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Abstract

Many diseases can induce
splenomegaly, however, about 5% of
splenomegalies are idiopathic. When there
is no underlying treatable cause, and the
splenomegaly significantly affects the qual-
ity of life, splenectomy is the best therapeu-
tic choice. A 67-year-old woman had idio-
pathic and asymptomatic splenomegaly.
The increase in splenomegaly resulted in
hypersplenism with cytopenia and symp-
toms related to abdominal discomfort. The
patient underwent splenectomy which led to
clinical improvement. A histological exam-
ination showed the presence of hematopoi-
etic tissue. Peripheral blood Next
Generation Sequencing with the myeloid
panel SOPHiA Genetics showed the follow-
ing mutations: ASXLI, SRSF2, KRAS and
TET2. Three out of these four mutations
were also found in the splenic tissue. Next
Generation Sequencing could be useful in
the diagnosis of splenomegalies associated
with myeloproliferative neoplasms other-
wise defined as idiopathic, in order to
address a therapeutic strategy.

Introduction

Splenomegaly is defined as spleen
weight above 250 g,! however various
methods allow an indirect definition of
splenomegaly (for example the longitudinal
diameter over 11-14 cm, the spleen volume
more than 314.5 cm? calculated by ultra-
sound or CT).2? Splenomegaly is often a
condition secondary to other diseases
(Table 1).* The differential diagnosis is
often challenging and requires the involve-
ment of numerous tools in terms of blood
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chemistry, histology and imaging.>-

The spleen has a role in presenting anti-
gens: an infection can stimulate a reactive
splenomegaly, often reversible at the dis-
ruption of an antigenic stimulus.
Consistently, even an autoimmune antigenic
stimulus  could result in reactive
splenomegaly.

The spleen is in charge of the disposal
of blood cells. Congenital blood cell disor-
ders can cause splenomegaly, particularly
during the first decades of life.

Congestion of portal venous flow or
congestive heart failure may be responsible
for splenomegaly, resulting in hyper-
splenism and consequent cytopenia.
Hyperaccumulation disorders are congeni-
tal or acquired and may induce organ failure
or increase in volume. These diseases are
usually associated with symptoms concern-
ing other organs.

Neoplasms can induce splenomegaly
due to metastasis or primitive splenic neo-
plasms, especially hematologic ones.”
Despite these causes, in about 5% of cases,
splenomegaly remains idiopathic.’

In hematology, splenomegaly often
underlies a neoplastic disease and its identi-
fication leads to a diagnosis and, therefore,
to a therapeutic approach.

Potentially all lymphomas can be locat-
ed in the spleen. Splenomegaly sometimes
represents the first or the only sign of neo-
plasia. Except in rare cases (e.g. in splenic
marginal zone lymphoma) splenectomy is
not recommended and therapy of the under-
lying disease solves the splenomegaly.

Chronic Myeloid Leukemia (CML) is
symptomatic in only 50% of cases, but
splenomegaly is a frequent sign detected at
diagnosis and the spleen size measured
from the left costal margin is fundamental
to calculate the Sokal score.® The JAK1/2
inhibitor ruxolitinib was introduced into
clinical practice, reducing spleen size and
improving the quality of life in most
patients.’

The diagnosis of MPNs were redefined
by the WHO in 2016, giving a central role
to the detection of JAK2, CALR and MPL
mutations and to the histological examina-
tion of the bone marrow.!® About 2% of
patient with Polycythemia Vera and 10% of
patient with Essential Thrombocythemia
and Myelofibrosis do not carry any of these
mutations.

The so called “triple negative” patients
show a worse prognosis in Leukemia Free
Survival and the comprehension of the
pathogenesis, diagnosis and management of
these patients still represent an unmet clini-
cal need.!!

Next Generation Sequencing (NGS)
allows the simultaneous analysis of a large

[Hematology Reports 2021; 13:8814]

s

Correspondence: Giuseppe Auteri,
Department of Experimental Medicine,
IRCCS Azienda Ospedaliero-Universitaria di
Bologna, Istituto di Ematologia "Seragnoli",
Bologna, Via Giuseppe Massarenti, 9,
Bologna 40138, Italy.

Tel.: +39.051.2143834.

E-mail: giuseppe.auteri2@unibo.it

Key words: Splenomegaly, Next Generation
Sequencing, Myeloproliferative Neoplasms.

Contributions: The authors contributed equally.

Conlflict of interest: GA, FB, DB, CB, LC, VT,
NC declare no potential conflict of interest,
MC reports personal fees and other from
Janssen, Celgene, Novartis, Bristol-Myers
Squibb, Amgen, Takeda, outside the submitted
work; FP reports personal fees and other from
AOP Orphan Pharmaceuticals, Celgene,
Novartis, outside the submitted work.

Funding: None.

Ethics approval: The paper was approved by
the local ethics committee.

Consent to publication: Received.

Availability of data and materials: In respect
of privacy, it is possible to consult the material
and data of the case report

Received for publication: 27 July 2020.
Revision received: 4 November 2020.
Accepted for publication: 1 February 2021.

This work is licensed under a Creative
Commons Attribution-NonCommercial 4.0
International License (CC BY-NC 4.0).

O©Copyright: the Author(s), 2021
Licensee PAGEPress, Italy
Hematology Reports 2021, 13:8814
doi:10.4081/hr:2021.8814

quantity of samples and genes. The
“Myeloid Solution” panel of SOPHiA
genetics (Sophia Genetics, Saint Sulpice,
Switzerland) analyzes 30 genes commonly
involved in myeloproliferative neoplasms.
Therefore, it is possible to have a lot of spe-
cific information about a patient in a rela-
tively short time and at lower costs than
techniques in which specific single genes
are searched.

NGS permits to identify MPN patients
with worse prognosis, especially “triple
negative” ones and its use as a diagnostic
tool is increasing.!?

Case Report

We describe the case of a 67-year-old
female that came to our observation
because of a random detection of
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splenomegaly (Figure 1).

In June 2017, the patient suffered from
a severe dyspnea (NYHA class II/III) and
asthenia. Complete blood count and labora-
tory evaluations were normal with the
exception of a not clinically significant
monoclonal IgG/k type peak (295 mg/dl), a
rheumatoid factor and anti-nucleic autoanti-

Table 1. Causes of splenomegaly.

Case Report

bodies. The patient had a multinodular thy-
roid goiter, she was obese and suffered from
Sjogren disease requiring no therapy. The
patient underwent a PET/CT which high-
lighted nodular overfixing to the medium
lung lobe, bones and spleen. Bronchial
cyto-morphology showed follicular bron-
chitis with peri-bronchial metaplasia and

Acute infection/infestation
Subacute or chronic infection/infestation

foci of interstitial lymphoplasmacellular
pneumonia. CT scan revealed a spleen lon-
gitudinal diameter of 25 cm, triggering a
hematologic diagnostic work-up. On exam-
ination, grade 2 splenomegaly (2 cm from
the costal arch) was noted. Thoracic and
neurological examination were negative
and there were no signs of heart failure.

Mononucleosis, Viral Hepatitis, Septicemia, Typhus, Toxoplasmosis
Bacterial endocarditis, Brucellosis, Syphilis, HIV/AIDS, Plasmodium, Leishmania, Schistosoma

Autoimmune diseases

Congenital blood cells disease

Rheumatoid Arthritis, Systemic Lupus Erythematosus, Rheumatic Polymyalgia, Systemic Sclerosis,
Primitive Biliary Cirrhosis

Hereditary Spherocytosis, Thalassemia, Sickled Cells disease

Systemic disease

Hyperaccumulation disorders

Congestive Heart Failure, Portal Hypertension

Sarcoidosis, Gaucher’s syndrome, Amyloidosis, Niemann-Pick syndrome, Wagner’s Granulomatosis

Cancer

Idiopathic

Lymphomas, Chronic Myeloproliferative Neoplasms, Myelofibrosis, Polycythemia Vera,
Essential Thrombocythemia, Chronic Myeloid Leukemia, Metastases, Primitive Splenic Neoplasms

August
2018

| clinical/laboratory findings | Diagnostic investigations | [ Diagnosis and therapy
Dyspnea with normal cardiac function PET/CT: focal lung uptake, diffuse bone Pneumonia
WBC 7.2 x107/L and spleen uptake, splenomegaly (25 cm) => antibiotic therapy
Hb 12.2 g/dl Glucocerebrosidase: normal
PLT 143 x10%/L Angiotensinogen-convertase: normal Idiopatic splenomegaly
Spleen: 5 cm below LCM Rheumatoid factor and anti-nucleic = no treatment
Hashimoto and Sjogren diseases autoantibodies: positive
WEC 13.4x10%/L
Hb 10.1 g/dI ;"r'"‘""*'“""“‘"_"“'““”“““_ Idiopatic splenomegaly, asymptomatic
pheral blood PCR: BCR-ABL absent;
PLT 64x10°/L JAKZ%S™ CALR and MPL wild = no treatment
Spleen: 8 cm below LCM - ctype
WBC 43.8x10%/L, with myeloid precursors
Hb 8.2 g/dI Idiopatic splenomegaly, highly
PLT 60x10°%/L CD34+ cells number: 9500/ml symptomatic
Spleen: 15 cm below LCM, with early => Diagnostic & therapeutic splenectomy
satiety, abdominal pain
SPLENECTOMY
Spleen: 15 cm below LCM, with early Extrameduillary hemopoietic tissue
satiety, abdominal pain Possible diagnosis of chronic
WBC 43.6 x10°/L myeloproliferative neoplasms -
Hb 7.8 g/di (RBC transfusion need) unclassified
PLT 52 x10°/L
Clinical and hematological improvement Peripheral blood NGS: mutations of Diagnosis of clonal myeloid neoplasm
WBC 66.4x10°/L ASXL1, SRSF2, KRAS, TET2
Hb 10.4 g/dl (no RBC transfusions) Spleen NGS: mutations of SRSF2, KRAS, Hydroxyurea therapy (high thrombotic risk
PLT 173x10°/L TET2 & hyperleukocytosis)
Stable clinical conditions
WBC 67 x10°/L
Hb 9 g/dI (no RBC transfusions) EORKOKIRSA ey
PLT 221 x10%/L

Figure 1. Case report timeline Clinical/laboratory findings (left), diagnostic investigations (center), diagnostic/therapeutic approach
(right), and timing (arrow). WBCs: White blood cells; Hb: hemoglobin; PLT: platelets; LCM: left costal margin; RBCs: red blood cells;
PCR: polymerase chain reaction.
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Infective and active autoimmune diseases
were excluded.

Abdominal ultrasound showed an
increased size and stiffness of the hepatic
parenchyma (67kPa) with finely irregular
profiles, thickened and granular echo-struc-
ture, arteriovenous hepatic fistula, hepatic
lymph nodes with a reactive appearance, a
splenic longitudinal diameter of 26 cm and
signs of portal hypertension.

The BCR-ABLI rearrangement and the
mutations of JAK2V617F, CALR and MPL
were absent.

In March 2018, mild leukocytosis
(13.4x10%L) with normal distribution of
leucocytes subtype, anemia (10.1 g/dl) and
thrombocytopenia (64x10%L) occurred. No
leukoerythroblastosis was detected and red
blood cells shapes were normal.

A bone marrow biopsy was performed.
The tissue was highly hyper-cellulated
(98%), with a marked expansion of the
granulopoiesis, still well maturating, ery-
thropoiesis was reduced, megakaryocytes
did not have bulbous nuclei and were not
organized in clusters as in Myelofibrosis.
Fibrosis was absent (grade 0). These histo-
logical features did not fulfil criteria for an
MPN diagnosis nor a Myelodysplastic syn-
drome but were consistent with an inflam-
matory/reactive pattern related to cirrhosis.
No evidence of lymphoid nor solid neo-
plasm was found. Cell morphology and
cytogenetics could not be performed due to
dry tap.

The patient’s general condition under-
went rapid changes during the following
months. In August 2018 she became trans-
fusion-dependent (Hb<8 g/dl), leukocytes
reached 43.8x10%/L, of which 41% were
myeloid precursors, with no blast cell. The
slight excess of CD34 + leukocytes in

peripheral blood, detected with flow cytom-
etry, was not suggestive for a diagnosis of
Myelofibrosis with an MPN (0.11% of total
peripheral cells).

Overall, the clinical and hematological
picture was deemed to be secondary to
cryptogenic cirrhosis. Splenomegaly further
increased (from g III to g IV) and became
symptomatic. Since the patient was transfu-
sion-dependent and suffered from early
satiety, splenic bulkiness, dyspnea and other
symptoms related to anemia, she underwent
splenectomy firstly with therapeutic pur-
pose.

Splenectomy resulted in an improve-
ment of anemia (10.4 g/dl), thrombocytope-
nia (173x10%L) and symptoms.

The histological examination of the
spleen, that had reached the maximum size
of 35 cm, showed an extensive architectural
effacement given by extramedullary hemo-
poietic tissue which replaced most of the
regular splenic parenchyma (Figure 2).

At the time of splenectomy, a blood
sample was collected for the search of
myeloid mutations according to the
“Myeloid Solution” panel of SOPHiA
genetics. We observed a duplication in exon
12 of the ASXLI gene with 30% of allele
burden (p-Gly64Thr frameshift,
¢.1934dupG), a missense mutation in exon
1 of the SRSF2 gene with 50% of allele bur-
den (p.Pro95Arg, c.284C>G), a missense
mutation in exon 2 of the KRAS gene with
46% of allele burden (p.Glyl2Arg,
¢.34G>C) and a missense mutation in exon
6 of the TET?2 gene with 54% of allele bur-
den (p.Cys1263Tyr, ¢.3788G>A).

Since hematopoietic tissue had been
found in the spleen and the patient showed
neutrophilic leukocytosis, as often happens
in the MPN, we searched for the same

mutations in the splenic tissue.

DNA was extracted from the formalin-
fixed and paraffin-embedded samples and
tested by control gene PCR (100-400 bp
amplicons) in order to verify its integrity.
Splenic DNA was analyzed with NGS.
Three out of four of the mutations reported
in peripheral blood were found (SRSF2,
KRAS and TET2). The ASXLI mutation
probably was not found due to difficulties
related to the DNA extraction method and
to lower allelic burden.

The current patient’s clinical conditions
are good. Splenomegaly-related symptoms
are no longer present. The patient is anemic
but no longer in need of transfusion.
Hydroxyhurea is ongoing to control leuko-
cytosis. The platelet count has normalized.

Discussion

Ruxolitinib is effective in reducing
splenomegaly in most patients with MF and
PV.%-13 However, in MF patients who are
refractory to medical therapies, splenecto-
my may be useful to temporarily improve
cytopenia and symptoms.'# In the present
clinical case, the use of ruxolitinib was not
possible due to the lack of a diagnosis of
MPN and thrombocytopenia. A spleen biop-
sy would have exposed the patient to a high
risk of bleeding. Because of the worsening
of cytopenia and splenomegaly-related
symptoms, splenectomy became the only
executable treatment as well as diagnostic
tool.13

In this case, NGS was crucial for diag-
nostic definition of a splenomegaly associ-
ated with inconclusive marrow histology
and molecular findings.

Figure 2. Splenic architectural effacement given by the heterotopic hemopoietic tissue with evident megakaryocytes (Hematoxylin and
eosin staining). A) 20X magnification; B) 40X magnification.
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Conclusions

NGS may represent a useful diagnostic
and prognostic tool for patients with unex-
plained splenomegaly. Its implementation
in internal medicine departments may be
important to improve the management of
patients with idiopathic splenomegaly.

In MPNs, the use of NGS helps to better
stratify patients according to risk category
and to choose more efficient therapeutic
approaches such as hematopoietic stem cell
transplantation.!6-18

In Myelofibrosis, the detection of
ASXLI, EZH2, SRSF2 or IDH1/2 mutations
define a high-risk patient.!> The ELN sug-
gests transplantation in patients carrying
high risk mutations, even when at interme-
diate-1 IPSS/DIPSS risk.!8

Evidence of a specific mutation would
help identify specific drugs. For instance, a
KRAS-inhibitor that may be useful in our
patient has been developed.'® Overall, the
systematic research of myeloid panel muta-
tions in NGS may improve the knowledge
on MPNs pathogenesis and provide crucial
information for clinical and therapeutical
decisions.
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