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Testicul r c ncer h s become the p r digm of  dult-onset c ncer survivorship, due to the young  ge  t di gnosis  nd 10-ye r
rel tive surviv l of 95%.*is clinic l review presents the current st tus of v rious tre tment-rel ted complic tions experienced by
long-term testicul r c ncer survivors (TCS) free of dise se for 5 or more ye rs  fter prim ry tre tment. C rdiov scul r dise se  nd
second m lign nt neopl sms represent the most common potenti lly life-thre tening l te effects. Other long-term  dverse
outcomes include neuro-  nd ototoxicity, pulmon ry complic tions, nephrotoxicity, hypogon dism, infertility,  nd  v scul r
necrosis. Future rese rch efforts should focus on deline tion of the genetic underpinning of these long-term toxicities to un-
derst nd their biologic b sis  nd etiop thogenetic p thw ys, with the go l of developing t rgeted prevention  nd intervention
str tegies to optimize risk-b sed c re  nd minimize chronic morbidities. In the interim, he lth c re providers should  dvise TCS
to  dhere to n tion l guidelines for the m n gement of c rdiov scul r dise se risk f ctors,  s well  s to  dopt beh viors consistent
with  he lthy lifestyle, including smoking cess tion,  b l nced diet,  nd  moder te to vigorous intensity exercise progr m. TCS
should  lso follow n tion l guidelines for c ncer screening  s currently  pplied to the gener l popul tion.

1. Introduction

Testicul r c ncer (TC) is the most common c ncer,  ffecting
young men  ged 18–39 ye rs [1]. Due to effective cispl tin-
b sed chemother py introduced in the 1970s [2], TC is
highly cur ble with  10-ye r rel tive surviv l  ppro ching
95% [3, 4]. However, tre tment-rel ted complic tions, in-
cluding c rdiov scul r dise se (CVD), second m lign nt
neopl sms (SMN), neuro-  nd ototoxicity, pulmon ry
complic tions, nephrotoxicity, hypogon dism, infertility,
 v scul r necrosis, cognitive imp irment,  nxiety/depression,
 nd chronic c ncer-rel ted f tigue,  ccomp ny these re-
m rk ble successes [5–7]. *ese  dverse outcomes of TC
 nd its ther py h ve emerged  s import nt issues for this
young cohort of survivors. In this review  rticle, we will
focus on toxicities due to cispl tin-b sed chemother py  nd
r diother py experienced by long-term survivors of TC,
which  re defined  s individu ls who  re dise se-free 5 ye rs

or more  fter prim ry tre tment [8]. Due to sp rse d t , the
risks of long-term toxicities  fter single-dose c rbopl tin for
st ge I seminom or one to two cycles of bleomycin, eto-
poside,  nd cispl tin (BEP) for st ge I nonseminom will not
be reviewed.

2. Cardiovascular Disease and Raynaud
Phenomenon

A few hypotheses h ve been proposed to expl in the p th-
ophysiology of CVD in TC survivors (TCS), including the
direct v scul r d m ge hypothesis, the indirect hypothesis,
 nd more recently the multiple-hit hypothesis [9, 10]. *e
direct v scul r d m ge hypothesis proposes th t cispl tin-
b sed chemother py c uses direct d m ge to the v scul r
endothelium [9]. In vitro exposure of endotheli l cells to
cispl tin or bleomycin c uses cytokine rele se  nd cyto-
toxicity [11, 12]. Von Willebr nd f ctor,  n infl mm tory

Hindawi
Advances in Urology
Volume 2018, Article ID 8671832, 20 pages
https://doi.org/10.1155/2018/8671832

mailto:chunkit_fung@urmc.rochester.edu
http://orcid.org/0000-0002-9384-0732
http://orcid.org/0000-0002-0097-1574
https://doi.org/10.1155/2018/8671832


m rker rele sed by endotheli l cells in response to v scul r
d m ge, incre ses in TC p tients during chemother py [13].
Other m rkers of infl mm tion  nd endotheli l dysfunc-
tion  re  lso evident  fter cispl tin-b sed chemother py,
including fibrinogen, tissue-type pl sminogen  ctiv tor,  nd
high-sensitivity C-re ctive protein [14, 15]. Micro lbumin-
uri is present in  n incre sed number of TC p tients tre ted
with cispl tin-b sed chemother py [14, 16], which is  clin-
ic l m nifest tion of systemic v scul r dysfunction th t
independently predicts for v scul r events, including stroke
 nd myoc rdi l inf rction (MI) [17]. In one study, micro-
 lbuminuri persisted in 22% of TCS tre ted with cispl tin-
b sed chemother py  fter  medi n follow-up of 14 ye rs [16].

A prior investig tion [15] showed th t the c rotid intim l
medi l thickness of TC p tients, which correl tes with
incre sed risk of cerebrov scul r  ccidents  nd MI [18], sig-
nific ntly incre sed during  3.5-month course of cispl tin-
b sed chemother py. *is r te of incre se w s signific ntly
higher th n the  nnu l ch nge observed in c rotid intim l
medi l thickness in the gener l popul tion. Acute  lter tions
in di stolic he rt function were reported in  study [19] of
14 TC p tients three months  fter initi tion of 3 to 4 cycles
of chemother py with BEP; these included signific nt de-
cre ses in the left ventricul r end-di stolic  nd stroke vol-
umes. Other suggested mech nisms of direct v scul r
d m ge include cispl tin-induced v sosp sm due to hypo-
m gnesemi [20–23]  nd incre sed form tion of proco -
gul nt endotheli l microp rticles rele sed by endotheli l
cells, triggering thrombin gener tion  nd hyperco gul bility
[24, 25].

R yn ud phenomenon is  nother clinic l m nifest tion
of v scul r d m ge  nd is estim ted to be present in  p-
proxim tely 25% to 61% of TCS [26–30]. *e onset of symp-
toms from R yn ud phenomenon gener lly begins within 4
to 12 months of chemother py, with 25% experiencing these
symptoms up to 20 ye rs [14]. Bleomycin is strongly  sso-
ci ted with the development of R yn ud phenomenon. In  
r ndomized study [31] of 395 p tients with good-risk me-
t st tic nonseminom , 8% of p tients r ndomized to BEP
developed R yn ud phenomenon comp red to none under-
going etoposide  nd cispl tin (EP). Vinbl stine  nd cispl tin
 re other chemother peutic  gents th t m y contribute to
this toxicity [28–30, 32].

*e indirect hypothesis postul tes th t cispl tin-b sed
chemother py incre ses the prev lence of CVD risk f ctors
in TCS, resulting in incre sed CVD events [9]. Multiple
studies [14, 16, 30, 33–40] h ve reported incre sed frequency
of hyperlipidemi , hypertension, di betes, insulin resist nce,
 nd met bolic syndrome  mong TC p tients  fter tre tment
with chemother py comp red to surgery-only comp rison
groups or controls derived from the gener l popul tion
(T ble 1). Although sever l studies [36, 38, 41] showed th t
met bolic syndrome  nd its individu l components  re
 ssoci ted with testosterone deficiency  nd hypogon dism,
most TCS with CVD risk f ctors h ve norm l testosterone
levels [33]. Decre sed testosterone levels m y c use endo-
theli l dysfunction, imp ir v scul r smooth muscle re-
 ctivity, incre se intim  nd medi thickness of vessels,  nd
incre se synthesis of proinfl mm tory cytokines [42–44].

In  n investig tion by H ugnes et  l. [33], rel tionships with
both hypogon dism  nd cumul tive dose of cispl tin  nd
met bolic syndrome were ev lu ted  mong 1135 Norwegi n
TCS. Comp red to the surgery group, TCS who received  
cumul tive dose of cispl tin >850mg h d  signific nt 2.8-
fold incre sed odds of met bolic syndrome, with both tot l
serum testosterone  nd smoking history (≥20 p ck-ye rs)
being independent predictive f ctors in multiple regression
models.

A multiple-hit hypothesis th t encomp sses both the
direct  nd indirect hypotheses h s recently been proposed
to expl in the elev ted risk of CVD  mong TCS [10, 45].
*is model hypothesizes th t multiple f ctors inter ct
synergistic lly to incre se the risks of CVD  mong TCS,
including orchiectomy-derived subclinic l hypogon dism,
chemother py-induced v scul r injury, chemother py-
rel ted disturb nce of met bolic homeost sis,  nd other
TC tre tment-rel ted toxicities [10].

*e rel tive risk of CVD  mong TCS tre ted with
chemother py is 1.4- to 7.1-fold signific ntly higher com-
p red to the gener l popul tion or to those m n ged with
surveill nce only [16, 34, 35, 46, 47]. A British study [35] of
390 TCS tre ted with chemother py between 1982  nd 1992
 t  medi n follow-up of 9.7 ye rs showed  7% incidence of
 ngin , MI or sudden c rdi c de th, with  n elev ted  ge-
 djusted rel tive risk (RR) of 2.6 (95% confidence interv l
(CI) 1.2–5.8) when comp red with TC p tients tre ted with
surgery  lone. In  retrospective study [46] of  n tionwide
cohort of 2707 5-ye r TCS in the Netherl nds (1965–1995)
 fter  medi n follow-up of 17.6 ye rs, cispl tin-b sed che-
mother py (cispl tin, vinbl stine, bleomycin (PVB) or BEP)
incre sed the risk of CVD by 1.7-fold (95% CI 1.1–2.5) when
comp red with  ge  nd sex-m tched d t in the gener l
Dutch popul tion.

To determine CVD risk  fter modern-er cispl tin-b sed
chemother py in TC p tients, H ugnes et  l. [34] ev lu ted
the prev lence of c rdiov scul r risk f ctors  nd long-term
incidence of CVD  mong 990 5-ye r TC survivors (medi n
follow-up: 19 ye rs). All cytotoxic tre tment groups (r di-
 tion only, chemother py only,  nd combined r di tion/
chemother py) h d signific ntly incre sed prev lence of
us ge of  ntihypertensive medic tions comp red with  ge-
m tched m le controls in the gener l popul tion. *e odds
of di betes were higher in the r di tion (odds r tio (OR) 2.3;
95% CI 1.5–3.7)  nd r di tion/chemother py groups (OR 3.9;
95% CI 1.4–10.9) comp red to controls [34]. Using  ge-
 djusted Cox regression  n lyses, incre sed risks of  thero-
sclerotic dise se were reported in the r di tion only (h z rd
r tio (HR) 2.3; 95% CI 1.04–5.3), chemother py only (HR
2.6; 95% CI 1.1–5.9),  nd combined r di tion/chemother py
cohorts (HR 4.8; 95% CI 1.6–14.4) comp red to those
m n ged with surgery only [34]. Tre tment with BEP  lone
incre sed the risk of coron ry  rtery dise se by 5.7-fold (95%
CI 1.9–17.1) comp red with surgery only, while the risk for
MI incre sed by 3.1-fold (95% CI 1.2–7.7) comp red with
 ge-m tched m le controls [34].

Using  ge- djusted Cox regression  n lyses, incre sed
risks of  therosclerotic dise se were reported  fter r di tion
only (HR 2.3; 95% CI 1.04–5.3), chemother py only (HR 2.6;
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95% CI 1.1–5.9),  nd combined r di tion/chemother py
(HR 4.8; 95% CI 1.6–14.4) comp red with surgery only
(P-trend� 0.02) [34]. In p rticul r, tre tment with BEP
 lone incre sed CAD risk by 5.7-fold (95% CI 1.9–17.1)
comp red with surgery only  nd incre sed MI risk by 3.1-
fold (95% CI 1.2–7.7) comp red with  ge-m tched m le
controls [34].

Sever l studies [48–50] h ve ex mined the extent to which
incre sed CVDmort lity might result fromTC tre tment. In
 n intern tion l popul tion-b sed study [48] of 38,907 TCS
(1943–2002)  t  medi n follow-up of 10 ye rs,  1.6-fold
(95% CI 1.3–2.0) incre sed risk of mort lity from  ll cir-
cul tory dise ses w s reported for those tre ted with che-
mother py  fter 1975. Another popul tion-b sed study [49]
using the SEER progr m (1973–2008) found th t p tients
with either medi stin l or nonmedi stin l extr gon d l GCT
h d signific ntly incre sed 4.5-fold  nd 2.8-fold risks of CVD
mort lity, respectively, comp red to p tients with prim ry
testicul r GCT. *e incre sed number of cycles of prim ry
chemother py  nd  ddition l s lv ge chemother py typi-
c lly required to tre t extr gon d l TC were hypothesized to
contribute to this higher risk,  lthough det iled chemother-
 py d t were not  v il ble [49]. Recently, Fung et  l. [50]
reported  signific nt 5.3-fold incre se in CVD mort lity
during the first ye r  fter chemother py in  popul tion-
b sed study of 15,006 TCS m n ged initi lly with either
chemother py or surgery  lone without r diother py during
1980–2010. In contr st, excess CVD mort lity w s not ob-
served more th n one ye r  fter chemother py, likely due to
 dv nces in c rdiov scul r dise se m n gement,  s reflected
in the 31% decline in US c rdiov scul r de th r tes from
2000 to 2010 [51]. In multiv ri ble  n lyses, incre sed CVD
mort lity  fter chemother py w s confined to the first ye r
 fter TC di gnosis (HR 4.86; 95% CI, 1.25–32); dist nt
dise se (P< 0.05)  nd older  ge  t di gnosis (P< 0.01) were
independent risk f ctors [50].

Currently, there  re no est blished evidence-b sed CVD
screening recommend tions developed specific lly for TCS.
In November 2013, the Americ n College of C rdiology
 nd the Americ n He rt Associ tion rele sed guidelines for
the  ssessment of c rdiov scul r dise se risk, the m n ge-
ment of elev ted cholesterol  nd incre sed body weight,
 nd lifestyle modific tions to reduce CVD risk in  dults in
the gener l popul tion [52]. He lth c re profession ls should
monitor  nd modify c rdiov scul r risk f ctors of TCS by
referring to these guidelines [52]  nd by lever ging TC di g-
nosis  s  te ch ble moment to promote lifestyle ch nges,
including smoking cess tion, optim l nutrition,  nd  non-
sedent ry lifestyle [7, 53].

3. Second Malignant Neoplasms

Syndromic, c ncer tre tment,  nd sh red etiologic expo-
sures  re the m jor c us tive f ctors of SMN [54]. Figure 1
shows the influence of lifestyle f ctors, genetic susceptibility,
environment l exposures, host effects,  nd  combin tion of
influences, including gene-environment inter ctions in the
development of SMN. Age  t exposure  nd  tt ined  ge  re
modifiers for the risks of selected SMN [55].

After receiving r diother py for TC tre tment, TCS h ve
signific ntly incre sed risks of leukemi [56]  nd solid c n-
cers [46, 55, 57–59] (T ble 2). An intern tion l popul tion-
b sed study of 18,567 TCS reported  signific ntly 3-fold
incre sed risk of leukemi  fter  bdomin l  nd pelvic r -
diother py with  me n dose of 10.9Gy to  ctive bone
m rrow [56]. *e medi n l tency for leukemi w s 5.0 ye rs
with  qu rter of survivors developing leukemi more th n
one dec de l ter (m ximum l tency: 17.3 ye rs) [56]. After
r di tion tre tment, long-term TCS  lso h ve signific ntly
1.4 to 1.9-fold incre sed risks of second solid c ncers com-
p red to the gener l popul tion (T ble 2) [46, 55, 57]. An
intern tion l popul tion-b sed investig tion of 10-ye r TCS
reported th t the RR of SMN  t sites included in typic l
infr di phr gm tic r diother py fields were signific ntly
l rger th n risks  t unexposed sites (RR 2.7 versus 1.6;
P< 0.05), which rem ined elev ted for more th n 35 ye rs.
In  nother study [46], infr di phr gm tic r diother py
 dministered  t doses 40–50 Gr y (Gy) comp red with
26–35Gy incre sed the HR for SMN from 2.3 to 3.2, re-
spectively, when using  surgery-only group  s control. Two
recent studies of 5-ye r TCS reported  5.9-fold incre sed
risk of stom ch c ncer (95% CI 1.7–20.7) [58]  nd  2.9-fold
incre sed risk of p ncre tic c ncer (95% CI 1.0–7.8)  fter
r diother py [59]. *e risks of stom ch  nd p ncre tic
c ncers incre sed with higher r di tion doses to stom ch
[58]  nd p ncre s [59], respectively (P trend< 0.001),  nd
risks rem ined elev ted for ≥20 ye rs  fter exposure
(P< 0.01) [58, 59]. Sever l other studies of TCS [46, 60, 61]
simil rly reported signific nt  ssoci tions between r dio-
ther py  nd SMN risks.

Cispl tin  nd etoposide  re integr l chemother peutic
 gents used in st nd rd chemother py regimens to tre t TC
[62]. Both cispl tin  nd etoposide  re  ssoci ted with sig-
nific ntly elev ted risks of second ry leukemi [56, 63–65].
An intern tion l nested c se-control study [56]  mong TCS
estim ted  3.2-fold risk of leukemi  fter cumul tive cis-
pl tin dose of 650mg,  lthough the excess risk w s sm ll
with only 16 excess c ses  mong 10,000 TC p tients  fter 15
ye rs of follow-up.*e s me study  lso reported  signific nt
dose-response rel tionship between cumul tive dose of cis-
pl tin  nd leukemi risk  fter  djustment for r di tion dose

Lifestyle Environment Host factors Interactions and
other in�uences• Tobacco • Contaminants • Genetics

• Immune function

• Hormonal, other

• Including gene-
 environment

• Occupation 

• Other 

• Alcohol

• Diet

• Other

Second cancers: etiology

Cancer
#1

Cancer
#2

Treatment

Figure 1: Risk f ctors for second prim ry c ncer (refer to text).
M ny influences some of which  re di gr mmed here m y con-
tribute to the development of multiple prim ry c ncers, including
inter ctions between exposures. ∗Ad pted with permission from
Tr vis [169].
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(P trend� 0.001) [56]. *e 5-ye r cumul tive incidence of
leukemi is  pproxim tely 0.5%  fter  cumul tive etoposide
dose of <2000mg/m2  nd 2.0%  fter  cumul tive etoposide
dose of ≥2000mg/m2 [65].

Most prior studies of second solid c ncer focused on
TCS tre ted before modern cispl tin-b sed chemother py
bec me widely  dopted prior to e rly 1980s (T ble 2)
[10, 13, 22, 23]. Where s  n intern tion l series of more th n
40,000 TCS showed  1.8-fold (95% CI 1.3–2.5) signific ntly
incre sed risk of second solid c ncers  mong  subgroup
of 10-ye r TCS who received initi l chemother py during
1943–2001, three sm ller epidemiologic studies [10, 39, 57]
(r nging from 346 to 710 p tients) found no signific ntly

elev ted risk of SMN  fter chemother py [27, 46, 66], though
they m y h ve in dequ te st tistic l power. To ev lu te the
risks of second solid c ncer  mong TCS tre ted in the
modern er of cispl tin-b sed chemother py during 1980
to 2008,  recent l rge popul tion-b sed investig tion by
Fung et  l. [67] of more th n 12,000 TCS reported  1.4-fold
signific ntly incre sed risk of solid c ncers  fter initi l
tre tment with chemother py comp red to those who un-
derwent initi l surgery  lone. Signific ntly incre sed three-
to seven-fold risks of c ncers of the kidney (st nd rdized
incidence r tio (SIR) 3.4), thyroid (SIR 4.4),  nd soft tissue
(SIR 7.5) were  lso observed. After chemother py, elev ted
risks of solid c ncer were reported in most follow-up periods

Table 2: Rel tive risks of second m lign nt neopl sms (SMN) in testicul r c ncer survivors.

No. of
p tients

C lend r ye rs
of testicul r c ncer

di gnosis

Dur tion of
follow-up
(ye rs)

Tre tment Obs. RR
(95%
CI)

Study populations 

All SMNs

Norwegi n r dium hospit l [66]

2006 1952–1990 Me n� 12.5 Any 153b 1.7 1.4–1.9
RT 130 1.6 1.3–1.9
CT 4 1.3 0.4–3.4

RT+CT 15 3.5 2.0–5.8

Fourteen popul tion-b sed tumor registries in
Europe  nd North Americ [55]

40,576 1943–2001 Me n� 11.3 Any 1694 1.9 1.8–2.1
RT 892 2.0 1.9–2.2
CT 35 1.8 1.3–2.5

RT+CT 25 2.9 1.9–4.2

*irteen Intern tion l C ncer Registries [164] 29,511 1943–2000 Medi n� 8.3 Any 1811c 1.7 1.6–1.7

Netherl nds testicul r c ncer survivor
cohort [46]

2707 1965–1995 Medi n� 17.6 Any 270d 1.7 1.5–1.9
RT 199 1.7 1.5–2.0
CT 23 1.4 0.9–2.1

RT+CT 29 3.0 2.0–4.4
SDRT N/A 2.6g 1.7–4.0

SDRT+MRT N/A 3.6g 2.1–6.0
PVB/BEP N/A 2.1g 1.4–3.1
SDRT

(26–35Gy)
N/A 2.3g 1.5–3.6

SDRT
(40–50Gy)

N/A 3.2g 2.1–5.1

Swedish f mily c ncer d t b se [165] 5533 1980–2006 N/A Any 274e 2.0 1.8–2.2

Second solid cancers 12,691 1980–2008 Medi n� 7.0
Initi l surgery

only
99 0.9 0.8–1.1

Sixteen popul tion-b sed registries within the
SEER progr m [67]

Initi l CT (no
RT)

111f 1.4 1.2–1.7

*erapy-associated leukemia

Nested c se-control study of leukemi in 8
popul tion-b sed tumor registries in Europe
 nd North Americ [56]

18,567 1970–1993 N/A No RT/CT 4 1.0 —
RT 22 3.1 0.7–2.2
CT 8 5.0 1.1–40

RT+CT 2 5.1 0.5–28
∗Ad pted with permission from Fung et  l. J Natl Compr Canc Netw 2012; 10:545-56 (T ble 2). RR: rel tive risk; CI: confidence interv l; Obs.: observed
number of c ses; RT:  ny r di tion tre tment; CT: chemother py; IDRT: infr di phr gm tic r di tion; SDRT: supr di phr gm tic r di tion; MRT:
medi stin l r di tion; PVB: cispl tin, vinbl stine, bleomycin; BEP: bleomycin, etoposide, cispl tin; N/A: not  v il ble (d t not provided). ( ) *ere w s
overl p in the c ncer registries included in the cohort studies by Richi rdi et  l. [164]  nd Tr vis et  l. [55], with the following countries contributing p tients
to both studies: Denm rk, Finl nd, Norw y,  nd Sweden; (b) six c ses of leukemi were observed with  RR of 1.9 (95% CI: 0.7–4.1); (c) thirty-eight c ses of
myeloid leukemi were observed with  RR of 3.6 (95% CI: 2.6–5.0); thirteen c ses of lymphoid leukemi were observed with  RR of 1.0 (95% CI: 0.5–1.7);
twenty-three c ses of other types of leukemi were observed with  RR of 3.5 (95% CI: 2.2–5.2); (d) six c ses of leukemi were observed with  RR of 1.6 (95%
CI: 0.6–3.5); (e) h z rd r tios  re shown, with the referent group consisting of p tients tre ted with surgery  lone (HR� 1.0). Twelve c ses of leukemi were
observed with  RR of 3.8 (95% CI: 2.0–6.7); (f) signific ntly incre sed risks occurred for c ncers of the kidney (SIR� 3.4; 95% CI 1.8–5.7; n� 13); thyroid
(SIR� 4.4; 95% CI: 2.2–7.9; n� 11);  nd soft tissue (SIR� 7.5; 95% CI: 3.6–13.8; n� 10).
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with  medi n l tency of 12.5 ye rs, including  t more
th n 20 ye rs  fter tre tment (SIR 1.54; 95% CI 0.96–2.3).
However, det iled inform tion on cytotoxic drug n me  nd
dose were not  v il ble [67].

TCS should follow n tion l guidelines for c ncer
screening  s  pplied to the gener l popul tion, given their
incre sed risks of SMN [53]. E rlier or  ddition l c ncer
screening m y be clinic lly indic ted in TCS deemed  t high
risk due to prior tre tment history  nd/or he lth h bits [53].
In  ddition, he lth c re providers should  dvise TCS of the
modest 15-ye r cumul tive risk (1.9%) of met chronous
contr l ter l testicul r c ncer [68].

4. Neurotoxicity

Approxim tely 20 to 40% of long-term TCS experience
symptoms of peripher l neurop thy  fter cispl tin-b sed
chemother py [28, 29, 69]. Common clinic l m nifest tions
of peripher l neurop thy include numbness, tingling,  nd  
decre se in vibr tory sense in dist l extremities [70]. *e
cumul tive dose of cispl tin  dministered  ffects the in-
cidence of peripher l neurop thy. At  medi n of 11 ye rs
 fter TC tre tment, 46% of TCS in  popul tion-b sed long-
term Norwegi n survey self-reported p resthesi  fter ≥5
cycles of cispl tin-b sed chemother py comp red to 28%
 fter 1 to 4 cycles of chemother py or 10%  fter orchiectomy
 lone [28]. Comp red to TCS who did not receive che-
mother py, those who underwent 1 to 4 cycles  nd ≥5 cycles
of cispl tin-b sed chemother py h d higher risks of symp-
tom tic p resthesi of the h nds (OR 2.0, 95% CI 1.5–2.7;
OR 3.9, 95% CI 2.1–7.3, resp.)  nd feet (OR 2.2, 95% CI
1.7–3.0; OR 3.1, 95% CI 1.7–5.7, resp.) [28]. In the s me
study [28], r diother py w s signific ntly  ssoci ted with
symptom tic p resthesi s of the feet (OR 1.5), but retro-
peritone l lymph node dissection (RPLND) w s not  n
independent risk f ctor. Incre sing levels of residu l serum
pl tinum  re  lso directly  ssoci ted with severity of
neurotoxicity  fter  djusting for initi l cispl tin dose [71].
Spr uten et  l. reported [71] th t the tot l score for the
Sc le for Chemother py Induced Neurop thy (SCIN) h d
 signific nt four-to five-fold  ssoci tion with the highest
residu l serum pl tinum qu rtile in cispl tin-tre ted TC
p tients.

Oldenburg et  l. [72] investig ted the imp ct of germ-
line single nucleotide polymorphisms (SNPs) of glut thione
S-tr nsfer se (GST) P1, M1,  nd T1 on self-reported p r-
esthesi  mong long-term TCS. *e GSTP1-GG genotype
conferred  signific ntly lower risk of developing p res-
thesi in the fingers (OR� 0.46, 95% CI 0.22–0.96)  nd toes
(OR� 0.42, 95% CI 0.20–0.88) th n the GSTP1-AA  nd
GSTP1-AG genotypes. Recently,  genome-wide  n lysis
of cispl tin-induced peripher l neurop thy in survivors
of  dult-onset c ncer reported th t genetic lly determined
expression level of RPRD1 w s  ssoci ted with cispl tin-
induced peripher l neurop thy [73]. Defects in RPRD1 
expression or knockdown c use  deficiency in DNA rep ir
mech nisms known to be critic l in rep iring cispl tin-
induced lesions [74]  nd result in incre sed sensitivity to
cispl tin in  bre st c ncer cell line, MDA-123 [75].

No ther peutic  gents  re currently recommended for
the prevention of peripher l neurop thy due to the p ucity
of high-qu lity, consistent evidence. For m n gement of
drug-induced peripher l neurop thy, the ASCO Clinic l
Pr ctice Guideline [76] recommends tre tment with
duloxetine  s potenti lly the most effective drug. He lth c re
providers m y  lso offer tricyclic  ntidepress nts (i.e.,
nortriptyline), g b pentin,  nd  compounded topic l gel
cont ining b clofen,  mitriptyline HCL,  nd ket mine b sed
on clinic l benefits observed for other neurop thic p in
conditions [76].

5. Ototoxicity

Cispl tin selectively d m ges the outer h ir cells of the
cochle [77], c using tinnitus  nd he ring loss th t pre-
domin ntly  ffect high frequencies [77–79] simil r to  ge-
rel ted presbycusis. After  medi n follow-up of 58 months,
Bokemeyer et  l. [78] found th t 20% of TCS (medi n  ge:
31 ye rs) reported symptom tic ototoxicity (59% tinnitus,
18% he ring loss, 23% both)  fter cispl tin-b sed chemo-
ther py. For TCS who received >400mg/m2 of cumul tive
cispl tin dose, 50% self-reported tinnitus  nd he ring loss
comp red to 20% of those tre ted with ≤400mg/m2 [78].
Older  ge, higher cumul tive cispl tin dose,  history of
noise exposure, hypertension,  nd imp ired b seline ren l
function  nd he ring  re e ch independently  ssoci ted with
more severe ototoxicity [78–80]. A recent comprehensive
 udiometric  n lysis of 488 North Americ n TCS [79] re-
ported th t  lmost one in five (18%) h d severe to profound
he ring loss  s defined by the Americ n Speech-L ngu ge-
He ring Associ tion criteri (medi n follow-up: 4.25 ye rs
 fter completion of cispl tin-b sed chemother py). Tinnitus
(40% p tients) w s signific ntly correl ted with reduced
he ring  t e ch frequency (P< 0.001). *e s me study [79]
 lso found th t incre sing cumul tive cispl tin dose w s
signific ntly rel ted to he ring loss  t 4, 6, 8, 10,  nd 12 kHz
(P trend for e ch <0.05). For e ch 100mg/m [2] incre se in
cumul tive cispl tin dose,  3.2 dB imp irment in  ge-
 djusted over ll he ring threshold (4–12 kHz; P< 0.001)
resulted. However, cispl tin dose did not  ffect noise-
induced he ring d m ge (10% p tients) (P � 0.59) [79].

A few reports h ve identified signific nt  ssoci tions
of germline genetic polymorphisms of v rious genes with
pl tinum-rel ted ototoxicity, including meg lin [81], GSTP1
[72, 82], GSTM3 [72, 82], COMT [83], TPMT [83],  nd
WFS1 [84]. Both  lleles of 105Val-GSTP1 protected  g inst
cispl tin-induced ototoxicity in cispl tin-tre ted TCS,
where s GSTM1 positivity w s detriment l for he ring
 bility [82]. Function l polymorphisms of the glut thione
S-tr nsfer ses (GSTs) genes likely c use differenti l expres-
sion of the cispl tin-detoxifying enzymes, consequently ren-
dering TCS suspcetible to v rying degrees of cispl tin-
induced he ring imp irment. A recent genome-wide  sso-
ci tion study [85] of 511 TC p tients of Europe n genetic
 ncestry reported th t one SNP, rs62283056, in the first intron
of WFS1 (wolfr min ER tr nsmembr ne glycoprotein) w s
signific ntly  ssoci ted with cispl tin- ssoci ted ototoxicity
(P � 1.4 × 10−8), with higher cispl tin doses ex cerb ting
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he ring loss in TC p tients with the risk  llele. In the gener l
popul tion,WSF1 mut tions c uses the Mendeli n disorders
DFNA6 (de fness,  utosom l domin nt 6)  nd the recessive
Wolfr m syndrome (with he ring loss) [86, 87].

*ere  re no effective ph rm cologic  gents  v il ble to
prevent or tre t cispl tin-induced ototoxicity. TCS should
use e r protection to minimize noise exposure  nd  ddi-
tion l he ring loss. Since the pe k concentr tion of cispl tin
m y be directly  ssoci ted with the severity of ototoxicity
[28, 88], where indic ted, the 5-d y BEP regimen seems
prefer ble to  3-d y regimen [7].

6. Pulmonary Toxicity

*e incidence of f t l bleomycin-induced pulmon ry tox-
icity is  pproxim tely 1–3% [89, 90]. Corticosteroids rem in
the m inst y of tre tment of bleomycin-induced pneumo-
nitis,  lthough there  re no d t from prospective r n-
domized tri ls to support this  ppro ch [91]. He lth c re
providers should withhold bleomycin  t the e rliest signs
or symptoms of bleomycin-induced pulmon ry toxicities
during chemother py. Since  ge of more th n 40 ye rs [89]
 nd incre sed tob cco use [92]  re both signific ntly  sso-
ci ted with pulmon ry toxicity during bleomycin tre tment,
 c reful  ssessment of p tient history (i.e.,  ge, smoking
st tus,  nd preexisting lung dise se)  re import nt to
consider prior to the  dministr tion of  ny bleomycin-
cont ining regimen [93]. Avoiding perioper tive over-
hydr tion is import nt to minimize the risk of perioper tive
lung complic tions, but perioper tive oxygen restriction in
p tients  few months  fter  dministr tion of bleomycin is
not necess ry [94, 95].

Bleomycin hydrol se is  n enzyme encoded by the
 LMH gene, which in ctiv tes bleomycin [96]. A Dutch
investig tion of 340 TC p tients tre ted with bleomycin-
cont ining chemother py between 1977  nd 2003 reported
th t the genetic polymorphism of 1450A>G w s not  s-
soci ted with bleomycin-induced pneumonitis or ch nges in
pulmon ry function tests [97].

A l rge Norwegi n study [92] of 1049 long-term TCS
tre ted during 1980 to 1994 (medi n follow-up: 11.2 ye rs)
reported th t 8% of survivors h d restrictive lung dise se
 s defined by predicted FVC <80%  nd  v lue of ≥70%
for forced expir tory volume (FEV) 1/forced vit l c p city
(FVC). In multiv ri te  n lyses  djusting for bleomycin,
etoposide,  nd vinbl stine doses, higher cumul tive cispl tin
dose (P � 0.007)  nd older  ge (P � 0.008) were both sig-
nific ntly rel ted to restrictive lung dise se [92]. Comp red
with men tre ted with surgery only, p tients who received
l rge cumul tive doses of cispl tin (>850mg)  s well  s
combined chemother py  nd pulmon ry surgery were  t
signific ntly incre sed risk of demonstr ting decre sed
spirometry v ri bles, including  ge- djusted FVC, FEV1,
FVC% predicted,  nd FEV1% predicted [92]. A popul tion-
b sed study of TCS reported to North Americ n  nd
Europe n c ncer registries found th t p tients tre ted with
chemother py (with or without r diother py) in 1975 or
l ter h d  1.6-fold higher risk of mort lity (95% CI 1.25–
2.01) (medi n follow-up: 10 ye rs) due to respir tory dise ses

comp red to the gener l popul tion. *e extent to which
bleomycin-induced lung toxicity m y h ve contributed to
these excesses is not known.

 . Nephrotoxicity

Cispl tin d m ges the proxim l  nd dist l ren l tubul r
epithelium  nd the ren l collecting duct system,  s well  s
the glomeruli  t higher doses [98, 99]. Two long-term studies
[100, 101] reported persistently decre sed ren l function in
TCS for ye rs  fter completion of tre tment comp red with
b seline  ssessments. A Norwegi n study [100] of 85 TC
p tients more th n 10 ye rs  fter tre tment showed th t
ren l function  mong TCS who received r diother py  lone
decre sed by 8%, where s survivors who h d cispl tin-b sed
chemother py h d reductions of 14%. Cumul tive cispl tin
dose  nd  ge  t tre tment were both directly  ssoci ted
with long-term imp irment of ren l function (P< 0.05). A
D nish investig tion [101] of 34 TCS who received sys-
temic chemother py with PVB (medi n dose of cispl tin:
583mg/m2) reported th t the glomerul r filtr tion r te
(GFR) decre sed by  medi n of 18% during tre tment. At
 medi n follow-up of 65 months (r nge, 43 to 97 months),
38% of survivors h d persistent ren l dysfunction. Rese rch
in the gener l popul tion h s demonstr ted  rel tionship
between decre sed GFR  nd the presence of micro lbu-
minuri , le ding to incre sed risks of CVD  nd  ll-c use
mort lity [102, 103]. Among long-term TCS, tre tment-
rel ted nephrotoxicity m y contribute to the reported in-
cre ses in incident CVD events, including hypertension  nd
MI [34, 35, 47]. To limit the severity of  cute-  nd long-
term ren l d m ge, he lth c re providers should  dminister
hydr tion [104]  nd  void nephrotoxic drugs [7] during
cispl tin-b sed chemother py.

8. Hypogonadism

Orchiectomy, testicul r dysgenesis syndrome, postorchi-
ectomy chemother py or r diother py,  nd  ging  re the
predomin nt c uses of hypogon dism  nd prem ture hor-
mon l  ging in long-term TCS [105]. A Norwegi n inves-
tig tion [105] reported th t 307 TCS tre ted between 1980
 nd 1994 h d signific ntly incre sed risks of low testoster-
one  s well  s high-luteinizing hormone (LH)  nd follicle-
stimul ting hormone (FSH) levels  fter r diother py or
chemother py  t long-term follow-up. *e degree of hypo-
gon dism w s directly rel ted to the intensity of TC tre t-
ment [105–110]. A recent met - n lysis reported th t both
st nd rd cispl tin-b sed chemother py (OR: 1.8)  nd infr -
di phr gm tic r diother py (OR: 1.6) signific ntly incre sed
the risk of hypogon dism  mong TCS,  s defined by tot l
testosterone levels less th n reference levels or use of tes-
tosterone repl cement ther py, when comp red to orchi-
ectomy  lone [110]. Hypogon dism m y le d to reduced
sexu l functioning  nd well-being, fertility problems, muscle
we kness, osteoporosis, loss of energy,  nd depression
[111–117]. Further, hypogon dism is directly  ssoci ted
with the met bolic syndrome  nd CVD [29, 30, 32]. A recent
multi-institution l cross-section l study [118] reported th t
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over one-third of North Americ n TCS h d hypogon dism
 t  medi n  ge of 38 ye rs; in  ddition, hypogon dism w s
 ssoci ted with incre sed CVD risk f ctors (i.e., dyslipide-
mi , hypertension,  nd di betes), erectile dysfunction,  nd
medic tion use for  nxiety/depression (P< 0.05). He lth
c re providers should regul rly  ssess TCS for symptoms of
hypogon dism  nd check hormon l st tus  s clinic lly in-
dic ted. Clinic l symptoms of hypogon dism should guide
tre tment decisions with testosterone repl cement ther py [7].
Referr l to endocrinologists for ev lu tion  nd m n gement
of difficult c ses should  lso be considered.

9. Infertility

*e  ssoci tion of infertility  nd TC is well est blished.
Approxim tely 50% of p tients with newly di gnosed TC
h ve decre sed sperm counts (<20 million/mL), low sperm
motility indices (<40),  nd  high percent ge of  bnorm l
sperm cells (>80%) prior to initi tion of  ny r di tion or
chemother py [119]. In  multicenter prospective study of
2318 TC p tients in Germ ny  nd Austri [120], TC p tients
h d signific ntly reduced sperm togenesis in their contr -
l ter l testicles confirmed histologic lly when comp red to
he lthy subjects. *e over ll conception  nd p ternity r tes
 mong long-term TCS with known intention to conceive
 child  fter tre tment completion r nge from 49% to 88%
in sever l investig tions (r nge of medi n follow-up: 7 to 12
ye rs) [109, 121–123].

R diother py c n  dversely  ffect reproductive function
of TCS in the short-term [124, 125], since sperm togoni  re
the most sensitive germ cells to r di tion tre tment [126]. In
the SWOG-8711 clinic l tri l of 207 p tients with seminom 
[124], sperm concentr tion re ched  n dir 4 to 6 months
 fter completion of r diother py, but returned to pretre t-
ment level by 10 to 24 months  fter end of tre tment.
Simil rly, G ndini et  l. [127] reported th t the sperm counts
of TC p tients re ched  n dir  t 6 months  fter r di tion
tre tment, but 94% of p tients recovered sperm counts by
2 ye rs  fter end of r diother py. Higher dose of r di tion
is directly  ssoci ted with longer recovery time for sperm
concentr tion,  nd the use of testicul r shielding devices
signific ntly improves recovery of sperm togenesis [124]. A
recent investig tion of 1191 Norwegi n TCS (medi n follow-
up: 11 ye rs) confirmed th t r diother py h d no signific nt
long-term effects on sperm counts when comp red to the
surgery-only cohort [125].

In  retrospective study [128] of 178 TC p tients tre ted
with cispl tin-b sed chemother py in Engl nd, 64%, 24%,
 nd 15% of p tients who were normospermic, oligospermic
 nd  zoospermic, respectively, in the prechemother py
period recovered norm l sperm togenesis  t le st one ye r
 fter chemother py completion. Prechemother py nor-
mospermi (HR 6.0), use of c rbopl tin versus cispl tin
(HR 4.4),  nd noninclusion of  vinc  lk loid (HR 5.3) in
chemother py regimen were signific ntly  ssoci ted with
norm l recovery of sperm counts [128]. Cumul tive dose
of cispl tin-b sed chemother py is directly  ssoci ted with
infertility risk [112, 123, 125, 128]. In  multicenter inves-
tig tion [123] of 316 Norwegi n TCS (medi n follow-up:

12 ye rs), 100%, 83%,  nd 76% of survivors self-reported
 chieving posttre tment p ternity  fter 2, 3,  nd 4 cycles
of st nd rd cispl tin-b sed chemother py, respectively
(P � 0.022). However, sperm counts were not signific ntly
rel ted to number of cycles of chemother py in  limited
cohort of p tients for whom the results of semen  n lysis
were  v il ble (N� 71) [123]. After  medi n follow-up of
10.6 ye rs,  nother study [112] showed th t TCS tre ted
with high-dose chemother py (>850mg cumul tive cis-
pl tin dose) h d the lowest 15-ye r  ctu ri l posttre tment
p ternity r te (48%) comp red to 92% in the surveill nce
group  nd 60% in those tre ted with low-dose chemother py
(≤850mg cumul tive cispl tin) (P< 0.001). Simil rly,  re-
cent investig tion [125] reported th t sperm counts  nd
serum level of inhibin B were signific ntly lower in TCS
tre ted with >850mg cumul tive cispl tin dose comp red to
those who h d either surgery only or ≤850mg cumul tive
cispl tin, where s the serum FSH w s signific ntly higher.

Among p tients with st ge II or III nonseminom tous
germ cell tumor who h ve h d  serologic complete response
but h ve persistent enl rged retroperitone l lymph nodes
 fter cispl tin-b sed chemother py, RPLND is  st nd rd
tre tment. To potenti lly  void toxicities  ssoci ted with
cispl tin-b sed chemother py, RPLND is  nother tre tment
option for low-volume st ge II nonseminom tous germ cell
tumor with norm l β-hCG  nd AFP levels  fter orchiectomy
[62]. Injury to the retroperitone l postg nglionic symp -
thetic nerves during RPLND m y result in retrogr de ej c-
ul tion [126], le ding to in bility to conceive without use of
cryopreserved sperm. *e r te of retrogr de ej cul tion
r nges from 1 to 9%  fter prim ry RPLND [129–131], 11%
to 29%  fter nerve-sp ring postchemother py RPLND
[130, 132–134],  nd 75%  fter full bil ter l postchemo-
ther py RPLND [135].

He lth c re providers should  ddress the possibility
of infertility  nd discuss fertility preserv tion options with
TC p tients  s det iled by the Americ n Society of Clinic l
Oncology Clinic l Pr ctice Guideline for fertility preserv -
tion for p tients with c ncer [136]. If clinic lly indic ted,
referr l to  ppropri te reproductive speci lists should be
considered [136]. Sperm cryopreserv tion is  st nd rd
fertility preserv tion pr ctice [136] th t m y be offered to
interested TC p tients undergoing tre tment.

10. Avascular Necrosis

Av scul r necrosis commonly  ffects the femor l he d, often
bil ter lly [137], with  n incidence of  pproxim tely 1-2% in
long-term TCS tre ted with cispl tin-b sed chemother py
[137, 138]. *e etiology for  v scul r necrosis is multif c-
tori l [7] but likely to be p rti lly  ttribut ble to cortico-
steroids used  s  ntiemetics during TC tre tment [137–140].
Bleomycin  nd vinbl stine h ve  lso been hypothesized  s
c us tive  gents in  c se of  v scul r necrosis in one TCS
who did not receive corticosteroids during chemother py
[141]. He lth c re providers should review with TC p tients
who receive high-dose corticosteroids the potenti l risk
of  v scul r necrosis. For  ny long-term TCS who develops
e rly symptoms suggestive of  v scul r necrosis, including
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decre sed hip motion  nd/or limp, prompt ev lu tion with
pl in r diogr ph or MRI is critic l [7].

11. Cognitive Impairment

*e underlying mech nisms of chemother py-rel ted cog-
nitive imp irment h ve not been elucid ted. Sever l neu-
roim ging studies of bre st c ncer survivors h ve reported
th t white m tter  ctiv tion p tterns involved in cognitive
functioning  re  ltered  fter chemother py [142–144], likely
due to neurotoxic effects [145]. A study [146] of 66 TC
p tients suggested th t cortisol levels prior to chemother py
m y be  predictor of l ter cognitive compl ints. *e prev-
 lence of cognitive imp irment inmen with newly di gnosed
TC before receipt of  ny chemother py r nges from 46% to
58%  nd is signific ntly higher th n expected in the he lthy
norm l popul tion (P< 0.01) [146, 147]. A prospective clin-
ic l tri l [88] of 666 p tients with met st tic TC in Europe
showed th t cognitive function decre sed  t 3 months  fter
chemother py, though not  t the level of clinic l relev nce
but recovered to b seline v lues  t 2 ye rs for most p tients,
with 19% still h ving worsened cognitive function  t th t
time. However, the  ssoci tion of cispl tin-b sed chemo-
ther py with cognitive imp irment in TCS rem ins uncle r.
Where s three studies [148–150] of TCS (N� 70–112; medi n
follow-up: 1–3 ye rs) reported no signific nt differences
in perform nce on cognitive tests between TC tre tment
groups (i.e., surgery only versus chemother py), two inves-
tig tions [151, 152] reported incre sed risks of cognitive
imp irment  fter chemother py. Among 1173 TCS with  
medi n follow-up of 9 ye rs, Skoogh et  l. [151] reported  
2-fold incre sed risk (95% CI 1.3–3.1) of long-term com-
promised speech in survivors who completed five or more
cycles of cispl tin-b sed chemother py comp red to those
who received no chemother py. Simil rly,  single institu-
tion l prospective study [152] of TC p tients  fter orchi-
ectomy who either received  djuv nt chemother py (N� 55)
or no  ddition l tre tment (N� 14) reported th t chemo-
ther py w s signific ntly  ssoci ted with cognitive decline
with  dose-response rel tionship observed  t 12 months
(surveill nce group: 0%; 2-3 cycles of chemother py: 52%;
 nd 4–7 cycles of chemother py: 67%). Although the extent
to which cispl tin-b sed chemother py m y h ve neg tive
effects on long-term cognitive function in TCS is uncle r,
cognitive compl ints  mong long-term survivors  re com-
mon  nd independent of tre tment mod lity [88, 148–151].
*ese subjective compl ints m y reflect the effects of  nxiety
 nd depression, which  re prev lent in TCS [148]. *e first
step in m n ging cognitive compl ints m y include m n-
 ging specific stressors by implementing effective coping
str tegies.

12. Anxiety/Depression

A Norwegi n study [153] reported  signific ntly higher
prev lence of  Hospit l Anxiety  nd Depression Sc le-
(HADS-) defined  nxiety disorder  mong TCS (me n
follow-up time: 11.3 ye rs) comp red to  ge- djusted men
from the gener l popul tion (19.2% versus 13.5%, P< 0.001).

Young  ge, peripher l neurop thy, economic difficulties,
excess  lcohol use, sexu l concerns,  nd prior tre tment for
ment l illness were signific ntly  ssoci ted with HADS-
defined  nxiety disorder [153]. A recent investig tion [154]
showed th t the prev lence of clinic lly signific nt  nxiety
 mong TCS (me n: 11.6 ye rs  fter di gnosis) in Germ ny
w s 6.1%. Anxiety w s signific ntly  ssoci ted with younger
 ge  t di gnosis  nd shorter time since di gnosis in mul-
tiv ri te  n lyses. Prior studies [153–156] reported th t the
prev lence of depression  mong TCS r nges from 7.9% to
20%, but the extent to which TCS m y experience signi-
fic ntly more depressive orders comp red to the gener l
popul tion is uncert in. Feeling helpless/hopeless [156],
lower soci l support [156],  higher number of physic l
symptoms [154],  nd h ving children [154] were reported to
be signific ntly  ssoci ted with higher levels of depression.

13. Fatigue

Chronic f tigue, defined  s symptoms with  dur tion
of ≥6 months, is  common  nd distressing c ncer-rel ted
 dverse effect [157].*e prev lence of chronic c ncer-rel ted
f tigue  mong Norwegi n TCS w s signific ntly higher
comp red to  ge-m tched men in the gener l popul tion
(17.1% versus 9.7%) [158]. A recent longitudin l investi-
g tion [159] of 812 TCS tre ted between 1980  nd 1994 in
Norw y reported th t the prev lence of chronic f tigue
incre sed from 15%  t survey I (1998–2002) to 27%  t survey
II (2007-2008) (P< 0.001). Sever l f ctors were signific ntly
 ssoci ted with chronic f tigue in this study: [159] high level
of neurop thy, R yn ud-like phenomen , testosterone level
in the lowest qu rtile, low level of physic l  ctivity,  s well  s
higher levels of  nxiety  nd depression. He lth c re pro-
fession ls should consider exercise  nd psychologic l in-
terventions for e rly prevention  nd tre tment of chronic
f tigue  mong TCS. A recent met - n lysis of c ncer sur-
vivors [160] reported th t exercise  nd psychologic l in-
terventions  re effective for reducing c ncer-rel ted f tigue
during  nd  fter c ncer tre tment  nd signific ntly more
effective th n  v il ble ph rm ceutic l options.

14. Adverse Health Outcomes

To develop risk-str tified, evidence-b sed follow-up rec-
ommend tions for TCS, ch r cteriz tion of long-term
 dverse he lth outcomes (AHOs) is critic l. A recent multi-
institution l investig tion [40] of 952 North Americ n TCS
ex mined the type  nd prev lence of AHOs  fter chemo-
ther py with four cycles of EP (EPX4) or three or four cycles
of BEP (BEPX3/BEPX4) (T ble 3). At  medi n  ge of
37 ye rs, more th n one-third of survivors reported three or
more AHOs with simil r prev lence  nd type  fter EPX4
 nd BEPX3, except for R yn ud phenomenon (11.6% versus
21.4%; P< 0.01), peripher l neurop thy (29.2% versus 21.4%;
P � 0.02),  nd obesity (25.5% versus 33.0%; P � 0.04). *e
type  nd prev lence of AHOs  fter BEPX4 were l rgely sim-
il r to EPX4  nd BEPX3. Incre sing  ge  t clinic l ev lu tion,
current tob cco use,  nd nonm rried st tus were  ssoci ted
with incre sed numbers of AHOs, where s weekly vigorous
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Table 3: Numbers  nd types of self-reported  dverse he lth outcomes  mong 952 cispl tin-tre ted germ cell tumor survivors in North
Americ ∗.

Adverse he lth outcomes (AHOs)
Tot l p tients

(N� 952) N (%)

Tre tment regimen

EP (4 cycles)
(N� 294) N (%)

BEP (3 cycles)
(N� 364) N (%)

BEP (4 cycles)
(N� 170) N (%)

Total number of AHOs

Medi n (r nge) 2 (0–11) 2 (0–9) 2 (0–11) 2 (0–10)

0 194 (20.4) 64 (21.8) 83 (22.8) 25 (14.7)

1 209 (21.9) 68 (23.1) 71 (19.5) 42 (24.7)

2 191 (20.1) 61 (20.8) 82 (22.5) 27 (15.9)

3 143 (15.0) 48 (16.3) 48 (13.2) 25 (14.7)

4 96 (10.1) 28 (9.5) 38 (10.4) 18 (10.6)

5 or more 119 (12.5) 25 (8.5) 42 (11.5) 33 (19.4)

Type of AHOs†

Yes 353 (37.1) 104 (35.4) 130 (35.7) 65 (38.2)

No‡ 599 (62.9) 190 (64.6) 234 (64.3) 105 (61.8)

Hearing impairment§

Yes 300 (31.5) 95 (32.3) 109 (30.0) 56 (33.0)

No 652 (68.5) 199 (67.7) 255 (70.0) 114 (67.0)

Peripheral neuropathyǁ

Yes 257 (27.0) 86 (29.2) 78 (21.4) 54 (31.8)

No 695 (73.0) 208 (70.8) 286 (78.6) 116 (68.2)

Peripheral neuropathy plus tinnitus and/or hearing issue

Yes 156 (16.4) 49 (16.7) 48 (13.2) 31 (18.2)

No 796 (83.6) 245 (83.3) 316 (86.8) 139 (81.8)

Hypertension and on prescription medication

Yes 110 (11.6) 35 (11.9) 45 (12.4) 15 (8.8)

No{ 842 (88.4) 259 (88.1) 319 (87.6) 155 (91.2)

Hypercholesterolemia and on prescription medication

Yes 100 (10.5) 32 (10.9) 31 (8.5) 20 (11.8)

No∗∗ 852 (89.5) 262 (89.1) 333 (91.5) 150 (88.2)

Cardiovascular disease††

Yes 14 (1.5) 4 (1.4) 4 (1.1) 2 (1.2)

No‡‡ 938 (98.5) 290 (98.6) 360 (98.9) 168 (98.8)

Raynaud phenomenon

Yes 178 (18.7) 34 (11.6) 78 (21.4) 49 (28.8)

No§§ 774 (81.3) 260 (88.4) 286 (78.6) 121 (71.2)

Peripheral vascular disease

Yes 29 (3.0) 5 (1.7) 8 (2.2) 10 (5.9)

Noǁǁ 923 (97.0) 289 (98.3) 356 (97.8) 160 (94.1)

*romboembolic disease{{

Yes 5 (0.5) 0 0 4 (2.4)

No 947 (99.5) 294 (100) 364 (100) 166 (97.6)

Renal disease

Yes 25 (2.6) 7 (2.4) 6 (1.6) 7 (4.1)

No∗∗∗ 927 (97.4) 287 (97.6) 358 (98.4) 163 (95.9)

Diabetes and on prescription medication†††

Yes 30 (3.1) 9 (3.1) 10 (2.7) 3 (1.8)

No 922 (96.9) 285 (96.9) 354 (97.3) 167 (98.2)

 enign thyroid disease

Yes 23 (2.4) 6 (2.0) 9 (2.5) 5 (2.9)
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physic l  ctivity w s protective (P< 0.05). Self-reported
he lth w s excellent/very good in  pproxim tely 60% of
TCS, but this proportion decre sed  s number of AHOs
incre sed (P< 0.001) (Figure 2).

15. Conclusions

Due to their young  ge  t di gnosis, long-term surviv l,  nd
current use of l rgely homogeneous ther pies, TCS comprise
 n ide l cohort for  dult-onset c ncer survivorship rese rch
[161]. Moreover, these p tients now comprise  pproxim tely
4% of  ll m le c ncer survivors [162]. T ble 4 summ rizes
m jor rese rch priorities for TC survivors set forth  t  n
intern tion l consensus conference [161]. An over rching

recommend tion w s the development of longitudin l co-
hort studies to ev lu te the life-long burden  nd l tency
trends of medic l  nd psychosoci l morbidities by c tegory
of tre tment. TC is rel tively unique  mong c ncer types in
th t it provides for the re dy  v il bility of  “comp rison
group” cured with surgery only without the confounding
effects of cytotoxic tre tment, with which to comp re the l te
effects of r diother py  nd chemother py. Moreover, study
of the surgery-only group itself is inform tive  nd presents
 unique opportunity to study the long-term history of  
c ncer cured without cytotoxic ther py, including  ny in-
herently preprogr mmed development of  dverse met bolic
 nd other outcomes. *is type of proposed cohort investi-
g tion, which g thers comprehensive exposure  nd outcome

Table 3: Continued.

Adverse he lth outcomes (AHOs)
Tot l p tients

(N� 952) N (%)

Tre tment regimen

EP (4 cycles)
(N� 294) N (%)

BEP (3 cycles)
(N� 364) N (%)

BEP (4 cycles)
(N� 170) N (%)

No‡‡‡ 929 (97.6) 288 (98.0) 355 (97.5) 165 (97.1)

Problems with balance/vertigo/dizziness§§§

Yes 89 (9.3) 26 (8.8) 37 (10.2) 16 (9.4)

No 863 (90.7) 268 (91.2) 327 (89.8) 154 (90.6)

Hypogonadism with testosterone therapyǁǁǁ

Yes 93 (9.9) 25 (8.6) 37 (10.3) 16 (9.5)

No 851 (90.1) 267 (91.4) 323 (89.7) 152 (90.5)

Erectile dysfunction

Yes 115 (12.1) 28 (9.5) 39 (10.7) 34 (20.0)

No{{{ 837 (87.9) 266 (90.5) 325 (89.3) 136 (80.0)

Psychotropic prescription medication for anxiety and/or
depression∗∗∗∗

Yes 99 (10.4) 34 (11.6) 27 (7.4) 20 (11.8)

No 853 (89.6) 260 (88.4) 337 (92.6) 150 (88.2)
∗Ad pted with permission from Fung et  l. [40] (T ble 3). BEP: bleomycin, etoposide, cispl tin; CAD: coron ry  rtery dise se; EP: etoposide, cispl tin; MI:
myoc rdi l inf rction. †P v lues  re derived from the chi-squ re test comp ring the proportions of AHOs reported by TCS in the EPX4  nd BEPX3 tre tment
groups. Except for R yn ud phenomenon (P< 0.01)  nd peripher l neurop thy (P � 0.02), the P v lues for  ll other AHOs were >0.05; c tegory includes 3
p rticip nts for whom this outcome w s not st ted;  mong  ll 952 p rticip nts, 270 (28.4%) reported problems he ring words, sounds, or l ngu ge in crowds,
13 (1.4%) required he ring  id,  nd 2 (0.2%) h d complete de fness (questions derived from the he ring h ndic p inventory by Ventry  ndWeinstein) [166];
109 (11.4%) h d “quite  bit” or “very much” difficulty he ring  nd 75 (7.9%) h d “quite  bit” or “very much” reduced he ring (EORTC-CIPN20  nd SCIN)
([167, 168]). C tegory includes 48 p rticip nts for whom this outcome w s not st ted;  mong  ll 952 p rticip nts, the number of p tients reporting “quite
 bit” or “very much” to the following questions  re  s follows: 123 (12.9%) tingling fingers or h nds, 167 (17.5%) tingling toes or feet, 121 (12.7%) numbness in
fingers or h nds, 161 (16.9%) numbness in toes or feet, 34 (3.6%) shooting/burning p in in fingers or h nds, 70 (7.4%) shooting/burning p in in toes or feet
(EORTC-CIPN20) [167]; 134 (14.1%) p in  nd tingling in toes or feet,  nd 86 (9.0%) p in  nd tingling in h nds or fingers (SCIN) [168]. C tegory includes 16
p rticip nts for whom this outcome w s not st ted; c tegory includes 11 p rticip nts for whom this outcome w s not st ted; ∗∗ c tegory includes 3
p rticip nts for whom this outcome w s not st ted; ††includes coron ry  rtery dise se, he rt f ilure,  nd cerebrov scul r dise se (c tegories not mutu lly
exclusive,  nd e ch c tegory w s counted  s one AHO). Among  ll p rticip nts, 7 (0.7%) reported coron ry  rtery dise se (3 occurrences for coron ry  rtery
dise se, 5 occurrences of  ngiopl sty or stent,  nd 5 occurrences of he rt  tt ck or myoc rdi l inf rction); 1 p tient reported he rt f ilure;  nd 10 (1.0%)
reported cerebrov scul r dise se (6 occurrences of tr nsient ischemic  tt cks, 4 occurrences of stroke,  nd 1 occurrence of c rotid  rtery surgery); ‡‡c tegory
includes 21 p rticip nts for whom this outcome w s not st ted; §§c tegory includes 12 p rticip nts for whom this outcome w s not st ted; ǁǁc tegory includes
19 p rticip nts for whom this outcome w s not st ted; {{deep vein thrombosis (DVT)  nd pulmon ry embolism (PE) developed simult neously in 3
p rticip nts  nd w s counted  s one thromboembolic event for e ch. *e rem ining 2 p rticip nts reported DVTonly. C tegory includes 19 p rticip nts for
whom this outcome w s not st ted; ∗∗∗c tegory includes 26 p rticip nts for whom this outcome w s not st ted; ††† mong  ll p rticip nts, 13 (1.4%)  nd 22
(2.3%) reported use of insulin  nd or l  ntiglycemic  gents, respectively (c tegories not mutu lly exclusive). C tegory includes 15 p rticip nts for whom this
outcome w s not st ted; ‡‡‡c tegory includes 19 p rticip nts for whom this outcome w s not st ted; §§§of the 89 p tients, 47 reported persistent dizziness or
vertigo  nd 63 reported symptoms of dizziness when st nding up (c tegories not mutu lly exclusive). C tegory includes 40 p rticip nts for whom this
outcome w s not st ted; ǁǁǁeight p rticip nts who underwent bil ter l orchiectomy were excluded from this c tegory; {{{c tegory include 7 p rticip nts for
whom this outcome w s not st ted; ∗∗∗∗p rticip nts could report more th n one psychotropic medic tion. Psychotropic medic tions used by the 99
p rticip nts include  ripir zole (n�2),  lpr zol m (n� 5),  mphet mine-dextro mphet mine (n� 9), bupropion (n� 10), buspirone (n� 1), cit lopr m
(n� 6), clon zep m (n� 8), desvenl f xine (n� 1), di zep m (n� 1), duloxetine (n� 7), escit lopr m (n� 16), fluvox mine (n� 1), fluoxetine (n� 4), hy-
droxyzine (n� 1), lisdex mfet mine (n� 4), lor zep m (n� 6), methylphenid te (n� 5), nortriptyline (n� 2), ol nz pine (n� 2), p roxetine (n� 7), tr zodone
(n� 5), sertr line (n� 11),  nd venl f xine (n� 7).
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Figure 2: Proportion of testicular cancer survivors (TCS) with excellent, very good, good, fair, and poor self-reported health by number of
adverse health outcomes (AHOs). P value for association of number of AHOs with self-reported health was <0.01 (Mantel 1 df chi-square
test of trend). Self-reported health was not indicated by one participant with 1-2 AHOs and one participant with 3-4 AHOs. ∗Adapted with
permission from Fung et al. [40] (Figure 1).

Table 4: Summary of major research recommendations: late effects of testicular cancer and its treatment.

(1) Overarching recommendation: lifelong follow-up of all testicular cancer survivors (TCS)

(i) Integrate observational and analytic epidemiologic studies with molecular and genetic approaches to ascertain the risk of emerging
toxicities and to understand the evolution of known late effects, especially with the aging of TCS.

(ii) Evaluate the influence of race and socioeconomic status (SES) on the late effects of TC and its treatment.

(iii) Characterize long-term tissue deposition of platinum (sites and reactivity), serum levels, and correlation with late effects.

(iv) Evaluate the life-long burden of medical and psychosocial morbidity by treatment.

(v) Utilize research findings to establish evidence-based, risk-adapted, long-term follow-up care.

(2) Specific recommendations

(i) Second malignant neoplasms (SMN) and late relapses

(a) Determine the effect of reductions in field size and dose of radiotherapy, along with the use of carboplatin as adjuvant therapy in
seminoma patients, on the risk of SMN.

(b) Examine relation between platinum-based chemotherapy and site-specific risk of solid tumors, the associated temporal patterns,
and the influence of age at exposure and attained age.

(c) Compare risk of SMN in TCS managed with surgery alone to cancer incidence in the general male population.

(d) Examine delaying influence of platinum-based chemotherapy (and duration and magnitude of effect) on development of
contralateral testicular cancer.

(e) Characterize the evolution of cured testicular cancer, in particular, the molecular underpinnings of late recurrences.

(ii) Cardiovascular disease (CVD)

(a) Evaluate the contributions and interactions of subclinical hypogonadism, platinum-based chemotherapy, radiotherapy, lifestyle
factors (diet, tobacco use, and physical activity), body mass index, family history of CVD, race, socioeconomic status, abnormal
laboratory values, and genetic modifiers.

(b) Develop comprehensive risk prediction models, considering the above variables, to stratify TCS into risk groups in order to
customize follow-up strategies and develop evidence-based interventions.

(iii) Neurotoxicity

(a) Evaluate evolution of neurotoxicity across TCS lifespan, role of genetic modifiers, and extent to which symptoms impact on work
ability and quality of life.

(iv) Nephrotoxicity

(a) Determine whether the natural decline in renal function associated with aging is accelerated in TCS, any influence of low-level
platinum exposure, and the impact of decreased GFR on CVD and all-cause mortality.

(b) Determine the incidence of hypomagnesemia, together with the role of modifying factors and resultant medical consequences, in
long-term TCS.
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d t , c n provide the b sis for identifying predictors of
AHOs, either singly or jointly, for the eventu l development
of preventive  nd intervention l me sures. An import nt
go l not only for TCS, but for c ncer survivors in gener l, is
the identific tion of genetic v ri nts th t predispose to the
development of  cute  nd long-term tre tment toxicities.
*is elucid tion of etiop thogenetic p thw ys provides
 nother step tow rds developing t rgeted prevention  nd
intervention str tegies to optimize risk-b sed c re, minimize
chronic morbidities,  nd improve p tients’ qu lity of life.
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