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Introduction: Immune checkpoint inhibitors (ICI) are increasingly being used to treat
numerous cancer types. Together with improved recognition of toxicities, this has led to
more frequent identification of rare immune-related adverse events (irAE), for which
specific treatment strategies are needed. Neutropenia is a rare hematological irAE that
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has a potential for a high mortality rate because of its associated risk of sepsis. Prompt
recognition and timely treatment of this life-threatening irAE are therefore critical to the
outcome of patients with immune-related neutropenia.

Methods: This multicenter international retrospective study was conducted at 17
melanoma centers to evaluate the clinical characteristics, diagnostics, treatment, and
outcomes of melanoma patients with grade 4 neutropenia (<500 neutrophils/µl blood)
treated with ICI between 2014 and 2020. Some of these patients received metamizole in
addition to ICI (ICI+/met+). Bone marrow biopsies (BMB) of these patients were
compared to BMB from non-ICI treated patients with metamizole-induced grade 4
neutropenia (ICI-/met+).

Results: In total, 10 patients (median age at neutropenia onset: 66 years; seven men) with
neutropenia were identified, equating to an incidence of 0.14%. Median onset of
neutropenia was 6.4 weeks after starting ICI (range 1.4–49.1 weeks). Six patients
showed inflammatory symptoms, including fever (n=3), erysipelas (n=1), pharyngeal
abscess (n=1), and mucositis (n=1). Neutropenia was diagnosed in all patients by
a differential blood count and additionally performed procedures including BMB (n=5).
Nine of 10 patients received granulocyte colony-stimulating factors (G-CSF) to treat
their grade 4 neutropenia. Four patients received systemic steroids (including two in
combination with G-CSF, and one in combination with G-CSF and additional ciclosporin
A). Four patients were treated with one or more antibiotic treatment lines, two with
antimycotic treatment, and one with additional antiviral therapy. Five patients received
metamizole concomitantly with ICI. One fatal outcome was reported. BMB indicated a
numerically lower CD4+ to CD8+ T cells ratio in patients with irNeutropenia than in those
with metamizole-induced neutropenia.

Conclusion: Grade 4 neutropenia is a rare but potentially life-threatening side effect of ICI
treatment. Most cases were sufficiently managed using G-CSF; however, adequate
empiric antibiotic, antiviral, and antimycotic treatments should be administered if
neutropenic infections are suspected. Immunosuppression using corticosteroids may
be considered after other causes of neutropenia have been excluded.
Keywords: malignant melanoma, immune checkpoint inhibition, adverse events, hematotoxicity, neutropenia
INTRODUCTION

Therapy with immune checkpoint inhibitors (ICI) that target the
cytotoxic T-lymphocyte-associated protein-4 (CTLA-4; targeted
by ipilimumab) and programmed cell death protein-1 (PD-1;
targeted by pembrolizumab and nivolumab), either alone or in
combination, achieves durable response rates in a variety of
cancer types (1–3). Melanoma, a rare but aggressive skin cancer,
is the lead indication for which ICI are approved (4–6). ICI have
revolutionized the treatment of melanoma in metastatic settings
and more recently in adjuvant and neoadjuvant settings (2, 7–9).
As the indications for ICI have expanded, the number of patients
treated in this way has risen. This trend is set to continue,
because T-cell-targeted immunomodulators are currently used in
combination with chemotherapies or as single agents in first- and
second-line treatment of around 50 cancer types (10).
2

Because the use of ICI treatment is increasing, the diagnosis
and management of not only common, but also rare, ICI-
induced adverse events (AEs) is becoming more important.
Adverse events affect 86–96% of patients and result from the
loss of self-tolerance, leading to autoimmune-like events that can
involve any organ (11). Hematological immune-related adverse
events (irAEs) are estimated to affect less than 0.6-1% of ICI-
treated patients (12, 13), but they are associated with a relatively
high mortality rate of 2-14% (12–15). ICI-induced hematological
side effects can affect all blood cell lineages. The most common
hematological irAEs comprise anemia, thrombocytopenia, and
neutropenia (12–14). In a recent publication, thrombocytopenia
and leukopenia were the most common hematological irAEs,
each affecting 34% of 50 patients who developed hematological
irAEs induced by ICI, followed by neutropenia, which affected
28% of such patients (13).
October 2021 | Volume 11 | Article 765608
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Neutropenia describes a reduction of neutrophils to fewer
than 1500 neutrophils per 1 µl of blood. Common Terminology
Criteria for Adverse Events (CTCAE) grade 4 neutropenia, also
termed agranulocytosis, involves a further, drug-related
reduction of peripheral neutrophils and is defined by a
reduction in the total number of neutrophils <500 per 1 µl of
blood (16, 17). Sporadic acute grade 4 neutropenia is a very rare
condition with an estimated incidence of 2–9 cases per million
individuals per year (17). Previous studies have found that
between 0% and 23% of cases of drug-induced grade 4
neutropenia are fatal (16). Patients may be completely
asymptomatic; however, the classic clinical symptom triad
associated with severe neutropenia consists of (i) angina
tonsillitis, (ii) fever, and (iii) aphthous stomatitis (16). While
neutropenia is a known and well-studied side-effect of intensive
chemotherapy, the pathogenesis of conventional drug-induced
neutropenia is not completely understood, although involvement
of toxic or immunoallergic mechanisms is suspected (17). Apart
from chemotherapy, the drugs most commonly associated with
neutropenia are thiamazole, clozapine, sulfasalazine, and
metamizole (17). Metamizole is a nonsteroidal anti-
inflammatory drug (NSAID) with analgesic and antipyretic
activity and belongs to the non-opioid analgesics (world health
organization [WHO] stage 1). Although routinely used across
Europe and Latin America, it has been identified as a
disproportionately frequent trigger of grade 4 neutropenia (18).
For this reason, it is effectively banned in the United States,
Australia and several European countries (e.g. France, the United
Kingdom) for pain management (18). Neutropenia has also been
described as a fatal side effect of ICI (19). Because ICI-induced
grade 4 neutropenia is so rare, only limited evidence exists
regarding the incidence, diagnostics, and management of
patients with this type of neutropenia. So far, one case series
and one meta-analysis (n=34 patients) have studied immune-
related neutropenia (irNeutropenia) (19, 20).

In this multicenter retrospective study, we sought to
characterize ICI-induced grade 4 neutropenia in patients with
advanced melanoma. Our evaluation included clinical signs and
symptoms, diagnostic work up, hematopoietic development,
treatments, and outcome. In addition, immunohistochemistry
(IHC) was performed on bone marrow biopsies (BMB) from
patients with ICI-induced grade 4 neutropenia and compared
with IHC of BMB from patients with metamizole-induced grade
4 neutropenia, with particular focus on lymphocyte count.
PATIENTS AND METHODS

Patients
We performed a descriptive observational multicenter
retrospective study of melanoma patients who developed grade
4 neutropenia after exposure to ICI, which was recorded in a
collected query of hematological side effects (13). Patients were
screened between January 2014 and July 2020 at 17 tertiary
referral centers in Europe, the United States, and Australia. To be
included in the study, patients had to meet both of the following
Frontiers in Oncology | www.frontiersin.org 3
eligibility criteria: (1) diagnosis of grade 4 neutropenia according
to the CTCAE (version 5.0) and (2) categorized as certainly or
probably related to ICI therapy. Recovery was defined as
restitution of neutrophil count. Patients were identified from
the electronic medical records of the participating centers. To
enable calculation of the incidence of grade 4 neutropenia,
centers were asked to provide the total number of patients
treated with ICI. Centers that could not state the total
number of such patients were excluded from the incidence
calculation. The following clinicopathological characteristics
were collected for all patients: age, sex, melanoma mutational
genotype, melanoma stage, systemic treatment, and specific data
for neutropenia, i.e., differential blood count, neutrophil count,
and BMB results and further diagnostics related to neutropenia.
IHC was performed on BMB from patients with grade 4 ICI–
metamizole (met)-induced neutropenia (ICI+/met+) and
compared with IHC of BMB from non-ICI-treated patients
with met-induced grade 4 neutropenia (ICI-/met+). Five
non-ICI-treated patients with hematologically diagnosed
met-induced grade 4 neutropenia (ICI-/met+) were identified
from the electronic medical records of the Department of
Hematology and Stem Cell Transplantation of the University
Hospital Essen. Because the overall incidence of grade 4
neutropenia is low and prior ICI treatment had to be excluded,
non-melanoma patients were selected as the comparison group
for grade 4 met-induced neutropenia. Histological evaluation
was performed by a local-board certified pathologist. The study
was approved by the Ethics Committee of Duisburg-Essen
University (19-9075-BO).

Immunohistochemistry
IHC was performed by using the following antibodies:

Antibody Company Purchase
number

Host Clonality Clone Secondary antibody Dilution

CD3 CDS CI597C01 Rabbit Monoclonal SP7 OptiView DAB IHC
Detection Kit (Roche
Diagnostics; IN, USA)

1:200

CD8 Dako M7103 Mouse Monoclonal C8/144B OptiView DAB IHC
Detection Kit

1:150

CD4 Zytomed 503-3352 Rabbit Monoclonal SP35 OptiView DAB IHC
Detection Kit

1:50

CD20 Roche 5267099001 Mouse Monoclonal L26 OptiView DAB IHC
Detection Kit

Ready
to use
October 2
021 | V
olume 11 | Article 7
Clusters of differentiation (CD) 20, CD3, CD4, and CD8
were stained using the Ventana Benchmark Ultra platform
(Roche Diagnostics). Hematoxylin and eosin staining, Giemsa
staining, and naphthol AS-D chloroacetate esterase (ASDCL)
were used in accordance with institutional standards. For each
sample, the number of positive cells in an area measuring
6.25 mm2 (10 high-power fields, defined by a field of view of
400× magnification) was counted manually by two blinded
independent physicians of the Institute of Dermatology and
Dermatohistopathology, University Hospital Essen. The total
number of cells in the ICI–met-induced (ICI+/met+) and non-
ICI met-induced (ICI-/met+) grade 4 neutropenia BMB samples
were compared using the Mann–Whitney U test. One patient
65608
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treated with ICI and metamizole (ICI+/met+) and concomitant
B-cell chronic lymphocyte leukemia was excluded from CD20+
cell calculation.
RESULTS

Clinical Characteristics of Patients With
irNeutropenia (ICI+/met+ and ICI+/met-)
Over a period of 6.5 years between 2014 and 2020, more than
6961 melanoma patients were treated with ICI in 17 cancer
centers. Two of these 17 centers were unable to specify the total
number of ICI-treated patients. Ten patients (seven men, three
women) experienced grade 4 neutropenia (Table 1). The
incidence was 0.14%, with two centers excluded from the
calculation of incidence. Median age at onset of grade 4
irNeutropenia was 66 years (range 28–80). Eight melanoma
patients received neutropenia-triggering ICI for advanced
disease (ipilimumab plus nivolumab n=7; pembrolizumab
n=1), and two patients as adjuvant treatment (pembrolizumab
n=1; nivolumab n=1). Five patients had received prior systemic
therapy (adjuvant interferon a n=1; PD-1 monotherapy followed
by chemotherapy n=1 [stopped 4 months before irNeutropenia];
PD-1 monotherapy within a clinical trial n=1; BRAF and MEK
inhibition n=2, Table 1). Four patients had hematological
comorbidities at the start of ICI therapy, comprising one
patient each with the following: B-cell chronic lymphocytic
leukemia (B-CLL), monoclonal gammopathy of unknown
significance (MGUS), systemic mantle cell lymphoma, and pre-
existing non-ir thrombocytopenia and lymphopenia. None of
these patients received therapy for the respective hematological
comorbidities when starting ICI nor suffered from neutropenia.

Characteristics of Patients With Met-
Induced Neutropenia (ICI-/met+)
The ICI-/met+ patients in the comparator cohort were all female
(n=5) with a median age of 64 years (range 22–89) at diagnosis of
grade 4 neutropenia (Supplemental Tables 1, 2). All patients
had BMB for diagnostic purposes.

Clinical Course and Diagnostics of Grade
4 irNeutropenia
The median time from starting ICI to onset of grade 4
neutropenia was 6.4 weeks (range 1.4–49.1). Two patients
showed a decrease in cell number in more than one
hematological lineage (Pat 3, Pat 6). Six patients received
comedication at the time of grade 4 neutropenia, of whom five
received metamizole. Additional medications started within 6
weeks before neutropenia onset are shown in Table 2. Six of the
10 patients showed inflammatory symptoms including fever
(n=3), erysipelas (n=1), pharyngeal abscess formation (n=1),
and mucositis (n=1). Two patients presented with unspecific
symptoms (loss of appetite n=1; weakness and abdominal pain
n=1). Eight patients had additional irAEs. These included colitis/
diarrhea (n=2), endocrine AEs (n=2), exanthema (n=2), and
hepatitis (n=1). Concurrent AEs occurred before (median 3.9
Frontiers in Oncology | www.frontiersin.org 4
weeks before irNeutropenia onset n=7, [range 0.4–11.1]) and
after (median 2.3 weeks, n=1) irNeutropenia first occurred. All
patients developed grade 4 neutropenia with <500 neutrophils
per µl of blood. Neutropenia was diagnosed in all patients by a
differential blood count (Table 3). In individual cases a
myelogram (n=1) or autoantibody test and cytogenetic analysis
(n=1) was also performed. A BMB was performed in five
patients, of whom three (Patients 1, 4, 9) were treated with
concomitant metamizole (ICI+/met+; Table 2 and Figure 1). All
BMB showed abnormalities in neutrophilic granulopoiesis. No
patient showed melanoma infiltration of the bone marrow.
Immunohistochemistry of BMB from patients with ICI–met-
induced grade 4 neutropenia (ICI+/met+) showed a range of
immunohistochemical features (Figure 1), including impaired
maturation of neutrophilic granulopoiesis (Pat 9) and depletion
of granulocytes (Pat 4). The ratio of CD20+ to CD3+ T cells was
similar between the ICI+/met+ and ICI-/met+ patients (0.24 vs.
0.23 CD20+ T cells per CD3+ T cell), while the ratio of CD4+ to
CD8+ T cells was numerically lower in patients with ICI–met-
induced neutropenia (ICI+/met+) than in patients with non-ICI
met-induced neutropenia (ICI-/met+) (median 0.68 vs. 0.8
CD4+ T cells per CD8+ T cell, Supplemental Figure 1).

Management and Outcome of Grade 4
ICI-Induced Neutropenia
The median duration of grade 4 neutropenia among the 10 ICI-
treated patients was 9.5 days (range 3–32; Supplemental
Table 1) and seven patients were hospitalized for treatment. In
four patients, neutropenia was complicated by infection. Nine
patients showed a maximum neutrophil reduction of >90% from
baseline (Table 3 and Figure 2). One patient (Pat 6) had
simultaneous thrombocytopenia and worsening of pre-existing
anemia, one patient showed a pancytopenia (Pat 3) (Table 3).
Nine patients received granulocyte (macrophage) colony-
stimulating factors (G-CSF) subcutaneously to treat their grade
4 neutropenia. Four patients received systemic steroids (three of
whom received concomitant G-CSF). The dosage of systemic
steroids varied: One patient received 50 mg prednisolone
equivalent three times daily, one patient 20 mg prednisolone
once daily, and two patients received bodyweight-adapted 2.5 mg
prednisolone per kilogram once daily as initial dose. One patient
(Pat 1) received ciclosporin A in addition to systemic steroids.
Four patients received one or more antibiotic treatment lines; of
these patients, three showed signs of infection including
erysipelas, fever, and a pharyngeal abscess (Table 2). Two
patients received antimycotic treatment, and one an additional
antiviral therapy. The duration of neutropenia was longer in all
four patients who received corticosteroids (median 11 days) than
in the six patients who did not receive corticosteroids (median 8
days). Because of neutropenia, ICI therapy was interrupted in
four patients and permanently discontinued in three patients.
Most patients (eight of 10) displayed a normalization of the
neutrophil count (Figure 3). One patient died due to
neutropenia (Figure 3, Pat 3). Four patients were re-exposed
to ICI after resolution of neutropenia. Two continued with the
same PD-1 inhibitor, one patient who had initially received
October 2021 | Volume 11 | Article 765608
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TABLE 1 | Clinical characteristics of patients with irNeutropenia.

Patient 6 Patient 7 Patient 8 Patient 9 Patient 10

79.8/M 70.7/F 62.2/M 74.1/M 38.7/F

Ipi (3 mg/kg) +
nivo (1 mg/kg)

Ipi (3 mg/kg) +
nivo (1 mg/kg)

Nivo
(3 mg/kg BW)

Ipi (3 mg/kg) +
nivo (1 mg/kg)

Pembro
(200 mg/kg)

PR PD PD (DD
lymphoma)

PD No PD

ot MGUS – Systemic
mantle cell
lymphoma

– –

Skin Mucosal Skin Skin Skin
NRAS mut BRAF wt BRAF K601N BRAF V600E BRAF wt
– – Yes (Nivo

monotherapy)#
– –

– Nivolumab
monotherapy*

– – BRAF+MEK
inhibitor**

IV IV IIIC IV IIIB

No No No No No
DM type III
Hypophysitis
Endogenous
endophthalmitis
Thrombocytopenia
Neutropenia

None Exanthema Colitis None

Dead Alive Alive Dead Alive

e; ICI, immune checkpoint inhibitors; IFN, interferon a; ipi, ipilimumab; ir-, immune-related; irAE, immune-
nivo, nivolumab; pembro; pembrolizumab; PD, progressive disease; PD-1, programmed death ligand 1;
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Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age at neutropenia
onset, years/sex

28.4/F 53.4/M 60.2/M 69.9/M 71.7/M

Checkpoint
inhibitor(s) inducing
neutropenia
and dosage(s)

Ipi (3 mg/kg) +
nivo (1 mg/kg)

Pembro
(2 mg/kg BW)

Ipi (3 mg/kg) +
nivo (1 mg/kg)

Ipi (3 mg/kg) +
nivo (1 mg/kg)

Ipi (3 mg/kg) +
nivo (1 mg/kg)

Best response
to therapy

PD PR PD CR PD

Hematological
comorbidities

– – – B-CLL Thrombocytopenia (
immune-related);
lymphopenia

Melanoma type Skin Skin Mucosal Skin Skin
Mutation status BRAF wt NRAS mut BRAF wt BRAF wt BRAF V600R
Adjuvant therapy Yes (IFN) – – – –

Systemic therapies prior
to ICI inducing
neutropenia

– – PD-1
monotherapy
chemotherapy

– BRAF+MEK inhibitor

Melanoma stage at start
of ICI inducing
neutropenia

IV IV IV IV IV

LDH elevated at ICI start Yes No No No Yes
Other irAEs Thyroiditis

Hepatitis
Vitiligo
Arthritis
Nephritis

Pancytopenia Exanthema
Diarrhea

Fatigue
Fever

Survival status Unknown## Dead Dead*** Alive Dead

BW, bodyweight; CLL, chronic lymphocytic leukemia; CR, complete response; DD, differential diagnosis; DM, diabetes mellitus; F, fema
related adverse event; LDH, lactate dehydrogenase; M, male; MGUS, monoclonal gammopathy of unknown significance; mut, mutation
PR, partial response; wt, wildtype.
*within a clinical trial.
** not for melanoma, for ganglioglioma.
***due to neutropenia.
#inducing neutropenia.
##alive at last contact, lost to follow-up (returned to home country).
n

l
;
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TABLE 2 | Diagnostic methods and treatment of patients with irNeutropenia.

ent 7 Patient 8 Patient 9 Patient 10

1.6 2.9 1.4

amizole None Metamizole Metamizole
Lamotrigine
Opipramol
Ibuprofen
Pantoprazole

yngeal abscess None None Weakness,
Abdominal pain

examination
Lab Lab

Autoantibodies
BMB
Cytogenetic
analysis

Lab

e None None None

SF (Neupogen 30
n IU 1× daily for 6

ofloxacin (500 mg
1 for 10 days)
cid 3 g 1-1-1 (7 d)
hotericin B

G-CSF G-CSF
Ciprofloxacin

G-CSF

lved Resolved Resolved Resolved

lumab)
Yes
(Nivolumab)

No Yes
(Pembrolizumab)

e Exanthema – None

lated; irAE, immune-related adverse event; IV, intravenously; lab, laboratory
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Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Pat

Time to neutropenia
onset after ICI start,
weeks

7.3 49.1 6.6 4.6 6.9 18.6 6.1

Additional drugs
(started within 6
weeks prior onset of
neutropenia)

Metamizole
Denosumab
Dimenhydrinate
Propranolol
Prednisolone

Clexane
Cotrimoxazole
Pantoprazole
Piperacillin/
tazobactam
Methyl-
prednisolone
Hemodialysis

None Metamizole None Hydrocortisone Met

Signs and
symptoms of
neutropenia

Weakness,
Erysipelas,
Pain

Fever,
Weakness

Fever Mucositis Fever Loss of
appetite

Pha

Diagnosis
of neutropenia

Lab
BMB

Lab
BMB

Lab
Myelogram

Lab
BMB

Lab Lab
BMB

Lab
ENT

Systemic steroids Prednisolone 1 mg/
kg/d (80 mg) IV

Prednisolone
80 mg IV

None None Dexamethasone 8 mg IV 3×/
d; Methylprednisolone 1 mg/
kg IV, Methylprednisolone 1
mg/kg p.o.

Prednisolone
20 mg p.o.*

Non

Additional treatment Ciclosporin (175
mg/d)
Piperacillin/
tazobactam
Vancomycin
Ciprofloxacin
G-CSF (Filgrastim
30 million IU/day
SC)
Valaciclovir (1000
mg/d)
Fluconazole (100
mg/d)

Amphotericin B
G-CSF (Filgrastim
30 million IU/d for 3
days)

G-CSF
(Neupogen)

G-CSF G-CSF (Granocyte SC 1×/d)
Piperacillin/tazobactam (4×4.5
g IV)
Levofloxacin (500 mg 1×/d)

G-C
millio
d)
Cipr
1-0-
Una
Amp

Outcome of
neutropenia

Resolved Resolved Patient
died

Resolved Resolved Resolved Res

Re-exposure with
irAE-inducing ICI

No Yes
(Ipilimumab)

No No No No Yes
(Niv

irAE after re-
exposure

– Arthritis
Vitiligo

– – – – Non

BMB, bone marrow biopsy; ENT, ear-nose-throat; G-CSF, granulocyte colony-stimulating factors; ICI, immune checkpoint inhibition; ipi, ipilimumab; ir-, immune-re
diagnostics; nivo, nivolumab; SC, subcutaneously; pembro, pembrolizumab.
*started before grade 4 neutropenia.
i

r

o

o
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TABLE 3 | Blood counts before neutropenia onset and during maximum irNeutropenia.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10

Counts before neutropenia onset
Hb in g/dl 9.7 15.6 11.1 16.1 14.3 7 13.3 12.8 12.5 8.8
Thrombocytes/nl 533 209 427 156 134 280 230 182 127 485
Leukos/nl 10.76 4.7 6.36 7.8 3.69 7 4.89 3.1 5.83 6.6
Neutros/nl 8.64 2.9 4.87 3.74 2.45 3.3 3 2.1 4.26 5
Counts during maximum neutropenia
Hb in g/dl 9.4 11.5 7.7 12.8 12.7 7.9 11.5 11.8 10.6 8.5
Thrombocytes/nl 366 166 137 329 148 0.3 312 192 175 344
Leukos/nl 0.3 0.98 1.39 2.2 0.92 4.3 0.99 2.36 1.76 1.5
Neutros/nl Nm** Nm** 0.02 0.01 0.05 0.3 0.13 0.4 0* 0.06
% Neutrophil decrease
from baseline

>99 >99 99.59 99.73 97.96 90.91 95.67 80.95 >99 98.80
Frontiers in Oncology | www.frontiersin.org
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me 11 | Art
hb, hemoglobin; ir-, immune-related; leukos, leukocytes; neutros, neutrocytes; nm, not measurable.
*Segmented-cored.
**Insufficient cells to detect and count types of leukocytes in differential blood count.
A

B

C

FIGURE 1 | Bone marrow staining for CD4+ T and CD8+ T lymphocytes, and naphthol AS-D chloroacetate esterase (ASDCL) staining for myeloid cells in
patients with ICI-induced grade 4 irNeutropenia (n=3). (A) Patient 1, (B) Patient 4, (C) Patient 9. Original magnification 400×. BMB, bone marrow biopsy; CD,
cluster of differentiation.
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combined PD-1 and CTLA-4 therapy only continued PD-1
monotherapy, and one patient with initial PD-1 monotherapy
received anti-CTLA-4 therapy. None of these patients had a
relapse of neutropenia, one of the patients had received
metamizole before but not at re-exposure (Table 2).

Metamizole-Induced Grade 4 Neutropenia
Patients who received ICI and metamizole (ICI+/met+, n=5)
developed neutropenia earlier after starting ICI than patients
who did not receive metamizole (ICI+/met-, n=5). Median
Frontiers in Oncology | www.frontiersin.org 8
time to neutropenia onset was 32 days [range 10–51] for
ICI+/met+, compared with 48 days [range 11–344] for ICI?
A3B2 show $132#?>+/met-. In ICI+/met+ patients, the median
time from starting metamizole to onset of neutropenia was
8 days (range 2–43). Patients who received metamizole
without ICI (ICI-/met+, n=5) showed a median time to
neutropenia onset of 3 days (range 0–1369) after starting
metamizole. The duration of grade 4 neutropenia was longer
in ICI+/met+ patients (median 11 days, range 4–32 days) than
in ICI+/met- patients (median 8 days, range 3–13 days,
FIGURE 2 | Course of neutrophil granulocytes in patients with grade 4 irNeutropenia (n=10). Figure shows neutrophil values in nl at baseline (before ICI induction),
for maximum grade 4 neutropenia, and, if it occurred, after resolution of neutropenia. ICI, immune checkpoint inhibitors; nl, nanoliter.
FIGURE 3 | Timeline of patient 7: Neutrophil and leukocyte counts over time following administration of combined ipilimumab–nivolumab and metamizole as well as
subsequent treatment interventions. G-CSF, granulocyte colony-stimulating factors; Hep-, hepatitis; ICI, immune checkpoint inhibitor therapy; ir-, immune-related;
Met, metamizole; nl, nanoliter.
October 2021 | Volume 11 | Article 765608
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Supplemental Table 1). Non-melanoma and non ICI-treated
patients with confirmed metamizole-induced grade 4 neutropenia
(ICI-/met+) showed a median duration of neutropenia of 13 days
(range 6–28 days; Supplemental Table 1). All received
further systemic medication at neutropenia onset. All ICI-/met
+ patients developed inflammatory symptoms—some cases of
which were severe—and were hospitalized for neutropenia.
Regarding diagnostics, all ICI-/met+ patients received a
laboratory test and a BMB. All ICI-/met+ patients were treated
with G-CSF and broad-spectrum antibiotics. None received
systemic steroids. Three patients additionally received
antimycotic treatment. Neutropenia resolved in all five patients
(Supplemental Table 2).

Case Presentation: ICI- or Metamizole-
Induced Neutropenia?
CASE 1 (Pat 7): A 70-year-old female patient was diagnosed with
mucosal melanoma of the vulva in November 2012. Local
excision with a concurrent sentinel lymph node biopsy of the
right groin followed by a complete lymph node dissection of the
left groin revealed one lymph node metastasis (stage IIIC
according to the American Joint Committee on Cancer [AJCC]
2017). Adjuvant radiotherapy of the genital and groin regions
was performed. Nine months later, she presented with recurrent
metastatic BRAF-wildtype melanoma with nodal and pulmonary
involvement. She was treated with nivolumab as part of the
CheckMate-067 trial and had stable disease for 17 months. After
a second local recurrence in August 2018 with only incomplete
resection, follow-up treatment with imiquimod was performed.
One month later pulmonary metastases reappeared, and ICI with
ipilimumab and nivolumab was initiated. After two cycles of ICI,
therapy was paused because of grade 2 hepatitis. Initially,
systemic steroids were not commenced, and detailed laboratory
examinations were performed. Grade 4 neutropenia was
diagnosed, and the patient was hospitalized. Detailed medical
history revealed that the patient had taken metamizole two days
before the onset of neutropenia due to a headache (Figure 3).
After consultation with the hematological department, systemic
treatment of 30 million international units (IU) G-CSF
subcutaneously (SC) once daily was initiated. Additionally, 500
mg ciprofloxacin twice daily and amphotericin B was started.
One day after admission, the patient complained of a sore
throat and was presented to the ear, nose, and throat
department. Computerized tomography (CT) of the neck
revealed a pharyngeal abscess. The abscess was drained, and
antibiotic therapy was escalated to ampicillin and sulbactam. A
gradual improvement of the patient’s physical fitness and
normalization of neutrophils was observed after 5 days. Three
months later, CT staging showed pulmonary and mediastinal
lymph node progression. Because of a lack of therapy options,
the patient was re-exposed to nivolumab monotherapy. It
was recommended to avoid metamizole. No recurrence of
neutropenia was observed. In this case, the patient ’s
neutropenia could have been triggered by either combined
nivolumab–ipilimumab or metamizole, or even by the
combination of the three agents.
Frontiers in Oncology | www.frontiersin.org 9
CASE 2 (Pat 5): A 71-year-old male patient was diagnosed
with a BRAFV600R-mutated metastatic melanoma stage IV in
November 2018. His pre-existing conditions included chronic
pancreatitis and non-immune-related thrombocytopenia and
lymphopenia, for which he had not received systemic
treatment. Systemic therapy for melanoma with combined
BRAF–MEK inhibitors was started. He developed progressive
disease within 3 months, and therapy was switched to nivolumab
plus ipilimumab. After 6.9 weeks of treatment, the patient
developed a temperature of 38.0°C. The laboratory work-up
revealed grade 4 neutropenia, and the patient was hospitalized.
He received systemic steroids (8 mg dexamethasone
intravenously [IV] three times daily for two days, followed by
1 mg/kg methylprednisolone IV for three days, and 1 mg/kg
methylprednisolone orally onwards according to scheme), G-
CSF SC once daily for four days, as well as antibiotic treatment
with IV piperacillin/tazobactam (4.5 g four times daily for one
week) and levofloxacin (500 mg once). A BMB was not
performed. After 3 days of treatment, the patient’s neutrophils
started to increase, and after 4 days of treatment they normalized.
The patient was not re-exposed to ICI and received no further
systemic therapy. He died of melanoma 2 months later and 7
months after diagnosis of advanced disease. ICI represents a
likely trigger of neutropenia in this case.
DISCUSSION

This international multicenter retrospective analysis reports on
one of the largest cohorts of patients with grade 4 neutropenia
who were treated with PD-1 inhibitors alone or in combination
with ipilimumab. Our findings show that the incidence of grade 4
neutropenia in ICI-treated patients was very low (less than
0.15%), but when it did occur, it was clinically severe and
potentially life-threatening. Most patients with grade 4
irNeutropenia presented with clinical symptoms, most often
fever and inflammation of the mouth and throat. Half of the
patients received metamizole prior to the onset of neutropenia,
and this may have contributed or been causal. Therapy with G-
CSF was sufficient to achieve neutrophil recovery in 50% of
patients; however, one patient (10%) died despite treatment with
G-CSF.

Although hematological irAEs are rare, occurring in less than
1% of patients treated with ICI (12, 13), reports of hematological
toxicities have increased, possibly because of a more common use
of ICI and improved recognition of hematological side effects
(21). Neutropenia is one of the most common hematological
toxicities, reported in 17% to 26% of patients with hematological
irAEs (12–14). Petrelli et al. conducted a meta-analysis that
included PD-(L)1-inhibitor-treated patients with several tumor
entities. Among 9324 patients from 47 studies, the incidence of
grade 3–5 neutropenia was 1.07%, and of febrile neutropenia
0.45% (22). The reported median onset of neutropenia after
starting ICI is 10 to 11 weeks, with a median duration (at grade 2
or worse) of 13 to 16.5 days (12, 14, 19). In our study, the onset of
high-grade irNeutropenia was earlier (median 6.4 weeks) and the
October 2021 | Volume 11 | Article 765608
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median duration was shorter (9.5 days). A possible explanation
for this difference could be the high percentage of patients treated
with combined ICI (70%) and the earlier and more frequent
(weekly) laboratory testing of these patients. It is well known that
irAEs generally occur earlier in patients receiving the
combination regimen than in those receiving nivolumab alone
(23). In contrast to the results of Delanoy et al., which showed a
recurrence of neutropenia in two-thirds of patients after re-
exposure to ICI, and a case described by Boegeholz et al. (12, 19),
no recurrence of neutropenia occurred upon re-exposure in our
study. This is in line with one case reported by Michot et al. (14).
These differing results underscore the uncertain nature of the
data and the importance of strategically recording and
processing rare side effects (14, 24).

Importantly, four patients (40%) with irNeutropenia in our
study had a medical history of previously diagnosed
hematological diseases. One (10%) of these patients had B-cell
chronic lymphocytic leukemia (CLL), which raises the question
whether this could be a risk factor for hematological AEs given
the frequent observation of autoimmune-related cytopenias in
CLL patients (25). Consistent with our data, the study by
Delanoy et al. included three patients (9%) with concomitant
B-cell CLL (12). This finding underlines the potential increased
risk of hematological immunotoxicity in patients with an
underlying mature B lymphoid clone (12). Interestingly, a
recent retrospective analysis showed that ICI was efficacious in
patients with advanced skin cancer (melanoma and Merkel cell
carcinoma) and concomitant hematological malignancies,
underlining the potential benefit despite hematological
comorbidities (26).

In our study, 50% of patients had concomitant treatment with
metamizole for pain therapy. Neutropenia is a rare, well-known
side effect of metamizole, and concomitant treatment with
metamizole presents a diagnostic challenge in ICI-treated
patients. In previous studies (16, 17), the median duration of
metamizole treatment before onset of acute neutropenia was
short, at only 2 days (16). This is in line with our data, which
showed a short median time to neutropenia onset after starting
metamizole of 3 days in ICI-/met+ patients, compared with 8
days in patients with additional ICI (ICI+/met+). In contrast,
onset of neutropenia after starting ICI was later in ICI+/met-
patients (48 days) than in ICI+/met+ patients (32 days).
Consistent with these data, the Paul Ehrlich Institute in
Germany reported 10 cases of pancytopenia or agranulocytosis
after initiation of ICI, with onset of neutropenia after 12 to 274
days (six cases within 12 to 28 days, one case after 85 days, and
three cases after 240 to 274 days). Of note, three of 10 had
concomitant treatment with metamizole (Bulletin zur
Arzneimittelsicherheit, August 4, 2016, Paul Ehrlich Institute
and Federal Institute of Drugs and Medical Devices). Taken
together, ICI-mediated neutropenia seems more likely to occur
later after the start of treatment than metamizole-induced
neutropenia. Andersohn et al. reported a median time of 10
days between onset of neutropenia and normalization of
neutrophil count for metamizole (16). In our cohort, the
median duration of grade 4 neutropenia was 13 days for ICI-/
Frontiers in Oncology | www.frontiersin.org 10
met+ patients, compared with 8 days for ICI+/met- and 11 days
for ICI+/met+ patients (Supplemental Table 1). Because the
median duration of neutropenia only slightly differed between
patient groups, a final attribution to the causative drug (ICI or
metamizole) was not possible. However, the duration of
neutropenia might be prolonged by the application of ICI and
metamizole simultaneously, compared with ICI alone.

Bone marrow evaluation is an important diagnostic modality
for identifying patients with drug-induced grade 4 neutropenia.
Garbe reported an absence of granulopoiesis, a neutrophilic
maturation arrest or a hypercellularity with increased myeloid
precursors and little maturation in the case of peripheral
destruction of neutrophils in patients with non-chemotherapy
drug-induced agranulocytosis (17). The presence of promyelocytes
or myelocytes in the bone marrow generally indicated a recovery
within 7 days (17). Bone marrow biopsies from three patients
treated with ICI and concomitant metamizole (ICI+/met+)
showed a diverse picture, including depletion of granulocytes
and slightly impaired maturation of neutrophilic granulopoiesis
(Figure 1). This is consistent with previous reports (12, 19, 27)
that showed variable findings in BMB of patients with ICI-induced
neutropenia, ranging from normocellular marrow to blockade in
granulocyte maturation or complete absence of myelopoiesis. The
timing of the biopsy after onset of neutropenia could be a reason
for these differences. Boegeholz et al. showed small infiltrates of
CD8+ predominant lymphocytes and slight lymphocytosis of
mostly CD8+ T cells in two patients suffering from neutropenia
after ICI (19). We could confirm a slightly lower ratio of CD4+ to
CD8+ T cells in ICI–met-induced neutropenia than in met-
induced neutropenia, which indicates that CD8+ T cell
infiltration could play a role in grade 4 ICI–met neutropenia.
The pathogenesis of drug-induced grade 4 neutropenia is not
completely understood, although toxic or immunoallergic
mechanisms are suspected (17). Toxic mechanisms might rely
on polymorphisms of genes that encode enzymes that generate or
destroy toxic drug metabolites. Immunoallergic mechanisms are
thought to be mediated by drug-dependent or drug-induced
antibodies that lead to destruction of the granulocytes in
peripheral blood or precursor cells in the bone marrow (17). It
has been speculated that irAEs are mediated by autoreactive T cells
and antibody-mediated processes (28). Similar to other irAEs,
generation of autoreactive T and B cells and a decrease in T
regulatory phenotype have been proposed as mechanisms for
hematologic toxicities (22).

To date, no uniform treatment recommendations exist for
irNeutropenia. Because of its high mortality rate, timely
diagnostics and treatment is critical for outcome. Standardized
approaches are recommended for management of ir-toxicities
(29), but these approaches do not cover neutropenia. Treatment
of irAE typically includes downregulation of the immune system
with systemic steroids, additional systemic immunosuppressive
drugs, and symptomatic therapy depending on the grade of
toxicity (11, 23, 30–32). Use of systemic steroids and further
immunosuppressants constitutes an additional challenge of
neutropenia treatment, because these drugs might act
counterproductively during bacterial infections and promote
October 2021 | Volume 11 | Article 765608
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sepsis. In previous reports, ICI-induced neutropenia was
complicated by severe infection and febrile neutropenia in 55%
to 68% of patients (12, 14, 19), and three patients died of a
bacterial or fungal infection (12, 14, 19, 27). There is a consensus
that broad-spectrum antibiotics should be immediately
administered in cases of febrile neutropenia. In addition, G-
CSF should be used until neutropenia resolves (12, 14, 19, 27).
Conflicting recommendations exist regarding the use of systemic
steroids (12, 14, 19, 27). The recommendations from two French
studies (12, 14) advise that, in the absence of firm evidence of
their efficacy, corticosteroids should not be given systematically,
because they could accentuate the risk of infection. Based on data
from their meta-analysis, Boegeholz et al. concluded that
treatment with corticosteroids in combination with G-CSF
does not seem to worsen outcomes regarding infection
complications, and thus constitutes an acceptable initial
treatment approach (19). Consistent with previous data
reporting normalization of neutrophil counts in 67% to 82% of
patients (12, 14, 19), 90% of the ICI-treated patients in our study
showed resolution of grade 4 neutropenia. Almost all our
patients (90%) had been treated with G-CSF, three of them in
combination with corticosteroids. The therapeutic benefit of
steroids remains unclear and should be critically discussed in
the context of associated infections on a case-to-case basis. If
additional medication can be excluded as a trigger and
irNeutropenia is confirmed, corticosteroid treatment can
be considered.

Limitations of our study are its retrospective nature, including
the possibility of underreporting of side effects by the treating
physician. Nonetheless, because of the clinical relevance of this
topic and lack of information and treatment recommendations
for this rare side effect, we believe it is important to report real-
world outcomes of melanoma patients with grade 4 neutropenia
who have been treated with ICI, with or without concomitant
drugs that can cause neutropenia. Bias might occur as only
patients treated at a maximum care hospital were included and
real incidences might be higher as not all cases of grade 4
neutropenia are severe. Although we could confirm a slightly
lower ratio of CD4+ to CD8+ T cells in patients with ICI–met-
induced neutropenia than in those with met-induced
neutropenia, the number of patients in the study is small, and
findings depend on the time of biopsy. These data should
therefore be interpreted with caution.

In conclusion, our retrospective study shows that grade 4
neutropenia is a potential rare side effect of ICI treatment,
which can be life-threatening. The vast majority of patients with
ICI-induced grade 4 neutropenia presented with inflammatory
symptoms and responded to G-CSF treatment, with a
normalization of the neutrophil count in 90% of patients. Most
patients with inflammatory symptoms were treated with
antibiotics and/or antimycotic and antiviral therapies. Early
recognition, initiation of therapy and management of
inflammatory complications can prevent a fatal outcome.
Corticosteroids can be considered in combination with G(M)-
CSF for treatment of irNeutropenia after other causes of
neutropenia have been excluded. If infections are suspected or
Frontiers in Oncology | www.frontiersin.org 11
inflammatory symptoms arise, broad-spectrum antibiotics should
be administered promptly.
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