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A B S T R A C T  

Biobanks have the po ten tial to be ro bust re source for un der stand ing po ten tial can cer risks as so ci ated with gen - 
der - affirming in ter ven tions. In this nar ra tive re view, we syn the sized the cur rent pub lished lit er a ture re gard ing 
the in clu sion of TGD health data in can cer biorepos i to ries and can cer re search con ducted on biospec i mens. Of 
the 6986 ini tial re sults, 153 (2.2%) as sessed the bi o log i cal ef fects of gen der - affirming in ter ven tions on TGD 
tis sues. Within that cat e gory, only one pa per ex am ined trans gen der tis sues in re la tion to can cer biobanks. 
Strate gies are of fered to ad dress the in equities in TGD tis sue - based re search and di ver sify the field of biobank - 
ing as a whole. 

1 . Introduction 

Emerg ing ev i dence sug gests can cer in the les bian, gay, bi sex ual, 
trans gen der, and queer/ ques tion ing (LGBTQ) pop u la tion is a grow ing 
epi demic whereby this pop u la tion ex pe ri ences in creased risk and 
poorer out comes for some can cers. The Na tional In sti tutes of Health 
re cently des ig nated can cer in LGBTQ pop u la tions as a pri or ity re - 
search area as they are a med ically un der served and dis parate pop u la - 
tion [ 1 ]. Each sub group within the LGBTQ com mu nity has unique 
health needs and ex pe ri ences unique health dis par i ties [ 2 , 3 ]. 

Trans gen der and gen der di verse (TGD) in di vid u als are par tic u larly 
un der served and un der stud ied. Trans gen der in di vid u als iden tify as a 
gen der other than the one they were as signed at birth and gen der di - 
verse in di vid u als pre fer an ad di tional or al ter na tive iden tity to trans - 
gen der (in clud ing, but not lim ited to, non - binary, two - spirit, gen - 
derqueer, and gen der non - conforming). TGD in di vid u als may pur sue 
med ical in ter ven tions, or gen der - affirming in ter ven tions, to achieve 
their de sired pre sen ta tion. These gen der - affirming in ter ven tions al ter 
an in di vid u al's body, whether to en cour age or dis cour age vo cal cord 
hy per pla sia, stim u late or in hibit bone growth, or at ro phy in ter nal sex 
or gans. For some one as signed fe male at birth (AFAB), such med ical 
in ter ven tions may in clude testos terone ther apy, mas tec tomy, hys - 

terec tomy, oophorec tomy, vaginec tomy, metoid io plasty, phal lo plasty, 
scro to plasty, ure thro plasty, and pe nile pros the sis place ment. For in di - 
vid u als as signed male at birth (AMAB), in ter ven tions may in clude 
estra diol or prog es terone ther apy, anti - androgens, mam mo plasty, or - 
chiec tomy, vagino plasty, penec tomy, labi aplasty, cli toro plasty, laryn - 
go plasty, and cricothy roid ap prox i ma tion. 

To date most of the lim ited re search on the bi o log i cal ef fects of 
gen der - affirming in ter ven tions re lates to spe cific sur gi cal out comes 
[ 4 , 5 ]; how ever, re search is needed re gard ing the po ten tial ef fects on 
can cer risk and out comes. This is im por tant be cause some gen der - 
affirming in ter ven tions, such as hor mone re place ment, have been 
shown to mod u late can cer risks [ 6 ] and gen der - affirming surg eries 
have un der ex plored ef fects on can cer de vel op ment [ 7 ]. Re form ing 
biobank ing prac tices to be more in clu sive of TGD pop u la tions is a 
nec es sary first step to fa cil i tate re search in this do main. In this short 
com mu ni ca tion, we syn the sized the pub lished lit er a ture re gard ing the 
col lec tion of TGD de mo graphic in for ma tion in biobank ing en deav ors 
with the long - term goal to un der stand the po ten tial can cer risks as so - 
ci ated with gen der - affirming in ter ven tions. 
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Table 1 
PubMed search terms and re sults. 

Total AND 
tissue 

AND 
specimens 

AND 
pathology 

AND 
histology 

AND 
biospecimens 

AND 
biobank 

AND 
outcomes 

AND 
cancer 

Observational 
Studies 

Case 
Reports 

Reviews or 
Systematic 
Reviews 

Clinical 
Trials 

Total Search Results a 

Transgender 5449 159 33 170 130 0 1 715 329 26 195 699 56 
Transsexual 1213 159 10 106 149 0 1 45 84 3 256 130 24 
Gender - Affirming 
Intervention 

165 11 4 6 2 0 0 59 12 0 3 29 0 

Sex Reassignment 1214 196 12 92 165 0 0 151 72 13 172 219 20 
Total 6986 

Search Results Meeting Inclusion Criteria b 

Transgender 153 13 5 7 5 0 1 81 5 4 4 36 0 
Transsexual 32 13 1 0 0 0 1 19 3 0 1 12 0 
Gender - Affirming 
Intervention 

148 11 4 6 2 0 0 59 3 0 3 29 0 

Sex Reassignment 60 6 3 5 5 0 0 36 3 3 2 22 0 
Total 153 

a These 6986 articles reflect total search results, prior to removing studies that did not meet inclusion criteria. Of note, 99% of search results for ‘gender - 
affirming intervention’ and 76% for ‘transgender’ were published in the last 5 years (this search was conducted in August 2019). In contrast, only 21% of search 
results for ‘transsexual’ and 44% for ‘sex reassignment’ were published in the last 5 years. Additionally, most of the above search results were unrelated to TGD 
populations according to their abstracts; for example, when excluding ‘men who have sex with men’ (a term predominantly used in studies that overlook 
transgender women) from the ‘transgender’ search, only 1849 results returned. 

b These 153 articles reflect total search results after removing studies that did not meet inclusion criteria. There was considerable overlap between the terms 
‘transgender’ and ‘gender - affirming intervention. 

2 . Methods 

In Au gust 2019, PubMed was queried to iden tify pub lished lit er a - 
ture in volv ing biospec i mens from TGD pa tients and/ or in clu sion of 
TGD pop u la tions in biobank ing re search. The four core search terms 
used were ‘trans gen der,’ ‘trans sex ual,’ ‘gen der - affirming in ter ven - 
tion,’ and ‘sex re as sign ment.’ These search terms were cho sen to iden - 
tify both older and newer lit er a ture, as ‘trans sex u al’ and ‘sex re as sign - 
ment’ have more re cently been re placed by ‘trans gen der’ and ‘gen - 
der - affirming in ter ven tion.’ Each of these four search terms were 
searched and linked by ‘AND’ with each of the seven biospec i men - 
focused terms in Table 1 . A to tal of 28 key word searches were per - 

formed with ‘All Fields’ se lected for each key word to widen the 
search be yond MeSH terms. For each of the four search terms, the 
num bers of ex ist ing case re ports, re views and sys tem atic re views, clin - 
i cal tri als, and ob ser va tional stud ies were re ported us ing Pub Med's in - 
ter nal cat e go riza tion sys tem. 

To de ter mine if these search re sults ac tu ally ad dressed the sub ject 
of gen der - affirming in ter ven tions in TGD pop u la tions, ti tles and ab - 
stracts were re viewed for in clu sion in this re view with the fol low ing 
cri te ria: hu man stud ies, trans gen der or gen der di verse sub jects, at 
least one ref er ence to a gen der - affirming in ter ven tion, at least one ref - 
er ence to tis sue analy sis, Eng lish lan guage, and pub lished be fore Au - 
gust 2019. Ab stracts meet ing any of the fol low ing cri te ria were ex - 

Fig. 1 . Prisma flow di a gram of stud ies re viewed. 
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Table 2 
Florida pan creas col lab o ra tive gen der - affirming in ter ven tion ques tions. a . 

Question Options for AFAB patients Options for AMAB patients 

1. Please check 
any therapies 
or operations 
you have ever 
undertaken. 

Testosterone hormone 
replacement therapy, 
mastectomy, hysterectomy, 
oophorectomy, vaginectomy, 
metoidioplasty, phalloplasty, 
scrotoplasty, urethroplasty, 
testicular/erectile prosthesis 
placement, “cosmetic” 
masculinization procedures or 
surgeries, other: please specify 

Estradiol hormone replacement 
therapy, progesterone hormone 
replacement therapy, androgen 
blockers, augmentation 
mammoplasty, orchiectomy, 
vaginoplasty, penectomy, 
labiaplasty, clitoroplasty, 
laryngoplasty, “cosmetic” 
feminization procedures of 
surgeries, other: please specify 

2. How old 
were you 
when you 
first began 
[insert 
selected 
hormone 
therapy from 
Q1 here] ?* 
*For AFAB, 
could be 
testosterone. 
For AMAB, 
could be 
estradiol, 
progesterone, 
and/or 
androgen 
blockers. 

__ years old __ years old 

3. In total, how 
long have 
you taken 
[insert 
hormone 
therapy from 
Q1 here] 
throughout 
your lifetime, 
not including 
any breaks 
that you may 
have taken? 

<6 months, 6 – 12 months, 1 – 2 
years, 2 – 5 years, 5 – 10 years, 
> 10 years 

<6 months, 6 – 12 months, 1 – 2 
years, 2 – 5 years, 5 – 10 years, > 
10 years 

4. What type of 
[insert 
‘testosterone’ 
if AFAB or 
‘estradiol’ if 
AMAB] 
hormone 
replacement 
therapy have 
you used for 
the majority 
of your 
lifetime? 

Intramuscular injection, 
transdermal patch/gel/cream, 
subcutaneous pellet, oral, 
sublingual/buccal, other: 
please specify 

Intramuscular injection, 
transdermal patch/gel/cream, 
oral, sublingual/buccal, other: 
please specify 

5. How old 
were you 
when you 
underwent 
[insert 
selected 
operation (s) 
from Q1 
here] ? 

__ years old __ years old 

a These questions have been added to the demographics section of the 
Florida Pancreas Collaborative Baseline Questionnaire [ 30 ]. An additional 
question was also added that ascertains whether the patient's hormone 
therapy has changed in any way since their pancreatic cancer diagnosis. 

cluded: psy cho log i cal stud ies, phar ma ceu ti cal tri als, health sys tems 
analy ses, and cis gen der sub jects. A sec ond re searcher repli cated the 
search us ing the chart string of MESH terms with 100% re li a bil ity. 

A search of on line biorepos i to ries was con ducted to de ter mine the 
sta tus of TGD de mo graph ics and gen der - affirming in ter ven tions as 
data points in clud ing the Na tional Clin i cal Tri als Net work (NCTN) 
Nav i ga tor [ 8 ], the Co op er a tive Hu man Tis sue Net work [ 9 ], and the 
Spec i men Re source Lo ca tor [ 10 ]. 

3 . Results 

Of the ini tial 6986 PubMed re sults, 153 (2.2%) as sessed the ef fect 
of gen der - affirming in ter ven tion (s) on TGD tis sues ( Table 1 and Fig. 
1 ). Among the 153, there were 124 (81%) fo cused on surg eries and 29 
(19%) fo cused on hor mone ther apy. Tis sue changes af ter gen der - 
affirming in ter ven tions for AFAB in di vid u als were the fo cus of 77 
(50.3%) pa pers and AMAB changes were the fo cus of 62 (40.5%). 
Nine pa pers fo cused on fer til ity out comes [ 8 , 11 – 18 ] and five pa pers 
fo cused on can cer risks [ 19 – 23 ]. A sin gle case study was found on 
‘biobank AND trans gen der’ [ 24 ]. 

4 . Discussion 

Over all, we found that TGD de mo graphic in for ma tion and his tory 
of gen der - affirming in ter ven tions are largely not be ing doc u mented in 
biobanks. Of the 153 stud ies on the ef fects of gen der - affirming in ter - 
ven tions on tis sues, only one fo cused on biobank ing. In this sin gle 
study on TGD biobank ing, Mil li can - Slater et al. found that a trans gen - 
der man's breast tis sue was sig nif i cantly mod i fied by testos terone and 
ar gued the biobank now con tain ing this spec i men was im proved by its 
ad di tion [ 24 ]. Ad di tion ally, TGD de mo graphic in for ma tion was not 
doc u mented in the NCTN Nav i ga tor [ 8 ] and only had gen der op tions 
for ‘Male’ and ‘Fe male’ in their biospec i men search en gine. TGD de - 
mo graphic data has not been sug gested or re quested as a data point 
for the Co op er a tive Hu man Tis sue Net work or the Spec i men Re source 
Lo ca tor. 

Po ten tial ad verse bi o log i cal ef fects and risks of tran si tion - related 
hor mone ther apy are cur rently un known. Such in for ma tion is es pe - 
cially salient among rel e vant can cers such as prostate, anal, and 
breast for AMAB pa tients and breast, ovar ian, cer vi cal, vagi nal, and 
en dome trial can cers for AFAB pa tients [ 6 ]. There is ev i dence that 
chronic in flam ma tion from surg eries such as vagino plasty can in - 
crease risk of ma lig nancy in TGD pop u la tion [ 7 ]. This is con cern ing 
be cause of the in creas ing num ber of TGD peo ple pur su ing gen der - 
affirming in ter ven tions with lim ited data on bi o log i cal ef fects [ 25 ]. 
The most com mon rea sons why TGD in di vid u als who seek par tial 
treat ment (gen der - affirming in ter ven tions that are not con sid ered 
com plete sex re as sign ment) rather than com plete sex re as sign ment are 
un cer tainty of risk and out comes [ 26 ]. Aptly, Mah fouda et al. [ 27 ] 
pro posed re search on an in ter na tional scale to clar ify long - term func - 
tion al ity and safety of gen der - affirming in ter ven tions. 

Re veal ing po ten tial ad verse bi o log i cal ef fects of gen der - affirming 
in ter ven tions is com pli cated by the per son al iza tion of vari ables such 
as age of treat ment, hor mone mode of de liv ery, time on hor mone re - 
place ment, com bi na tion of gen der - affirming surg eries, and small pop - 
u la tion size. Ad di tion ally, the out dated prac tice of group ing sex ual 
ori en ta tion mi nori ties with TGD in di vid u als as one ‘LGBTQ’ pop u la - 
tion, as seen in in ves ti ga tions of anal can cer in men who have sex 
with men that fail to strat ify trans gen der women within their analy - 
ses, fur ther ob fus cates the study of can cer rates in TGD pa tients. 

Sig nif i cant so cial bar ri ers to care ex ist for TGD in di vid u als that 
may con tribute to dis parate can cer rates. These in clude lower rates of 
health in sur ance com pared to cis gen der in di vid u als [ 28 ], avoid ance 
of health care due to per ceived dis crim i na tion [ 29 ], dys pho ria in gen - 
dered med ical spaces (in clud ing can cer screen ings), and dif fi culty 
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find ing in clu sive health care providers [ 1 ]. In terms of out comes, TGD 
pop u la tions may have dif fer ent smok ing rates than LGB pop u la tions 
and other fac tors such as HPV and obe sity have not been eval u ated 
for prog nos ti ca tion of can cer out comes in TGD pop u la tions. 

A par al lel to the chal lenges of study ing the ef fects of gen der - 
affirming in ter ven tions can be drawn to the early chal lenges of study - 
ing AIDS and the novel so lu tion of cre at ing the AIDS Spec i men Bank. 
Com plex fac tors that drove AIDS re search in cluded an un known 
method of trans mis sion, dis ease course un pre dictabil ity, pa tients’ low 
so cioe co nomic sta tus, and stigma ti za tion. In re sponse to these chal - 
lenges, the AIDS Spec i men Bank was es tab lished in 1982, and is now 
a pre em i nent re source where re searchers across dis ci plines in ter sect 
in their biospec i men - driven in ves ti ga tion of HIV/ AIDS. As such, 
biobank ing may pre sent a sim i lar so lu tion to un der stand ing the bi o - 
log i cal ef fects of gen der - affirming in ter ven tions. 

5 . Conclusions and future directions 

In ves ti ga tion into pub licly - searchable biorepos i to ries in di cates that 
TGD de mo graphic in for ma tion and gen der - affirming in ter ven tions are 
not be ing cat a logued with spec i mens. Fur ther in ves ti ga tion of spe cific 
biobanks within these data bases is war ranted to ex plore whether TGD 
de mo graphic and in ter ven tion data are be ing col lected but not clas si - 
fied as search able data points. If the lat ter is the case, these data 
should be re - classified as im por tant vari ables along side race, eth nic - 
ity, and age. Strate gies for biorepos i to ries to ex pand their col lec tion of 
TGD de mo graphic in for ma tion in clude: 

1. Modifying clinical intake forms and demographic questionnaires 
to include sex assigned at birth (alternatively, organs present at 
birth) and gender identity with TGD - inclusive options. 

2. Adding a module to questionnaires to explore if a TGD patient has 
pursued any gender - affirming interventions. An example of such a 
module has been adapted from the Florida Pancreas Collaborative 
Biorepository [ 16 ] and is shown in Table 2 . 

3. Making a targeted effort to recruit TGD patients for biobanking 
studies. 

Re searcher knowl edge of and at ti tudes to wards the can cer health 
dis par i ties of TGD pop u la tions should be eval u ated. If biobank ing re - 
searchers are not mo ti vated to col lect TGD in for ma tion, then the es - 
tab lish ment of a biobank specif i cally for spec i mens from TGD can cer 
pa tients may be nec es sary to in ves ti gate tis sue changes most ef fi - 
ciently. 
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