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ABSTRACT

CONTEXT Testicular germ cell tumour (TGCT) survivors are potentially at
risk of developing osteoporosis, because of increased risk for disturbed bone
remodeling associated with hypogonadism and anti-cancer treatment. A
number of studies show bone loss and increased fracture risk in TGCT sur-
vivors, but data are scarce. There are no clinical guidelines or recommenda-
tions issued to address skeletal health in this group of patients potentially at
high risk for osteoporosis.

OBJECTIVE To conduct a systematic review of available literature ad-
dressing bone health in TGCT patients. Subgroup analysis was performed to
identify risk factors for bone loss and increased fracture risk.

EVIDENCE ACQUISITION Relevant databases including MEDLINE, Em-
base, and the Cochrane Library, including all English written comparative
studies addressing bone health in TGCT patients were searched up to April
2020 and a narrative synthesis was undertaken. Risk of bias (RoB) was as-
sessed using Cochrane ROBINS-I tool.

EVIDENCE SYNTHESIS 10 studies (8 cross-sectional and 2 longitudinal),
recruiting atotal of 1,997 unique TGCT patients, were identified and included
inthe analysis. Bone health was reported in various ways in different studies,
and subgroups were defined heterogeneously, resulting in a widely varying
prevalence of osteoporosis reported to be present in up to 73.2% of patients.
Six studies reported low BMD associated with higher luteinizing hormone
levels and one study showed a correlation between follow up duration and
bone loss.

CONCLUSIONS TGCT survivors are at risk of developing osteoporosis and
sustaining fragility fractures. Chemotherapy, pituitary-gonadal axis dys-
function and ageing are key risk factors, although available data are scarce.
With increasing survival of TGCT patients, a clear unmet need has been
identified to systematically evaluate and monitor skeletal health in larger
numbers of survivors in order to develop best clinical practice guidelines
to manage the insidious but potentially preventable and treatable skeletal
complications of TGCT.

PATIENT SUMMARY Our systematic review summarizes available evi-
dence on skeletal health status in TGCT survivors suggesting that chemo-
therapy and hypogonadism are key risk factors for bone loss.
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Introduction

Testicular germ cell tumours (TGCT) are the most common malignancy in
men aged 15 to 40 years,? representing a global incidence of 552,266 new
cases peryear in 2012.The introduction of cisplatin-based chemotherapy in
the management of TGCT patients in the seventies that resulted in a sig-
nificant increase in cure rate to >95%, -3 and thus to a significant increase
in survival time allowing the development of late comorbidities of initial
disease as well as its treatment such as persistent hypogonadism, cardio-
vascular disease, metabolic disease and secondary malignancies to be ob-
served after decades of follow up.** Depending on disease stage at diagno-
sis, treatment administered and time elapsed since treatment, between 16
to 27 percent of TGCT survivors have been reported to be hypogonadal 678
This increased risk for hypogonadism, a recognized significant risk factor
for bone loss and increased fracture risk particularly in elderly patients, is
possibly exacerbated by the higher prevalence of testicular dysgenesis syn-
drome observed in TGCT patients.? The cytotoxic chemotherapy and con-
comitant administration of corticosteroids which are administered to TGCT
patients, have also been associated with Leydig cell insufficiency-induced
hypogonadism,’°~*2and with increased prevalence of low bone mineral den-
sity (BMD).!* Whether this is a direct effect of chemotherapy on bone remod-
eling, or an indirect effect on this process due to Leydig cell insufficiency
and associated hypogonadism, is as yet to be established.’* Whereas a num-
ber of studies address bone health in TGCT survivors, outcomes vary wide-
ly between different studies.’>?¢ The current EAU germ cell tumour guide-
line does not address bone health evaluation and monitoring in TGCT survi-
vors.’” The reported relatively high prevalence of hypogonadism and poten-
tial chemotherapy associated risk for bone loss and increased fracture risk
in TGCT survivors has led us to systematically review all available evidence
for increased prevalence of osteoporosis and fracture risk in this group of
patients.

The main objective of this systematic review was to summarize available
literature evidence for bone loss and increased fracture risk and potential
risk factors thereof in TGCT survivors, in order to enable the issuing of best
clinical recommendations for the evaluation and monitoring of this vulner-
able group’s bone health.

CHAPTER 2 - Osteoporosis in TGCT, a review of literature
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Evidence acquisition
SEARCH STRATEGY AND DATA SOURCES

The protocol for this review has been published (www.crdyork.ac.uk/
PROSPERO; registration number CRD42019119868). Publications from 1990
to December 2021 were searched. The study selection process was done ac-
cording to the Preferred Reporting items for Systematic reviews and meta-
analyses (PRISMA).18

The full search strategy can be found as supplementary materials.

INCLUSION- AND EXCLUSION CRITERIA

All comparative studies were included. Single-arm case series, case re-
ports, commentaries, reviews, and editorial commentaries were excluded.
Relevant systematic reviews were scrutinized for potentially relevant stud-
ies for inclusion. Studies had to involve adult men with histologically prov-
en TGCT stages T1-T3 according to the TNM staging system, who were treat-
ed with orchidectomy with or without chemotherapy and/or radiothera-
py. Comparative arms could consist of healthy adult males, a non-cancer
patient group, or different treatment- or outcome arms of TGCT patients.
Studies that included patients with a metabolic bone disease or congenital
hypogonadism were excluded.

Only studies that reported BMD as measured using dual X-ray absorpti-
ometry (DxA) and/or fracture rates were included.

DATA EXTRACTION

Two authors (jpMV and PMLH) independently reviewed all titles, article ab-
stracts and full-text articles for inclusion in the systematic review of the
literature. At each step, outcomes were summarized, compared, and dis-
cussed. Disagreement was resolved by consensus after discussion or con-
sultation with a third reviewer (PMW). The selection process is documented
in a Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(prisMA) flow diagram (Figure 1).!® A data extraction form was developed to
enable uniform collection of detailed information from the studies that met
the inclusion criteria and their outcomes. In case additional data were re-
quired to enable comparison with other included papers, authors of the se-
lected articles were approached to request the missing data.

Extracted study characteristics included: country of conduct, study objec-
tive, study design, outcome measures, sample size (N), source of the study
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population, eligibility criteria, treatment arms and methods including BMD
definition of osteoporosis.

Data extracted also included demographic data (age, follow-up duration,
BMI), details of treatment, BMD measurements (expressed as absolute val-
uesin g/cm? T-scores and z-scores), plasma measurements of gonadal hor-
mones and bone status indicators and any fracture data if available. In case
of longitudinal studies, both baseline and follow-up data were extracted if
available.

ASSESSMENT OF RISK OF BIAS

The risk of bias of each included study was independently assessed by two
authors (JPMV, PMLH) using the Cochrane ROBINS-I tool.!® Any disagree-
ment was resolved by consensus after discussion or consultation with a se-
nior reviewer (PMw). A list of outcome-specific prognostic confounders was
aprioridefined by the authors for each domain. These confounders included
age, tumour type, follow-up duration, definition of the intervention, missing
data across groups and incomplete reporting of results.

DATA ANALYSIS AND STATISTICS

A narrative synthesis of the included studies was performed using descrip-
tive statistics to summarize study and patient characteristics. Subgroups
were defined on the basis of treatment administered, gonadal status, prev-
alence of fractures and follow-up duration. In case of longitudinal studies,
baseline and follow-up data were included in the evaluation.

Outcome of laboratory investigations of gonadal hormones and/or bone
status indicators, fracture rates and fracture risk scores (e.g. FRAX-score)
were analyzed and reported in a descriptive manner.

Evidence synthesis
STUDY SELECTION

The PrRISMA flow chart depicting the process of the systematic literature
search and selection of the included studies is shown in Figure 1.1

After exclusion of duplicate studies, two authors (JPMV, PMH) selected 44
articles for full-text evaluation after independently completing a review of
176 Titles and Abstracts. A final cross-checked selection was made in keep-
ing with the outlined inclusion criteria for the review. This selection resulted
inthe inclusion of ten full-text publications, providing data on a total of 2921
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TGCT patients, the number of which decreased to 1997 TGCT patients after
confirmation of uniqueness. A combined total of 180 non-TGCT subjects
were included as controls in the 10 studies included in the systematic review.

CHARACTERISTICS OF THE STUDIES INCLUDED IN THE
SYSTEMATIC REVIEW

Of the ten studies fulfilling the inclusion criteria for the systematic review,
two studies, by Willemse (2014) and IJpma,?%?! were prospective non-ran-
domized controlled studies, and eight were cross-sectional, non-random-
ized controlled studies.'>16:21727 Population sizes ranged from 30 to 1249
patients. Study characteristics of the included studies are shown in Table 1.

Within studies, patients were grouped based on treatment re-
ceived,5-?2:2426.27 Murugaesu, Willemse (2014) and Ondrusova (2009)
grouped based on tumour stage,'%-2%-25 Willemse (2010) grouped based on
or presence of vertebral fractures on routine spine X-rays.!* Three studies
compared TGCT patients with a control group of men without a diagnosis of
cancer. IJpma and Isaksson included healthy controls,?>:2* and the third, by
Foresta et al.2® included patients with sexual dysfunction as control group.
Nine studies additionally reported plasma gonadal hormone levels of LH,
FSH, testosterone, SHBG and estradiol levels.!>-16-20726 Bone status indicators
were reported in four studies, of which vitamin D, calcium and parathyroid
hormone were reported in two or more studies.*>1¢-22

RISK OF BIAS ASSESSMENT

The ROB assessment for all included studies is shown in Figure 2. This risk
was ‘serious’ in all studies, although its potential cause remained confound-
ing as treatments were used to define groups. There was also a potential bias
inthe selection of participants due to missing inclusion or exclusion criteria.

BMD MEASUREMENTS

The DX A systems used, the sites measured, and the definitions used to in-
terpret measurement outcomes are shown in Table 1. Six studies used the
Horizon Hologic system,!%16:20:21.25,26 for three studies, by Brown, Isaksson
and Stutz,?22%?7 Lunar prodigy system was used, and Foresta did not re-
port which DX A system was used.?® All studies reported lumbar spine BMD
outcomes, and nine studies also reported BMD as measured at other an-
atomic sites (hip/proximal femur, forearms, and/or whole body). The ex-
pression of outcome measures for BMD varied between studies; IJpma only
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reported T-scores,?* Willemse (2010 and 2014) and Murugaesu reported
T- and z-scores,!>16:20 Brown and Foresta reported only absolute BMD val-
ues in g/cm? %223 [saksson reported z-scores and absolute BMD values in g/
cm??* and Stutz reported T- and z-scores in addition to BMD in g/cm?2” In
the two studies by Ondrusova (2009, 2018),2%26 BMD outcomes were report-
ed as odds ratios (OR) for osteopenia and osteoporosis compared to a refer-
ence group.

Nine studies used the world health organization (WHo0) definitions for os-
teopenia (T-score >-1to <-2.5) and osteoporosis (T-score <-2.5).15-16:20722,24727
Foresta did not provide the criteria used to define osteoporosis or osteope-
nia.23 The prevalence of osteoporosis and/or osteopenia based on wHO defi-
nition definitions using T-scores or based on z-scores was reported in eight
papers.15:20.22-27

TREATMENT GROUPS

Seven studies compared orchiectomy-only treated patients with patients
who were treated with orchiectomy and with chemotherapy and/or ra-
diotherapy.1>16:20:22,:24726 [saksson also compared the outcomes in differ-
ent TGCT treatment groups with those of healthy men.?* Foresta bundled
all treatment groups and compared those with the results of a non-TGCT
group.?® Two studies only included patients who had a specific treatment
combination: IJpma et al?! compared patients who had orchiectomy and
chemotherapy with healthy subjects, and Stutz et al.?’ performed a within-
patient comparison of patients irradiated- and non-irradiated sides.

BMD RESULTS

Table 2 details BMD results for all 10 studies included in the systematic
review.

Three studies compared BMD results of TGCT patients with those of non-
TGCT patients. IJpma and Isaksson had healthy controls as control group
and Foresta had sexual dysfunction patients as a control group. IJpma and
Foresta found a significantly lower BMD at the lumbar spine in TGCT pa-
tients compared to controls, with p-values of p <0.0001, and p=0.010.2%:23:24
Both studies compared patients who had undergone various treatments in
the form of orchiectomy with or without chemotherapy and/or radiothera-
py with non-TGCT controls.?::23 Foresta also reported a significantly high-
er prevalence of z-scores of <-2 in 23.8% in its combined mixed treatment
TGCT group compared to 0% in the control group (p<0.0005).23

CHAPTER 2 - Osteoporosis in TGCT, a review of literature
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The third study, by Isaksson et al.?4, had a healthy control group and ex-
pressed BMD results as z-scores. Although patients treated with chemother-
apy had atrend forlower BMD, this was not statistically significant compared
to any other TGCT treatment group or healthy controls. The overall reported
prevalence of z-score<-1was 19% at hip and 21% at lumbar spine in all TGCT
patients, compared to 12% at the hip and 26% at the lumbar spine in healthy
controls with no statistical significance reported.

Seven, including Isaksson, evaluated BMD outcomes in TGCT patients
treated with orchiectomy alone compared to TGCT patients who had chemo-
therapy and/or radiotherapy in addition to orchiectomy. [Jpma and Willemse
(2014) were longitudinal and reported a lower BMD in their chemotherapy-
treated group at follow-up.2%?' Ondrusova (2009) reported a higher prev-
alence of osteoporosis or osteopenia (73.2%) in the patients who had un-
derwent bilateral orchidectomy compared to the unilateral group (49.1%,
p<0.001).%5 Other studies did not report statistically significant differences
in BMD at the lumbar spine or hip/proximal femur regions between treat-
ment groups.15:16:22:24.26

A within-patient comparison of BMD at irradiated compared to non-ir-
radiated hip sites was conducted by Isaksson and Stutz.?*?” Both found that
the proximal femur BMD was not affected by radiotherapy (p=0.855, p=0.37).
Stutz et al?” assessed BMD at the lumbar spine in irradiated patients and
found that 13.3% had osteoporosis at lumbar vertebrae within the irradiated
area, although on average lumbar spine BMD was higher than that of the de-
vice's reference population (p=0.018).

FRACTURES

Fracture related outcomes (vertebral, hip or non-vertebral) were reported in
only by Willemse (2010) and Stutz.!>?’ Stutzreported ‘no fractures’in the four
patients diagnosed with osteoporosis.?’ In contrast, the study by Willemse
(2010) reported a high prevalence of radiological vertebral fractures in 14%
of patients based on evaluation of systematically performed lateral X-rays of
the thoracic and lumbar spine in all patients included in their study (n=244),
although they found no association between number- or grade of severity of
vertebral fractures and BMD, age, tumour stage, treatment with chemother-
apy, gonadal status, or vitamin D levels.?°

FOLLOW-UP DATA

In the eight studies with a follow-up cross-sectional design, interval time
between treatment administration and analysis of follow-up data varied
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widely from 5 to 28 years after treatment.'>!¢-22727 The longitudinal studies
reported follow up data for 1 year (IJpma) and 5 years (Willemse, 2014) after
start of treatment.20-21

The effects of follow-up duration on changes in BMD were reported in five
studies,6-20:21.23,25 with low BMD more frequently found in patients with a
longer follow-up. Foresta reported a z-score of <-2 in 16.6% of patients after
2-3 years, and in 40.7% at 6-7 years, p<0.05.22 Ondrusova found a significant
risk of developing osteopenia and/or osteoporosis 8 to 10 years after surgery
in patients who had undergone unilateral or bilateral orchidectomy, respec-
tively.?> The studies with a longitudinal design by Willemse (2014) and IJpma,
found a significantly lower BMD (p<0.004, p=0.034 respectively) at follow-
up than at baseline in patients who had undergone chemotherapy, although
the prevalence of osteoporosis and/or osteopenia was not reported for these
treatment subgroups.2%-2! Murugaesu did not find significant differences in
BMD based on follow-up duration.!®

LABORATORY MARKERS OF GONADAL STATUS AND BONE
STATUS

Details of plasma levels of gonadal hormones and bone status indicators are
shown in Table 3. Plasma levels of luteinizing hormone (LH) and free testos-
terone (FT) were reported in 9 studies,-16:20-26 of which Foresta excluded hy-
pogonadal patients, based on baseline testosterone levels. None of the stud-
ies reported testosterone/LH ratios and six of the 9 studies did not report on
the use of testosterone replacement therapy, or addressed the possible re-
lationship between gonadal status and BMD.1¢:21723:25727 Of the three studies
thatdid, Isaksson did take into account testosterone and LH levels and use of
hormone replacement therapy to define hypogonadism and found that hy-
pogonadal patients with- and without androgen replacement therapy had
6-9% lower hip BMD (p=0.043 and p=0.037, respectively).* In the other two
studies, by Willemse (2010, 2014), LH levels were not taken into account to
define hypogonadism and there was no relationship identified between hy-
pogonadism and BMD.1%20

Subgroups of TGCT patients were found to have an increased LH level in
six studies, of which five studies reported a significant difference specifi-
cally between treatment groups (chemotherapy yes/no, or patients/con-
trols), including the three studies with non-cancer control groups.2-23726
The sixth study, Willemse (2014) reported higher LH levels and lower BMD at
follow-up in patients with more advanced (disseminated) TGCT compared
to stage I TGCT. Significantly increased LH was found in combination with

CHAPTER 2 - Osteoporosis in TGCT, a review of literature
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a significantly lower BMD in five out of six studies,?%:21-23:25:26 [saksson, who
reported increased LH levels, found a non-significant decrease in BMD.?*
Willemse (2010), Murugaesu and Brown found no significant changes in LH
matching the absence of a difference in BMD outcomes.!*:16:22

Four studies reported significantly lower testosterone levels in TGCT.
Willemse 2010, Ondrusova 2009 and Ondrusova 2018 showed significant-
ly lower serum free testosterone levels 3 months to 30 years after treatment
in patients who had undergone orchiectomy and chemotherapy, compared
to those who had undergone orchiectomy alone.'*22¢ [[pma reported free
testosterone levels were significantly lower in TGCT patients one year after
treatment was started, compared to levels in healthy volunteers and also
reported simultaneously lower BMD at follow-up compared to baseline.?!
Murugaesu reported higher levels of free testosterone in the orchiectomy
and chemotherapy group associated with ahigher BMD compared to patients
who had orchiectomy alone.’ The other four studies which reported on tes-
tosterone levels did not report significant or clinically relevant differences
ortrends, or a significant change in BMD over time between groups.2%-22724

Estradiol levels were measured in five studies, testosterone levels were
also measured in these studies. 15:16-20:22.23 Willemse (2014) reported signif-
icantly higher pre-treatment estradiol level (p=0.007) in patients with dis-
seminated disease, compared with levels in those with stage 1 disease.?° No
significant differences in estradiol levels were found between different stag-
es of TGCT in four other studies.>-16-22:23

Plasma concentrations of follicle stimulating hormone (FSH) were re-
ported in five studies.’>16:20:22.23 Sjgnificantly higher FSH levels were found
in TGCT patients compared to patients with sexual dysfunction by Foresta,?*
whereas Willemse (2010 and 2014) and Brown reported higher FsH levels
in subgroups of patients with disseminated TGCT after chemotherapy, or
after a long duration of follow-up.!>2%22 A combination of elevated FSH and
low BMD was only observed in the by Brown, including a non-TGCT control
group.?? Murugaesu did not report significant differences in FSH levels be-
tween treatment groups, or differences in BMD between groups.

Vitamin D and parathyroid hormone levels were measured in four stud-
ies,1516:22.23 gne of which (Foresta) found significantly lower levels of both vi-
tamin D and parathyroid hormone in TGCT patients compared to non-can-
cer controls (p<0.00001). No statistically significant difference was found in
plasma levels of calcium or sex hormone binding globulin (SHBG) in TGCT
patients compared to controls or between TGCT treatment groups in any of
the studies included.
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Discussion

Testicular germ cell tumour survivors, particular those treated with chemo-
therapy, are at increased risk of having a low BMD. Evidence for this is main-
ly provided by data generated from two robust longitudinal studies show-
ing a lower BMD in TGCT patients treated with chemotherapy compared to
TGCT patients treated with orchiectomy only. 22! A second risk factor for de-
creased BMD, identified in these patientsis along duration of follow-up, also
after correction for age,?%-2%:23:2> possibly due to long-term effects of chemo-
therapy, the cumulative dose of corticosteroids administered as antiemetic
treatment during chemotherapy, or longer exposure to hypogonadism.!3
High serum LH concentrations, were found to be associated with low BMD
measurements, also in the absence of low serum testosterone levels,20-23-24
suggesting that LH may have a direct negative effect on bone remodeling
representing a risk factor for osteoporosis in its own right. This, however,
remains to be established, as most studies did not include a separate analy-
sis of the effect of gonadal status on BMD outcomes, which may identify the
groups most at risk. The finding of high LH rather than low testosterone in
TGCT survivors is in line with findings of three other studies. which did not
show a relationship between serum estradiol and bone health or fracture
risk.®%28 Use of corticosteroids was not reported in half of the studies and
none of the studies performed a separate analysis or reported the dose/du-
ration of corticosteroid treatment.2%-2°

The only study systematically addressing the skeletal complications of
TGCT in long-term survivors revealed a high prevalence of radiologically di-
agnosed often asymptomatic vertebral fractures pointing to an increased
fracture risk, even in the absence of a low BMD.?* Findings from this study
thus suggest that it is not only a decrease in bone quantity but potential-
ly also a decrease in bone quality that may be responsible for the increased
fracture risk observed in TGCT patients. Whether this fracture risk could
be decreased or prevented by bone modifying treatment remains to be
established.

This review has strengths as well as limitations. Its main strength is that
to our knowledge, this is the first review that provides a complete overview
of the current, albeit scarce literature on bone health, fracture risk and po-
tential risk factors associated with loss of bone mass and increased fracture
riskin TGCT survivors. A further strength of this review is that it isa PRISMA-
adhering systematic review using a robust summation of available evidence
on bone health in TGCT survivors.

CHAPTER 2 - Osteoporosis in TGCT, a review of literature
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The review also has a number of limitations including the heterogeneity and
risk of bias of the populations studied and of reported outcomes, the small
number of patients included in each study (mostly <100 patients), and the
inability to access individual data for most studies, thus precluding the con-
duct of a meta-analysis. Eight of the 10 studies included in the review had a
non-randomized, retrospective design, and the remaining two were non-
randomized prospective studies.?%?* Some studies also used different mea-
surement devices, not cross-calibrated with each other, and used at differ-
ent time windows with different reference values.3°732 These limitations
highlight the need for standardized protocols, the collection of full sets of
data, and uniform methods of reporting in order to allow the issuing of best
clinical guidelines and recommendations on how best to manage the skel-
etal complications of TGCT

IMPLICATIONS FOR CLINICAL PRACTICE.

Despite the scarce data available, findings from this systematic review of the
literature reinforce the view that bone health, especially fracture risk should
be thoroughly evaluated and monitored in newly diagnosed as well as long-
term TGCT survivors, an unmet need not addressed by the current, recent-
ly updated (2021) EAU guideline for follow-up of germ cell tumour survi-
vors.'” The 2014 Endocrine Society’s guidelines for the diagnosis of osteo-
porosis in men recommends screening hypogonadal men for osteoporosis
from the age of 50.3® However, TGCT survivors are generally young and sur-
vival rates have significantly improved, so that they might be exposed to the
long-term effects of chronic hypogonadism, further increasing their future
risk for osteoporosis, fragility fractures and associated morbidities.»:2:31:34
However data are still scarce in this field and further research is warrant-
ed to reach firmer conclusions on the relationship between treatment mo-
dalities, hypogonadism, BMD outcomes and fracture risk in TGCT survivors.
Notwithstanding, in keeping with findings reported in studies included in
this systematic review showing a high prevalence of abnormal gonadal sta-
tusin TGCT patients that may significantly impact on bone health, we would
urge for special attention to be paid to the evaluation and monitoring of go-
nadal hormone status and bone health including BMD measurements and
clinical and radiological evaluation of fracture risk in newly diagnosed as
well as long-term survivors of this malignancy regardless of their age.?3-34
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IMPLICATIONS FOR FUTURE RESEARCH

In addition to the systematic collection of data, using standardized proto-
cols for consolidation of the scarce available evidence, several additional is-
sues remain to be explored on the pathophysiology of decrease bone quanti-
ty and/bone quality in TGCT survivors, both being potentially associated with
increased bone fragility. There is an unmet need to address fracture rates in
all future studies on TGCT survivors as solid fracture outcome data are lack-
ing in the majority of thus far reported studies. Potential areas of interest in-
clude the role of abnormalities in gonadal hormones and in Leydig cell func-
tion, the latter reported to be prevalent in 9-27% of TGCT patients.®”3° On
this topic, it would be of potential value to explore the value of human cho-
rionic gonadotropin (hcG) levels as a biomarker of pituitary-Leydig cell axis
function, in identifying patients at risk of developing hypogonadism-relat-
ed complications.?®

CONCLUSIONS

Despite high risk of bias in all included studies, our findings from this sys-
tematic review suggest that TGCT survivors are at risk for skeletal complica-
tions in the form of decreased bone mass and increased bone fragility, also
independently from BMD. Risk factors identified are chemotherapy-asso-
ciated abnormalities in gonadal status and longer survival. These findings
call for gonadal hormone status and bone health including BMD measure-
ments and clinical and radiological evaluation of fracture risk to be inves-
tigated and monitored in newly diagnosed as well as long-term survivors
of this malignancy regardless of age, in order to enable early diagnosis and
management to reverse or prevent these complications.

CHAPTER 2 - Osteoporosis in TGCT, a review of literature
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Figure1 Study selection flow diagram according to the Preferred Reporting items for

Systematic reviews and Meta-Analyses (PRISMA) guidelines.
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Figure2 Riskofbias assessment for A: Individual studies and B: Across studies.
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Based on the assessment of each domain, domain-level risk-of-bias judgement are ‘low’: comparable

to a RCT with regard to this domain (grey), ‘moderate’ sound for a non-randomized study with regard to
this domain, but cannot be considered comparable to a well-performed randomized trial (light-grey),
‘serious’: the study has some important problems in this domain (dark-grey), ‘critical’ the study is too
problematic to provide any useful evidence and should not be included in any synthesis. The overall risk
of bias is determined based on the assessment of all domains; as all studies had at least one domain
with serious risk of bias (and none with a critical risk of bias), all studies must be assessed as having
serious risk of bias.*
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