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ABSTRACT
Background: Epstein-Barr virus (EBV)-associated hemophagocytic lymphohistiocytosis (EBV-HLH)
is a common subtype of HLH with heterogeneous clinical presentations from self-limited to
death, of which adults are worse than children.
Objective: To establish predictors of mortality risk in adult EBV-HLH patients for timely and
appropriate treatment.
Methods: Patients with confirmed EBV-HLH admitted to Beijing Friendship Hospital from
January 2015 to December 2019 were enrolled and statistical analysis of their laboratory test
results was performed.
Results: Among 246 adult patients with EBV-HLH, the deceased were older (p< 0.05), with
fewer blood cells (p< 0.05), poorer renal function (p< 0.01), higher levels of procalcitonin (PCT)
(p< 0.01), as well as soluble interleukin-2 receptor (sCD25) (p< 0.01). The overall median survival
time of patients was 135days, 87days for patients without transplantation and 294days with
transplantation (p< 0.001). A combined index of sCD25, PCT, and estimated glomerular filtration
rate (eGFR) was obtained to predict prognosis, named the Improved HLH index (IH index), and
patients were divided into three groups meeting IH- (i.e. sCD25� 18,000pg/mL, PCT � 1.8 ng/
mL, eGFR � 90mL/min/1.73m2), IH1þ (i.e. only sCD25> 18,000pg/mL or only eGFR < 90mL/
min/1.73m2), and IH2þ (i.e. the rest), respectively. In patients with the HScore � 169 or meeting
HLH-04, those meeting IH2þ had significantly worse prognoses than those who met IH1þ or
IH- (p< 0.001). In the group meeting IHþ or IH2þ, patients who received allo-HSCT had better
prognoses than those who did not (p< 0.05), but there was still a significant difference in prog-
nosis among the three groups in transplanted patients (p< 0.001).
Conclusion: The IH index can early identify adult patients with a poor prognosis of EBV-HLH,
initiating timely and appropriate treatment.

KEY MESSAGES

� A combined index of sCD25, PCT, and eGFR was obtained to predict prognosis, named the
Improved Hemophagocytic Lymphohistiocytosis index (IH index).

� IH index can early identify adult patients with a poor prognosis of EBV-HLH, initiating timely
and appropriate treatment.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a group
of syndromes with primary or acquired immune
abnormalities, mainly manifested by fever, hepatosple-
nomegaly, hemocytopenia, and elevated ferritin [1]. It
progresses rapidly with a poor prognosis, and patients
can develop coagulation dysfunction, liver failure,
central nervous system involvement, multi-organ
failure, and other manifestations, which can be

life-threatening [2]. According to the cause, HLH can
be divided into primary and secondary. Secondary
HLH (sHLH) is mostly seen in adults [3] and Epstein-
Barr virus (EBV)-associated HLH is one of its major sub-
types, especially in Asian countries [4]. Previous
research models suggest that the clinical manifesta-
tions of HLH vary according to genetic polymorphisms
and mutations [5]. For EBV-HLH, it may be more het-
erogeneous due to primary infection, chronic active
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EBV infection, or underlying primary HLH [6]. A small
number of patients can achieve long-term clinical
remission with HLH-94 treatment regimens, but more
often progress to relapsed/refractory [7]. The progno-
sis of HLH in adults is poor compared to that of chil-
dren [5]. However, clinical and pathology-based
prognostic indicators for EBV-HLH have not yet been
established [8], so this study aimed to establish clinical
indicators for prognostic prediction in adult EBV-
HLH patients.

Methods

Patients
This was a prospective study and adult patients with
confirmed EBV-HLH admitted to Beijing Friendship
Hospital from January 2015 to December 2019 were
enrolled in this study. It was approved by the Ethics
Committee of Beijing Friendship Hospital. Written
informed consent was obtained from the patients fol-
lowing the Helsinki Declaration.

Inclusion criteria: HLH was diagnosed according to
the HLH-2004 diagnostic criteria [9], i.e. meeting at
least five of the eight HLH-2004 diagnostic criteria: (1)
temperature 38.5 �C and above; (2) splenomegaly; (3)
two or three lines of hemocytopenia, i.e. hemoglobin
(HB) <90 g/L, platelets (PLT) <100� 10^9/L or neutro-
phils (N) <1� 10^9/L; (4) triacylglycerol (TG) �3mmol/
L or fibrinogen (Fbg) <1.5 g/L; (5) serum ferritin (SF)
�500 mg/L; (6) phagocytosis found in bone marrow,
spleen, liver or lymph nodes; (7) soluble CD25 (sCD25)
�2400U/mL; (8) low or absent natural killer (NK) cell
activity. All patients with HLH were screened for cyto-
toxic functions, including NK cell activity and degranu-
lation function assays, and protein expression
corresponding to HLH-deficient genes, such as per-
forin, granzyme B, SAP, and XIAP. Genetic sequencing
was performed to exclude primary HLH in patients
with significant abnormalities of the above, as well as
in patients with recurrent HLH. EBV infection was iden-
tified by biopsy of tissue ICH staining for EBER and/or
real-time PCR of patient blood to diagnose. Exclusion
criteria: (1) Incomplete clinical data. (2) Primary HLH or
other etiology-related HLH such as lymphoma com-
bined with EBV infection.

Clinical data
General information about the patient diagnosed with
EBV-HLH (e.g. gender, age), as well as laboratory
results at the time of the patient’s initial admission,
including HLH-2004 diagnostic indicators, EBV DNA

copies in plasma and peripheral blood mononuclear
cells (PBMC), inflammatory indicators (C-reactive
protein(CRP), procalcitonin (PCT), Erythrocyte sedimen-
tation rate (ESR), etc.), liver function indicators (c-glu-
tamyl transferase (GGT), alkaline phosphatase (ALP),
bilirubin levels, etc.), renal function indicators (creatin-
ine (Cr), blood urea nitrogen (BUN), and the estimated
glomerular filtration rate (eGFR) based on the simpli-
fied MDRD formula [10], etc.), as well as blood electro-
lyte levels (potassium, calcium, sodium, etc.). All tests
are done within 3 days. The HScore is shown in Table
1 [11].

Follow up
Telephone follow-up was performed based on hospi-
talization information. Starting point: The day the
patient was admitted to the hospital; end point: 30
September 2021, or the date of death or loss to fol-
low-up.

Statistical analysis
With IBM SPSS Statistics 26.0 software, the measure-
ment data with normal distribution were expressed as
�x±s. Independent samples t-test was used for compari-
son between two groups; non-normally distributed
data were expressed as median (range), and Mann
Whitney U test was used for comparison between two
groups; count data were expressed as [cases (%)], and
v2 test was used for comparison between groups.
Among these indicators, those with an area under the
curve (AUC) >0.6 were selected by receiver operating
characteristic (ROC) curves, and their optimal cut-off
point, i.e. the point with the highest Youden index
[12] (sensitivityþ specificity-1), were calculated. Single
factor Cox proportional risk regression analysis was
used to verify indicators associated with prognosis. A
composite ROC curve was produced using multipara-
metric binary logistic regression and Hazard ratio (HR)
was obtained using multiple-factor COX regression
analysis. Kaplan-Meier curves and Log-Rank tests were
used to compare survival curve differences. P< 0.05
was considered a statistically significant difference.

Results

General characteristics

A total of 246 EBV-HLH adult patients were studied in
this study, as shown in Table 2. When comparing the
clinical characteristics of patients in the survival and
death groups, it was found that although there were
no significant gender differences, the latter were sig-
nificantly older (p¼ 0.035); the routine blood test
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showed that the latter had significantly fewer blood
cells, with median leukocyte counts of 2.53� 10^9/L
in the former and 1.93� 10^9/L in the latter
(p¼ 0.018), median neutrophil counts 1.36� 10^9/L in

the former and 1.08� 10^9/L in the latter (p¼ 0.018),
and median platelet counts 89� 10^9/L in the former
and 57� 10^9/L in the latter (p¼ 0.001). Among
inflammatory parameters, the median CRP level was

Table 1. The Hscore [10].
Parameter No. of points (criteria for scoring)

Known underlying immunosuppressiona 0 (no) or 18 (yes)
Temperature (�C) 0 (<38.4), 33 (38.4–39.4), or 49 (>39.4)
Organomegaly 0 (no), 23 (hepatomegaly or splenomegaly), or 38 (hepatomegaly and splenomegaly)
No. of cytopeniasb 0 (1 lineage), 24 (2 lineages), or 34 (3 lineages)
Ferritin (ng/mL) 0 (<2000), 35 (2000–6000), or 50 (>6000)
Triglyceride (mmoles/liter) 0 (<1.5), 44 (1.5–4), or 64 (>4)
Fibrinogen (gm/liter) 0 (>2.5) or 30 (�2.5)
Serum glutamic oxaloacetic transaminase (IU/liter) 0 (<30) or 19 (�30)
Hemophagocytosis features on bone marrow aspirate 0 (no) or 35 (yes)
aHuman immunodeficiency virus positive or receiving long-term immunosuppressive therapy (i.e. glucocorticoids, cyclosporine, azathioprine).
bDefined as a hemoglobin level of �9.2 gm/dl and/or a leukocyte count of �5000/mm3 and/or a platelet count of �110,000/mm3.

Table 2. Clinical characteristics of adult patients with EBV-HLH.
Overall (N¼ 246) Survival group (N¼ 93) Death group (N¼ 153) P

Sex (M/F) 152/94 53/40 99/54 0.227
Age (years) 32 (18,73) 28 (18,70) 33 (18,73) 0.035
Allogeneic transplant (Y/N) 59/187 25/68 34/119 0.407
Fever (Y/N) 245/1 92/1 153/0 0.378
Temperature (�C) 39.5 ± 0.8 39.4 ± 0.8 39.5 ± 0.8 0.406
BM hemophagocytosis (Y/N) 179/67 68/25 111/42 0.923
Hepatomegaly (Y/N) 95/151 33/60 62/91 0.431
Splenomegaly (Y/N) 219/27 80/13 139/14 0.240
WBC (�10^9/L) 2.06 (0.05, 19.44) 2.53 (0.14, 14.21) 1.93 (0.05, 19.44) 0.018
ANC (�10^9/L) 1.21 (0.00, 13.36) 1.36 (0.01, 10.50) 1.08 (0, 13.36) 0.018
Hb (g/L) 93 ± 22 94 ± 23 92 ± 22 0.519
PLT (�10^9/L) 62 (2, 743) 89 (2, 380) 57 (2, 743) 0.001
CRP (mg/L) 10 (0, 167) 6.78 (0, 160) 16.5 (0.16, 167) <0.001
ALT (U/L) 76 (6, 765) 81 (6, 672) 76 (6, 765) 0.985
AST (U/L) 85 (3, 1767) 70 (3, 1103) 85 (3, 1767) 0.652
LDH (U/L) 471 (36, 12733) 436 (36, 3112) 537 (73, 12,733) 0.036
GGT (U/L) 142 (12, 1487) 164 (12, 1280) 130 (14, 1487) 0.920
ALP (U/L) 206 (12, 2266) 252 (28, 2036) 186 (12, 2266) 0.578
TBIL (lmol/L) 21.87 (6.01, 657.41) 20.03 (6.35, 657.41) 22.62 (6.01, 560.65) 0.072
DBIL (lmol/L) 9.43 (1.20, 432.72) 8.33 (1.57, 418.94) 11.86 (1.2, 432.72) 0.182
IBIL (lmol/L) 12.35 (2.88, 238.47) 11 (3.16, 238.47) 12.64 (2.88, 127.93) 0.056
ALB (g/L) 30.0 ± 6.3 31.4 ± 6.8 29.2 ± 5.8 0.008
GLB (g/L) 27.4 ± 7.8 28.9 ± 8.1 26.4 ± 7.5 0.016
Cr (lmol/L) 56.35 (24.5, 544.3) 52.2 (30.2, 118.7) 57.8 (24.5, 544.3) 0.003
eGFR (mL/min/1.73m2) 127.54 ± 52.18 140.20 ± 45.35 119.85 ± 54.64 0.002
BUN (mmol/L) 5.41 (1.19, 111.60) 4.56 (1.55, 19.72) 5.8 (1.19, 111.6) 0.001
TG (mmol/L) 2.37 (0.43, 14.67） 2.29 (0.6, 8.06) 2.41 (0.43, 14.67) 0.144
K (mmol/L) 3.86 ± 0.50 3.77 ± 0.43 3.92 ± 0.53 0.029
Ca (mmol/L) 2.01 ± 0.20 2.04 ± 0.20 1.99 ± 0.20 0.066
Na (mmol/L) 135.2 ± 5.3 136.2 ± 5.1 134.5 ± 5.3 0.015
CO2 (mmol/L) 23.8 ± 3.6 24.6 ± 3.2 23.3 ± 3.7 0.007
FIB (g/L) 1.54（0.20, 59.20） 1.61 (0.44, 7.69) 1.45 (0.2, 59.2) 0.751
Coagulation abnormalities (Y/N) 133/113 44/49 89/64 0.098
b2M (mg/L) 4.44 (0.02, 22.40) 3.62 (0.02, 11.6) 4.79 (1.07, 22.4) 0.002
PCT (ng/mL) 0.46 (0, 120.99) 0.37 (0.02, 8.77) 0.52 (0, 120.99) 0.010
ESR (mm/1h) 14 (1, 140) 16 (1, 140) 14 (1, 104) 0.573
Ferritin (lg/L) 2195.3 (17.9, 171,633.0) 2000 (36.3, 171,633) 2427 (17.9, 142,311.5) 0.199
NK cell activity (%) 15.07 (6.38, 52.83) 15.1 (6.65, 44.68) 14.79 (6.38, 52.83) 0.943
Decreased CD107a (Y/N) 93/77 34/34 59/43 0.316
sCD25 (pg/mL) 22276 (469, 122,130) 14277 (469, 122,130) 30200 (882, 65,430) <0.001
Plasma EBV-DNA copies 2600 (0, 3.5Eþ 07) 1600 (0, 1.0Eþ 07) 4800 (0, 3.5Eþ 07) 0.247
EBV-DNA copies in PBMC 12,000 (0, 7.76Eþ 09) 3400 (0, 1.0Eþ 07) 18,000 (0, 7.76Eþ 09) 0.069

Coagulation abnormalities: prolonged PT and/or APTT. Decreased CD107a: �10% difference before and after NK cell stimulation and/or <2.8 difference
before and after CTL cell stimulation. BM: bone marrow; WBC: white blood cells; ANC: absolute neutrophil count; Hb: hemoglobin; PLT: platelets; CRP: C-
reactive protein; ALT: alanine transaminase; AST: aspartate transaminase; LDH: lactate dehydrogenase; GGT: gamma-glutamyl transferase; ALP: alkaline
phosphatase; TBIL: total bilirubin; DBIL: direct bilirubin; IBIL: indirect bilirubin; ALB: albumin; GLB: globulin; Cr: Creatinine; BUN: blood urea nitrogen;
eGFR: estimated glomerular filtration rate; TG: triglyceride; K: Potassium; Ca: Calcium; Na: Sodium; CO2: Carbon dioxide binding force; FIB: fifibrinogen;
b2M: b-2-microglobin; PCT: procalcitonin; ESR: Erythrocyte sedimentation rate; NK: natural killer; sCD25: soluble CD25; PBMC: peripheral blood mono-
nuclear cells.
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6.78mg/L in the survivors and significantly higher in
the dead at 16.5mg/L (p< 0.001); the median PCT
level was 0.37 ng/mL in the former and slightly higher
at 0.52 ng/mL in the latter (p¼ 0.01). Comparing renal
function, the median level of Cr was 52.2 lmol/L in
the survivors and a slightly higher 57.8lmol/L in those
who died (p¼ 0.003); the median level of BUN was
4.56mmol/L in the former and 5.8mmol/L in the latter
(p¼ 0.001); and the mean eGFR was 119.85mL/min/
1.73m2 in the latter, which was lower than 140.20mL/
min/1.73m2 in the former (p¼ 0.002). For electrolyte
levels, the mean potassium value was 3.77mmol/L in
the survivors and 3.92mmol/L in the decreased
(p¼ 0.029), and the mean blood sodium value was
136.2mmol/L in the former and 134.5mmol/L in the
latter (p¼ 0.015). Regarding HLH-related specific indi-
cators such as sCD25 median level was 14,277 pg/mL
in the former and significantly higher at 30,200 pg/mL
in the latter (p< 0.001). The dead also showed more
abnormalities in other indicators, such as lower albu-
min with a median of 29.2 g/L (p¼ 0.008), higher
serum b2M with a median of 4.79 mg/L (p ¼ 0.002)
and higher LDH with a median of 537U/L (p¼ 0.036).

Survival

As shown in Figure 1, 246 EBV-HLH patients with a
median survival time of 135 days (95% confidence
interval (CI): 107–163 days) and overall survival rates of
41.1%, 29.3%, and 27.4% at 6months, 1 year, and
2 years, respectively. As shown in Figure 2, the median

survival time was 294 days (95% CI: 0–647 days) for
patients who received a transplant and 87 days (95%
CI: 63–111 days) for those who did not (p< 0.001).

Improved hemophagocytic lymphohistiocytosis
index (IH index)

As shown in Table 3, for the indicators that were sig-
nificantly different between the survival and death
groups in Table 2, we found that PLT, CRP, Cr, BUN,
eGFR, CO2, b2M, PCT, and sCD25 had a better ability
to predict survival with the AUC greater than 0.6
(0.629, 0.647, 0.612, 0.624, 0.620, 0.626, 0.624, 0.602
and 0.674, respectively) (p< 0.05). The optimal cut-off
value of sCD25 was 27,779 pg/mL with poor sensitivity
at 0.531, and the latter improved to 0.688 when
adjusted to 18,175 pg/mL, while the specificity was
acceptable (0.615). Further single factor Cox regression
analysis, as shown in Table 4, verified that PLT
(HR [95%CI]¼ 0.995 (0.992–0.997), p< 0.001), CRP (HR
[95%CI]¼ 1.007 (1.004–1.010), p< 0.001), Cr
(HR [95%CI]¼ 1.010 (1.006–1.013), p< 0.001), BUN (HR
[95%CI]¼ 1.012 (1.001–1.023), p¼ 0.033), eGFR (HR
[95%CI]¼ 0.995 (0.992–0.999), p¼ 0.007), CO2
(HR [95%CI]¼ 0.901 (0.861–0.943), p< 0.001), b2M (HR
[95%CI]¼ 1.075 (1.032–1.118), p< 0.001), PCT (HR
[95%CI]¼ 1.029 (1.018–1.040), p< 0.001), and sCD25
(HR [95%CI]¼ 2.484 (1.700–3.629), p< 0.001) were
significantly associated with poor prognosis. Then in
Table 5, sCD25 (OR [95%CI]¼ 3.335 (1.728–6.435),
p< 0.001) and PCT (OR [95%CI]¼ 6.779 (1.946–23.616),

Figure 1. Overall survival curve of EBV-HLH.
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p¼ 0.003) were used as categorical variables and eGFR
(OR [95%CI]¼ 0.991 (0.985–0.998), p¼ 0.010) as a con-
tinuous variable to establish a joint index by a binary
logistic regression for predicting the prognosis with an

AUC of 0.762 (CI: 0.694–0.830, p< 0.001), as shown in
Figure 3. Considering that the optimal cut-off value of
the ROC curve for eGFR was 133mL/min/1.73m2,
which had less value for clinical application, its cut-off

Figure 2. Survival curves of EBV-HLH patients with and without transplantation.

Table 3. ROC curves of each clinical index.
Boundary value Sensitivity Speciality AUC 95%CI P

Age (years) 27.3 0.739 0.473 0.580 0.505–0.655 0.035
WBC (�10^9/L) 3.21 0.441 0.765 0.590 0.514–0.666 0.018
ANC (�10^9/L) 2.555 0.352 0.848 0.591 0.515–0.668 0.018
PLT (�10^9/L) 80.5 0.548 0.725 0.629 0.555–0.704 0.001
CRP (mg/L) 15.05 0.529 0.725 0.647 0.571–0.723 <0.001
LDH (U/L) 575.5 0.48 0.685 0.580 0.508–0.653 0.036
ALB (g/L) 34.1 0.344 0.837 0.597 0.524–0.671 0.010
GLB (g/L) 30.5 0.398 0.745 0.583 0.509–0.656 0.030
Cr (lmol/L) 63.95 0.451 0.731 0.612 0.541–0.683 0.003
BUN (mmol/L) 4.695 0.698 0.538 0.624 0.553–0.695 0.001
eGFR (mL/min/1.73m2) 133.8471 0.660 0.570 0.620 0.549–0.690 0.002
K (mmol/L) 3.675 0.706 0.473 0.588 0.516–0.661 0.020
Na (mmol/L) 133.5 0.742 0.444 0.597 0.524–0.669 0.011
CO2 (mmol/L) 24.75 0.559 0.712 0.626 0.553–0.698 0.001
b2M (mg/L) 3.65 0.717 0.518 0.624 0.548–0.701 0.002
PCT (ng/mL) 1.84 0.275 0.942 0.602 0.529–0.676 0.010
sCD25 (pg/mL) 27779 0.531 0.808 0.674 0.598–0.750 <0.001

18175 0.688 0.615

AUC: Area under the curve; CI: confidence interval.

Table 4. Single factor Cox proportional risk regression analysis of indicators associated
with prognosis.

C-index (95%CI) HR (95%CI) P

PLT (�10^9/L) 0.626 (0.577–0.675) 0.995 (0.992–0.997) <0.001
CRP (mg/L) 0.637 (0.586–0.688) 1.007 (1.004–1.010) <0.001
Cr (lmol/L) 0.577 (0.526–0.628) 1.010 (1.006–1.013) <0.001
BUN (mmol/L) 0.606 (0.557–0.655) 1.012 (1.001–1.023) 0.033
eGFR (mL/min/1.73m2) 0.568 (0.515–0.621) 0.995 (0.992–0.999) 0.007
CO2 (mmol/L) 0.631 (0.580–0.682) 0.901 (0.861–0.943) <0.001
b2M (mg/L) 0.608 (0.557–0.659) 1.075 (1.032–1.118) <0.001
PCT (ng/mL) 0.611 (0.562–0.660) 1.029 (1.018–1.040) <0.001
sCD25> 18,000/�18,000 (pg/mL) 0.607 (0.564–0.650) 2.484 (1.700–3.629) <0.001

HR: Hazard ratio; CI: confidence interval; C-index: concordance index.
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value was artificially adjusted to 90mL/min/1.73m2

and verified by multi-factor Cox regression analysis
that it was still an independent risk factor for poor
prognosis (HR [95%CI]¼ 1.740 (1.172–2.584), p¼ 0.006)
as shown in Table 6. At last, we obtained a combined
index of sCD25 (HR [95%CI]¼ 2.362 (1.556–3.587),
p< 0.001), PCT (HR [95%CI]¼ 1.707 (1.118–2.606),
p¼ 0.013), and eGFR to predict prognosis, named the
Improved Hemophagocytic Lymphohistiocytosis index
(IH index) with a C-index of 0.665
(95%CI: 0.642–0.688).

IH index identifies patients with poor prognosis

As shown in Figure 4, patients had significantly better
overall survival (OS) when sCD25� 18,000 pg/mL, PCT
�1.8 ng/mL, and eGFR �90mL/min/1.73m2 (p< 0.05).
OS was significantly worse (p< 0.05) when PCT
>1.8 ng/mL, or when any two or more of
sCD25> 18,000 pg/mL, PCT >1.8 ng/mL and eGFR
<90mL/min/1.73m2 were met. In contrast, when only

sCD25> 18,000 pg/mL or only eGFR <90mL/min/
1.73m2, OS was between the above two groups and
significantly different (p< 0.05). Therefore, we reclassi-
fied patients into three groups based on the above
results as shown in Figure 5, where patients satisfying
IH- (i.e. sCD25� 18,000 pg/mL, PCT �1.8 ng/mL, eGFR
�90mL/min/1.73m2) had a significantly better progno-
sis than those meeting IH1þ (i.e. only sCD25
> 18,000 pg/mL or only eGFR <90mL/min/1.73m2)
with a median survival time of 133 days (95% CI:
97–169 days) (p¼ 0.001) or IH2þ (i.e. the rest) with a
median survival time of 74 days (95% CI: 57–91 days)
(p< 0.001), while patients meeting IH1þ had a signifi-
cantly better prognosis than IH2þ (p< 0.001). As
shown in Figure 6, among patients with HScore �169,
those who met IH- had a significantly better prognosis
than those who met IH1þ (p¼ 0.002) or IH2þ
(p< 0.001), while those meeting IH1þ with a median
survival time of 127 days (95% CI: 86–168 days), which
was better than those who met IH2þ with a median
survival time of 61 days (95% CI: 43–79 days)
(p< 0.001). As shown in Figure 7, among patients who
met the HLH04 criteria, those meeting IH- had a sig-
nificantly better prognosis than those meeting IH1þ
(p¼ 0.013) or IH2þ (p< 0.001), while those who met

Table 5. binary logistic regression analysis to establish joint
indicators to predict prognosis.

b OR 95%CI for exp (B) P

eGFR (mL/min/1.73m2) �0.009 0.991 0.985–0.998 0.010
PCT> 1.8/�1.8 (ng/mL) 1.204 6.779 1.946–23.616 0.003
sCD25> 18,000/�18,000

(pg/mL)
1.914 3.335 1.728–6.435 <0.001

Constant 0.672 1.957 0.163

logit(p) ¼ 1.914�sCD25þ 1.204�PCT-0.009�eGFR (sCD25 and PCT are
dichotomous variables and are taken as 1 for values greater than the
bound and 0 for the opposite). OR: Odds ratio; CI: confidence interval.

Figure 3. Composite ROC curve of multiple indicators.

Table 6. Multi-factor Cox proportional risk regression analysis
of indicators associated with prognosis.

HR 95%CI P

eGFR< 90/�90 (mL/min/1.73m2) 1.74 1.172–2.584 0.006
PCT> 1.8/�1.8 (ng/mL) 1.707 1.118–2.606 0.013
sCD25> 18,000/�18,000 (pg/mL) 2.362 1.556–3.587 <0.001

94 S. YAO ET AL.



IH1þ had a median survival time of 127 days (95% CI:
99–155 days), which was better than those who met
IH2þ with a median survival time of 74 days (95% CI:
55–93 days) (p< 0.001).

Transplantation improves prognosis in high-risk
patients met IH index

As shown in Figure 8, among patients meeting IH1þ,
the median survival time was 78 days (95% CI:
48–108 days) for those without allo-HSCT and 288 days
(95% CI: 99–477 days) with allo-HSCT (p¼ 0.009);
among patients meeting IH2þ, the median survival
time was 60 days (95% CI: 46–74 days) for those with-
out allo-HSCT and 149days (95% CI: 67–231 days) with

allo-HSCT (p¼ 0.011); while there was no significant
difference between patients meeting IH- with allo-
HSCT or not (p¼ 0.191). After stratification according
to transplantation, overall survival (OS) remained sig-
nificantly different between patients eligible for IH-
and IH1þ (p< 0.001), patients eligible for IH- and
IH2þ (p< 0.001), and patients eligible for IH1þ and
IH2þ (p¼ 0.001).

Discussion

In this study, we combined the index of sCD25, PCT,
and estimated glomerular filtration rate (eGFR) to pre-
dict prognosis, named the Improved HLH index (IH
index), which can early identify adult patients with a

Figure 4. Survival of patients with discordant versus concordant indices.

Figure 5. Survival of patients after index stratification.
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poor prognosis of EBV-HLH, initiating timely and
appropriate treatment.

Hemophagocytic lymphohistiocytosis is a life-threat-
ening hyperinflammatory syndrome, with one study
showing that more than 10% of patients with HLH die
within 2months of diagnosis due to internal organ
bleeding, opportunistic infections due to neutropenia,
or multi-organ failure [13]. HLH can be classified into
various subtypes according to its etiology. Among
them, EBV-HLH has a heterogeneous disease course,
with clinical manifestations ranging from self-limiting
to fatal [6]. In this study, among 246 EBV-HLH patients
with a median survival time of 135 days (95% CI:

107–163 days), 153 dead patients had worse clinical
presentation compared to survivors, including older
age, fewer blood cells, higher levels of inflammatory
markers, serum b2M and LDH, lower protein, poorer
renal function, and more electrolyte disturbances
(p< 0.05), as well as higher levels of HLH-related indi-
cators such as sCD25(p< 0.001). Although there were
no significant differences in NK cell activity and
degranulation function (p> 0.05), more than half (93
patients, 54.7%) of the patients had reduced CD107a,
and the overall median levels of NK cell activity were
below the normal range. Mutations leading to abnor-
mal NK cell and CTL cell function are frequently found

Figure 6. IH index vs. HScore.

Figure 7. IH index vs. Index.
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in primary HLH (pHLH) [14]. Whereas high expression
of the NK cell suppressor receptor NKG2A and low
expression of the activator receptor NKG2D and less
secretion of IFN-c and CD107a upon CTL stimulation
have been observed in patients with sHLH [15], there
were no currently confirmed HLH-related genetic alter-
ations in patients with sHLH, and the mechanisms
causing such changes at the epigenetic level need fur-
ther investigation.

EBV, a herpes virus, infects almost all people during
their lifetime and persists in the body after the acute
phase. It can form latent infections by infecting B cells
integrated into genes [16]. EBV DNA quantification
and analysis of EBV-specific T-cell recombination levels
during EBV reactivation for predicting relapse in
asymptomatic individuals with clinical applications
[17]. EBV copies in plasma and PBMC of patients with
EBV-HLH in this study were significantly higher than
the normal range, but they were not significantly dif-
ferent between surviving and deceased patients
(p> 0.05), which may indicate that the cause of death
in EBV-HLH patients is mainly related to the inflamma-
tory state rather than persistent EBV infection.
Eradication of EBV infection may prevent HLH from
becoming relapsing and refractory, but stabilizing the
highly inflammatory state in patients is the key to sav-
ing critically ill HLH patients. Once the inflammatory
"storm phase" is over, the symptoms plateau or even
disappear in some patients. However, because etopo-
side-based HLH-94 regimens are not effective in clear-
ing EBV, EBV-HLH often becomes relapsed and
refractory, and allo-HSCT is the only option to cure
relapsed and refractory patients [18]. In this study, the

overall median survival time for patients with EBV-HLH
was 135 days, with a 1-year survival rate of only
29.3%. The median survival time was 3 times longer in
patients who received allo-HSCT than in those who
did not (p< 0.001).

However, how identifying these critically ill patients
early to facilitate effective and rapid clinical decision-
making is a challenge that remains to be addressed.
Previous studies have found that HScore, an important
tool used for the early identification of HLH, is associ-
ated with the prognosis of critically ill patients with
HLH [19]. Ferritin also contributes to the early identifi-
cation of critically ill patients with HLH [20], and high
ferritin levels are often associated with poor prognosis
[21]. However, there is little difference in HScore
cut-off values between subtypes, which may limit its
application in determining the prognosis of different
subtypes; ferritin in adult HLH is often greater than
2000 ng/mL in the HLH-04 diagnostic criteria [22], and
adult hyperferritinemia is not limited to HLH [23]. As
an acute-phase protein, ferritin has predictive validity
for short-term prognosis [24], but its prediction of
long-term prognosis is unclear. Therefore, this study
aimed to establish an independent predictive index of
poor prognosis in adult patients with EBV-HLH.

In this study, comparing the AUC and C-index of
clinical indicators with significant differences between
patients in the survival and death groups, we found
that PLT, PCT, CRP, Cr, BUN, eGFR, b2M and sCD25
had a diagnostic sensitivity and specificity. Among
them, the critical values of sCD25, PCT and eGFR were
taken as 18,000 pg/mL, 1.8 ng/mL and 90mL/min/
1.73m2, respectively, with AUC of 0.762 (p< 0.001).

Figure 8. IH index vs. allo-HSCT.
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sCD25 is a pro-inflammatory factor, which is currently
measured mainly by enzyme-linked immunoassay, and
a new protein biochip has been developed for serum
IgG antibodies against IL-2, sCD25, and Ag-Ab com-
plexes of sCD25 with similar capabilities to conven-
tional methods [25]. A previous study on malignancy-
associated HLH (M-HLH) showed that sCD25 combined
with ferritin could better identify patients with poor
prognosis including M-HLH and non-HLH patients with
high inflammatory status [26]. sCD25 was able to pre-
dict prognosis in patients with EBV-HLH in this study,
whether it applies to all types of HLH needs to be fur-
ther investigated. PCT is often used for the early
detection of systemic bacterial infections and is usually
negative in viral infections [27]. Serum PCT levels are
also significantly elevated in severe inflammation and
are positively correlated with disease severity and
mortality [28]. The production of PCT during inflamma-
tion is associated with bacterial endotoxins and
inflammatory cytokines (TNF, IL-6) [29]. In this study,
on the one hand, due to the intense inflammatory
state of HLH patients, a large number of cytokines
were released; on the other hand, due to the low
number of neutrophils, they were prone to the com-
bination of multiple bacterial infections and even sep-
sis; therefore, the PCT was significantly elevated, and
had some predictive power for patient prognosis. HLH
is often combined with multi-organ failure, where
acute kidney injury (AKI) is associated with acute tubu-
lar necrosis, underperfusion, tumor lysis syndrome, or
HLH-related glomerulopathy [30], and abnormally high
serum concentrations of nephrotoxic interleukin-6
(IL-6) in late HLH contribute to progression to renal
failure [31]. However, cytotoxic chemotherapy can
temporally deteriorate organ damage making regi-
mens difficult to implement. Fortunately, ruxolitinib
has been shown efficacy in treating HLH without
much toxicity in clinical trials [32]. eGFR is commonly
used in the diagnosis and staging of chronic kidney
disease (CKD) and in determining drug doses [33]. In
this study, we found significant differences in age and
creatinine levels between the survival and death
groups (p< 0.05), and still significant differences in
eGFR according to the simple MDRD formula
(p¼ 0.002), which further multi-factor Cox regression
analysis confirmed to be an independent risk factor
for poor prognosis in patients with EBV-HLH
(p¼ 0.006). Therefore, it is essential to assess the renal
function of patients for selecting treatment and pre-
dicting prognosis.

A combined index of sCD25, PCT, and estimated
glomerular filtration rate (eGFR) was obtained to

predict prognosis, named the Improved HLH index (IH
index), and patients were divided into three groups
meeting IH- (i.e. sCD25� 18,000 pg/mL, PCT � 1.8 ng/
mL, eGFR � 90mL/min/1.73m2), IH1þ (i.e. only
sCD25> 18,000 pg/mL or only eGFR < 90mL/min/
1.73m2), and IH2þ (i.e. the rest), respectively. In
patients with the HScore � 169 or meeting HLH-04,
there was a significant difference in prognosis among
these three groups (p< 0.05). Therefore, the IH index
could further identify patients with poor prognoses
who meet the diagnostic criteria of HLH-04 and
HScore � 169 in clinical applications.

The only cure for primary HLH is HSCT, which is
also required for certain types of sHLH, such as
chronic active Epstein-Barr virus (CAEBV) [34] and
refractory EBV-HLH [6]. In the group meeting IHþ or
IH2þ, patients who received allo-HSCT had a better
OS than those who did not (p< 0.05). However, there
was no significant difference between patients meet-
ing IH- with allo-HSCT or not (p¼ 0.191), while a sig-
nificant difference still in OS among the three groups
of patients who received allo-HSCT (p< 0.001). It is
suggested that transplantation improves prognosis in
high-risk patients eligible for the IH index and has
some value for clinical decision-making.

Conclusion

The IH index has value in clinical practice for early
identification of patients with HLH at high risk of poor
prognosis, and further validation by more clinical stud-
ies is needed in the future.
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