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Francisca Lambert-FIiszar,1 Sasha Bernatsky
Louis-Pierre Grenier," Christian A Pineau, Evelyne Vinet

Although azathioprine (AZA) is the immu-
nosuppressive of choice in SLE pregnancies,
no one has evaluated 6-mercaptopurine
(6-MP) metabolite levels in this popula-
tion. Even outside pregnancy, the use of
metabolite testing has not been widely
applied in SLE." AZA is a prodrug that is
cleaved to 6-MP, which is converted to the
active nucleotides 6-thioguanine (6-TG)
and via the enzyme thiopurine methyltrans-
ferase (TPMT) to 6-methylmercaptopurine
(6-MMP) (figure 1).! Studies in inflamma-
tory bowel diseases (IBD) established the
therapeutic range for 6-TG concentrations
between 235 and 450pm01/8><108red blood
cells (RBC), as higher concentrations are
associated with higher risk of myelotoxicity
without increased efficacy.! 6-MMP levels
>5700 pmol/8x10°RBC are associated with a
higher risk of hepatotoxicity.! Additionally, a
subgroup of patients resistant to AZA shunts
6-MP towards the overproduction of 6-MMP,
which is reflected in an inability to achieve
therapeutic 6-TG levels despite dose escala-
tion." In one study, 31% of patients on AZA
were identified as ‘shunters’.”

Identifying patients as non-adherent,
treatmentrefractory or undertreated, as well
as identifying drug toxicity, could improve
the efficacy and safety of clinical decision-
making. As pregnancy is a particularly critical
period to optimise disease control and mini-
mise drug toxicity, we evaluated 6-MP metab-
olite levels in women with SLE taking AZA
during the preconception and/or gestational
periods.

We performed a retrospective assessment of
women with SLE aged 18—-40years with at least
one McGill Lupus Cohort annual study visit
between January 2017 and July 2019. Among

all females on AZA who were pregnant or
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trying to conceive, we identified those with
6-MP metabolite levels during this interval.
All patients in this cohort are tested for TPMT
enzymatic levels and only those with normal
levels are started on AZA. We characterised
patients with undetectable, low or normal
6-TG levels, as well as ‘shunters’ (ie, 6-MMP to
6-TG ratio 220 with high 6-MMP) using ther-
apeutic reference ranges for IBD, since none
exist for SLE.? We suggested a possible metab-
olite interpretation as ‘shunter’ (ie, 6-MMP
to 6-TG ratio >20 with high 6-MMP?), non-
adherent (undetectable or barely detectable
metabolite levels despite appropriate dosing)
or subtherapeutic (low metabolite levels with
AZA dose <£2.0mg/kg/day). We summarised
key clinical characteristics (ie, prior lupus
nephritis, lupus low disease activity state
attainment, pregnancy outcomes) of these
patients.

Among 29 women of reproductive age with
SLE over the study period, eight were preg-
nant or trying to conceive. Of these, six had
6-MP metabolite levels performed at least
once (see table 1 for patients’ characteris-
tics). All except one had prior lupus nephritis
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Figure 1 Azathioprine metabolism. AZA,
azathioprine; 6-MP, 6-mercaptopurine; 6-TG,
6-thioguanine; 6-MMP, 6-methylmercaptopurine;
TPMT, thiopurine methyltransferase.
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and all except one had quiescent disease over the study
interval. Half (3/6) of the women were planning to
conceive, while the other half (3/6) became pregnant.
In most (5/6), 6-TG levels were below the normal range.
Among these, three patients had non-detectable or
barely detectable levels, despite appropriate drug dosing,
suggesting non-adherence; two of these were pregnant at
the time of measurement. One patient was determined a
‘shunter’ (ie, case #1 in table 1) and was thus switched to
tacrolimus. Of the three pregnancies, two had no adverse
outcome (despite low maternal 6-TG) and one was
complicated by pre-eclampsia and preterm birth (with
non-detectable maternal 6-TG). Given that approximately
20% of SLE pregnancies experience placenta-mediated
complications, it is unclear if the non-detectable 6-TG
levels contributed to pre-eclampsia in this patient.

Our study is the first to assess 6-MP monitoring in
women with SLE prior to conception and during preg-
nancy. Despite small numbers, our findings highlight key
opportunities to personalise therapy during this critical
period. In particular, identification of ‘shunting’ helps
avoid unnecessary and potentially harmful dose escala-
tion, with the option to switch patients to an alternative
pregnancy-compatible drug, such as tacrolimus. We also
demonstrate how dose escalation can be done safely, as
we can avoid 6-TG and 6-MMP levels that are known to be
toxic in the IBD population. Lastly, we observed a substan-
tial number of non-adherent patients, which allows focus
to be placed on discussing adherence during clinic visits
and may guide future treatment approaches. The impor-
tance of appropriate control of disease is of heightened
importance during pregnancy, a vulnerable time for both
mother and baby.

We need to acknowledge potential limitations. We used
therapeutic reference ranges for IBD, as none exist for
SLE. It has been suggested that target ranges in SLE may
be lower than in IBD." Furthermore, in a small study
(n=30), pregnancy was found to potentially affect AZA
metabolism resulting in a mild decrease in 6-TG levels
during gestation with a return to preconception baseline
levels after delivery.” However, adherence to AZA was not
assessed in this study and might have contributed at least
in part to the findings.

In conclusion, the use of personalised metabolite moni-
toring is a promising strategy as it might improve efficacy
and safety in our vulnerable patient population prior
to or during pregnancy. A metabolite-guided approach
could likely be applied to a broader SLE population. In
patients with active SLE despite AZA, it may allow identifi-
cation of the cause of treatment failure as non-adherence,
undertreatment or treatment-refractoriness. There is
a great need for larger prospective studies to establish
target 6-MP levels in pregnant and non-pregnant patients
with SLE.

Contributors FL-F, SB, FK, L-PG, CAP and EV interpreted the data and drafted this
letter and table.
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