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Long-term immunosuppre
ssion and multiple
transplants predispose systemic lupus
erythematosus patients with cytopenias to
hematologic malignancies
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Abstract
Cytopenias in systemic lupus erythematosus (SLE) require clinical and laboratory workup and bone marrow (BM) examination to
determine the cause and for appropriate patient management. Common causes include an increase in SLE activity, immune-
mediated hemolysis, iron deficiency, antiphospholipid antibody syndrome, infection, or the effect of medications. We retrospectively
evaluated the clinical and laboratory findings of patients with SLE and cytopenias who had undergone BM studies to determine the
indicators of malignancy.
We retrospectively reviewed medical records of patients with SLE who presented with cytopenias for their disease course,

medications, laboratory parameters and documented the spectrum of morphological changes in BM including CD34 expression.
Twenty patients with SLE had undergone BMbiopsy for evaluation of cytopenias. 14/20 (70%) of the patients had reactive BM, and

the rest had hematologic malignancies involving the BM. Of these 14 patients, 8 had hypocellular marrow with loss of precursor cells
(low CD34), 4 had left shift in myeloid lineage, 3 had serous atrophy, and 1hadmultilineage dysplasia. The 6 patients with hematologic
malignancies included 2 with diffuse large B cell lymphoma, and one each of natural killer/T cell lymphoma, post-transplant
lymphoproliferative disorder, Hodgkin lymphoma, and myelodysplastic syndrome evolving to acute myelogenous leukemia. The
presence of autoantibodies, SLE activity, and lupus nephritis were comparable in patients with and without neoplasia. However, the
duration of the use of multiple immunosuppressants, years since renal transplant (22 vs 10), multiple transplants, and the presence of
other autoimmune diseases were greater in those with neoplasia. Two of the 14 patients with non-neoplastic BM and 1 with the
neoplastic BM had nonhematological malignancy.
Clinical and laboratory findings, the number of transplants, and the use of immunosuppressive agents can guide physicians to

identify patients with a higher risk of developing hematologic malignancy. BM findings of cytopenia in SLE are often due to increased
disease activity causing global cell death and dysmaturation. SLE patients presenting with cytopenias, with a history of long-term
exposure to immunosuppressive drugs, should be regularly screened for hematologic and nonhematologic malignancies.

Abbreviations: anti-dsDNA = anti-double stranded DNA, aPL = anti-phospholipid antibodies, AZA = azathioprine, BM = bone
marrow, Hgb = hemoglobin, MDS = myelodysplastic syndrome, MTX = methotrexate, NHL = non-Hodgkin lymphoma, SLE =
systemic lupus erythematosus.
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1. Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune
disease with a predilection for women of childbearing age with a
considerable variation in number and severity of organ
involvement. The hallmarks of SLE are microvascular inflamma-
tion and the generation of autoantibodies, particularly anti-
nuclear antibodies. Hematological disorders, including anemia,
leukopenia, lymphopenia, and thrombocytopenia are part of the
1982 revised American College of Rheumatology and 2012
Systemic Lupus International Collaborating Clinics classification
criteria for SLE.[1,2]

Hematological abnormalities are a significant source of
morbidity and mortality in SLE. These abnormalities can be
related to the pathophysiology of SLE, its sequelae, or the agents
employed in its management.[3] Anemia encountered in up to
63% of the SLE patients could be secondary to anemia of chronic
disease, autoimmune hemolytic anemia, microangiopathic he-
molytic anemia, pure red cell aplasia, or aplastic anemia.[3,4]

Neutropenia, present in 50% of the patients, has been postulated
to occur from autoimmune mechanisms leading to increased
destruction of granulocytes by anti-neutrophil antibodies,
increased margination, and decreased the number of colony-
forming units due to T lymphocyte suppression.[3,5,6]

Patients with active or severe SLE frequently present with
lymphopenia with T cell numbers affected more than those of B
cells.[7] Both IgG and IgM anti-lymphocyte antibodies are
identified in patients with lymphopenia. There is increased
apoptosis in lymphocytes in patients with SLE than those in
healthy controls.[8] The presence of lymphopenia may be
clinically silent or associated with an increased risk of infection
and/or active SLE. Fever, polyarthritis, as well as central and
peripheral nervous system disease, in particular, are associated
with lymphopenia.[9]

Thrombocytopenia is mostly due to anti-platelet antibody-
mediated destruction of platelets in peripheral blood; however,
sequestration and diminished production of platelets in the bone
marrow (BM) also play an essential role. Thrombocytopenia can
also be due to the interaction between anti-phospholipid
antibodies (aPL) and platelet-antigen antibodies.[3] The presence
of aPL confers a 4-fold risk of thrombocytopenia.[10] Thrombo-
cytopenia, as an independent risk factor for early mortality in
SLE, has also been documented.[11]

Increased risk of cancer among SLE patients has also been
reported. The standardized incidence ratio was 2.75 for all
hematologic malignancies and 3.64 for non-Hodgkin lymphoma
(NHL). Furthermore, the risk was also higher for lung and
hepatobiliary malignancies.[12] In addition, SLE patients tend to
have high-grade lymphomas that run an aggressive course; SLE
disease activity, presence of hematologic abnormalities, Epstein-
Barr virus infection, increased B cell activation, and proliferation
are associated with increased lymphoma risk.[13]

At some point, SLE patients with hematologic manifestations
undergo BM biopsy for the exclusion of lymphoproliferative
disorder and/or drug toxicity in the BM.However, the guidelines for
BMbiopsy inSLEpatients arenot clearlydefined, and thedecision to
biopsy depends on the clinical acumen of the physician. Very few
studies have tried to correlate the relation between clinical,
histologic, laboratory, immunologic workup, and medication
history with the development of hematologic manifestations.
Our aimwas to evaluate the clinical and laboratory parameters

of SLE patients who had undergone BMbiopsy for the evaluation
2

of cytopenia and to determine the indicators that could help
predict hematologic malignancy as a cause of cytopenia. We also
evaluated the spectrum of morphological changes in the BM due
to SLE activity and/or immunosuppressive therapy.
2. Patients and methods

The laboratory information system and medical records were
searched for patients, 18years and older, diagnosed with SLE as
per the 2012 Systemic Lupus International Collaborating Clinics
diagnostic criteria, who had undergone BM aspiration and/or
biopsy for hematologic abnormalities (Fig. 1). Patient demo-
graphics, clinical and laboratory findings, medication history,
indications for BM biopsy, BM biopsy findings, and outcomes
were recorded. Laboratory findings and medication history at
�12, �9, �6, �3, 0, +3, +6, +9 and +12months relative to the
time of BM biopsy (0) were noted. Patients with active parvovirus
B19, Epstein-Barr virus, and cytomegalovirus infection were
excluded. Those who underwent a BM biopsy as part of staging
workup for an extramedullary lymphoma were also excluded.
Indications for BM studies included cytopenias (anemia,
leukopenia, thrombocytopenia, pancytopenia) suspected lym-
phoma (post-transplant lymphoproliferative disorder, multiple
myeloma) and lymphadenopathy (Fig. 1).
BM slides were retrieved, re-examined before and after

immunostaining for CD34 (Ventana Medical Systems Tucson,
AZ). BM aspirates stained withWright–Giemsa and BM biopsies
with hematoxylin and eosin, and iron stains were evaluated.
Histopathological data were assessed for cellularity, myeloid,
erythroid and megakaryocytic dysplasia, abnormal localization
of myeloid precursors, blasts, lymphoid follicles, plasma cells,
and iron, and flow cytometric data were reviewed.
The study was reviewed and approved by the Institutional

Review Board & Privacy Board (IRB) of the State University of
New York, Downstate Health Sciences University (873792-1).
The IRB granted ethical approval and waiver of consent to access
the patient database.
Statistical analyses were performed using SPSS (v. 26).We used

measures of central tendencies and dispersion for continuous
variables and frequency distribution for categorical variables.
Data are presented as mean +/� SEMaswell as a cross-tabulation
format for categorical variables. Numerical data for patients with
neoplastic and non-neoplastic BM were compared by Mann–
Whitney U test for continuous variables and 2-way ANOVA.

3. Results

Twenty patients with SLE who had had BM studies were
identified. Two (10%) of the patients were males, and 18 (90%)
were females. Fifteen (75%) of the 20 patients were Black, and 5
(25%) were White. The mean age at SLE diagnosis was 25.8
(range: 21–74) years. Patients with hematologic BM malignancy
had a mean age of 44.5 (range: 31–74) years, and those with non-
neoplastic BM had amean age of 45.6 (range: 21–75) years at the
time of BM biopsy. The mean duration of SLE at the time of BM
biopsy for patients with malignancy was 19.5 (range: 6–32) years
and for those without malignancy was 17.2 (range: 0–35) years
(Table 1).
Four of twenty patients (20%) had undergone a renal

transplant, and 3 of them had received >2 transplants; 2 of
the latter developed hematologic neoplasia. Patients with
neoplastic BM had more years elapsed after renal transplant



Figure 1. Flow chart showing selection of patients with systemic lupus erythematosus who had bone marrow biopsy to diagnose or rule out hematologic
malignancy. AML = acute myeloid leukemia, CLPD-T/NK = chronic lymphoproliferative disorder, CMV = cytomegalovirus, DLBCL = diffuse large B cell lymphoma,
EBV = Epstein-Barr virus, MDS = myelodisplastic syndrome, PTLD = post-transplant lymphoproliferative disorder, SLE = systemic lupus erythematosus.

Table 1

Demographic and clinical features of patients with systemic lupus erythematosus (SLE) who had undergone bone marrow (BM) studies.

Demographic and clinical features of patients Bone marrow

Non-neoplastic (n=14) Neoplastic (n=6) Total (n=20)

Gender
Female 12 6 18 (90%)
Male 2 0 2 (10%)

Race
Black 11 4 15 (75%)
White 3 2 5 (25%)

Age at SLE diagnosis, mean (range) in yr 17 (21–75) 20 (31–74) 26 (21–75)
Age at BM biopsy, mean (range) in yr 46 (21–75) 45 (31–74) 42 (21–75)
SLE duration at BM biopsy, mean (range) in yr 17 (0–35) 20 (6–32) 18 (0–35)
Renal transplant recipient 2 (14%) 2 (33%) 4 (20%)
Multiple renal transplants (≥2) 1 (7%) 2 (33%) 3 (20%)
Time since 1st transplant (yr) 10 22
Other autoimmune disease 2 (14%) 2 (33%) 4 (20%)
Lupus nephritis Class IV/V 9 (69%) 4 (66%) 13 (68%)
Active lupus nephritis 4 (28%) 1 (16%) 5 (26%)
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Table 2

Autoantibodies and complement (C3) in SLE patients with non-neoplastic and neoplastic bone marrow.

Immune profile

Bone Marrow Patient Anti-nuclear Anti-dsDNA Anti-Smith Anti-SSA (Ro) Anti-SSB (La) Anti-RNP Complement 3

Non-neoplastic 1 + � � � � � ↓
2 + + � � � + ↔
3 + + + + + + ↓
4 + � � � + � ↔
5 � � � NA NA NA ↔
6 + + � NA NA NA ↔
7 + + � + + � ↓
8 + + + + + + ↓
9 + + NA NA NA NA ↔
10 + + NA NA NA NA ↓
11 + + NA � � NA ↔
12 + + + NA NA NA ↓
13 + + � � � � ↔
14 + + + � + + ↓

Neoplastic 15 + � � � � � ↓
16 � + � � � � ↔
17 + + + � + + ↓
18 + + + + � + ↔
19 + + � + � + ↓
20 + + � � + + ↓

+ = detected, ↑ = increase, ↓ = decrease, ↔ = normal, � = not detected, NA = not available.
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(22 vs 10years). Four patients (2 in each of the neoplastic BM and
non-neoplastic BM groups) had another autoimmune disease in
addition to SLE (3 had rheumatoid arthritis and 1 had Sjogren
syndrome). Biopsy-proven lupus nephritis class IV or V was
present in 13 (68%) of all patients with equal frequency in both
groups of patients; patients with non-neoplastic BM had a higher
frequency of active lupus nephritis at the time of BMbiopsy (28%
vs 17%) (Table 1).
The most commonly detected antibodies in our patients, in

their disease course, were anti-nuclear antibodies (90%) and anti-
double stranded (DNA) anti-dsDNA (70%), while others (anti-
Smith, anti–Sjögren-syndrome-related antigen A, anti-Sjögren
syndrome type B, anti-ribonucleoprotein) were detected in about
1/3 of all patients. 50% of patients with both neoplastic and non-
neoplastic BM had detectable anti-dsDNA at the time of BM
biopsy. Patients with neoplasia had a higher frequency of chronic
low complement levels than those with non-neoplastic BM (50%
vs 35%) (Table 2).
There were no significant differences in hematologic parameters

(white blood cells, Hgb, platelets) of patients with or without
neoplastic disease from �12months to �6months, however, at
�3months therewas considerable drop in leukocytes, hemoglobin
(Hgb), platelets, neutrophils, and lymphocytes in patients with
neoplasia as compared to those without neoplasia. Patients with
non-neoplastic BM had higher creatinine and urea nitrogen
concentrations and low glomerular filtration rate than those with
neoplastic BM (Fig. 2).
BM was non-neoplastic in 14 patients, while 6 had primary

hematologic BM malignancies. Among the 14 patients with non-
neoplastic BM, 8 (57%) showed hypocellular marrow, and 6
(42%) showed normocellular to mildly hypercellular marrow.
Erythroid hyperplasia was present in 5 (35%) patients; the rest
had normocellular erythroid lineage.Myeloid cell lineage was left
shifted in 4 (30%) patients. Megakaryocytes were morphologi-
cally small, naked, and hypolobated in all SLE patients. Dysplasia
4

involved mostly erythroid precursor cells and included binucleate
cells, megaloblastic change, dyssynchrony, and nuclear budding,
involving 10% to 25% of the cells. Multilineage dysplasia was
observed in 9 (64%) patients. There was a decrease in CD34+
precursor cells in 4 (28%) patients. Serous atrophy replacing part
or total BM space was observed in 3 (23%) of the BM biopsies.
Iron was increased in 10 (76%) as determined by special staining.
Lymphoid aggregates were seen in 3 (23%) patients. Two
patients had 5% plasma cells, but no monoclonal spike was
found on serum electrophoresis performed at the time of BM
biopsy, and at 24months subsequently (Table 3; Fig. 3).
Of the 20 SLE patients, 9 (45%) developed at least 1

malignancy in their lifetime. 6 were hematologic malignancies
diagnosed by the BM biopsy. Two patients with non-neoplastic
BM had a diagnosis of other carcinomas; verrucous squamous
cell carcinoma (�13years) in 1, and colon carcinoma (+18
months after the BM biopsy) in another patient who died
subsequently. One patient with hematologic malignancy had a
history of anal squamous cell carcinoma (�7years) who also died
subsequently during follow up. Of the 6 primary hematologic
malignancies identified, we diagnosed large B cell lymphoma in 2
patients, and NK/T-cell lymphoma, post-transplant lymphopro-
liferative disorder, Hodgkin lymphoma, and myelodysplastic
syndrome evolving to acute myeloid leukemia (AML) in 1 patient
each, respectively.
Patients had been managed with steroids, hydroxychloro-

quine, mycophenolate mofetil, cyclophosphamide (Euro-regi-
men), tacrolimus, and methotrexate (MTX), as single drugs or in
combination over their disease course. Patients with neoplastic
BMwere more likely to be on multiple immunosuppressants than
those with non-neoplastic BM (67% vs 43%). When comparing
medication between the 2 groups of patients, no differences were
found for hydroxychloroquine, MTX, or tacrolimus. Immuno-
suppressants [azathioprine (AZA), biologics] were more fre-
quently used in patients who developed hematologic disease.



Figure 2. Leukocyte, hemoglobin, platelet, lymphocyte, neutrophil, urea nitrogen, creatinine levels, and glomerular filtration rate at�12,�9,�6,�3, 0, +3, +6, +9,
+12months relative to bonemarrow biopsy (0) of SLE patients with (green) andwithout (grey) neoplasia. Bars indicate 5th and 95th percentiles; boxes represent the
25th and 75th percentiles; lines inside the boxes are medians, and asterisks indicate means. Shaded background represents reference ranges. Broken line denotes
the reference value for glomerular filtration rate (GFR) at 60mL/min/1.73m2.

Lanjewar et al. Medicine (2021) 100:21 www.md-journal.com

5

http://www.md-journal.com


Table 3

Features of bone marrow of patients without neoplastic disease.

Bone marrow findings in non-neoplastic patients

Patient Cellularity Serous atrophy Myeloid Erythroid Megakaryocyte Dysplasia CD34 Iron
∗

Lymphoid aggregates

1 Hypocellular + ↓ ↔ SNH No dysplasia ↓ NA �
2 Hypercellular � ↔ ↔ ↑ No dysplasia ↔ 1 �
3 Hypocellular � LS Hyperplasia SNH, ↑ BN, megaloblastoid � 3 �
4 Normocellular � ↔ ↔ SNH Dyssynchrony NA 0 �
5 Hypocellular � LS Hyperplasia SNH, ↑ BN, megaloblastoid ↑ 3 �
6 Hypercellular + ↔ ↔ SNH, ↑ No dysplasia ↔ 4 �
7 Hypocellular + LS Hyperplasia SNH, ↑ BN, budding, dyssynchrony � 3 �
8 Hypocellular � ↓, LS ↔ SNH, ↓ Dysplasia, megaloblastoid � 3 +
9 Hypercellular NA NA NA NA No dysplasia, 6% clonal plasma cells NA 3 NA
10 Hypocellular � ↓ ↔ SNH Nuclear budding ↓ 3 +
11 Hypocellular � ↓ Hyperplasia SNH Dyssynchrony ↓ 3 �
12 Normocellular � ↓ ↔ SNH BN, megaloblastoid ↓ 0 �
13 Hypocellular � ↓ ↔ SNH No dysplasia ↔ 2 �
14 Normocellular � ↔ Hyperplasia SNH Irregular nuclear, binucleate ↔ 0 +

+ = present, ↑ = increase, ↓ = decrease, ↔ = normal, = absent, BN = binucleate, LS = left shift, NA = not available, SNH = small naked hypolobulated.
∗
Iron staining intensity.

Figure 3. Representative photomicrographs of bone marrow biopsy in patients with SLE. (A) Hodgkin lymphoma (H&E, �100). Inset, Reed-Sternberg cell (H&E,
�1000). (B) Hypocellular marrow (H&E,�40). (C) Serous atrophy (H&E,�40). Inset showing replacement of bonemarrow elements with glycosylatedmaterial (H&E,
�100). (D) Increased storage iron in the bone marrow (Iron stain, �100).
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Table 4

Medication history of SLE patients with non-neoplastic and neoplastic bone marrow for 6months prior to the bone marrow biopsy.

Medications

Bone Marrow Patient Azathioprine Hydroxychloroquine Leflunomide Methotrexate Mycophenolate Orencia Prednisone Rituximab Tacrolimus

Non-neoplastic 1 + + +
2 + + +
3 + + + +
4 + + + +
5 + + +
6 +
7 + +
8 + + +
9 + +
10
11 + + +
12 +
13 +
14

Neoplastic 15 + +
16 + +
17 + + +
18 + + + +
19 + + +
20 + + + +

Lanjewar et al. Medicine (2021) 100:21 www.md-journal.com
Patients with non-neoplastic BM findings responded to the
reduction of immunosuppression, steroids, granulocyte-colony
stimulating factor and erythropoietin (EPO) (Table 4).
Overall survival was measured from 5 to 13years. In the non-

neoplastic BM group, 1 patient died of metastatic colon
carcinoma diagnosed 20months post BM biopsy; 5 of 14
patients were lost to follow-up. In the neoplastic BM group, 1 of
the 6 patients died of AML developing from myelodysplastic
syndrome (MDS). One patient with T cell lymphoma was lost to
follow up.
The presence of antibodies, indicators of SLE activity and lupus

nephritis are comparable in the 2 groups, however, more
prolonged immunosuppressive therapy, years postrenal trans-
plant (22 vs. 10years), history of multiple transplants and the
occurrence of other autoimmune disease were higher in patients
with neoplasia. Exposure to >2 immunosuppressive drugs (AZA
and biologics) increased association with malignancy. Of the
hematological findings: leukopenia, neutropenia, lymphopenia,
thrombocytopenia, and serological findings: chronic low com-
plement levels were seen more frequently in patients with
neoplastic BM. Renal function was abnormal in the non-
neoplastic group (glomerular filtration rate <60, elevated
creatinine and urea nitrogen). BM was mostly hypocellular with
low hematopoietic precursor cells. Dysplastic changes were
frequent in erythroid lineage cells and megakaryocytes but there
was no increase in lymphocytes and plasma cells.
4. Discussion

SLE is an autoimmune disorder that virtually affects every organ
system of the body. There is an overall increased risk of both
hematological and non-hematological malignancy in SLE, with
NHL being the most common.[12] While every component of the
blood and coagulation cascade can be affected in SLE, the most
common hematological abnormalities are lymphopenia, neutro-
penia, anemia, thrombocytopenia, and aPL syndrome.[3,14] Since
7

these hematological abnormalities have been found to occur in
SLE independent of disease severity,[15] these should be attended
to promptly with a BM biopsy to rule out a neoplastic process.
There is a paucity of information on the relationship between
clinical and laboratory findings and medication history with the
development of hematologic neoplasms.We aimed to identify the
clinical and laboratory findings which can likely help ascertain
whether the cytopenias are the result of a hematologic neoplasm
or part of the SLE disease spectrum.
BM alterations in SLE have been the focus of a number of

studies since the early 1950s when 32 of 111 SLE patients with
hematological abnormalities underwent BM biopsy without
revealing a plausible explanation for the observed cytopenias.[16]

Subsequent reports have described hypocellularity, increased
reticulin, myelofibrosis and necrosis, abnormal iron stores, and
increased plasma cells among other abnormalities.[17–23] Dyser-
ythropoiesis and hypoplasia have been found in the BM of 40%
of the SLE patients, and gelatinous or serous transformation have
been observed in fewer than 8% of the SLE patients.[24,25]

Consistent with previous reports, we observed hypocellularity
and myeloid hypoplasia in 57% of the patients with non-
neoplastic BM, however, serous atrophy was found at a higher
frequency (23 vs 8%) than that reported previously.[26] Global
hypocellularity, myeloid hypoplasia and necrosis are notable
findings in the BM of SLE patients with cytopenia in our study.
Increased lymphoid aggregates and plasmacytosis have been
observed in the BM of SLE patients.[19,24,27] These features were
especially prominent when BM was biopsied at the time of active
lupus nephritis with increased disease activity and elevated levels
of anti-dsDNA antibodies.[28]We rarely observed lymphoid
aggregates and plasmacytosis. We could not confirm this
association as the only patient who had BM plasmacytosis had
neither lupus nephritis nor anti-dsDNA antibodies. CD34
analysis of hypocellular BM revealed varying degrees of
reduction in the number of hematopoietic precursors (6/7) which
likely results in global hypocellularity observed in the BM of SLE

http://www.md-journal.com
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patients. Such reduction in the number of hematopoietic stem
cells in SLE patients has also been documented previously.[29]

Increased iron stores found in 76% of our patients, and also
reported previously,[19] may indicate the chronic nature of the
disease and the inability of erythroid lineage to utilize the iron for
hematopoiesis. The erythroid and megakaryocytic lineage cells
showed dysplasia in 64% of our patients; it is not uncommon to
find dysplasia in all cell lineages in SLE patients and it is, in fact,
reversible during the course of the disease and is a sign of disease
severity.[15,24,30]

We observed hematological malignancy in 30%of our patients
with SLE and pancytopenia; 2 of these patients developed diffuse
large B cell lymphoma, and both received conventional
chemotherapy with a good response. Other patients with
lymphoma included a patient with natural killer/T cell lymphoma
who had received 2 renal transplants, a patient with post-
transplant lymphoproliferative disorder who had 3 renal trans-
plants, and a patient withHodgkin’s lymphomawithout a history
of transplant. Exposure to>2 or more immunosuppressive drugs
showed a tendency towards developing a hematologic malignan-
cy. Biological markers for disease activity like hypocomplemen-
temia, anti-dsDNA, and lupus nephritis were similarly present in
patients with or without neoplastic marrow. Hematologic
malignancy has been recognized as a sequela of SLE. Recent
meta-analyses have shown a 5-fold greater risk for NHL and a 2-
to-3-fold greater risk for Hodgkin lymphoma and leukemia
among SLE patients.[31,32] Another study of 16,409 patients at 30
different centers demonstrated a significantly increased risk for all
hematologic malignancies in SLE (standardized incidence ratio:
3.02).[33] Amongst the non-hematologic malignancies in our
study, 2 patients had squamous cell carcinoma (skin and anal)
and 1 had metastatic colonic adenocarcinoma, comprising 15%
incidence. These data are consistent with the widely accepted
higher risk of malignancy among SLE patients, especially for non-
melanoma skin cancers. [31,33,34]

The higher incidence of NHL has been postulated to derive
from the combination of etiologies in SLE including chronic
inflammation seen in autoimmune diseases, translocation of an
oncogene next to a gene that mediates immune function and
frequent exposure to cytotoxic medications which upregulate
lymphocyte proliferation.[31] Exposure to various types of
antigens (e.g., autoantigens, viral and other microbial antigens)
and/or activation of the B cell receptor signaling pathway leads to
the development of lymphoma in these patients.[35] B cell itself
undergoes several genetic events during B cell maturation, which
increases the chances of genetic aberration. Due to the
autoimmune-inflammatory nature of SLE, B and T cells are
exposed to and get activated by a range of antigens, leading to
proliferation, clonal expansion, and accumulation of aberrant
genetic events and development of lymphomas.[13] It is hypothe-
sized that the development of lymphoma in chronic inflammatory
disease is heavily dependent on disease duration and disease
activity. Immunosuppressive therapy may not be the primary
driving factor for malignancy, but it appears to contribute to the
increased risk of hematological malignancy.[34,36–38]

Multiple treatment agents in SLE have been linked to
lymphoproliferative disorders including MTX and cyclophos-
phamide.[36,39,40] SLE patients treated with AZA are at an
increased risk of developing myeloid neoplasms, especially MDS
or AML.[41–43] The only patient in our study who developed
MDS/AML was also being treated with AZA. Mycophenolate
mofetil and tacrolimus, used in transplant medicine, appear to
8

increase the risk of non-melanomatous skin cancer, squamous
cell carcinoma, and basal cell carcinoma.[44] Two patients in our
study with squamous cell carcinoma did not have a history of
using mycophenolate or tacrolimus.
Our study had limitations that include a small sample size and

limited details of SLE disease activity indexes at the time of the
diagnosis of hematological abnormality. Survival data are not
available for 5 patients who were lost to follow-up. Most of our
patient population is Black; thus, race comparison for the
incidence of malignancy is not optimal.
5. Conclusions

We have found that the reliable indicators of underlying
hematologic malignancy in a patient with SLE presenting with
cytopenia are history of multiple transplants and long duration of
immunosuppression. Patients receiving AZA and biologics were
more likely to develop hematologic malignancies. Decreases in
hematologic parameters (white blood cells, neutrophils, lym-
phocytes, platelets, Hgb) were more notable at 3months prior to
the BM biopsy in the neoplastic group. Other parameters like
disease duration, disease activity, patient age, concurrent
autoimmune diseases, and serological markers did not show
any difference between these 2 groups. BM in SLE patients was
mostly hypocellular with a decrease in progenitor cells and
dysplastic changes in erythroid and megakaryocytic lineages,
indicating disease activity. There was no increase in plasma cells
or lymphocytes.
Clinicians treating patients with SLE presenting with cytopenia

should take into account the number of consecutive transplants,
length of immunosuppression, presence of biologics andAZA, and
a recent drop in hematologic parameters to suspect the presence of
hematologic neoplasm in these patients. The cause ofpancytopenia
in SLE patients appears to be a reduction of progenitor cells in the
BM, causing hypocellularity anddysplastic changes, both ofwhich
are reversible. Although clinical and laboratory findingsmay guide
clinicians, BM biopsy is essential for the definitive diagnosis or
exclusion of a hematologic neoplasm.
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