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BACKGROUND: We examined associations between two forms of testosterone therapy (TT) and risks of seven cancers among men.
METHODS: SEER-Medicare combines cancer registry data from the Surveillance, Epidemiology, and End Results programme with
Medicare claims. Our population-based case-control study included incident cancer cases diagnosed between 1992-2015: prostate
(n=130,713), lung (n = 105,466), colorectal (n =56,433), bladder (n = 38,873), non-Hodgkin lymphoma (n = 17,854), melanoma
(n=14,241), and oesophageal (n =9116). We selected 100,000 controls from a 5% random sample of Medicare beneficiaries and
used logistic regression to estimate odds ratios (OR) and 95% confidence intervals (Cl).

RESULTS: TT was associated with lower risk of distant-stage prostate cancer (injection/implantation OR = 0.72, 95% Cl: 0.60-0.86;
topical OR =0.50, 95% Cl: 0.24-1.03). We also observed inverse associations for distant-stage colorectal cancer (injection/
implantation OR = 0.75, 95% Cl: 0.62-0.90; topical OR =0.11, 95% Cl: 0.05-0.24). Risks of distant-stage colorectal and prostate
cancers decreased with time after initiating TT by injection/implantation. By contrast, TT was positively associated with distant-
stage melanoma (injection/implantation OR = 1.70, 95% Cl: 1.37-2.11). TT was not associated with bladder cancer, oesophageal
cancer, lung cancer or non-Hodgkin lymphoma.

CONCLUSION: TT was inversely associated with distant-stage prostate and colorectal cancers but was positively associated with

distant-stage melanoma. These observations may suggest an aetiologic role for TT or the presence of residual confounding.
British Journal of Cancer (2023) 128:48-56; https://doi.org/10.1038/541416-022-02019-7

BACKGROUND

Beginning around 40 years of age, testosterone (T) levels in men
decline ~1% per year [1-3]. When total concentrations fall below
purportedly normal physiologic thresholds (typically in the range
of 200-400 ng/ml), men may experience decreased quality of life
resulting from lowered libido, fatigue and other conditions linked
to low or declining T [4]. Notably, many of these ailments afflict
younger men with clinically diagnosed hypogonadism but are also
a natural consequence of ageing. Thus, what constitutes normal T
varies between individuals and differs across age groups [1].
Testosterone therapy (TT) has been used in both young and older
populations to increase circulating levels of the hormone, thereby
helping to reverse the adverse effects of its decline. Indeed, the
use of TT for off-label indications increased during the early 2000s
following the US Food and Drug Administration (FDA) approval of
self-administered topical forms of the medication in the mid-
1990s and subsequent marketing campaigns targeted to men
experiencing conditions associated with low T [5]. However,
following reports from observational studies describing a link
between TT and myocardial infarction risk, the FDA issued a safety

communication in 2014, which led to a gradual decline in TT
prescriptions [6, 71.

An elevated endogenous testosterone concentration has histori-
cally been hypothesised to be associated with an increased risk of
prostate cancer, though past studies of pre-diagnostic concentra-
tions have yielded null results [8, 9]. Meanwhile, studies of
exogenous TT exposure have largely reported null or inverse
associations with prostate cancer risk [10-19]. These observations
have spurred debates surrounding TT as a potential protective
factor for the disease or, alternatively, may suggest confounding
by indication; men with clinically low endogenous T levels (i.e.,
those who are hypogonadal)—and who are subsequently
prescribed TT—could have a lower baseline risk of the disease
when compared with eugonadal men. Indeed, a recent pooled
case-control study demonstrated that lower circulating free T
levels were associated with decreased prostate cancer risk [20].
Notwithstanding, T and its derivatives are also thought to play a
role in the carcinogenesis of organ sites other than the prostate.
Several studies have examined endogenous T concentrations in
relation to risks of gastric, colorectal, and liver cancers [21-24];
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these studies hypothesised that observed sex differences in
incidence could be explained by variations in endogenous
hormone exposures. Indeed, males experience a 20% higher
overall cancer incidence relative to females [25]; thus, it is
conceivable that cancers with a higher incidence in males that
have no known hormonal etiologies could be linked to
endogenous or exogenous T exposure. To our knowledge, no
prior study has examined the relationship between exogenous TT
and cancers other than those of the prostate.

Examining associations between TT and cancer risks for multiple
organ sites may help to clarify the potential role of TT in cancer
aetiology. Therefore, we performed a case-control study in the
SEER-Medicare linked database to examine the association
between TT and prostate cancer as well as six cancers with higher
incidence among men, namely: bladder, colorectal, oesophageal,
lung and bronchus, melanoma and non-Hodgkin lymphoma.

METHODS

SEER-Medicare

The Surveillance, Epidemiology, and End Results (SEER) programme
collects cancer registry data for incident cases diagnosed across 18
geographic regions, representing 28% of the US population [26]. Medicare
is the primary health insurer for US citizens and permanent residents aged
65 years and older and is organised into four parts that provide healthcare

coverage based on the beneficiary’s preferences and needs. All Medicare

beneficiaries are entitled to Medicare Part A, which provides coverage for
inpatient costs or hospital services. Ninety-six percent of those who elect

to receive coverage for outpatient services under a fee-for-service model
pay a monthly premium for Medicare Part B. In 2006, prescription drug
coverage became available through Medicare Part D; the proportion of

beneficiaries served under Part D has increased with each calendar year

and ranged between 45 and 61% of beneficiaries during our study period.
SEER-Medicare successfully matches cancer registry data to insurance

claims for 94% of patients in SEER who are Medicare-eligible and who
represent ~25% of the total Medicare population. In addition, the SEER-
Medicare-linked database includes a 5% random sample of Medicare

beneficiaries who reside in the SEER catchment, which can be used to
select a control comparison group.

Study design and study population

We used a population-based case-control study design to examine the
associations between TT and seven cancers among men, namely: prostate,
bladder, colorectal, oesophageal, lung & bronchus, melanoma, and non-
Hodgkin lymphoma. Cases were identified through SEER, diagnosed
between 1992 and 2015, aged 66 years or older, and had at least
13 months of continuous coverage through Medicare Parts A and B. The

period for continuous Medicare coverage among cases is defined as the
time between first observation in the SEER-Medicare linkage and date of
diagnosis. Cases with health management organisation (HMO) coverage
(i.e., Medicare Part C) were excluded. We identified the first primary
malignant cancer diagnoses using International Classification of Disease for
Oncology (ICD-O-3) codes (Supplemental Table 1). We excluded death
certificate-only or autopsy-only diagnosed cancer cases.

To the total case population, we frequency-matched 100,000 controls
from the 5% sample (excluding cancers of interest) on a 5-year age group
and calendar year of selection/diagnosis [27]. Eligible controls were cancer-
free up until the midpoint of the calendar year of selection and could be
sampled multiple times across the study period, but no more than once for
any given calendar year. As with cases, controls were required to have at
least 13 months of continuous coverage through Medicare Parts A and B
and no HMO. The period for continuous Medicare coverage among

controls is defined as the time between first observation in the SEER-
Medicare linkage and date of control selection.

Testosterone therapy

Our study included two calendar periods of interest. During the first period
(January 1, 1992 through December 31, 2015), we examined the
associations between ever-use of older forms of TT exposure (injection
or implantation) and cancer risks. Medical procedures for inpatient or

outpatient administrations of TT were identified via healthcare common
procedure coding system (HCPCS) codes. For the second calendar period

of interest (January 1, 2008 through December 31, 2015), we examined
ever-use of newer forms of TT exposure (topical application). Topical gel or
cream TT prescriptions were identified using national drug codes (NDC)
recorded in the Part D Event (PDE) Medicare file. Beneficiaries were
ineligible to be selected as cases or controls if they received any form of TT
during the baseline period, defined as their first year of observation in the
SEER-Medicare linkage.

Other patient-level characteristics

We identified diagnoses of primary hypogonadism (i.e., testicular dysfunc-
tion) or secondary hypogonadism (i.e., disorders of the pituitary gland or
androgen insensitivity) using ICD-9-clinical modification (CM) codes
recorded in outpatient insurance claims. We also used ICD-9-CM codes
to identify medical conditions that are associated with hypogonadism or
cancer risks, including chronic fatigue, erectile dysfunction, benign
prostatic hyperplasia (BPH), obesity, smoking and alcohol use. In addition,
for each case and control, we examined the Charlson comorbidity score,
average number of hospital visits per year, average number of outpatient
visits per year, rurality/urbanicity (i.e., a proxy for population density), and
median income by zip code [28]. Data on covariates, including medical
conditions and potential confounders, were collected during the 12-month
baseline period beginning at the start of observation.

Statistical analyses

We used logistic regression to assess the relationship between ever-use of
TT (yes/no) and cancer risks modelled as a seven-level multinomial
outcome. We used a Bonferroni correction to adjust for multiple testing
(P=0.05/7 =0.007). For each mode of TT administration and calendar
period of interest, we report odds ratios (ORs) and 95% confidence
intervals (Cl). We adjusted the variances for the ORs using the
ROBUSTVARIANCE macro outlined by Engels et al. to account for multiple
sampling of controls across calendar years and the use of individuals who
were sampled as controls prior to developing cancer of interest [27]. All
regression models were adjusted for matching factors (age and calendar
year of selection), and multivariable models were additionally adjusted for
the above-referenced medical conditions, risk factors and patient factors.
Using a 12-month exposure lag, we examined associations between TT and
cancer risks; we also examined associations stratified by clinical stage at
diagnosis (localised/regional or distant) and hypogonadism. In addition, we
examined associations within time windows of exposure (i.e., exposure
0-12, 12-24, 24-36 or 36+ months before case/control selection). Analyses
were performed using SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS
We identified 372,696 cancers of interest diagnosed between 1992
and 2015. The most commonly diagnosed cancer was prostate
(n=130,713) followed by lung & bronchus (n = 105,466), color-
ectal (n=56,433), bladder (n =38,873), non-Hodgkin lymphoma
(NHL) (n=17,854), melanoma (n=14,241) and oesophageal
(n=9116). Compared with controls, bladder cancer and mela-
noma cases included slightly higher proportions of men aged 85
years and older (Table 1). Overall, cases and controls had similar
proportions of obesity and alcohol use but differed according to
other established cancer risk factors. Specifically, smoking
prevalence was highest among men diagnosed with lung and
bronchus, oesophageal and bladder cancers; and lung and
bronchus cases had a higher proportion of men with comorbid
conditions (4.7%). Fewer than 1% of cases (0.5%) or controls (0.6%)
were characterised as hypogonadal. Cancer cases were similarly
distributed across rural and urban regions. Across the cancer sites
assessed, melanoma and non-Hodgkin lymphoma cases included
the largest proportions of men in the highest income quintile.
For the analysis of TT by injection/implantation and cancer risks,
cases and controls were observed for a median of 4.1 years
[interquartile range (IQR): 3.9] and 4.3 years [IQR: 4.0], respectively;
for the analysis of topical TT and cancer risks, cases and controls
were observed for a median of 2.1 years [IQR: 2.8] and 1.5 years
[IQR: 3.2], respectively. Cases and controls included in our analysis
of topical TT and cancer risks were more likely to be classified as
obese and had higher proportions of men with a Charlson
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comorbidity index score of 3+ relative to men in the TT injection/
implantation analysis. Those in the topical TT analytic subset also
had higher proportions of men diagnosed with fatigue, BPH and
smokers.

TT and site-specific cancer risks

Table 2 presents the associations between TT and cancer risks for
each mode of administration. We identified 2351 cases and 646
controls whose Medicare Part B claims included HCPCS codes for
outpatient injection/implantation TT between 1992 and 2015, and
106 cases and 45 controls whose Medicare Part D claims included
NDCs for topical TT. Overall, we observed no significant relation-
ship between injection/implantation TT and any of the seven
cancers. Topical TT was inversely associated with colorectal cancer
(OR and 95% ClI: 0.19; 0.05-0.77); however, this association was not
statistically significant following the Bonferroni correction.

Subsequently, we examined relationships between TT and
cancer risks by disease stage; associations by injection/implanta-
tion are presented in Table 3 and associations by topical TT are
presented in Supplemental Table 3. Bladder: There were no
apparent associations between TT by either form of administration
for localised/regional or distant-stage bladder cancers. Colorectal:
Topical TT was inversely associated with localised/regional color-
ectal cancer (OR and 95% Cl: 0.18; 0.07-0.47), whereas both modes
of TT administration were associated with distant-stage disease
(ORinjection/implantation and 95% Cl: 0.75; 0.62-0.90); ORtopicaI and
95% ClI: 0.11; 0.05-0.24). Notably, associations between TT and
colorectal cancer retained statistical significance following Bon-
ferroni correction. Oesophageal: Topical TT exposure was asso-
ciated with a lower risk of oesophageal cancer (OR and 95% Cl:
0.34; 0.14-0.87). Lung & bronchus: We observed non-significant
inverse associations between TT and lung and bronchus cancers
(ORinjection/implantation and 95% Cl: 0.86; 0.73-1.00); ORtopicaI and
95% Cl: 0.62; 0.35-1.09). Melanoma: Localised/regional melanoma
risk was elevated, albeit statistically non-significantly, with
injection/implantation TT exposure, and was significantly elevated
by topical TT exposure (OR and 95% Cl: 2.41, 1.01-5.78). Injection/
implantation TT exposure was also associated with a higher risk of
distant-stage melanoma (OR and 95% Cl: 1.70, 1.37-2.11); this
association retained statistical significance following Bonferroni
correction. Prostate: Both modes of TT exposure were associated
with inverse risks of distant-stage prostate cancer, though not
statistically significant for topical TT forms (ORinjection/implantation
and 95% Cl: 0.72; 0.60-0.86); OR;opical and 95% Cl: 0.50; 0.24-1.03).
The association between TT by injection/implantation and distant-
stage prostate cancer remained statistically significant following
Bonferroni correction. Of note, stage information was unavailable
for patients diagnosed with NHL.

We found no evidence of effect modification for cancer risks by
the presence of hypogonadism for either mode of TT administra-
tion (Supplemental Table 2).

We observed consistent inverse associations between TT by
injection/implantation for distal time exposures and risks of
distant-stage colorectal and prostate cancers (Table 4). Notably,
TT exposure was associated with an increased risk of distant-stage
melanoma for all four time points in our time-windows analysis,
particularly for exposure within 12-24 months of case/control
selection (OR and 95% Cl: 2.54, 1.64, 3.95). The small sample size
precluded our ability to examine time- and stage-specific
estimates for topical TT exposure.

DISCUSSION

In this study, we examined associations between ever-use of TT
and seven cancer risks among men in the SEER-Medicare linked
database. Irrespective of the mode of administration, TT was
inversely associated with distant-stage prostate and colorectal
cancers; by contrast, injection/implantation TT use was associated

Testosterone therapy (TT) and cancer risks among men in the SEER-Medicare database, 1992-2015.

Table 2.

Topical (2008-2015)

Injection/Implantation (1992-2015)

T

Unexposed

Exposed

Unexposed

Exposed

Adjusted OR (95% ClI) P value

(%)

n (%)

Adjusted OR (95% ClI) P value

(%)

n

(%)

Total
45

Total

(REF)

(99.41) (REF)

7628

(0.59)
(0.39)
(0.57)

(REF)

27,386 (99.61)

2975

106
17

0.841

1.14 (0.31, 4.15)

(99.43)

0.965

0.62, 1.64)
0.55, 1.43)
0.53, 1.53)
0.60, 1.47)

0.020

0.19 (0.05, 0.77)
0.71 (0.17, 3.00)
0.69 (0.22, 2.14)

a

0.617

0.645

0.704
0.774
0.337

0.516

(0.43) 11,906 (99.57)

51

0.354
0.805

1.87 (0.50, 7.01)
0.84 (0.21, 3.41)

a

0.77, 2.12)
0.77, 2.09)

0.63, 1.50)

0.352

0.314

0.50 (0.13, 1.93)

a

0.897

646

Controls

Cases

266
320
52

Bladder

Colorectal

Oesophagus

622

Lung & bronchus

128
157
806
?Per the SEER-Medicare data use agreement, cell counts in this row

Melanoma
NHL

Prostate cancer

are suppressed due to a cell having a case count of less than 11.

Adjusted for: age (66-69, 70-74, 75-79, 80-84, 85+), year of cancer diagnosis/control selection, obesity, smoking, alcohol, hypogonadism, fatigue, erectile dysfunction, benign prostatic hyperplasia, Charlson

Comorbidity Index, the average number of hospital visits per year, the average number of outpatient visits per year, rurality/urbanicity and median income by zip code.



P value
0.822
0.002°
0.585
0.050
0.000°
0.000°

Adjusted OR (95% Cl)

0.75 (0.62, 0.90)
1.06 (0.85, 1.33)
0.86 (0.73, 1.00)
1.70 (1.37, 2.11)
0.72 (0.60, 0.86)

0.98 (0.79, 1.21)

%

99.2
99.2
99.3
99.5
99.3
994
98.8
99.5

TT unexposed
78,885

1584

11,633

2644

49,828

1131

9,875

83,423

%

0.8
0.8
0.7
0.5
0.8
0.6
1.2
0.5

Distant
TT exposed

646
640
11
62
20
306
14
50

P value
0.850
0.873
0.830
0.683
0.213
0.597

Adjusted OR (95% Cl)

1.03 (0.73, 1.47)
0.97 (0.68, 1.38)
0.96 (0.65, 1.42)
1.08 (0.76, 1.52)
1.27 (0.87, 1.83)
1.09 (0.79, 1.49)

9.3
9.2

99.0
99.1

Staging data was only available for prostate cancer cases in 1994 and later.

PSignificant following Bonferroni correction.

%
99.2
99.2
99.2
99.3
9

9

TT unexposed
78,885

31,216

33,953

4101

35,021

10,787

75,447

83,423

0.7

0.8
0.8
0.8
0.7
0.8
1.0
0.9

Injection/implantation (1992-2015)
%

Localised/regional
TT exposed

646
640
248
250
28

274
108

Testosterone therapy (TT) and cancer risks among men in the SEER-Medicare database by stage, 1992-2015.
686

Controls

Controls (prostate)®
Bladder

Colorectal

Oesophagus

Lung and bronchus
Melanoma

Non-Hodgkin’s lymphoma
Prostate Cancer

Adjusted for: age (66-69, 70-74, 75-79, 80-84, 85+), year of cancer diagnosis/control selection, obesity, smoking, alcohol, hypogonadism, fatigue, erectile dysfunction, benign prostatic hyperplasia, Charlson

Comorbidity Index, average number of hospital visits per year, the average number of outpatient visits per year, rurality/urbanicity, and median income by zip code.

Table 3.

with a substantially increased risk of distant-stage melanoma,
whereas topical TT was linked to a statistically non-significant
increased risk of localised/regional melanoma. To our knowledge,
this is the first study to examine TT and multi-site cancer risks
among men.

While there is little evidence to suggest that endogenous
testosterone is linked to prostate cancer development, the
hormone is considered a possible contributor to prostate cancer
progression. In the present study, we tested the hypothesis that
exogenous testosterone use might be linked to tumour progres-
sion events that would be evidenced by positive associations in
our case-control analysis. To the contrary, we observed null
associations for ‘ever-use’ of TT and overall prostate risk and
inverse risks for distant-stage disease. The extant epidemiologic
literature reports a mix of inverse [13, 16-18] and null [15]
associations. Remarkably, however, inverse associations between
ever-use of TT and distant-stage prostate cancer have been
consistently reported in all prior studies [15, 16, 18]. Thus, distant-
stage prostate cancer may represent a distinct etiopathogenic
subset of the disease, when compared with local/regional prostate
cancers.

In the US, men experience an approximate 15% higher cancer
incidence and an approximate 30% higher cancer-related
mortality, compared with women. While these observations are
partially explained by differential exposure to established risk
factors like smoking, alcohol, screening behaviour, and social
support, several prevailing hypotheses point to differences in the
balance of endogenous hormone exposures that may account for
the higher cancer burden in men. However, little evidence is
available for exogenous hormone use in relation to risks of cancers
which are predominant in, or exclusive to, men. The results from
our study demonstrate inverse associations for distant-stage
colorectal cancer irrespective of the formulation of TT. Tissue-
based studies also suggest differential androgen receptor activity
between normal and malignant colorectal tissues [29, 30]. It
follows that exogenous hormone exposure may be linked to
molecular signalling events that reduce colorectal cancer devel-
opment. While such therapies are unlikely to be prescribed for the
primary prevention of colorectal cancer, these findings support
evidence for hormonal mechanisms linked to colorectal
carcinogenesis.

One of the most striking findings from our study was the
positive association between ever-use of TT by injection/
implantation and distant-stage melanoma. A recent study of TT
prescribing patterns in the US showed that TT users were more
likely to have higher SES and reside in the southern and western
states, and thus would be exposed to higher levels of ultraviolet
radiation [31]. Thus, regional differences are likely to play a key
role in understanding the relationship between TT and melanoma.
Nevertheless, observational and experimental studies have
hypothesised that endogenous androgen levels could play a role
in melanoma progression, thereby offering modest biological
plausibility for exogenous androgen exposure as having a possible
link to the disease [32, 33]. A prospective study of more than
180,000 men in the UK biobank demonstrated that higher
endogenous testosterone levels were linked to an increased risk
of melanoma [34]. Our finding of a potential link between
exogenous testosterone and melanoma risk provides an interest-
ing parallel to the UK Biobank study, thereby adding credence to
the observed association. However, our statistical models do not
include adjustments for well-established risk factors for mela-
noma, including ultraviolet radiation exposure or the presence of
moles. Accordingly, the observed association could be due to
unmeasured confounding.

We also report statistically non-significant inverse associations
between ever-use of TT and lung and bronchus, and oesophageal
cancers in this study. While these observations may point to
important details surrounding the aetiology of these cancer sites,
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our observations were somewhat inconsistent when evaluating
effect estimates between the two modes of TT administration. We
also observed a null association for TT and NHL.

The SEER-Medicare-linked database provides high-quality long-
itudinal, population-based data on treatment patterns and cancer
outcomes among US men and women aged 65 years and older.
Nevertheless, a primary limitation of the SEER-Medicare resource is
that we only capture information on an older subset of the
population. Thus, findings may only be generalisable to men aged
65 years and older, though men aged 40-64 years of age are those
most likely to receive a prescription for TT [35]. Further, given the
nature of Medicare, the data are left-truncated to age 65, meaning
that we are unable to capture treatment patterns prior to the
enrolment date. An additional limitation is the poor capture
efficiency of potential confounding factors such as smoking and
BMI. Even though the confounding structures of TT and cancer
risks are poorly understood, the capture efficiency is unlikely to
differ greatly by group, thus having minimal effects on the validity
of the results. This study was also limited by the small numbers of
TT users among cases and controls—particularly for topical use—
and the inability to comprehensively assess long-term use of TT or
to examine dosing intensity which is important in observational
studies of drug effects on cancer [36]. Given this, we cannot rule
out that the associations seen in this study may have resulted
from confounding. Further, the estimates reported in our study
may be subject to confounding by indication, given our poor
capture efficiency for diagnoses of hypogonadism.

Observations from our study support previously published
findings of the relationship between ever-use of TT and inverse
risk of distant prostate cancer. We also report novel associations
for an inverse risk of distant colorectal cancer and an increased
risk of distant melanoma. The findings from this study suggest
that ever-use of TT is not linked to increased risks of prostate or
colorectal cancer. However, ever-use of injection/implantation TT
may be associated with an increased risk of melanoma.
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