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Abstract: The dysregulation of the immune system in Chronic Lymphocytic Leukemia (CLL) often
allows for the development of immune-mediated diseases. Among them, autoimmune cytopenias
are the most common, but cases of chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP) have been reported. We herein report on a patient who developed a CIDP while undergoing
ibrutinib treatment for CLL, prompting drug discontinuation. Steroid treatment and a rituximab
course proved to be ineffective at obtaining long-term control of CIDP, but therapy with venetoclax
and rituximab, which was started due to CLL progression, led to the progressive amelioration of the
symptoms up to complete remission of the neurological disease.

Keywords: neuropathy; ibrutinib; chronic lymphocytic leukemia; chronic inflammatory demyelinating
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1. Introduction

Chronic Lymphocytic Leukemia (CLL) is the most common leukemia in Western coun-
tries [1]. Apart from the neoplastic clone, patients with CLL harbor a dysregulated innate
and adaptive immune system which, on one hand, may favor the development of recurrent
infections and second malignancies, and, on the other hand, may allow the occurrence of
immune-mediated diseases [2]. Autoimmune cytopenias are the most common immune-
mediated abnormalities associated with CLL [3], but other rheumatologic, endocrinological
or neurological diseases may also occur [4]. Among them, chronic inflammatory demyeli-
nating polyradiculoneuropathy (CIDP) has been reported [5,6]. These immune-mediated
diseases might occur concomitantly with symptomatic CLL needing treatment or might
emerge during therapy, due to an imbalance among T helper lymphocyte subsets [7].

Ibrutinib, the first in-class Bruton’s tyrosine kinase (BTK) inhibitor, is a targeted
therapy approved worldwide for the treatment of several B-cell malignancies, including
CLL [8]. This drug has proved to be active in patients suffering from neuropathy with anti-
myelin-associated glycoprotein (MAG) antibodies harboring a MYD§8-mutated lymphoid
clone [9,10] and several immune-mediated diseases have been reported during ibrutinib
treatment [11-13].

Venetoclax is a BH3-mimetic drug able to restore the BCL2 pro-apoptotic function,
triggering the apoptosis of CLL cells [14,15]. The combination of venetoclax plus an anti-
CD20 monoclonal antibody, such as rituximab, proved to be highly active in CLL, including
in patients who relapse after ibrutinib or are intolerant to it [16]. In addition, venetoclax
was active in MYD88-wild type patients with anti-MAG antibody neuropathy [10,17].
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We herein report on an elderly CLL patient who developed a CIDP that worsened
during ibrutinib treatment, thus prompting drug discontinuation. Transient amelioration
of symptoms was achieved with steroids and then rituximab, but the improvement became
persistent, up to complete remission after the addition of venetoclax.

2. Detailed Case Description

In July 2017, a 75-year-old man was diagnosed with high-risk advanced stage CLL
(Rai IV, Binet C) after the finding of thrombocytopenia and peripheral blood lymphocy-
tosis with an immunophenotype consistent with CLL on routine blood work (leukocytes
83.30 x 109/L, lymphocytes 75.90 x 109/L, hemoglobin 140 g/L, platelets 98 x 109/L).
The man’s medical history was notable for hypertension and paroxysmal atrial fibrillation.
His medications included warfarin, simvastatin, enalapril and lercanidipine. He reported
no weight loss, night sweats or fever. Enlarged bilateral cervical and supraclavicular
lymph-nodes and mild splenomegaly were noted on physical examination. Cytogenetic
analysis showed a complex karyotype [18], a 17p deletion was identified by FISH, a TP53
mutation was detected by Sanger sequencing and the IGHV gene was unmutated. No
M-spike was detected on serum protein electrophoresis, and IgG and IgM levels were
found to be decreased.

The patient was initially put on outpatient follow-up, but due to progressive increase
of the lymphocyte count with concurrent worsening of the platelet count and progressive
splenomegaly, a CLL-specific therapy was considered. A whole-body CT scan detected mul-
tiple centimetric cervical, supraclavicular, axillary, mediastinal, hilar and retroperitoneal
lymphadenopathies and documented a spleen diameter of 17 cm. After a cardiology consult,
anticoagulation was discontinued due to the lack of documented atrial fibrillation episodes
in the past 4 years and the anticoagulating effect of the first generation BTKi, and the patient
was put on ibrutinib therapy in March 2018. After 3 months, no lymphadenopathies or
splenomegaly were detected on physical examination, and 6 months later, a significant
increase in the platelet count occurred (from 67 x 109 to 124 x 109 PLTs/L). Of note, ibru-
tinib was started at 280 mg daily, and raised to 420 mg daily one month later after an initial
increase in the PLT count was documented.

In January 2019, the patient was admitted to the Emergency Department (ED) com-
plaining of gait instability, progressive acral paresthesia and mild distal weakness in the
lower limbs. At the time, he was still on ibrutinib and had achieved a stable partial re-
mission (due to the persistent, but still decreasing, lymphocytosis). Due to the subacute
progression of the symptoms, he was admitted to the Neurology Unit of our Hospital.
Neurological evaluation revealed mild right stepping gait, loss of tactile sensation up to
the knees, hand paresthesia, loss of distal vibration and lower limb areflexia. Inflammatory
Neuropathy Cause and Treatment (INCAT) Disability Scale [19] score was 2 in lower limbs
and 2 in upper limbs (total of 4). Cerebrospinal fluid (CSF) analysis was unremarkable
(protein 26 mg/dL, white blood cells 2.4/ uL, mirror pattern at isoelectric focusing) and a
spinal MRI revealed only vertebral arthrosis.

Neurophysiological evaluation showed signs of demyelinating polyneuropathy with
slowing of motor nerve conduction at the four limbs and sural nerves, and the presence
of conduction blocks at median and ulnar nerves bilaterally at the elbow—-wrist tract, and
at the right peroneal nerve in the popliteal-ankle tract. Spontaneous muscle fibrillations
were recorded at distal limbs resulting from secondary axonal damage of some distal motor
nerve trunks.

An IgM monoclonal protein was detected at serum electrophoresis, no anti-MAG anti-
bodies were present. Sural nerve biopsy showed mild loss of myelin fibers and signs of axonal
degeneration; no inflammatory or lymphomatous infiltrates were detected (Figure 1).
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Figure 1. Sural nerve biopsy: (a) semithin cross section showing nerve fascicles with mild loss of
myelin fibers. (b) At higher magnification, some images of axonal degeneration are seen. (c) No
inflammatory infiltrates are visible in the paraffin sections (H&E stain). (d) Axonal degeneration in
teased fibers. Bar: 50 mm.

Vascular endothelial growth factor (VEGF) levels were within normal values and
amyloidosis was ruled out because of the absence of serum free lambda light chain and
the lack of amyloid deposit in nerve and bone marrow biopsies. Transformation to an
aggressive lymphoma was also excluded by the lack of high metabolic areas on a 'FDG
PET-CT scan and the absence of MYD88 L265P mutation in the CSE.

The patient was diagnosed with CIDP and treatment with intravenous steroids was
started with amelioration of the symptoms (INCAT upper limbs 1, INCAT lower limbs 1).

Six months later, during steroid tapering, the patient reported worsening of the symp-
toms. A follow-up neurophysiological evaluation detected a more widespread axonal
damage, as well as the persistent signs of demyelination. Nerve ultrasound was also per-
formed, showing a slight diffuse increase in nerve cross-sectional area (CSA). In particular
median nerve CSAs at the elbow were 16 mm? and 14 mm? (left and right, respectively),
sciatic nerve CSAs at the mid-thigh measured 61 mm? (bilaterally), tibial nerve CSAs were
50 mm? and 48 mm? (left and right, respectively) at the popliteal fossa and 22 mm? and
19 mm? (left and right, respectively) at the ankle, and brachial plexuses at the supraclavicu-
lar space were also enlarged, measuring 110 mm? and 100 mm? (left and right, respectively).
These ultrasound findings were consistent with the diagnosis of CIDP.

In September 2019, the patient was admitted again to the ED complaining of diplopia
and worsening of gait instability (INCAT upper limbs 1, INCAT lower limbs 2). Neurologi-
cal evaluation documented a left sixth cranial nerve palsy, and the patient was admitted to
a Medicine Unit. The blood exams showed no signs of CLL progression, and brain MRI
was unremarkable.

Due to the lack of significant findings and suspecting a possible iatrogenic etiology
of the neurological abnormalities (symptom onset 8 months after the initiation of ibru-
tinib), ibrutinib was discontinued and steroid therapy was resumed with progressive
improvement of both the cranial nerve palsy and the gait instability.

In November 2020, a new neurophysiological evaluation did not document any new
findings, but changes were documented on nerve ultrasound, with disappearance of
median nerve and brachial plexuses abnormalities, and a slight reduction in the CSAs of
the sciatic nerve and the tibial nerve.
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In order to reduce and then discontinue steroids, the patient was treated with six
weekly courses of rituximab. The therapy was well tolerated, and the neurological symp-
toms transiently improved but reappeared soon after rituximab discontinuation, thus
needing to restart steroids. A timeline of the patient’s lymphocyte count (used as a sur-

rogate of his CLL activity), treatment and events regarding his neurological symptoms is
depicted in Figure 2.
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Figure 2. Graph depicting the relationship between the patient’s lymphocyte count, the onset and the
relapse of his neurological symptoms, and the CLL-directed therapy.

The patient’s CLL maintained the partial remission obtained with the ibrutinib therapy
until March 2022, when CLL progression occurred with the reappearance of multiple
lymphadenopathies and progressive increase in the spleen diameter and of the lymphocyte
count. In April 2022, therapy with venetoclax and rituximab was started with adequate
tumor lysis syndrome prophylaxis. After the first week of the venetoclax ramp-up phase,
an important reduction in the patient’s lymphocyte count was observed, with transient
worsening of his thrombocytopenia. After the second week of ramp-up, no splenomegaly or
palpable lymphadenopathies could be documented on physical examination. Neurological
symptoms gradually improved, and steroids were discontinued during the second month
of therapy. After eight months of venetoclax-rituximab treatment, the patient’s cytopenias
resolved, but his IgG levels were still decreased (although with normal IgM and IgA levels),
and measurable residual disease was still positive in the peripheral blood.

Concurrently, his neuropathy greatly improved (upper limbs INCAT of 0; lower limbs
INCAT of 0). At a follow-up neurological examination, the patient had full strength and
sensation in the four limbs, gait was normal and deep tendon reflexes were present apart
from the Achilles. More importantly, his functionality was fully recovered, and the patient
was able to give up his certificate of disability.

3. Discussion

We here report a rare case of CIDP in CLL that had worsened during ibrutinib ther-

apy but improved after drug withdrawal and completely resolved during therapy with
venetoclax-rituximab.

The CIDP worsening after ibrutinib fulfills the criteria for being considered iatro-

genic [20], among which the temporal association, the absence of likely alternative explana-
tions and improvement after drug withdrawal.
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The peripheral nerve toxicity of ibrutinib has rarely been reported to allow for the
search on similarities between the described cases, and data from the phase 3 RESONATE
study [21] in relapsed CLL are scarce regarding the characteristics of the neuropathy, which
was rarely detected.

Consistently, results from long-term efficacy and safety analysis of first line ibruti-
nib [22] do not report peripheral neurotoxicity.

In the phase 3 trial of ibrutinib vs. chemoimmunotherapy in older patients with
untreated CLL, severe sensory peripheral neuropathy occurred in only one patient in the
ibrutinib arm after a median follow-up of 38 months [23]. An additional grade 3 sensory
peripheral neuropathy was recorded by Shanafelt et al. in a clinical trial for young patients
affected by CLL [24]. Interestingly peripheral neuropathy has not been reported when
second generation BTK inhibitors, acalabrutinib or zanubrutinib, are used in relapsed
CLL [25,26].

Conversely, no iatrogenic neuropathy or worsening of existing neuropathy when
ibrutinib was applied to both relapsed and naive WM patients have been reported. More
importantly, ibrutinib has been shown to be effective in ameliorating anti-MAG antibody
neuropathies in MYD88L265P-mutated patients with WM [9].

Rituximab, a chimeric anti-CD20 monoclonal antibody that is currently the standard
treatment for anti-MAG antibody neuropathy, has occasionally been reported to worsen
rather than improve anti-MAG antibody neuropathy [27-32]. Conversely, drugs that are
well-known to be toxic to the peripheral nerves (e.g., bortezomib [33]) seem to be effective
against neuropathies in hematological malignancies, when they target the underlying
pathogenic mechanism [34,35].

Since BTK inhibition-induced neuropathy has not been reported with the second
generation and highly specific BTK inhibitors as well as in Bruton’s agammaglobulinemia
patients (a primary immunodeficiency caused by a defect of BTK), it could be speculated
that the pathogenesis of ibrutinib-induced neuropathy might depend on ibrutinib’s off-
target effects in some predisposed patients.

Although ibrutinib targets B lymphocytes by inhibiting BTK, it has been reported
to modulate the activity of T lymphocytes. In particular, ibrutinib can also inhibit the
interleukin-2-inducible kinase (ITK), a proximal member of the T-cell receptor signaling
cascade [36], improving T-cell function in CLL, resulting in the expansion of memory T cells,
a decrease in the Th1 polarization, a decrease of the T regulatory (Treg)/CD4+ T cell ratio
and an improvement in immune synapse formation between T cells and CLL cells [37,38].
Despite this “restoration” of the patient’s immune systems, flares of auto-immune diseases
are not surprising during ibrutinib therapy.

Furthermore, the lack of activity of acalabrutinib or zanubrutinib on ITK might justify
the lower rates of immune-mediated diseases observed during therapy with these agents.

Conversely, with venetoclax, a recovery from immunosuppressive state after the
elimination of leukemic cells has been observed. In particular, a restoration of NK cell
function, and a decrease in the T follicular helper cells, Treg, and PD-1+ CD8+ T cells as
well as inflammatory cytokines were noted after venetoclax therapy [39].

4. Conclusions

CLL is a disease characterized by a marked dysregulation in the host’s immune system,
which in turn can lead to recurring infections or to the development of autoimmune condi-
tions or secondary tumors. Modern targeted therapies are highly effective at treating the
disease and can have an influence on the patient’s immune function, both by suppressing the
CLL clone and thus inhibiting the negative effect that it exerts on non-pathological immune
cells and via the off-target or on-target/off-tumor effects of the novel drugs. The latter
might have played a major role in the case we just reported, as our patient could have had a
predisposition to the development of CIDP, or even already harbored a latent disease that was
then unmasked after the initiation of ibrutinib and the consequent skewing of his immune
system polarity by the off-target inhibition of ITK and consequently eliciting a Th1 response.
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