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Abstract

Background: In male patients with cancer treated with antineoplastic drug, hypogonadism is a neglected cause of diminished quality of life.
This condition may be cancer related as well as toxicity related. The role of antineoplastic drug in causing hypogonadism is poorly understood.
The aim of this systematic review was to establish the prevalence, nature (primary/secondary), and impact of hypogonadism on quality of life in
male patients with cancer on antineoplastic therapy.

Methods: The search strategy used PubMed, Embase, and Cochrane databases to select articles in English language that described
hypogonadism in male patients with cancer. The search period was from January 1, 1945 to February 28, 2023. We included observational
studies, case reports or case series and excluded studies concerning hematological malignancies, prostate cancer, female patients, and
survivors.

Findings: Of 4488 records identified, 28 studies met inclusion criteria (17 observational studies, 11 case reports or case series). Anti-
angiogenic drugs and crizotinib were found to have a role in the development of hypogonadism. Patients treated with immune checkpoint-
inhibitors developed secondary hypogonadism due to immune-related hypophysitis or orchitis. As for active chemotherapy, platinum salts
were often associated with hypogonadism, followed by antimetabolites and taxanes. Selected studies were heterogeneous for populations,
interventions, and outcomes assessments. Thus, a generalization is difficult. Moreover, the role of concurrent etiologies cannot be excluded
in most studies.

Conclusion: Our research emphasizes the importance of evaluating the gonadal axis before treatment in patients considered at risk and testing
it at regular intervals or in case of clinical suspicion.

Key words: male hypogonadism; anti-cancer therapy toxicity; testosterone; chemotherapy; inmunotherapy; targeted therapy.

Implications for Practice

This review highlights the occurrence of male hypogonadism as a possible anti-cancer treatment toxicity, even if the quality of evidence
is still low. As such, it could be useful to develop trial to better understand this adverse event. In clinical practice, it could be useful to
evaluate gonadal axis before treatment at risk and in case of typical symptoms, since testosterone replacement therapy may be beneficial
in these patients.

Introduction that, in these patients, quality of life (QoL), together with
survival, should be considered as clinical outcomes and that
QoL can be influenced by both the disease and anticancer
treatment effects. Male hypogonadism is a possible, though
neglected, cause of diminished QoL associated with cancer
and its treatments.>* While this condition is prevalent in male

The improvement of anticancer strategies and the increasing
number of therapeutic options such as chemotherapy, tar-
geted therapies, and immune checkpoint-inhibitors, resulted
in the last decade in an increased survival in patients with
advanced or metastatic cancer."? There is a growing consensus
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patients with cancer, the role of antineoplastic pharmacologi-
cal treatment in causing primary or secondary hypogonadism
is poorly understood and there are poor standard indications
for its investigation in clinical practice.’*

Male hypogonadism is characterized by blood total tes-
tosterone (TT) levels lower than 231-350 ng/dL, free tes-
tosterone (FT) lower than 170-240 pmol/L, bioavailable
testosterone (BT) lower than 100 ng/L, and associated
clinical signs and symptoms.>® Asthenia, sexual dysfunc-
tion, mood changes, and difficulties in concentration can
be confused with cancer-related symptoms, also when
combined with objective clinical findings such as anemia,
muscle wasting, reduced bone mass, or mineral density and
changes in cholesterol levels.?

The aim of this systematic literature review was to describe
anticancer drugs-related hypogonadism in patients with male
with advanced cancers.

Methods

This systematic literature review was performed at the
Fondazione IRCCS Istituto Nazionale dei Tumori di Milano,
Italy between February and April 2023. The protocol of
this review was registered in the International Prospective
Register of Systematic Reviews (PROSPERO, registration
code CRD42023410130). The systematic review was con-
ducted in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. The Participants-Intervention/Exposure-Comparison-
Outcomes (PICO) structure was used to manage the review
(Supplementary Appendix 1).

The aim of this review was to evaluate the prevalence of
hypogonadism in patients with male treated with different
medical therapies for advanced cancer, the nature of hypogo-
nadism (primary/secondary), and the impact of hypogonad-
ism on QoL.

Search Strategy and Selection Criteria

Literature searches were conducted, with a combination
of descriptors identified using Medical Subject Headings
(MeSH) terms and related terms, in the electronic databases
PubMed (National Library of Medicine, NLM), Embase, and
the Cochrane Library databases.

The period for the search was from January 1, 1945 to
February 28, 2023, this wide interval was useful not to miss
articles on chemotherapy, still in use in some contexts. The
keywords and research strings are reported in Supplementary
Appendix 1. Inclusion criteria were: prospective observa-
tional (PO) and retrospective observational (RO) studies, and
case reports (CRs) or case series (CS), conducted in male adult
patients and articles in English language only.

A few randomized clinical trials (RCT) were found which
evaluated testosterone replacement therapy (TRT) in selected
hypogonadal patients. Due to the different primary aim and
to limited data reported in these RCTs regarding baseline or
previous therapies, as well as other possible causes of hypogo-
nadism in history, they were excluded from this review.

In addition, the search excluded studies that concerned
only females (in studies with both sexes, only data concern-
ing male sex were selected), hematological malignancies,
prostate cancer, patients treated with surgery or radiother-
apy involving gonads or hypophysis/hypothalamus. Thus,
we focused this review on male hypogonadism because
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typical symptoms are similar to therapies adverse events
or cancer-related symptoms. Moreover, male hypogonad-
ism is more suitable to replacement therapy for palliative
purpose than female hypogonadism, due to easier detec-
tion and treatment opportunities. We decided to exclude
from this review hematological malignancies due to the
different clinical history and treatments. We also excluded
studies in advanced prostate cancer, where hypogonadism
is a desired effect of therapy and testosterone replacement
could increase the risk of recurrence, although evidence is
conflicting.’

We also excluded studies on cancer survivors off therapy,
while focusing on patients in active therapy. Additionally,
articles citing hypogonadism without making prevalence or
risk data available were also excluded.

The negative filters on databases were: only full text
available studies, narrative or systematic reviews and meta-
analyses that we used to complete the research with gray lit-
erature (also obtained from references of studies included in
the research). Articles resulting from the search were screened
and selected independently by 2 reviewers (G.M. and L.Z.). In
case of doubt for eligibility between the reviewers, a consen-
sus discussion was made: the uncertain articles were discussed
in a team composed of 5 reviewers (G.M., L.Z., M.S., E.Z.,
A.C.). For non-selected articles, reviewers will keep track of
the reason for the exclusion only for studies assessed in full
text.

Data Extraction and Quality Assessment

Information extrapolated from the selected studies was col-
lected in a Microsoft Excel spreadsheet (variables string in
Supplementary Appendix 1), by the reviewers (G.M. and
L.Z.). For each study, the risk of bias was independently
assessed by G.M. and L.Z., according to the tool developed
by Murad et al (for C.R.) and following the Newcastle-
Ottawa scale (for observational studies).'™'! G.T. helped in
the descriptive analysis of the data and in the construction of
the Forest plot.
There was no funding source for this study.

Results

Search Results

We screened 4488 articles from 3 databases: 2723 (PubMed),
1570 (Embase), 195 (Cochrane), and 14 were found by
manual search within included articles and screened reviews
and meta-analysis (Fig. 1). We selected 69 articles for a full
text review; of these we excluded 41 (reasons listed in Fig.
1). Data extraction was performed in 28 articles, of these 11
were CR/CS, 17 observational studies, of which 13 PO and 4
RO. To reduce the heterogeneity of the results, we organized
these articles according to drug categories (targeted therapy,
immunotherapy, chemotherapy, and others). To summarize
the treatments and cancers evaluated in all the studies, we
developed Table 1. Moreover, to describe the prevalence of
hypogonadism among patients evaluated in each study, we
developed the Forest plot in Fig. 2. It must be noted that the
data extracted from the study to elaborate the Forest plot
however suffer of a high heterogeneity due to patient charac-
teristics, treatments, study design, and methods for evaluating
hypogonadism; thus not allowing to perform a meta-analysis.

The most important characteristics of the studies are listed
in Tables 2-4.
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Figure 1. Search strategy flowchart. From: Page et al.’? For more information, visit: http://www.prisma-statement.org/

Table 1. Histologies and therapies founded as associate with hypogonadism.

Histology Targeted therapy (1 male) Immunotherapy (7 male) Chemotherapy (7 male 463) no prevalence Others
for individual chemotherapy (n male)
Lung Crizotinib (74) Durvalumab, atezolizumab, Platinum-based, paclitaxel, gemcitabine,
nivolumab (8) 5-FU, capecitabine

Thoracic others Platinum-based, paclitaxel, gemcitabine,

5-FU, capecitabine
Colo-rectal Crizotinib (1) anti-CTLA4 plus anti-PD-L1 (5) Platinum-based, paclitaxel, gemcitabine,

5-FU, capecitabine
Gastrointestinal Platinum-based, paclitaxel, gemcitabine,
others 5-FU, capecitabine
Head & neck Nivolumab (1) Platinum-based, paclitaxel, gemcitabine,
squamous 5-FU, capecitabine
Thyroid Vantedanib (25)
Neuroendocrine anti-CTLA4 plus anti-PD-L1 (5) PRRT (38)
Melanoma Ipilimumab, nivolumab, atezoli-

zumab, pembrolizumab (393)
Renal Pazopanib, sunitinib, sorafenib,
axitinib, temsirolimus,
everolimus (231)

Genitourinary Anti-CTLA4 plus Anti-PD-L1 Platinum-based, paclitaxel, gemcitabine,
others (21) 5-FU, capecitabine
Adrenal Ipilimumab-Nivolumab (1) Mitotane
carcinoma (26)
GIST Imatinib (2)

Abbreviations: 5-FU, S-fluorouracil; CTLA-4, cytotoxic T-lymphocyte antigen-4; GIST, gastrointestinal stromal tumors; PD-(L)1, programmed death-
(Ligand)1; PRRT, peptide receptor radionuclide therapy.
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Figure 2. Search strategy flow-chart. Forest plot illustrating the prevalence of male hypogonadism during different anticancer drugs in selected
observational studies. The dashed line represents the overall mean of the prevalence across the different studies. The extremes of the confidence
interval (Cl, 95%) around the prevalence were computed using the binomial test. ICl: immune-checkpoint-inhibitor. TKI: tyrosine kinase inhibitor.

Targeted Therapy

We selected 10 studies concerning targeted therapy, 3 CRs, 7
OS including overall 349 patients (Table 2).13-2?

Afshar et al®® found low TT in 77% of a population of
patients affected by mRCC treated with TKI (100% of
patients receiving pazopanib and none from the axitinib
group). The majority of patients had secondary hypogonad-
ism (86.3%).

In the Bastin et al'* study, 80% of patients with mRCC
on sunitinib were hypogonadal compared to less than half
patients treated with pazopanib.

In another study' on 13 patients with mRCC 68% devel-
oped hypogonadism after sunitinib, which was secondary in
61%, primary in 15% and in subclinical 23% of cases.

Finally, Ralla et al'® considering both patients affected by
localized renal cell carcinoma (loRCC) and mRCC found
a 52.9% of patients with hypogonadal in the mRCC and
39.4% in the loRCC group.

The effect of crizotinib was investigated for the first
time in a prospective cohort of 38 patients with non-
small cell lung cancer (NSCLC).!” All patients had low TT
after crizotinib compared with 32% in the control group.
Furthermore, 50% of crizotinib-treated patients were
symptomatic for fatigue. The nature of hypogonadism was
suggested to be secondary.

A complementary, multicenter, PO was conducted by
the same authors to relate TT and FT values to hypogo-
nadism symptoms and to test TRT effectiveness.'s Among
crizotinib-treated patients 84% were hypogonadal, FT was
low in most of cases. Using the Androgen Deficiency in Aging
Males (ADAM) questionnaire almost 80% of patients with
low TT or FT were symptomatic. Of these, 9 patients were
treated with TRT, resulting in symptom improvement and
recovered TT values within 2 months for 5 patients, whereas

patients who had persistent low TT values did not show clini-
cal benefit, suggesting possible underdosing of TRT.

Also, a CS describes hypogonadism in patients treated with
crizotinib for NSCLC," while 2 CRs described a symptomatic
hypogonadism in patients affected by gastrointestinal stromal
tumors (GIST) and treated with imatinib 400 mg/day.?*!

One study evaluated gonadal function in 25 males with
thyroid cancer (differentiated and medullary) treated with
vantedanib.? In these patients TT, bioavailable testosterone
(BT), FSH, and SHBG were increased, while inhibin B was
decreased. Thus, authors hypothesized that this could be due
to a Sertoli cells failure, but confirmation is missing.

Immunotherapy

We found 12 studies (2 PO, 3 RO, 5 CRs, 2 CS) which described
the occurrence of male hypogonadism during immune
checkpoint-inhibitors therapy (Table 3).2334 All observational
studies described secondary hypogonadism and focused
attention on immune-related hypophysitis.?3-”

In the 2 PO on overall 200 male patients, the prevalence
of secondary hypogonadism was between 2% and 13% after
anti-CTLA-4 or anti-PD-(L)1 (also in combination).?>** Low
levels of TT during immunotherapy were also recorded in
a retrospective analysis of different RCTs enrolling patients
with metastatic melanoma.? In a group of 134 male treated
with ipilimumab in different trials or expanded access pro-
grams, 6 patients were diagnosed with secondary hypogonad-
ism due to hypophysitis and 9 with hypogonadism without
hypophysitis.

In the study by Peters et al,*® more than half of 49 patients
with normal baseline TT, developed secondary hypogonadism
after immunotherapy. Three patients were treated with TRT,
resulting in a subjective improvement of fatigue. In another
similar RO, 9% of patients had secondary hypogonadism.?”
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symptoms were due to a decreased dihydrotestosterone pro-
duction, led by a mitotane inhibition of 5-a-reductase, and an
association with an increase of estrogens and SHBG values.
Patients had no improvements in symptoms except for one
patient who experienced gynecomastia and it was necessary
to associate letrozole to TRT, for symptoms relief.

Sparagana® published a case of primary hypogonadism
in a patient with an ectopic ACTH production treated with
mitotane. The patient developed impotence and reduction of
testicular volume. The start of a TRT led to a benefit on libido
and impotence.

Discussion

To the best of our knowledge, this is the first systematic lit-
erature review on the role of an active anti-cancer drugs in
the development of male hypogonadism in advanced patients
with cancer. Relating testosterone only to sexual function and
the stigma accompanying this molecule, often associated with
doping purposes, could have contributed to this neglect.

While male hypogonadism is a non-negligible adverse event
of tyrosine kinase inhibitors, immune checkpoint inhibitors,
and chemotherapy, as well as other anticancer drugs it is sel-
dom considered in clinical practice and poorly studied (Table
1). Hypogonadism due to the overall psychophysiological
impact of cancer and its therapies can contribute to symp-
toms (fatigue, loss of appetite, weight loss, lowered libido,
and mood) which can induce clinicians to modify a patient
therapeutic strategy.>* Hence, the importance of consider-
ing this condition and of producing studies on replacement
therapy. Male hypogonadism induced by targeted therapies
was primarily investigated during anti-angiogenic treatment
for mRCC (Table 2). Studies on sunitinib, pazopanib, and
axitinib in mRCC were inconsistent with respect to the nature
of hypogonadism, and it is not possible to define specific asso-
ciation of individual drugs with hypogonadism.!3-1¢

The only targeted therapy studied as a risk factor in patients
with advanced NSCLC was crizotinib although evidence was
limited to 70 patients in 2 complementary studies and a in
third study with a very small sample size (Table 2).'7" Two
CRs described hypogonadism in patients treated with imati-
nib for GIST.20:%!

Literature regarding TT in patients with thyroid cancer
treated with vantedanib and in patients treated with mito-
tane for adrenal carcinoma was limited and with several bias,
thus further investigations are needed.?>***" The pharmaco-
dynamic mechanism implicated in this toxicity from targeted
therapy is not well understood, but probably related to an
inhibition of neuroendocrine pathways regulating hormone
production (in the hypothalamus, pituitary, or gonads) or
to an alteration of the glandular microcirculation eventually
induced by antiangiogenetics.

Immune-induced male hypogonadism has been described
with several immune-checkpoint inhibitors, most often
with anti-CTLA-4 or during combination schemes, but
anti-PD(L)1s are also associated with hypogonadism (Table
3 ) ‘24,26,30-34

A greater number of studies reported male secondary
hypogonadism as an immune-related adverse event, due
to autoimmune hypophysitis.?3-27313234 Hypophysitis is a
known toxicity of immunotherapy, it is not always related to
damage to gonadotropic cells, but their axis must be evalu-
ated.* It should also be noted that there are cases of primary
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hypogonadism (due to orchitis or gonadal dysfunction with-
out inflammation) or of an unknown nature.?8-3%-33

Only 2 PO studies evaluated blood testosterone levels in
patients undergoing chemotherapy for advanced cancers
(Table 4).353¢ and these studies the specific role of individual
chemotherapeutic agents was not assessed. Hypogonadism
during chemotherapy is poorly documented. Instead, this con-
dition is well studied as a chronic toxicity in cancer survivors,
especially patients with pediatric or testicular cancers.*>*

The mechanism that concerns hypogonadism after PRRT
depends on the therapy mechanism of action, in fact the
radiopharmaceutical binds to the cells having somatostatin
receptors, which are present in the gonadotropic cells of the
pituitary gland. In the only study on PRRT, this therapy was
not a predictor of male hypogonadism (Table 4).3”

Only few patients with cancer in the reported litera-
ture were treated with TRT for male hypogonadism, even
if international guidelines do not pose contraindications in
this population.>”#-° Most of the patients receiving TRT
showed improved symptoms; meanwhile lack of benefit
from TRT was often associated with persistent low TT lev-
els.1517:18,21,23,26.29.39.30 Thys, it is possible that some patients
received an under-dosed therapy. It is still to be defined if
transdermal or intra-muscular formulation, and eventually
which ester, is to be preferred in this indication. Available
data derive only from anecdotal experience, and observa-
tional studies and this question it is not answered also by the
available RCTs.

We selected 4 RCTs designed to evaluate TRT in patients
with cancer on active chemotherapy or targeted therapy. TRT
appeared active on symptoms in 3 out of 4 RCTs.*'** However,
we did not consider the RCTs in this review because they did
not show clearly therapies and patients’ characteristics, that
could have an impact on the development of hypogonadism.
Furthermore, our systematic review was descriptive and the
great heterogeneity in population, intervention, and outcomes
evaluation did not allow a meta-analysis.

The selected studies have several limitations (Tables 2-4,
last column). Studies results are difficult to compare because
the populations are very heterogeneous, even within the
same pharmacological groups, considering both treatment
and patient characteristics. The definitions of hypogonadism
used are also different and, sometimes, they do not comply
with the guidelines of endocrinological societies.’*#%50 In
many studies, a hormonal panel at baseline was absent, blood
sampling was carried out at different times, and not in the
morning. This bias in some studies was balanced by using a
control group. Several studies did not indicate the prevalence
of primary/secondary hypogonadism because the hormonal
panel was not designed for studying the gonads-pituitary-
hypothalamus axis. Moreover, in many studies the blood test
was unique, or the follow-up was short.

A major limitation is that the role of concurrent etiologies
of hypogonadism cannot be excluded in most studies because
other causes of hypogonadism at baseline were not consid-
ered, such as complications of advanced cancer, comorbidities,
or symptomatic drugs (eg, antidepressants and opioids).>*

Conclusions

This review aims to bring attention to the problem of male
hypogonadism in daily oncology practice. The available evi-
dence supports the suggestion that hypogonadism and its
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management have an impact on symptom burden and the
quality of life of patients with cancer. Replacement therapy
may be helpful; however, larger, generalizable randomized tri-
als are needed to define the benefit of TRT. From our review,
some conditions listed in Table 1 can be considered at risk
and support the evaluation of this hormonal axis before
treatment. Our results also highlight that more evidence is
needed to identify and assess the multiple clinical factors that
are likely to contribute to the risk of hypogonadism in these
patients and to support better guidelines for assessment and
management.

Acknowledgments

The authors would like to thank the librarian from Fondazione
IRCCS Istituto Nazionale dei Tumori, Dr Antonio Florita, for
support in developing the search strategy.

Author Contributions

G.M. and L.Z. were responsible for study concept and design.
G.M., L.Z. performed the literature search, screening, and
selection of papers; they also wrote the original draft. G.M.,
L.Z., and E.Z. handled data extraction. E.Z. supervised all
stages of this study and made quality assessment. E.Z., M.S.,
G.T., and A.C. revised the manuscript; they also reviewed and
edited the manuscript. All authors approved the final version
to be published.

Conflict of Interest

G.M., L.Z., M.S., and G.T. declare no competing interests.
E.Z. has received honoraria from Amgen. A.C. has received
honoraria from Angelini, Shionogi, Kyowa Kirin, Molteni,
Pfizer/Eli Lilly Italia SPA.

Data Availability

No new data were generated or analyzed in support of this
research.

Supplementary Material

Supplementary material is available at The Oncologist online.

References

1. Pan C, Liu H, Robins E, et al. Next-generation immuno-oncology
agents: current momentum shifts in cancer immunotherapy. |
Hematol Oncol. 2020;13(1):29. https://doi.org/10.1186/s13045-
020-00862-w

2. Hanahan D, Weinberg RA. Hallmarks of cancer: the next gen-
eration. Cell. 2011;144(5):646-674. https://doi.org/10.1016/j.
cell.2011.02.013

3. Burney BO, Garcia JM. Hypogonadism in male cancer patients.
J Cachexia Sarcopenia Muscle. 2012;3(3):149-155. https://doi.
org/10.1007/s13539-012-0065-7

4. Vigano A, Piccioni M, Trutschnigg B, et al. Male hypogonad-
ism associated with advanced cancer: a systematic review.
Lancet Omncol. 2010;11(7):679-684. https://doi.org/10.1016/
$1470-2045(10)70021-8

5. Salonia A, Bettocchi C, Boeri L, et al; EAU Working Group on Male
Sexual and Reproductive Health. European Association of Urology
guidelines on sexual and reproductive health—2021 update: male

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

e739

sexual dysfunction. Eur Urol. 2021;80(3):333-357. https://doi.
org/10.1016/j.eururo.2021.06.007

Corona G, Goulis DG, Huhtaniemi I, et al. European Academy
of Andrology (EAA) guidelines on investigation, treatment and
monitoring of functional hypogonadism in males. Andrology.
2020;8(5):970-987. https://doi.org/10.1111/andr.12770

Bhasin S, Brito JP, Cunningham GR, et al. Testosterone therapy
in men with hypogonadism: an endocrine society* clinical prac-
tice guideline. | Clin Endocrinol Metab. 2018;103(5):1715-1744.
https://doi.org/10.1210/jc.2018-00229

Seftel AD, Kathrins M, Niederberger C. Critical update of the 2010
endocrine society clinical practice guidelines for male hypogonad-
ism: a systematic analysis. Mayo Clin Proc.2015;90(8):1104-1115.
https://doi.org/10.1016/j.mayocp.2015.06.002

Lenfant L, Leon P, Cancel-Tassin G, et al. Testosterone replace-
ment therapy (TRT) and prostate cancer: an updated systematic
review with a focus on previous or active localized prostate cancer.
Urol Oncol. 2020;38(8):661-670. https://doi.org/10.1016/j.uro-
lonc.2020.04.008

Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodologi-
cal quality and synthesis of case series and case reports. BMJ
Evid Based Med. 2018;23(2):60-63. https://doi.org/10.1136/
bmjebm-2017-110853

Ottawa Hospital Research Institute [Internet]. [cited 2023 May
11]. Available from: https://www.ohri.ca/programs/clinical_epide-
miology/oxford.asp

Page M], McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. BM]
2021;372:n71. https://doi.org/10.1136/bmj.n71

Afshar M, Patel HRH, Jain A, et al. Chronic tyrosine kinase inhibi-
tor (TKI) use in metastatic renal cell carcinoma (mRCC): can this lead
to the adverse effect of hypogonadism? Expert Rev Anticancer Ther.
2019;19(6):529-532. https://doi.org/10.1080/14737140.2019.1609355
Bastin J, Werbrouck E, Verbiest A, et al. Prospective evaluation of
hypogonadism in male metastatic renal cell carcinoma patients
treated with targeted therapies. Acta Clin Belg. 2019;74(3):169-
179. https://doi.org/10.1080/17843286.2018.1476115

Volta AD, Delbarba A, Valcamonico F, et al. Gonadal function in
male patients with metastatic renal cell cancer treated with suni-
tinib. In Vivo (Athens, Greece). 2023;37(1):410-416. https://doi.
org/10.21873/invivo.13093

Ralla B, Magheli A, Wolff I, et al. Prevalence of late-onset hypogo-
nadism in men with localized and metastatic renal cell carcinoma.
Urol Int. 2016;98(2):191-197. https://doi.org/10.1159/000450652
Weickhardt AJ, Rothman MS, Salian-Mehta S, et al. Rapid-
onset hypogonadism secondary to crizotinib use in men with meta-
static nonsmall cell lung cancer. Cancer. 2012;118(21):5302-5309.
https://doi.org/10.1002/cncr.27450

Weickhardt AJ, Doebele RC, Purcell WT, et al. Symptomatic reduc-
tion in free testosterone levels secondary to crizotinib use in male
cancer patients. Cancer. 2013;119(13):2383-2390. https://doi.
org/10.1002/cncr.28089

Sargis RM, Salgia R. Multiple endocrine disruption by the MET/
ALK inhibitor crizotinib in patients with non-small cell lung cancer.
Am ] Clin Oncol. 2015;38(5):442-447. https://doi.org/10.1097/
COC.0b013e3182a46896

Tanriverdi O, Unubol M, Taskin F, et al. Imatinib-associated
bilateral gynecomastia and unilateral testicular hydrocele in male
patient with metastatic gastrointestinal stromal tumor: a literature
review. | Omncol Pharm Pract. 2012;18(2):303-310. https://doi.
org/10.1177/1078155211424629

Kim H, Chang HM, Ryu MH, et al. Concurrent male gynecomas-
tia and testicular hydrocele after imatinib mesylate treatment of a
gastrointestinal stromal tumor. | Korean Med Sci. 2005;20(3):512-
515. https://doi.org/10.3346/jkms.2005.20.3.512

Brassard M, Neraud B, Trabado S, et al. Endocrine effects of the
tyrosine kinase inhibitor vandetanib in patients treated for thyroid
cancer. | Clin Endocrinol Metab. 2011;96(9):2741-2749. https://
doi.org/10.1210/jc.2010-2771


https://doi.org/10.1186/s13045-020-00862-w
https://doi.org/10.1186/s13045-020-00862-w
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1007/s13539-012-0065-7
https://doi.org/10.1007/s13539-012-0065-7
https://doi.org/10.1016/S1470-2045(10)70021-8
https://doi.org/10.1016/S1470-2045(10)70021-8
https://doi.org/10.1016/j.eururo.2021.06.007
https://doi.org/10.1016/j.eururo.2021.06.007
https://doi.org/10.1111/andr.12770
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1016/j.mayocp.2015.06.002
https://doi.org/10.1016/j.urolonc.2020.04.008
https://doi.org/10.1016/j.urolonc.2020.04.008
https://doi.org/10.1136/bmjebm-2017-110853
https://doi.org/10.1136/bmjebm-2017-110853
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1080/14737140.2019.1609355
https://doi.org/10.1080/17843286.2018.1476115
https://doi.org/10.21873/invivo.13093
https://doi.org/10.21873/invivo.13093
https://doi.org/10.1159/000450652
https://doi.org/10.1002/cncr.27450
https://doi.org/10.1002/cncr.28089
https://doi.org/10.1002/cncr.28089
https://doi.org/10.1097/COC.0b013e3182a46896
https://doi.org/10.1097/COC.0b013e3182a46896
https://doi.org/10.1177/1078155211424629
https://doi.org/10.1177/1078155211424629
https://doi.org/10.3346/jkms.2005.20.3.512
https://doi.org/10.1210/jc.2010-2771
https://doi.org/10.1210/jc.2010-2771

e740

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Albarel F, Gaudy C, Castinetti F, et al. Long-term follow-up
of ipilimumab-induced hypophysitis, a common adverse event
of the anti-CTLA-4 antibody in melanoma. Eur | Endocrinol.
2015;172(2):195-204. https://doi.org/10.1530/EJE-14-0845

Kassi E, Angelousi A, Asonitis N, et al. Endocrine-related adverse
events associated with immune-checkpoint inhibitors in patients
with melanoma. Cancer Med. 2019;8(15):6585-6594. https://doi.
org/10.1002/cam4.2533

Ryder M, Callahan M, Postow MA, Wolchok J, Fagin JA.
Endocrine-related adverse events following ipilimumab in patients
with advanced melanoma: a comprehensive retrospective review
from a single institution. Endocr Relat Cancer. 2014;21(2):371-
381. https://doi.org/10.1530/ERC-13-0499

Peters M, Pearlman A, Terry W, Mott SL, Monga V. Testosterone
deficiency in men receiving immunotherapy for malignant mela-
noma. Oncotarget. 2021;12(3):199-208. https://doi.org/10.18632/
oncotarget.27876

Faje AT, Sullivan R, Lawrence D, et al. Ipilimumab-induced
hypophysitis: a detailed longitudinal analysis in a large cohort
of patients with metastatic melanoma. | Clin Endocrinol Metab.
2014;99(11):4078-4085. https://doi.org/10.1210/jc.2014-2306
Brunet-Possenti F, Opsomer MA, Gomez L, Ouzaid I, Descamps
V. Immune checkpoint inhibitors-related orchitis. Ann Oncol.
2017;28(4):906-907. https://doi.org/10.1093/annonc/mdw696
Nevgi A, Klein O, Cheung AS. Sustained remission of Lynch
syndrome-associated metastatic adrenocortical carcinoma fol-
lowing checkpoint inhibitor therapy-associated multiorgan auto-
immunity. Clin Endocrinol (Oxf). 2020;93(2):214-216. https://doi.
org/10.1111/cen.14258

Davies A, Naderpoor N, Parakh S. Isolated hypogonadotropic
hypogonadism secondary to anti-programmed death ligand 1
inhibitor. | Thorac Omncol. 2019;14(7):e147-e148. https://doi.
org/10.1016/j.jth0.2019.02.028

Lin CH, Chen KH, Chen KY, Shih SR, Lu JY. Immune checkpoint
inhibitor therapy-induced hypophysitis ~ a case series of Taiwanese
patients. | Formos Med Assoc. 2019;118(1 Pt 3):524-529. https:/
doi.org/10.1016/.jfma.2018.07.014

Lupi I, Brancatella A, Cosottini M, et al. Clinical heterogeneity of
hypophysitis secondary to PD-1/PD-L1 blockade: insights from
four cases. Endocrinol Diab Metab Case Rep. 2019;2019(1):19-
0102. https://doi.org/10.1530/EDM-19-0102. Available from:
https://edm.bioscientifica.com/view/journals/edm/2019/1/EDM19-
0102.xml. [Internet] [cited 2023 Jun 12]

Lanzolla G, Coppelli A, Cosottini M, et al. Immune checkpoint
blockade anti-PD-L1 as a trigger for autoimmune polyendo-
crine syndrome. | Endocr Soc. 2019;3(2):496-503. https://doi.
org/10.1210/5.2018-00366

Fosci M, Pigliaru F, Salcuni AS, et al. Diabetes insipidus secondary
to nivolumab-induced neurohypophysitis and pituitary metastasis.
Endocrinol Diab Metab Case Rep. 2021;2021(1):20-0123. https://
doi.org/10.1530/EDM-20-0123. Available from: https://edm.
bioscientifica.com/view/journals/edm/2021/1/EDM20-0123.xml.
[Internet] [cited 2023 Jun 12]

Garcia JM, Li H, Mann D, et al. Hypogonadism in male patients
with cancer. Cancer. 2006;106(12):2583-2591. https://doi.
org/10.1002/cncr.21889

Fleishman SB, Khan H, Homel P, et al. Testosterone levels and
quality of life in diverse male patients with cancers unrelated to
androgens. | Clin Oncol. 2010;28(34):5054-5060. https://doi.
org/10.1200/JC0O.2010.30.3818

Elston MS, Love A, Kevat D, et al; Commonwealth Neuroendo-
crine Tumour Collaboration (CommNETs). Pituitary function
following peptide receptor radionuclide therapy for neuroendo-
crine tumours. Cancer Med. 2021;10(23):8405-8411. https:/doi.
org/10.1002/cam4.4345

38.

39.

40.

41.

42.

43.

44.

4S.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

The Oncologist, 2024, Vol. 29, No. 6

Nader N, Raverot G, Emptoz-Bonneton A, et al. Mitotane
has an estrogenic effect on sex hormone-binding globulin and
corticosteroid-binding globulin in humans. | Clin Endocrinol
Metab. 2006;91(6):2165-2170. https://doi.org/10.1210/jc.2005-
2157

Vikner ME, Krogh J, Daugaard G, Andreassen M. Metabolic and
hormonal side effects of mitotane treatment for adrenocortical car-
cinoma: a retrospective study in 50 Danish patients. Clin Endocri-
nol (Oxf). 2021;94(2):141-149. https://doi.org/10.1111/cen.14345
Sparagana M. Primary hypogonadism associated with o,p> DDD
(mitotane) therapy. | Toxicol Clin Toxicol. 1987;25(6):463-472.
https://doi.org/10.3109/15563658708992649

Byun DJ, Wolchok JD, Rosenberg LM, Girotra M. Cancer immu-
notherapy—immune checkpoint blockade and associated endocr-
inopathies. Nat Rev Endocrinol. 2017;13(4):195-207. https://doi.
org/10.1038/nrendo.2016.205

Barthel EM, Werny DM, Hayden LL, Salehi P. Gender affirming
hormone replacement for the adolescent and young adult can-
cer survivor with hypogonadism. | Adolesc Young Adult Oncol.
2020;9(1):128-131. https://doi.org/10.1089/jaya0.2019.0070

Maa van Roessel I, Bakker B, van Santen HM, Chemaitilly
W. Hormone replacement in survivors of childhood cancer
and brain tumors: safety and controversies. Endocr Connect.
2023;12(1):e220382. https://doi.org/10.1530/EC-22-0382

Lee SH, Shin CH. Reduced male fertility in childhood cancer survi-
vors. Ann Pediatr Endocrinol Metab. 2013;18(4):168-172. https:/
doi.org/10.6065/apem.2013.18.4.168

Bandak M, Jorgensen N, Juul A, et al. Testosterone deficiency
in testicular cancer survivors - a systematic review and meta-
analysis. Andrology. 2016;4(3):382-388. https://doi.org/10.1111/andr. 12177
Chovanec M, Abu Zaid M, Hanna N, et al. Long-term tox-
icity of cisplatin in germ-cell tumor survivors. Ann Omncol.
2017;28(11):2670-2679. https://doi.org/10.1093/annonc/mdx360
Faw CA, Brannigan RE. Hypogonadism and cancer survivor-
ship. Curr Opin Endocrinol Diabetes Obes. 2020;27(6):411-418.
https://doi.org/10.1097/MED.0000000000000583

European Association of Urology Guidelines on Sexual and Repro-
ductive Health—2021 Update: Male Sexual Dysfunction - European
Urology [Internet]. [cited 2023 Jun 5]. Available from: https:/www.
europeanurology.com/article/S0302-2838(21)01813-3/fulltext
Testosterone Deficiency Guideline - American Urological Associa-
tion [Internet]. [cited 2023 Sep 20]. Available from: https://www.
auanet.org/guidelines-and-quality/guidelines/testosterone-deficien-
cy-guideline

Testosterone Therapy for Hypogonadism Guideline Resources
[Internet]. [cited 2023 Sep 20]. Available from: https://www.endo-
crine.org/clinical-practice-guidelines/testosterone-therapy
Tsimafeyeu I, Tishova Y, Zukov R, et al. Testosterone for man-
aging treatment-related fatigue in patients with metastatic renal
cell carcinoma: a phase 2 randomized study FARETES. Am
J Clin Oncol. 2021;44(4):137-142. https://doi.org/10.1097/
COC.0000000000000797

Izumi K, Iwamoto H, Yaegashi H, et al. Androgen replacement
therapy for cancer-related symptoms in male: result of prospective
randomized trial (ARTFORM study). | Cachexia Sarcopenia Mus-
cle.2021;12(4):831-842. https://doi.org/10.1002/jcsm.12716

Del Fabbro E, Garcia JM, Dev R, et al. Testosterone replacement
for fatigue in hypogonadal ambulatory males with advanced can-
cer: a preliminary double-blind placebo-controlled trial. Support
Care Cancer. 2013;21(9):2599-2607. https://doi.org/10.1007/
s00520-013-1832-5

Wright TJ, Dillon EL, Durham WJ, et al. A randomized trial of
adjunct testosterone for cancer-related muscle loss in men and
women. | Cachexia Sarcopenia Muscle. 2018;9(3):482-496. https:/
doi.org/10.1002/jcsm.12295


https://doi.org/10.1530/EJE-14-0845
https://doi.org/10.1002/cam4.2533
https://doi.org/10.1002/cam4.2533
https://doi.org/10.1530/ERC-13-0499
https://doi.org/10.18632/oncotarget.27876
https://doi.org/10.18632/oncotarget.27876
https://doi.org/10.1210/jc.2014-2306
https://doi.org/10.1093/annonc/mdw696
https://doi.org/10.1111/cen.14258
https://doi.org/10.1111/cen.14258
https://doi.org/10.1016/j.jtho.2019.02.028
https://doi.org/10.1016/j.jtho.2019.02.028
https://doi.org/10.1016/j.jfma.2018.07.014
https://doi.org/10.1016/j.jfma.2018.07.014
https://doi.org/10.1530/EDM-19-0102
https://edm.bioscientifica.com/view/journals/edm/2019/1/EDM19-0102.xml
https://edm.bioscientifica.com/view/journals/edm/2019/1/EDM19-0102.xml
https://doi.org/10.1210/js.2018-00366
https://doi.org/10.1210/js.2018-00366
https://doi.org/10.1530/EDM-20-0123
https://doi.org/10.1530/EDM-20-0123
https://edm.bioscientifica.com/view/journals/edm/2021/1/EDM20-0123.xml
https://edm.bioscientifica.com/view/journals/edm/2021/1/EDM20-0123.xml
https://doi.org/10.1002/cncr.21889
https://doi.org/10.1002/cncr.21889
https://doi.org/10.1200/JCO.2010.30.3818
https://doi.org/10.1200/JCO.2010.30.3818
https://doi.org/10.1002/cam4.4345
https://doi.org/10.1002/cam4.4345
https://doi.org/10.1210/jc.2005-2157
https://doi.org/10.1210/jc.2005-2157
https://doi.org/10.1111/cen.14345
https://doi.org/10.3109/15563658708992649
https://doi.org/10.1038/nrendo.2016.205
https://doi.org/10.1038/nrendo.2016.205
https://doi.org/10.1089/jayao.2019.0070
https://doi.org/10.1530/EC-22-0382
https://doi.org/10.6065/apem.2013.18.4.168
https://doi.org/10.6065/apem.2013.18.4.168
https://doi.org/10.1111/andr.12177
https://doi.org/10.1093/annonc/mdx360
https://doi.org/10.1097/MED.0000000000000583
https://www.europeanurology.com/article/S0302-2838(21)01813-3/fulltext
https://www.europeanurology.com/article/S0302-2838(21)01813-3/fulltext
https://www.auanet.org/guidelines-and-quality/guidelines/testosterone-deficiency-guideline
https://www.auanet.org/guidelines-and-quality/guidelines/testosterone-deficiency-guideline
https://www.auanet.org/guidelines-and-quality/guidelines/testosterone-deficiency-guideline
https://www.endocrine.org/clinical-practice-guidelines/testosterone-therapy
https://www.endocrine.org/clinical-practice-guidelines/testosterone-therapy
https://doi.org/10.1097/COC.0000000000000797
https://doi.org/10.1097/COC.0000000000000797
https://doi.org/10.1002/jcsm.12716
https://doi.org/10.1007/s00520-013-1832-5
https://doi.org/10.1007/s00520-013-1832-5
https://doi.org/10.1002/jcsm.12295
https://doi.org/10.1002/jcsm.12295

