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Chapter 6

Insulin-like factor 3, luteinising
hormone and testosterone in testicular
cancer patients: effects of β-hCG and
cancer treatment

Steggink, L. C.1, van Beek, A. P.2, Boer, H.1, Meijer, C.1, Lubberts, S.1, Oosting, S. F.1,
de Jong, I. J.3, van Ginkel, R. J.4, Lefrandt, J. D.5, Gietema, J. A.1, Nuver, J1.

. 7, 441–448. doi:10.1111/andr.12581 (Jul. 2019)
1Department ofMedical Oncology, UniversityMedical Centre Groningen, University of Groningen, Groningen, TheNeth-
erlands; 2Division of Endocrinology, Department of Internal Medicine, University of Groningen, University Medical
Centre Groningen, University of Groningen, Groningen, The Netherlands; 3Department of Urology, University Medical
Centre Groningen, University of Groningen, Groningen, The Netherlands; 4Division of Surgical Oncology, Department
of Surgery, University Medical Centre Groningen, University of Groningen, Groningen, The Netherlands; 5Division of
Vascular Medicine, Department of Internal Medicine, University Medical Centre Groningen, University of Groningen,
Groningen, The Netherlands.

Abstract

Background — Primary hypogonadism (low testosterone and high luteinising hor-
mone, LH) is present in approximately of testicular cancer (TC) survivors after
orchidectomy with or without chemotherapy.
Objectives—We investigated insulin-like factor 3 (INSL3), a novel marker of Leydig
cell function, in TC patients.
Materials and methods — We analysed: (I) a cross-sectional cohort of TC patients
after orchidectomy with or without chemotherapy (1988–1999) at long-term follow-
up (median and years of age at follow-up, respectively) and healthy men of
similar age; (II) a longitudinal cohort of chemotherapy-treated TC patients (2000–
2008), analysed before and one year after chemotherapy (median years of age at
chemotherapy). INSL3, testosterone, and LH were compared between groups and
over time and related to pre-chemotherapy β-hCG levels.
Results— In the cross-sectional cohort, TC patients at median seven years after orch-
idectomy and chemotherapy ( ) had higher LH ( ), lower testoster-
one ( ), but similar INSL3 as controls ( ). After orchidectomy only
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( ), higher LH ( ), but no differences in testosterone or INSL3 were
observed compared to controls. In the longitudinal cohort, patients with normal pre-
chemotherapy β-hCG ( IUL , ) had increased LH one year after chemo-
therapy compared to pre-chemotherapy ( ), and no change in testosterone
or INSL3. In contrast, patients with high β-hCG pre-chemotherapy ( ) had sup-
pressed LH,markedly elevated testosterone, and low INSL3 at start of chemotherapy,
with increased LH, decreased testosterone, and increased INSL3 one year later (all

).
Discussion — Changes in LH show that gonadal endocrine function is disturbed
before chemotherapy, one year later, and at long-term follow-up in chemotherapy-
treated TC patients.
Conclusion — Pre-chemotherapy, β-hCG-producing tumours affect the gonadal en-
docrine axis, demonstrated by increased testosterone and decreased LH. INSL3 did
not uniformly follow the pattern of testosterone.

6.1 Introduction

Testicular germ cell cancer (TC) is the most frequent malignancy in men between
and years of age. Therapy consists of orchidectomy and, in case of disseminated
disease, platinum-based chemotherapy. Since this treatment has high cure rates, de-
tection and management of late therapy-related toxicity in survivors is important.1

Primary hypogonadism is a toxic effect of chemotherapy in TC patients. Low
testosterone ( – nmol L ) or testosterone replacement therapy are reported in

– of long-term survivors.2–4 In stage I TC patients treated with orchidectomy
alone, luteinising hormone (LH) is higher than in healthymen.5–7 Patientswithmeta-
static disease treated with orchidectomy and chemotherapy have both elevated LH
and reduced total and free testosterone.6,7 These findings suggest a negative effect of
orchidectomy and potentially the presence of TC itself on the number of functional
Leydig cells, while chemotherapy seems to induce further impairment.

Unfortunately, interpreting testosterone levels is challenging due to large inter-
and intraindividual variations and the lack of a generally accepted lower limit of
normal. Testosterone levels react acutely to changes in the hypothalamic–pituitary–
gonadal (HPG) axis, and repeated measurements are recommended to exclude tran-
sient testosterone decreases.8 Furthermore, only a modest correlation exists between
total testosterone and symptoms of hypogonadism.8–10. Moreover, no convincing
data are available regarding the harmful effects of low or low–normal testosterone
in young men over longer time periods.

Increased cardiovascular risk in TC survivors is a concern, given a standard-
ised incidence ratio for myocardial infarction or angina pectoris of in -year
TC survivors after chemotherapy compared to the general population.11 In TC pa-
tients, total testosterone is negatively associatedwith prevalence of themetabolic syn-
drome.6,12,13 Similarly, low testosterone is associated with the metabolic syndrome
and increased mortality in the general population.14–16

To better define hypogonadism and investigate its effects, a marker of Leydig
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cell function with less fluctuation than testosterone would be valuable.17 Such a 
marker might better indicate low Leydig cell function and predict the metabolic syn-
drome and increased cardiovascular risk in TC patients. Insulin-like factor 3 (INSL3) 
is a peptide that is almost exclusively produced by men in the Leydig cells.18,19
INSL3 reaches relatively stable levels in adulthood, slightly declining with increasing 
age.20,21 According to previous reports, INSL3 expression is less dependent on acute 
regulation by the HPG axis than testosterone, and may better reflect the number and 
function of Leydig cells and their differentiation status than testosterone,17,18,22 with 
no overt diurnal pattern.23

In the present study, we investigated INSL3 as a novel marker of Leydig cell func-
tion in TC patients following orchidectomy only or orchidectomy and chemotherapy.

6.2 Materials and methods

6.2.1 Cross-sectional and longitudinal cohorts

Measurements were carried out in a cross-sectional and a longitudinal cohort. The 
cross-sectional cohort consisted of three groups: TC patients after orchidectomy and 
chemotherapy for disseminated disease, TC patients after orchidectomy alone for 
stage I disease, and healthy males of similar age. These men had participated in a 
previous study on hormone levels, as described elsewhere.6 Briefly, patients had 
been treated for non-seminoma at the University Medical Center Groningen (UMCG) 
between 1988 and 1999. Extragonadal TC, radiotherapy, testosterone replacement 
therapy, and age   years at chemotherapy were exclusion criteria. In addition, 
participants were excluded if stored serum was not available ( ) or INSL3 
could not be measured due to technical issues (  ).

The longitudinal TC cohort consisted of patients treated with unilateral orchidec-
tomy and at least three courses of chemotherapy. Between 2000 and 2008, these pa-
tients had participated in various prospective studies on cardiometabolic effects of 
TC treatment in the UMCG. Patients with age   years at chemotherapy, extragon-
adal TC, cardiovascular disease before chemotherapy, or testosterone replacement 
therapy before or within two years after chemotherapy were excluded. Patients were 
selected based on availability of stored serum obtained at start (after orchidectomy 
and before chemotherapy) and at one year after chemotherapy (    days); a 
serum sample at two years after chemotherapy (  days) was optional. The dif-
ferent study protocols were approved by the local medical ethical review committee, 
and each participant gave written informed consent.

6.2.2 Assessment of INSL3, gonadal endocrine function, and the
metabolic syndrome

Insulin-like factor 3 was measured in serum samples, stored at  C, using a com-
mercial enzyme immunoassay research kit (Phoenix Pharmaceuticals, Burlingame, 
United States of America). Serum was diluted . The serum samples used in 
the cross-sectional analysis were measured in duplicate; in our hands, intra- and
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interassay variation coefficients (over four assays) were and . Consider-
ing this low variation, INSL3 measurements in the longitudinal cohort were not du-
plicated. For INSL3 measurements below the detection threshold ( ngmL ),

ngmL was used for statistics. Low INSL3 was defined as below percentile
of INSL3 in the healthy men from the cross-sectional analysis ( ngmL ).

Measurements of total testosterone, LH, and follicle stimulating hormone in
morning blood samples were described previously.6 Primary hypogonadism was
defined biochemically as total testosterone nmol L and/or LH IUL .
For the last follow-up time point in the longitudinal cohort, hypogonadism was also
considered present if a patient had started testosterone replacement therapy (if star-
ted more than two years after chemotherapy).

From previous studies, history of cardiovascular disease, bodymass index (BMI),
and blood pressure were recorded. In the TC patients, the β subunit of human chor-
ionic gonadotropin (β-hCG, IUL ) was routinely measured during treatment and
follow-up. Triglycerides, total cholesterol, high density and low density lipoprotein
cholesterol, and glucose had been measured in fasting blood samples. The metabolic
syndrome was defined according to the NCEP-ATPIII criteria (2005 update)24 and
considered absent if criteria were not met.

6.2.3 Statistical analysis

We determined if data were normally distributed by graphical evaluation of the
distribution and by formal normality testing using Shapiro–Wilk test. In the cross-
sectional analysis, continuous variables were compared between all three groups
using Kruskal–Wallis tests (with additional comparison as indicated using
Dunn test), or between the two TC groups only using Mann–Whitney U tests. Dif-
ferences in categorical variables were tested with Fisher’s exact test. For correlations,
Spearman’s correlation coefficient was determined.

In the longitudinal cohort, given possible gonadal endocrine activity of β-hCG
similar to that of LH, TCpatientswere stratified between TC tumourswith orwithout
β-hCG production ( IUL ) pre-chemotherapy. Paired variables were compared
between the two time points using Wilcoxon signed ranks test or McNemar’s test.
For the subset of patients with INSL3 measurements at two years after chemother-
apy, differences in INSL3 between the three time points were compared using Fried-
man test. Spearman’s correlation coefficient was determined for correlation between
change in INSL3 and other variables. To test if INSL3, total testosterone and LH pre-
dict hypogonadism or the metabolic syndrome at long-term follow-up, univariate
logistic regression analysis was performed. All tests were two-sided and unadjusted
for multiple comparisons. A was considered significant. Patients with miss-
ing variables were excluded on a per test basis. Statistics were calculated with R 3.3.4
(R Foundation for Statistical Computing, Vienna, Austria).
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Figure 6.1. Insulin-like factor 3 (INSL3) (A), total testosterone (B), and luteinising hormone
levels (C) in the cross-sectional cohorts of patients after orchidectomy and chemotherapy
( ), orchidectomy-only patients ( ), and healthy men ( ). is for over-
all comparison over the three cohorts using Kruskal–Wallis test and for comparisons
with Dunn test. Grey areas mark INSL3 ngmL (below p in healthy men), total
testosterone nmol L , and luteinising hormone IUL .

6.3 Results

6.3.1 Cross-sectional cohort

The cross-sectional cohort consisted of patients treated with orchidectomy and
chemotherapy for disseminated TC, patients after orchidectomy alone for stage I
TC, and healthy men (table 6.1). The groups had comparable age ( ), and
time since treatment did not differ between TC patient groups ( ). Antihyper-
tensive drugs ( ), statins ( ), antidiabetic drugs ( ), and antiplatelet
agents (for stroke, , and myocardial infarction, ) were only reported in the
chemotherapy group.

Insulin-like factor 3 was lower in chemotherapy-treated compared to
orchidectomy-only patients ( , table 6.2 and figure 6.1), but there were
no differences between orchidectomy-only or chemotherapy-treated patients and
healthy men ( and , respectively). No correlation existed between
INSL3 and serum storage duration ( ). At follow-up, all β-hCG levels in
the chemotherapy-treated group were IUL . In all groups combined, INSL3
correlated with total testosterone ( , ), but not with LH ( )
or age ( ). In the TC patients, similar correlations between INSL3 and
total testosterone were found, with no correlation between INSL3 and time since
treatment ( ). INSL3 did not differ between TC patients with hypogonadism
( , median ngmL ; interquartile range [IQR] – ngmL ) or
without hypogonadism ( , ngmL ; IQR – ngmL ; ).



6

114

Table 6.1. Baseline characteristics of the cross-sectional and longitudinal patient cohortsa

Variable Cross-sectional cohorts Longitudinal
cohort ( )

Orchidectomy &
chemotherapy
( )

Orchidectomy-
only ( )

Age at therapyb(years) ( – ) ( – ) ( – )
Age at follow-upc(years) ( – ) ( – ) -
Duration of follow-up (years) ( – ) ( – ) , , ( – )
Histology ( , %)

Seminoma ( ) ( ) ( )
Non-seminoma ( ) ( ) ( )

Stage ( , %)
I ( ) ( ) ( )
II ( ) ( ) ( )
III ( ) ( ) ( )
IV ( ) ( ) ( )

IGCCCG prognosis group ( ,
%)

Good ( ) - ( )
Intermediate ( ) - ( )
Poor ( ) - ( )

Interval orchidectomy to
chemotherapy (days)

( – ) - ( – )

Chemotherapy ( , %)
BEP ( ) - ( )
EP ( ) - -
Otherd ( )
a Values shown are medians with interquartile range, unless stated otherwise. BEP denotes bleomycin,
etoposide, and cisplatin; EP, etoposide and cisplatin; IGCCCG, International Germ Cell Cancer Con-
sensus Group classification.

b Age is age at start of chemotherapy for groups treated with orchidectomy and chemotherapy, or age at
orchidectomy for the orchidectomy-only group.

c The cross-sectional cohort of healthy men had a similar median age of years (interquartile range
– years).

d Other chemotherapy regimenswere BEP followed by etoposide, ifosfamide, and cisplatin (VIP) in four
patients; bleomycin, vincristin, and cisplatin (BOP) followed byVIP in four patients; and BOP followed
by VIP and carboplatin, etoposide in one patient.
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Table 6.2. Gonadal endocrine function and cardiovascular risk factors in the cross-sectional cohortsa

Variable Orchidectomy &
chemotherapy ( )

Orchidectomy-only
( )

Healthy men ( )

Luteinising hormone (IUL ) ( – ) ( – ) ( – )
Total testosterone (nmol L ) ( – ) ( – ) ( – )
INSL3 (ngmL ) ( – ) ( – ) ( – )
Low INSL3b( , %) ( ) ( ) ( )
Follicle stimulating hormone (IUL ) ( – ) ( – ) ( – )
Hypogonadismc( , %) ( ) ( ) ( )

Body mass indexd(kgm ) ( – ) ( – ) ( – )
Total cholesterol (mmol L ) ( – ) ( – ) ( – )
HDL cholesterol (mmol L ) ( – ) ( – ) ( – )
LDL cholesterol (mmol L ) ( – ) ( – ) ( – )
Triglyceride (mmol L ) ( – ) ( – ) ( – )
Metabolic syndromee( , %) ( ) ( ) ( )

a Values shown are medians with interquartile range, unless stated otherwise, and were compared across the three groups. HDL denotes high density lipopro-
tein; INSL3, insulin-like factor 3; LDL, low density lipoprotein.

b Below p2.5 in healthy men ( ngmL ).
c Testosterone nmol L in one chemotherapy patient, all other patients had LH IUL with testosterone nmol L .
d Missing in eight chemotherapy patients and one healthy man.
e Missing in one chemotherapy patient and one healthy man.
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Table 6.3.Gonadal endocrine function at start of chemotherapy and one year after chemotherapy, and at long-term follow-up in the longitudinal
cohort, stratified by pre-chemotherapy β-hCG levela

Variable Time point Normal β-hCG ( IUL ) ( ) Elevated β-hCG ( IUL ) ( )

Median (IQR) Missing Median (IQR) Missing

Start - - -Pre-chemotherapy β-hCGb(IUL )
Luteinising hormone (IUL ) Start - -

One year -
Follow-upd -
Start - -
One year
Follow-upd -
Start - -
One year - -
Start - -
One year - -

Total testosterone (nmol L )

INSL3 (ngmL )

Low INSL3c( , %)

Hypogonadisme( , %) Start - -
One year
Follow-upd

( – )
( – )
( – )
( – )
( – )
( – )
( – )
( – )
( – )

( )
( )

( )
( )

( ) -

( – )
( – )
( – )
( – )
( – )
( – )
( – )
( – )
( – )

( )
( )

( )
( )

( )
FSH (IUL ) Start - ( – )

One year
Follow-upd

( – )
( – )

( – ) -
( – )
( – )

-

caption on the following page
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a is for pair-wise comparisons between start of chemotherapy and one year later (excluding cases with a missing value at either time point). β-hCG denotes
the β subunit of human chorionic gonadotropin; FSH, follicle stimulating hormone; INSL3, insulin-like factor 3; IQR, interquartile range; LH, luteinising
hormone.

b After chemotherapy, β-hCG levels were IUL for all patients.
c INSL3 below p2.5 in the cross-sectional cohort of healthy men ( ngmL ).
d Median follow-up years (range – years). One of the patients was excluded from analysis at the follow-up time point, because of acute myel-
oid leukaemia before two years of follow-up. Two patients were censored at six and ten years of follow-up because of an astrocytoma and TC recurrence,
respectively.

e Hypogonadism was based on testosterone replacement therapy in two patients at follow-up. Other hypogonadic patients had either low testosterone (
nmol L ; at start of chemotherapy, at one year, at follow-up) or normal testosterone with elevated LH ( IUL ; at start of

chemotherapy, at one year, at follow-up).

Table 6.3. (preceding page) 
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Figure 6.2. Insulin-like factor 3 (INSL3) (A), total testosterone (B), and luteinising hormone
levels (C) in the longitudinal chemotherapy cohort ( ), stratified by pre-chemotherapy
β-hCG level. Total testosterone and luteinising hormone were missing in patients. is for
paired comparisons between the two time points. Grey areas mark INSL3 ngmL
(below p in healthy men), total testosterone nmol L , and luteinising hormone

IUL . β-hCG denotes the β subunit of human chorionic gonadotropin.

6.3.2 Longitudinal cohort

All TC patients in the longitudinal cohort had been treated with orchidectomy
and chemotherapy. At start of chemotherapy, patients had a normal β-hCG (
IUL ) and patients had an elevated β-hCG ( IUL ). All patients were

treated with at least three cycles of chemotherapy; an additional fourth cycle was ad-
ministered to ( ) of the patients with normal β-hCG pre-chemotherapy and to

( ) in patientswith elevated β-hCGpre-chemotherapy. INSL3 at start of chemo-
therapy did not correlate with age ( ) or interval between orchidectomy and
chemotherapy ( ).

In the TC patients with elevated β-hCG pre-chemotherapy, testosterone was
high and LH suppressed at start of chemotherapy, with ( ) having a LH
below IUL (table 6.3 and figure 6.2). One year later, testosterone had decreased
with median nmol L (IQR to nmol L ; ) and LH levels had
increased with median IUL (IQR to IUL ; ). Contrary to
the decrease in testosterone, INSL3 increased with median ngmL (IQR –

ngmL ; ) in the patients with elevated β-hCG pre-chemotherapy.
In contrast, in the TC patients with normal β-hCG pre-chemotherapy, all LH

levels at start of chemotherapy were above IUL , and LH increased with me-
dian IUL (IQR – IUL ) between start of chemotherapy and one year
later ( ). However, testosterone and INSL3 did not change between start
of chemotherapy and one year later ( and , respectively).

For a subset of patients, an additional blood sample was available at two years
after chemotherapy. Within this subset, INSL3 increased between start of chemother-
apy and one year and two years later in the patients with elevated β-hCG pre-
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chemotherapy (Friedman test,   ), but not in the  patients with normal 
β-hCG pre-chemotherapy (   ) (supplementary table 6.1).

6.3.3 Longitudinal INSL3 and long-term gonadal endocrine function

Long-term follow-up after chemotherapy was available for  TC patients from the 
longitudinal cohort (median follow-up  years, IQR –  years) (table 6.3). At 
last follow-up,  patients ( ) had hypogonadism (of whom two on testosterone 
replacement therapy).

To explore if the risk of long-term hypogonadism can be predicted early during 
follow-up, the relation between INSL3, LH and testosterone at one year after chemo- 
therapy and hypogonadism at median -year long-term follow-up was analysed 
with univariate logistic regression. Higher LH at one year after chemotherapy in- 
creased the likelihood of hypogonadism at last follow-up in patients with normal β- 
hCG pre-chemotherapy (odds ratio [OR] ;  confidence interval [CI] – ), 
but not in patients with elevated β-hCG pre-chemotherapy (OR ;  CI – ). 
INSL3 and testosterone at one year after chemotherapy did not affect the likelihood 
of hypogonadism at last follow-up (supplementary table 6.2). In both patients with 
normal or elevated β-hCG pre-chemotherapy, LH at one year after chemotherapy was 
correlated with LH at last follow-up (   ,   , and   ,   , 
respectively). In the patients with elevated β-hCG at start of chemotherapy, the β- 
hCG level at start of chemotherapy did not affect the likelihood of hypogonadism at 
last follow-up (OR ,  CI – ).

6.3.4 INSL3, BMI, and the metabolic syndrome

In the 106 TC patients of the cross-sectional cohort with documented BMI, INSL3 did 
not correlate with BMI (   ). INSL3 did not differ between TC patients with 
( ; median  ng mL ; IQR –  ng mL ) versus without the meta- 
bolic syndrome (   ; median  ng mL ; IQR –  ng mL ;   ). 
In the longitudinal cohort, BMI at follow-up was median  kg m  (IQR – 

 kg m ) in patients with normal β-hCG and  kg m  ( –  kg m ) in 
patients with elevated β-hCG pre-chemotherapy. INSL3 at one year after chemo- 
therapy was inversely correlated with BMI at follow-up (   ;   ) in 
the patients with elevated β-hCG at start of chemotherapy, but not in the subgroup 
with normal β-hCG at start of chemotherapy (   ). At last follow-up, the meta- 
bolic syndrome was found in seven patients ( ) with normal β-hCG at start of 
chemotherapy and in  patients ( ) with elevated β-hCG at start of chemother- 
apy. INSL3 at one year after chemotherapy did not influence the odds of metabolic 
syndrome at follow-up in the patients with normal β-hCG (OR ;  CI – ) 
or in those with elevated β-hCG pre-chemotherapy (OR ;  CI – ).



6

120

6.4 Discussion

We investigated INSL3 as a marker of Leydig cell function in relation to testosterone
and LH in TC patients following orchidectomy and chemotherapy. Chemotherapy in-
fluences gonadal endocrine function as shown by changes in LH but not INSL3 one
year after chemotherapy or at long-term follow-up. INSL3 one year after chemother-
apy was not related to the development of hypogonadism at long-term follow-up. In
the long-term TC survivors of the cross-sectional cohort – years after treatment,
INSL3 was clearly higher than in patients from the longitudinal cohort with INSL3
measurements at one year after treatment. This suggests that INSL3 in chemotherapy-
treated TC patients may return to (near) normal over the course of several years and
that Leydig cell recovery might be a prolonged process.

Insulin-like factor 3 is almost exclusively produced by the Leydig cells of the testes
and may, therefore, accurately indicate gonadal endocrine function. INSL3 levels re-
flect Leydig cell number and differentiation status.18,22 After unilateral orchidectomy,
the number of Leydig cells is halved and the remaining testis needs to compensate to
maintain adequate sex hormone levels. We hypothesised that early changes in INSL3
after orchidectomy reflect Leydig cell residual capacity, potentially indicating a pa-
tient’s long-term risk to develop hypogonadism, as defined by a total testosterone

nmol L and/or LH IUL . However, in our longitudinal analysis, INSL3
at one year after chemotherapy did not influence the odds of developing hypogon-
adism at amedian -year follow-up. Therefore, INSL3 does not seem to be a suitable
marker to predict hypogonadism as a late effect of chemotherapy in TC patients.

Interestingly, we also found interference of the tumour marker β-hCG with Ley-
dig cell function. We showed that elevated β-hCG levels affect the gonadal endocrine
axis and Leydig cell function, as demonstrated by high testosterone and suppressed
LH and INSL3 in patients with elevated β-hCG at start of chemotherapy. Changes
in INSL3, LH, and testosterone one year after chemotherapy likely result, for a large
part, from successful cancer treatment and elimination of the β-hCG stimulus in these
patients. In contrast, in patients who had not been exposed to elevated β-hCG levels,
INSL3 did not change between start of chemotherapy and one year later. However,
these patients did have a significantly higher LH one year after chemotherapy than
before chemotherapy, indicating gonadal endocrine dysfunction at one year after
chemotherapy without interference from high β-hCG levels.

Various explanations for the discrepant effect of β-hCG on gonadal hormones
may be suggested. Although TC produces the intact hCG molecule, serum assays
generally assess the β subunit of hCG, as the α subunit of hCG is also found in LH,
FSH, and thyroid stimulating hormone (TSH). Indeed, clinical hyperthyroidism due
to similarity of hCG and TSH has been reported in TC patients with hCG levels ex-
ceeding IUL .25 Likewise, similarity between hCG and LH likely resulted in
the upregulation of testosterone levels and subsequent downregulation of LH in the
patients with elevated β-hCG levels in the longitudinal cohort. Surprisingly and con-
trary to the high testosterone production by the hCG-stimulated Leydig cells in these
patients, INSL3 as a marker of Leydig cell number and differentiation was relatively
low at start of chemotherapy. Possible explanations may be that this low INSL3 re-
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flects the halved number of Leydig cells after orchidectomy, that hCG may not be a
full substitute for LH when it comes to Leydig cell multiplication and differentiation
and therefore INSL3 expression, that the low INSL3 reflects exhaustion of the Ley-
dig cells after prolonged hCG stimulation, or that the duration of the hCG stimulus
was too short to observe an increase in INSL3 secretion accompanying Leydig cell
multiplication and differentiation.

We did not find a clear association between INSL3 and BMI or the metabolic syn-
drome, although gonadal endocrine dysfunction has been associated with develop-
ment of cardiovascular risk factors and the metabolic syndrome in TC patients.6,12,13
In literature, data are scarce on the relationship between INSL3 and cardiovascular
morbidity. Obese men have been reported to have significantly lower INSL3 than
non-obesemen, in addition to lower total testosterone.26 Moreover, subnormal INSL3
levels were demonstrated in obese men with normal testosterone levels.26 Notably,
lower INSL3 levels have also been found in men with diabetes mellitus type 2 com-
pared to BMI-matched controls.27 However, low INSL3 did not prove to be a valuable
marker to distinguish between TCpatientswith andwithout themetabolic syndrome
in the present study.

To our knowledge, this is the first study measuring INSL3 in a large group of TC
patients. By chance, a large Australian general population study investigating INSL3
included 11 men after orchidectomy.20 They reported lower INSL3 in a single subject
after bilateral orchidectomy ( ngmL ) and in ten men after unilateral orchidec-
tomy (mean ngmL ; standard deviation [SD] ngmL ) compared to the
remaining study population ( ngmL ; SD ngmL , ).Within their
small sample after unilateral orchidectomy, the investigators found a negative correl-
ation between INSL3 and both LH and testosterone. The discrepancywith our results
may be simply due to differences in sample size.

This study investigated the role of INSL3 in relation to the clinically relevant issue
of hypogonadism in two well-defined cohorts of TC patients. Important strengths of
our study are the longitudinal measurements and the long-term clinical follow-up.
However, some limitations need to be addressed. First, the sample size is too small
to draw any definitive conclusions on the relation between INSL3 and long-term
outcome in terms of symptomatic hypogonadism or cardiovascular events. Second,
while storage duration did not correlate with INSL3, an effect of storage duration on
INSL3 cannot be excluded, although this effect is expected to have similar and equal
influence on INSL3 in all cross-sectional groups. Third, no serum was available be-
fore orchidectomy, making it difficult to confidently differentiate between low INSL3
due to orchidectomy, chemotherapy, or TC itself. Indeed, INSL3 has been implicated
in testicular descent and cryptorchidism,22 which is an established risk factor for TC.1
Furthermore, aberrant heterogeneous INSL3 expressionwas observed in histological
samples from hCG-producing testicular tumours.28

Finally, use of different measurement methods hinders comparisons between ab-
solute INSL3 levels in our and previous studies. However, our INSL3 measurements
fit into the ranges found by Ermetici (mean ngmL [SD ngmL ] in
diabetes mellitus patients and ngmL [SD ngmL ] in controls)27 and by
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Chong ( ngmL [SD ngmL ] and ngmL [SD ngmL ] in two
groups of and healthy men, respectively) using the same assay.23

In conclusion, changes in LH show that gonadal endocrine function is disturbed
before chemotherapy, one year later and at long-term follow-up in chemotherapy-
treated TC patients. Pre-chemotherapy, β-hCG-producing tumours affect the gon-
adal endocrine axis, demonstrated by increased testosterone and decreased LH. Re-
markably, INSL3 as a marker of Leydig cell activity and differentiation is simultan-
eously suppressed. INSL3 does not seem to be a suitable marker to predict hypogon-
adism as a late effect of chemotherapy in TC patients. After longer follow-up, INSL3
levels are comparable to levels in healthy men, implicating potentially ongoing Ley-
dig cell recovery more than two years after treatment.
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126Supplementary table 6.1.Gonadal endocrine function at start of chemotherapy, one year and two years after chemotherapy, and at follow-up in
a subset of the longitudinal cohort with available serum samples at two years after chemotherapy, stratified by pre-chemotherapy β-hCG level.a

Variable Time point Normal β-hCG ( IUL )
( )

Elevated β-hCG ( IUL )
( )

Median (IQR) Missing Median (IQR) Missing

Pre-chemotherapy β-hCGb(IUL ) start
( – )

- ( – ) -

LH (UL ) start ( – ) - ( – ) -
year ( – ) ( – ) 5
years - -

follow-upc ( – ) - ( – )
Total testosterone (nmol L ) start ( – ) - ( – ) -

year ( – ) ( – )
years - -

follow-upc ( – ) - ( – )
INSL3 (ngmL ) start ( – ) - ( – ) -

year ( – ) - ( – ) -
years ( – ) - ( – ) -

Low INSL3d( , ) start ( ) - ( ) -
year ( ) - ( ) -
years ( ) - ( ) -

Hypogonadisme( , ) start ( ) - ( ) -
year ( ) ( )
years - -

follow-upc ( ) - ( )
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Variable Time point Normal β-hCG ( IUL ) Elevated β-hCG ( IUL )

Median (IQR) Missing Median (IQR) Missing

FSH (UL ) start ( – ) - ( – ) -
year ( – ) ( – )
years - -

follow-upc ( – ) - ( – )
a INSL3 increases in the two years after start of chemotherapy in the patients with elevated β-hCG (Friedman test over three time points, ), both
between start of chemotherapy and one year later (Wilcoxon signed-rank test, ) and between one and two years after chemotherapy ( );
in contrast, INSL3 did not differ between the three time points in the patients with normal β-hCG (Friedman test, ). β-hCG, β-subunit of human
chorionic gonadotropin; FSH, follicle-stimulating hormone; INSL3, insulin-like factor 3; IQR, interquartile range; LH, luteinising hormone.

b After chemotherapy, β-hCG levels were IUL for all patients except for one patient with a β-hCG of IUL at two years.
c Median follow-up: years (range – years). Two patients were censored at six and ten years of follow-up because of an astrocytoma and TC recur-
rence, respectively.

d INSL3 below p2.5 in the cross-sectional cohort of healthy men ( ngmL ).
e Hypogonadism was based on low testosterone ( nmol L ; at follow-up) or normal testosterone with elevated LH ( UL ; at start of
chemotherapy, at year, at follow-up).
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Supplementary table 6.2. Gonadal endocrine function at one year after chemotherapy in re-
lation to hypogonadism at long-term follow-up in the longitudinal cohort, stratified by pre-
chemotherapy β-hCG level.a

Variable Normal β-hCG
( IUL ) ( )

Elevated β-hCG
( IUL ) ( )

INSL3 at one year after chemotherapy
(per ngmL )

( – ) ( – )

Total testosterone at one year after
chemotherapy (per nmol L )

( – ) ( – )

LH at one year after chemotherapy (per
UL )

( – ) ( – )

a Values are odds ratios per unit increase in univariate logistic regression with 95% confidence inter-
vals. β-hCG, β-subunit of human chorionic gonadotropin; INSL3, insulin-like factor 3; LH, luteinising
hormone.


	Chapter 6



