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In a letter to the editor [1] commenting on our Janus kinase 
article that was recently published in Drugs & Aging [2], 
Moura et al. point out controversies in the interpretation of 
thromboembolic risk data associated with the JAK inhibi-
tors. We appreciate their attention to the importance of not 
confusing an ‘association’ with ‘causation’. Indeed, the con-
troversy continues to be debated vigorously in recent medi-
cal literature [3]. We also appreciate Moura et al. pointing 
out issues concerning inhibitor specificity.

Disease-specific (e.g., systemic inflammation), patient-
specific (e.g., limited mobility of arthritis patients), and 
environmental factors (e.g., other medication exposures) 
may all contribute to bias when interpreting the results of 
studies of the vascular complications associated with JAK 
inhibitors. Similarly, it may be necessary to control for tran-
sient changes in platelet levels at the time of JAK inhibi-
tor initiation (i.e., time-varying effect). We also recognize 
that the reported association may be confounded not only 
by concomitant underlying disease (e.g., increased propen-
sity for vascular disease in rheumatic disease patients) but 
other yet-to-be-defined risks such as off-target effects of JAK 
inhibitors on other signaling pathways [4].

The FDA black box alert for tofacitinib points to 
an increased risk of thrombosis for the larger 10-mg 
twice daily dose based upon postmarketing safety data. 

Exposure-response analyses suggest the receptor selectiv-
ity of JAK inhibitors is dose-dependent [5, 6]. The dose-
exposure analysis among JAK inhibitors with regards to 
thromboembolic risk requires further exploration. Finally, 
and from a mechanistic standpoint, the association is addi-
tionally complex owing to the multiplicity of cytokines that 
are down regulated, which may vary significantly depend-
ing upon the specific member of the class of JAK inhibitors 
under investigation.

In the absence of mechanistic data, sorting out class and 
dose relationships after a medication has received FDA 
approval relies upon either detailed pharmacovigilance or 
carefully designed prospective cohort studies. Good phar-
macovigilance practices must recognize the possibility of 
reporting bias, under-recording concurrent medications, and 
the failure of prescribers to adhere to standard prescribing 
indications [7]. To this end, we endorse the efforts of Moura 
et al. to illuminate the importance of not confusing associa-
tion with causation, and we agree that it is important not to 
“paint with broad brush” an epidemiological signal.

Recently, a new concept in hematopoiesis called CHIP 
(clonal hematopoiesis of indeterminate potential) was 
defined by Jaiswal and colleagues [8]. In this condition, 
somatic mutations are associated with clonal expansion of 
hematopoietic cells without fulfilling the diagnostic crite-
ria for a hematological malignancy [9]. One study reported 
an increased frequency of CHIP-associated mutations in 
older rheumatoid arthritis patients [10]. Previous research 
suggested that age-dependent somatic CHIP mutations, 
including JAK2 mutations, are associated with chronic 
inflammation, thrombotic vascular events, and malignant 
transformation [11]. Somatic JAK2 mutations are relatively 
common in older individuals, and they are associated with 
myeloproliferative neoplasia and thrombosis [11]. Platelets 
with JAK2 mutations display increased activity and hyperco-
agulation [12]. Many cytokines that are themselves related to 
thrombosis and inflammation use JAKs for signal transduc-
tion [11]. It may be speculated that age-dependent somatic 
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JAK mutations may contribute to thrombosis in the older 
population. Moura et al. correctly point out the inhibition of 
JAK2 mutations could reduce the risk of thrombosis. How-
ever, some cytokines related to thrombosis and inflammation 
use different JAK pairings for signal transduction; for exam-
ple, prothrombotic and anti-thrombotic signals are trans-
mitted, respectively, by JAK1/TYK2 and JAK1/JAK2 [13]. 
Baricitinib, a selective JAK1/2 inhibitor, has shown a dose-
dependent increase in platelets [14]. Baricitinib inhibition of 
JAK2 associated with thrombopoietin receptors in platelets 
and megakaryocytes may alter platelet homeostasis leading 
to thrombocytosis [15, 16]. Finally, a recent study showed 
that baricitinib down-regulated IL-6- and IL-12-dependent 
inflammatory pathways, but left interferon levels unaffected, 
which may transmit the strongest prothrombotic signals [17].
The imbalance in thrombotic events with baricitinib 4-mg 
dose in clinical trials [13] prompted the FDA to approve the 
lower 2-mg dose in patients with rheumatoid arthritis.
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