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Abstract

Hemophagocytic lymphohistiocytosis (HLH) has a low incidence and high mortality. In order to improve our understand-
ing of the clinical features and prognostic risk factors of adult HLH, we analyzed the clinical characteristics and prognostic
risk factors of adult HLH and developed a prognostic model to predict the overall survival (OS) of adult HLH. The clinical
characteristics and survival statistics of adult patients with HLH identified at The Second Affiliated Hospital of Chongqing
Medical University between February 2012 and October 2020 were retrospectively analyzed to constitute the primary cohort,
while patients between 25 October 2020 and 20 March 2023 were collected at the same institution as a validation cohort for
the prospective study. A total of 142 patients met the inclusion criteria, with 72 and 70 in the primary cohort and validation
cohort respectively. In the primary cohort, the median OS was 102 days, with 37.5%, 34.5%, and 28.7% 1-, 2-, and 3-year
OS, respectively. Univariate analysis showed that age, interleukin-10 (IL-10), interleukin-2 receptor (IL-2R), prothrombin
time (PT), and indirect bilirubin (IBiL) were correlated with prognosis. Multivariate analysis showed that IL.-10 and PT
were independent factors affecting OS in adult patients with HLH. A prognostic model consisting of IL-2R, PT, and IL-10
and a corresponding prognostic nomogram were developed adopting the principle of minimum value of Akaike information
criterion(AIC). The model has a high prediction accuracy letter (C-index = 0.708). The AUC values of 1-year, 2-year, and
3-year were 0.826, 0.865, and 0.882, correspondingly. In the validation cohort, all patients were divided into high-risk and
low-risk groups, and the risk of death was significantly higher in the high-risk group than in the low-risk group (p < 0.01).
The calibration curve for the model shows that the Nomogram constructed in this study is very reliable to predict the OS of
HLH patients. IL-10 and PT have significant prognostic value in adult HLH. The prognostic model and the nomogram built
in this study can forecast the OS of adult HLH patients.
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Introduction to manage the immune response will result in increased

inflammatory cytokine release and macrophage activation.

Hemophagocytic lymphohistiocytosis (HLH), also known
as hemophagocytic syndrome (HPS),is characterized by
the uncontrolled activation of cytotoxic T lymphocytes and
natural killer cells induced by a variety of causes. Failure
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Hypercytokinemia and immune-mediated multiple organ
system damages is a life-threatening hyperinflammatory
syndrome rather than an independent disease. It is clini-
cally distinguished by persistent fever, hepatosplenomegaly,
coagulopathy, hypertriglyceridemia, hyperferritinemia, and
hemophagocytosis [1] [2] [3]. HLH is arbitrarily classified
into two types: familial hemophagocytic lymphohistiocyto-
sis (FHL) and secondary hemophagocytic lymphohistiocy-
tosis (sHLH). FHL is an autosomal recessive genetic illness
that mostly affects youngsters. There is one case in every
30,000 to 50,000 newborns, and 70-80% of the cases occur
in the first year after birth. At the same time, it occurs at any
other age, induced by infection and diagnosed by genetic
testing or positive family history [1] [4]. There are many
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reasons for sHLH, but HLH caused by infection is most
common. In addition to common pathogens, tumours, and
autoimmune diseases, SHLH can be caused by some rare
pathogens, such as the influenza virus [5] [6]. Although the
pathogenesis of sHLH is mainly unknown, the two forms of
HLH, sHLH, and FHL, have similar clinical characteristics.
Despite attempts to differentiate SHLH from FHL or reac-
tive forms of FHL, the symptomatic presentations are highly
overlapping [7]. HLH may affect anybody at any age, how-
ever most clinical recommendations, prospective research,
and therapeutic trials are geared toward children [2] [8] [9].

Current studies have shown that HLH has the character-
istics of rapid progress and high mortality, which seriously
threatens the OS of HLH patients. It is required to create
further methods that can swiftly estimate the prognosis
of HLH patients in order to investigate significant clinical
indicators to guide clinical treatment choices, make reason-
able use of medical resources, optimize patients' interests,
and aid improve patients’ clinical results. At present, many
studies have found the related variables of poor prognos-
tic factors of HLH, In a study by Xu Yang et al. [10], a
nomogram model was constructed using PET/CT (positron
emission tomography) as a variable along with clinical fea-
tures and demonstrated that the model was more predictive
of 6-month survival than either the clinical model or the
Rad-score alone. In addition, the nomogram model showed
better discrimination, calibration and clinical usefulness in
both cohorts; however, in clinical work, many patients do not
have PET/CT data prior to treatment due to the high price of
PET/CT. Therefore, we conducted a retrospective study of
adult HLH patients treated at our institution to analyze prog-
nostic risk factors for OS and propose a nomogram model
that can be calculated based on conventional clinical vari-
ables to help medical staff quickly and accurately evaluate
the 1-year, 2-year, or even 3-year OS of patients with HLH.

Patients and methods
Data collection

The Second Affiliated Hospital of Chongqing Medical Uni-
versity’s electronic medical record database was searched for
patients diagnosed with “hemophagocytic syndrome” and
“hemophagocytic lymphohistiocytosis.” With a minimum
follow-up time of 1 year, between 2012-2-25 and 2020-
10-25, 72 individuals with a principal diagnosis of HLH
were included to form the primary cohort, and from Octo-
ber 2020 to March 2023, 70 patients who met the inclu-
sion criteria formed the validation cohort. The HLH-2004
criteria [1] were often utilized to aid in the diagnosis of
HLH. Patients were eligible for HLH if they were (1) above
the age of 18 and (2) met at least five of the eight criteria
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given by the Histiocyte Society in 2004. Exclusion criteria
included (1) patients under the age of 18, (2) patients with
a history of treatment prior to admission, (3) patients who
did not meet the diagnostic criteria of HLH-2004, and (4)
incomplete clinical information. All adult patients, including
these terms, were manually examined according to the 2004
revised HLH diagnostic criteria. The clinical and laboratory
data of all patients with HLH were reviewed retrospectively.
Demographic data (age, sex), symptoms (hemophagocy-
tosis, highest body temperature, jaundice, rash, altered
mental status, oedema, lymph node enlargement, hepato-
megaly, splenomegaly, ascites, pleural effusion, pneumonia),
and laboratory indicators before treatment (Serum ferritin,
interleukin- 10, interleukin-2 receptor, prothrombin time and
indirect bilirubin, high-density lipoprotein) were collected.
Telephone calls and examining medical records are used as
a means of follow-up to obtain the survival status of all HLH
patients. The institutional and national research committees'
ethical guidelines and the 1964 Helsinki Declaration and
its later modifications or equivalent ethical principles were
followed in this retrospective study. Overall survival (OS)
is defined as the time elapsed between the day the patient
was admitted to the hospital and death for any cause or the
end of follow-up.

Statistical methods

SPSS software 23.0, GraphPadPrism8.0.1, and R3.6.1 are used
for data analysis and sketching. We employed multiple imputa-
tions (MI) based on five replications and a chained equation
approach technique in the R MI process to account for missing
data. Classified variables are stated as frequency and percentage
(n%), and continuous variables are expressed as mean +stand-
ard deviation (SD), median (range), or median (interquartile
range, IQR). The patients were separated into two groups based
on the clinical follow-up results: survivors and non-survivors.
We employed the Kruskal-Wallis rank-sum test, the chi-square
test, and the Fisher exact test for inter-group comparison. At the
same time, we analyzed the clinical indexes of adult HLH by
univariate and multivariate analysis. The prognostic risk model
of OS was established by multivariate Cox regression analy-
sis. The risk factors obtained from univariate Cox regression
analysis(P<0.05)were contained in the multivariate Cox propor-
tional regression model as prognostic indicators. By combining
all the prognostic indicators and adopting the principle of mini-
mum value of Akaike information criterion(AIC), the prognos-
tic model of the best combination was obtained. The HLH risk
score formula will be calculated using the regression coefficient
of the prognostic model: Riskscore(patient)= Y Coefficient(Ris
kfactor) * Value(Riskfactor) [11]. All patients were divided into
two groups based on their median risk score: high-risk and low-
risk. When constructing the survival curve of risk factors for
HLH, the Kaplan-Meier technique was utilized; analysis of the
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prognostic difference between groups was carried out using the
Log-Rank methodology. The receiver operating characteristic
(ROC) curve was used to evaluate the HLH model’s accuracy in
predicting 1-year, 2-year, and 3-year overall survival. To deter-
mine if the anticipated probability and the actual probability are
estimated by the model fit, the Hosmer-Lemeshow goodness-of-
fit test was utilized. All of the significance tests were bilateral,
and P<0.05 was considered statistically significant.

By the way, in all of our patients, treatment followed the
HLH-04 regimen, which included etoposide, dexametha-
sone, and cyclosporine (CSA) within 1-8 weeks after diag-
nosis, with some patients (with neuropsychiatric symptoms)
receiving intrathecal injections of methotrexate and pred-
nisone; patients with secondary HLH may be completely
cured after 8 weeks of treatment, while some patients with
secondary HLH and familial HLH that are not in remis-
sion are recommended to continue treatment with etoposide,
dexamethasone, and CSA, and to receive hematopoietic stem
cell transplantation (HSCT) when appropriate.

Results

Basic clinical characteristics of adult patients
with HLH

Clinical characteristics of survival group and death group
of adult HLH before treatment

A total of 142 patients met the inclusion criteria, 72 in the
primary cohort and 70 in the validation cohort. Table 1
lists the clinical characteristics of patients in the primary

cohort and the validation cohort. In the main cohort, 49
(68%) patients died, with a male to female ratio of 0.94,
The median age of the first diagnosis of adult HLH was 58
years old, 62 years old in the death group and 46 years old in
the survival group. Among the clinical symptoms collected,
all patients had fever, the majority of them had an irregular
high fever, with a peak temperature of 39.0 ~ 40.2°C, last-
ing from 1 week to several months. The remaining more
common symptoms were pneumonia (dry and wet sounds
in the lungs, chest X-ray or chest CT indicating pneumo-
nia) (80.6%), hemophagocytosis (77.8%), enlarged lymph
nodes (65.3%), pleural effusion (62.5%), and splenomegaly
(58.3%).

In laboratory tests, 95.8% of cases showed ferritin levels
beyond 500 g/L and 59.7% of cases had ferritin levels over
1500 g/L. The remaining frequent indicators were raised
IL-10 (84.7%), decreased HDL (93.1%), IL-2R levels more
than 2400 U/ml (87.5%), and Hemophagocytosis in bone
marrow (77.8%).

Distribution of primary diseases in 72 adult patients
with HLH

There was no history of HLH in any of the 72 adult
patients. Figure 1A shows that there were two cases of
primary HLH (2.8%) and 70 cases of secondary HLH
(97.2%). As shown in Fig. 1B, the most common cause of
secondary HLH (50%) is an infection, followed by malig-
nancies (27.2%), autoimmune-related disorders (11.4%),
and idiopathic HLH (11.4 %). Tumor-associated HLH
was diagnosed in 19 instances (26.4%), among them,
there were 18 cases of hematological diseases, mainly

Table 1 Clinical characteristics of survivors and non-survivors at the time of diagnosis of HLH

Primary Cohort

Validation Cohort

Characteristic Survivor, n=23  Non-survivor, n=49 P-value Survivor, n=22 Non-survivor, n=48 P-value
Age,median(IQR),y 46(33-59) 62(48-70) 0.005 32(27-56) 66(53-72) <0.001
Male,No(%) 8(34.8%) 27(55.1%) 0.108 9(40.9%) 29(60.4%) 0.128
Maximum body 39.6(39.0-40.0) 39.7(39.2-40.2) 0.633 39.8(39.4-40.4) 39.7(39.4-40.0) 0.25
temperature,median(IQR),°C

Hemophagocytosis 16(69.6%) 40(81.6%) 0.251 17(77.3%) 34(70.8%) 0.574
Jaundice 1(4.3%) 6(12.2%) 0.418 6(27.3%) 23(47.9%) 0.104
Rash 7(30.4%) 9(18.4%) 0.251 9(40.9%) 14(29.2%) 0.332
Altered mental status 3(13.0%) 3(6.1%) 0.376 3(13.6%) 31(64.6%) <0.001
Edema 10(43.5%) 22(44.9%) 0.91 6(27.3%) 28(58.3%) 0.016
Lymph node enlargement 17(73.9%) 30(61.2%) 0.292 19(86.4%) 28(58.3%) 0.02
Hepatomegaly 4(17.4%) 11(22.4%) 0.761 5(22.7%) 8(16.7%) 0.545
Splenomegaly 11(47.8%) 31(63.3%) 0.215 17(77.3%) 33(68.8%) 0.464
Peritoneal effusion 4(17.4%) 10(20.4%) 0.763 8(36.4%) 27(56.2%) 0.122
Pleural effusion 16(69.6%) 29(59.2%) 0.396 16(72.7%) 39(81.2%) 0.42
Pneumonia 19(82.6%) 39(79.6%) 0.763 18(81.8%) 46(95.8%) 0.052
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lymphoma, and only 1 case of solid tumor. Thirty-five
patients (48.6%) were diagnosed with the infection-asso-
ciated HLH, virus infection was predominant, accounting
for 48.6%, and some infection-related patients were dis-
charged or died without knowing the source of infection.
The autoimmune disease-associated HLH was diagnosed
in eight patients (11.1%), there were 4 cases of other con-
nective tissue diseases, and the other 4 cases were polymy-
ositis, rheumatoid arthritis, systemic lupus erythematosus
and mixed connective tissue diseases. In eight patients, the
idiopathic HLH was discovered (11.1%). There were two
individuals (2.8%) with the primary HLH, one of whom
had Familial HLH type 2 (PRF1 gene mutation-positive)
and the other had Chediak-Higashisyndrome (LYST gene

A

== Primary HLH

== Secondary HLH

C

mm Not meeting the criteria
W Meeting the criteria

No. of patients
8

Fig. 1 Etiological distribution and diagnostic index compliance of the
primary cohort; (A) classification of primary and secondary HLH in
72 adult patients with HLH; (B) classification of patients with sec-
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Autoimmune diseases:

mutation-positive). Detailed etiologic data can be found
in the supplementary table.

The positive rate of HLH-2004 diagnostic index in patients
with HLH

Because the NK cell activity test was not performed at our
hospital, the diagnosis of this group of patients satisfied 5
of the other seven HLH-2004 diagnostic criteria. Figure 1C
shows the rate of coincidence for each diagnostic index.
The positive rates of seven HLH-2004 diagnostic criterion
indicators in 72 individuals with HLH were studied. It was
found that the coincidence rate for fever reached 100%, and
the remaining diagnostic indicators with high coincidence

B

Autoimmune diseas:
8(11.4%)

Total=70

0 10 20 30 40
No. of patients

ondary HLH; (C) positive rate of diagnosed indicators in 72 patients
with HLH; (D) the number of adult HLH patients between different
groups
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rate were serum ferritin, IL-2R, and hemophagocytosis, with
95.8%, 87.5%, and 77.8%, respectively.

Survival and prognosis
Survival of HLH under the different etiological classification

We obtained the prognosis of the patients through telephone
follow-up and medical records. The median OS was 102
days, and the 1 -, 2-, and 3-year OS were 37.5%, 34.5%, and
28.7%, respectively. The median survival time in the infec-
tion group was 128 days, including 23 cases of death, 8§ cases
of EB virus infection, 2 cases of cytomegalovirus infection,
4 cases of bacterial infection, 1 case of lymph node tuber-
culosis, 3 cases of fungal infection, 1 case of mycoplasma
pneumonia infection, and 4 cases of unexplained infection,
whereas, in the rheumatism immune group (8 cases), the
median survival time was 58 days, 5 cases died (8 cases).
The tumour group’s median survival period (19 cases) was
69 days, and 14 patients died (As shown in Fig. 1D).

Comparison of laboratory results before treatment
between survival group and death group

When SF, IL-10, IL-2R, HDL, PT, and IBIL were compared
between the two groups, it was shown that there was no
significant difference in SF and IBIL (Table 2). The median
IL-10 in the dead group [mean+SD 300.3 +287.0 pg/ml]
was greater than that in the survival group [mean+SD 60.3
+60.7pg/ml], P<0.001, and the median IL-2R in the death
group [mean+SD 6244.3 +2153.7U/L] was higher than
that in the survival group [mean+SD 4050.6 +2229.8U/L],
P<0.001. The median PT of the dead group [mean(IQR)
15.5 (14.05-17.95)s] was higher than that of the survival
group [mean(IQR) 14.3 (13.5-15.1)s], but the median HDL
of the survival group [mean+SD 0.6 +0.2s] was higher
than that of the dead group [mean+SD 0.5 +0.5mmol/L],
P=0.012 (Fig. 2A-D).

Kaplan-Meier curve showed that the survival rate
of HLH patients with PT>15s, IL-2R> 5543.5306 U/
ml, IL-10>223.7pg/ml, HDL<0.5mmol/L before treat-
ment was substantially lower than that of patients with

PT<15s, IL-2R<5543.5306 U/ml, IL-10<223.7pg/ml,
HDL>0.5mmol/L (Fig. 2E-H).

Univariate and multivariate analysis of prognostic factors
for HLH

A univariate Cox analysis results revealed that an increase in
age, IL10, IL-2R, PT, and IBiL levels was associated with a
drop in survival rate. Age, IL-10, IL-2R, PT, and IBiL were
investigated further as model candidate indicators. Multivar-
iate analysis showed that IL-10(hazard ratio = 1.002; 95%
CI: 1.000-1.003; P = 0.014), PT(hazard ratio = 1.262; 95%
CI: 1.086-1.465; P = 0.002) were independent prognostic
index for patients (Fig. 21-J).

Development and Assessment of the performance
of a nomogram for OS prediction in HLH

Construction of a prognostic model for adult HLH

The principle of minimum value of Akaike information
criterion(AIC) is adapted to obtain the best combination
of prognostic models. When the AIC value was minimum
(AIC=338.67), the model was composed of three indexes:
IL-2R, IL10, and PT. However, our multivariate regres-
sion analysis showed that IL-10 and PT were independent
prognostic indicators, while IL-2R was not. However, in the
process of literature collection, we found that both Thomas
Wimmer [12] and Shuyan Yao’s [13] retrospective studies
suggested that IL-2R was an independent prognostic indi-
cator. The results of multivariate analysis were (HR= 2.22;
95% CI: 1.28-3.87; P = 0.005) and (HR= 2.362; 95% CI:
1.556-3.587; P = < 0.001), a prospective study in Dominik
Bursa [14] also showed IL-2R as an independent prognos-
tic indicator, with multivariate results (HR= 1.001; 95% CI.:
1.000-1.001; P = 0.008). And in the analysis of the survival
group versus the survivor group in the validation cohort, we
found that IL-2R, IL10 and PT were clinically significant
between the two groups (p<0.05) (Fig. 4F-H). Therefore, we
could not rule out whether the difference between the model
with the lowest AIC and the results of multivariate analysis
was due to the small sample size. So, we use the prognosis

Table 2 Laboratory index of

N 5 Parameters All patients, n=72 Survivor, n=23 Non-survivor, n=49  P-value
survivors and non-survivors at
the time of diagnosis of HLH SF, mean+SD,ng/ml 1252.778 + 375.4899 1184.0 £401.0  1285.1 +362.7 0.29
IL10,mean+SD,pg/ml 223.7 +263.7 60.3 + 60.7 300.3 +287.0 <0.001
IL2R,mean+SD,U/ml 5543.5306 + 2395.27033  4050.6 + 2229.8 6244.3 +2153.7 <0.001
HDL,mean+SD,mmol/LL. 0.5 + 0.4 0.6+0.2 05+05 0.012
PT,median(IQR),s 15(13.7-17.075) 14.3(13.5-15.1)  15.5(14.05-17.95) 0.006
IBIL,mean+SD,pmol/L. 6.9 + 8.2 48 +2.5 7.9+9.7 0.139
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Fig.2 Survival analysis of the primary cohort. (A-D) Comparison
of laboratory findings—HDL, IL-10, IL-2R, and PT among Survivor
group and Non-survivor group; (E-H) Kaplan-Meier survival curve
of HLH patients with different risk factors; (I) univariate Cox regres-

model composed of IL-2R, IL.10, and PT for risk assessment.
The prognostic risk score formula for HLH was calculated
using the prognostic model’s regression coefficient (Table 3):
Riskscore =0.00015 * IL2R +0.00189 * IL10+40.25572 * PT.
The risk score of each HLH patient was computed according
to the risk score formula.

Survival analysis curve of model high-risk group
and low-risk group

With the median risk score value of 1.025 as the cutoff
value, all patients were divided into a high-risk group (risk
score >1.025) and a low-risk group (risk score < 1.025). As
shown in Fig. 3A, log-rank findings showed that patients
with high-risk scores had a poorer prognosis than patients
with low-risk ratings (P<0.001).
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Hazard ratio

sion analyses of OS with HLH; (J) multivariate Cox regression analy-
ses of OS with HLH. [HDL: high-density lipoprotein; IBiL: indirect
bilirubin;  IL-10(IL10):interleukin-10; IL-2R(IL2R):interleukin-2
receptor; PT: prothrombin time; SF: serum ferritin]

Table 3 Multiple cox regression analysis of the prognostic indicators

S coef exp(coef)  se(coef) Z Pr(>1zl)

IL10  0.00189  1.00189 0.000637  2.96435 0.003033
IL2R  0.00015 1.000149  7.91E-05  1.88457 0.059488
PT 0.25572  1.291397  0.070112  3.647373  0.000265

Construction of nomogram corresponding to adult HLH
prognostic mode

According to the prognosis model constructed by IL-2R,
IL-10, and PT, nomograms for OS prediction in HLH were
built to quickly predict the 1-year, 2-year, and 3-year OS of
HLH patients. The total score was obtained by adding each
item score of IL-2R, IL-10, and PT of HLH patients. The
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Fig.3 Nomogram validation in the primary cohort. (A) The survival
curve of HLH patients with high risk vs low risk; (B) nomogram for
predicting 1-year, 2-year, and 3-year OS; Performance of the HLH
model. (C-E) The area underneath the ROC curve’s receiver operat-

corresponding probability of the total score on the scale was
1-year, 2-year, and 3-year OS (Fig. 3B).

Performance evaluation and validation of prognostic
model

A total of 70 patients who met the criteria were included in
the validation cohort and the clinical data collected were
substituted into our prognostic risk score formula, showing
that the mortality rate was significantly higher in the high-
risk group than in the low-risk group, P<0.01 (Fig. 4E).

Event risk grouping

ing curve (AUC) value corresponds to 1 year, 2 years, and 3 years of
the HLH model. (F-H) Calibration curves for 1-, 2-and 3-year OS,
which are indicative of predictive accuracy

The area-under-the-curve (AUC) value of the time-
dependent receiver operating characteristic (ROC) curves
was applied to test the predictive ability of the HLH prog-
nostic model. The area under the curve > 0.75 was consid-
ered to have sufficient discrimination. A 3-year OS study
was not conducted due to the short time span of the valida-
tion cohort collection. As shown in Fig. 3C-E, the AUC for
the primary cohorts of 1-year, 2-year, and 3-year were 0.826
(95% confidence intervals [CI]: 0.730-0.923; P < 0.001),
0.865 (95% CI: 0.772-0.958; P < 0.001), and 0.882 (95%
CI: 0.794-0.969; P < 0.001), respectively, and the AUC
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Fig.4 Nomogram validation in the validation cohort. (A-B) The area
underneath the ROC curve’s receiver operating curve (AUC) value
corresponds to 1 year and 2 years of the HLH model; (C-D) calibra-
tion curves for 1- and 2-year OS, which are indicative of predictive

for the validation cohort was 0.755 at 1-year and 0.764 at
2-years (Fig. 4A-B).

Hosmer-Lemeshow test shows that the P values of Nom-
ogram predicted the 1-year, 2-year, and 3-year survival
probability are 0.404, 0.989, and 0.964, respectively, and
P values of 0.057 and 0.266 for the validation cohort's 1-
and 2-year survival probability, respectively, which are all
greater than 0. 05, indicating that the difference between
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accuracy; (E) the survival curve of HLH patients with high risk vs
low risk; (F-H) Kaplan-Meier survival curve of HLH patients with
different risk factors

the model's predicted and actual observed values is not
statistically significant, and the prediction model has good
calibration ability. The HLH model’s calibration curves for
the potential of OS after one, two, and three years show the
difference between anticipated and actual results (Fig. 3F-H
and Fig. 4C-D). The results show that the predicted results
are very close to the actual results, which means that the
Nomogram constructed in this study is very reliable to
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predict the 1-year, 2-year, and 3-year survival probability
of HLH patients.

It is worth noting that the C index of our prognostic model
was C-index=0.708 (95CI:0.6296-0.7864), indicating that
our model has good predictive value. Based on our AUC,
calibration curve results, C-index of the model, and evalua-
tion of the validation cohort, the HLH prognostic model and
the Nomogram have an excellent ability to predict the OS of
adult HLH patients.

Discussion

HLH is a rare but potentially fatal immune disorder syn-
drome. The disease is characterized by uncontrolled acti-
vation and proliferation of macrophages and lymphocytes,
which eventually leads to a severe cytokine storm, followed
by tissue infiltration and secondary multiple organ system
failures.

In a Chinese retrospective analysis of people aged two
months to 79 years old, the most prevalent mutation was
UNC13D (29 per cent), followed by Lyst (21 %), PRF1 (17
%), and STXBP2 (10 %) [15]. Primary HLH accounted for
just two instances (2.8%) of the 72 patients in our research.
One instance tested positive for a PRF1 mutation, while the
other tested positive for a Lyst gene mutation. The key rea-
son for the discrepancy was that the individuals were adults.
According to South Korean research, EBV viral infection is
the leading cause of secondary HLH [16], The most preva-
lent kind of secondary HLH in Japanese research of 567
individuals with HLH was EB virus (EBV) associated HLH,
followed by other infections or lymphoma related HLH [8],
these results are consistent with the findings of our study.

Previous studies have shown that HLH has the char-
acteristics of low morbidity, but serious illness and high
mortality. Shabbir et al. diagnosed 18 adult HLH from
2004 to 2009, with a mortality rate of 72%. After diag-
nosis, the median survival time was 35 days [17]. Parikh
et al. reviewed 15 years of treatment at the Mayo Clinic
(1996-2011) and pointed out that 62 of the 250 adults sus-
pected of HLH encountered the 2004 HLH diagnostic crite-
ria were contained in the final analysis. After a median of 42
months of follow-up, 41 patients (66%) died, with the whole
group having a median overall survival of 2.1 months [18].
According to a study on adult HLH management by Otrock,
73 patients encountered the diagnostic criterion of HLH-
2004, with a median OS of 7.67 months and a 1-year OS
of 48% [19]. In fatal HLH, death usually appears in the first
4-8 weeks from multiple organ failure, bleeding, or sepsis
[20]. Sébastian Riviere et al. carried out 6-year multicenter
research at three French tertiary health centers. The medical
records of 312 individuals suspected of having HLH were
reviewed retrospectively. The one-month death rate (within

one month after diagnosis) was 20% [21]. The median sur-
vival period of adult HLH was 102 days in our 9-year retro-
spective analysis, the 1-year adult HLH overall survival rate
was 37.5%, the 2-year overall survival rate was 34.5%, and
the 3-year overall survival rate was 28.7%.

In HLH patients, abnormal activation of T cells, natural
killer (NK) cells, and macrophages in patients lead to exces-
sive secretion of cytokines such as interferon-y (IFN--vy),
tumour necrosis factor-o (TNF- a), interleukin-6 (IL-6), and
interleukin-10 (IL-10), which can lead to hypercytokinemia
to cause systemic organ function damage and even death
[3]. Since there are so many inflammatory factors involved
in HLH, are there any factors that affect the survival and
prognosis of patients with HLH? It was found that the serum
concentration of IL-10 in HLH increased significantly [22]
[23]. Shi-LongYang et al. divided the patients with HLH
into two groups according to the level of cytokines and
found that the high IL-10 group had lower hemoglobin and
platelet count, suggesting that IL-10 is a cytokine related to
cytopenia [24]. Studies have found that in both children and
adults with HLH, the increased level of newly diagnosed
IL-10 can be used as a tool for early diagnosis of HLH and
an independent risk factor for overall poor survival of HLH
patients [25-28]. Malignancy-associated HLH (M-HLH) has
a poor prognosis with a mortality rate >80%, while elevated
IL-10 was found to be strongly associated with M-HLH in
the study by Xu Yang et al. [29] (p=0.007), so it can be
further inferred that elevated IL-10 is associated with poor
prognosis in patients with HLH. Our study also found that
IL-10 is a poor prognostic factor for the long-term overall
survival of adult patients with HLH.

IL-10 is mainly produced by monocytes, macrophages,
helper T cells, and dendritic cells, while cytotoxic T cells,
B cells, NK cells, mast cells, and granulocytes have also
been found to produce IL-10 [30]. Studies have indicated
that IL-10 has multiple immunosuppressive effects. IL-10
inhibits the release of pro-inflammatory mediators such as
TNF-a, Interleukin-1p(IL-1 p), IL-6, Interleukin-8(IL-8),
granulocyte colony-stimulating factor(G-CSF), and gran-
ulocyte-macrophage colony-stimulating factor(GM-CSF)
by acting on antigen-presenting cells(APC), like mono-
cytes and macrophages. Meantime, it can down-regulate the
expression of II major histocompatibility complex (MHC)
antigens on monocytes to inhibit antigen presentation [31]
[32][33] [34]. In addition, studies have indicated that IL-10
can directly inhibit Th2 cells and memory helper T(Th)17
cells. Moreover, IL-10 also stimulates regulatory T (Treg)
cells and other immune cells [35] [36] [37] [38]. However,
the function of IL-10 in HLH is still unclear.

PT is the primary biomarker to evaluate the blood coagu-
lation state of a person. The prolongation of serum PT may
lead to abnormal blood coagulation. In the study, Gao and
his colleagues found a significant difference in PT between
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the HLH death group and the survival group [39]. At the
same time, it is reported that the prolongation of PT> 3
seconds is an independent poor prognostic factor in patients
with HLH [40]. Our study also found that prolonged PT
was connected to poor prognosis in patients with HLH. Cox
regression analysis showed that PT could be used as a risk
index for predicting OS in patients with HLH. Meanwhile,
the construction of a risk prognosis model combined with
IL-10 and IL-2R could significantly improve the predictive
efficiency.

In the study of 116 patients with sHLH, Qiong Bin et al.
discovered that neutrophils <0.5 x 109/ L, total bilirubin
more than twice the standard upper limit and albumin <
20g/L were independent risk factors for early death caused
by HLH [41]. Sameer A Parikh et al. also found that low
serum albumin level is a significant predictor of poor sur-
vival in patients with HLH and found that the survival rate
in patients with tumour-related HLH was significantly worse
[18]. Jinzhou et al. have demonstrated that high levels of
serum ferritin (SF>1050 p g/ L) after treatment are associ-
ated with a higher risk of death and a poor overall survival
rate [42]. MengxinLu et al. also found that male mental state
changes, high levels of serum ferritin and IL-6 were four
independent predictors of poor prognosis in HLH [43]. A
study of 48 children with HLH found that hemoglobin and
triglycerides were significantly associated with 180-day
mortality [44].

Jinzhou et colleagues gathered 136 adult patients
with HLH in 2020 and used multivariate binary logistic
regression to build a 1-year survival model consisting of
platelets, ferritin, and Alanine aminotransferase to pre-
dict the prognosis of HLH patients better. The model's
AUC under the ROC curve is 0.842 [45]. MengxinLu et
colleagues gathered 107 adult HLH patients in 2021 and
used multivariate analysis to create a clinical predicting
model comprised of gender, mental state changes, ferritin,
and IL-6, and 48 adult HLH patients were collected to
validate the predictive model, which had an AUC value of
0.8628 [43]. In this work, we also created a novel clini-
cal prediction model that can predict the 1-year survival
rate and the 2-year and 3-year survival rates, with a com-
paratively high AUC value. Simultaneously, the model is
made up of three readily accessible indicators: IL-10, PT,
and IL-2R. In comparison to the previous two models, our
model can concurrently forecast and predict the 1-year,
2-year, and 3-year OS of HLH patients, and the probability
we want can be achieved very easily and logically through
the line chart. This model's predictive Nomogram offers
the benefits of simplicity, intuition, great practicability,
and ease of clinical application, among other things. Fur-
thermore, our study reveals that the adult HLH model's
prediction findings are accurate and reliable. Our study

@ Springer

does, of course, have certain flaws. First and foremost,
given the low prevalence of HLH, we do not have enough
HLH cases to evaluate the model fruit externally. Second,
our analysis excluded platelets, hemoglobin, white blood
cells, and other cytokines, which may be possible prognos-
tic markers of HLH; In addition, among all our follow-up
patients, the loss of follow-up rate reached 20%. Accord-
ing to our understanding, some patients were transferred
to hospitals for treatment because they were not satisfied
with the treatment plan. All the above reasons may affect
the accuracy of our model.

To sum up, this retrospective study found that PT and
IL-10 before treatment can be used as independent bio-
markers of poor prognosis in adult patients with HLH. At
the same time, our prognostic model composed of age, PT,
and IL-10 can predict 1-year, 2-year, and 3-year OS with
reasonable accuracy.
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