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Abstract: Aggressive natural Killer cell leukemia (ANKL) is a rare hematological malignancy that is particularly com-
mon among the Asian population. In the current study, we retrospectively evaluated six Chinese ANKL patients,
including five males and one female, with a median age of 42 years (range 22 to 50 years). A number of unusual
pathogenic manifestations were found in these ANKL patients, such as isolated extraocular muscle involvement,
and hemophagocytic syndrome (HPS) with acute renal failure and multiple cavity effusion. Four of the patients
died between two and six months after the diagnosis; however, there were two ANKL cases whose clinical behavior
differed from the typical clinical course. One survived for over 30 months after splenectomy and chemotherapy
treatment, and another ANKL case derived from chronic lymphoproliferative disorders of NK-cells (CLPD-NK) was
treated with allogeneic bone marrow transplant (allo-BMT) and survived over 18 months. In conclusion, four cases
experienced an aggressive clinical course whereas two demonstrated an indolent manifestation of their disease.
New therapeutic regimens including allo-BMT should be optimized in order to improve outcomes of this disease.
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Introduction

Lymphoproliferative disorders of natural killer
cells (LPD-NK) are rare and accounts for less
than 5% of all lymphoid neoplasms [1-6]. In the
updated World Health Organization (WHO) clas-
sification for hematopoietic tumors and lym-
phoid tissues in 2008, three diseases originat-
ing from mature NK-cells were proposed based
on their distinct clinical and pathological fea-
tures, including: two aggressive mature NK-cell
neoplasms, the extranodal NK/T cell lympho-
ma-nasal type (NK/TCL-NT), the aggressive
NK-cell leukemia (ANKCL), and one provisional
entity-chronic lymphoproliferative disorders of
NK-cells (CLPD-NK) [7]. Aggressive NK-cell leu-
kemia shares many features with the NK/TCL-
NT, such as a high incidence among Asians,
strong association with Epstein-Barr virus
(EBV), and a similar immunophenotype [6,
8-10]. Since the NK/TCL-NT also presents with
bone marrow invasion and often associates
with a hemophagocytic syndrome like ANKCL,

some researchers believe that ANKCL repre-
sents a leukemic performance of the NK/TCL-
NT, akin to the relationship between lympho-
blastic lymphoma and leukemia [3].

ANKL is the rarest and poorest characterized
malignancy among lymphoid neoplasms and
the clinical features have been described only
in a few case reports [10-16]. The common
symptoms and signs include fever, B symptoms,
hepatosplenomegaly, disseminated intravascu-
lar coagulopathy (DIC), and hemophagocytosis
[17]. Acute leukemia complicated with orbital
involvement is rare and has a very poor survival
prognosis, even following treatment with radio-
therapy and chemotherapy [18]. Until now, only
one ANKL case in the world reported ocular
involvement but there was a lack of pathologi-
cal evidence due to the poor general condition
of the patient [19]. Primary manifestation of
malignant lymphoma and/or leukemia rarely
invades in the kidney; however, it can be the
cause of a hitherto unexplained acute renal fail-
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ure that is detected incidentally [20]. NK-cell
malignancies generally show poor response to
chemotherapy through high expression of mul-
tidrug resistance associated p-glycoproteins
[24]. There is no standard treatment currently
available for advanced-stage patients. Patients
with advanced stage NK-cell neoplasms have
poor prognosis, with a reported survival
between two and six months. To address the
above issues, we performed a retrospective
survey of mature NK-cell leukemia in our
department. The current case study reports
information on six patients diagnosed with
ANKL who presented with hemophagocytosis
and acute renal failure.

Patients

Between 1990 and 2012, six patients diag-
nosed with aggressive NK-cell leukemia in the
Department of Hematology, Nanjing Drum
Tower Hospital was enrolled in this retrospec-
tive study. The data retrieved include patients’
ages at diagnosis, gender, type of leukemia, the
prominent presenting sign, imaging features,
histopathological findings of the bone marrow,
spleen and orbital specimen if available, bone
marrow and/or peripheral blood immunophe-
notype, EBV status, treatment regimen and out-
come. All available archival imaging records of
the patients were re-examined.

This study was approved by the institutional
review board of Nanjing Drum Tower hospital.
All patients signed the informed consent.

Case reports

Case 1: A 37-year-old woman presented with
fever, fatigue and abdominal distension for two
months and was referred to the department of
infectious disease. Two months prior she had
experienced an incomplete abortion, and later
became febrile. Although antibiotics were used,
her fever remained high and so additional sur-
gery was performed to clear the remaining uter-
ine contents. She then developed jaundice with
splenomegaly, and multiple abdominal lymph-
adenopathies. Blood counts showed pancyto-
penia (hemoglobin: 109 g/dl; white blood cell
count: 4.5x10%/L, lymphocytes: 76%, neutro-
phils: 7%, monocytes: 17%, and platelets:
37x10°%/L). The peripheral blood smear re-
vealed 76% abnormal blasts. Blood chemistry
showed high bilirubin (total bilirubin: 47.3 uM/L,
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direct bilirubin: 43.3 yM/L), elevated aspartate
aminotransferase (911.3 IU/L), and alanine
aminotransferase (840.7 IU/L). Blood urea
nitrogen and creatinine were normal. Lactate
dehydrogenase was 1453 IU/L. Routine blood
coagulation tests were performed. Prothrombin
time (PT) was 28.60 s (10-16 s normal), PT/INR
was 2.46, and aPTT was 73.80 s (20-40 s nor-
mal), TT was 38.00 s (13-21 s normal), and
fibrinogen: 0.9 (2-4 g/L normal). A bone marrow
examination showed large granular lymphocyt-
ic leukemia (Figure 1A). Combined with the
bone marrow immunophenotype and clinical
presentation, a final diagnosis of ANKL was
indicated.

Case 2: A 47-year-old man presented with fever,
abdominal distension and pain. Physical exami-
nation showed hepatosplenomegaly, ultra-
sound examination revealed multiple lymph-
adenopathies in abdomen, bilateral pleural
effusions and ascites. Serum ferritin was 647
ng/ml. Routine blood coagulation tests showed
fibrinogen: 1.1 (2-4 g/L); PT, aPTT, and TT were
normal. Blood chemistry revealed high bilirubin
(total bilirubin: 28.7 uM/L, direct bilirubin: 10.9
MM/L) and elevation of aspartate aminotrans-
ferase (194.8 IU/L) and alanine aminotransfer-
ase (279.1 1U/L). Blood urea nitrogen and cre-
atinine were normal. Lactate dehydrogenase
was 307 IU/L. Blood counts showed pancyto-
penia (WBC: 0.7x10°%L, Hb: 99 g/dL, PLT:
17x10°/L). This patient had a history of nasal
peripheral T-cell lymphoma (PTCL) six years
prior and received six cycles of CHOP (cyclo-
phosphamide, hydroxydaunorubicin, oncovin,
and prednisone) and radiation therapy.
Chemotherapy was discontinued due to myo-
cardial infarction. Upon admission, ENT exami-
nation and CT scan found no evidence of any
abnormality in the nasal cavity. Bone marrow
examination showed 37% lymphoblastic leuke-
mic cells. Combined with the patient’s bone
marrow immunophenotype of CD3-, CD4-, CD8",
CD56*, HLA, DR, IgH and TCR rearrangement
(-), the diagnosis was determined to be compat-
ible ANKL transformed from PTCL.

Case 3: The third case was a 50-year-old man
who presented with complaints of left abdomi-
nal region discomfort, showed massive spleno-
megaly upon CT scan with uneven density.
Blood counts showed WBC: 1.2x10°%/L, Hb: 101
g/dl, and PLT: 22x10%/L. Blood chemistries
were almost normal, but LDH level was as low
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Figure 1. Bone marrow morphology of aggressive NK leukemia. A. A typical type Ill NK cell exhibited basophilic
cytoplasm and bizarre nucleus. B. A typical type | NK cell exhibited large granular lymphocyte appearance in bone
marrow smear. C. Dyserythropoiesis was shown in the erythroid cells. D. A typical type Il NK cell with one hemato-
phagocytic cells were found in the bone marrow smear.

as 76 IU/L (109-245 1U/L normal). Bone mar-
row examination showed 57.50% lymphoma-
toid cell infiltration, and large granular lympho-
cyte was seen in the bone marrow smear
(Figure 1B); however, the immunophenotype
was only positive for CD7* and CD56*, but other
markers were all negative. Various treatment
regimens, including cyclophosphamide, onco-
vin, prednisone (COP), methotrexate (MTX), and
EPOCH (etoposide, prednisone, oncovin, cyclo-
phosphamide, and hydroxydaunorubicin) were
used intermittently. Cyclosporines (CsA) were
taken orally for approximately two years and
the therapeutic effect showed partial remission
(bone marrow: 14% leukemic cells). In order to
improve the pancytopenia, splenectomy was
performed. Spleen histopathology showed red
pulp and medullary sinus infiltrated by lympho-
matoid cells in clusters, white pulp withered or
disappeared, focal spleen necrosis, and EBV
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(+). After splenectomy, pancytopenia was
improved to near normal blood count level for
approximately one year; however, pancytopenia
deteriorated again and the patient died of sep-
sis 30 months after diagnosis.

Case 4: A 46-year-old male patient was referred
to our hospital with a one month history of
exophthalmos, one week history of dizziness,
and sudden onset of vision loss. Physical exam-
ination showed right eye proptosis and restrict-
ed abduction movement. ENT examination
showed no neoplasm in the nasal cavity or
paranasal sinuses. CT scan indicated that the
tendon and belly of the right eye lateral recti
muscles were irregularly enlarged. Incisional
biopsy histopathology showed tumor infiltration
by undifferentiated, large cells with irregular
shaped nuclei, finely dispersed nuclear chro-
matin and clear cytoplasm (Figure 1C).
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Figure 2. Bone marrow morphology and PET-CT of the case 6. A. Two large granular lymphocytes in bone marrow
smear. B. Interstitial infiltration of large granular lymphocytes in bone marrow tissue. C. Focal aggregates of large
granular lymphocytes in bone marrow tissue. D. Enlarged spleen with the metabolic activity as indicated by F-18

FDG uptake was within normal range.

Immunohistochemistry was positive for CD56,
TIA-1, perforin; and negative for CD3, CD4,
CD8, CD19, CD20, CD22, MPO and cytokeratin.
These findings indicated a NK-cell lineage ori-
gin for infiltration cells. Bone marrow immuno-
phenotype were consistent with the diagnosis
of aggressive NK-cell leukemia. The final diag-
nosis of this patient was aggressive NK-cell
leukemia.

Case 5: A 37-year-old male patient was referred
to our hospital with a 10 day history of fever
and sputum-producing cough. Initial physical
examination showed no lymphadenopathy or
hepatosplenomegaly. Systemic examination
was unremarkable. Laboratory workup revealed
the following levels: WBC: 19.2x10°/L, neutro-
phils: 77%, lymphocytes: 16%, monocytes:
0.06%, eosinophils: 0.01%, Hb: 123 g/L, PLT:
189x10°%/L. The peripheral blood lymphocyte
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immunophenotype was normal: CD3*: 76.2%
(59.4-84.6% normal), CD19*: 7.7% (6.4-22.6%
normal), CD3*CD4": 33.7% (28.5-60.5% nor-
mal), CD3*CD8*: 33.4% (11.1-38.3% normal),
CD56*: 12.6% (5.6-30.9% normal). Serum urea
nitrogen, serum creatinine, calcium, phospho-
rous, and uric acid levels were within normal
limits; lactate dehydrogenase was 1,292 U/L,
and Serum ferritin >1,500 mg/L. Bone marrow
smear disclosed hypercellularity with 1% hemo-
phagocytic cells, normal immunophenotype
findings in bone marrow by FCS analysis. The
hemophagocytic syndrome was first diagnosed.
Meropenan and vancomycin were used empiri-
cally because of high fever. One day later, hem-
orrhage of the upper digestive tract occurred.
On the second day the patient lost conscious-
ness and became anuric and hyperkalemic and
hemodialysis was performed. At this time the
initial blood culture revealed staphylococcemia
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Table 1. Clinical features of six patients with aggressive

NK cell leukemia

HLH 2004 protocol, after which fever
decreased and bone marrow transplan-

Case No. 1 2 3 5 6 tation was performed from an HLA-
Gender F M M M M matched .si.blir?g donolr (patient’s sister).
Age (vears) 37 47 50 46 37 50 The.condltlonlng regimen was BUCY2,
Fever . . . . the infused MNC: 6.31x108/kg, CD34*:
7.81x10%/kg, CD3*: 72.3%. Thereafter,
Lymphadenopathy + + .
hepatosplenomegaly quickly resolved,
Splenomegaly oot and GLs and EBV DNA were consistent-
Hepatomegaly * oo ly undetectable. FISH with probes for
WBC (x10%/1) 45 07 12 64 192 13 the X and Y chromosomes revealed no
Hemoglobin 109 99 101 139 123 109 recipient-derived cells in the peripheral
PLT (x10%L) 37 17 22 46 189 46 blood and bone marrow. The patient
LDH index 593 1.25 2.62 5.27 1.41 011 sustained complete response, with
EBV - + + + NA stage Il graft-versus-host disease
Hemophagocytic syndrome - + + + + (GVHD) affecting the skin and liver. His

Note: NA, not available.

MRSE (+); vancomycin drug concentration was
within safety levels. After hemodialysis, renal
function improved, however WBC increased to
32.0-54.5x10°%/L, pleural effusion and ascites
occurred with hepatosplenomegaly (liver below
costal margin 5.9 cm, spleen just below costal
margin). Abnormal cells with atypical nuclear
morphology were found in pleural effusion
smear and in the end (Figure 1D), flow cytome-
try (FCM) of peripheral blood indicated aggres-
sive NK-cell leukemia phenotype, bone marrow
IgH and TCR rearrangement (-). The patient died
two days later after the final diagnosis of ANKL,
due to multiple organ failure and disseminated
intravascular coagulopathy (DIC).

Case 6: A 50-year-old male patient with spleno-
megaly and lymphocytosis were found during
routine physical examination. Later, small neck
and cervical lymphadenopathies were found,
and biopsy pathology revealed lymph node
reactive proliferation. PET-CT showed enlarged
spleen; however, the splenic metabolic activity
as indicated by F-18 FDG uptake was within
normal range (Figure 2). Initial EBV-DNA copy
was within normal range (<1,000 copies/ml),
however during following up, the EBV load
increased from 3.81x10° copies/ml to
5.60x10°8 copies/ml and the clinical course
gradually became aggressive. Finally diagno-
ses of aggressive NK-cell leukemia and hemo-
phagocytic syndrome (HPS) were made. After
investigational device exemption [22] regimen,
bone marrow examination showed no response.
The patient was then treated according to the
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general condition remained stable for
1.5 years.

Bone marrow morphological findings

We classified the leukemic NK-cells into three
types according to the nuclear-cytoplasmic
ratio, nuclear morphology, and color of the cyto-
plasm, nucleoli number and size of the cells
with May-Giemsa staining of peripheral blood
or bone marrow smear specimens (Figure 1). In
brief, Type | has large granular lymphocyte
(LGL) appearance. In type lll, the cells exhibit
pleomorphic-like appearance, together with
basophilic cytoplasm and a bizarre nucleus
containing one or two nucleoli. Type Il is a mix-
ture of type | and type Ill in each patient, or
intermediate characteristics, such as mono-
cyte-like features. Case #6 (NK-CLPD) initially
had typical Type | NK-cell morphology but latter
transformed to aggressive NK-cell leukemia.
The NK-cell morphology varied from Type | to
Type Il morphology predominantly. The mor-
phology of other cases were 1 type lll and 4
type Il (Figures 1A and 2B).

Bone marrow cellularity ranged from 40% to
100% (median, 60%), and the bone marrow
stromal damages - including edema, serous fat
atrophy and focal reticulum fibrosis - were eas-
ily seen. In four patients, the NK-cell infiltration
was interstitial and in smaller aggregates, the
other two showed diffuse infiltration. There
were no striking dysplastic changes in granulo-
cytic precursors or megakaryocytes, dyseryth-
ropoiesis were occasionally seen in case num-
ber three (Figure 1C). Hemophagocytosis was
found in four patients (Figure 1D).

Int J Clin Exp Pathol 2014;7(6):3423-3431
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Immunophenotype analysis

The results of immunophenotype analysis of
this group of patients are summarized as fol-
lowing. In the present series, the neoplastic
cells from all six patients were positive for CD7
and CD56; no case was positive for CD3.
Positive results were also found for HLA-DR in
five cases, for CD5 in one case, and for CD8 in
two cases. All were negative for CD4, CD10,
CD19, CD20, and CD22. CD45 positivity was
found in all six cases with the intensity ranging
from moderate to bright.

Discussion

Aggressive NK-cell leukemia (ANKL) is an
uncommon disease, but occurs with higher fre-
quency in Asians and Central/South Americans
than in other ethnic groups [23]. The geograph-
ic distribution is likely to be due to both genetic
and environmental factors and the disease is
almost always associated with EBV. NK-cell leu-
kemia occurs almost exclusively in younger
adults (median age 39 years) and is slightly
more common in males. Presentation is usually
acute with B symptoms (particularly fever),
jaundice, lymphadenopathy, hepatospleno-
megaly, circulating leukemic cells and cytope-
nias. Disseminated intravascular coagulation,
HPS, liver dysfunction and multi-organ failure
may occur. Besides the above-mentioned pre-
sentations, in our case series we found one
case of orbital involvement as an initial mani-
festation of ANKL in a 46-year-old male. The
patient presented with proptosis and sudden
vision loss. Orbital CT revealed isolated extra-
ocular muscle involvement. Histopathology of
incisional biopsy disclosed natural Killer cell
infiltration in lateral rectus muscle. Orbital
involvement, which was found in 8% of myeloid
leukemias and in 12% of lymphoid leukemias,
is very rare compared with intraocular leuke-
mia. Isolated extraocular muscle (EOM) involve-
ment is a highly unusual presentation of orbital
leukemia. Kiratli reported five such cases [24].
Acute myeloid leukemia was diagnosed in two
patients while chronic lymphocytic, myeloid
and biphenotypic acute leukemias were detect-
ed in each of the patients. One of these cases
had bilateral involvement. Four patients were
affected in the lateral rectus muscle, while the
other one was affected in the superior rectus
muscle. In one patient who had no prior history
of leukemia, an incisional biopsy established
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the diagnosis [25]. Isolated EOM involvement is
extremely rare. Kincaid and Green found EOM
infiltration only in 1.3% of leukemia patients in
an autopsy study [26]. Even large, prospective
clinical studies relate EOM palsies to cranial
nerve involvements rather than to direct mus-
cular leukemic infiltrations. Most orbital leuke-
mias are believed to arise from the bone mar-
row. The higher bone marrow density in the
greater wing of the sphenoid and zygoma may
explain the propensity for leukemias to develop
in the lateral orbital structures [25]. Aydin
hypothesized that circulating leukemia cells
predominantly invade the lateral rectus mus-
cle, as the lacrimal artery is larger than the
muscular branches and arises from the oph-
thalmic artery just after the central retinal
artery [25]. Until now, only Tsubokura reported
one case with ocular palsy associated with
aggressive NK-cell leukemia [19]. Magnetic
resonance imaging of orbital cavity showed
marked enlargement, and diffused high inten-
sity signals in the right superior rectus muscle
and left inferior rectus muscle on fat-saturated
T2-weighted image. The authors could not per-
form biopsy of the lesions due to the poor gen-
eral condition of the patient, and the exact eti-
ology of ocular manifestation remains to be
elucidated. Since the patient’s ocular symp-
toms occurred in parallel to the progression of
the leukemia, tumor infiltration, infection, or
paraneoplastic myositis can all be the possible
reasons. To the best of our knowledge, our
report is the first one in which isolated extra-
ocular muscle involvement was the ophthalmic
manifestation of ANKL, which was further iden-
tified by histopathologic evidence.

Acute kidney injury (AKI) is a dreaded complica-
tion in patients with hematological malignan-
cies and may be caused by the disease itself or
by its treatment. Of the many factors that can
cause AKl in this setting, sepsis and hypoperfu-
sion have been reported to be the most com-
mon. Other causes include metabolic compli-
cations (tumor lysis syndrome; TLS and hyper-
calcemia), renal infiltration by neoplastic cells,
obstructive nephropathy, glomerulonephritis,
and treatment-induced nephrotoxicity. The pri-
mary manifestation for one patient in our case
series was HPS without any evidence of periph-
eral blood or bone marrow NK cell involvement.
Later, upper gastric bleeding and acute renal
failure occurred and led to pleural effusion,
ascites, splenomegaly and increased NK leuke-
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mic cells in peripheral blood. In acute leukemia,
renal complications occur due to several fac-
tors including leukemic infiltration of the kid-
neys, therapy-related side effects such as
tumor lysis syndrome, nephrotoxic drugs, and
septicemias. The reason in our case may be
multifactorial and the above mentioned factors
should all be considered as multiorgan infiltra-
tion manifestations are impressive in this
patient. Although ANKL has been well described
in the previous case reports, this particular
case suggests that a rapid and early diagnosis
sometimes remains difficult in clinical practice
because most cases present with hemophago-
cytic syndrome and neoplastic cells for labora-
tory analysis are extremely difficult. One reason
is that peripheral adenopathy is usually absent
even if the clinical presentation is clear. A sec-
ond possibility is that flow cytometry detection
was also limited and difficult, particularly in
cases where there were a low number of malig-
nant cells because neoplastic cells exist in vari-
ous sizes and have varied cytoplastic granules.
The patient experienced an exacerbation of
clinical conditions although more than one
aspiration and bone marrow biopsies were
done but no evidence were gained from the
early samples. From this patient’s presentation
we hypothesized that aggressive NK-cell leuke-
mia may represent a leukemic form of NK/TCL-
NT, akin to the relationship between lympho-
blastic lymphoma and leukemia.

Aggressive NK-cell leukemia is a catastrophic
disease with an almost uniform mortality. Here,
one unusual case first presented with the sple-
nomegaly and cytopenia, bone marrow NK-cell
infiltration >50%, LDH was lower than normal
low range, and the patient was EBV (-). The clini-
cal course of the case was relatively longer (30
months) than typical ANKL. Our observations
suggested that the clinical behavior of some
ANKL patients differs from the typical clinical
course. Therefore, patients with indolent clini-
cal courses, similar to the patient in this study,
can be found among ANKL patients. Additional
studies should be performed to explore the
presence of an indolent subtype among ANKL
patients.

Another case included in our review evolved
from chronic lymphoproliferative disorder of
NK-cell and which later became aggressive.
The PET-CT was performed three times during
follow up. The results showed an enlarged
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spleen twice; however, the metabolic activity of
all organs as identified by F-18 FDG uptake was
within normal range even when disease trans-
formed to ANKL with HPS. Derlin and Park both
reported one case of aggressive NK-cell leuke-
mia detected by F-18 fluorodeoxyglucose PET-
CT, and suggest that PET-CT might be a valu-
able tool enabling diagnosis and comprehensive
staging of NK-cell leukemia [27, 28].

The prognosis of ANKL is very poor and the
median survival time from diagnosis is approxi-
mately 58 days. Refractoriness to chemothera-
py may be attributed to the expression of multi-
drug resistance associated with P-glycoprotein.
Allo-SCT has been found to improve the progno-
sis of NK-cell neoplasms. Up to this point no
study has reported patients with ANKL who
have sustained long-term complete remission
without undergoing allo-SCT. It is extremely dif-
ficult to plan allo-SCT for ANKL in some candi-
date patients due to the rapid disease progres-
sion and deteriorating condition. Therefore,
early planning of allo-HCT, from the beginning
of care as soon as the diagnosis of ANKL is
made, is essential. Although L-asparaginase
and gemcitabine-containing regimens have
shown some therapeutic effect, optimal che-
motherapy for ANKL is another concern
because preceding chemotherapy to control
the disease enables more patients to have a
chance for allo-HCT. Our case had a HLA-
matched sibling donor and myeloablative stem
cell transplantation which was performed soon
after diagnosis, from which the patientachieved
complete response and maintained stable
remission for more than 18 months.

In conclusion, ANKL presented with isolated
extraocular muscle involvement as the ophthal-
mic manifestation is extremely rare and the
clinical behavior of some ANKL may differ from
the typical clinical course. Allo-HCT might be a
promising therapy for ANKL with curative
potential.
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