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Abstract:

There is limited evidence relating to the impact of disease modifying anti-rheumatic drugs (DMARDs)
upon male fertility and peri-conception paternal exposure in men with rheumatic disease. Therefore,
we conducted a systematic review of available evidence to update information on this subject and
guide paternal counselling. A systematic search of PubMed and Embase was carried out up to
September 2017, to find relevant peer-reviewed papers, using keywords for fertility /
spermatogenesis / conception, men, and disease modifying or biologic drugs commonly prescribed
in patients with rheumatic disease. The search yielded 724 papers, and the titles/abstracts were
screened independently by 2 authors, duplicates removed and 233 potentially relevant papers
selected for full text review. A total of 84 papers were included in the final analysis which covered
the impact on fertility of over 611 male exposures to relevant drugs, and over 5986 pregnancies
conceived during paternal exposure to (or within 3 months of stopping) these drugs. Aside from the
known adverse impact of cyclophosphamide and sulfasalazine on spermatogenesis, overall there
was no firm evidence of harm to fertility or pregnancy outcomes with paternal exposure to anti-TNF
therapies, abatacept, rituximab, azathioprine, cyclosporine A, hydroxychloroquine, leflunomide,
methotrexate or mycophenolate mofetil. There was no evidence found pertaining to the effects of
male exposure to IVIG, tacrolimus, golimumab, anakinra or belimumab on fertility or pregnancy
outcomes. These results provide further reassurance as to the safety of many DMARDs for men
trying to conceive and will be useful when counselling men about risks of anti-rheumatic drugs to
fertility and pregnancies, and following accidental conception.

Introduction

There is little evidence relating to the safety of disease modifying anti-rheumatic drugs (DMARDS) in
men with inflammatory rheumatic disease wishing to conceive. The 2016 British Society of
Rheumatology (BSR) guidelines on prescribing DMARDs in pregnancy concluded that “Data relating
to the impact of paternal exposure to these drugs (both fertility and male-mediated teratogenicity)
[are] particularly limited, and further research in these areas is urgently required.” (1, 2). Other
guidelines in this area are limited to maternal exposure (3).



The organisation of teratology information specialists (OTIS) defines paternal exposure as “anything
the father of the baby is exposed to before or during his partner’s pregnancy”. In rheumatic disease,
traditional and biologic DMARDS are used long term to control disease activity, and prevent
complications and disability.

In women, effective disease control improves pregnancy outcomes (4) with the BSR guidelines
identifying rheumatic drugs which are safe to continue during pregnancy and breastfeeding. In men,
there is some evidence identifying a relationship between rheumatic disease activity and fertility (5-
7). Active inflammatory disease may negatively affect sperm quality hence fertility (8-10). It is
unknown whether good control of paternal inflammatory disease at conception may also improve
pregnancy outcomes (11). Although medication safety concerns often arise, they are based mainly
on animal or in vitro experimental data, as relevant human evidence is often lacking. During drug
development and clinical trials, pregnancy following male or female exposure is contraindicated and
relevant data slowly accumulates through reporting of accidental pregnancy exposure, post-
marketing surveillance and registry data recording pregnancy exposure (12). Clinicians often ask
female patients about pregnancy planning, but this questioning is less routine with male patients,
compounding the lack of understanding and guidance.

To improve knowledge amongst patients and clinicians, we conducted a systematic review using all
peer-reviewed published human data to try and answer two main questions for each selected drug:
‘Does the drug affect male fertility?’ and ‘Is peri-conception paternal exposure to the drug
associated with adverse pregnancy outcomes?’

Methods

A systematic search of PubMed and Embase up to September 2017 was conducted using guidelines
of preferred reporting items for systematic reviews and meta-analyses (PRISMA) (13). The keywords
related to male fertility / conception, and DMARD or biologic drugs commonly used in rheumatic
disease, and are shown in box 1.

Inclusion criteria

Relevant papers described exposure of male patients to specified drugs (for rheumatic or non-
rheumatic indications), and reported either subsequent fertility or infertility (measured by seminal
analysis, or ability to conceive), or pregnancy outcomes in patients’ partners.

Exclusion criteria

Reviews, animal and in-vitro studies, and non-English language papers were excluded. Letters
(except where they included unpublished original data) and non-peer reviewed abstracts were
excluded (due to the risk of overlap with subsequent papers). Papers describing pre/peri-pubertal
exposure only and studies of cancer chemotherapy or transplantation were also excluded (due to
differing dosing regimens and underlying disease processes).

Study selection

Titles and abstracts were independently reviewed by two authors, and relevant papers selected for
full text review. Any disagreement was resolved by discussion. Reference lists of relevant reviews
and included papers were checked for additional original papers.

A data extraction sheet was designed and piloted using 3 papers. The final version included study
design and methodology, number and description of men or pregnancies exposed to each drug,
number and description of any control group, and outcomes relating to fertility or exposed
pregnancies. Study limitations were also documented.



For each drug, the outcomes were reviewed, limitations considered and results summarised as
shown. This qualitative approach was taken as specific data for each drug was often limited, with
inconsistent and incomplete outcome reporting. The quality of evidence available for each drug was
assessed using the GRADE methodology (14).

Results

The initial search yielded 724 papers, and 84 papers were finally selected for analysis (figure 1).
These studies reported the impact on fertility of over 611 male exposures to relevant drugs, and
over 5986 pregnancies conceived during paternal exposure to (or within 3 months of stopping) these
drugs. 35 papers had a comparator or control group. Results for the individual drugs are shown in
Table 1.

Biologic DMARDs

Abatacept

Abatacept is a soluble fusion protein of human IgG1 to CTLA4, which is a T-cell surface receptor. The
CTLA4 binds to the B cell thus preventing B cell activation, and T cell mediated cytokine release. It is
used in the treatment of RA. No specific recommendation was made in the BSR guidelines due
to a lack of published evidence.

Our search found a recent cohort study of 10 peri-conception paternal exposures to abatacept (15),
resulting in 9 live births and 1 elective abortion, with no congenital abnormalities or foetal deaths.
Therefore, no concerns were raised from this limited number of peri-conception paternal exposures.

Anti TNF

TNF —alpha inhibitors, principally etanercept, adalimumab, infliximab, golimumab and certolizumab
are used to treat Rheumatoid Arthritis (RA) and other inflammatory rheumatic diseases when other
drugs fail. The majority of human paternal exposure data however, is derived from inflammatory
bowel disease (IBD) exposures. These findings are summarised in Table 1.

Fertility

A total of 34 male exposures to adalimumab, 9 exposures to etanercept and 84 exposures to
infliximab were found describing the effect on male fertility. Most papers raised no concerns. Only
two case reports noted a co-incident decrease in sperm quality with anti-TNF (16, 17), and two small
studies (n=13 exposures) described a non-significant correlation between infliximab and reduced
sperm motility or abnormal morphology (18, 19). There were however, multiple confounding factors
/ limitations to these studies. In addition, findings from four of these studies (n=51 exposures)
reported that improved control of inflammatory disease with anti-TNF therapy was associated with
improved seminal parameters (6, 7, 20, 21).

Pregnancy outcomes

There were 47 peri-conception paternal exposures to etanercept (table 1) reported. It was not
possible to extrapolate specific pregnancy outcomes following paternal exposure but no concerns
were raised. A total of 88 paternal exposures to infliximab were reported, with no concerns about
pregnancy outcomes raised. Where specified there were 74/78 live births (the 2 losses with further
details available were during the 1 trimester with other risk factors). A total of 63/67 had no
malformations or were described as ‘healthy’. In addition, three cohort studies (7, 22, 23) reported



432 peri-conceptional paternal exposures to a variety of anti-TNF medications (adalimumab,
etanercept, certolizumab and infliximab), reporting no association with adverse pregnancy outcomes
or congenital malformations.

Two large cohort studies (24, 25) that included 10 peri-conceptual paternal exposures to
adalimumab did not specify pregnancy outcomes nor report any concerns. The malformation rate in
a cohort of (n=1198) men prescribed DMARDs, including (n=6) adalimumab, was approximately
3.7%, which the authors quoted within ‘western countries' population rate of 2.4-4% (24).

In a worldwide online survey (26) of 33 paternal exposures to certolizumab there were: 27 live
births; 4 miscarriages; 1 induced abortion; and 1 stillbirth, which does not appear to be significantly
different from pregnancy outcomes in the general population of the USA, where this study was
based.

Therefore, no specific concerns were identified regarding the safety of paternal exposure to anti-
TNF, in line with BSR guidelines that infliximab, adalimumab and etanercept are consistent with
paternal exposure. Since publication of the BSR guidelines, a reassuring body of evidence is
accumulating, particularly with infliximab.

Rituximab

Rituximab is used for the treatment of refractory RA, SLE and vasculitis. This search did not identify
any additional data to that described in the BSR guideline of registry data (27) reporting pregnancy
outcomes in partners of 16 males with conception ranging from two weeks to one year following
rituximab infusion. Of 22 pregnancies, outcome data was available in only 11, and included 7 live
births (with only 3 gestational ages reported as full term), 2 miscarriages, and 2 ongoing
pregnancies. Therefore, the evidence base has not expanded to alter the BSR recommendation that,
based on limited evidence, RTX is compatible with paternal exposure.

Disease Modifying anti-Rheumatic drugs (DMARDs)

Azathioprine
Azathioprine is an immunosuppressive drug mostly used to treat SLE and inflammatory myositis. It
interferes with purine metabolism and inhibits both DNA and RNA synthesis.

Fertility

The included studies (table 1) describe >76 male exposures to azathioprine with respect to male
fertility. One case series reported teratospermia in a patient on azathioprine (28). A cohort study
reported a trend towards higher rates of infertility amongst 30 patients on azathioprine, but the
incidence of infertility did not reach statistical significance compared with 54 unexposed disease
(IBD) controls (25). The remaining 6 studies (>45 exposures) (7, 29-33) drew no association between
azathioprine and abnormal sperm parameters.

Pregnancy outcomes

There were >3248 peri-conception paternal exposures to azathioprine (Table 2). Although one
prescription database study reported a slightly higher malformation rate in exposed (7.4% or 4 out
of n=52) compared with unexposed (4.1%, n=57195) pregnancies (exposure presumed based on
prescription being filed), all of these conceptions occurred more than 9 months after the
prescription was last filed by the father. None of the 19 exposures documented within 3 months of
conception resulted in a congenital malformation (34). A more recent study by the same authors
found no increase in congenital malformations, preterm birth or small for gestational age amongst
(n=699) fathers exposed to azathioprine/6-MP within 3 months of conception, compared to



(n=1,012,624) controls (35). Another large population based cohort study looked at longer term
outcomes in 735 children following paternal exposure to azathioprine or 6-mercaptopurine, (with
n=1,056,524 controls), and concluded that there was no negative impact of paternal preconception
use of azathioprine on selected outcomes (malignancies, autism spectrum
disorders/schizophrenia/psychosis, and attention deficit hyperactivity disorder)(36). No other papers
raised concern about adverse pregnancy outcomes following paternal exposure.

Although the transplantation literature was excluded from our search, a recent population based
study linked two comprehensive national registries of all solid organ transplants (the Norwegian
Transplant Registry) and all births (the Medical Birth Registry of Norway) to identify the impact of
paternal post-transplant immunosuppression on birth outcomes. This commonly includes
azathioprine, and reassuringly the authors found no significant difference in the rate of major
malformations, preterm delivery or small for gestational age (SGA) babies between 4614 deliveries
(4650 infants) to fathers pre-transplant, 474 deliveries (492 infants) to fathers post transplant (likely
to be on immunosuppression) and 2511206 deliveries in the general population. Interestingly there
was an increased risk of preeclampsia associated with fathers with transplants on
immunosuppression, which remains unexplained.(37)

These findings are in keeping with the current BSR guidelines suggesting compatibility of paternal
exposure to azathioprine with pregnancy, and are additionally reassuring with respect to male
fertility.

Ciclosporin

Ciclosporin is a calcineurin inhibitor. It inhibits T cell activity by preventing the activation of
calinuerin by binding to the cyclophilin protein and is used in RA, psoriatic arthritis and SLE. Four
cohort studies reported on male fertility (n>2) or peri-conception paternal (n>248) exposure to
ciclosporin (30, 32, 38, 39) for rheumatic disease.

Fertility

Of 35 patients with SLE who had lower sperm volume, count, motility and normal morphology when
compared to healthy controls, two were on ciclosporin (30). A cohort of Behget’s syndrome patients
(both male and female, 20/88 of whom were on ciclosporin) did not have appreciably reduced
fertility (32).

Pregnancy outcomes

One man treated with infliximab and ciclosporin fathered a healthy child (38). In the Behget’s cohort,
the average number of children, miscarriages, terminations and ectopic pregnancies were not
significantly different from controls (32), but specific outcomes following ciclosporin paternal
exposure are not reported. A Danish registry study reported 247 children who were conceived whilst
the father was on ciclosporin. Outcomes included 15 cases of pre-term births, 16 congenital
abnormalities and 19 cases of low birth weight. These authors however did not show an association
between paternal exposure to ciclosporin and an increased risk of congenital abnormalities
(Adjusted OR 0.82)(39)

The BSR guidelines included data from paternal exposure in renal transplant recipients, thus results
from a larger number of paternal exposures (n>254) were considered (1). This evidence was also of
low quality but raised no specific concerns with regards to male fertility or paternal exposure. More
recently, a large population based study described above (under azathioprine) reported reassuring



birth outcomes in babies born to fathers on immunosuppression following solid organ transplant,
which commonly includes cyclosporin or tacrolimus.(37)

Cyclophoshamide
Cyclophosphamide is used for the treatment of severe SLE or vasculitis. It is known to be teratogenic
following maternal exposure, and gonadotoxic in men and women.

Fertility

The included studies are shown in table 1. Amongst >103 men, there was almost universal reporting
of reduced sperm counts, including azoospermia and teratospermia, during or after
cyclophosphamide treatment. The sperm counts can fall within the first 3 weeks, but normally after
4 months of treatment with cyclophoshpamide. All studies however, that followed patients after
treatment cessation reported some (though not universal) improvement in sperm counts over time,
(29, 40-43) with a mean recovery time of 31 months reported in one paper(40). Five successful
conceptions were reported (40-42).

Pregnancy outcomes

Peri-conception paternal exposure is rare due to the impact on male fertility, and the only reported
data relates to historical, rather than peri-conception paternal exposure. One cohort study examined
pregnancy outcomes for fathers who had been treated with cycophosphamide (44) and reported 13
exposures. This study included 2 men with 7 pregnancy losses between them prior to 4 live births
(both exposed to cyclophosphamide >10years prior), as well as one man with 2 live births (exposed
<1yr prior to first conception). This finding could reflect a greater interest of fathers to respond to a
survey following such pregnancy morbidity (which may have had other e.g. maternal causes) rather
than a truly increased rate of pregnancy loss due to historical paternal cyclophosphamide exposure.
There were no studies of paternal exposure within 3 months of conception.

The BSR guideline concludes that paternal exposure to cyclophosphamide is not recommended due
to its adverse impact on seminal parameters which may affect fertility. We found that in the event of
pregnancy following paternal exposure to cyclophosphamide there remains limited data on
pregnancy outcomes.

Hydroxychloroquine
In the BSR guidelines, this anti-malarial is considered safe both for women to use during pregnancy
and breastfeeding, and for peri-conception paternal exposure.

Fertility

A case report in a potential father treated for malaria with hydroxychloroquine was diagnosed with
azoospermia and teratospermia that persisted for 17 months, although malaria itself was considered
a major confounding factor (45).

Pregnancy Outcomes

There were 13 peri-conception paternal exposures to hydroxychloroquine (table 1). In the cohort
study (24), one of the 12 babies was born with a malformation, which is too small a sample size to
draw conclusions, but the authors raised no concerns. The case series (46) included one paternal
exposure, resulting in a live birth.

Data is surprisingly limited for such a commonly prescribed drug, but no other papers were
identified which raised concerns about paternal exposure. The BSR guidelines, using the same
evidence base, state that men should not be discouraged from taking HCQ while trying to conceive.



Leflunomide

Leflunomide is a pyrimidine synthesis inhibitor that works by inhibiting dihydroorotate
dehydrogenase. It is used in RA and other autoimmune conditions. It is teratogenic in animals but
human data from the BSR guideline for accidental peri-conceptual/first-trimester exposure in
(n=111) women who stop the medication and undergo an urgent washout with cholestyramine
revealed reassuring pregnancy outcomes (1).

Pregnancy outcomes

There is little evidence to assess safety (table 2). The case series (47) included one paternal exposure
to leflunomide from 6 months pre-conception throughout pregnancy (with no barrier contraception)
resulting in a healthy baby. One cohort reported another healthy baby (15). The other cohort study
did not report specific outcomes, but the malformation rate amongst a cohort of 1198 men
prescribed ‘anti-rheumatics’( including 1 exposure to leflunomide), was within the quoted
population rate of 2-4 % (24) .Based on a similarly limited number of exposures (n=2) BSR guidelines
state that leflunomide may be compatible with paternal exposure, and the only exposure
subsequently reported resulted in a healthy live birth, but further studies to confirm compatibility
are warranted.

Methotrexate

Methotrexate (MTX) is used to treat various forms of inflammatory arthritis and may also be used in
other autoimmune rheumatic diseases. It inhibits dihydrofolate reductase, an enzyme used in
activating dihydrofolate to tetrahydrofolate. The reduction in folate synthesis interferes with DNA
synthesis.

Fertility

48 male MTX exposures were included (table 1). There were two case reports of oligospermia
associated with MTX: One resolved on stopping methotrexate and recurred when restarted (48);
the other was unaffected by stopping methotrexate (49). The other 5 papers (n=46 exposures)
however, all concluded that there was no impact of methotrexate on fertility.

One case series of 26 exposed men to methotrexate had their semen examined using radioactive
phosphorus for testicular histology, and spermatogenic function. As above there was no negative
impact of male spermatogenesis(50).

Pregnancy outcomes

Included studies (table 2) reported 1511 peri-conception paternal exposures. One cohort study
reported 3 periconception exposures to methotrexate (amongst 2 fathers) and included one 1st
trimester therapeutic abortion due to hydrocephalia (38). Another 17 studies (n=1508 exposed
pregnancies) however, did not find a link between paternal methotrexate exposure and adverse
pregnancy outcomes or congenital malformations. Where outcomes were specified, there were 264
live births to 34 pregnancy losses (including spontaneous and elective abortions, but early pregnancy
losses may not be accurately captured by all studies), and in studies where congenital malformations
were reported, there was a total of 967 ‘healthy’ babies with 78 congenital malformations. The two
largest studies to assess this issue raised no concerns about the malformation rate: One reported
127 live births including 4 babies with congenital malformations (3.2%), which was a lower rate than
in the unexposed group (3.4%, odds ratio of 0.93)(51). The other study reported 72 congenital
abnormalities amongst 864 live births, and the rate was not significantly elevated compared to the
control group (odds ratio of 1.12 (0.87-1.43))(39). In this study, the odds ratios for low birth weight
and preterm birth were 0.86 (0.62-1.19) and 1.02 (0.74-1.42) respectively. After correcting for



potential confounders, the authors concluded that paternal methotrexate exposure conferred no
additional risk to pregnancy outcomes. Another large population based cohort study looked at
longer term outcomes in 209 children following paternal exposure to methotrexate (with
n=1,056,524 controls). This study concluded that there was no negative impact of paternal
preconception use of methotrexate on selected outcomes (malignancies, autism spectrum disorders
/schizophrenia/ psychosis, and attention deficit hyperactivity disorder) (36).

Following the reassuring BSR guidelines that, based on limited evidence, low-dose MTX may be
compatible with paternal exposure, further evidence is accumulating (with an additional 1248
reported exposures) to support this view.

MMF

Mycophenelate Mofetil (MMF) is used predominantly in the treatment of SLE and as an
immunosuppressive agent in transplant patients. It affects B cell function by inhibiting the enzyme
inosine monophosphate dehydrogenase.

Fertility

One cohort study of male SLE patients, included 4 men on MMF (30). All 35 SLE patients had sperm
abnormalities when compared to controls, but those on MMF were in the less abnormal group and
only teratospermia was noted in this group as opposed to asthenospermia seen in the other groups.
No concerns were raised about MMF contributing to impaired fertility.

Pregnancy outcomes

Two cohort studies included 38 peri-conception paternal exposures to MMF (15, 39) resulting in one
healthy live birth in one study(15), and a congenital malformation rate of <3/37 (odds ratio of 0.7
(0.17-2.91) in the other (39). The larger study also showed no significantly increased risk of low birth
weight or pre-term birth.

The BSR guidelines included data from paternal exposure in renal transplant recipients, and so
results from a larger number of paternal exposures (n=72) were considered (1). This evidence was
also of low quality, but raised no specific concerns, and concluded that based on very limited
evidence, MMF is compatible with paternal exposure. Since publication of the guideline, another
large population based study of 230 immunosuppressed renal transplanted men, who fathered 350
children (n=155 exposed to mycophenolate) also concluded that paternal exposure to MMF did not
increase the risk of adverse birth outcomes in children fathered by male kidney transplanted
patients (52). In addition, a large population based study described above (under azathioprine)
reported reassuring birth outcomes in babies born to fathers on immunosuppression following solid
organ transplant, which commonly includes cyclosporin.(37)

Sulfasalazine

Sulfasalazine is used in the treatment of both Rheumatoid arthritis and Psoriatic arthritis. It breaks
down into 5-aminosalicylic acid (5-ASA) and the sulfapyridine moiety, which may potentially impair
spermatogenesis (53). The risk may also be linked to sulfasalazine antagonising folic acid
metabolism, which is reduced by concomitant folic acid supplementation (54).



Fertility

The included 31 studies are shown in table 1 and describe >250 exposed men. However, only two
studies (7, 32) included patients with rheumatic disease, the remainder covering IBD treatment or
healthy controls.

Almost all studies noted poor sperm parameters in patients treated with sulfasalazine, and in most
cases these resolved within 3 months of stopping treatment, but the real impact on conception rate
during treatment is difficult to extrapolate. These studies reported a total of 37 pregnancies
following cessation of sulfasalazine.

Pregnancy Outcomes
It must be noted however that infertility is not universal, as a total of >284 conceptions were
reported having been conceived during paternal exposure to sulfasalazine.

Although many of the specific pregnancy outcomes are not reported, only 3 of the 12 studies raised
any concerns. One IBD cohort reported a spontaneous abortion in a twin pregnancy following
paternal exposure to smoking, azathioprine and sulfasalazine, but it is unclear how many of the 7
live births in this cohort were also on sulfasalazine (31). A second IBD cohort included 4 live births
and 1 stillbirth (55). Finally, a survey of IBD patients reported a higher proportion of congenital
malformations amongst parents on sulfasalazine than those not on sulfasalazine (14/17 children
with malformations were following paternal exposure to sulfasalazine). In this study however, the
total number of paternal exposures to sulfasalazine are not shown, nor are pregnancy outcomes
reported for exposed versus unexposed pregnancies. In addition, the study design relied on self-
reported medication use and outcomes and is likely subject to a degree of recall bias (56). In
contrast, 9 of the 12 studies (278 exposures) reported no adverse pregnancy outcomes attributed to
sulfasalazine exposure. Where outcomes were specified, there were 82/84 healthy babies with only
2 malformations, and where pregnancy losses were also reported, there were 26/32 live births.

Therefore, a negative impact of SSZ on spermatogenesis is not universal and overall pregnancy
outcomes following paternal conception are reassuring. These findings support the BSR guidance
that sulfasalazine should only be stopped in potential fathers if conception is delayed for more than
12 months when other causes of infertility should then be excluded, as the risks of stopping the
medication must be weighed up against the risk of harm.

Other medications

No studies were identified which addressed any potential impact of Golimumab, Tocilizumab,
Anakinra, Belimumab ,iv immunoglobulin , tacrolimus, tofacitinib, baracitinib, secukinumab,
ustekinumab and apremilast on male fertility or pregnancy outcomes following paternal exposure.

Glucocorticoids and non-steroidal anti-inflammatory drugs were beyond the scope of this review, but
were included in parts one and two of the recent BSR guidelines respectively(1) (2). Limited low quality
evidence of paternal exposure to corticosteroids and non-steroidals did not raise concerns about birth
outcomes.

Discussion

In this systematic review, we found largely reassuring evidence for paternal exposure to various
DMARD:s. Since the BSR guidelines, new evidence is emerging relating to paternal exposure to
abatacept as well as further reassuring evidence relating to paternal exposure to anti-TNF, MTX,
MMF, ciclosporin and AZA. The impact of anti-rheumatic drugs on male fertility was not covered in



the BSR guideline, and in this review, we also found largely reassuring evidence, aside from the
known adverse impact of sulfasalazine on spermatogenesis.

The health of a man wishing to conceive may impact on male fertility and ability to conceive, as well
as the success of the pregnancy and health of the child. In rheumatic disease, medication is required
to control disease activity. Various medications however, may have direct effects upon developing
spermatozoa, and/or their chemical transfer in seminal fluid by unprotected sexual intercourse after
conception could theoretically affect the developing foetus (although drug levels are likely to be
insignificant) (57). Safety of medication is therefore an important concern of men with rheumatic
disease who wish to conceive, but unfortunately data in this area is very limited and low in quality.

Much of the concern about peri-conception safety stems from animal or in-vitro data, with limited
applicability to humans. In addition, it is difficult to extrapolate even the results of human sperm
analysis, which is only a surrogate marker of fertility (or chance of real-life conception) in exposed
patients. Reports of peri-conception paternal exposure are limited by publication and recall bias as
well as a lack of reporting of confounding factors, such as paternal health, concomitant medications,
maternal health and pregnancy risk factors. Adverse pregnancy outcomes also occur at a variable
rate in the general population (usually quoted 2-4%), and may be multifactorial. The impact of
paternal exposure to medications, above all the other factors contributing to the birth outcomes, is
very difficult to ascertain. A small shift in this baseline rate of pregnancy or obstetric morbidity or
mortality would be difficult to detect and so vast study numbers would be needed to ‘prove’ the
safety of these medications. Some of the best evidence comes from population based registry
studies, but these are limited by loss to follow up and un-reported pregnancy outcomes. Higher
quality evidence in this area is therefore sorely needed.

The European Medicines Agency (EMA) is reliant on human pregnancy data from pre- and post-
authorisation studies, as well as spontaneous case reports on both adverse outcomes and normal
outcomes. Healthcare professionals are therefore encouraged to report peri-conception DMARD
exposures, whether outcomes are normal or not via the yellow card system. The report should
ideally include maternal, paternal and neonatal information (12). Paternal as well as maternal
exposures to medications can also be reported to the UK teratology information service (UKTIS) via a
downloadable form (58). However, a national pregnancy registry for anti-rheumatic drugs, similar to
those which exist for anti-epileptics, would be invaluable in achieving this aim.

Any perceived or real risks of continuing medications peri-conception need to be balanced against
the risk of disease flares and high dose rescue therapy. Much of our evidence of the negative impact
of uncontrolled inflammatory disease on fertility, thus conception, comes from studies on paternal
exposure in IBD (8, 11). We did however, identify some evidence to suggest that the same process
may occur in rheumatic disease For example, patients with active SLE were found to have abnormal
and reduced spermatogenesis when compared to controls (30).

This review of the available human in-vivo data allows some reassuring trends to be noted with
regards to pregnancy outcomes in the general population. OTIS estimates that a woman has a
background risk of 3-5% of having a baby with a birth defect (59). We did not find any evidence to
suggest a consistently higher risk of birth defects following paternal exposure to any of the anti-
rheumatic drugs we considered in this review. In addition, none of the studies we identified raised
significant concerns regarding pregnancy losses, prematurity or low birth weight.

Paternal DMARD use may affect conception in different ways. Cyclophosphamide and sulfasalazine
(via the sulfapyridine moiety) both appear to affect spermatogenesis to different degrees. Whilst



sulfasalazine is associated with worsening seminal parameters, there are also numerous reports of
conception whilst on sulfasalazine, and seminal parameters appear to resolve within 3 months.
Therefore, it is also important to remember to look for other causes of infertility and consider the
potential adverse impact of stopping medications such as SSZ, that are controlling rheumatic disease
activity, as loss of disease control may impair conception for various reasons.

Such resolution post cyclophosphamide however, may take longer or be irreversible. Studies of
cyclophosphamide use in cancer chemotherapy also suggest sperm DNA damage after treatment.
Therefore, male patients undergoing treatment are usually counselled to avoid conception for a
period after treatment, and semen cryopreservation may be recommended as an option. Although it
remains a physically and psychologically demanding process, the expansion of assisted reproductive
technologies over recent decades permits fertility preservation in many cases (60) This process of
freezing sperm prior to treatment allows a chance for future fertility. The sperm is frozen using
various cryprotectants (vitrification) (61). When the sperm is needed the thawing process is initiated.
This is considered a safe procedure and in long term follow up of people conceived from frozen
sperm no significant defects have been identified in comparison to the general population (62).
Where medications are prescribed which may affect fertility of both male and female patients, it is
crucial to discuss this in advance, with referral to discuss fertility preservation as appropriate (63)
(64, 65).

Overall the data on the impact of peri-conception paternal exposure to anti-rheumatic drugs
remains limited and so further research in this area is urgently required to provide men wishing to
conceive with more certainty, or quantify the risk to fertility or pregnancy. Unbiased prospective
reporting of any maternal or paternal exposures to anti-rheumatic drugs, followed by reporting of
the pregnancy outcome when available would help to achieve this goal. For now, we hope that the
results presented in this review will be useful when counselling men about risks of anti-rheumatic
drugs to fertility and pregnancies, and following accidental conception.
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Table 1: Results of Systematic Study of Paternal Exposure in men trying to conceive.

Drug Studies of Studies of Impact on male fertility GRADE of | Impact of paternal exposure on GRADE of
fertility / pregnancy evidence | pregnancy outcome Evidence
conception outcomes
(n=total male | (n=total
exposures) pregnancies

exposed)

Biologic Drugs

Anti-TNF: 4 cohort (6, 7, | 2 cohort (24, Improved control of inflammatory Very low | None of these studies reported Very low

adalimumab 20, 66), 25), disease with anti-TNF therapy was rates of adverse pregnancy
2 case report (n=10) generally associated with improved outcomes that were significantly
(16, 17), semen parameters. There were 2 higher than would be expected.
1 case series case reports noting a co-incident
(33) (n=34) decrease in sperm quality with anti-

Anti TNF: 0 1 case series TNF therapy, and 2 small studies (total

certolizumab (26) (n=33) 13 exposures) suggesting a possible

Anti TNF: etanercept | 3 cohort (7, 3 cohort (24, non-significant link between
20, 66) 67, 68), infliximab and reduced sperm motility

’

2 case report

1 case series
(46), 1 case

(16, 21) (n=9) | report (21)
(n=47)

Anti TNF: infliximab | 4 cohort (7, 7 cohort (25,
18, 38, 66), 38, 67-71)
2 case series 2 case series
(19, 33), (46, 72)
1 case report 1 case report
(16) (n=84) (16)

(n=88)

or abnormal morphology, but there
were multiple confounding factors
and limitations to these studies.




Anti TNF: combined

3 cohort (7,
22, 23) (n=432)

Rituximab 0 1 cohort (27) No data N/A Of the 11 reported exposures (2 Very low
No changes (n=11) weeks-1year prior to conception),
there were 2 miscarriages, 7 live
births and 2 ongoing pregnancies
at the time of publication.
Abatacept 0 1 cohort (15) No data N/A The very limited evidence does Very low
No changes (n=10) not raise any concerns about peri-
conception paternal exposure
Disease Modifying anti-Rheumatic drugs (DMARDs)
Azathioprine 6 cohort (7, 12 cohort (24, | The majority of studies were Very low | The majority of studies do not Very low
25, 29-32) 25,31, 32, 34- | reassuring about the effect of raise a concern regarding
2 case series 36, 39, 67, 73- | azathioprine on semen parameters. pregnancy outcomes.
(28, 33) (n>76) | 75)
1 case series
(46)
(n>3248)
Ciclosporin A 2 cohort (30, 3 cohort (32, The very limited available evidence Very low | The limited evidence did not raise | Very low
32) (n>2) 38, 39) (n>248) | did not suggest an effect of concerns about adverse
Ciclosporin A on fertility. pregnancy outcomes (congenital
abnormalities, low birth weight or
prematurity)
Cyclophosphamide 7 cohort (29, 1 cohort (44) Almost universal reporting of reduced | Low The quality of available evidence Very low
30, 32,40,42, | (n=13) sperm counts, including azoospermia was too limited to draw
76,77) and teratospermia, some conclusions about pregnancy
1 case series improvement reported after cessation outcomes following paternal
(28) of treatment. exposure

1 case report
(41)




1 RCT (43)

(indirect
evidence)
(n>103)
Hydroxychloroquine | 1 case report 1 cohort (24) There was only one case report of the | Very low | The very limited evidence did not | Very low
(HCQ) (45) 1 case series effect of HCQ on fertility, with raise concerns about adverse
(n=1) (46) multiple confounders. pregnancy outcomes
(n=13)
Leflunomide 2 cohort (15, No data N/A The very limited evidence did Very low
24) report any adverse pregnancy
1 case series outcomes
(47)
(n=3)
Methotrexate (MTX) | 4 cohort (7, 13 cohort (15, | Aside from 2 case reports of Very low | Only one small cohort study Low
29, 30, 78) 22,24,36,38, | oligospermia, the other 5 larger reported a major malformation
1 case series 39, 51, 67-69, studies concluded that there was no amongst the 3 paternal exposures
(50) 74,75, 79) impact of MTX on fertility. to MTX, whereas another 17
2 case reports | 2 case series studies (n=1508 exposed
(48, 49) (46, 80) pregnancies) did not find a link
(n=48) 3 case reports between paternal methotrexate
(81-83) exposure and adverse pregnancy
(n=1511) outcomes or congenital
malformations.
Mycophenolate 1 cohort (30) 2 cohorts (15, The very limited available evidence Very low | The limited evidence did report Very low
mofetil (MMF) (n=4) 39) (n=38) did not suggest an effect of MMF on any adverse pregnancy outcomes
fertility. (congenital abnormalities, low
birth weight or prematurity)
Sulfasalazine 12 cohort(7, 11 cohort (22, | The vast majority of data comes from | Low Most studies reported no adverse | Very low
No change 25,31, 32,53, | 24, 25,31, 32, inflammatory bowel disease patients. pregnancy outcomes attributed to
55, 84-89) 53, 55, 56, 70, Almost all studies noted poor sperm sulfasalazine exposure.
8 case series 75, 89) parameters in patients treated with

(90-97)

sulfasalazine, but in most cases these




9 case reports
(98-106)

2 mechanistic
studies (107,
108)

(n=250)

1 case series
(97)
(n>284)

resolved on stopping treatment and
infertility is not universal.




Box 1 : Search criteria



A) Men OR man OR male
OR father* (fathers, fatherhood)
OR patern* (paternal, paternity)

B) DMARD* (DMARD, DMARDS)
OR Antimalarial*
OR Hydroxychloroquine OR chloroquine
OR Anti-rheumatic*
OR Sulfasalazine OR salazopyrin
OR Leflunomide
OR Azathioprine
OR Methotrexate
OR Ciclosporin OR cyclosporin OR cyclosporine
OR Cyclophosphamide
OR Tacrolimus
OR Mycophenolate OR MMF OR Mycophenolic acid
OR intravenous immunoglobulin OR ivig
OR Leflunomide
OR Tacrolimus
OR Gold
OR Penicillamine
OR Biologic* (Biologics, Biological drugs)
OR Anti-TNF OR TNF inhibit* (inhibitor, inhibition)
OR Etanercept OR enbrel
OR Infliximab OR Remicade OR Remsima OR Inflectra
OR Adalimumab OR humira OR Exemptia
OR certolizumab OR Cimzia
OR Golimumab OR simponi
OR Abatacept OR orencia
OR Rituximab OR Rituxan OR MabThera OR Zytux
OR Tocilizumab OR Actemra OR RoActemra
OR anakinra
OR belimumab
OR secukinumab
OR ustekinumab
OR tofacitinib
OR baricitinib
OR apremilast

C) ‘spermato* (Spermatogenesis, spermatozoa)
OR ‘sperm’ (sperm count)
OR 'fertil*' (fertile and fertility)
OR 'semen*' (semen and seminal fluid)
OR ‘conception’
OR ‘conceive’

OR pregnancy OR pregnant OR pregnan®

(A) AND (B) AND (C)
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