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BRAF inhibitor treatment of classical hairy cell leukemia allows
successful vaccination against SARS-CoV-2
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Abstract

In classical hairy cell leukemia (HCL), standard treatments including purine analogs achieve a durable response (up to 90%),
but lead to severe immunosuppression and long-lasting depletion of CD4 + T lymphocytes. The BRAF inhibitor vemurafenib
is effective in HCL, but its use in first-line treatment is restricted to select clinical situations (e.g. active infection). Its impact
on immune function or response to vaccines in HCL is unclear. We treated four HCL patients with vemurafenib during
the COVID-19 pandemic and monitored immune reconstitution and response to SARS-CoV-2 immunization. All patients
responded to HCL treatment with normalization of peripheral blood counts. No severe infections occurred. As an indica-
tion of limited immunosuppression by vemurafenib, stable CD4 +and CD8 + T lymphocyte counts and immunoglobulin
levels were observed. Three out of four patients received SARS-CoV-2 vaccination (Pfizer-BioNTech) during treatment
with vemurafenib. IgG antibody levels against the spike-protein of SARS-CoV-2 were detected (40-818 AE/ml). Our data
suggest that vemurafenib has limited effects on cellular and humoral immune function in HCL, which allows for successful
SARS-CoV-2 vaccination. These data support the use of BRAF inhibitors during the current pandemic where continued
immune response is necessary for minimizing the COVID-19-related risk of non-vaccinated patients.
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Introduction

Classical hairy cell leukemia (HCL) is a rare B-cell
malignancy associated with intrinsic immunosuppres-
sion often complicated by pancytopenia or infection.
The use of standard treatment options achieves a dura-
ble response, and patients have a life expectancy close
to the normal population. The 2017 consensus guide-
lines for the diagnosis and management of patients with
classical hairy cell leukemia recommend initial therapy
with purine nucleoside analogs such as cladribine and
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pentostatin that are associated with prolonged and pro-
found immunosuppression [1, 2]. Hence the additional
treatment-induced immune deficiency is putting these
patients at a high risk for infections. In view of the cur-
rent coronavirus disease 2019 (COVID-19) pandemic,
this is particularly relevant as patients with hematologi-
cal cancers are more vulnerable to severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) and have a
higher case fatality rate [3, 4].

Anti-CD20 antibody treatment with rituximab is
known to hinder effective influenza vaccination at least
6 months after the last dose. Data for HCL patients are
very limited. A study of the response to SARS-CoV-2
vaccination of patients with different hematologic malig-
nancies also included seven HCL patients. All of these
patients showed detectable levels of antibodies, but lit-
tle is known about the disease or treatment status [5]. In
patients with CLL exposed to anti-CD20 antibody treat-
ment, there was no serologic response to SARS-CoV-2
vaccination within 12 months after the last treatment [6].
Patients who completed anti-CD20 antibody treatment
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at least 12 months before SARS-CoV-2 vaccination
were more likely to show a serologic response (45.5%)
[6]. B-cell lymphoma patients on treatment or within
9 months after treatment only rarely showed a signifi-
cant IgG response after SARS-CoV-2 vaccination (11%),
whereas 88% of the patients responded when vaccinated
more than 9 months after the last treatment [4].

The vast majority of HCL patients show BRAF V600E
mutations, causing activation of the MEK-ERK pathway
and leading to enhanced cell proliferation, survival, and,
ultimately, neoplastic transformation [1, 7]. The orally
administered BRAF inhibitor (BRAFi) vemurafenib is
efficient as monotherapy with an overall response rate
of 96-100%, a complete response rate of 35-42%, and a
median relapse-free survival of 19 months [8-10]. Cur-
rently, its use as monotherapy is limited to select clinical
situations such as active infection or later-stage disease.
In combination with rituximab, vemurafenib is associated
with a durable response in most HCL patients [11].

While vemurafenib treatment may not be expected to
impair immune function in HCL patients, surprisingly,
little is known how BRAFi treatment may affect normal
immune function and response to vaccination. Data from
patients with melanoma treated with vemurafenib suggest

Table 1 Patient characteristics

Vemurafenib
dose and
duration of
treatment
(CEVD)]

Patient Sex, Prior

age therapies

F, 45 Starting dose:

2x240 mg p.o. Il

Escalation
dose after 4
months: 2x480
mg p.o.

grade |

Duration: 161
days

Blood counts
before treatment with

Neutropenia grade

Thrombocytopenia

limited toxic effects on the viability or function of lym-
phocytes [12, 13].

Methods

In the period from October 2020 to August 2021, we have
treated four HCL patients with vemurafenib after obtain-
ing consent from patients and coverage from the respective
insurance companies. All four patients consented the use of
their medical data for research purposes. The main character-
istics of the patients are reported in Table 1. All patients had
an indication for treatment due to cytopenia. We included
one treatment naive patient. During treatment, immune sta-
tus was monitored by measuring leukocyte subpopulations
(Iymphocytes, CD19 + B-lymphocytes, CD 4 +/8+T lym-
phocytes, monocytes, neutrophil granulocytes, natural killer
cells) and immunoglobulins (IgA, IgG, IgM) at least once
a month. Response to BRAFi treatment was assessed by
measuring hematologic parameters, immunophenotypic
analysis by flow cytometry in peripheral blood, and detec-
tion of BRAF V60OE allele burden with droplet digital PCR
of genomic DNA. We have followed the treatment approach
as previously described and started with an initial dosage of

Treatment Toxicities (CTCAE

grading)

Response to
SARS-CoV-2
vaccination
(weeks after
second
vaccination)
Vaccination
refused by the
patient

rituximab

Arthralgia grade |

2 M, 76

Splenectomy,
interferon,
cladribine

Starting dose:
2x240 mg p.o.

Escalation
dose after 3
months: 2x480
mg p.o.

Duration: 120
days

Anemia grade ||

Neutropenia grade
1]

Yes

Arthralgia grade I

Elevated liver enzymes
grade Il (y-Glutamyl-
transpeptidase and
alkaline phosphatase)

Prolonged QTc grade |

IgG S 40 AE/ml
(12 weeks)

3 M, 72

Splenectomy,
interferon

2x240 mg p.o.

duration: 123
days

Neutropenia grade
I}

Yes

Arthralgia grade |

IgG S 264 AE/ml
(7 weeks)

4 M, 52

Cladribine,
vemurafenib

2x240 mg p.o.

duration: 120
days

Thrombocytopenia
grade I

Yes

Eczema grade |

IgG S 818 AE/ml
(8 weeks)
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Fig. 1 Neutrophil granulocytes, monocytes, natural killer cells, CD4+T lymphocytes, CD8 +T lymphocytes and IgG levels during treatment
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vemurafenib 2 X 240 mg/day [1, 14]. Upon residual disease
detected by flow cytometry of the peripheral blood after
3—4 months (despite normal peripheral blood counts), a dose
escalation of vemurafenib to 2 X480 mg/day was performed.
Anti-CD20 antibody treatment with rituximab (4 cycles of
rituximab at a dosage of 375 mg/m2 every 2 weeks) was
administered after successful SARS-CoV2 vaccination [11].

Results and discussion

All patients responded to therapy with vemurafenib
(2240 mg/day) with normalization of the peripheral blood
counts (Fig. 1 A, B). In patients 2 and 3, aggravation of neu-
tropenia was observed in the first 3 weeks before complete
hematological regeneration. The mean time to normali-
zation of the peripheral blood counts was 65 days (range
13-132 days). Normalization of sIL-2 levels was observed in
all patients after an average of 52.5 days (range 19-132 days).

None of the patients reached complete remission and
flow cytometry of the peripheral blood showed hairy cells
(range 0.03-3.6%). The BRAF V60OE allele was detectable
in all patients (best response P1: from 10.3 to 1.15%; P2:
from 7.11 to 0.08%; P3: 0.69% (not measured before initia-
tion of treatment); P4: 4% (not measured before initiation
of treatment)).

During follow-up, no severe infections occurred. All
patients had stable CD4 4+ T lymphocyte levels (mean
value for each patient between 205 cells/pl and 1301 cells/
pl) (Fig. 1C). Patient 2 was pretreated with cladribine and

had low CD4 + T lymphocyte counts before treatment
started. Stable CD8 + T lymphocyte levels (mean value for
each patient between 170 and 831 cells/ul) were observed
(Fig. 1D). No significant reduction was noted for natural
killer cells (mean value for each patient between 75 and 358
cells/pl) (Fig. 1E). Immunoglobulin levels were normal in
all patients without decline (range 7.5-12.7 g/l) (Fig. 1F).

Patient 1 refused the SARS-CoV2 vaccination, and there-
fore, no anti-CD20 antibody treatment was given. A dose esca-
lation of vemurafenib to 2 X480 mg/day was done. The residual
disease still could be detected after 161 days of total treatment
duration, and the therapy with vemurafenib was stopped.

All other patients received the SARS-CoV-2 vaccina-
tion (Pfizer-BioNTech) during vemurafenib treatment (first
dose—P2 51 days, P3 32 days, and P4 39 days after ini-
tiation), which allowed us to study the antibody response
of HCL patients on vemurafenib. The IgG antibody levels
against the spike-protein of SARS-CoV-2 were determined
in all patients. We found positive IgG S 40-818 AE/ml
7-12 weeks after the second vaccination (Table 1). IgG
antibodies against the nucleocapsid protein of SARS-CoV-2
were undetectable, suggesting no infection with SARS-
CoV-2 before the vaccination. In all three successfully vac-
cinated patients, rituximab was given 3 months after vemu-
rafenib start to deepen the response.

In HCL patients, purine analogs or anti-CD20 antibody
treatment lead to the depletion of T and/or B cells. Anti-CD20
antibody treatment is known to be associated with impaired
response to vaccination, and it is recommended to vacci-
nate only 6 months after the last dose [14, 15]. Our findings
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suggest that the BRAFi vemurafenib has limited effect on cel-
lular and humoral immune function. These data support prior
results in melanoma, where no immune-related toxicity was
shown [12, 13]. All of the patients who received the SARS-
CoV-2 vaccination showed an immune response to the vac-
cine during the treatment with vemurafenib. Our data provide
evidence for the role of BRAF inhibitor treatment for patients
who require a continued immune response in order to e.g. suc-
cessfully deliver a vaccination. This is particularly important
in the recent COVID-19 pandemic and diseases such as HCL.
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