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Abstract

Background and Aims: We conducted a retrospective cohort study to inform the safety of
exposure to immunosuppressive and/or biologic agents around conception in expectant fathers
with immune-mediated inflammatory diseases (IMIDs) on birth outcomes.
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Methods: Using a de-identified administrative claims database (OptumLabs® Data Warehouse),
we identified 7,453 expectant fathers with IMIDs (inflammatory bowel diseases, rheumatoid
arthritis, psoriasis/psoriatic arthritis, ankylosing spondylitis) linked to newborns, with peri-
conception medication exposure between 38—-60 weeks prior to newborn delivery date (34-58
weeks prior for pre-term newborns), and neonatal follow-up for 3 months after delivery date.
Through logistic regression, adjusting for paternal age and race (and in a subset for maternal age,
race, presence of IMIDs and non-singleton births), we compared the risk of major congenital
malformations (primary outcome) and preterm birth and low birthweight in fathers exposed to
thiopurines (n=461), methotrexate (n=171), TNFa antagonists (n=1082) or non-TNF-targeting
biologic agents (n=132) vs. fathers not exposed to any of these medications (n=5607).

Results: As compared to unexposed fathers (3.4% prevalence of major congenital
malformations), exposure to thiopurines (RR, 1.12 [95% ClI, 0.66-1.76]), methotrexate (RR, 0.67
[0.21-1.55]), TNFa antagonists (RR, 1.14 [0.81-1.57]), and non-TNF-targeting biologic agents
(RR, 1.75 [0.80-3.24]) was not associated with increased risk of major congenital malformations.
No association was observed between paternal medication exposure and risk of preterm birth or
low birth weight. Results were stable on sub-analyses of linked father-mother-newborn triads.

Conclusions: In a large cohort study of 7,453 expectant fathers with IMIDs, exposure to
immunosuppressive or biologic agents around conception was not associated with increased risk
of adverse birth outcomes.

Keywords
Teratogenicity; paternal; Crohn’s disease; immunomodulators; infliximab

INTRODUCTION

Immune-mediated inflammatory diseases (IMIDs) such as inflammatory bowel diseases
(IBD), psoriasis and psoriatic arthritis (PsA), rheumatoid arthritis (RA) and ankylosing
spondylitis frequently affect individuals of childbearing age. Both male and female partners
have concerns about the effect of medications used to treat these IMIDs on fetal
development and birth outcomes.k: 2 Several studies have informed safety of maternal
exposure to immunosuppressive and/or biologic agents on birth outcomes in patients with
IMIDs.3-6 However, there is limited evidence on the safety of immunosuppressive and/or
biologic medications in men who wish to conceive.’~2

Based on preclinical studies, paternal exposure to medications may impact pregnancy
through multiple mechanisms including: (a) genetic or chromosomal damage to
spermatocytes; (b) impact of drugs and their metabolites on sperm maturation; and (c) direct
impact of drug and their metabolites in seminal fluid on the uterus, and indirect systemic
effect on females through absorption of seminal fluid by the vaginal mucosa.” & 10 Prior
studies suggest paternal exposure to thiopurines, methotrexate and tumor necrosis factor
[TNF]-a antagonists may not adversely affect birth outcomes, though they may be
underpowered to detect small differences in risk of rare birth outcomes like major congenital
anomalies.11-13 Importantly, to our knowledge, there is no study on impact of paternal
exposure to non-TNF-targeting biologics on birth outcomes in patients with IMIDs.
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Using a large de-identified administrative claims database (OptumLabs® Data Warehouse)
with linked father-offspring pairs, we conducted a retrospective cohort study evaluating birth
outcomes in children fathered by men with IMIDs exposed to conventional
immunosuppressive (thiopurines, methotrexate) or biologic agents (tumor necrosis factor
[TNF]-a antagonists including infliximab, adalimumab, certolizumab pegol, golimumab and
etanercept, and non-TNF-a-directed biologic agents including ustekinumab, vedolizumab,
tocilizumab), within 3 months before conception. We hypothesized that as compared to
expectant fathers not exposed to medications, paternal exposure to immunosuppressive or
biologic agents within 3 months prior to conception would not be associated with increased
risk of major congenital malformations and other adverse birth outcomes (preterm birth, low
birth weight).

METHODS

Data source

We conducted a retrospective analysis of de-identified medical and pharmacy administrative
claims from a large database, OptumLabs® Data Warehouse (OLDW), which includes
commercially insured and Medicare Advantage enrollees throughout the United States.14
The database contains data on more than 100 million enrollees, from geographically diverse
regions across the United States, with greatest representation from the South and Midwest.
Medical claims include International Classification of Diseases, Ninth Revision and Tenth
Revision, Clinical Modification (ICD-9-CM; ICD-10- CM) diagnosis codes; ICD-9 and
ICD-10 procedure codes; Current Procedural Terminology, Fourth Edition (CPT-4)
procedure codes; Healthcare Common Procedure Coding System (HCPCS) procedure codes;
site of service codes; and provider specialty codes. All study data were accessed using
techniques compliant with the Health Insurance Portability and Accountability Act of 1996,
and because this study involved analysis of preexisting de-identified data, it was exempted
from institutional review board approval.

Specific approach to father-offspring linkage: A family identifier field in OLDW
allowed identification of multiple enrollees under the same medical plan, with each new
addition (including newborns) being linked to the same plan at birth. Through this approach,
with some assumptions on biologic plausibility (of paternal age) and conventional societal
norms (biologic paternity in family), we identified linked father-offspring dyads with very
high degree of certainty. In both the mother and father linkage approaches, there is some
error around linking newborns to the correct parents. Per an internal analysis at OLDW and
in a very small percentage of cases, newborns may be linked to multiple mothers or fathers
in the event there are multiple women or men of qualifying age enrolled under the same
medical plan and/or there was an administrative error in generating/processing enrolment
data. We dropped these parent-newborn dyads from our cohort and analyses; since this
phenomenon is rare, the impact on cohort size was negligible.

Cohort identification

We identified a cohort of men aged 20-55 years, with at least 2 medical claims coded for an
IMID (I1BD, psoriasis or PSA, RA, ankylosing spondylitis) greater than 30 days apart from
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an ambulatory visit encounter, between January 1, 2005 to December 31, 2018, with
evidence of at least 1 linked newborn during this period. From this cohort, we included only
men with continuous enrollment for at least 18 months prior to newborn’s earliest effective
date in health plan (=newborn delivery date, also referred to as index date in this analysis)
and continuing for at least 3 months after newborn delivery date.

Paternal exposure to medications

Fathers with IMID were considered exposed to medications in the peri-conception period if
they had at least 1 medical claim (for infusions for specialty medications) or pharmacy claim
(for self-administered specialty medications) for medications of interest within 38 to 60
weeks prior to newborn delivery date for term newborns; for pre-term newborns, this
window of exposure was 34 to 58 weeks prior to delivery date.15 In prior studies, date of
conception is approximately 39 weeks prior to delivery date for term newborns, and 35
weeks for pre-term newborns.16 A 12-week window was chosen since spermatogenesis takes
70-90 days in humans, and that cut-off can evaluate the toxic effects of a medication
exposure on sperm development and thus potential offspring;12 17 an additional 10 weeks
was added to account for medication fill duration. Primary exposures of interest included:
(1) thiopurines, (2) methotrexate, (3) TNFa antagonists including infliximab, adalimumab,
certolizumab pegol, golimumab and etanercept, and (4) non-TNFa-targeting biologics
including ustekinumab, vedolizumab and tocilizumab. Combination therapy with biologics
and immunomodulators (thiopurines or methotrexate) was considered a secondary exposure
of interest.

Fathers with IMID not exposed to any of these medications (i.e., not receiving refills) in the
38 to 60 week period prior to newborn delivery date (or 34 to 58 week period for pre-term
newborns) formed the “unexposed” cohort.

Newborn outcomes

Covariates

The primary outcome of interest was risk of major congenital malformations. This was
based World Health Organization criteria and identified as at least 2 ICD-9/10 codes for the
same congenital malformations in the newborn (Supplementary Table 1); this definition has
been validated with a positive predictive value >80% and used in prior studies.18-21

Secondary outcomes of interest included risk of (1) preterm birth (<37 weeks of gestation)
and (2) low birth weight (<2500g at birth), All were identified using two ICD9/10 codes
reported within 90 days after delivery date in infant records.1® 22 Since family linkage
between fathers and newborns was only possible for live births, we were unable to ascertain
outcomes like infertility, abortion or stillbirth.

In evaluating the association between exposure (paternal use of immunosuppressive or
biologics agents in the peri-conception period) and outcomes (major congenital
malformations), there were few confounders (that influence both exposure and outcome).
We accounted for paternal age, race, and type of IMID. For a subset of patients (n=4685,
63% of cohort), where mother was identifiable under the same family ID (when both
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partners are in the same health plan at time of delivery), a full linkage of father-mother-baby
was also performed. In this sensitivity analysis, we accounted for important maternal health
aspects including maternal age, race, multiple gestations (twins, triplets, and quadruplets)
and maternal IMIDs. Details of maternal health conditions, drug exposures and pregnancy-
related complications were not deemed to be confounders, since they were very unlikely to
influence paternal drug exposure.

Statistical Analysis

RESULTS

For our primary analysis, we compared unadjusted prevalence of adverse birth outcomes by
any immunosuppressive and specific type of paternal medication exposure using unexposed
fathers as reference category, to calculate prevalence relative risk (RR) with 95% CI. We
subsequently performed multivariable logistic regression analyses, adjusting for paternal age
and race. For a subset of patients with complete father-mother-baby linkage, we performed
additional adjusted analyses accounting for maternal age, race, multiple gestation and
presence of IMIDs. To account for variability in coding and treatment patterns over time, we
performed unadjusted analyses split by every 5 years (2005-09, 2010-14, 2015-18). Post-
hoc, based on reviewers’ comments, we performed additional analyses to evaluate stability
of the association by age of father at conception (<35y vs. >35y) and disease type (IBD vs.
non-1BD).

All analysis was conducted in a secure Windows virtual machine provide by OptumLabs.
We used DBVisualizer 10.0 (Stockholm, Sweden) for database management and R version
3.5.3 (Vienna, Austria) for statistical analysis. Due to re-identification risk based on OLDW
policy, cells with less than 11 total events reported were labeled as <11.

Paternal Characteristics

Overall, 266,333 men with covered medical and pharmacy claims with 2 or more codes for
IMIDs were identified between 2005 to 2018. After applying our inclusion and exclusion
criteria, our final cohort included 7,453 father-newborn dyads (Figure 1). Overall,
psoriasis/PsA (43%) and IBD (41.3%) were the most common IMIDs (Table 1). Of 7,453
father-newborn dyads, 1,846 (24.8%) were classified as being exposed to
immunosuppressive or biologic medication in the peri-conception period: 461 (25.0%) to
thiopurines, 171 (9.3%) to methotrexate, 1,082 (58.6%) to TNFa antagonists, and 132
(7.1%) to non-TNFa-targeting biologics (ustekinumab in 114 patients, vedolizumab in 18
patients). Overall, 214 patients were exposed to a combination of biologic agents and
immunomodulators. Approximately, 3.8% prospective fathers were hospitalized within 6
months, prior to conception. On examining comorbidities, 7.9% prospective fathers were
diagnosed with hypertension, 2.9% with diabetes mellitus, 2.3% were obese, and 4.7% were
diagnosed with depression, with no differences between fathers exposed and unexposed to
immunosuppressive and/or biologic agents. Total 4,685 patients had a complete linkage of
father-mother-newborn triads (62.9%), of whom 1,148 (24.5%) fathers were classified as
exposed (Supplementary Table 2). Approximately 2.9% mothers were diagnosed with
IMIDs.
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Primary outcome: Major Congenital Malformations

Overall, approximately 3.5% of newborns were born with major congenital malformations,
with anomalies of the cardiovascular system and urinary system being most common. Table
2 details the risk of major congenital malformations by exposure type and reports unadjusted
and adjusted risk by different paternal medication exposure type. There was no significant
association between paternal exposure to any immunosuppressive or biologic medication
and risk of major congenital malformations. Specifically, no association was observed
between exposure to thiopurines (RR, 1.12; 95% ClI, 0.66-1.76), methotrexate (RR, 0.67;
95% Cl, 0.21-1.55), TNFa antagonists (RR, 1.14; 95% ClI, 0.81-1.57), and non-TNF-
targeting biologic agents (RR, 1.75; 95% CI, 0.80-3.24) and risk of major congenital
malformations. Exposure to combination therapy was also not associated with increased risk
of major congenital malformations (5.6% prevalence of major congenital malformations;
RR, 1.68; 95% CI, 0.9-2.82). No specific signals were observed for major cardiovascular
congenital malformations with exposure to thiopurines (vs. unexposed: adjusted RR, 1.23;
95% Cl, 0.52-2.48), methotrexate (adjusted RR, 0.48; 95% Cl, 0.03-2.12), TNFa
antagonists (adjusted RR, 1.28; 95% CI, 0.73-2.10) and non-TNF-targeting biologic agents
(adjusted RR, 0.62; 95% CI, 0.03-2.74).

Sensitivity analysis: On limiting analysis to father-mother-newborn triads, similar results
were observed (Table 2). Paternal exposure to thiopurines, methotrexate, TNFa antagonists
and non-TNF-targeting biologic agents was not associated with increased risk of major
congenital malformations after adjusting for paternal age and race, and maternal age, race,
presence of immune-mediated inflammatory diseases, and multiple gestation. Paternal
exposure to combination therapy in this cohort was also not associated with increased risk of
major congenital malformations (adjusted RR, 1.43; 95% ClI, 0.61-2.78).

By time period of birth, there was a slight increase in overall risk of major congenital
malformations (2005-09, <2.5%; 2010-14, 3.5%; 2015-18, 4.7%), but no significant
differences were observed in risk in fathers exposed vs. unexposed to immunosuppressive or
biologic medications. Associations were stable on post-hoc subgroup analysis by age of
father at conception (<35y vs. >35y) and disease type (IBD vs. non-1BD) (Supplementary
Table 3 and 4).

Secondary Outcomes

Preterm birth: Overall, 7.3% of newborns were born pre-term, with comparable
prevalence in newborns born to fathers not exposed to immunosuppressive or biologic
medications in the peri-conception period (7.3%) vs. those exposed to medications (7.4%).
Table 3 details the prevalence of preterm birth by exposure type and reports unadjusted and
adjusted risk by different paternal medication exposure type. There was no significant
association between paternal exposure to any immunosuppressive or biologic medication
and preterm birth. Specifically, no association was observed between exposure to thiopurines
(adjusted RR, 1.12; 95% CI, 0.80-1.52), methotrexate (adjusted RR, 0.49; 95% ClI, 0.20-
0.98), TNFa antagonists (adjusted RR, 1.10; 95% CI, 0.87-1.37) and non-TNF-targeting
biologic agents (adjusted RR, 0.72; 95% CI. 0.31-1.36) and risk of preterm birth. Exposure
to combination therapy was also not associated with increased risk of preterm birth (7.5%
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prevalence of preterm birth; adjusted RR, 1.02; 95% CI, 0.60-1.59). On limiting analysis to
father-mother-newborn triads, similar results were observed (Table 3). By time period of
birth, there was a slight decrease in overall risk of preterm birth (2005-09, 9.4%; 2010-14,
8.2%; 2015-18, 3.6%), but no significant differences were observed in risk in fathers
exposed vs. unexposed to immunosuppressive or biologic medications.

Low birth weight: Overall, 4.3% newborns were low birth weight, with comparable
prevalence in newborns born to fathers not exposed to immunosuppressive or biologic
medications in the peri-conception period (4.2%) vs. those exposed to medications (4.4%).
Table 4 details the prevalence of low birth weight by exposure type and unadjusted and
adjusted risk by different paternal medication exposure type. There was no significant
association between paternal exposure to any immunosuppressive or biologic medication
and preterm birth. Specifically, no association was observed between exposure to thiopurines
(adjusted RR, 1.15; 95% CI, 0.73-1.72), methotrexate (adjusted RR, 0.68; 95% CI, 0.25-
1.46), TNFa antagonists (adjusted RR, 1.10; 95% CI, 0.81-1.47) and non-TNF-targeting
biologic agents (adjusted RR, 0.70; 95% ClI, 0.22-1.62) and risk of low birth weight.
Exposure to combination therapy was also not associated with increased risk of low birth
weight (5.1% prevalence of low birth weight; adjusted RR, 1.20; 95% ClI, 0.63-2.06). On
limiting analysis to father-mother-newborn triads, similar results were observed (Table 4).
By time period of birth, there was a slight decrease in overall risk of preterm birth (2005-09,
5.8%; 2010-14, 5.0%; 2015-18, 1.6%), but no significant differences were observed in risk
in fathers exposed vs. unexposed to immunosuppressive or biologic medications.

Associations between paternal exposure to specific medications and preterm birth and low
birth weight were stable on post-hoc subgroup analysis by age of father at conception (<35y
vs. >35y) and disease type (IBD vs. non-1BD) (Supplementary Table 3 and 4).

DISCUSSION

While several studies have informed safety of maternal exposure to immunosuppressive
and/or biologic agents on birth outcomes in patients with IMIDs, there has been limited
assessment of the impact of paternal exposure to these medications on birth outcomes. In
this large claims-based analysis with unique linkage of fathers and newborns (and mothers
for approximately 2/3" of cohort), we made several key observations on peri-conception
exposure to immunosuppressive or biologic agents in expectant fathers with IMIDs on
newborn outcomes. First, we confirmed prior observations reporting no increase in the risk
of major congenital malformations, preterm birth or low birth weight with paternal exposure
to conventional immunosuppressive agents like methotrexate or thiopurines, or to TNFa
antagonists. Second, we observed no association between paternal exposure to non-TNF-
targeting biologic agents and adverse neonatal outcomes. Overall, these findings are very
reassuring to expectant fathers and mothers with IMIDs, that exposure of IMID-directed
pharmacotherapy does not appear to increase the risk of major adverse birth outcomes.
These findings fill an important evidence gap and support continuing pharmacotherapy
without interruption in fathers planning conception.
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Preclinical studies have suggested that immunosuppressive and biologic agents may impact
male fertility and mediate teratogenicity. In mouse studies, mercaptopurine exposure has
been associated with occult sperm damage and higher rates of embryonic resorption and
spontaneous abortion.23 Methotrexate has been associated with reversible oligospermia and
altered spermatogenesis and cytotoxicity.10 However, human studies on potential impact of
paternal exposure to immunosuppressive and/or biologic agents have previously not
observed any clinically meaningful difference in the risk of adverse neonatal outcomes. In a
Danish nationwide cohort study, investigators found no increase in rate of adverse birth
outcomes (congenital anomalies, preterm birth and small for gestational age) in children
fathered by men exposed to thiopurines (n=699) or methotrexate (n=193), as compared to
non-exposed controls.24-28 Similarly, in a prospective study of 115 pregnancies after
paternal exposure to thiopurines, there was no significant difference in rates of congenital
anomalies, though rates of elective termination of pregnancy and spontaneous abortions
were higher.1! Our study confirms prior findings on the safety of paternal exposure to
thiopurines and methotrexate in expectant fathers in the peri-conception period.

Data on safety of biologic agents in men wishing to conceive has been limited. In three
studies totaling to <100 men exposed to TNF-a antagonists, no significant increase in
congenital anomalies was observed.13: 27: 28 |n a Danish nationwide cohort study of 372 men
exposed to TNF-a antagonists, offspring of men exposed to TNFa antagonists were 1.7
times as likely to be small for gestational age, though this was not statistically significant
(95% CI, 0.94-3.09); no increased risk of congenital malformations or preterm birth was
observed.12 In this study with 1,082 expectant fathers exposed to TNF-a antagonists around
conception, we found no increase in the likelihood of major congenital malformations,
preterm birth and low birth weight.

Ours is one of the first studies evaluating birth outcomes with paternal exposure to non-
TNF-targeting biologic agents, particularly ustekinumab and vedolizumab. Vedolizumab has
not been associated with an impact on semen quality, which is the standard surrogate marker
of male fertility.2% There are no published data on the impact of ustekinumab on
spermatogenesis and male fertility. Similar to TNF-a antagonists, we observed no increase
in the risk of major congenital malformations, preterm birth and low birth weight. Maternal
exposure to ustekinumab may be associated with a slightly higher risk of major congenital
malformations as compared to TNF-a antagonists and vedolizumab in a systematic review.
30 However, the rate of major congenital malformations with ustekinumab exposure was 5%,
similar to background risk of major malformations in unexposed women.

There are several unique strengths of our analysis, including: (a) innovative use of an
administrative claims database to identify linked father-newborn dyads, and a subset of
father-mother-newborn triads, (b) assessment of medication exposure by examining refills
(and infusions for infliximab and vedolizumab) around conception, rather than relying only
on prescriptions, and (c) using a validated claims-based approach to identify major
congenital malformations and other adverse birth outcomes with high positive predictive
value. Rates of major congenital malformations, preterm birth and low birth weight were
very similar to rates observed in the general population using a variety of outcome
ascertainment approaches.31: 32 However, our study also had important limitations. First,
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despite the high positive predictive value of our claims-based approach to identify major
congenital malformations and other adverse birth outcomes, we may have misclassified
some outcomes; however, we believe any misclassification would be non-differential.
Second, we did not evaluate the effect of paternal IMID disease activity, and maternal drug
exposures on risk of adverse birth outcomes; however, these are not true confounders since
these factors do not simultaneously affect (paternal) exposure and (neonatal) outcomes. We
focused only on birth outcomes on live births; we could not examine the potential impact of
paternal exposure to pharmacotherapy around conception on risk of stillbirth, abortions or
fertility. We were unable to account for exposure to smoking or alcohol in fathers and
mothers. Our cohort had limited ethnic diversity. Finally, we recognize that dispensed
medication may not necessarily equate medication intake at time of conception.

In summary, in large claims-based analysis of 7,453 expectant fathers with IMIDs linked to
newborns, we confirmed that exposure to conventional immunosuppressive agents like
methotrexate or thiopurines, or to biologic agents including TNFa antagonists and non-
TNF-targeting biologic agents in the conception period, does not increase the risk of major
congenital malformations, preterm birth and low birth weight. These findings are reassuring,
and fill an important evidence gap on male-mediated teratogenicity. Future studies
evaluating the impact of paternal and maternal exposure to non-TNF-targeting biologic
agents and targeted small molecule inhibitors on newborn outcomes are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patients with single diagnosis code for any immune-mediated inflammatory diseases (IMID)

between 2005-18
(n=1,289,453)

Male patients with two or more diagnosis codes for same IMID between 2005-18

(n=266,333)

20-55 year old male patients with 2 codes for IMID, with linked newborn

(n=21,291)

Continuous enrollment for 540 days prior to newborn delivery date to +90 days after newborn
delivery date, with IMID diagnoses preceding delivery date by at least 300 days

(n=7,453)

v

FINAL COHORT: Linked father-newborn dyad (n=7,453)
Sub-cohort: Linked father-mother-newborn triad (n=4,685)

g Y v - .
— TNFa Non-TNF
UNEXPOSED Thiopurines Methotrexate antagonists biologics

(n=5,607, 75%)

(n=461, 6%)

(n=171, 3%)

(n=1082, 19%)

(n=132, 2%)

Figure 1.

Patient selection flowchart
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