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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is
known to be caused by the impairment of gran-
ule-mediated cytotoxicity of natural-killer (NK)
cells or cytotoxic T-cells, which is one of the
important diagnostic criteria of HLLH.!-3 This ini-
tially originated from the concept of primary or
familial HLH in pediatrics. In some genetic forms
of HLH, gene mutations that affect granule-
mediated cytotoxicity were identified, in addition
to pigment disorders and the dysregulation of
cytotoxicity or cell signaling.*7 The impaired
cytotoxicity characteristically results in an overt
inflammatory process that can include fever,
hyperferritinemia, hypertriglyceridemia, hypofi-
brinogenemia, and the production of cytokines
such as interferon-gamma, which has a role in
macrophage activation.®? The increased produc-
tion of interferon-gamma recruits macrophages
and activates phagocytosis, which results in cyto-
penia in some lineages and may cause hepatosple-
nomegaly or neurological complications. This
cascade can cause high fatalities in patients if they
are not properly diagnosed and treated.

Because the HLH-2004 diagnostic criteria were
based on the clinical experiences and pathologic
mechanisms in pediatric familial HLH, the crite-
ria have not yet been precisely approved in adult
HLH. Decreased or absent NK cytotoxicity as a
diagnostic parameter is still debated, because
there is a lack of evidence that supports its diag-
nostic utility in adult HLH. Therefore, there are a
lot of patients with other medical or surgical com-
plications that present with features similar to
HILH, which may be related to hypomorphic gene
mutations important in immune regulation.!?
Such conditions can cause an imbalance between
infected cells and immune effector cells, as well as
transient immune dysfunction due to drugs or a
low number of immune cells.!! Decreased NK
cytotoxicity can be observed in conditions other
than HLH.1%13 Therefore, many febrile diseases
could be initially diagnosed with HLH or the
diagnosis could be underestimated and attributed
to poor clinical courses of infectious conditions,
rheumatology, or malignant diseases.

Overall, the diagnostic criteria for adult HLH have
not yet been defined clearly; therefore, the condi-
tion and overall diagnostic parameters should be
studied further in retrospective and prospective
cohorts that include similar inflammatory diseases.
To identify the diagnostic relevance and the

significant cut-off value for NK cytotoxic function,
we focused on patients that presented with fever
with cytopenia or evidence of hemophagocytosis.
NK cytotoxicity was calculated at the time of diag-
nosis and we tried to identify significant differences
between the causes of febrile disease. Finally, the
overall treatment response and survival outcomes
were also evaluated based on the level of NK cyto-
toxicity in several subgroup analyses.

Materials and methods

Enrolled patients

From 2016 to 2018, a total of 123 adult patients
(median age 49 years old, range 17-92years) with
febrile disease that presented to the Catholic
Hematology Hospital in South Korea with cyto-
penia or evidence of hemophagocytosis were pro-
spectively analyzed to identify the diagnostic role
of NK cytotoxicity and survival outcomes. New
patients that satisfied the following conditions
were included in this study: 1) adult patients
(15years or older), 2) fever (=38°C) calculated
by tympanic temperature, 3) patients with dem-
onstrated hemophagocytosis in bone marrow
(BM) samples, and 4) patients that presented
with cytopenia with at least two lineages. The
exclusion criteria were as follows: 1) patients who
were treated with intensive chemotherapy within
3months of screening, 2) patients who were
already diagnosed with immune thrombocyto-
penic purpura, 3) patients who were already diag-
nosed with autoimmune hemolytic anemia or
chronic anemia, and 4) patients who were previ-
ously diagnosed with aplastic anemia.

This study was approved by the Institutional
Review Board of The Catholic University of Korea
(No. KC15TISE0936) and was conducted in
accordance with the Declaration of Helsinki. All
written informed consents were provided to all
patients. This study was registered in the Clinical
Research Information Service (CRIS; Osong
[Chungcheongbuk-do], Korea), with the Centers
for Disease Control and Prevention, Ministry of
Health and Welfare (Republic of Korea);
KCT0001886.

Endpoints and definitions

The primary endpoint of this study was to iden-
tify the median level of NK cytotoxicity in febrile
diseases and to evaluate the diagnostic value for
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HLH compared with other related conditions.
The secondary endpoints were overall survival
(OS) based on a significant level of NK cytotoxic-
ity, or the type of disease. A diagnosis of disease
concomitant with fever was defined as malignant
disease, autoimmune disease, or macrophage
activation syndrome (MAS), HLH, and other
infectious or unspecified febrile diseases.

We placed all autoimmune disease-related cases in
the MAS subgroup, although the features were very
similar to HLH. Several causes were suggested in
the HLH group, including malignancy-associated
HILH, Epstein—Barr Virus (EBV)-associated HLH
(EBV-HLH), HLH due to infections other than
EBV, and HLH with other unspecified causes;
these categories have also been utilized in our previ-
ous reports.!* Therefore, if a patient has both HLH
and malignant disease, we distributed the patient to
HLH for current analysis. The diagnosis of HLH
was based on criteria suggested in the HLH2004
protocol.?15 However, the soluble CD25 level was
not routinely checked, and was only analyzed in 49
available patients. In addition, as the role of NK
cytotoxicity should have been evaluated in this
study, those two values were not used for diagnosis
of HLH; rather, they were diagnosed by satisfying
five out of the other six suggested criteria. MAS was
diagnosed based on the Ravellil® criteria. However,
as suggested above, we allocated all patients with
autoimmune disease into the ‘MAS group’ because
the diagnostic criteria for adult patients are cur-
rently unclear.17-18

Clinical parameters and NK cytotoxicity assay

A fever higher than 38°C was a requirement for
diagnosis in this study and cytopenia at least two
lineages or BM hemophagocytosis were also
required. Other parameters included in the diag-
nostic guidelines for HLH were reviewed, includ-
ing splenomegaly, triglycerides, fibrinogen,
ferritin, and cytotoxic activity of NK cells.
Laboratory findings were serially measured, and
the lowest level was captured for complete blood
cell counts (CBC) and fibrinogen before treat-
ment. For ferritin, the diagnostic level and the
highest level within 4 weeks from initial treatment
were checked and the highest level was used for
triglycerides to assess clinical outcomes.

We analyzed NK cytotoxicity using a flow cytom-
etry-based assay which was previously reported.!®
Briefly, the K562 target cells were labeled with

carboxyfluorescein succinimidyl ester (CFSE) to
discriminate target cells from NK cells. The NK
cells were incubated with CFSE-labeled K562
target cells at different effector-to-target ratios.
Flow cytometry data, after co-culture for 4h,
were analyzed with a Fortessa flowcytometry (BD
bioscience) using the Flow]Jo version 10.0.6 soft-
ware (Tree Star, Ashland, OR). NK cytotoxicity
levels were determined as the number of positive
cells for both CFSE and 7-AAD/ number of total
CFSE positive cells. We used peripheral blood
mononuclear cell portion, rather than isolated
NK-enriched samples at 32:1 of the effector-to-
target ratio. As a control, we tested healthy
donor’s samples used in a previous study.!® EBV-
association was evaluated by both serology and
EBV deoxyribonucleic acid (DNA) reverse tran-
scription polymerase chain reaction (RT-qPCR).

Treatment strategies

The treatment strategies for patients diagnosed
with HLH were based on the HLLH-94 protocol,
which primarily consists of dexamethasone with an
etoposide.2%:21 However, the administration of the
etoposide was delayed for at least 3 days after dexa-
methasone 15mg, with close observation of disease
improvement. If fever subsided and laboratory
results, including cytopenia and ferritin, continu-
ously improved, we did not apply the etoposide and
dexamethasone treatment was tapered. However,
for patients that showed progressive disease within
3 days or without appropriate improvement within
7days, we immediately started etoposide and
reduced treatment by 33-66%, according to the
patients’ age, performance status, or level of cyto-
penia. For some patients with evidence of mac-
rophage activation or that had experienced a severe
inflammation period, we applied the same dose of
dexamethasone but rapidly reduced or did not use
dexamethasone in patients with evidence of sepsis.
If malignancy was diagnosed, a specific chemother-
apy was started, even for patients that had already
been treated with dexamethasone or etoposide. We
followed the standardized protocol of the Catholic
Hematology Hospital for infection management.
Rituximab was used for salvage therapy for patients
with relapsed EBV-HLH, followed by planned
allogeneic hematopoietic cell transplantation.!4

Statistical analysis
All categorical variables were calculated and com-
pared using Fisher’s exact tests, and continuous

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

Therapeutic Advances in Hematology 12

variables were assessed by Mann—Whitney U or
Kruskal-Wallis tests to determine significant dif-
ferences between subgroups. A significant cut-off
value was estimated using Receiver Operation
Characteristic curve analysis. The OS measured
the proportion of people who are alive at a speci-
fied time from the time of diagnosis. Survival
curves were estimated using the Kaplan—Meier
method, and log-rank analysis was used to evalu-
ate the differences between subgroups. All statis-
tical analyses were performed using the R
software (ver. 2.15.1, R Foundation for Statistical
Computing, 2012). Statistical significance was
set at a p-value <0.05.

Results

Baseline characteristics

Among the 123 enrolled patients that met the
inclusion criteria, all patients had a high fever
with cytopenia or evidence of hemophagocyto-
sis. In addition, there were 68 (55.3%) patients
with active hemophagocytosis in BM, and 53
(78.0%) of them were diagnosed with HLH.
The other 55 patients presented with cytopenia
of at least two lineages without evidence of
hemophagocytosis, but seven of them were diag-
nosed with HLH. According to the HLH2004
diagnostic criteria, and excluding NK cytotoxic-
ity and soluble CD25, 60 patients were finally
diagnosed with HLH. A total of 63 patients were
diagnosed with conditions other than HLH. The
final causes were malignancies (=21, 33.3%),
infectious diseases (=12, 19.0%), non-malig-
nant hematological diseases (=6, 9.5%), and
autoimmune diseases that were classified as
MAS (n=22, 34.9%).

The causes of HLH were determined to be can-
cer-association, which was observed in 19 patients
(31.7%), EBV-association in 11 (18.3%), infec-
tion other than EBV in 16 (26.7%), and unknown
cause in 14 (23.3%) patients. We observed that
age, gender, CBC findings at diagnosis, maximal
triglyceride, lowest fibrinogen level, C-reactive
protein, and NK-induced interferon gamma lev-
els were not significantly different between HLH
and other than HLH. However, the median level
of diagnostic and maximal ferritin, and NK cyto-
toxicity were significantly different between the
two groups (Table 1).

NK cytotoxicity and other biomarkers

for the diagnosis of HLH

We first observed the proportion of NK cells and
identified that the % NK cells of the enrolled
patients with febrile disease were lower than that
of healthy control (15.6% versus 8.0%, p=0.020).
However, the % NK cells did not differ between
the disease subgroups: malignancy wersus non-
malignancy (12.8% wversus 7.6%, p=0.556),
malignancy HLH wersus non-malignancy HLH
(5.3% wversus 7.2%, p=0.500), EBV versus non-
EBV (12.4% wversus 6.9%, p=0.176), and EBV-
HLH versus non-EBV HLH (11.3% versus 5.8%,
p»=0.116). For the % CD56dim NK cells, we also
observed no significant differences between
malignancy versus non-malignancy (89.2% wversus
86.0%, p=0.665), malignancy HLH versus non-
malignancy HLH (69.1%  versus 80.1%,
p»=0.881), EBV wversus non-EBV (88.0% wersus
86.9%, p=1.000), and EBV-HLH versus non-
EBV HLH (81.7% wersus 76.9%, p=1.000).

We determined that the median NK cytotoxicity
level was significantly lower in HLH patients
(12.1% wersus 26.2%, p<0.001) compared with
patients in the group other than HLH [Figure
1(a)]. We further analyzed the median NK cyto-
toxicity levels according to causes that were not
HLH, which revealed 25.6% in MAS, 36.3% in
malignancy, and 22.6% in others. Compared
with the median NK cytotoxicity levels in healthy
controls (46.5%), HLH (p=0.004), MAS
(»p=0.012), and others (p=0.051) all showed
lower levels with the exception of the malignancy
subgroup. However, a comparison between
groups of HLH, MAS, and the others did not
reveal any significant differences in the median
level of NK cytotoxicity [Figure 1(b)]. We calcu-
lated a significant cut-off for diagnostically-rele-
vant NK cytotoxicity, and the level was estimated
to be lower than 22.0% of K562 lysis [area under
curve (AUC) =0.689, sensitivity 63.5%, and
specificity 71.7%]. We also determined that the
median ferritin level was significantly higher in
HLH patients (5834 wversus 1669, p<<0.001),
compared with that of patients in the group other
than HLH [Figure 1(c)].

The median ferritin levels in several causes of dis-
ease were also higher in HLH (5834, p<<0.001),
MAS (1656, p=0.003), malignancy (2228,
p»=0.001), and other febrile diseases (1263,
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Table 1. Baseline characteristics of patients with disease presenting febrile cytopenia.

Other than HLH (n=63) HLH (n=60) p-value
Age, years old, median 50 (18-92) 49 (17-85)
Age <50years old (%) 31(49.2) 30 (50.0) 1.000
Age =50years old (%) 32(50.8) 30 (50.0)
Male gender (%) 29 (46.0) 37 (61.7) 0.104
Splenomegaly (%) 24 (38.1) 50 (83.3) <0.001*
CBC at diagnosis
Leukocyte (x10%/1) 2.94(0.26-38.9) 2.33(0.16-18.5) 0.425
Neutrophil (X 107/1) 1.39 (0.02-25.4) 1.04 (0.01-17.2) 0.430
Hemoglobin (g/dl) 9.2 (5.5-15.3) 8.8 (5.7-13.0) 0.117
Platelet (X 10%/) 65.0 (7.0-420.0) 60.0 (7.0-322.0) 0.232
Triglyceride, diagnosis (mg/dl) 181 (40-1929) 160 (52-820) 0.866
Fibrinogen, diagnosis (mg/dl) 276.0 (74.0-500.0) 234.5 (24.0-500.0) 0.089
C-reactive protein (mg/dl) 3.59 (0.03-29.15) 4.21(0.02-21.24) 1.000
Ferritin level, diagnosis (ng/ml) 1669.0 (156.2-100000) 5834.5 (218.3-96498.0) <0.001*
Ferritin level, maximum (ng/ml) 1898.0 (156.2-100000) 8400.5 (218.3-100000) <0.001*
BM hemophagocytosis (%) 15(23.8) 53 (88.3) <0.001*
K562 NK cytotoxicity (%) 26.2 (1.6-74.3) 12.1(1.4-80.0) <0.001*
NK-induced interferon-gamma (pg/mL) 30.8 (0-2994) 10.0 (1-3596) 0.695
Causes of other than HLH -
Malignancy (%) 21 (33.3) -
Lymphoma (%) 12 (19.0) -
Acute leukemia (%) 3(4.8) -
Others (%) 61(9.5) -
Infection (%) 12 (19.0) -
Hematological disease (%) 6(9.5) -
Unknown (%) 2(3.2) -
Autoimmune disease (MAS) (%) 22 (34.9) -
Causes of HLH (%) 0(0.0) 60 (100%) -
Cancer-associated (%) - 19 (31.7%)
Lymphoma (%) - 15 (25.0%)
Acute leukemia (%) - 3(5.0%)
Myelodysplastic syndrome (%) - 1(1.7%)
[continued)
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Table 1. (continued)

Other than HLH (n=63) HLH (n=60) p-value
EBV-associated (%) - 11 (18.3%)
Infection other than EBV (%) - 16 (26.7%)
Unknown (%) - 14 (23.3%)
Treatment 0.163
Dexamethasone initiation (%) 42 (66.7%) 55 (91.7%)
Cancer-specific therapy (%) 14 (22.2%) 14 (23.3%)
HLH-94 (Dexamethasone + etoposide) (%) 0 (0.0%) 31 (51.7%)

*p<0.05.

BM, bone marrow; CBC, complete blood count; EBV, Epstein-Barr virus; HLH, hemophagocytic lymphohistiocytosis;
MAS, macrophage activation syndromes; NK, natural killer cell.

p»=0.001) compared with the levels in normal
controls. In addition, a comparison between
groups of HLH, MAS, and the others did not
reveal any significant differences [Figure 1(d)].
We also calculated a significant cut-off for diag-
nostically-relevant ferritin and the level was esti-
mated at higher than 5516ng/ml (AUC=0.721,
sensitivity 75.0%, and specificity 64.9%), and
there was a weak negative correlation between NK
cytotoxicity and ferritin level (r=-0.4, p=0.001).
For soluble CD25, which was available only in 49
patients, the level was also higher in HLLH patients
(2551 wersus 1077, p=0.008) compared with that
of patients in the other than HLH group.

Clinical outcomes according to diagnoses

After a median follow-up duration of 45.4 months
(range, 26.2—64.7) for surviving patients, the esti-
mated 4-year OS in the MAS group was 86.4%,
in the HLH group 61.7%, in the malignancy
group 42.9%, and other causes that primarily
included infectious diseases at 85.0% [Figure
2(a)]. In the HLH group, the 4-year OS was
81.2% in HLH with infections other than EBV,
57.9% in cancer-associated HLH, 45.5% in
EBV-associated HLH, and 57.1% in HLH with
unknown causes [Figure 2(b)].

In all patients, a low NK cytotoxicity level [Figure
2(c)] did not significantly predict the survival out-
come (61.1% wversus 70.2%, p=0.347), while the
ferritin level higher than 5500ng/ml [Figure 2(d)]
showed a trend for poorer OS (55.6% wversus

71.3%, p=0.052). Multivariate analysis showed
that a ferritin level higher than 5500 ng/ml [hazard
ratio (HR)=1.92, 95% confidence interval (CI)
1.04-3.52, p=0.036] and malignancy (HR=2.68,
95% CI1.46-4.93, p=0.001) were significant fac-
tors for the poor outcome (Table 2).

Clinical outcomes according to malignant

disease or not

As we believed that the survival outcomes of febrile
disease due to malignancies would be influenced by
the malignant disease itself, we divided patients
into malignancy and non-malignancy subgroups.
In the malignancy subgroup, a low NK cytotoxicity
level [Figure 3(a)] did not significantly predict sur-
vival outcome (46.8% wversus 44.4%, p=0.562),
similar to the result of the entire patients and no
specific parameters were identified as affecting fac-
tors. However, in the non-malignancy subgroup,
and NK cytotoxicity lower than 22% (68.2% versus
82.1%, p=0.048), showed poorer 4-year OS
[Figure 3(b-d)]. Final multivariate analysis showed
that age older than 50years (HR=4.23, 95% CI
1.58-11.3, p=0.004), EBV-association (HR=5.41,
95% CI 1.70-17.2, p=0.004), and NK cytotoxicity
lower than 22% (HR=3.83, 95% CI 1.29-11.4,
p»=0.015) were significant factors for the poor out-
come in the non-malignancy subgroup (Table 2).

Discussion
Our prospective cohort consisted of patients with
febrile disease with cytopenia or evidence of BM
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Figure 1. (a) Median level of NK cytotoxicity in patients with HLH versus other than HLH. (b) Median level of
NK cytotoxicity in patients with variable febrile diseases with cytopenia. (c) Median ferritin level at diagnosis in
patients with HLH versus other than HLH. (d) Median ferritin level at diagnosis in patients with variable febrile

diseases with cytopenia.

HLH, hemophagocytic lymphohistiocytosis; MAS, macrophage activation syndromes; NK, natural killer.

hemophagocytosis. These clinical features are fre-
quently observed in patients in the emergency
department or intensive care unit, and are likely
associated with BM suppression, severe inflam-
matory consumption, or hemophagocytic activ-
ity. Among them, HLH is the most life-threatening
inflammatory process, if not properly diagnosed
and treated,?2:23 and we are frequently asked, as
consultant hematologists, whether the disease
status is now HLH or not from several medical
departments. Therefore, a diagnosis of HLH is
not only very important for early intervention, but
also difficult to clearly distinguish from other

diseases, such as infection, autoimmune disease,
and malignant disease that shows similar signs or
symptoms.24-26

The current criteria for an exact diagnosis of adult
HLH are ambiguous, with some controversies.
Among the diagnostic parameters, we focused on
the decreased or absent NK cytotoxicity, which is
mainly observed in pediatric primary HLH caused
by defects in granule-mediated cytotoxicity.*7
We tried to evaluate and determine whether the
diagnostic relevance of decreased or absent NK
cytotoxicity is also applicable in adult secondary
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Figure 2. (a) OS according to the causes of febrile disease with cytopenia. (b) OS according to the causes of
HLH. (c) OS according to NK cytotoxicity at diagnosis in all enrolled patients. (d) 0S according to ferritin level at

diagnosis in all enrolled patients.

HLH, hemophagocytic lymphohistiocytosis; NK, natural killer; OS, overall survival.

HLH. We observed that the level of NK cytotox-
icity was generally decreased in febrile diseases
that arise from several causes, but we were not
able to determine that NK cytotoxicity can be a
powerful diagnostic test for diagnosis of HLH in
adults. Although we calculated a significant cut-
off lower than 22.0% of K562 cell lysis, the AUC
was only 0.689, with a sensitivity of 63.5% and a
specificity of 71.7% which is regarded as rela-
tively-poor discriminating ability. Unlike our
observations, recent reports showed normal NK
cytotoxicity in adults with HLH, which was not
significantly different even compared with healthy
control.2’-2° Therefore, unfortunately, we still
cannot be sure if the decreased NK cytotoxicity is

the main cause of the overt inflammatory process
in HLH or a subsequent result of the most febrile
diseases.

Because the ferritin level has been used as a rele-
vant parameter for diagnosis and follow-up for
response assessment, ferritin was also analyzed in
a similar pattern in the current study. Previous
reports have already shown that ferritin levels
were diagnostically relevant for pediatric HLH,
but not in adult cases, and they stated that it is
not specific for diagnosing adult HLLH.29-32

Our data revealed that ferritin was significantly
higher in patients with HLH compared with other
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Table 2. Multivariate analysis of factors affecting OS in patients with febrile disease.

Variables 0S (entire patients) 0S (in non-malignancy)
Univariate Multivariate Univariate Multivariate
% at 4 year p-value HR (95% CI) p-value % at 4 year p-value HR (95% CI) p-value

Age

<50years 73.1 0.040 86.0 0.012 1

=>50years 58.1 62.5 4.23 (1.58-11.3) 0.004
Gender

Male 63.0 0.595 75.0 0.996

Female 68.4 74.4
EBV-association

No 67.1 0.326 78.3 0.075 1

Yes 55.6 57.1 5.41(1.70-17.2) 0.004
Ferritin level at diagnosis

<5500ng/ml 71.3 0.052 1 82.4 0.033

=5500ng/ml 55.6 1.92 (1.04-3.52)  0.036 62.5
NK cytotoxicity at diagnosis

>22% 70.2 0.347 82.1 0.048 1

<22% 61.1 68.2 3.83(1.29-11.4) 0.015
Splenomegaly

No 70.8 0.336 77.8 0.519

Yes 61.5 7.7
BM hemophagocytosis

No 64.8 0.995 76.5 0.797

Yes 66.2 73.5
Malignancy

No 74.7 0.001 1 - - -

Yes 45.8 2.68 (1.46-4.93) 0.001 - - -

BM, bone marrow; Cl, confidence interval; EBV, Epstein-Barr virus; HR, hazard ratio; NK, natural killer cell.

febrile diseases, and the diagnostically relevant
level was higher than 5500ng/ml. However, its
discriminating power for diagnosis of HLH was
0.720 with a sensitivity of 75.0% and a specificity
of 65.0%. This is marginal and similar to that
of the NK cytotoxicity suggested priorly.
Naymagon?® and Naymagon et al.3° revealed that

the threshold ferritin levels used in diagnostic cri-
teria for adult secondary HLH are too low to be
clinically-relevant based on their analysis. We also
observed that ferritin and NK cytotoxicity levels
showed an inverse-relationship, but the power
and significance was very weak. Therefore, based
on the current results of diagnostic levels, both
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Figure 3. (a) 0S according to the NK cytotoxicity in patients with malignancy. (b) OS according to the NK
cytotoxicity in patients without malignancy. (c) 0S according to the EBV-association in patients without
malignancy. (d) 0S according to the ferritin level in patients without malignancy.

EBV, Epstein-Barr virus; NK, natural killer; OS, overall survival.

parameters by a certain cut-off level should be
cautiously used as part of the diagnostic criteria
for adult HLH. Soluble CD25 is also a relevant
parameter for diagnosis of HLH, but our labora-
tory was set during our study period and it was
not significantly analyzed in this study. We will
analyze it in future evaluation rounds.

It is likely that febrile diseases that are combined
with cytopenia or hemophagocytic activity are cor-
related with genetic susceptibility to severe inflam-
matory processes, even in patients without HLH.
Recently, even in adult patients without a

significant past medical history, hypomorphic
mutations or digenetic inheritance of heterozygous
mutations related to granule-mediated cytotoxicity
defects have been observed, and those genetic
abnormalities can also cause HLH feature.?>35
With this evidence and conditions studied in more
detail, it is now difficult to distinguish boundaries
between primary and secondary HLLH.3% Therefore,
overt inflammation, hypercytokinemia, and mac-
rophage-activation triggered by various antigens, at
levels greater than what is expected, are based on
the genetic susceptibility. This may be associated
with quantitative reduction or functional decline of
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NK cells. Therefore, in future research, we plan to
identify related gene defects or protein profiles.

In this study, we tried to identify a predictive role
of NK cytotoxicity for survival outcome after dis-
ease-specific treatments including the HLH-94
protocol. Our treatment protocol for HLH
patients consisted of prephase dexamethasone
10mg/BSA/day for 3 to 7days with close moni-
toring of improvement or disease progression,
and the etoposide was started at any time of dis-
ease progression at reduced doses of 33 to 66%,
according to the patients’ status based on previ-
ous toxic experiences and similar reports.3” For
the total survival outcomes, the effect of NK cyto-
toxicity level was not significant, and we hypoth-
esized that this might be attributable to the
different clinical courses for patients with malig-
nancies, which can be difficult to analyze in com-
bination with other diseases.383° Some patients
with malignancies or malignancy-associated HLH
die early due to rapid deterioration without proper
chemotherapy at early periods. Their prognoses
depend on the outcome of the specific malignant
disease itself.40-42

We analyzed treatment responses in malignancy
and non-malignancy subgroups separately, and
we observed that an NK toxicity lower than 22%
was related to poor survival outcomes in the non-
malignancy subgroup.

As is the case with our previous report,!4 the cur-
rent data also revealed EBV-association was still a
poor prognostic factor in non-malignancy sub-
group analysis. In the clinical practice, EBV-
associated HLLH generally shows a good response
in the early treatment period, but it is hardly
treated after progression with rapid multi-organ
deteriorations. A few cases proceeded to alloge-
neic hematopoietic cell transplantation, but still
showed a poor survival outcome even after trans-
plantation.*?> In future studies we will focus on
EBV-associated HLH in the context of treatment
and genetic susceptibilities that present with
poorer survival outcomes.

Conclusion

The current prospective study was conducted in
accordance with a well-organized process and
experienced support for laboratory analysis. A
large proportion of patients with febrile

conditions with cytopenia or hemophagocytic
activity showed both decreased NK cytotoxicity
and hyperferritinemia, and we observed signifi-
cantly lower NK cytotoxicity and higher ferritin
levels in adult patients with HLH. However, the
diagnostic power and prognostic effect are not
distinct, and we have to reappraise the pediatrics-
inspired diagnostic criteria in adult HLH. Based
on these results and other prospective studies, we
hope that additional relevant diagnostic criteria
for adult HLH can be introduced in the near
future.
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