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Abstract
Objective—To determine if men with azoospermia are at an elevated risk of developing cancer
in the years following an infertility evaluation.

Design—Cohort Study

Setting—United States andrology clinic

Patients—2,238 men with complete records were evaluated for infertility at a single andrology
clinic in Texas from 1989 to 2009.

Interventions—None

Main Outcome Measures—Cancer incidence was determined by linkage to the Texas Cancer
Registry.

Results—In all, 451 men had azoospermia and 1,787 were not azoospermic with a mean age at
infertility evaluation of 35.7 years. Compared to the general population, infertile men had a higher
risk of cancer with 29 cases observed compared with 16.7 expected (SIR 1.7, 95% CI 1.2–2.5).
When stratifying by azoospermia status, azoospermic men had an elevated risk of cancer (SIR 2.9,
95% CI 1.4–5.4). Infertile men without azoospermia had a trend towards a higher rate of cancer
(SIR 1.4, 95% CI 0.9–2.2). The Cox regression model revealed that azoospermic men had 2.2-fold
higher cancer risk compared to not azoospermic men (HR 2.2, 95% CI 1.0–4.8).
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Conclusions—Men with azoospermia have an increased risk of subsequently developing
cancer, suggesting a possible common etiology between azoospermia and cancer development.
Additional follow-up of azoospermic men after reproductive efforts end may be warranted.
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Introduction
Azoospermia, the absence of sperm in the ejaculate, is estimated to affect 1% of all men and
up to 15% of men with infertility.(1) An estimated 4 million US men (ages 15–45) have
reported infertility. This data suggests that up to 600,000 reproductive aged U.S. men may
have azoospermia with most of these men having nonobstructive azoospermia (NOA).(2)
Nonobstructive azoospermia is due to defects in spermatogenesis, and investigators now
suspect that the majority of NOA has an underlying genetic basis. However, the etiology of
most patients’ testicular dysfunction remains unknown.(3, 4) Of importance, defects in DNA
repair mechanisms and abnormalities in cell cycle control have been demonstrated at high
rates in men with NOA.(5, 6)

Since the genetic basis for male infertility has become increasingly studied, researchers have
now identified many DNA repair genes previously identified in cancer syndromes that
regulate key processes in gamete production.(3) For example, mutations in the Lynch
Syndrome gene MLH1 have been identified in azoospermic men.(7, 8) Moreover, mice
genetically engineered to be deficient in DNA repair genes ERCC1 (excision repair cross-
complementing gene 1) or MSH2 (MutS homolog 2) are azoospermic with severe testicular
germ cell loss and subsequently develop tumors early in life.(9, 10) Emerging data has also
demonstrated that azoospermic men have severely impaired recombination frequencies
which can impact genomic health.(5)

As defects in genomic regulation can also lead to carcinogenesis, infertile men may also be
at an elevated risk of cancer development. (11) A multi-institutional study of infertile
couples in California IVF centers noted increased rates of testis and prostate cancers in men
identified as having male factor infertility.(12, 13) However, azoospermic men could not be
identified. Similarly, investigators linked semen data from the Copenhagen Sperm Analysis
Laboratory to the Danish cancer registry and identified an increased risk of germ cell tumors
in men without azoospermia but with abnormal semen characteristics.(14) Importantly, in
the Danish cohort, no other cancers were found to have higher rates in subfertile men.
Moreover, other studies have not identified higher risks for non-germ cell cancers in infertile
men.(15–18) In all studies, however, azoospermic men could not be separately examined.
Given our emerging knowledge about the overlap between DNA repair pathways and
azoospermia, we sought to determine if men with azoospermia are at an elevated risk of
developing cancer in the years following an infertility evaluation.

Methods
Study Population

After Institutional Review Board approval, an initial study cohort was identified with
available data from 1989 to 2009 contained in the andrology database at the Baylor College
of Medicine Special Procedures Laboratory in the Scott Department of Urology. The
laboratory performs a high volume of semen analyses for fertility evaluations, sperm
preparation for cryopreservation or intrauterine insemination, and evaluation after
vasectomy or vasectomy reversal, as well as other andrology laboratory testing. For men
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with multiple semen analyses, only the first test was used in the present study. For men with
azoospermia, a repeat semen analysis confirmed azoospermia in 89% of cases. The methods
used for analysis of semen (sperm concentration, motility, and volume) have been
previously described.(19)

In total, 22,089 men had semen data available. As the Texas Cancer Registry only reliably
captures diagnoses of state residents, men with out of state/country or missing addresses
were excluded from the final analysis. (n=14,607) Men with a history of vasectomy were
excluded. (n=1,196) Men who were not seen for infertility or for uncertain reasons were
excluded. (n=3,999) Finally, men with a cancer diagnosis within 6 months of the initial
semen analysis were excluded. (n=49) Thus, the final patient population included 2,238 men
evaluated for infertility. We then stratified the cohort based on the presence of sperm in the
ejaculate.

In order to confirm the accuracy of diagnosis based on semen analysis data, 101 of the 451
men with azoospermia (22%) had their charts reviewed. The population was chosen based
on availability as the remaining charts have been archived and were unavailable for review.
91% were classified as nonobstructive azoospermia with 9% classified as obstructive
azoospermia. Given that this was only a sample of the azoospermic population, no further
exclusions were made based upon chart review.

Cancer Registry Linkage
All men in the andrology database were linked to the Texas Cancer Registry (TCR). The
TCR is a statewide population-based registry that serves as the foundation for measuring the
Texas cancer burden and comprehensive cancer control efforts. The TCR contains
information on all cases of histologically confirmed cancer from January 1, 1995 until
December 31, 2009 (the last year with complete data available when linkage was performed
– October 2011). The TCR provides data on date of diagnosis, age at diagnosis, site of
cancer (ICDO-3 codes), tumor behavior (International Statistical Classification of Diseases
for Oncology, Second Edition [ICDO-3] coding), and histologic type (ICDO-3 coding).

Automated, probabilistic matching was performed using social security number, first name,
middle name, last name, date of birth, and address. All matches were reviewed by PB and
ME. Only the first cancer diagnosis was included in the analysis.

Statistical analysis
Cancer cases prior to 1995 could not be identified, thus our analysis was truncated to begin
on January 1, 1995 for the men with a prior semen analysis. Men accrued at risk time from
their initial semen analysis until cancer diagnosis or December 31, 2009 (the final year that
complete cancer data was available). The rate of cancer in our cohort was compared to the
general Texas population. We calculated the expected number of cases by multiplying the
number of years at risk by the 5-year age strata cancer rates from the Texas Cancer Registry
for the study period. Standardized Incidence Rates (SIRs) were calculated by dividing the
observed number of cancer cases by the expected number of cases. Analyses were
performed on the entire cohort as well as subgroups of infertile men with and without
azoospermia.

We also analyzed the risk of cancer in infertile men with and without azoospermia using a
Cox proportional hazards regression model while adjusting for age and year of evaluation.
Comparison between Kaplan Meier curves was performed using log rank function. All p
values were two sided with p<0.05 considered statistically significant. Analyses were
performed using Stata 10 (StataCorp LP, College Station, Texas).
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Results
In all, 2,238 infertile men were identified of whom 451 had azoospermia and 1,787 did not
have azoospermia. Table 1 presents the characteristics of the infertile men in the study.
There were no significant differences between men with and without azoospermia. Mean
age of men at evaluation was 35.7 years of age. Follow up duration was 6.7 years and was
similar between men with and without azoospermia.

Of the 101 azoospermic patients in whom charts were reviewed, 92 (91%) were classified as
nonobstructive azoospermia. Etiologies were diagnosed in 59 (64%) of the nonobstructive
azoospermic men including idiopathic (n=33), Y chromosome deletion or abnormal
karyotype (n=16), varicocele (n=16), or cryptorchidism (n=9). Of the 9 patients with
obstructive azoospermia, 3 had a prior vasectomy, 4 had congenital absence of the vas
deferens, and 2 had ejaculatory duct dysfunction.

A total of 29 men in the cohort developed cancer of whom 2.2% had azoospermia and 1.1%
did not (Supplementary Table 1). The mean time from semen analysis to cancer diagnosis
was 5.8 years (SD 3.6).

Compared to the general Texas population, infertile men had a higher risk of overall cancer
with 29 cases observed with only 16.7 expected (SIR 1.7, 95% CI 1.2–2.5; Table 2).
However, when stratifying by azoospermia status, the azoospermic men had a significantly
elevated risk of cancer (SIR 2.9, 95% CI 1.4–5.4). In contrast, infertile men without
azoospermia had a similar rate of cancer to the general Texas population (SIR 1.4, 95% CI
0.9–2.2) although a trend towards an elevated risk existed.

The increased cancer risk of azoospermic men was also examined after stratifying by time
from semen analysis. Excluding men with a diagnosis of cancer within one year (SIR 2.6,
95% CI 1.2, 5.0), two years (SIR 2.7, 95% CI 1.2, 5.1), or three years (SIR 2.2, 95% CI 0.9,
4.5) following the infertility evaluation, did not meaningfully impact the cancer incidence in
azoospermic men.

On subanalysis, we limited the cohort to men evaluated for infertility under age 50, when
most reproductive efforts are likely to occur (Table 3). Again, infertile men as a group had a
higher risk of cancer than the general Texas population (SIR 2.0, 95% CI 1.3–2.9). Younger
azoospermic men had a significantly higher risk (SIR 3.7, 95% CI 1.7–7.0) while not
azoospermic men had a trend toward a higher risk compared to the general Texas male
population (SIR 1.6, 95% CI 0.9–2.5). As the age of initial semen analysis decreased, the
SIR increased for azoospermic men. The highest risk existed for men who had a semen
analysis prior to age 30 (SIR 8.1, 95% CI 1.0–29.3). In contrast, there was no effect of age
of semen analysis and risk of cancer for not azoospermic men.

Figure 1 demonstrates the unadjusted Kaplan Meier curve estimating the occurrence of
cancer stratified by azoospermia status (azoospermia versus not azoospermia). After
adjusting for age and year of evaluation, the Cox regression model revealed that
azoospermic men had 2.2 fold higher risk compared to not azoospermic men (HR 2.2, 95%
CI 1.0–4.8)

Discussion
The current study found that infertile men were 1.7 times more likely to develop cancer than
the general Texas population. Among men evaluated for infertility, men with azoospermia
had a 2.9 fold increased risk. Infertile men who produced sperm in the ejaculate (i.e. not
azoospermic) had a trend toward an increased risk of cancer compared to the general
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population. To our knowledge, the current study demonstrates the first report of an increased
cancer risk in azoospermic men.

The link between male infertility and a later cancer diagnoses has been explored. Cohort
studies in both Europe and the United States suggest that infertility is a risk factor for
testicular cancer.(12, 14) The risk of non germ cell cancers in infertile men remains
uncertain. Walsh et al reported a 2.6 fold increased risk of high grade prostate cancer in men
with male factor infertility.(13) A case control study in the U.S., reported a trend toward an
association between male infertility and breast cancer.(20) In contrast, other groups have not
identified an increased risk of non germ cell cancers. A Danish group did not identify an
increased risk of any other cancers in their cohort of men (n=32,442).(14) Moreover, a case
control study in Sweden found infertility to be protective against prostate cancer (OR 0.45,
95% CI 0.25–0.83).(18) Thus, it remains uncertain if infertile men, as a unique identifiable
group, are at an increased risk of non germ cell tumors.

While the etiology of the association between testis cancer and infertility is not precisely
known, investigators have posited convincing explanations. For example, defects in DNA
repair will impair both meiosis and mitosis, thus conceivably affecting spermatogenesis and
increasing the likelihood of carcinogenesis.(4–6) In addition, researchers have hypothesized
that the testicular dysgenesis syndrome results from disruptions that occur during fetal life
which impair normal testicular development leading to defective sperm production and
higher rates of testis cancer in the adult.(21)

Indeed, as up to 25% of the male genome is involved in reproduction, it is likely that other
nonprocreative processes may also be affected by aberrations in fertility.(3) In order to
confirm the accuracy of diagnosis based on semen analysis data, available charts of men
with azoospermia were reviewed. Based on chart review, 91% of the azoospermic men
would be defined as having nonobstructive azoospermia or severely impaired testicular
function. It is likely that nonobstructive azoospermic men represent a heterogeneous group
with various and as yet undefined genetic etiologies. Indeed, current genetic testing for NOA
men including Y chromosome microdeletions and karyotyping will identify pathology in
only 20% of men.(22–24) In our cohort, 17% were diagnosed as having a genetic etiology
using these two well-recognized clinical diagnostic tests. The current report suggests that
severe defects in sperm production may also manifest with impaired health, namely higher
rates of cancer development.

It is interesting to note that the standardized incidence rates for cancer increased as the age
of the men examined declined. While the reason is uncertain, it may be that younger men
may be more likely to have primary rather than secondary infertility (i.e. intrinsic testicular
failure, central hypogonadotropic hypogonadism, progressive testicular damage from a
varicocele) and as such represent a more homogenous group of nonobstructive azoospermic
men where a genetic cause would be more likely. Lifestyle factors, which can be different
based on men’s ages, may also play a role. An alternative hypothesis is that the younger men
may have more severe or more readily apparent phenotypes (e.g. Klinefelter Syndrome,
prior chemotherapy, markedly atrophic testes) and were more likely to present earlier having
suspected their own impaired fertility. However, based on chart review, no trends in
diagnoses were apparent.

One may argue that treatment intensity would differ between azoospermic and not
azoospermic men and could lead to the observed findings. However, this is unlikely given
that in vitro fertilization with testicular sperm extraction remains the treatment mainstay for
men with azoospermia which should not affect a man’s overall cancer risk. Most likely a
shared etiology between azoospermia and carcinogenesis provides the link.
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Several other important limitations of this study warrant mention. A large proportion of our
original database was excluded prior to analysis due to missing data, thus limiting our cohort
size. It is also possible that men may have moved out of state after evaluation, thus limiting
the ability to record more incident cancers. However, we would expect migration to involve
azoospermic and not azoospermic in similar proportions. Therefore the misclassification
would be nondifferential which would underestimate the effect of azoospermia on cancer
incidence. While we attempted to limit the analysis to men evaluated for infertility, it is
conceivable that some men who had undergone prior surgical sterilization were improperly
classified as azoospermic. Indeed, this was confirmed by chart review. However, this
misclassification would be expected to bias the results toward unity and affected only a
small fraction of our cohort.

Next, the findings could represent a detection bias as men who presented for infertility
evaluation may also have better access to medical care and opportunity to be diagnosed with
a cancer. In such a case, however, we would expect similar increased rates of cancer in both
azoospermic and not azoospermic men whereas the highest rates were seen only with
azoospermic men. In addition, we excluded men diagnosed within six months of semen
analysis to limit the possibility of including men who were cryopreserving sperm with a
prior cancer diagnosis. Nevertheless, it is possible that some fertility preservation patients
may have been included given the possible delay and imprecision in cancer diagnosis date.
However, a sensitivity analysis excluding with a cancer diagnosis up to 3 years after semen
analysis revealed similar standardized incidence rates arguing against this possibility.

Nevertheless, the current report is the first suggesting an increased risk of cancer in men
diagnosed with azoospermia. While other research has suggested increased risk of testicular
cancer in all infertile men, the current research supports a more limited population that is
most at risk and broadens the malignancies that may develop. In fact, the risk of cancer for
an azoospermic man is similar to that for a man 10 years older. However, for the estimated
600,000 reproductive aged men with azoospermia, while the relative risk of cancer is
elevated about three fold, it is reassuring that the absolute risk remains low. Future research
should focus on the identification of the genetic links between impaired spermatogenesis
and cancer and well as determining if azoospermic men warrant increased cancer screening.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier curves comparing proportion of infertile men developing cancer with (red
dashed line) and without (blue solid line) azoospermia (p=0.02).
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