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Bone Marrow Findings of Immune-Mediated Pure Red Cell
Aplasia Following Anti-Programmed Cell Death Receptor-1
Therapy: A Report of Two Cases and Review of Literature
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Abstract

Immune checkpoint inhibitors have recently emerged as important
and effective advanced cancer treatment options. Programmed cell
death receptor-1 (PD-1) antagonists such as pembrolizumab and
nivolumab have been approved by the US Food and Drug Adminis-
tration for treatment of many advanced cancers. As anti-PD-1 check-
point inhibitor use has been increasing, previously unreported rare
side effects emerge. These checkpoint inhibitors upregulate humoral
and cellular immune responses to tumor antigens. Consequently,
they can be associated with immune-related adverse events includ-
ing hematological-related reactions such as autoimmune hemolytic
anemia, immune thrombocytopenia, neutropenia and pancytopenia.
However, pure red cell aplasia (PRCA) induced by anti-PD-1 check-
point inhibitors is rarely reported in the literature. We herein report
cases of two patients who developed PRCA during treatment with
anti-PD-1 checkpoint inhibitors. In both cases, a peripheral blood
smear examination demonstrated reticulocytopenia. Bone marrow
biopsies revealed severe erythroid hypoplasia with maturation ar-
rest at the proerythroblast stage, relative granulocytic hyperplasia
and lymphocytosis. Flow cytometry and immunohistochemistry
revealed that the lymphocytes were predominantly CD8* T cells.
T lymphocytosis, especially in one of the two patients, mimicked
a T-cell lymphoproliferative disorder; lack of clonality indicated a
reactive process. Our findings, in addition to data presented in the
literature, suggest that T cells play a critical role in the pathogenesis
of immune-related PRCA. PRCA is an under-recognized immune-
mediated adverse event that does not manifest during the clinical
trial phase. It is a potentially life-threatening complication, which
should be considered in the differential diagnosis of anemia in pa-
tients treated with anti-PD-1 checkpoint inhibitors.
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Introduction

In recent years, manipulation of immune checkpoints has
emerged as an important and effective cancer treatment strat-
egy. Immune checkpoint inhibitors target cytotoxic T lympho-
cyte-associated molecule-4 (CTLA-4), programmed cell death
receptor-1 (PD-1) and programmed cell death ligand-1 (PDL-
1). The most widely studied and recognized immune check-
point inhibitors are ipilimumab, pembrolizumab, nivolumab,
atezolizumab, avelumab and durvalumab.

PD-1 is anegative costimulatory regulator that is expressed
extensively in activated T lymphocytes and plays an important
role in immunosurveillance mechanisms [1, 2]. Binding of
PD-1 to its ligands PDL-1 and PDL-2 inhibits the cytotoxic T-
cell response [3-5]. Anti-PD-1 checkpoint inhibitors block the
interaction between the PD-1 on T cells and PDL-1 on tumor
cells, restoring a functional cytotoxic tumor-specific T-cell re-
sponse and leading to tumor cell death [6].

Anti-PD-1 checkpoint inhibitors are US Food and Drug
Administration (FDA) approved for the treatment of many
advanced cancers, namely melanoma, non-small cell lung
cancer, urothelial cancer, renal cell carcinoma, head and neck
cancer, classical Hodgkin lymphoma, gastric cancer, hepato-
cellular carcinoma and Merkel cell carcinoma [7]. In recent
years, pembrolizumab and nivolumab have been approved by
the FDA for the treatment of unresectable or metastatic, mi-
crosatellite instability-high or mismatch repair-deficient solid
tumors such as metastatic colorectal cancer [8, 9]. As such, an
increasing number of patients are exposed to anti-PD-1 drugs.

Common side effects include fatigue, pruritus, diarrhea,
pyrexia, cough, dyspnea, musculoskeletal pain, constipa-
tion and nausea. Immune-mediated adverse events such as
pneumonitis, colitis, hepatitis and thyroid disorder have been
reported [10, 11]. With the broad use of anti-PD-1 drugs in
clinical practice, rarer side effects are emerging. To date, he-
matological immune-related adverse events have been occa-
sionally described, including immune thrombocytopenia [12],
neutropenia [13], autoimmune hemolytic anemia [14, 15] and
pancytopenia [16]. Pure red cell aplasia (PRCA), specifically,
was not reported during clinical trials and has been rarely re-

Articles © The authors | Journal compilation © | Hematol and Elmer Press Inc™ | www.thejh.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 71

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited



Immune-Mediated PCRA After Anti-PD- |

J Hematol. 2019;8(2):71-78

ported in the literature [17-19]. We herein describe the bone
marrow findings of immune-mediated PRCA in the setting of
anti-PD-1 checkpoint inhibitors.

Case Reports

Case 1

A 58-year-old woman was diagnosed with poorly differenti-
ated squamous cell carcinoma of the right base of the tongue
with lymph node metastases. She underwent partial glossec-
tomy and right modified neck dissection in 2016. She was
treated with five cycles of adjuvant radiation as well as 5-fluo-
rouracil and cisplatin chemotherapy with weekly cetuximab
postoperatively. Five months after surgery, she was found to
have osseous metastatic lesions in T12 and L3 vertebral bodies
with extension into the left pedicles and surrounding soft tissue
extension into the left paraspinal muscles. Therefore, she was
treated with palliative radiation therapy. Despite the extensive
treatment, she was later found to have metastatic lesions in
the liver. She then received two doses of immunotherapy with
pembrolizumab.

Her initial hemoglobin level prior to treatment with pem-
brolizumab was 9.8 g/dL. Three weeks after receiving one
dose of pembrolizumab, her hemoglobin dropped to 7.8 g/dL.
She was subsequently transfused with one unit of packed red
blood cells and received a second dose of pembrolizumab on
the same day. She was noted to have isolated anemia with a
hemoglobin of 6.7 g/dL three weeks after receiving the sec-
ond dose. There was no known source of bleeding despite
extensive medical workup. Direct antiglobulin test was nega-
tive, and total bilirubin was not elevated (1.1 mg/dL) with a
direct bilirubin of 0.2 mg/dL. The differential diagnoses at that
time included acquired drug-related PRCA, B19 parvovirus-
associated aplastic crisis, a marrow infiltrative process such
as squamous cell carcinoma metastasis to the bone marrow, or
a lymphoproliferative disorder. To further evaluate the cause
of anemia, she underwent a bone marrow biopsy and aspira-
tion with a review of her peripheral blood smears. The bone
marrow findings are consistent with those of PRCA, likely re-
lated to immunotherapy. Following the bone marrow biopsy,
the patient was noted to have declining performance status and
became more anemic. She was transferred to hospice care.

Case 2

The patient was a 74-year-old man with a history of liposar-
coma of the leg who was treated with a 6-week course of radia-
tion in April 2002. In March 2015, he noticed a growth over his
left thigh; biopsy revealed moderately differentiated angiosar-
coma. The patient underwent neoadjuvant chemotherapy with
weekly Taxol, followed by local excision. In August 2017, he
developed metastatic lesions in the liver; a biopsy confirmed
angiosarcoma. Hence, he was diagnosed with stage IV an-
giosarcoma. He was initially treated with 13 weekly doses of
Taxol and showed an excellent clinical and radiological re-
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sponse. Due to severe neuropathy, the treatment was switched
to nivolumab on February 26, 2018. His baseline hemoglobin
level prior to nivolumab was 12.7 g/dL. A computed tomogra-
phy (CT) scan performed 1 month after receiving nivolumab
showed improvement in all lesions, except for possible recur-
rence in the left lobe of the liver. Six months after therapy
with nivolumab, the patient rapidly became anemic, with his
hemoglobin dropping several grams every week to 6 - 7 g/
dL. Despite receiving intravenous iron and Procrit, he contin-
ued to become severely anemic. A bone marrow biopsy was
performed on September 12, 2018, for further evaluation. The
patient was still on nivolumab at the time of the bone marrow
biopsy. The bone marrow findings were consistent with those
of PRCA, likely related to immunotherapy. Nivolumab thera-
py was discontinued and the patient was treated with a short
course of glucocorticoids, which seemed to stabilize his hemo-
globin level at § - 9 g/dL. His latest available hemoglobin level
on January 18, 2019 was 7.7 g/dL after a packed red blood cell
transfusion.

Pathological aspects of the reported cases

Complete blood count with differential and bone marrow as-
pirate differential counts are listed in Table 1. In both cases,
peripheral blood smear examination showed marked normo-
chromic normocytic anemia with marked reticulocytopenia,
consistent with red cell aplasia. Granulocytic dysplasia, atypi-
cal lymphocytes, or blasts were not identified.

Significant findings from bone marrow examination were
severe erythroid hypoplasia, relative granulocytic hyperpla-
sia and lymphocytosis. Erythroblasts showed maturation ar-
rest at the proerythroblast stage; polychromatic erythroblasts
and orthochromatic erythroblasts were absent (Figs. la and
2a). Granulocytic maturation proceeded in an orderly fashion.
There was no evidence of dysplasia. The myeloid/erythroid
ratio had markedly increased (> 10:1). Megakaryocytes were
morphologically unremarkable and adequate in number. The
iron stain showed adequate iron stores; incorporation was pre-
sent.

The trephine biopsy sections showed normocellular bone
marrow in case 1 (60% cellularity) and hypercellular bone mar-
row in case 2 (80% cellularity). Severe erythroid hypoplasia
was confirmed (Figs. 1b and 2b). Notably, CD3 and CD20 im-
munohistochemical stains in both cases demonstrated numer-
ous and occasional clusters of increased CD3" T cells with-
out cytologic atypia, far outnumbering CD20* small B cells
(Figs. lc, 1d, 2c, 2d). Large intranuclear inclusions were not
identified, and an immunohistochemical stain for parvovirus
B19 was negative. There was no significant reticulin fibrosis
(MF grade 0, scale 0-3 by European Consensus Classification)
[20]. Immunohistochemical stain for the T-cell receptor bF1
antibody (TCR-bF1) performed in case 2 revealed increased
alpha-beta T-cells, and TIA-1, indicating increased cytotoxic
granules (Fig. 3¢ and d). Flow cytometry analysis performed
on the marrow aspirate cells demonstrated reversed CD4/CD8
ratio (0.62 and 0.54 for case 1 and 2, respectively) (Fig. 4a and
b). Case 1 showed increased gamma-delta T cells, which ac-
count for 20% of CD3" lymphocytes (Fig. 4a).
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Table 1. Peripheral Blood and Bone Marrow Aspirate Differential Counts of Two Patients

Patient 1 Patient 2
Peripheral blood count
WBCs 12,560/uL 5,400/uL
Hb 7.6 g/dL 9.4 g/dL
HCT 22.3% 27.6%
MCV 88.1 fL 87.9 fL
PLTs 55,000/uL 153,000/uL
Bone marrow aspirate differential (200 cells count)
Granulocytic precursors 76.5% 58.50%
Erythroid precursors 1% 4.50%
Eosinophils precursors 1.5% 4.5%
Lymphocytes 14.5% 29.0%
Monocytes 3.0% 0.50%
Plasma cells 3.5% 3.0%
Blasts 0.0% 0.0%
Cytogenetics Not performed 46,XY[20]

WBC: white blood cell; Hb: hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; PLTs: platelets.

Figure 1. Patient 1. (a) Bone marrow aspirate smear demonstrating predominantly granulocytic precursors with rare pro-erythro-
blasts (x 50 oil objective). (b) Core biopsy showing a normocellular bone marrow with erythroid hypoplasia, granulocytic hyper-
plasia, and megakaryocytes with a normal appearance (x 20 objective). (c) CD3 immunohistochemical stain depicting increased
scattered and occasional clusters of small lymphocytes (x 10 objective). (d) CD20 immunohistochemical stain with rare scattered
small B lymphocytes (x 10 objective).
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Figure 2. Patient 2. (a) Bone marrow aspirate showing rare pro-erythroblasts (x 50 oil objective). (b) Trephine biopsy showing
a mildly hypercellular bone marrow with erythroid hypoplasia, granulocytic hyperplasia, megakaryocytes with a normal appear-
ance, and increased lymphocytes without atypia. (c) CD3 immunohistochemical stains demonstrating increased T cells (x 10
objective). (d) CD20 immunohistochemical stain showing rare scattered small B cells (x 10 objective).

The moderate T lymphocytosis noted in case 2 mimicked
a T-cell lymphoproliferative disorder; however, karyotyping
revealed a normal male karyotype (46,XY[20]), and a T-cell
receptor beta and gamma gene rearrangement study was nega-
tive. The overall findings are suggestive of PRCA, likely re-
lated to anti-PD-1 checkpoint inhibitors.

Discussion

PRCA is a disorder characterized by isolated normocytic nor-
mochromic anemia, reticulocytopenia and rare or absent eryth-
roblasts (< 5% of erythroblasts on bone marrow differential
count) in otherwise normal bone marrow [21, 22]. It can be
classified as congenital PRCA (e.g. Diamond-Blackfan ane-
mia) or acquired PRCA. Acquired PRCA may be associated
with autoimmune/collagen vascular disorders; lymphoprolif-
erative disorders such as chronic lymphocytic leukemia and
large granular lymphocytic leukemia; solid tumors such as
thymoma, gastric cancer, and renal cell carcinoma; infectious
agents such as parvovirus; or drugs or chemicals-related reac-
tions [22].

Immune cytopenia is considered a rare adverse event; it
generally occurs within the first few months of starting immu-
notherapy, with an average onset time of 6 weeks [23]. PRCA
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associated with anti-PD-1 checkpoint inhibitors is extremely
rare with very few cases reported in English literature [17-19].
Table 2 [17, 18, 24] shows the characteristics of patients with
acquired PRCA in the setting of checkpoint inhibitor therapy,
their bone marrow findings and treatment response. The time
from the initial treatment with checkpoint inhibitors to the
onset of anemia/PRCA can vary from 3 weeks to 21 months
(Table 2). As such, the onset of anemia/PRCA can vary among
patients, and a close clinical follow-up during treatment may
be necessary.

An increase in CD3*/CD8" T cells noted in our two cases
is believed to be a consequence of anti-PD-1 inhibitor use.
This finding is in accord with those in reported cases of im-
munotherapy-related PRCA in literature [17, 24]. Studies have
shown that patients with chronic viral infections and/or tumors
have high PD-1 expression and blocking of the PD-1 pathway
enhanced tumor-specific CD8" T-cell response in vivo, result-
ing in increased T-cell proliferation, cytokine production, cyto-
lytic activity and a reduction in viral load or tumor size [2]. In
addition, T lymphocytosis, especially in patient 2, mimicked a
T-cell lymphoproliferative disorder; a lack of T-cell clonality
indicated an immune/inflammatory process.

Although the specific mechanisms of immune-related
PRCA are not known, an increase in activated T cells is be-
lieved to play a critical role in pathogenesis. Erythropoiesis
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Figure 3. Patient 2. (a, b) CD4 and CD8 immunohistochemical stains, respectively (CD8 > CD4) (x 10 objective). (c) TCR bF1
staining highlighting a majority of T cells (x 10 objective). (d) T-cell intracytoplasmic antigen immunohistochemical stain highlight-
ing many T cells (x 10 objective).
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Figure 4. (a) Patient 1: flow cytometry demonstrating increased CD3*/CD8* T cells with a CD4/CD8 ratio of 0.62 and increased
gamma-delta T cells. (b) Patient 2: flow cytometry showing increased CD3*/CD8* T cells with a CD4/CD8 ratio of 0.54.
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Table 2. Characteristics and Bone Marrow Findings of Patients With Immune-Related Pure Red Cell Aplasia Following Checkpoint

Inhibitor Therapy

Our two Time to Base- Nadir
patlen'ts and G'ender, age, .Che.:c!(pomt pure red ; line Hb Hb Bone marrow findings Treatment for pure
from literature disease inhibitor cell aplasia red cell aplasia
(g/dL)  (g/dL)
(author, year) occurrence
Patient 1 Female, 58 Pembrolizumab 3 weeks 9.8 6.7 Normocellular bone N/A, hospice
years old, marrow with marked
metastatic head erythroid hypoplasia
and neck poorly with maturation arrest.
differentiated Numerous T cells
squamous cell with rare B cells
carcinoma
Patient 2 Male, 74 years Nivolumab 6 months 12.7 7.7 Hypercellular bone Glucocorticoids
old, liposarcoma marrow with marked stabilize Hb level
of the leg erythroid hypoplasia
diagnosed in with maturation arrest;
2002, metastatic T lymphocytosis in a
angiosarcoma of diffuse and interstitial
the thigh in 2015 pattern of distribution
Nair et al, Female, 52 years  Ipilimumab After three  12.5 6.3 Marked erythroid Excellent response to
2016 [17] old, metastatic initially then doses of hypoplasia with glucocorticosteroids
melanoma switched to pembro- maturation arrest; with pure red
pembrolizumab  lizumab numerous T cells cell aplasia flare
and rare B cells upon tapering;
treatment with [IVIG
enabled tapering of
glucocorticosteroids
Yuki et al, Female, 70 years ~ Nivolumab 21 months N/A 5.7 Increased Excellent response
2017 [18] old, metastatic megakaryocytes and to prednisone
melanoma decreased erythroblasts with taper
(normal morphology)
Gordon et al, Male, 55 years Ipilimumab 6 weeks 14.4 5.4 Marked erythroid Poor response to
2009 [24] old, metastatic hypoplasia, granulocytic  steroids; rapid
melanoma hyperplasia, clinical benefits

adequate numbers from IVIG
of mature-appearing

megakaryocytes,

CD3-positive T cells

outnumber CD20-

positive B cells

Nivolumab and pembrolizumab: anti-PD-1 checkpoint inhibitors; ipilimumab: anti-CTLA-4 checkpoint inhibitor; Hb: hemoglobin; IVIG: intravenous

immunoglobulin.

is the process by which hematopoietic stem cells proliferate
and differentiate to produce mature red blood cells. It can be
divided into two stages, early and late. During the early stage,
hematopoietic stem cells give rise to burst-forming unit-eryth-
roid and colony-forming unit-erythroid cells. Colony-forming
unit-erythroid cells can be morphologically recognized as pro-
erythroblasts. During the late stage, proerythroblasts undergo
mitosis to produce basophilic, polychromatic and orthochro-
matic erythroblasts. Studies have shown that patients with ac-
quired PRCA have increased gamma-delta T cells; recovery
of PRCA is associated with a decrease in gamma-delta T cells
[25, 26]. Experimental data have proven that gamma-delta T
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cells inhibit burst-forming and colony-forming unit-erythroid
but not common myeloid progenitors [2]. Therefore, it seems
reasonable to hypothesize that our bone marrow finding of
marked erythroid hypoplasia with maturation arrest at the pro-
erythroblast stage might be the result of the inhibitory effect by
increased activated T cells. Further detailed mechanistic stud-
ies are needed to explore the triggers for a broader understand-
ing of this rare immune-mediated phenomenon.

PRCA treatments including corticosteroids, cyclosporin
A and intravenous immunoglobulin (IVIG) have shown vari-
able responses [17-19, 27, 28]. Alemtuzumab, an anti-CD52
monoclonal antibody, is an alternative treatment option [29].
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Although the 10-year survival rate is 80% or more with ac-
quired PRCA, several deaths have been reported [28]. There-
fore, PRCA is a potentially life-threatening complication and it
is important to be aware of it. Patient 2 was noted to be anemic
after discontinuation of the anti-PD-1 therapy, suggesting that
the drug can have a long-lasting effect on patients.

Conclusion

In conclusion, we report the bone marrow findings of immune-
mediated PRCA in the setting of anti-PD-1 checkpoint inhibi-
tor use. PRCA is a rare immune-mediated adverse event that
has not been reported during the clinical trial phase. Since
there is no specific clinical presentation of PRCA besides signs
and symptoms of anemia, the diagnosis requires a systematic
approach including bone marrow examination, especially in
patients with peripheral blood reticulocytopenia. PRCA is a
potentially life-threatening complication and should be con-
sidered in the differential diagnosis of anemia in patients being
treated with such agents.
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