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ABSTRACT/SUMMARY
Background: Cancers are a leading cause of death worldwide and transgender individuals

are no exception. The effects of genrdéirming hormone therapy (GAHT) on sex hormone-
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dependent tumours are unclear. Therefore, this review seeks to deternnneuf tisk in
transgender individuals differs from the general population, to guide cliciesrang
recommendations.

Methods: We performed a systematic review based on the PRISMA guidelines. MEDLINE,
Embaserand*PsycINFO databases were searched for studies examining tumour incidence,
prevalence or canceelated mortality in transgender individuals. All English pestiewed
publications were included if histological type and temporal relation to GAHT were reported.
Case reports were included if there wekecases of the same histological type.

Results: The search strategy identified 307 studies. Excluding those that did not meet
inclusion criteria, 43 studies (7 cohort studies, 2 csessional studies and 34 case reports)
were reviewed. Retrospective cohort studies suggest no increase in risk of tumour
development in‘transgender individuals receiving GAHT compared to the gpopuddtion.
Notably, the mean ages of cohorts were young and were treated with GAHT for insufficie
durations to assess tumour risk. Case reports raise potential associations between high dose
estradiol and antaindrogen therapy with prolactinoma and meningioma respectively.
Conclusions:kurther longitudinal studies are required to assess the risk of GAHT and
hormone-dependent tumour development. Until further evidence is available, tumour
screening should be based on guidelines for the general popuatiche presence of

organs in transgender individuals rather than gender identity or hormonal therapy stat

1. INTRODUCTION

Cancers are a'leading cause of death worldwide and screening is an important part of clinical
practice to reduce morbidity and mortality through early detection. Many benign and
malignanttumours are known to be sex hormone-dependent, however it is unclear whether
the risk of these neoplasms is different amongst transgender individuals undergoing gender
affirming hormone therap§GAHT)"2 This is important to investigate, given that such

hormone therapy is typically started at a young age and often continues fifélptake of
screening is alse a major barrier and, given a limited evidence base in transgender individuals
as well adrequent dysphoria to secondary sexual characteristics, complacency to undertake

cancer screening may arise

According to the 8 edition of the Diagnostic and Statistical Manual of Mental Disorders,

transgender individuals are those who persistently identify with a gender different from their
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birth-assigned gender. This may be associated with gender dysphoria, which refers to the
distress caused by the incongruence between one’s experienced and one’s assigned gender
Many individuals with gender dyspharundergo treatment witBAHT (often termed cross

sex hormone therapy) to induce physical masculinising or feminising changes, to align thei
physicalrappearance with their inner gender identity. For transgender individuals transitioning
from femaleto-mde, this typically consists of testosterone therapy and for individuals
transitioning from mald¢o-female, estradiol with or without an a@indrogen agent are
commonlygprescribéd. Whilst there are no placelontrolled randomised controlled trials

for ethical reasons, observational studies suggest3AHT is associated with significantly
improved ‘quality of life, reduced anxiety and depression and lower suiciddlkgre is a

lack of formal epidemiological data on the prevalence or incidentrmamdgenderism across

any age group, however estimates are that between D30 of the population identify as

transgender and the demand for transgender health services fs rising

Many cancers, such as breast or prostate, are sex hodepaedent. @er typically benign,

but potentially.malignant tumours, in particular meningiomas and prolactinomas, display a
significant'difference in gendeapecific prevalence, raising the question as to the role of sex
hormoneés“if théir pathogenésigis many as 3tifferent orgarspecific malignancies have
been found to-eXpress sex hormone recebtbimwever, there is little data available on the
effect of GAHT on the development of hormoxdependent neoplasms amongst transgender

individuals.

Whilst there is insfficient evidence, international guidelines published by the World
Professional Association for Transgender Health in 2012 and the Endocrine Society in 2017
suggest estrogens pose a moderate risk of developing prolactinoma and breast cancer, with
testosteoné.therapy associated with a moderate risk of breast and endometriaftancer
Given thewpaucity of evidence, current cancer and tumour screening guidelines for
transgender=individuals 0BAHT are based on the recommendations for individuals of the

corresponding birth-assigned gerider

Evidence also suggests that a lack of knowledge, and potentially discriminatiothé& qart
of the medical profession, can result in suboptimal cancer screening for tramsgende
individual€. Further research into theski of tumour development in transgender individuals

is thus needed to provide better guidance regarding cancer prevention and scredmsng in t
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population. As such, we aimed to assess the risk of GAHT on tumour development in

transgender individuals in cedto guide clinical screening recommendations.

2. METHODS
Preferred Reperting Items for Systematic Review and Metlysis (PRISMA) reporting
guidelines were'used in the development of this systematic réview

2.1. Eligibility=eriteria
All levels of evidence were included in this review, provided that the report was published in

a peefreviewed journal and in the English language.

No randomised’ controlled trials or prospective observational studies werdiederall
included studies were obsenatal retrospective cohort studies and-timee crosssectional

studies, as well as case reports and case series.

Observatignal studies (i.e. cohort and cresstional studies) were eligible for this review if
enrolled_participants were transgender and hommenceGAHT. Participants must have
already beenwdiagnosed with gender dysphoria according to the Diagnostic and gbtatistic
Manualgof_Mental Disorders or an equivalent diagnosis according to the World Health
Organisation International Classificatiarf Diseases. Participants must have commenced
GAHT, consisting of a minimum of exogenous estrogen (for {ttafemale transgender
individuals)“ortestosterone (for femdatemale transgender individuals) therapy. All forms

of testosterene or estrogercortaining GAHT were accepted, regardless of route of
administration, dosage, dosing frequency or the presence of additional exogenous hormones
(e.g. antiandrogens, progestins). Furthermore, only studies in which the diagnosis of a
neoplasm'was made subsequenGAHT commencement were included. Both benign and

malignant neoplasms were included.

Cases studies were eligible: if hormone therapy definitively preceded tumour diagnosis; if the
duration and type of hormone therapy was stated; and if the agetianehaf diagnosis was
known. There were several isolated case reports describing tumour development in an

individual receiving GAHT, however the significance of this was unclear. Tdrerewe
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required two or more case reports per histological tumour type for these to be inoltited i

review.

2.2. Information sources and search strateg

The firstrauthor‘consulted an expert reference librarian to design and conduct ttomielect
database search with input from the last author. Eligible studies werdiedkehti searching

the following electronic databases from inception¥a\pril 2018: Ovid MEDLINE®, Ovid
PsycINFCGR and Embase. Controlled vocabulary supplemented with keywords were used
to define thewpopulation (transgender individuals), intervention (GAHT) and outcome

(neoplasm):

Our search of Ovid MEDLIN® databaseconsisted of the following combination of
keywords and Medical Subject Headings (MeSH) terms and keywords: (“transsexiallsm”
terms)OR “transgender personéll terms)OR “gender dysphorialall terms)OR “gender
identity” (alhterms)OR “sexual and gender disorde(all terms) AND ("crosssex hormone
therapy” (keyword)OR “hormone replacement therapy” (all terms) OR “testosterone” (all
terms) OR*estrogens” (all terms) OR “estradiol” (all terms) OR “cyproterone” (all terms)

OR “spironglactone” (all terms)) AND “neoplasms” (all terms).

An PsycINFC® database search consisted of the followsognbinationof keywords and
Thesaurus: of Psychological Index Terms: ((“transgender” (all terms) OR “transsexualism”
(all terms) OR.“sex change” (all terms) OR “gender identity” (all terms) OR “gender identit
disorder” (all terms)) AND ((“sex hormones” (all terms) OR “estrogens” (all terms) OR
“estradiol” (all=terms) OR “crossex lormone therapy'{keyword) OR "hormone therapy"

(all terms)-OR-“testosterone” (all terms) OR "estrogens” (all terms) OR "estradiol” (al) terms

OR “antiandrogens” (all terms) OR "androgens" (all terms)) AND “neoplasms” (all terms).

Finally, our search ofthe Embas® database consisted of the following Emtree terms and
keywords: (“transgender” (all terms) OR “transsexu@éyword) OR “gender dysphoria”

(all terms) OR*gender identity” (all terms) OR "sex transformation” (all terms)) AND
(“crosssex hormoneherapy.m.p.” OR "hormonal therapy" (all terms) OR “testosterone” (all

terms) OR “estrogen” (all terms) OR “estradiol” OR *“antiandrogen” (all terms) OR
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“cyproterone acetate” (all terms) OR "cyproterone" (all terms) OR "spironolactone"(all

terms)) AND “neoplasms” (all terms).

Bibliographies of identified studies were also consulted to identify furthelesrt

2.3. Study/selection
Our full search strategy is outlined in Figure 1.

2.4. Data collection

Data was collected via an electronic form to captineedata items listed below.

2.5. Data items
2.5.1. Participant characteristics

Age, birth-assigned sex, gender identity, GAHT duration.

2.5.2. Study.eharacteristics

Study designrecruitment method, inclusion/exclusion critef@cation sample size

2.5.3. Controlor comparison population

Recruitment method, setting, age, biatbsigned sex.

2.5.4. Outcomes
Description of context in which tumour was diagnosed, histological type,
immunohistochemistry featuresf tumour such as sex hormone receptor staining, other

pertinent neoplasmpecific serum investigations.

2.5.5. Statistical results
Adjusted and=unadjusted prevalence or incidence estimates and measures of variability,

number of patients.

2.6. Summary measures
For cohort studies, statisticalkignificant (p < 0.05) differences in neoplasm incidence or
mortality between transgender and comparison samples were analysed. The summary

measures were incidence rate, standardised incidence ratio or standardised mortality ratio.
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For crosssectional stdies, statistically significant (p < 0.05) differences in neoplasm

prevalence between transgender and comparison samples were analysed.

2.7. Synthesis of results
Data was/collated and outcome variables were grouped as follows: stardiandidence

ratio, incidence, standardised mortality ratio, prevalence.

3. RESULTS

268 studies were identified using MEDLINE, Embase and PsycINFO and 39 additional
studies were identified from bibliographic references. After screening title and abstracts, 76
duplicate results were removed, 161 were removed due to lack of relevance, 10 for being in a
language other.than English and 3 for not being published in argp@ewed journal. A

further 2 cohort studies and 7 case studies were excluded as no data whteaegitading

the temporaliduration of the hormone therapy, age at diagmusidetails regarding whether

the cancer'predated the commencement of hormone therapy. Of the 48 remaining studies,
there were,_/ retrospective cohort studies, 2 esestional studies (Table 1) and 39 case

reports (Table"2 and 3).

3.1. Retrospective Chort Studies

All 7 of the cohort studies identified in this review were retrospective and are summarised in
Table '€ Other than one report utilising the US SEER database, all published studies
derive fromythes\VU Hospital in Amsterdam, Netherlandsii@te, 4 studies focused on the
incidence. of _.a specific orgaelated cancer (breast and prostate cancer) in this
populatiod®t3t4*" The remaining 3 articles focused on causes of mortality or morbidity in
individuals receiving GAHT, of which cancer sa subcategoty™*® However, only two
studies included individuals who had been on GAHT for over 10 years and both studies
analysed-the same databag2 None found a significant association with hormone therapy.
The remaining"3 cohort studies exasd the association between GAHT and camekted
mortality12,15,16. In both their 1989 and 2011 studies, Asscheman and colleagues found no
significant difference between cangetated mortality in hormonteated transgender

individuals and the general Dutch population when stratified for age andabsitned
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gender 15,16. Conversely, van Kesteren and colleagues found a lower-retateer
standardised mortality ratio for a population of 815 horrrioe@ted maldo-female

participants.

3.2.Crosssectional studies

Two crosssectional studies have been published based on data from -astedllished
gender clinic in"Belgiudf'® (Table 1). The initial report of 100 transgender individuals
found no eancer diagnoses after mean of 10 years of hormone ffletdpwever, when
additional individuals were assessed (138 fermimale mean duration 6.0 years on
hormone therapy and 214 matefemale individuals mean duration 7.0 years on hormone
therapy) several cancers were identified only in théetttafemale group which was not
significantly different to the male general population. No cancers were identified in the

femaleto-male group’.

3.2. Case reports

A large number of case reports were identified which reported tumour development
following the “eommencement of GAHT. Case reports in fert@i®ale individuals are
summarised in Table 2. The only histological type reported on greater than oreroattas
commencement of testosterone therapy was breast cancer. Mean age of the individuals was
39 years and all cases were ductal carcinoma of the breast with variable hormone receptor
status. Case reports of tumour development in fieefemale individuals on estradiol
therapy are summarised in Table 3. Breast cancer was reported in 12 cases with mean age of
52 years on hormone therapy for mean of 16 years. Tumour histological type and hormone
receptor statusswere variable. Prostate adenocarcinoma was also reported, with mean age of
66 years.,Multiple case reports have been published describing meningioma and
prolactinema=development following estradiol alone or estradiol and cyproterotateace

therapy, predominantly affecting individuals over the age of 40 years.

DISCUSSION

This is the first systematic review assessing the risk of sex hordepeedent tumours in
transgender individuals receiving genaéfirming hormone therapy and it demonstrates a
lack of data. As higlevel evidence is not feasible, most of the evidence arises from

retrospective cohort studies which, whilst the best evidemdate, describe cohorts which
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are relatively young and have received on average insufficient durations of hormone therapy

to meaningfully interpret the risk of tumour development.

4.1. Retrospective Cohort Studies

Cohort studies summarised in Table 1 reveal that the most common cancer subtypes
identified are nat cancers commonly known to be horrdependent, unlike those featured

in the case reports identified in this review. This likely reflects the fact that the alssitute

of common_cancers still outweighs the smaller risk of cancers that may be more specific to
those on exogenous hormone therapy. Indeed, tuauadle cancer mortality data seems to be
relatively clesely aligned with population statistics in terms of which malignancies are most

likely to causé death

Whilst undoubtedly the best evidence available to date, the ability to deesaimgful
conclusions.from the cohort studies is affected by a number of inherent factetly, &ir
small number._of cancer cases were identified per sfuatgly numbering greater than 10),
which inevitably leads to large confidence intervals and suggests insufficient-yeessrio

analyse thesewutcomes.

Secondly, mean time on GAHT is typically relatively short. In the largest US tcoh®645
transgader individuals assessing breast cancer standardised incidence, mean time on
hormonal itherapy was only 7.6 yedraMultiple largescale epidemiological studies have
found that breast cancer risk increases with increasing duration of hormone replacement
therapy in postmenopausal women and is highest after 5 or more years of éxposure
Compoundingsthe insufficient duration of hormone therapy exposure, the mean age of the
cohorts,is.typically young. As breast cancer has a median age of diagnosis of Gf,theen
study with the=longest hormone exposure of mean 21 years, this is insufficient toesvaluat

breast cancer fisk in individuals who commenced therapy at mean agé of 29

Thirdly, retrospective cohort studies lack a true control population. As a resuthuodirig
variables known to be important for cancer incidence are either not addressed or only
controlled via poshoc statistical methods, rather than robust study design. In the largest
cohort study assessing-alhuse mortality in transgender imduals, lung cancer accounted

for nearly 50% of the canceelated deaths. While smoking status was taken into account as
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a covariate in the calculation of statistical significance, it is unclear as to whether smoking
packyear history was considered atitus the extent to which this result is a product of
longer smoking history in this populationin studies evaluating breast cancer, important
confounding factors relevant to femdtemale participants such as menarche, menopause

status orparity-arean addressed*

Overall, at'present, there are insufficient data to support a significant difference in cancer risk

between transgender individuals on GAHT and the general population.

4.2. Crosssectional studies

Two crosssectional surveys from thgéhent gender clinic have demonstrated mixed
result$®* An initial survey of 100 individuals did not identify any cancer diagnoses,
however a later crossectional comparison of over 300 transgender individuals with an age-
and gender-matched control pigtion revealed rates of cancer similar to the general
population.,Rates of cancer diagnoses may appear reassuring, however, notablyrthese we

relatively young/cohorts and longitudinal studies of greater duration are needed.

4.2. Case.reports

The internalwvalidity and generalisability of case reports are inherently limited (summarised
in Table 2). Inevitably, publication bias exists, as the types of cancers thdide@vesported

are thosegthat either are known to be sex horrdependent, to express sex hormone
receptors or to have different prevalence rates amongst males and females. Despite this,
published cases highlight some important hypotheses regarding how hormone therapy may

affect certain.malignancies.

4.2.1. Casereports of tumours irmale-to-female individuals

Breast cancer

Multiple studies have demonstrated that estrogen and progesterone can stimulate breast
cancer growth in females mediated via estrogen receptors (ER) and progesterone receptors
(PRY?. Less is*known about the role s8x hormones in the pathogenesis of breast cancer in
birth-assigned males, although it has been observed that conditions that can cause high
estrogen levels (e.g. obesity) have been associated with increased breast cancer in this

populatiort®. Several cass of maleto-female individuals diagnosed with breast cancer have
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been reported. As in the general female population, the overwhelming majoritinvasee
ductal carcinomd@i However, the cases are not homogenous in terms of their ER/PR

expression, this it is unclear as to the role of sex hormones in its pathogenesis.

Prostatercancer

Prostate ¢ancer is exquisitely responsive to androgens and androgen deprivation has been
used therapettically for many decade€onsistent with exogenous estrogen mggsterone
therapy, all cases reported of médefemale individuals with prostate cancer have serum
testosterone in.the castrate range. Whether exogenous estrogen therapy hadtaoiedirec
tumour growth is unclear. Estrogen does not seem to haxecazinogenic effect on pre
existing prostate cancer, despite being associated with -ceEyatation of the
antiproliferative isoform of ER®. Furthermore, a review of 18 prospective studies found no

association between the level of endogenous estraiibprostate cancer rf§k

In the general population, prostate cancer that progresses despite medical castration, termed
castratiorresistant prostate cancer, signifies advanced disease with worse prfdghtis
to-female ‘individuals who present Witclinical symptoms of prostate cancer represent a
small subgroup of individuals with advanced prostate cancer who develop progression in an
androgerdeprived environment. Notably, the mean age of ftmfemale individuals with
prostate cancer reported time literature are relatively young and may represent individuals
with risk factors for prostate cancer development, such as a genetic predisposition. Whilst
data is lacking, there are likely many undiagnosed cases efriade prostate cancer that
remainsubclinical due to feminising hormone therapy and-antirogen treatments in male
to-female individuals. Development of a mdtefemale transgender specific prostate
specific_antigen reference range (which is likely much lower than the general male

popuation).may.be a useful strategy to aid interpretation of screening results.

Meningioma

High-dose.eyproterone acetate is also a feature of the majority of meningioma case reports in
maleto-femaleyindividuals. An association between hifgise cyproterongdefined as
>50mg/day) and meningioma risk in the general population has been oBSemethe
published case reports ER and PR status varies and the mechanism by which cyproterone

acetate may contribute to meningioma development is unclear. Natatdy,meningiomas
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in the general population express PR (with more variable expression 6&f &Rl the

progestogenic effect of cyproterone may well play a role.

Prolactinoma

Both exogenous estrogen and cyproterone acetate have been separately assiticiated w
increased/serum prolactin levels in prospective cohort studiesnsigendepopulations and
estradiol has"béen postulated to stimulate prolactin réfedsén fact, it may be the
progestogenic effect of cyproterone acetate, not estrogen, thabsisimportant. In a
retrospective cohort study of 38 matefemale individuals, Nota and colleagues note that
prolactin levels rose with commencement of estradiol and cyproterone acetate, but
normalised“to baseline levels following gonadectomy and cessation of cyproterorte. aceta
This was deéspite an unchanged postoperative estradio’d@bere are no large studies
linking cyproterone acetate to frank prolactinoma development. Interestinglgvbow
approximately half of the mal®-female individualswho developed prolactinomas in
published ‘case reports were on relatively high doses of cyproterone of at least 108mg/day
% There are-n@’case reports identifying prolactinomas in individuals on an alterpative f

of antirandregen such as spironolactone. However, the role of estrogen is still unknown given
that multiple cases of prolactinomas have been identified in transgendeduats on

exogenous estrogen without any form of antiandrogen th&r&py

4.2.2. Case reports of neoplasms in female-toale participants
The number of case reports published about horrdependent neoplasm diagnoses in the
femaleto-male population is smaller than that of mtddemale and the majority focus on

breast cancét>"°,

Breast caneer

As in the"general female population, the majority of breast cancers identifred BiRe

positive (Table*2)Sevenout of theseeight case reports describe individuals who are below

the meansage for breast cancer diagfidsiss in the case of prostate cande maleto-

female individuals, it is unclear as to whether this reflects an inherent risk of testosterone
therapy, whether testosterone has in some way selected for younger onset cases, or whether
these individuals had a genetic predisposition to dewaop of breast cancer unrelated to

hormone therapy. There is conflicting data in the literature as to whethestéeshe is
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stimulatory towards breast cancer. Higher endogenous testosterone levels are associated with
an increased risk of breast cancempiemenopausal wom&n Moreover, despite 80% of

breast cancers expressing AR, as the clinical significance is unclear this receptor is not part of
standard breast cancer immunohistochenifstiy prospective cohort study in the Nurses’
Health Studyof1,359,323 persgaars identified a significantly higher risk of breast cancer

with combined' estrogen and testosterone hormone replacement therapy compared to
estrogeronly"and™tintreated postmenopausal wotheBeveral studies have also examined
breast histalgy in femaleto-male breast tissue pestastectomy. Uniformly, these have
shown that, testosterone induces breast changes similar to menopause, notalkgda ma
reduction in_glandular tissue and increase in fibrous tissue. However, no maligvesees

found in 152 t6tal specimens identified across three sttfdfes

4.2.3. Summary

Many tumour subtypes express sex hormone receptors and the potential impacitefmiong
GAHT requires further studyAs basic prevalence data is already scant, there are no data to
guide screening'recommendations in transgender individuals. Recommendatiaméydae
extrapolated from the general population, and as such, guidelines for tumour screening in
transgender individuals receiving genadfirming hormone therapy should be based on local
screening reeceommendations and the presence of the organ (i.e. prostate, breast)or cer
Following genital reassignment surgery, prostate cancer can still occur iragsrgned
males who have fully transitioned to female and irdiial risk assessments for screening
should be considered based on local guidelines. Breast cancer, potentially atvalyrelati
young age, can also occur in bidhsigned females who have transitioned to male and
clinical examination should be considered in individuals who have reached the dgehat w
breast screening is recommended in the general population. Breast screening shdugd al

considered.in birtlassigned males on estradiol therapy as per local recommendations.

Estrogen with=or without arandrogen therapy may be associated with prolactinomas and
high-dose.eyproterone acetate may be associated with increased meningioma risk, but there is
currently insufficient evidence to support screening. Using the lowest effedtise of
estradiol and cyproterone acetate to achieve feminisation and suppress testosterone levels

respectively, is a reasonable approach.
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Further research is needed to clarify the effect of GAHT on tumour development, particularly
consideration for longitudinal followp of cohorts over time. Incorporation of gender
options other than male and female in existing health databases are needed to accurately
identify transgender individuals and allow meaningful inferences from largerejibgical

data set$:

Whilst considerig potential longterm tumour risk, it should be noted that the benefits of
genderaffirming hormonal therapy on mortality from suicide prevention and improved
quality of life far outweigh any potential ri$k*>*¢ Thus, while more research in this ai®a
needed to clarify the lontgrm risks of hormone therapy, clinical decisions are made on an

informed, balanced risto-benefit consideration between treating clinicians and individuals.

5. CONCLUSIONS

Although theoretically plausible, there arewell-designed studies of sufficient duration to
suggest GAHT increases the risk of hormone-dependent tumour development. Until more
conclusive evidence is available, the minimum dose of hormone therapy to achieve
masculinisation or feminisation is a semsipproach. Future well-designed prospective
population-based studies of sufficient duration are needed to provide evideade-bas
guidelines for.the transgender population. Until then, tumour-screening guidelines should be
no different than the general population, based on the presence of organs in transgender

individuals and.not based on gender identity or hormonal therapy status.
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Table 1- Epidemiological studies examining association between gender-affirming hormapgy thied tumours in transgender individuals

Age at Commencement

First Author, Transgender Comparison Time on GAHT (mean Tumour Outcome Outcome (+/- 95% Cl or
Study Type Sample Sizes of GAHT Gender Tumour Site
Year P database population years +/- SD) Type Measure p-value)
ﬁ (mean years +/- SD)
Brown, Retrospective Veteran’s SEER database 1386 MTF 48.69 +/-12.31 5.54 +/- 4.60° Standardised FTM 0.26 (0—-3.69) Breast (n=1)
Breast
2015 cohort Health Affairs (USA) 1259 FTM 49.17 +/-11.04 7.60 +/- 4.86° Incidence Ratio MTF 0 Breast (n=0)
Gooren, 2013 Retrospective VU Hospital, Dutch population 2,307 MTF 29.3+/-12.7 21.4+/-8.7 MTF 4.1"(0.8-13.0) Breast (n=2)
1 Breast Incidence Rate N
cohort Amsterdam statistics 795 FTM 23.24/-6.5 20.1+4/-7.3 FTM 5.97(0.5-27.4) Breast (n=1)
Gooren, 2014 Retrospective: VU Hospital, N
u - 2,306 MTF 29.3 +/-12.7 21.4+/-8.7 Prostate Incidence Rate MTF 1.95 Prostate (n=1)
cohort Amsterdam
Van Kesteren, Retrospective VU Hospital, c c
. - 9 MTF 46.8 (30-64) 15.8 (13-19) Prostate Incidence MTF 0 Prostate (n=0)
1996 cohort Amsterdam
MTF 0.46 (0.20-0.91) Lung (n=3)
Gastric (n=1)
Netherlands ; . Leukaemia (n=1)
van Kesteren, Retrospective. VU Hospital, 815 MTF 41" (18-86) 2 months —41 Standardised
2 Central Bureau of ; . : Any Glioblastoma (n=1)
1997 cohort Amsterdam 293 FTM 24" (17-70) years Mortality Ratio
Statistics Meningioma (n=1)
FTM 11.49 (0.29 — 64.05) Colon (n=1)
Netherlands . N
Asscheman, Retrospective VU Hospital, 303 MTF 32 (16-67) 4.4 Standardised MTF 0 Total (n=0)
- Central Bureau of . o Any
1989 cohort Amsterdam 122 FTM 25.4 (16-54) 3.6 Mortality Ratio FTM 0 Total (n=0)
Statistics
Lung (n=13)
Haematological (n=6)
MTF 0.98 (0.88 - 1.08) Gl tract (n=3)
Brain (n=2)
Netherlands
Asscheman, Retrospegtive VU Hospital, 966 MTF 31.4+/-11.4 19.4+/-7.7 Standardised Other (n=4)
- Central Bureau of Any
2011 cohort Amsterdam 365 FTM 26.1+/-7.6 18.8+/-6.3 Mortality Ratio
Statistics
Lung (n=1)
FTM 0.99 (0.65—1.44) Gl tract (n=2)

Haematological (n=1)

Other (n=1)
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MTF 28.0° (p>0.05 for both birth-

assigned men and women)

Colon (n=3)

Melanoma (n=2)

University Recruited from
Wierckx, 214 MTF MTF: 43.7 +/-12.6 6.0 (3-11) Lymphoma (n=1)
" Cross-sectional Hospital of population study Any Prevalence
2013 138 FTM FTM: 37.5 +/- 11.0 7.0 (4-13)
Ghent in Flanders
FTM 0.0% (p=0.05 for men, p<0.05
for women) Total (n=0)
University
Wierckx, 50 MTF MTF: 30 +/- 8.2 9.2 MTF 0 Total (n=0)
. Cross-sectional Hospital of - Any Prevalence
2012% 50 FTM FTM: 36.7 +/-9.8 10 FT™M 0 Total (n=0)
Ghent

GAHT = gender-affirming hormoneitherapy; SD = standard deviation; MTF = male-to-female transgender individual; FTM = female-to-male transgender individual; SD = standard deviation; Cl = confidence interval

AlIncidence per 100,000 person-years; ®prevalence per 1000 persons; Total range as opposed to confidence interval; °Median years; ®Patient-years; "Total age range of participants at time of study; GAge of participants at time of study as opposed to HT

commencement; "Median agel(ag®pposed to mean age)

Table 2 —Case geports in which a femal@male transgender individual was diagnosed with a primary tumour following cocement of GAHT

Study (first author, year) Age at GAHT used Years on GAHT Histological type Hormone assays

diagnosis

Breast cancer

Burcombe, 2003 37 33 Testosterone 13 Invasive ductal carcinoma ER+ PR+
Shao, 2011 53 Testosterone 5 Invasive ductal carcinoma ER+ PR- HER2+ Ki-67 30% BRCA-

27 Testosterone 6 Invasive ductal carcinoma ER+ PR- HER2+ Ki-67 90% BRCA-
Gooren, 2015 * 48 Testosterone 250mg fortnightly 9 Invasive ductal carcinoma ER- PR- HER2-

41 Testosterone gel (50mg daily) 1 Tubular ductal carcinoma ER+ PR+ HER2-
Gooren, 2013 1 27 Testosterone 3 Tubular ductal carcinoma ER+ PR+
Nikolic, 2012 o 42 Testosterone 2.5 Invasive ductal carcinoma ER- PR- HER2- Ki-67+ AR 2%
Katayama, 2016 4 41 Testosterone 15 Invasive ductal carcinoma ER+ PR+ HER2- Ki-67 11.4%
Mean £SD 39+94 6.8+5.1

GAHT = gender-affirming hormone therapy, ER = estrogen receptor; PR = progesterone receptor; HER2 = Human epidermal growth factor receptor 2; AR = androgen receptor

Table 3—Case reports in which a matefemale transgender individual was diagnosed with a primary tumour followinghenoement of GAHT

Study (first author, year)

Age at

GAHT used

Years on GAHT

Histological type

Hormone assays

This article is protected by copyright. All rights reserved



diagnosis

Breast cancer
Ganly, 1995 ® 50 Conjugated estrogen (0.625mg daily) 14 Invasive ductal carcinoma ER-
Pritchard, 1988 % 45 Conjugated estrogen (1.25mg daily) 11 Invasive ductal carcinoma ER- PR+
Gooren, 2015 * I iZ Ethinyl estradiol (35mcg daily); cyproterone acetate 30 Adenocarcinoma ER+ PR- BRCA-
(2mg daily)
Q Transdermal estrogen (1mg weekly) 5 Invasive ductal carcinoma ER+ PR+ HER2+
Teoh, 2015 *° - 41 Estrogen and antiandrogen 14 Invasive ductal carcinoma ER- PR- HER2-
Maglione, 2014 st 65 Conjugated estrogen (2.5mg daily); conjugated estrogen 13 Invasive ductal carcinoma ER+ PR+ BRCA-
(medically unsupervised)
( )5 Estradiol valerate (20ug monthly) 30 Invasive ductal carcinoma ER- PR-
Gooren, 2013 & 6 Estrogen 17 Poorly differentiated carcinoma
w7 Estrogen 36 Invasive ductal carcinoma ER+ PR- HER2-
Pattison, 2013 K WB Estrogen; cyproterone followed by spironolactone 15 Invasive ductal carcinoma ER- PR- HER2- Raised serum prolactin
Sattari, 2015 = do Estrogen 8 Invasive ductal carcinoma ER+ PR+ HER2- BRCA-
Dhand, 2010 ** ﬁs Estrogen 13 Adenocarcinoma ER+ PR+
Corman, 2016 = 6 Estradiol gel, 2 pumps daily; cyproterone acetate 50mg 7 Invasive ductal carcinoma ER+ PR+ HER2- AR+ Ki-67 50% BRCA2 heterozygous mutation
m twice daily c.9117G>A
Mean £ SD W N518+73 16.4+9.6
Prostate cancer
Miksad, 2006 s EO Conjugated estrogen 1.25mg daily 41 Gleason 8 prostate adenocarcinoma AR+ ER o~ PR- PSA 240ng/ml Testosterone 44ng/dL DHEA 188 pg/dL Nil
family history of prostate cancer
Turo, 2013 % 75 Conjugated estrogen 1.25mg daily 30 Gleason 7 prostate adenocarcinoma PSA 13.5 ng/mL Testosterone in castrate range Nil family history
Dorff, 2007 hS Estrogen 23 Prostate adenocarcinoma PSA 20.6 ng/mL Testosterone in castrate range
Van Haarst, 1998 *° ﬁ3 Ethinyl estradiol; cyproterone acetate 10 Prostate adenocarcinoma PSA > 100 ng/mL
Thurston, 1994 & vll Conjugated estrogen 7.5mg/day 12 Poorly differentiated prostate adenocarcinoma PSA 27.3 ng/mL Free testosterone 1.2 pmol/L
Sharif, 2017 &1 FG Depot estrogen injections 20 Prostate adenocarcinoma PSA 5 ng/mL Serum testosterone 10 ng/dL ERo+ ERB- PR+ AR+
Mean 5D e 66 £ 8.6 227+116
“ Meningioma
Cebula, 2010 2 38 Estradiol; cyproterone acetate (100mg/day) 10 - -
Deipolyi, 2010 & 6 Estradiol (100mcg fortnightly) 10 - PR+ ER-
Gazzeri, 2007 % 28 Ethinyl estradiol (100ug/day); cyproterone 100mg/day 5 WHO grade | mesothelial meningioma ER- Ki-67 5% MIB-1 index 3.4%
Wengel, 2016 & 46 Estradiol 100ug/day; cyproterone 100mg/day 5 WHO grade Il meningioma PR+ ER-
51 Ethinyl estradiol 100ug/day; cyproterone 100mg/day 25 WHO grade | meningioma ER+ PR-
65 Conjugated estrogen 1.25mg/day; cyproterone 19 WHO grade | meningioma ER+ PR-
100mg/day
Bergoglio, 2013 & 35 Estradiol 100ug/day; cyproterone 100mg/day 4 WHO grade | meningioma ER- PR+ Ki-67 3%
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Knight, 2013 & 60 Estradiol 16mg daily; cyproterone 50mg daily 10 WHO grade | transitional meningioma ER+, PR+
Mean £SD 46.1+12.7 11.0+74
Prolactinoma
Garcia-Malpartida, 2010 % 33 Conjugated estrogens 2.5mg/day; cyproterone acetate 0.5 Prolactinoma PRL 8.09 ng/mLA (6 months after)
200mg/day
Cunha, 2015 * Hl Ethinyl estradiol 35mcg/day; cyproterone 2mg/day; 18 Prolactinoma PRL 7.50 ng/mLA
estradiol 17B-enanthate 10mg/fortnight
- —2 Estradiol 17B-enanthate 10mg/fortnight 25 Prolactinoma PRL7.37 ng/mL"
Bunck, 2009 ** 552 Ethinyl estradiol 100ug/day; cyproterone 100mg/day 15 Prolactinoma PRL 2.3 IU/L
’ ”9 Ethinyl estradiol 50ug/day 30 Prolactinoma PRL 40 1U/L
Serri, 1996 3 v JZ Ethinyl estradiol 1.5mg daily; cyproterone acetate 4 Prolactinoma History of Klinefelter’s syndrome, PRL 7.77 /L
ﬁ 150mg/day
Kovacs, 1994 % d3 Estrogen 17 Prolactinoma PRL 2.43 IU/LA ER+
Gooren, 1988 & 6 Ethinyl estradiol 100ug daily; cyproterone 100mg daily, 0.8 Prolactinoma PRL 5.2 1U/L
C estradiol-17-undecanoate 100mg twice-weekly
Mean £SD mm +138 13.8:111
Reth

GAHT = gender-affirming hormo
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rapy; " = converted to |U/L from ng/mL; ER = estrogen receptor; AR = androgen receptor; PR = progesterone receptor; PSA = prostate-specific antigen; PRL = prolactin



