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Abstract

Treatment options for various rheumatologic diseases have been limited until the introduction of biologic agents and kinase
inhibitor therapy in recent decades. Since their arrival, they have steadily been integrated into routine management. Given
their wide use and overall successful outcomes, it becomes increasingly pertinent for clinicians to readily identify their side
effects. Their effects can involve multiple organ systems, including hematologic. This review aims to identify and classify
the range of hematologic effects associated with individual biologics and kinase inhibitors used for treatment of rheumato-

logic diseases.
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Introduction

Biologics are therapeutic agents made using recombinant
DNA techniques [1]. They are divided into different classes
based on their mechanism of action: B-cell depletion and
inhibition, cytokine inhibition (specifically targeting TNF,
IL-1, IL-6, IL-12/23, and IL-17), and co-stimulation block-
ers. Kinase inhibitors (KI's) are small molecules that target
pathways which mediate receptor signal transduction and
are not considered biologics [1, 2]. The advent of biolog-
ics and KI’s has provided novel approaches to the manage-
ment of various rheumatologic diseases. However, like any
other therapeutic agents, they have their own share of side
effects. Among the spectrum of multisystem side effects,
hematological side effects should not be ignored, as they
can be life-threatening. This review will focus on the cur-
rent evidence and literature regarding the hematologic side
effects of these agents to better identify and categorize them
for clinical reference.
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Tumor necrosis factor inhibitors

Five TNF inhibitors are currently available for treatment of
various rheumatologic conditions: infliximab, etanercept,
adalimumab, certolizumab, and golimumab. Their effi-
cacy, safety, and tolerance have been well established [1, 3].
However, a number of hematologic side effects have been
reported in literature.

Neutropenia Neutropenia is the most commonly reported
hematological complication associated with anti-TNF
agents; among which, etanercept has shown the highest rates
[4]. Sebastian et al. reported neutropenia with infliximab
use, associated with the presence of granulocyte-specific
IgM antibodies that improved after drug discontinuation,
and recurred after initiation of another anti-TNF agent:
adalimumab, suggesting autoimmune-mediated peripheral
destruction as a possible cause of anti-TNF agent-induced
neutropenia. They also reported an association between
previous history of neutropenia with azathioprine and mer-
captopurine, suggesting history of neutropenia with other
disease-modifying antirheumatic drugs (DMARDs) as a
predisposing/predictive factor for neutropenia [5]. Favalli
et al. further supported the autoimmune pathophysiology for
neutropenia by demonstrating causality with recurrence of
neutropenia to rechallenge [6]. A review article by Shivaji
et al. further strengthened the association of previous history
of neutropenia as a predictive factor for neutropenia, and
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added that a low baseline neutrophil count would be associ-
ated with a higher risk. They recommended that all patients
receiving anti-TNF therapy have a baseline complete blood
count with repeat testing every 3—6 months [7]. Datta et al.
suggested maturation arrest of granulocytic cells as a pos-
sible mechanism of bone marrow toxicity from etanercept
therapy [8]. It has also been postulated that neutropenia may
be driven by T-large granular lymphocyte expansion through
a Fas/Fas ligand interaction [9]. This effect was studied in
patients undergoing treatment with adalimumab. Feuerstein
et al. described several possible mechanisms of TNF inhibi-
tors leading to neutropenia which include antigranulocyte
antibody formation, increased peripheral consumption,
direct bone marrow suppression, or suppression of neutro-
phil precursors. According to their research, treatment of
persistent neutropenia and drug discontinuation is rarely
necessary [4]. A study performed by Haroon et al. strongly
supported this theory by showing that patients who had
developed neutropenia with etanercept therapy were rechal-
lenged with recurrence but without an increase in the risk
of infections [10].

Summary

— Anti-TNF agents might be continued with caution and
regular monitoring of complete and differential blood
counts in case of anti-TNF induced neutropenia.

— Among other mechanisms, autoimmune-related neutrope-
nia is the most frequently reported and discussed so far.

— Although anti-TNF agent-induced neutropenia is a known
side effect, other causes of neutropenia should always be
ruled out first.

Anemia This is another commonly reported hematologic
complication of anti-TNF therapy. Similarly to neutrope-
nia, there have been various mechanisms postulated and
reported. Falsetti et al. described a case of adalimumab-
induced thrombocytopenic microangiopathy (first dose
given 15 days prior to presentation), following which the
drug was promptly discontinued and plasma exchange was
performed. There were no further relapses in the following
3 months. This case highlighted a possible toxic/immune-
mediated mechanism associated with anti-TNF therapy lead-
ing to anemia [11]. It has been postulated that biologics can
induce immune dysregulation leading to ADAMTS13 auto-
antibody formation causing thrombotic thrombocytopenia
purpura (TTP) [12]. Similar to this, Baysal et al. described a
case of thrombotic microangiopathy thought to be secondary
to certolizumab, which resolved after plasma exchange and
discontinuation of the drug, without any relapses [13]. Addi-
tionally, there have been case reports describing a potential
association of autoimmune hemolytic anemia (AIHA) with
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adalimumab therapy [14]. Harada et al. reported a case of
AIHA 3 years after treatment with adalimumab, suggesting
an association with long-term use [14].

Summary

— Thrombotic microangiopathies are emergent conditions
which require prompt discontinuation of the drug and, in
some cases, plasma exchange.

— These effects may present a few months to years after
starting biologics. Thus, early recognition would be of
utmost importance.

— —Among patients on biologics who present with anemia,
TTP should likely be considered in the differentials.

Thrombocytopenia The association of anti-TNF therapy
with thrombocytopenia is thought to be much rarer in com-
parison to neutropenia [4]. Bessisow et al. reported 19 cases
of thrombocytopenia related mainly to infliximab; among
which, none was associated with any serious complica-
tions [3]. This side effect has been observed to be dose-
dependent as described by Nakahara et al. [15]. Casanova
et al. described adalimumab-induced thrombocytopenia with
proven causality (recurrence with rechallenge) that was man-
aged with Ustekinumab with good results [16].

The pathogenesis of thrombocytopenia as a side effect of
anti-TNF therapy remains unclear, but there are several theo-
ries to its etiology. It has been considered that it may stem
from the development of antiplatelet antibodies, accelerated
platelet destruction, or direct bone marrow suppression [4,
7]. Boiten et al. described a case of adalimumab-induced
platelet antibodies resulting in severe thrombocytopenia in
a patient with Crohn’s disease. Autoantibodies specific to
glycoprotein IIb/Illa and glycoprotein V platelet receptors
were positive. Platelet counts showed improvement in 6 days
of adalimumab discontinuation and normalized by 4 weeks
[17]. Casanova et al. proposed that TNF alpha inhibitors
could lead to apoptosis of Thl lymphocytes causing an
excess of Th2, which in turn may provoke antiplatelet anti-
body production and thus platelet destruction and thrombo-
cytopenia [16]. Hamaguchi et al. described appearance of
IgM anti-cardiolipin antibody after treatment with inflixi-
mab associated with thrombocytopenia suggesting a likely
immune complex mediated mechanism [18].

A retrospective observational study by Brunasso et al.
mentions thrombocytopenia with symptoms (gingival
bleeding, ecchymosis, purpura, petechiae) in 4 out of 67
patients treated with either etanercept, infliximab, or adali-
mumab with onset of symptoms occurring at approximately
30 weeks (one patient was an outlier who demonstrated
symptoms as early as nine weeks). Among the groups stud-
ied, two patients were positive for platelet surface-associated
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IgG antibodies. Causality was proven with recurrence on
challenge. The thrombocytopenia was treated by either drug
discontinuation or steroid therapy. In one instance, there was
no improvement despite these measures which was felt to be
unusual given the typically transient nature of thrombocy-
topenia. Recurrence was also seen while switching between
the infliximab to etanercept [19].

Summary

— In most circumstances, thrombocytopenia resolved
spontaneously after withdrawal of the drug. However,
there have been reported instances of refractory throm-
bocytopenia following anti-TNF use despite drug dis-
continuation, steroids, and intravenous immunoglobu-
lin therapy.

— Since the mechanism is unclear and can be irreversible,
regular monitoring of blood counts might be necessary.
The use of another TNF agent should probably be done
with utmost caution.

— Pathare et al., however, suggested that thrombocytope-
nia with anti-TNF agents are idiosyncratic reactions and
not a class effect, and that commencing an alternative
anti-TNF agent is safe [20]. They described a successful
switch from etanercept to adalimumab, and infliximab to
etanercept.

Eosinophilia Several case reports described eosinophilia
as a possible side effect of anti-TNF alpha therapy [21,
22]. Nadeem et al. reported a case of chronic eosinophilic
pneumonia with infliximab therapy, 3 months after inflixi-
mab discontinuation with persistently elevated infliximab
antibodies [23]. Other reported systemic manifestations
included the following: Wells syndrome and fatal acute
necrotizing eosinophilic myocarditis with adalimumab [24,
25]. The mechanism discussed in these studies is the anti-
TNF-induced immune deviation from Th1 to Th2 phenotype
resulting in eosinophilia. More sustained TNF inhibition was
associated with increased risk; thus, adalimumab was pre-
sumed to have higher risk than etanercept. Malisiewicz et al.
described three cases of significant eosinophilia in relation
to adalimumab use; the switch from adalimumab to etaner-
cept was however tolerated [26].

Summary

— Anti-TNF-related eosinophilia have shown to typically
resolve within a month of drug discontinuation but, in
some instances, has been shown to linger for several
months after.

— Switching between the same classes of drugs should
probably be done with caution to prevent further episodes
of eosinophilia.

Other reported side effects Bessisow et al. identified 69
cases of venous thrombosis and 20 cases of arterial throm-
bosis in patients treated with anti-TNF agents. Although
these cases were reported to be associated with anti-TNF,
the association was very nebulous due to the multitude of
potential confounders including the underlying disease pro-
cess which was felt to be the most likely culprit [3]. As such,
discontinuation of therapy was not recommended in these
situations. Henoch-Schonlein purpura is another effect that
has been reported with anti-TNF therapy [27]. The switch
between two different TNF inhibitors (adalimumab to inflixi-
mab) has been successful in some case reports [28]. Hemo-
philia A has been reported in a few case reports, mainly with
adalimumab and etanercept [29-31]. In a case described
by Banse et al., a possible association with etanercept and
acquired hemophilia unresponsive to steroids and rituximab
(ultimately responding to azathioprine) was discussed [30].
Acquired erythrocytosis has also been reported with inflixi-
mab therapy. The postulated mechanism is that anti-TNF
agents suppress the action of TNF-alpha in the bone marrow
(apoptosis), which in turn leads to erythrocytosis [32]. Lym-
phocytosis, factor XI deficiency (with adalimumab use), and
pancytopenia [32-36] have been reported as well.

IL-6 inhibitors

These are widely used in patients with rheumatoid arthritis,
Castleman disease, giant cell arthritis, and COVID-19 (toci-
lizumab) [1]. Tocilizumab and sarilumab are medications
under this class. The current literature supports neutropenia
and eosinophilia as side effects associated with the use of
these agents.

Neutropenia IL-6 inhibitors are known to be associated with
neutropenia, which is usually transient and dose-dependent
[37]. The mechanism is thought to be due to inhibition of
biologic effect of IL-6 on the recruitment of neutrophils in
the peripheral blood [38—40].

A case series and review of the literature by Shovman
et al. analyzed the course of four patients who developed
neutropenia after intravenous tocilizumab treatment at a dose
of 8 mg/kg. The neutropenia improved after a dose reduction
by 10-20% suggesting a dose-dependent relationship [39].
Moreover, they alluded to the fact that a history of neutro-
penia in response to other DMARDs might be a potential
predictive factor for neutropenia induced by tocilizumab.
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Espinoza et al. reported a retrospective cohort of
patients with rheumatic diseases treated with three dif-
ferent classes of intravenous biological DMARDs (499
patients treated with either abatacept, infliximab, or
tocilizumab); among which, tocilizumab resulted in
neutropenia more frequently in comparison to abata-
cept or infliximab (18.6 vs 3.8% and 2.8%, respectively,
p <0.001). The mean reduction in ANC (absolute neu-
trophil count) with tocilizumab was 32% compared to
the baseline. They demonstrated a dose-response rela-
tionship to neutropenia: 7.2% in those receiving 6 mg/
kg of tocilizumab compared to 25.8% in those receiving
8 mg/kg. The onset of neutropenia occurred within the
first 3 months, but was also reported after a year of use.
Patients with a history of neutropenia with methotrexate
or concomitant treatment with methotrexate were more
prone to neutropenia [41].

In a randomized controlled trial by Fleishcmann et al.,
comparing placebo with sarilumab (546 patients, of which
454 were treated with sarilumab), to evaluate long-term
safety and efficacy over 5 years in patients with rheuma-
toid arthritis refractory to TNF alpha inhibitors, neutrope-
nia was found to be the most common adverse effect: 15.3
per 100 PY. ANC of < 1000cells/mm?® was observed in 74
patients receiving any dose of sarilumab that was 14% of
the patients [38]. Likewise, a trial comparing adalimumab
to sarilumab monotherapy (Burmester et al.) for rheuma-
toid arthritis showed that the rate of neutropenia was more
with sarilumab therapy with three people in the sarilumab
group experiencing severe neutropenia, ANC <0.5G/L
(Neutropenia was observed in one patient in adalimumab
group among 185 and 25 in the sarilumab group among
184) [40]. However, an increase in the incidence of infec-
tion was not observed with increased severity of neutro-
penia. This disconnect was thought to be due to effect on
neutrophil migration rather than loss of neutrophil func-
tion or apoptotic effects [37-39].

Summary

— Neutropenia is commonly seen with IL-6 inhibitors;
however, it has not been seen to be typically associated
with an increase incidence of infections.

— The side effect of neutropenia has been shown to be
dose dependent, thus advising caution with incremental
dose of IL-6 inhibitor therapies. Use of lowest effective
dose should be considered.

— Patients with prior history of DMARD-associated
neutropenia are at heightened risk of developing IL-
6-induced neutropenia and thus regular monitoring of
blood counts might be necessary.
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Eosinophilia Morrisroe and Wong reported a case of toci-
lizumab-induced eosinophilia with gastrointestinal involve-
ment, with an increase in eosinophil count after subsequent
dosing. After stopping tocilizumab infusions, the peripheral
eosinophilia started to decrease immediately and completely
normalized within 2 months [42].

Other reported side effects Case reports have described
acquired factor XIII deficiency associated with tocilizumab
used for the treatment of rheumatoid arthritis [43].

B-cell depletion and inhibition

Rituximab and belimumab are used to treat various rheu-
matic diseases. Rituximab is known to be associated with
hypogammaglobulinemia [44, 45]. Here, we will describe
late-onset neutropenia (LON) with rituximab.

LON is one of the significant side effects of rituximab
therapy, which is defined as an absolute blood neutrophil
count (ANC) of < 1.5*¥10"9/L occurring 4 weeks after the
last rituximab infusion [46—48]. Reitblat et al. described two
cases of late-onset neutropenia with rituximab with sponta-
neous improvement upon drug withdrawal. There was no
appearance of LON with rechallenge in both cases when
given 6 months to 1 year after the episode [48]. Bone mar-
row biopsies in patients with LON have shown a lympho-
cyte predominant cell line comprising an average of 41%
of the cellular aspirate, which could suggest that there is a
reduction in granulopoiesis with rituximab use. Direct toxic
effect, immune-mediated, and bone marrow infiltration by
T-large granular lymphocytes are other reported mechanisms
reported [48]. Ajeganova et al. reported the correlation of
the FCGR3A V allele with the occurrence of LON con-
ferring to a fourfold increase in the calculated odds ratio
[46]. However, serious infections have not been reported
and the recovery was reported to be usually spontaneous.
Granulocyte colony stimulating factor (G-CSF) was shown
to shorten the time to ANC recovery but did not change
overall outcomes [47-49]. LON was not considered to be a
contraindication to repeat treatment with Rituximab [48, 50,
51]. Breuer et al. advised vigilance with rituximab admin-
istration and follow-up of complete and differential blood
counts in about 5 months [50].

Kinase inhibitors

Tofacitinib, baricitinib, upadacitinib, peficitinib, and fil-
gotinib are orally administered kinase inhibitors that are
used primarily in rtheumatoid arthritis with an inadequate
response to DMARDs.
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Neutropenia Schulze-Koops et al. analyzed changes in neu-
trophil counts, lymphocyte counts, and hemoglobin levels
in patients on tofacitinib for rheumatoid arthritis from six
phase-3 randomized controlled trials (n=4721) and two
long-term extension (LTE) studies (n=4858). They con-
cluded that treatment with tofacitinib can cause a decrease
in neutrophils but they usually stabilize with long-term treat-
ment. It was thought to be due to inhibition of JAK-depend-
ent IL-6 signaling, which was consistent with IL-6-induced
neutropenia. A gradual reduction of the mean lymphocyte
count was also shown, which stabilized over time. There was
an initial increase in hemoglobin level which later stabilized
in the LTE studies. Clinically meaningful reduction in hemo-
globin level was not observed (< 1%) [52].

Thrombocytopenia Kadoba et al. described a case of severe
thrombocytopenia in the context of possible TAFRO syn-
drome (thrombocytopenia, anasarca, fever, elevated CRP
and creatinine levels, hepatosplenomegaly, and lymphade-
nopathy) in a patient with history of rheumatoid arthritis on
tofacitinib therapy. It initially responded to discontinuation
of the drug but upon recurrence, it was shown to be refrac-
tory to steroids and rituximab [53].

Summary

— The hematological side effects of kinase inhibitors should
likely be studied further.

— Regular monitoring of complete and differential counts
during therapy might be necessary.

Costimulation blockage

Abatacept is available for use in the treatment of rheumatoid
arthritis, juvenile idiopathic arthritis, and psoriatic arthritis.
Espinoza et al. analyzed 499 patients treated with abatacept,
infliximab, or tocilizumab, and the rate of neutropenia in
patients taking abatacept was noted to be 3.8%. All patients
receiving abatacept continued treatments without adjusting
dosage or infusion interval [41].

IL-1 inhibitors

Anakinra, canakinumab, and rilonacept are used in the
treatment of various rheumatological conditions, including
familial mediterranean fever (FMF), cryopyrin-associated
periodic syndrome (CAPS), TNF-1 associated periodic syn-
drome (TRAPS), and rarely in rheumatoid arthritis due to
their modest effect on inflammatory arthritis as compared to
other biological agents [1]. The current literature describes

neutropenia and thrombocytopenia as hematological side
effects associated with these agents.

Neutropenia There have been some case reports describing
neutropenia with anakinra and canakinumab [54, 55].

Thrombocytopenia Den Broeder et al. identified throm-
bocytopenia as one of the serious adverse events in an
observational study on the efficacy, safety, and drug sur-
vival of anakinra in patients with rheumatoid arthritis.
Causality was established with rechallenge and thrombo-
cytopenia improved after drug cessation [56]. However,
Quartuccio and De Vita reported an association without
confirmed causality (no recurrence at rechallenge) with
IL-1 antagonists [57].

IL-12/23 inhibitors

Ustekinumab and guselkumab are used in psoriatic arthritis,
psoriasis, and Crohn’s disease. There have been reports of
thrombocytopenia with ustekinumab [15]. Due to limited
research, a causal-link has not been adequately established.

IL-17 inhibitors

Secukinumab and ixekizumab are two drugs in this class
that and are available for use in psoriasis, psoriatic arthritis,
ankylosing spondylitis, and are also being investigated for
uveitis [1]. The hematologic side effects described below
have been reported in patients treated with these drugs.

Thrombocytopenia Nakahara et al. described thrombocy-
topenia in a patient sequentially treated with adalimumab,
secukinumab, and ustekinumab. The most severe thrombo-
cytopenia was observed during the switch from adalimumab
to secukinumab. The mechanism was, however, unclear [15].

Henoch-Schonlein purpura Reverte et al. described a case
of Henoch-Schonlein purpura (HSP) in a patient treated with
secukinumab for psoriasis, successfully replaced by etaner-
cept without recurrence of HSP [58].

Eosinophilia Hayashi et al. described a case of brodalumab-
associated pleural effusion noted to have massive eosinophil
infiltration on cytopathological evaluation. Brodalumab was
then stopped and switched to secukinumab. In this report,
secukinumab was stopped and switched to the infliximab due
to recurrence of effusion. The mechanism was thought to be
secondary to stimulation of Th2 genes to induce eosinophilia
via Th2 cytokine production [59].
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Conclusion

In recent decades, the routine use of biologic agents for treat-
ment of various rheumatic diseases has dramatically risen.
These newly developed agents have extended our treatment
options and have demonstrated abundant success. Given the
increased use, it has become pivotal for clinicians to read-
ily identify their side effects. After thorough review of the
literature, it becomes clear that there are a range of hemato-
logic complications associated with biologic agents used for
rheumatic diseases. Close monitoring of blood differentials
becomes crucial in identifying side effects. Although the lit-
erature on this topic is scattered, there is clear benefit to organ-
izing it for clinical reference. After careful analysis, there are
several key points which can be distilled from this review:

a. Switching between the same classes of biologics might
not be the best option if the hematologic complication
was severe in terms of infection/target organ damage.
Switching to a different class of biologic would likely
be the preferred course.

b. The side effects (particularly with IL-6 inhibitors)
are shown to be dose-dependent. These drugs should
be titrated down to the minimum dose as possible to
achieve therapeutic response. Especially for patients
with prior history of similar adverse events. (For exam-
ple, reducing dose of tocilizumab in patients with prior
history of neutropenia with any DMARDs).

c. A prior history of neutropenia associated with DMARD
therapy is likely a strong indicator that a patient may
develop neutropenia with the use of a biologic agent.

d. Typically, hematologic side effects have shown to
resolve with drug discontinuation. Longer and repeated
exposure might lead to longer-lasting complications and
decreased rates of normalization.

e. Obtaining a baseline complete and differential blood
count with regular monitoring during and after therapy
is likely of very high importance.

f. Among patients on biologics who present with anemia,
TTP should likely be considered in the differentials.

g. There is much work to be done in this evolving field.
Only with further study can we better understand the
mechanisms of the various complications.
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