive care."” Currently, in Europe, the 10-year TC-specific survival is higher than 95%."

TC treatment may, however, cause detrimental long-term health effects for TC survivors. Previous studies have
shown that radiotherapy is associated with increased morbidity’” and mortality from second malignant neoplasms

Corresponding author: Michael Schaapveld, PhD, Department of Psychosocial Research and Epidemiology, Netherlands Cancer Institute, Plesmanlaan 121, 1066 CX
Amsterdam, the Netherlands; m.schaapveld@nki.nl

'Department of Psychosocial Research and Epidemiology, Netherlands Cancer Institute, Amsterdam, the Netherlands; 2Department of Medical Oncology, University
Medical Center Groningen, Groningen, the Netherlands; *Department of Radiation Oncology, Netherlands Cancer Institute, Amsterdam, the Netherlands; *Department
of Medical Oncology, Erasmus Medical Center Cancer Institute, Rotterdam, the Netherlands; *Department of Urology, Radboud University Medical Center, Nijmegen,
the Netherlands; ®°Department of Medical Oncology, Cancer Center, University Medical Center Utrecht, Utrecht, the Netherlands; ’Department of Radiation Oncology,
Dr. Bernard Verbeeten Institute, Tilburg, the Netherlands; 2 Department of Radiation Oncology, Curie Institute, Paris, France; >Department of Radiation Oncology, Academic
Medical Center, Amsterdam, the Netherlands; '°Department of Radiation Oncology, VU University Medical Center Amsterdam, Amsterdam, the Netherlands; ' Department
of Urology, University Medical Center Groningen, University of Groningen, Groningen, the Netherlands; '?Department of Radiotherapy, Catharina Hospital, Eindhoven, the
Netherlands; ">Department of Medical Oncology, Jeroen Bosch Hospital, 's-Hertogenbosch, the Netherlands; '*Department of Radiotherapy, Maastro Clinic, Maastricht,
the Netherlands; '°Department of Medical Oncology, Maastricht University Medical Center, Maastricht, the Netherlands; '°Department of Biostatistics, Netherlands
Cancer Institute, Amsterdam, the Netherlands; '’ Institute of Biostatistics and Registry Research, Brandenburg Medical School-Theodor Fontane, Neuruppin, Germany

We thank the Netherlands Comprehensive Cancer Registry, Statistics Netherlands, and E. S. Brinkman and J. W. ter Burg from the Cardiac Intervention Registry for
providing data. In addition, we thank T. Bootsma, M. Berkhof, S. Fase, E. Jansen, and K. Kooijman (Netherlands Cancer Institute, Amsterdam, the Netherlands) for data
collection from the medical records and all participating general practitioners for completing questionnaires.

Additional supporting information may be found in the online version of this article.

DOI: 10.1002/cncr.32538, Received: March 24, 2019; Revised: August 7, 2019; Accepted: August 9, 2019, Published online November 15, 2019 in Wiley Online Library
(wileyonlinelibrary.com)

628 Cancer  February 1, 2020


https://orcid.org/0000-0002-5793-3106
mailto:﻿
http://creativecommons.org/licenses/by-nc/4.0/
mailto:m.schaapveld@nki.nl

Mortality After Testicular Cancer Treatment/Groot et al

(SMN5s).%® A recent study from our group observed that
chemotherapy was associated with SMN incidence as
well.” Chemotherapy has been associated with increased
cardiovascular disease (CVD) morbiditym'13 and excess
CVD mortality,'*!® but the data are less consistent.

Few studies have assessed long-term cause-specific
excess mortality after TC treatment. In a large, inter-
national cohort study including 1-year TC survivors
(n = 38,907), Fossa et al'® observed 1.4-fold increased
CVD mortality after chemotherapy among patients
treated between 1943 and 2002. More recently, among
US patients treated between 1980 and 2010, Fung et al
found increased CVD mortality only in the first year after
chemotherapy for nonseminoma. They also reported
increased mortality due to pneumonia and influenza in
comparison with the general population, whereas Fossa
et al observed an increased risk of death due to fibrosis
and pneumonitis.' "

Since the 1980s, TC treatment intensity has gradu-
ally been reduced with decreases in the radiotherapy field
size and dose among patients with seminoma, with the
introduction of surveillance for stage I disease, and with
fewer cycles of chemotherapy for patients with nonsem-
inoma.”'*'®!” The impact of these changes on cause-
specific excess mortality among more recently treated
TC survivors is not yet clear. Therefore, we examined
cause-specific mortality within a large, multicenter Dutch
cohort of patients with TC diagnosed in the cisplatin era
between 1976 and 2006.

MATERIALS AND METHODS

Study Population and Design
A hospital-based cohort was established that included
6124 patients with TC who were younger than 50 years
at their TC diagnosis and were treated in 13 Dutch hos-
pitals between 1976 and 2006 (Supporting Fig. 1).7%'°
The primary treatment was known for all patients. For
efficiency reasons, we used a case-cohort design to facili-
tate detailed treatment data collection while allowing the
assessment of multiple outcomes.'® A hospital-stratified
subcohort composing 15% of the base cohort (25% in
the coordinating hospitals Antoni van Leeuwenhoek and
University Medical Center Groningen) was randomly
selected. Before the analysis, 82 patients without follow-
up for vital status were excluded, and this left 6042
patients in the full cohort and 1138 patients in the ran-
domly selected subcohort for analysis.

We established vital status up to July 2016 for
93.7% of the patients through linkage with the Dutch
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Central Bureau for Genealogy, which collects genea-
logic information on all Dutch inhabitants, including
the date of death. For 378 patients (6.3%), the link-
age failed, and the vital status was obtained from the
patient’s general practitioner (GP) and/or tumor registries.
Information on the cause of death was retrieved from
hospital tumor registries, the patient’s medical chart, and
the GP and through linkage with the nationwide cause of
death registry at Statistics Netherlands up to January 1,
2016. Direct and indirect causes of death were (re)coded
according to the International Classification of Diseases,
Tenth Revision.

For all patients in the subcohort and for all patients
who had developed a predefined event (SMN, including
contralateral TC; ischemic heart disease [IHD]; heart fail-
ure; or diabetes mellitus) and were not part of the sub-
cohort, detailed treatment data were abstracted from the
medical charts; these data included chemotherapy regi-
mens, cumulative doses and numbers of cycles, and ra-
diotherapy fields and doses for primary treatment as well
as relapse treatment. The study protocol was submitted to
the institutional review board of the Netherlands Cancer
Institute, which waived the requirement for individual
patient consent.

All patients underwent an orchidectomy. For ear-
ly-stage seminoma, orchidectomy was usually followed by

1619 which was typically given to the infra-

radiotherapy,
diaphragmatic para-aortic, ipsilateral iliac, and inguinal
lymph nodes, with doses to delineated treatment fields
ranging from 30 to 35 Gy. Since the mid-1980s, radi-
ation doses have gradually decreased to 26 to 32 Gy."”
Patients with stage II to IV seminoma and nonseminoma
were primarily treated with cisplatin-containing combi-
nation chemotherapy (initially with cisplatin, vinblastine,
and bleomycin and since the mid-1980s with bleomycin,
etoposide, and cisplatin [BEP]).*° Although rare, 1.8% of
the patients (n = 10) in the subcohort who were treated
with chemotherapy (mainly patients with nonseminoma)
were treated with vinblastine, bleomycin, dactinomycin,
or a combination of these drugs between 1976 and 1980.
Surveillance after orchidectomy was standard treatment
for stage I nonseminoma from 1984 onward in most
hospitals.”!

Statistical Analysis

The time at risk started at the TC diagnosis and ended at
the date of death, the date of emigration, or January 1,
2016 (whichever came first). Mortality rates among pa-
tients with TC were compared with age-specific, calendar
period—specific, and site-specific cancer mortality rates in

629



Original Article

the Dutch male population. Standardized mortality ratios
(SMRes), absolute excess mortality (expressed per 10,000
person-years), and corresponding 95% confidence inter-
vals (Cls) were computed with standard methods and are
reported for the full cohort.'® General population mortal-
ity data from Statistics Netherlands for 1976-2015 were
used as reference rates. Unless otherwise stated, TC mor-
tality was excluded from analyses. Tests for homogene-
ity and trends of SMRs were performed within collapsed
person-time Poisson regression models; models were ad-
justed for age unless specified otherwise.”

Missing information on stage (7.5%), primary and
follow-up treatment (radiotherapy [0.8%], radiotherapy
field [13.5%], radiotherapy dose [11.8%], chemotherapy
[0.8%], chemotherapy regimen [5.1%], and number of
cycles [11.3%]), and weight, height, and smoking status
at the TC diagnosis (11.9%) were imputed for the cases
and subcohort members via ordered multiple imputation
by chained equations with 20 data sets and with patient
clusters ignored.'”*® Our results are based on adminis-
tered chemotherapy and radiation doses. Multinomial
models and linear regression models were used for im-
putation; the year and age at treatment, histology, age,
hospital, and cause-specific cumulative hazards of mortal-
ity calculated with a Cox regression model before impu-
tation were included as extra covariates.”’ Because of the
amount of missing data on body size area and cumulative
platinum dose, we based the administered platinum dose
on the number of administered cycles, which agreed well
with actual cumulative administered doses in milligrams
per meter squared of body surface area in patients without
missing data.

Cumulative mortality was estimated with death
due to TC as a competing risk,”> and trends over time
were evaluated via competing risk regression models with
adjustments for the age at TC diagnosis. Multivariable
proportional hazards models were used to assess associ-
ations of TC treatment with cause-specific mortality.
The time since TC treatment was used as the time scale,
and the partial likelihood function was adjusted for the
case-cohort analysis with Barlow’s inverse probability
weights.'"®? Treatment was included time-dependently,
and this allowed a patient to add person-time to a differ-
ent treatment category at the date on which treatment for
relapsed or contralateral TC was initiated.”® All analyses
were adjusted for age and smoking unless stated other-
wise. For a sensitivity analysis, we evaluated the effect of
clustering of patients within a treatment center by add-
ing a clustering term to the Cox models, and we adjusted
the variance for within-treatment center clustering. To
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assess excess relative risk by the administered treatment
dose, the linear increase in the hazard ratio (HR) for
dose categories (estimated from a Cox model with the
category value set at the median dose within that cate-
gory) was estimated via variance-weighted least squares
regression with weights equal to 1/variance of the HR
for each imputed data set. We assessed dose-response
relationships by first modeling the cause-specific HRs
as HR = 1 + P(dose), where B is the proportional
increase in the HR per unit increase in dose. We evaluated a
departure from linearity by including a quadratic dose
term in the model HR = 1 + fB(dose) + ®(dose)? and
testing whether the coefficient for the quadratic dose term
was @ = 0. Regression model estimates were pooled with
Rubin’s rule.”**> The proportional hazards assumption
was assessed with residual-based methods. Standard errors
are reported as robust standard errors. A P value < .05
was considered significant. Stata statistical software
(StataCorp LP, College Station, Texas; 2013) was used for

analysis.

RESULTS

The cohort comprised 2875 patients with seminoma and
3167 patients with nonseminoma (Table 1 and Supporting
Fig. 1). The median age of patients with seminoma was
35.0 years (interquartile range [IQR], 30.4-40.4 years),
whereas the median age of patients with nonseminoma
was 27.7 years (IQR, 23.3-33.6 years; P < .001). The
median follow-up was 17.6 years (IQR, 12.2-24.2 years);
22.7% of the patients were followed 25 years or longer.

Comparisons With the General Population

The cause of death was available for 96.1% of all 800 pa-
tients who had died up to January 1, 2016 (Table 2). Of
these 800 patients, 322 (40.3%) died of TC, 226 (28.3%)
died of SMNs other than TC, and 104 (13.0%) died of
diseases of the circulatory system. Non-TC mortality
was 1.4-fold increased (95% CI, 1.3-1.6) in comparison
with general population mortality rates. We observed
28.9 excess deaths from TC (95% CI, 25.8-32.3) and
13.0 excess deaths due to causes other than TC (95%
Cl, 9.1-17.1) per 10,000 person-years of follow-up.
In the univariate analysis, SMRs for non-TC mortality
decreased among older patients (P__ , <.001; Supporting
Tables 1 and 2). SMRs for non-TC mortality and SMN
mortality remained increased even 20 or more years after
treatment in comparison with general population rates,
without a clear trend in SMRs (P__ , = .24 for non-TC
mortality; P = .49 for SMN mortality; Supporting
Table 1). Adjusted for age and follow-up duration,
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TABLE 1. Baseline Characteristics for Patients With Testicular Cancer Treated Between 1976 and 2006

Characteristic

Cohort (n = 6042)

Seminoma (n = 2875) Nonseminoma (n = 3167)

Age at diagnosis, median (IQR), y
Age at diagnosis, No. (%)

31.7 (25.8-37.7)

<20y 330 (5.5)
20-29y 2269 (37.6)
30-39y 2381 (39.4)
40-49y 1062 (17.6)
Treatment period, No. (%)
1975-1985 968 (16.0)
1986-1995 1902 (31.5)
1996-2006 3172 (52.5)
Primary treatment, No. (%)
Orchidectomy only 1450 (24.0)
Radiotherapy + chemotherapy® 2255 (37.3)
Chemotherapy only 2337 (38.7)
Vital status (up to January 1, 2016), No. (%)
Alive 5145 (85.2)
Died 800 (13.2)
Emigrated 97 (1.6)
Follow-up, median (IQR), y 17.6 (12.2-24.2)

Follow-up, No. (%)

<1y 167 (2.8)
1-4y 206 (3.4)
5-9y 492 (8.1)
10-14y 1456 (24.1)
15-19y 1281 (21.2)
20-24y 1067 (17.7)
>25y 1373 (22.7)
Attained age at end of follow-up, median (IQR), y 50.4 (43.0-57.8)

35.0 (30.4-40.4) 27.7 (23.3-33.6)

1(0.7) 309 (9.8)
657 (22.9) 1612 (50.9)
1431 (49.8) 950 (30.0)

766 (26.4) 296 (9.4)
346 (12.0) 622 (19.6)
871 (30.3) 1031 (32.6)
1658 (57.7) 1514 (47.8)
401 (14.0) 1049 (33.1)

2086 (72.6) 169 (5.3)
388 (13.5) 1949 (61.5)
2532 (88.1) 2613 (82.5)
297 (10.3) 503 (15.9)

46 (1. 51 (1.
16.9 (12.3-23.2) 18.2 (12.1-25.3)

1.3) 129 (5.1)

6 (1.9) 150 (4.7)
250 (8.7) 242 (7.6)
805 (28.0 651 (20.6

)
)
548 (17.3)
822 (26.0)
47.6 (39.2-55.2)

)
)
519 (18.1)
551 (19.2)

(
(
(
(
626 (19.7
(
(
53.0 (46.4-60.3) (

38 (
56 (
(

(
656 (22.8
(

(

(

Abbreviation: IQR, interquartile range.

20ne hundred sixteen patients (1.92%) had both radiotherapy and chemotherapy.

SMRs for non-TC mortality and SMN morrtality did not
decrease among more recently treated patients (1996-
2007) in comparison with those treated between 1976
and 1985 and between 1986 and 1995 (P, = .49
for non-TC mortality; 2, = .80 for SMN mortality;
Supporting Table 3). However, SMRs for noncancer mor-
tality did decrease over time (P < .001).

Neither SMN mortality nor IHD mortality was
increased among patients treated with surgery only
(Supporting Table 4). Primary radiotherapy was associ-
ated with increased SMN mortality (SMR, 2.1; 95% CI,
1.8-2.5), especially due to colorectal, pancreatic, and uro-
logic SMNs, but not with noncancer mortality. Primary
chemotherapy was also associated with increased SMN
mortality (SMR, 2.5; 95% CI, 2.0-3.1) and specifically
with increased mortality from lung, colorectal, and non-
colorectal gastrointestinal (GI) SMNs and leukemia. The
receipt of chemotherapy was also associated with a 2.1-
fold increased SMR for IHD (95% CI, 1.3-3.2) and a
2.8-fold increased SMR for respiratory diseases (95% CI,
1.3-5.1).

For patients with seminoma, non-TC mortality was
1.3-fold increased (95% CI, 1.1-1.4). SMN mortality was
significantly elevated (116 deaths; SMR, 1.6), particularly
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because of SMNGs of the pancreas (18 deaths; SMR, 4.6),
stomach (7 deaths; SMR, 2.5), and bladder (6 deaths;
SMR, 4.4) and leukemia (6 deaths; SMR, 3.2; Table 2).
Mortality due to urogenital diseases (5 deaths; SMR,
3.6) was also increased, and this mainly reflected deaths
from chronic kidney diseases. For patients with nonsem-
inoma, non-TC mortality was 1.7-fold higher than ex-
pected (95% CI, 1.5-1.9; Table 2) and did not decrease
 end = -6 for
treatment period; Supporting Table 2). SMN mortality
was significantly elevated (110 deaths; SMR, 2.3), par-
ticularly because of SMNs of the lungs (26 deaths; SMR,
2.0), esophagus (6 deaths; SMR, 2.8), stomach (6 deaths;
SMR, 3.2), pancreas (7 deaths; SMR, 2.7), rectum
(6 deaths; SMR, 4.8), and kidneys (7 deaths; SMR, 5.9),
soft-tissue sarcomas (6 deaths; SMR, 11.6), and leukemia
(6 deaths; SMR, 4.1; Table 2). Patients with nonsemi-
noma also experienced increased mortality from IHD (29
deaths; SMR, 1.9) and pneumonia (6 deaths; SMR, 3.9).
Additional analysis showed that the SMR for soft-tissue
sarcoma was increased 7.6-fold (95% CI, 1.6-22.3) after
1 to 5 years of follow-up and 6.9-fold (95% CI, 2.2-16.2)
after 5 or more years of follow-up in all TC survivors.

among more recently treated patients (7

However, these analyses are based on fewer than 10 cases.
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Figure 1. Cumulative mortality due to TC, all causes other than
TC, second malignant neoplasms other than TC, causes other
than cancer, and cardiovascular disease for (A) all patients with
TC combined, (B) patients with seminoma, and (C) patients
with nonseminoma. TC indicates testicular cancer.

Cumulative Mortality
The cumulative mortality was 9.6% (95% CI, 8.5%-
10.7%) 25 years after TC treatment (Fig. 1). Cumulative
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mortality was lower for more recently treated patients
(P.nqg = -026). The 15- and 25-year SMN mortality
rates were 1.2% (95% CI, 0.6%-2.0%) and 5.1% (95%
Cl, 3.8%-6.7%), respectively, in 1976-1985 and 2.1%
(95% CI, 0.8%-1.8%) and 4.1% (95% ClI, 3.2%-5.2%),
respectively, in 1986-1995, whereas the 15-year cumula-
tive mortality rate was 1.6% (95% CI, 1.1%-2.1%) in
1996-2006 (Supporting Fig. 2). Correspondingly, CVD
mortality was 1.5% (95% CI, 0.9%-2.4%) and 3.7%
(95% CI, 2.6%-5.0%) in 1976-1985 and 0.5% (95% CI,
0.3%-0.9%) and 1.8% (95% CI, 1.2%-2.6%) in 1986-
1995 at 15 and 25 years, respectively, whereas the 15-year
cumulative mortality was 1.7% (95% CI, 1.2%-2.3%)
in 1996-2006. SMN mortality slightly decreased over
time for both patients with seminoma (P, = .052) and

patients with nonseminoma (P, = .OrinZd; Supporting
Fig. 2). The 25-year cumulative mortality due to SMNs
was 4.6% (95% CI, 3.9%-5.4%). The 25-year cumulative
CVD mortality was low at 2.3% (95% CI, 1.8%-2.9%)
and decreased among more recently treated patients

(Ptl‘el'l
and patients with nonseminoma (Supporting Fig. 2). TC
mortality decreased substantially until the mid-1980s,
whereafter mortality seemed to stabilize (Supporting

Fig. 3).

4 <.001), including both patients with seminoma

Cause-Specific Mortality and TC Treatment:
Case-Cohort Analysis

In a multivariable analysis, platinum-containing chemo-
therapy was associated with 2.5 times increased SMN
mortality (95% CI, 1.8-3.5) in comparison with sur-
gery only, whereas GI tract SMN mortality was 3.1-fold
increased (95% CI, 1.7-5.7) among platinum-treated
patients (Table 3). Both colorectal (P, = .006) and
noncolorectal GI tract SMN mortality (P, < .001)
increased with a higher dose of cisplatin-containing
chemotherapy, with the receipt of platinum-containing
chemotherapy at 400 to 499 and >500 mg/m” being as-
sociated with 2.4 and 6.4 times increased noncolorectal
GI cancer mortality, respectively, in comparison with pa-
tients not receiving platinum-containing chemotherapy.
A dose-response relationship was observed between SMN
mortality and the cumulative administered platinum
dose in particular for GI tract SMNs (Fig. 2), with the
HR for mortality due to any SMN increasing linearly by
0.29 (95% CI, 0.19-0.39; P, ., < .001) per 100 mg/m”
administered platinum dose, whereas the HR for mortality
due to GI tract SMNs linearly increased by 0.66 (95%
CL 0.35-0.99; P__, < .001) per 100 mg/m” adminis-
tered platinum dose. Lung cancer mortality increased 1.9
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Figure 2. Mortality from (A) any SMNs and (B) gastrointestinal
SMNs by the cumulative dose of platinum-containing CT (mg/m?
of body surface area). HR estimates (ERRs) were derived
from models adjusted for age (continuous), smoking at
testicular cancer diagnosis, supradiaphragmatic radiotherapy,
and subdiaphragmatic radiation dose. Circles represent HR
estimates for dose categories (no platinum-containing CT and
>0-399, 400-499, and >500 mg/m2 of body surface area) and
are plotted at the median dose in each category (0, 300, 400,
and 600 mg/m? respectively). Dose-response relationships
were based on the categorical dose as an outcome, with the
category set at the median dose within that category. Vertical
lines reflect the 95% Cls around the HRs for dose categories.
The dashed line in panel A is the best fitting dose-response
relationship and reflects a linear increase in the mortality risk
from any SMN, with 0.29 (95% CI, 0.19-0.39; P < .001) added
to the HR for each additional platinum-containing CT dose of
100 mg/m? body surface area. The dashed line in panel B is
the best fitting dose-response relationship and reflects a linear
increase in gastrointestinal SMN mortality risk, with 0.66 (95%
Cl, 0.35-0.97; P < .001) added to the HR for each additional
platinum-containing CT dose of 100 mg/m? of body surface
area. Cl indicates confidence interval; CT, chemotherapy; ERR,
excess relative risk; HR, hazard ratio; SMN, second malignant
neoplasm.

times (95% CI, 0.9-4.1) after chemotherapy and tended
to increase with an increasing administered dose of plati-
num-containing chemotherapy (7, = .076). Smoking

trend —
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at the TC diagnosis was an independent risk factor associ-
ated with 3.8 times increased lung cancer mortality (95%
CI, 1.7-8.5). IHD mortality increased 2.1 times (95%
CI, 1.5-4.2) after platinum-containing chemotherapy in
comparison with patients without platinum exposure.
IHD mortality also increased 3.4 times (95% CI, 1.4-8.3)
among patients who smoked at the TC diagnosis.

The infradiaphragmatic radiation dose was also
associated with increasing SMN mortality (P, <.001).
Noncolorectal GI tract SMN mortality also increased with
a higher infradiaphragmatic radiation dose. The adminis-
tered infradiaphragmatic radiation dose showed a linear
dose-response relationship, with the HR for any SMN
increasing by 0.05 (95% CI, 0.03-0.07; P __, < .001)
and the HR for GI tract SMN mortality increasing by
0.12 (95% CI, 0.09-0.15; P__ , < .001) per gray of radi-
ation administered (Fig. 3).

A complete case analysis, including only patients
with nonmissing treatment data, showed similar results in
comparison with the analysis incorporating imputed data.
A sensitivity analysis with clustering on treatment cen-
ter showed similar results for treatment-associated risks

(Supporting Table 5).

DISCUSSION

In this large, multicenter cohort of Dutch patients with
TC treated between 1976 and 2006, we observed increased
mortality from SMNs as well as causes other than can-
cer, particularly IHD. Although a few studies previously
reported increased mortality from solid SMNs, leukemia,
and CVD among patients with TC, our study is the first
to report that an increasing administered platinum dose is
associated with a linearly increasing risk of SMN mortal-
ity, particularly mortality due to GI cancer.>*'>¢%% Qur
study further adds to mortality estimates in previous stud-
ies by including primary and follow-up treatment and
providing mortality risk estimates after more prolonged
follow-up of patients treated with platinum-containing
chemotherapy.

Both chemotherapy and radiotherapy have previ-
ously been associated with an increased risk of various
solid SMNs, including GI and urologic malignan-
cies.”®19262930 Radiotherapy and chemotherapy were
associated with SMN mortality (SMR for radiotherapy,
2.1; 95% CI, 1.8-2.5; SMR for chemotherapy, 2.5; 95%
CI, 2.0-3.1). Our observation of an increasing risk of
mortality due to SMNs with a higher cumulative dose
of platinum-based chemotherapy is consistent with a
dose-dependent increase in the solid SMN incidence,
which we recently reported.'® Kier et al® also recently
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Figure 3. Mortality from (A) SMNs and (B) gastrointestinal
SMNs by the administered infradiaphragmatic RT dose. HR
estimates (ERRs) were derived from models adjusted for
age (continuous), smoking at testicular cancer diagnosis,
supradiaphragmatic RT, and platinum dose. Dose-response
relationships were based on the categorical dose as an
outcome, with the category set at the median dose within
that category. Circles represent estimates for dose categories
(no infradiaphragmatic RT and >0-26, 27-32, 33-36 Gy, and
>36 Gy) and are plotted at the median dose in each category
(0, 26, 30, 36, and 40 Gy, respectively). Vertical lines denote
the 95% Cls around the HRs for dose categories. The dashed
line in panel A is the best fitting dose-response relationship
and reflects a linear increase in SMN mortality, with 0.05 (95%
Cl, 0.03-0.07; P < .001) added to the HR for each additional
gray of infradiaphragmatic RT. The dashed line in panel B is
the best fitting dose-response relationship and reflects a linear
increase in gastrointestinal mortality, with 0.12 (95% CI, 0.09-
0.15; P < .001) added to the mortality rate for each additional
gray of infradiaphragmatic RT. Cl indicates confidence interval;
ERR, excess relative risk; HR, hazard ratio; RT, radiotherapy;
SMN, second malignant neoplasm.

reported 1.6-fold increased SMN mortality among pa-
tients with TC treated with platinum-containing che-
motherapy; risks were up to 5.8-fold increased among
patients treated with multiple lines of treatment in com-
parison with general population controls. In their study,

636

BEP chemotherapy was associated with increased mor-
tality from lung, esophageal, and bladder cancers, soft-
tissue sarcomas, and myeloid leukemia. We confirm their
findings, but our observations include renal cancer rather
than bladder cancer.

Cisplatin has been classified as a carcinogenic com-
pound and acts by crosslinking DNA.?"* Previously,
increased GI cancer incidence among childhood cancer
survivors has been reported after platinum exposure.”>
Exposure to platinum-containing chemotherapy has been
suggested to cause GI polyposis in humans, although the
causal mechanism has not yet been established.*

Increased mortality from soft-tissue sarcomas was
observed among patients with nonseminoma. Our results
are in line with those of Kier et al,® who observed an in-
creased risk of soft-tissue sarcoma after the receipt of BEP
(median time, 12 years), whereas no increased risks were
observed after radiotherapy. Our soft-tissue sarcoma cases
died after a median follow-up of 10.6 years after primary
TC. We cannot exclude the idea that the high SMR for
sarcomas is partly due to late relapses, however rare.”’

Radiotherapy was also associated with increased
mortality from non-TC SMNs, and mortality remained
increased throughout follow-up. Previous studies, which
largely consisted of patients treated before the 1980s,
found a 1.5 to 1.9 times increased SMR from SMNs after
radiotherapy.>*** Excess mortality among irradiated
patients with seminoma followed beyond 15 years is consis-
tent with a radiation effect.**® Robinson et al* observed
excess cancer mortality only within the first 5 years after
the diagnosis among patients treated with modern radi-
ation techniques since the 1990s. A more recent Danish
population-based study observed 2.1 times increased
SMN mortality, particularly from stomach, pancreatic,
prostate, and bladder cancers, after radiation for TC
between 1984 and 2007.° Except for prostate cancer, we
also observed increased mortality for these malignancies
in our patients with seminoma.

A substantial proportion of all cancer deaths in our
cohort among patients with seminoma was attributable
to pancreatic cancer (18 deaths; 31% of SMN-related
excess deaths), a malignancy with a poor prognosis that
has not improved much over the last decades. A recent
study already reported a strongly increasing SMN risk
with higher radiation doses to the pancreas (excess relative
risk, 0.12 per gray of radiation).”® Because few patients
with seminoma nowadays undergo para-aortic radiation
and radiation doses for these patients are also generally
lower (<26 Gy), radiation-associated pancreatic cancer
mortality will likely decrease in the near future. On the

Cancer February 1, 2020
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other hand, we recently reported that platinum-containing
chemotherapy may also increase pancreatic cancer risk.”
IHD mortality was associated with the receipt of
platinum-containing chemotherapy in our study. In line
with our findings, chemotherapy exposure increased
circulatory disease mortality 1.4-fold in a large, inter-
national registry—based study including 38,907 patients
treated after 1975." Kier et al® noted borderline signifi-
cantly increased circulatory disease mortality after the
receipt of chemotherapy in comparison with the general
population in Danish patients treated between 1984
and 2007. Interestingly, Fung et al'* recently observed
increased CVD mortality only during the first year of
follow-up (based on only 6 cardiac deaths and 5 cerebro-
vascular disease deaths), although the median follow-up
was only 6.5 years after chemotherapy in their study.
Some case reports have described severe acute myocardial

3839 or stroke shortly after chemotherapy in TC

infarction
survivors,” although these events are rare and usually not
fatal. Differences in the underlying CVD risk factors,
lifestyles, and prophylactic use of low-molecular-weight
heparin to prevent platinum-associated thromboembolic
events may underlie these heterogeneous findings with
respect to CVD mortality.*"*

We found increased mortality from respiratory dis-
eases, particularly pneumonia, after exposure to chemo-
therapy in our cohort. Our results are in line with those of
Fossa et al,’> who observed increased respiratory mortal-
ity due to lung fibrosis and pneumonitis among patients
treated with primary chemotherapy after 1975. To our
knowledge, bleomycin has not been associated with side
effects other than lung fibrosis. Unfortunately, because
the current study did not include sufficient numbers
of patients who did not receive bleomycin (ie, patients
treated with etoposide and platinum), we cannot com-
pletely ascribe the increased mortality risks to platinum
exposure alone.

Strong features of the current study include its
extended follow-up and the availability of detailed treat-
ment data. Using time-dependent Cox regression, we were
able to more precisely allocate observation time to primary
and follow-up treatment, and this increased the reliability
of our results in comparison with other studies based on
primary treatment only. Limitations include the lack of
risk factors for cancer and cardiovascular mortality (ie,
lifestyle and smoking), although smoking behavior in our
cohort is not likely to differ from that of the general pop-
ulation." In addition, our analysis did not allow further
analysis for genitourinary malignancies because of the low
numbers of cases exposed to platinum. Despite our efforts
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to abstract compete treatment exposure information from
the medical records, we had missing data on, among
other things, the cumulative platinum dose and body
size. However, because dose reductions were rare and the
actual cumulative administered dose for patients for whom
we had complete information on dose and body surface
was highly comparable to the dose based on the number
of administered cycles of chemotherapy, in all our analy-
ses, we approximated the cumulative platinum dose with
the number of administered cycles of chemotherapy. We
acknowledge that we present many significance tests and,
therefore, caution against overinterpretation of our find-
ings, especially when they are based on P values > .001.

For 191 of the 226 patients (84.5%) who died of
an SMN and for 31 of the 51 patients (60.8%) who died
of IHD, detailed treatment data were available from the
medical records. For most of the patients who had died
of an SMN and for whom detailed treatment data were
missing, the date of death was later than the date of last
linkage with the Netherlands Cancer Registry and the
date of last information from the GP. We also identified
18 new fatal IHD events (among the 51 patients who
died of IHD) among patients without a known IHD his-
tory. For these patients, either the GP had not responded
to our request for information or the date of death was
later than the date of the last medical information that
we had received from the GP In the Netherlands, unfor-
tunately, tracing back patients identified on the basis of
data provided by the cause of death registry at Statistics
Netherlands is not allowed because of the privacy laws.
For these patients, treatment details were imputed.

Despite efforts to reduce the long-term toxicity
of TC treatment, we observed no decrease in overall
excess mortality or mortality due to cancers other than
TC among more recently treated patients, although abso-
lute excess mortality only modestly increased after 1995.
However, noncancer mortality decreased over time. Fossa
et al" previously reported a significantly increased SMR
from causes other than cancer of 1.07 for patients treated
before 1975 and of 1.04 for patients treated after 1975 in
comparison with general population rates, and this indi-
cated only a small mortality reduction over time. Finally,
treatment-associated mortality may be partdy due to
(interactions with) environmental and lifestyle factors
that also operate in the general population.

In conclusion, TC survivors treated in the plat-
inum era experience increased mortality from SMNs
in comparison with the general population, and this
appears in part due to exposure to platinum-containing
chemotherapy. This study also shows that exposure to
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platinum-containing chemotherapy is associated not only
with a dose-dependent increased SMN incidence but also
increased mortality from SMNs. Future studies and more
prolonged follow-up of patients treated more recently
with 3 or fewer (B)EP cycles are needed to better assess
whether low platinum doses indeed still increase the risk
for non-TC mortality. In the meantime, potential strat-
egies toward risk reduction (ie, screening for malignan-
cies of the GI tract as well as [risk factors for] CVDs) are
warranted among long-term survivors treated with higher
doses of platinum or para-aortic radiation. In addition,
through healthier lifestyle behaviors (particularly smoking
cessation, reduction of alcohol intake, increased physical
activity, and a healthy diet), mortality may be reduced.

FUNDING SUPPORT
This work was supported by the Dutch Cancer Society (grant 2011-5209).

CONFLICT OF INTEREST DISCLOSURES

Igle J. de Jong reports a travel grant from Bayer outside the submitted
work. Jourik A. Gietema reports institutional grants from Roche, AbbVie,
and Siemens outside the submitted work. The other authors made no
disclosures.

AUTHOR CONTRIBUTIONS

Harmke J. Groot: Conception and design, collection and assembly of data,
data analysis and interpretation, and manuscript writing. Flora E. van
Leeuwen: Conception and design, collection and assembly of data, data
analysis and interpretation, and manuscript writing. Sjoukje Lubberts:
Collection and assembly of data and manuscript writing. Simon Horenblas:
Provision of study materials or patients and manuscript writing. Ronald
de Wit: Provision of study materials or patients and manuscript writing.
J. Alfred Witjes: Provision of study materials or patients and manuscript
writing. Gerard Groenewegen: Provision of study materials or patients and
manuscript writing. Philip M. Poortmans: Provision of study materials or
patients and manuscript writing. Maarten C. C. M. Hulshof: Provision of
study materials or patients and manuscript writing. Otto W. M. Meijer:
Provision of study materials or patients and manuscript writing. Igle J.
de Jong: Provision of study materials or patients and manuscript writing.
Hetty A. van den Berg: Provision of study materials or patients and manu-
script writing. Tineke J. Smilde: Provision of study materials or patients
and manuscript writing. Ben G. L. Vanneste: Provision of study materi-
als or patients and manuscript writing. Maureen J. B. Aarts: Provision of
study materials or patients and manuscript writing. Katarzyna Jézwiak:
Data analysis and interpretation and manuscript writing. Alexandra W. van
den Belt-Dusebout: Collection and assembly of data and manuscript writ-
ing. Jourik A. Gietema: Provision of study materials or patients and manu-
script writing. Michael Schaapveld: Conception and design, collection and
assembly of data, data analysis and interpretation, and manuscript writing.

REFERENCES
1. Bray E Richiardi L, Ekbom A, Pukkala E, Cuninkova M, Moller H.

Trends in testicular cancer incidence and mortality in 22 European
countries: continuing increases in incidence and declines in mortality.
Int ] Cancer. 2006;118:3099-3111.

2. Vethoeven RH, Cocbergh JW, Kiemeney LA, Koldewijn EL,
Houterman S. Testicular cancer: trends in mortality are well explained
by changes in treatment and survival in the southern Netherlands since

1970. Eur ] Cancer. 2007;43:2553-2558.

638

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Richiardi L, Scelo G, Boffetta P, et al. Second malignancies among

survivors of germ-cell testicular cancer: a pooled analysis between 13
cancer registries. /nt /] Cancer. 2007;120:623-631.

. Robinson D, Moller H, Horwich A. Mortality and incidence of sec-

ond cancers following treatment for testicular cancer. Br J Cancer.

2007;96:529-533.

. 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 testicular cancer. / Clin Oncol. 2007;25:4370-4378.

. Kier MG, Lauritsen J, Mortensen MS, et al. Prognostic factors and

treatment results after bleomycin, etoposide, and cisplatin in germ cell
cancer: a population-based study. Eur Urol. 2017;71:290-298.

. Travis LB, Curtis RE, Hankey BE. Second malignancies after testicular

cancer. / Clin Oncol. 1995;13:533-534.

. Zagars GK, Ballo MT, Lee AK, Strom SS. Mortality after cure of testic-

ular seminoma. J Clin Oncol. 2004;22:640-647.

. Groot HJ, Lubberts S, de Wit R, et al. Risk of solid cancer after treat-

ment of testicular germ cell cancer in the platinum era. / Clin Oncol.
2018;36:2504-2513.

van den Belt-Dusebout AW, Nuver J, de Wit R, et al. Long-term risk
of cardiovascular disease in 5-year survivors of testicular cancer. / Clin
Oncol. 2006;24:467-475.

Haugnes HS, Wethal T, Aass N, et al. Cardiovascular risk factors and
morbidity in long-term survivors of testicular cancer: a 20-year follow-
up study. / Clin Oncol. 2010;28:4649-4657.

Huddart RA, Norman A, Shahidi M, et al. Cardiovascular disease as a
long-term complication of treatment for testicular cancer. / Clin Oncol.
2003;21:1513-1523.

Meinardi MT, Gietema JA, van der Graaf WT, et al. Cardiovascular
morbidity in long-term survivors of metastatic testicular cancer. / Clin
Oncol. 2000;18:1725-1732.

Fung C, Fossa SD, Milano MT, Sahasrabudhe DM, Peterson DR,
Travis LB. Cardiovascular disease mortality after chemotherapy or
surgery for testicular nonseminoma: a population-based study. / Clin
Oncol. 2015;33:3105-3115.

Fossa SD, Gilbert E, Dores GM, et al. Noncancer causes of death in
survivors of testicular cancer. / Natl Cancer Inst. 2007;99:533-544.
Schmoll HJ, Souchon R, Krege S, et al. European consensus on di-
agnosis and treatment of germ cell cancer: a report of the European
Germ Cell Cancer Consensus Group (EGCCCG). Ann Oncol. 2004;
15:1377-1399.

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;97:1354-1365.

Barlow WE, Ichikawa L, Rosner D, Izumi S. Analysis of case-cohort
designs. J Clin Epidemiol. 1999;52:1165-1172.

. Zagars GK, Babaian R]. Stage I testicular seminoma: rationale for

postorchiectomy radiation therapy. /nz ] Radiatr Oncol Biol Phys. 1987;
13:155-162.

de Wit R. Treatment of disseminated non-seminomatous testicular can-
cer: the European experience. Semin Surg Oncol. 1999;17:250-256.
Stoter G. Treatment strategies of testicular cancer in Europe. Int J
Androl. 1987;10:407-415.

Breslow NE, Day NE. Statistical methods in cancer research.
Volume II—the design and analysis of cohort studies. JARC Sci Publ.
1987;82:1-4006.

Fine J. A proportional hazards model for the subdistribution of a com-
peting risk. J Am Stat Assoc. 1999;94:496-509.

Rubin DB. Multiple Imputation for Nonresponse in Surveys. John
Wiley & Sons; 1987.

Greenland S, Longnecker MP. Methods for trend estimation form sum-
marized dose-response data, with applications to meta-analysis. Am J
Epidemiol. 1992;135:1301-1309.

Horwich A, Fossa SD, Huddart R, et al. Second cancer risk and mortal-
ity in men treated with radiotherapy for stage I seminoma. Br J Cancer.
2014;110:256-263.

Beard CJ, Travis LB, Chen MH, et al. Outcomes in stage I testicular
seminoma: a population-based study of 9193 patients. Cancer. 2013;
119:2771-2777.

Lauritsen J, Kier MG, Mortensen MS, et al. Germ cell cancer and
multiple relapses: toxicity and survival. / Clin Oncol. 2015;33:3116-
3123.

Cancer February 1, 2020



Mortality After Testicular Cancer Treatment/Groot et al

29.

30.

31.

32.

33.

34.

35.

Cancer

Hemminki K, Liu H, Sundquist J. Second cancers after testicular
cancer diagnosed after 1980 in Sweden. Ann Oncol. 2010;21:1546-
1551.

Hauptmann M, Borge Johannesen T, Gilbert ES, et al. Increased pan-
creatic cancer risk following radiotherapy for testicular cancer. Br J
Cancer. 2016;115:901-908.

Cepeda V, Fuertes MA, Castilla J, Alonso C, Quevedo C, Perez JM.
Biochemical mechanisms of cisplatin cytotoxicity. Anticancer Agents
Med Chem. 2007;7:3-18.

World Health Organization. IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans: Overall Evaluations of Carcinogenicity:
An Updating of IARC Monographs. World Health Organization; 1987.
Henderson TO, Oeffinger KC, Whitton J, et al. Secondary gastrointes-
tinal cancer in childhood cancer survivors: a cohort study. Ann Intern
Med. 2012;156:757-766.

Nottage K, McFarlane J, Krasin MJ, et al. Secondary colorectal carci-
noma after childhood cancer. / Clin Oncol. 2012;30:2552-2558.

Bassal M, Mertens AC, Taylor L, et al. Risk of selected subsequent car-
cinomas in survivors of childhood cancer: a report from the Childhood

Cancer Survivor Study. / Clin Oncol. 2006;24:476-483.

February 1, 2020

30.

37.

38.

39.

40.

41.

42.

Yurgelun MB, Hornick JL, Curry VK, et al. Therapy-associated pol-
yposis as a late sequela of cancer treatment. Clin Gastroenterol Hepatol.
2014;12:1046-1050.

Oldenburg J, Martin JM, Fossa SD. Late relapses of germ cell malig-
nancies: incidence, management, and prognosis. / Clin Oncol. 2006;
24:5503-5511.

Mermershtain W, Dudnik J, Gusakova I, Ariad S. Acute myocardial
infarction in a young man receiving chemotherapy for testicular cancer:
case report. / Chemother. 2001;13:658-660.

Bachmeyer C, Joly H, Jorest R. Early myocardial infarction during che-
motherapy for testicular cancer. Zumori. 2000;86:428-430.

Martinez BA, Correa EP. Unusually located stroke after chemotherapy
in testicular germ cell tumors. J Investig Med High Impact Case Rep.
2015;3:2324709615590198.

Gizzi M, Oberic L, Massard C, et al. Predicting and preventing throm-
boembolic events in patients receiving cisplatin-based chemotherapy
for germ cell tumours. Eur | Cancer. 2016;69:151-157.

Solari L, Kronig M, Thorst G, et al. High rates of thromboembolic
events in patients with germ cell cancer undergoing cisplatin-based

polychemotherapy. Urol Int. 2016;96:399-405.

639



