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Abstract: Chronic myelomonocytic leukemia (CMML) can be complicated by autoimmune features associated with
rheumatologic disorders, which have been commonly reported by more researches currently. The intrinsic correla-
tion between CMML and autoimmune diseases can create significant pitfalls in differential diagnosis. CMML oc-
casionally presents with clinical and histopathological manifestations that are similar to those of Immunoglobulin
G4-related disease (IgG4-RD), a newly recognized systemic autoimmune disorder. Both CMML and 1gG4-RD can
have significant overlaps due to the common nature of these systemic disorders, especially when atypical clinical
phenotypes are present. It is significant for physicians to accurately distinguish CMML and 1gG4-RD because the
therapy modalities could differ extremely between the two entities. Here we present a unique case of a 70-year-old
female who had a condition that mimicked the onset of IgG4-RD not only in terms of clinical manifestations but also
in serology and histopathology analyses. Following a series of rigorous examinations, this patient was ultimately
diagnosed as having CMML. Herein, we discuss the aspects of IgG4-RD’s differential diagnosis and the need for
careful comparison of clinical and laboratory features as well as consideration of the pathogenesis of both 1gG4-
RD and CMML. We also stress a concept that the presence of autoimmune conditions cannot be the sole basis to
exclude diagnosis of CMML, as these disorders can appear concomitantly.
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Introduction

Chronic myelomonocytic leukemia (CMML) is a
clonal hematopoietic stem cell neoplasm char-
acterized by overlapping features of myelodys-
plastic syndrome (MDS) and myeloproliferative
neoplasm (MPN). CMML has an inherent ten-
dency to transform into acute myeloid leukemia
with a relatively poor prognosis [1, 2]. Patients
with CMML can present with a variety of mani-
festations including constitutional symptoms,
splenomegaly, bleeding, infection and lesions
even in the presence of multifarious autoim-
mune and inflammatory processes [3]. CMML
was previously considered to be a subtype of
MDS that comprises a heterogeneous group of
clonal stem cell neoplasms in the past, yet it
has already been differed from MDS due to
unique genetic and prognostic traits nowadays
[4]. Despite their differences, the two condi-
tions do share some similarities and can coex-

ist with autoimmune disorders. To our knowl-
edge, CMML and MDS are frequently concomi-
tant with some autoimmune diseases (AIDs)
such as polyarthritis, psoriasis and vasculitis.
CMML and MDS have an AlDs complication rate
of 7% and 20%, respectively [5, 6]. Features of
MDS/CMML-associated AlDs are typically non-
specific and varied, which make their recogni-
tion difficult.

IgG4-RD is a rarely benign immune-mediated
disease that often mimics many malignant,
inflammatory and infectious disorders. Mul-
tiple organs are typically involved in 1gG4-RD,
although until recently the specific etiology of
the disease was unknown. It was recently rec-
ognized as a unified autoimmune disease and
histopathological examination remains the gold
standard for diagnosis [7]. Considering the con-
nection between CMML and AIDs, some malig-
nant and autoimmune processes such as multi-
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Figure 1. Immunostaining for CD68 in a spleen biopsy sample. Photomicro-
graph of the spleen showed the presence of many CD68+ cells in a spleen
biopsy sample (20x and 40x magnification in A and B, respectively).
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Figure 2. Histopathology of spleen tissue stained with H&E. Photomicro-
graph of the spleen showed tumor-like hyperplasia of splenic histocytes with-
out evident pathological mitoses. The spleen tissue is extensively infiltrated
by inflammatory cells, mainly plasma cells and lymphocytes (20x and 40x

tion of the patient’s medical
history showed that she had a
history of skin allergies with-
out other underlying disease.
Laboratory examination reve-
aled an increased monocyte
proportion of 26.2% and mild
anemia. Abdominal computed
tomography (CT) indicated an
enlarged spleen. Other labora-
tory work-ups including coa-
gulation tests, liver enzymes
and renal function were within
normal ranges. However, the
patient’s abdominal pain did
not resolve and she subse-
quently developed a continu-
ous decrease in hemoglobin
in spite of management with
proper treatments. She was
initially diagnosed with perisp-
lenitis with suspicion of splen-
ic tumors and underwent “lap-
aroscopic splenectomy and
pericardial devascularization”.
Unfortunately, the patient con-
tinued to complain of hypo-
gastric pain after the opera-

maghnification in A and B, respectively).

organ lesions and arthralgia may be easily
misinterpreted as manifestations of 1gG4-RD.
Thus, early differential diagnosis of IgG4-RD or
CMML can be challenging for clinicians, partic-
ularly because the two conditions have over-
lapping histopathological and serological fea-
tures as well as clinical manifestations.

Here, we describe an unusual case in which the
patient had symptoms that mimicked those
associated with 18G4-RD onset. The patient
exhibited elevated serum 1gG4 levels and his-
topathological analysis showed infiltration of
IgG4-positive lymphoplasmacytic cells. The pa-
tient was eventually diagnosed with CMML
based on examination of bone marrow, detec-
tion of mutations in relevant genes and flow
cytometry analyses.

Case report

A 70 year-old Chinese woman who presented
with a 10-year history of arthralgia and spleno-
megaly was admitted to hospital for “acute left
abdominal pain for two days”. Further investiga-
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tion. The abdominal CT indi-

cated spontaneous hemorrh-
age in the left kidney and a left nephrectomy
was performed after embolization of the renal
artery had a poor hemostatic effect. Biopsy
specimens of the spleen and kidney were sent
to another hospital for pathological examina-
tion, which revealed infiltrate comprised of a
large number of histocytes (highlighted by
CD68) (Figure 1A and 1B) as well as prolifera-
tion of plasma cells and tumor-like cells without
pathological mitoses in the spleen (Figure 2A
and 2B). Focal chronic inflammation, hemor-
rhage and necrosis were seen in the kidney
samples. Immunochemistry staining of spleen
specimens showed lymphoplasmacytic infiltra-
tion rich in IgG4+ plasma cells with >10 1gG4+
cells per high power filed (Figure 3A and 3B)
and a 1gG4:1gG ration of 34.5% (Figure 3C and
3D); no diagnostic evidence of malignancy was
identified. Meanwhile, the patient had eleva-
ted serum 1gG4 immunoglobulin levels (2.390
g/L; cutoff value for IgG4-RD >1.35 g/L). Bas-
ed on these histopathology and serology out-
comes, an initial diagnosis of 1gG4-RD was
established.
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Figure 3. Immunostaining for IgG4 and IgG of spleen tissue. Staining for
18G4 with diffuse infiltrates of IgG4+ plasma cells and >10 positive cells per
high powered filed (20x and 40x magnification in A and B, respectively). Im-
munostaining for IgG shows a dense infiltration of IgG+ cells in the spleen
biopsy sample. In the IgG-stained section the ratio of 1gG4 to IgG-positive
plasma cells is up to 34.5% (20x% and 40x magnification in C and D, respec-
tively).
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Figure 4. Morphological characteristics in bone marrow smears. Bone mar-
row aspirates show an increased proportion of granulocytes and monocytes
without abnormalities in morphology as well as evidence of immature mono-
cytes, decreased proportion of mature erythrocytes with enlargement of a
light-stained central area in erythrocytes and a decreased proportion of lym-
phocytes (Wright-Giemsa, 1,000x original magnification).

caused by reactive hyperpla-
sia in hematopoietic tissue.
No malignancies were noted
in the CT scan. Together these
assessments raised concern
about possible benign AlDs.
Based on the patient’'s medi-
cal history of frequent skin
allergies and arthralgia that
are associated with autoim-
mune features, a diagnosis of
IgG4-RD seemed to fit well as
a unified diagnosis for the
tumefactive lesions seen in
the spleen and kidney, as well
as the positive serology and
histopathology findings. Both
the clinical manifestations
and histopathology findings
were judged to be consistent
with 1gG4-RD. Thus, the pati-
ent was diagnosed with IgG4-
RD and received glucocorti-
coid therapy.

The patient experienced a
recurrent hemorrhage of the
right kidney during the gluco-
corticoid treatment and her
condition appeared to worsen
with the presence of progres-
sive renal function deteriora-
tion. The creatinine level rose
from 72 pmol/L at baseline
to 348.8 pmol/L (reference
value: 49-90 pmol/L) over
several weeks. Consequently,
continuous renal replacement
therapy (CRRT) was initiated.
The absence of autoimmune
features including favorable
response to glucocorticoids
and history of sustained mo-
nocytosis and splenomegaly,
both of which were incom-

A positron-emission CT using 13mCi F*2 fluoro-
deoxyglucose showed multiple lymph nodes
spread over the body including the bilateral
cervix and, mediastinum as well as, hilar, distal
esophageal, para-abdominal aortic, mesenter-
ic and inguinal regions with some slightly hyper-
metabolic lymph nodes, which were considered
to be suggestive of an AID. Furthermore, dif-
fused hypermetabolism was observed in bone
marrow throughout the body that was possibly
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patible with 1gG4-RD but highly consistent with
CMML, led the patient’s clinicians to reconsi-
der the previous diagnosis. A subsequent bone
marrow (BM) biopsy showed granulocytic/mo-
nocytic hyperplasia with the number of seg-
mented granulocytes exceeding that for stab
granulocytes and a decreasing proportion of
erythrocytic lineages that lacked dysplastic
blasts (Figure 4). Peripheral blood smears ex-
hibited a significant increase in monocytes of

Am J Transl Res 2019;11(7):4561-4567
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Figure 5. Morphological characteristics in peripheral blood smear. Periph-
eral blood smear showing significantly increased frequency of monocytes
(up to 29%), which were mainly mature. A normal proportion of neutrophil
having increased and thickened granules in the cytoplasm and irregular
erythroids with an enlarged central light-stained area were found (Wright-
Giemsa, 400x original magnification).
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Figure 6. Immunostaining for neutrophil alkaline phosphatase (N-ALP), Peri-
odic Acid-Schiff (PAS) and iron in the bone marrow. Staining for N-ALP dem-
onstrates that the positive ratio and positive index for N-ALP is 96.00% and
236.00, respectively (reference range: 66.28+22.75% and 103.28+69.63,
respectively). PAS and iron staining are within normal limits (200% maghnifi-
cation in A). Immunostaining for CD41 in the bone marrow showed 15 nor-
mal megakaryocytes in the whole film and the absence of micromegakaryo-
cytes (20x magnification in B).
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Figure 7. Sorting PBMCs to obtain CD14+ and CD14+CD16- monocyte sub-
sets of this patient. Flow cytometry panel of CD16 and CD14 expression
on gated monocytes revealed that the proportion of CD14+ monocytes is
25.32% in (A) and the ratio of CD14+CD16- monocytes to CD14+ monocytes
is 90.60% in (B).

up to 29% without promonocytes, a normal pro-
portion of neutrophils that had increased and
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thickened granules, and irreg-
ular erythrocytes (Figure 5).
Immunostaining for neutrophil
alkaline phosphatase (N-ALP),
Periodic Acid-Schiff (PAS) and
iron in the bone marrow dem-
onstrates that staining for
N-ALP was positive. PAS and
iron staining are within normal
limits (Figure 6A). Immunosta-
ining for CD41 in the bone
marrow showed normal me-
gakaryocytes and the absen-
ce of micromegakaryocytes
(Figure 6B). Flow cytometry
analysis of the monocyte sub-
sets distribution displayed: i)
an increased proportion of
CD14+ monocytes of up to
25.32% (Figure 7A) and ii) a
proportion of classical mono-
cytes (CD14+CD16-), referred
to MO1, of up to 90.6% (Figure
7B), which was close to the
cutoff value of 94% that was
validated in prior reports to
distinguish CMML from reac-
tive monocytes [8-10]. Conti-
nuous monitoring of routine
blood tests yielded a per-
sistently absolute monocyte
count of >1x10°%/L with >10%
of leukocytes, mild thrombo-
cytopenia and moderate ane-
mia, whereas the leukocyte
and neutrophil counts were
within normal ranges. Molecu-
lar genetics further revealed
that the mutation frequency
of CBL is up to 97.1% in this
patient, followed in decreas-
ing order by SF3A1, ARID1A
and TPMT at 53.2%, 47.1%
and 6.6%, respectively (Table
1). Taking the aforementioned
results together, a diagnosis
of CMML-0 was made accord-
ing to the 2016 World Health
Organization criteria [1]. Upon
diagnosis, a front line chemo-
therapy regimens for CMML
was immediately prescribed
for her. This patient experi-
enced several fevers and in-

fections but with a good condition in protopathy
that had achieved clinical remission and her

Am J Transl Res 2019;11(7):4561-4567
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Table 1. Gene mutations associated with hematological disorders detected in this patient

Mutated Transcript ID Mutat'ion Nucleotide change Amino acid dbSNP Mutation
gene location change frequency (%)*
CcBL* NM-005188 Exon 8 c.1151G>A p.C384Y - 97.1
TPMT# NM-000367 Exon 9 c.659T>C p.-V200A - 6.6
SF3A1# NM-005877 Exon 4 c.423C>G p.1141M - 53.2
ARID1A*  NM-006015 Exon 16 ¢.3999-4001dupGCA p.Q1334dupQ rs570962335 47.1

“The mutations location is identified as being associated with CMML in specific studies, or is definitively to mediated functional
changes of disease-related proteins. #The mutation location has not yet been associated with CMML in published reports, but
is supported by at least two databases. dbSNP: database of single Nucleotide Polymorphisms; 'Reported frequency of the

mutation in this patient.

CMML-associated constitutional symptoms im-
proved significantly over a 7-month follow up
period.

Discussion

This case highlights that both CMML and 1gG4-
RD are systemic protean diseases that can
affect almost any organ or system in the body.
Although CMML is a malignant and 1gG4-RD is
a benign autoimmune disorder, the two diseas-
es share certain similarities in both clinical
manifestations and pathophysiology. CMML is,
a clonal myeloid neoplasm that could share a
wide spectrum infiltration of multiple organs,
especially the spleen. Multiple studies have re-
ported that CMML patients occasionally pres-
ent with concomitant or pre-existing autoim-
mune disorders or systemic inflammatory syn-
dromes (SIS), such as arthritis, psoriasis, sys-
temic vasculitis, chronic inflammatory demye-
linating polyneuropathy and other rare AlDs
[14, 12]. Therefore, the presence of AlDs should
not be the exclusion criteria for CMML, since
these conditions can present concomitantly,
although, the specific mechanisms involved in
interactions between CMML and AIDs remain
unclear. Notably, flow cytometry analysis of this
patient revealed an aberrant elevation in the
infraction of CD14+ monocytes (25.32%) in
peripheral blood. Interestingly, Tomohiro et al.
reported that activation of NOD-2 in CD14+
monocytes induced IgG4 production by B cells
in a BAFF-dependent and T cell-independent
manner [13]. Based on these findings from ear-
lier studies, we presumed that CMML patients
along with an increased proportion of CD14+
monocytes could be accompanied by elevated
serum levels of IgG4 immunoglobulin, which
was the case for this patient. The elevated se-
rum 1gG4 levels in this patient may be expla-
ined by this reason. Such a potential similarity
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between CMML and 1gG4-RD contributes to
great challenges and dilemma for reaching to
the accurate diagnosis of CMML in view of
results of serological analysis.

IgG4-RD is newly recognized as a systemic au-
toimmune disorder that often mimics malig-
nant, infectious and inflammatory disorders.
Patients with IgG4-RD are prone to form tume-
factive lesions that involve multiple organs in
common sites such as the parotid gland, sali-
vary gland and pancreas, but the lung, kidney
and retroperitoneal tissue can also be affect-
ed [7, 14]. Representative features of IgG4-RD
histopathology comprise of: dense lymphoplas-
macytic infiltration (IgG4+ plasma cells) with
or without elevated serum IgG4 levels, fibrosis
(often presenting in a storiform pattern), and
obliterative phlebitis [15]. Although, CMML and
IgG4-RD can be discriminated upon careful and
extensive examinations including histopatho-
logy, gene detection and flow cytometry, the
pathology of these two disorders share some
similarities. The inflammatory and autoimmune
profile of CMML patients may involve a high
proportion of IgG4+ cells among plasma cells
owing to the abovementioned correlation be-
tween CMML and AIDs. Even though the combi-
nation of serological results and histopatholog-
ical features provides strongly supportive evi-
dence for a diagnosis of IgG4-RD, careful cor-
relation with clinical presentations is often re-
quired to contribute to a definitive diagnosis.

Hence, when arriving at a conclusion based
on interpretation of pathology results alone,
terms such as ‘definitive’ should be avoided in
favor of terms such as ‘histologically sugges-
tive of IgG4-RD’. Given the underlying relation-
ship between CMML and 1gG4-RD, distinguish-
ing the histopathological features of the two
diseases is challenging. A widely recognized

Am J Transl Res 2019;11(7):4561-4567
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clinical hallmark of 1gG4-RD is its dramatic
response to a glucocorticoid regimen, but this
patient showed no response to steroids and
her clinical condition instead deteriorated. The
previous diagnosis IgG4-RD was overturned
upon failure of glucocorticoid therapy. This out-
come emphasizes the importance of repeated
bone marrow biopsy and flow cytometry for pa-
tients exhibiting atypical monocytosis in order
to obtain an accurate diagnosis as early as
possible.

CMML and 1gG4-RD are two completely differ-
ent entities not only in pathogenesis but also
in terms of treatment and prognosis. Making an
early differential diagnosis for the two disor-
ders is critical for selecting appropriate thera-
peutic approaches to ensure optimum progno-
sis and avoid potentially correlated complica-
tions. Treatment of CMML with regular chemo-
therapy and allogeneic hematopoietic stem cell
transplant (HSCT) can achieve clinical remis-
sion [16]. Meanwhile, for IgG4-RD patients glu-
cocorticoids are commonly recognized as the
cornerstone of treatment with or without use
of steroid-sparing immunosuppressive agents
and biological agents (e.g., B cell depletion with
rituximab) depending on disease severity and
corticosteroid response [7, 17]. In the case pre-
sented here, there is an intense requirement
for physicians to review the histopathological
examination results repeatedly and carried out
a series of hematological examinations includ-
ing bone marrow biopsy and peripheral blood
smears for dynamic monitoring. It is of note
that IgG4-RD should be judged preferentially as
an exclusive diagnosis due to its rarity, and a
definitive diagnosis of IgG4-RD can be made by
excluding a variety of mimickers, such as malig-
nancies, infections, and other immune-mediat-
ed disorders. When clinicians encounter a pos-
sible diagnosis of IgG4-RD that is based merely
on an appropriate interpretation of histopathol-
ogy results, they should take into account the
possibility that a hematological neoplasm may
be responsible for sustained monocytosis de-
spite persistently normal WBC levels.

Conclusion

CMML can occasionally show analogous prop-
erties with 1gG4-RD in clinical, serological and
even histopathological examinations. As such,
to distinguish these two diseases precisely,
physicians must carry out comprehensive anal-
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yses of the pathological results and consider
the various clinical scenarios. Furthermore, the
findings in our study suggested that CMML
can concomitantly present with certain auto-
immune features, which is consistent with pre-
vious reports. The effects of intrinsic immune
pathogenesis on the correlation between CM-
ML and AIDs will require additional examination
to determine an applicable diagnostic strategy
to accurately distinguish these two disorders.
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