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Summary

Pure red cell aplasia (PRCA) is a rare disorder characterized by inhibition of erythroid precursors
in the bone marrow and normochromic, normocytic anaemia with reticulocytopenia. Among 51
PRCA patients, we identified 12 (24%) patients having monoclonal gammopathy, monoclonal
gammopathy of undetermined significance or smouldering multiple myeloma, with presence of
monoclonal protein or abnormal serum free light chains and atypical bone marrow features of
clonal plasmacytosis, hypercellularity and fibrosis. Thus far, three patients treated with anti-
myeloma based therapeutics have responded with reticulocyte recovery and clinical transfusion
independence, suggesting plasma cells play a key role in the pathogenesis of this specific
monoclonal gammopathy-associated PRCA.
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Introduction

Methods

The cardinal bone marrow features of patients with pure red cell aplasia (PRCA) include
marked erythroid hypoplasia with maturation arrest and sparing of other marrow elements.
In several patient reports, the destruction of erythroid precursors has been attributed to
immune-mediated mechanisms, either humoral or cellular (Peschle et al. 1975, Dessypris et
al. 1982, Casadevall et al. 1996, Prabhakar & Muhlfelder 1997, Fisch et al. 2000). The
aetiology of idiopathic PRCA remains elusive and immunosuppressive treatments have
become the cornerstone of management. A number of secondary causes have been linked to
acquired PRCA, including thymoma, lymphoid malignancies, viral infection, drugs and
connective tissue disorders (Dessypris 1991, Mamiya et al. 1997, Young & Brown 2004,
Sawada et al. 2007). A few case reports have been described that have associated
monoclonal gammopathy of undetermined significance (MGUS) and multiple myeloma
(MM) with PRCA (Kobayashi et al. 1987, Orchard et al. 1997, So et al. 2013, Lv & Qian
2015). However, no systematic assessment of PRCA associated with plasma cell dyscrasias
has been conducted. While anaemia is a common end-organ feature of MM, PRCA with
erythroid maturation arrest is not a typical finding in MM-inflicted bone marrow (Kyle et al.
2003). Rather, anaemia associated with MM usually still demonstrates full erythroid
maturation and may be the result of iron dysregulation with increased hepcidin levels due to
interleukin 6, abnormal erythropoietin levels linked to renal insufficiency or large marrow
replacement by clonal plasma cells (Silvestris et al. 2001, Sharma et al. 2008, Maes et al.
2010).

In order to estimate the prevalence of MGUS associated with PRCA, 51 PRCA patients were
assessed for bone marrow plasmacytosis and presence of serum and/or urine monoclonal
protein (M-protein) or abnormal serum free light chains.

A series of bone marrow biopsies from 51 PRCA patients referred to the National Institutes
of Health (NIH) Clinical Center between 2001 and 2013 were morphologically reviewed by
two experienced haematopathologists. Immunohistochemical staining of bone marrow
biopsy for CD138 (DAKO, Carpinteria, CA, USA) enabled the enumeration of plasma cells
and was performed using an automated stainer. Plasma cell clonality was evaluated by kappa
or lambda light chain immunohistochemistry or /n situ hybridization. Reticulin stain was
performed on bone marrow biopsies to assess the degree of fibrosis. All patients underwent
testing for presence of M-protein by serum and/or urine protein electrophoresis (SPEP/
UPEP) with immunofixation (IFE). Serum free light chains (FLC) and FLC ratio was
determined subsequently on stored frozen sera (=80° C), using the Freelite™ immunoassays
from The Binding Site Ltd (Birmingham, UK) according to the manufacturer’s protocol.
Patient charts were reviewed for available cytogenetic karyotyping data and clinical data
including prior treatment regimens and relevant responses. Patients were tested for JAK2
V617F, CALR Type 1 and Type 2 mutations and BCR-ABL 1 mutations using standard
clinical laboratory testing. Molecular analysis for additional receptor tyrosine kinase (RTK)
mutations was performed using R7K Panel | mutation polymerase chain reaction (PCR)
array kit (Qiagen, Frederick, MD,USA) on 9 patients with available stored DNA.
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Results

Patient Characteristics and Serum Studies

Among 51 PRCA patients, 12 (24%) patients were identified as having monoclonal
gammopathy associated PRCA (Table I). These patients had evidence of M-protein on
SPEP/UPEP with IFE or abnormal serum FLCs, increased bone marrow plasmacytosis and
classical PRCA findings consisting of selective erythroid hypoplasia with maturation arrest,
low reticulocyte count, and the majority were transfusion dependent. Nine patients
demonstrated M-protein on SPEP and/or IFE. IgG isotype of M-protein was demonstrated in
8 patients and immunofixation was not performed in one patient. Among patients with
measurable M-protein, mean M-protein concentration was 11 g/l (range 6-25 g/l). Six of 8
evaluable patients with M-protein (Patient 3 was not included), had a skewed serum FLC
ratio. Serum FLC assay was not performed on Patient 3 due to lack of available sample.
Three patients did not have a detectable M-protein. Two of these 3 patients (Patients 10 and
11) had a skewed FLC ratio, while 1 patient (Patient 9) had a normal FLC ratio and serum
free lambda chain level, but elevated serum free kappa chains with 10% plasma cells on
bone marrow biopsy.

Evidence of additional MM related end-organ damage, as established by “CRAB” criteria
(Calcium [elevated], Renal failure, Anaemia, Bone lesions), was investigated (Kyle et al.
2003). Among patients with available data for review, six patients had no evidence of lytic
lesions or myeloma on skeletal surveys. No patients demonstrated a serum creatinine above
176.8 pmol/l, and 2 of the 12 patients had evidence of hypercalcaemia but the cause was
determined to be benign. Consistent with PRCA histories, all patients demonstrated
haemoglobin levels less than 100 g/l while 11/12 patients were clinically dependent on
transfused red blood cells. Mean reticulocyte count was 5.3 x 1091 (2.6-15.4 x 109/1).
Excluding anaemia as a confounding criterion that fulfils MM-related end-organ damage,
10/12 patients were diagnosed with smouldering plasma cell myeloma and 2/12 patients
with MGUS. All 12 patients were ruled out for alternative secondary causes of PRCA
including viral infections, such as Parvovirus B19, thymomas or other haematological
malignancies (B-cell or T-cell lymphoid malignancies and myelodysplastic or
myeloproliferative neoplasms) based on clinical chart review, available imaging, molecular
and histopathological data.

Histopathological Bone Marrow Features and Mutational Analysis

In addition to the PRCA findings and plasmacytosis, patient bone marrows also
demonstrated atypical features including hypercellularity, increased reticulin fibrosis, and
eosinophilia (Table I1). Based on CD138 immunohistochemistry, 10 of the monoclonal
gammopathy-associated PRCA patients had between 10-30% plasma cells on marrow
biopsies; two patients demonstrated plasma cells less than 10%. Light chain restriction of
plasma cells on bone marrow was demonstrated by immunohistochemistry or /in situ
hybridization in 7 patients (4 kappa and 3 lambda). Among the remaining 4 patients with
indeterminate plasma cell light chain clonality, 2 patients had abnormal serum FLC ratios
(Patients 10 and 11), 1 had elevation of serum kappa light chains (kappa 24.1 mg/l; reference
range 3.30-19.4 mg/l) with normal serum free lambda and FLC ratio (Patient 9), and 2
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patients had positive serum IFE showing 1gG lambda (Patients 3 and 12) (Table I). All
patients demonstrated mildly-moderately increased reticulin fibrosis (grade 2—3 out of 4),
while 11/12 patients had increased overall marrow cellularity (>60%). Megakaryocytes were
normal in number and there was no increase in micromegakaryocytes or abnormal
hyperchromatic megakaryocytes. Cytogenetics were normal in 10 out of 11 patients where
data was available, and one patient had pericentric inversion of chromosome 2, inv (2)
(p11.2913), which was deemed to be a constitutional normal variant finding. One patient
was found to have a K/7 M541L mutation. All patients were negative for JAK2V617F and
CALR Type 1 and Type 2 mutations; 4 patients were tested for BCR-ABL 1 and found to be
negative.

Clinical Course of Monoclonal Gammopathy Associated PRCA Patients

All 8 previously treated monoclonal gammopathy-associated PRCA patients were refractory
to various forms of immunosuppressive therapy, including ciclosporin, rituximab, and
steroids. Six patients in this cohort were treated at the NIH with daclizumab under a protocol
for idiopathic PRCA previously described (Sloand et al. 2010). Daclizumab response rates
among the monoclonal gammopathy-associated PRCA patients compared to idiopathic
PRCA patients were significantly worse 0/6 (0%) vs. 10/23 (43%), p=0.04 (chi-square test).
Seven patients were recommended for anti-myeloma treatment. To date, three monoclonal
gammopathy-associated PRCA patients have had confirmed responses to anti-myeloma
therapy with clinical transfusion independence (Figure 1). Patient 2 was initiated on
bortezomib and dexamethasone for 8 cycles with brief erythroid recovery and subsequent
relapse with M-protein increase and reticulocyte count decrease. He was then started on
lenalidomide therapy and remained on this drug after achieving transfusion independence.
Maintenance lenalidomide was discontinued after 4 years, and patient remains disease-free 6
months later without requiring transfusions. Patient 8 had a long-standing history of
“idiopathic” PRCA and had received multiple prior lines of therapy. She was initiated on
lenalidomide, bortezomib and dexamethasone (RVd) for 4 cycles with immediate resolution
of her haemoglobin, reticulocyte counts, and declining M-protein numbers. Subsequently,
her therapy was gradually decreased to RvVd maintenance regiment followed by
lenalidomide maintenance. Therapy was discontinued and the patient remains transfusion
independent with low M-protein. Finally, Patient 12 was initiated on lenalidomide and
dexamethasone. He was subsequently transitioned to lenalidomide maintenance
(lenalidomide 10 mg) after achieving haematological recovery and complete response with
respect to his monoclonal gammopathy. He currently remains on low dose lenalidomide with
stable blood counts. Post-treatment bone marrows demonstrate reduction of plasma cells and
erythroid maturation (Figure 2). Two patients were started on therapy but remain
transfusion-dependent (Patients 4 and 7), while two patients were lost to follow-up (Table I).

Discussion

We report on a series of monoclonal gammopathy-associated PRCA patients, comprising up
to 24% PRCA cases previously labelled “idiopathic”, who had mild-moderate plasmacytosis
accompanied by a serum M-protein or skewed serum FLC ratio and atypical bone marrow
findings. The distinguishing feature of monoclonal gammopathy-associated PRCA from
anaemia of typical MM is the presence of marked erythroid hypoplasia with maturation
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arrest at the pronormoblast stage. MM patients usually have no selective decrease in
erythroid elements and show the full spectrum of maturation. In addition, monoclonal
gammopathy-associated PRCA patients did not have very high plasma cell burden and
lacked other “CRAB?” criteria of end organ damage.Plasma cellularity reached between 10
and 30% in 10 of the 12 patients, suggesting that the mechanism for anaemia was not due to
just “overcrowding” of normal haematopoiesis.

Patients demonstrated other unusual bone marrow findings — particularly hypercellularity
and reticulin fibrosis, so molecular testing for myeloproliferative neoplasms was performed.
JAK2V617F and CALR Type 1 and Type 2 mutations were negative on all patients. All of
the four patients tested for BCR-ABL 1 were found to be negative. RTK mutational testing
showed that all but one patient was negative; one patient was identified as having K/T
M541L mutation. This patient did not seem to respond to bortezomib or lenalidomide
therapy despite significant burden of monoclonal plasma cells (30%), possibly suggesting an
alternative pathogenetic mechanism. Alternatively, the observed K/7 M541L mutation may
represent a polymorphic variant, since reports in the literature demonstrate that allele
frequencies for the polymorphic variant, 54184 are 8.1% in healthy Caucasian controls
(Kruger et al2006). The K/T (CD117) sequence variation M541L, but not N564K, is
frequent in the general population, and is not associated with CML in Caucasians (Kruger et
al. 2006). All patients lacked other clinical features of myeloproliferative neoplasm
disorders, such as splenomegaly or other peripheral blood count abnormalities. Cytogenetics
were normal in all but one patient, neither demonstrating typical MM or alternative
haematological diagnoses.

We have demonstrated that monoclonal gammopathy-associated PRCA may be a
paraprotein-related phenomenon that has not been well described so far in the literature as a
cause of PRCA. There are numerous other examples in the plasma cell literature
demonstrating modest plasma cell burden and M-protein levels as a cause of paraprotein-
related phenomena; monoclonal gammopathy-associated PRCA may be the newest example
(Wood et al. 2009, Voisin et al. 2011, Kuwabara et al. 2012, Kwok et al. 2012). Three
patients achieved transfusion independence and restoration of erythroid maturation with
anti-myeloma based therapies, including bortezomib and lenalidomide. We speculate that a
functional relationship between altered plasma cell and erythroid precursor exists in
monoclonal gammopathy-associated PRCA, because there seems to be a causal relationship
between M-protein response and haematological response including reversal of PRCA bone
marrow findings after treatment. We acknowledge that both bortezomib and Ienalidomide
may not be myeloma-specific. Further investigation is warranted into possible pathogenetic
mechanisms, including erythroid inhibition by the 1gG monoclonal protein or direct effects
from the neoplastic microenvironment.
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A.) A 51-year-old male diagnosed with pure red cell aplasia with plasma cell dyscrasia
(PRCA-PC) (Patient 2, Table 1) received bortezomib (1.3 mg/m? IV days 1, 4, 8 and 11
every 3 weeks) and dexamethasone (40 mg days 1-4) with erythroid recovery and M-protein
decline. After relapse, the patient received lenalidomide (25 mg on days 1-21 of a 28-day
cycle) and dexamethasone (40 mg weekly) followed by lenalidomide maintenance alone (15
mg daily) for 4 years. Maintenance lenalidomide was discontinued and patient remained
transfusion independent 6 months later. B.) A 47-year-old female diagnosed with PRCA-PC
(Patient 8, Table I) achieved haematological recovery after receiving lenalidomide,
bortezomib and dexamethasone (RVd) for four cycles, followed by maintenance Rvd for 12
cycles, and maintenance lenalidomide. Maintenance lenalidomide was discontinued and
patient remains transfusion independent. C.) A 67-year-old male with PRCA-PC (Patient 12,
Table 1) was started on lenalidomide and dexamethasone with normalization of peripheral
blood counts and achievement of complete response. Patient switched to lenalidomide

maintenance and currently remains on therapy.
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Figure 2. Morphological features of bone marrow biopsy pretreatment and after treatment with
anti-myeloma therapy

A. Pre-treatment bone marrow core biopsy showing hypercellularity and absence of
erythroid islands (Haematoxylin and eosin [H&E], 10x magnification) B. Virtually absent
red cell precursors (Haemoglobin stain, 10x magnification) C. Increased plasma cells
forming clusters (CD138 stain, 10x magnification) D. Bone marrow aspirate showing only
rare pronormoblast and increased plasma cells before treatment (50x magnification) E. Post-
treatment bone marrow core biopsy showing large progressively maturing erythroid islands
(H&E, 10x magnification) F. Full erythroid maturation is present (Haemoglobin stain, 10x
magnification) G.. Few scattered plasma cells (CD138 stain 10x magnification) H. Bone
marrow aspirate showing progressive erythroid maturation and no increase in plasma cells
after treatment (50x magnification)
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