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Abstract

Background: Hemophagocytic lymphohistiocytosis (HLH) is a relatively rare and life-threatening disorder. Early mortality
remains significantly high among patients with HLH. Our aim was to investigate clinical features and risk factors associated
with 7-day and 30-day mortality among pediatric HLH patients. We retrospectively collected medical records of patients
with discharge diagnosis of HLH between August 2014 and October 2018 from a tertiary children’s hospital in China. The
main outcome measures were the 7-day and 30-day outcome after hospital admission. The associations between
symptoms, concomitant diagnoses, laboratory test results, and the risk of 7-day and 30-day mortality were examined.

Results: Among 160 pediatric HLH patients, 18 (11.3%) patients were deceased within 7 days after admission, and 46
(28.8%) patients were deceased within 30 days. The identified strong risk factors (OR > 10 and p < 0.05) for 30-day mortality
were myocardial damage, severe pneumonia, respiratory failure, coagulopathy, gastrointestinal disorder, and multiple organ
dysfunction syndrome (MODS). Factors strongly associated with 7-day mortality were sepsis, myocardial damage, shock,
and respiratory failure. All patients deceased within 7 days developed hepatic dysfunction, coagulopathy, and MODS.

Conclusions: The identified risk factors could help to stratify patients with high risk of early death, and need to be
considered in the development of treatment protocols. As early mortality of HLH remains high, studies are needed to
investigate how to initiate adequate HLH-directed treatment strategies for patients at higher risk of early death.
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Background

Hemophagocytic lymphohistiocytosis is a relatively rare and
life-threatening disorder, characterized by extreme immune
activation resulting in hypercytokinemia and immune medi-
ated injury of multiple organ systems [1-3]. There are two
forms of HLH: primary HLH, also known as familial
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haemophagocytic lymphohistiocytosis (FHL), and secondary
HLH [1]. Patients with primary HLH have underlying gen-
etic defects, and usually have a family history of HLH [1, 3].
Secondary HLH is often associated with viral infections,
such as Epstein-Barr Virus (EBV), malignancy, lymphoma,
or autoimmune or autoinflammatory diseases [1, 3]. With-
out timely diagnosis and effective treatment, both forms of
HLH are life-threatening because they can rapidly progress
to multisystem organ failure and death [3, 4].

Since HLH presents with a spectrum of non-specific
symptoms, the early diagnosis and rapid treatment
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initiation is challenging [5]. Researches over the last two
decades have led to the refined treatment algorithms and
protocols, and survival has improved considerably for
HLH patient [1, 6, 7]. Still, mortality is significantly high
in HLH patients, with an estimated 5-yearprobability of
survival of 54% + 6% in the HLH-94 study [7] and 61%
(95%CI: 56—67%) in the HLH-2004 study [8]. The re-
ported 30-day survival was ranged from 79 to 83% [9-11],
and a cohort had observed that over half of the re-
ported deaths occurred within 30 days after onset of ther-
apy [10]. Therefore, early mortality in HLH remains a
clinical problem.

To identify high risk patients that requires more ag-
gressive treatment, many studies have investigated clin-
ical and laboratory prognostic factors for short term (30
days) or long-term (> 1 years) overall survival (OS) in
pediatric or adult HLH patients [9-15]. The identified
risk factors includes underlying lymphoma, lower plate-
let count, albumin, and fibrinogen, elevated lactate de-
hydrogenase, total bilirubin (Tbil), interleukin-10, and
aspartate aminotransferase, and prolonged activated par-
tial thromboplastin time (APTT) [9-15] .

However, we found there is a lack of references to de-
scribe the clinical features of HLH patients who deceased
within a very short period after hospital admission, which
are not rare among patients with HLH. Summarizing clin-
ical features of those patients can reveal the current chal-
lenge of HLH treatment. Moreover, characterizing patients
with higher risk of early death could be beneficial for future
treatment improvements. For these purposes, we
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conducted the present study. By analyzing retrospectively
collected data from a tertiary children’s hospital in China,
we first described the clinical features of those who de-
ceased within 7 days, within 30 days, as well as those who
survived longer than 30 days; and then investigated the 7-
day and 30-day mortality associated factors.

Results

A total of 177 patients were identified by the HLH diag-
nosis. After initial review, 7 patients were excluded be-
cause of missing outcome measures at day 7; and
another 10 patients were excluded because they were di-
agnosed with HLH prior to the indicated hospital admis-
sion and missing the original records for the fulfillment
of HLH-2004 diagnostic criteria. The final analysis in-
cluded 160 patients (Fig. 1). Of these patients, 66
(41.3%) were initially admitted to Pediatric Intensive
Care Unit (PICU), and 94 (58.8%) were admitted to
other departments. The median age at admission was 32
months (ranged from 1 month to 18 years). Among the
160 patients, 18 patients (11.3%) were deceased within 7
days after admission, 46 patients (28.8%) were deceased
within 30 days after admission, and 6 patients (3.8%)
were lost follow up at day 30. Therefore, the 7-day and
30-day OS were 88.8% (142/160) and 70.1% (108/154),
respectively. Figure 2 shows the estimated overall sur-
vival rate and survival rates by hospital admission de-
partment. The general characteristics of patients
according to outcome groups were shown in Table 1.

Pediatric patients
diagnosed with HLH
(N=177)

Excluded (n=17):

A 4

- Missing outcome data at
day-7 & 30 (n=7)
- Missing original diagnostic

Patients included in
the study
(n=160)

records (n=10)

l

Survived > 30 days

(n=108)

Dead within 30 days
after hospital admission
(n=46)

Survived >7 days but
lost follow up at day-30
(n=6)

Dead within 7 days

(n=18)

Dead between day-8
and day-30
(n=28)

Fig. 1 Flow diagram of study population. HLH = Hemophagocytic lymphohistiocytosis
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Table 2 presents the fulfillment of HLH-2004 diagnose
criteria and HLH therapies according to survival groups.
Notably, all patients dead within 30 days had a ferritin
level = 500 pg/L. Compared with non-survivors, more pa-
tients in the survival groups received etoposide, cyclo-
sporine A, and dexamethasone therapies (p < 0.05).
None of the patients revived hematopoietic stem cell
transplantation (HSCT) during the study period.

The underlying/related diseases and concomitant diag-
nosis were shown in Table 3. Twelve patients (7.5%)
were diagnosed with primary HLH. The most common
disease associated with HLH in our cohort was sepsis
(60.6%). Pathogens detected among 160 HLH patients
and among 86 patients with concomitant sepsis were
listed in Additional file 1. EBV infection was seen in 55%
of patients. Among 160 patients, 83 (52.2%) were devel-
oped MODS; and all patients that deceased within 7 days
were developed MODS (100%).

Factors that found to be significantly associated with
30-day or 7-day mortality were listed in Table 4. Youn-
ger than 1year of age was significantly associated with
7-day mortality (OR =3.53, 95%CI: 1.17, 10.67). EBV in-
fection was inversely associated with 7-day mortality
(OR=0.27, 95%CI: 0.09, 0.81). Sepsis was associated
with higher risk of death within 30 days, as well as death
within 7 days (OR =5.37 and 13.17, respectively; p values
< 0.05). Strong associations (OR > 10 and p value < 0.05)
were observed between myocardial damage, severe pneu-
monia, respiratory failure, coagulopathy, gastrointestinal
disorder, MODS, and the risk of 30-day mortality. For
the risk of 7-day mortality, the identified strong risk fac-
tors were sepsis, myocardial damage, shock, and respira-
tory failure (ORs > 10 and p values <0.05). All patients
deceased within 7 days developed hepatic dysfunction,
coagulopathy, and MODS, therefore the ORs for their
association with the risk of 7-day mortality could not be
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estimated. The usage of etoposide, cyclosporine A, and
dexamethasone was inversely associated with the risk of
7-day and 30-day mortality (ORs<1 and p values <
0.05).

As most patients had more than one risk factor, we
further calculated the cumulative number of risk factors
that identified by logistic regression analyses. Figure 3
shows the distribution of cumulative number of risk fac-
tors by outcome groups. The number of risk factors was
lower in longer survival groups (Spearman’s correlation
coefficient = — 0.62, p < 0.0001).

Table 5 presents laboratory abnormalities significantly
associated with 7-day and 30-day mortality. Elevated
blood urea nitrogen (BUN), APTT, prothrombin time
(PT), and international normalized ratio (INR) at admis-
sion were significantly associated with 7-day and 30-day
mortality. Decreased FIB and globulin, and elevated TBil
were significantly associated with 30-day mortality, but
not with 7-day mortality.

Three sensitivity analyses were conducted for the asso-
ciation analyses. The first sensitivity analysis included
the 10 patients that missing original records for the con-
firmation of HLH-2004 diagnostic criteria fulfillment (N
total = 170). The other two sensitivity analyses used the
worst-case imputation and the best-case imputation to
assess the potential effect of the missing outcome data at
day 30 (n = 6). The results of sensitivity analyses did not
alter the findings or interpretation from the main ana-
lyses, except for the following: when the 10 patients with
missing diagnostic information were included, additional
associations were observed between EBV infection and
30-day mortality (OR=0.46, 95%CI: 0.24, 0.92, p=
0.0271), PICU admitted and 7-day mortality (OR = 3.23,
95%CI: 1.23, 8.48, p =0.0174), hepatic dysfunction and
7-day mortality (OR=8.19, 95%CI: 1.84, 3643, p-=
0.0057), elevated aspartate transaminase (AST) and 30-
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Table 1 General characteristics of 160 HLH patients according to survival groups
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Factor All (N=160)  Survival days °
>30days (h=108)  <30days (n=46) <7days (h=18)
n(%) n(%) n(%) p value 5 n) p value ©
Age
< 12months 25 (15.6) 15 (13.9) 10 (21.7) 03795 6(333) 0.0307
> 1 and < 5years 102 (63.8) 69 (63.9) 28 (60.9) 9 (50.0)
>5and £ 10 yeas 22 (13.8) 16 (14.8) 5(10.9) 1(56)
> 10 years 10 (6.3) 8 (74) 2 (43) 1(56)
Sex
Male 90 (56.3) 62 (57.4) 24 (52.2) 0597 11 (61.1) 0.659
Female 70 (43.8) 46 (42.6) 22 (47.8) 7 (389)
Hospital admission
PICU 66 (41.3) 35 (324) 28 (60.9) 00013 11 (61.1) 0.0692
Other department 94 (58.8) 73 (67.6) 18 (39.1) 7 (38.9)
Discharge department
PICU 73 (45.6) 25 (23.0) 45 (97.8) <0.0001 18 (100) <0.0001
Other department 87 (54.4) 83 (76.9) 1(2.2) 0
First symptom to indicated hospital admission (days) 48060, 120) 80 (60, 12.0) 8.0 (6.0, 11.0) 08188 85 (6.0, 12.0) 0.8281

a. Six patients were lost follow-up at day 30
b. Compared with patients survived > 30 days
c. Compared with patients survived > 7 days
d. Median (Q1, Q3)

day mortality (OR =4.8, 95%CI: 1.07, 21.56, p = 0.0407),
and elevated thrombin time (TT) and 30-day mortality
(OR=2.37, 95%CIL: 1.04, 5.41, p=0.0397); when the
best-case imputation was applied, an additional associ-
ation was observed between AST and 30-day mortality
(OR =8.22, 95%CI: 1.06, 63.75, p = 0.0437).

Discussion

Early mortality remains significantly high in HLH pa-
tients. To characterizing HLH patients who were de-
ceased within a short time after hospital administration,
and to identify risk factors associated with early mortal-
ity, we examined clinical features among 160 HLH pa-
tients. The 7-day and 30-day OS were 88.8 and 70.1%,
respectively. The identified strong risk factors (OR > 10
and p < 0.05) for 30-day mortality were myocardial dam-
age, severe pneumonia, respiratory failure, coagulopathy,
gastrointestinal disorder, and MODS. And the identified
strong risk factors for 7-day mortality were sepsis, myo-
cardial damage, shock, and respiratory failure.

In the HLH-2004 study, the estimated 5-year probabil-
ity of survival was 61% (95%ClL: 56, 67%) [8]; and 34 of
369 patients (9.2%) died without HSCT within the first
28 days of treatment. In our patient cohort, the 30-day
OS was 70.1%. We identified another two large case
series of pediatric HLH in Chinese population (=116
and 95), where the 30-day OS were 86 and 83.2%, re-
spectively [9, 10]. By contrast, our 30-day OS was lower,

possibly because over 40% of our patients were directly
admitted to PICU at hospital admission. Many HLH pa-
tients admitted to the PICU because of delayed diagnosis
or clinical features like persistent fever, hepatosplenome-
galy, organ dysfunction, and neurological symptoms [3,
4, 16], and without timely diagnosis and treatment the
mortality of HLH could be especially high. A PICU-
based study in United State found that of 33 HLH pa-
tients [16], 26 (79%) survived to hospital discharge, and
the 1-year OS was 58%. Although 30-day OS or OS at
longer follow up were reported by many studies, fewer
studies have reported the short-term survival of HLH. In
the HLH-2004 study, among the 34 patients that died
without HSCT and within the first 28 days of treatment,
17 (50%) died within the first ten days [8]. In our study,
among the 46 HLH patients that died within 30 days
after admission, 18 (39.1%) were died within the first
seven days. Thus, to improve overall survival of HLH, it
is important to investigate features of early death and to
find targeted treatment strategies.

Our study found age was not significantly associated with
30-day mortality, which is consistent with previous reports
[9, 14]. However, we observed that age younger than 12
months was associated with higher risk of 7-day mortality
(OR=3.53, 95%CIl=1.17, 10.67), suggesting infants with
HLH should be identified as at higher risk of early death.

EBV-HLH has a high incidence in East Asian countries
[12, 15, 17-19]. In our HLH patient cohort, 55% of
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Table 2 Diagnostic criteria fulfillment and HLH therapies among 160 patients according to survival groups

All (N= Survival days °
160) >30days (n=108)  <30days (n=46) <7days (n=18)
n(%) n(%) n(%) p value b n(%) p value ©
Diagnostic criteria
Fever 159 (99.4) 108 (100) 45 (97.8) 0.2987 18 (100) 1
Splenomegaly 140 (87.5) 91 (84.3) 43 (93.5) 0.1887 16 (88.9) 1
Bicytopenia (22/3 lineages) 148 (92.5) 97 (89.8) 45 (97.8) 0.1098 17 (94.4) 1
Hypertriglyceridemia or hypofibrinogenemi 154 (96.3) 105 (97.2) 44 (95.7) 0.6353 18 (100) 1
Hemophagocytosis
Yes 103 (644) 75 (694) 24(522) 01126 8 (44.4) 0.0283
No 47 (294) 28 (25.9) 17 (37.0) 10 (55.6)
Missing/not done 10 (6.3) 5 (4.6) 5(109) 0
Ferritin 2500 pg/L 149 (93.1) 98 (90.7) 46 (100) 0.0334 18 (100) 06144
Low/absent NK-cell activity ¢
Yes 94 (58.8) 69 (63.9) 22 (47.8) 7 (389)
Missing/not done 66 (41.3) 39 (36.1) 24 (52.2) 11 (61.1)
Soluble CD25 = 2400 U/ml ©
Yes 39 (244) 34 (31.5) 4(87)
No 3019 328 0
Missing/not done 118 (73.8) 71 (65.7) 42 (91.3) 18 (100)
HLH therapies
Etoposide 105 (656) 89 (824) 15(326)  <0.0001 1(5.6) <0.0001
Cyclosporine A 115 (71.9) 87 (80.6) 26 (56.5) 0.0029 8 (44.4) 0.006
Dexamethasone 126 (78.8) 93 (86.1) 30 (65.2) 0.0045 8 (444) 0.0007
Methylprednisolone 14 (8.8) 10 (9.3) 4 (8.7) 1 1(5.6) 1
Intrathecal therapy 14 (8.8) 12(11.1) 2 (4.3) 02322 0 0.3705
HLH therapies started before indicated hospital admission 10 (6.3) 8 (74) 2 (4.3) 0.7241 1 (5.6) 1

a. Six patients were lost follow-up at day 30

b. Compared with patients survived > 30 days

c. Compared with patients survived > 7 days

d. Between-group comparisons were not conducted due to missing value > 30%

patients were EBV infection positive. And our results
showed that compared with HLH triggered by other
causes, patients with EBV had lower risk of early death.
This finding is in line with previous studies that showed
the majority of promptly treated EBV-HLH patients usu-
ally have a good outcome [17, 18]. In our cohort, 60.6%
patients fell within the diagnosis of sepsis, 53.8% patients
were diagnosed with infection-confirmed sepsis, and 30%
patients were diagnosed with both sepsis and EBV infec-
tion. Distinctions between severe sepsis and HLH remain
blurred [20]. As the current diagnose criteria of HLH and
sepsis are overlapped [1, 21], it is difficult to interpret the
high rates of sepsis diagnosis among HLH patients:
whether HLH and sepsis are overlapped conditions with
or without causal relationship, or it is HLH mimicking
features of sepsis. Studies have noticed that secondary
HLH, both pediatric and adult forms, and severe sepsis
share clinical and laboratory inflammatory phenotypes

[20, 22]. Our results showed that the sepsis-like HLH was
significantly associated with 7-day and 30-day mortality.
Therefore, to improve treatments outcomes of this special
and devastating form of HLH, it is critical for further re-
searches to investigate the etiology of sepsis-like HLH and
develop better therapeutic protocols.

Our investigations identified a variety of clinical fea-
tures that significantly associated with early mortality,
which were consistent with previous study findings [9—
15, 23, 24]. What our study adds to the existing list of
risk factors is their associations with 7-day outcome.
Sepsis, myocardial damage, shock, and respiratory failure
were found to be strongly associated with 7-day mortal-
ity (OR>10, p<0.05). Moreover, patients deceased
within 7 days have all developed MODS. Since HLH first
presents with a spectrum of non-specific symptoms, and
can rapidly progress to multisystem organ failure, pa-
tients admitted to a tertiary hospital and/or a PICU
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Table 3 Underlying diseases and concomitant diagnosis of 160 HLH patients according to survival groups

Diagnosis All (N= Survival days °
160) >30days (n=108) <30 days (n = 46) <7days (1=18)
n(%) n(%) n(%) p value b n(%) p value ©
Underlying/related diseases
Primary HLH 12 (7.5) 9(83) 3 (6.5 1 3(16.7) 0.1375
Autoimmune disorders 4 (2.5) 328 1.2 1 0 1
Malignancy 8 (5.0) 6 (5.6) 2 (4.3) 1 1(56) 1
EBV infection 88 (55.0) 65 (60.2) 20 (43.5) 0.0763 5(27.8) 0.0137
Sepsis 97 (60.6) 55 (50.9) 39 (84.8) 0.0001 17 (94.4) 0.0018
-Sepsis with confirmed infections 86 (53.8) 53 (49.1) 32 (69.6) <0.0001 11 (61.1) <0.0001
-Sepsis with EBV infection 48 (30.0) 31 (287) 16 (34.8) 04520 4(222) 04447
Other infections ¢ 45 (28.1) 36 (33.3) 7(152) 0.0300 1(56) 0.0238
Concomitant diagnosis
Myocardial damage 58 (36.3) 23 (21.3) 35 (76.1) <0.0001 16 (88.9) <0.0001
Heart failure 28 (17.5) 10 (9.3) 18 (39.1) <0.0001 8 (444) 0.0043
Shock 20 (12.5) 5(46) 15 (32.6) <0.0001 10 (55.6) <0.0001
CNS disease 39 (244) 16 (14.8) 23 (50.0) <0.0001 9 (50.0) 0.016
Hepatic dysfunction 96 (60.0) 53 (49.1) 41 (89.1) <0.0001 18 (100) 0.0002
Respiratory failure 64 (40.0) 26 (24.1) 38 (82.6) < 0.0001 16 (88.9) < 0.0001
ARDS 13 (8.1) 3(28) 10 (21.7) 0.0003 4(222) 0.0423
Severe pneumonia 61 (38.1) 25 (23.1) 36 (78.3) < 0.0001 13 (72.2) 0.0016
Coagulopathy 83 (51.9) 39 (36.1) 41 (89.1) < 0.0001 18 (100) <0.0001
DIC 42 (26.3) 16 (14.8) 25 (54.3) < 0.0001 12 (66.7) 0.0002
Acute kidney injury 17 (10.7) 547) 12 (26.1) 0.0003 7 (389) 0.0007
Gastrointestinal disorder 31 (194) 8 (74) 23 (50.0) <0.0001 8 (444) 0.0089
MODS 83 (52.2) 40 (374) 42 (91.3) < 0.0001 18 (100) <0.0001
Immunodeficiency 37 (23.1) 18 (16.7) 19 41.3) 0.0018 6 (33.3) 03714

ARDS = acute respiratory distress syndrome. CNS disease = central nervous system disease. DIC = disseminated intravascular coagulation. EBV = Epstein-Barr Virus.

MODS = multiple organ dysfunction syndrome
a. Six patients were lost follow-up at day 30
b. Compared with patients survived > 30 days
c. Compared with patients survived > 7 days

d. Included non-sepsis patients that had any pathogens identified other than EBV

could have already developed MODS [25]. We also ob-
served that the number of risk factors was inversely as-
sociated with survival time. Notably, patients who
deceased within 7 days had at least 4 risk factors, with
the median number of 9, while patients survived longer
than 30 days had a median number of 2 risk factors. The
development of a series of abnormalities could be par-
tially due to delayed diagnosis or treatment, yet could
also be due to unresponsive to standard therapy [3].
Making a timely diagnosis and initiating adequate HLH-
directed treatment strategies are the current challenges
for treating patients with HLH [3, 5]. The present treat-
ment strategy of HLH is controlling the hyperactivated
immune system and supportive care; and HSCT is cur-
rently the only option for long-term cure for patients with
familial, relapsing, or severe and persistent HLH [1, 3, 26].

The HLH-94 protocol included an 8-week initial therapy
[6, 26]. Salvage therapy should be considered if partial re-
sponse was not observed in patients within 2—3 weeks of
therapy initiation [3, 26]. Our study showed that 39% of
early death occurred within 7 days after hospital admis-
sion; these patients were present with a series of severe ab-
normalities and fewer patients in this groups received
chemotherapeutic drugs. Early death before the initiation
of chemotherapy were largely due to late diagnosis of
HLH and rapid deterioration; and in some of the most se-
vere cases, parents refused chemotherapy. Together with
the standard treatment strategies, multidisciplinary discus-
sion of salvage therapy were arranged for most of these
patients, even so, failure to rescue demonstrated the need
for more prompt diagnosis, earlier initiation of chemo-
therapy, as well as better treatment strategies.
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Table 4 Factors significantly associated with death within 7 days and within 30 days among 160 pediatric HLH patients
Factor ° Death within 30 days Death within 7 days
OR (95%Cl) p value OR (95%Cl) p value
Age, < 1year versus > 1 years 177 (0.73,4371) 0.2076 3.53(1.17, 10.67) 0.0253
Admission to PICU 3.24 (159, 6.64) 0.0013 249 (091, 6.8) 0.0761
Underlying diseases and concomitant diagnosis
EBV infection 0.51 (0.25, 1.02) 0.0581 0.27 (0.09, 0.81) 0.0191
Sepsis 537 (221, 13.05) 0.0002 13.17 (1.71,101.72) 0.0134
Other infections 036 (0.15, 0.88) 0.0254 0.13 (0.02, 1.02) 0.0518
Myocardial damage 11.76 (5.18, 26.68) <0.0001 19.05 (4.19, 86.53) 0.0001
Heart failure 6.3 (261, 15.18) <0.0001 4.88 (1.72,13.85) 0.0029
Shock 9.97 (336, 29.61) <0.0001 16.5 (5.33,51.09) <0.0001
CNS disease 5.75 (262, 12.6) <0.0001 373 (136, 10.23) 0.0104
Hepatic dysfunction 851 (3.12,23.18) <0.0001 -b 0.9346
Severe pneumonia 11.95 (5.21, 27.44) <0.0001 5.09 (1.71, 15.12) 0.0034
Respiratory failure 1498 (6.21, 36.15) <0.0001 15.66 (3.46, 70.9) 0.0004
ARDS 9.72 (2.53,37.3) 0.0009 422 (1.15,15.5) 0.0299
Coagulopathy 14.51 (5.29, 39.75) <0.0001 - 09272
DIC 6.85 (3.12, 15.03) <0.0001 747 (259, 21.54) 0.0002
Acute kidney injury 7.2 (237,21.92) 0.0005 834 (2,65, 26.2) 0.0003
Gastrointestinal disorder 12.5 (4.96, 3147) < 0.0001 414 (148,11.61) 0.0069
MODS 17.58 (5.87, 52.71) <0.0001 -b 09275
Immunodeficiency 352 (1.62, 7.64) 0.0015 1.79 (062, 5.16) 0.2805
HLH therapies
Etoposide 0.1 (0.05, 0.23) <0.0001 0.02 (0, 0.17) 0.0002
Cyclosporine A 0.31 (0.15, 0.67) 0.0026 0.26 (0.1, 0.71) 0.0089
Dexamethasone 0.3 (0.13, 0.68) 0.0041 0.16 (0.06, 0.45) 0.0005

ARDS = acute respiratory distress syndrome. DIC = disseminated intravascular coagulation. EBV = Epstein-Barr Virus. MODS = multiple organ dysfunction syndrome
a. Only presents factors that were found to be significantly associated with 7-day and/or 30-day mortality (p < 0.05)
b. ORs could not be estimated because all patients in this group developed hepatic dysfunction, coagulopathy, and MODS

Strengths of this study includes that it included a rela-
tively large number of patients for a rare disease, and it
described a variety of concomitant diagnoses. To our
knowledge, this is the first study that summarized the
characteristics of HLH patients who deceased within 7
days after hospital admission. Our findings provide ref-
erences for the identification of high risk patients, and
also reveal the need for future treatment improvements.
Our study has several limitations. First, this is a single
center study, in which selection bias would have affected
the features of patients. The Hunan Children’s Hospital
is the only tertiary referral children’s hospital in Hunan
Province of China. Children identified as high risk pa-
tients in Hunan region tend to be admitted or trans-
ferred to this hospital, and this might partially explain
the higher mortality among our HLH cohort. Besides,
the Hunan Children’s Hospital was undertaken a na-
tional treatment and care program for sepsis, which
could affect the proportion of concomitant sepsis among

HLH patients. Second, as a retrospective study, the se-
lection of study variables was depend on the data avail-
ability, resulting in missing some potentially important
factors. One of the most important missing information
was genetic test results for primary HLH. In our study,
primary HLH was diagnosed and recorded if a family
history of HLH was reported and/or a molecular diagno-
sis of HLH was made; however, the genetic tests were
conducted by third-party companies and the test results
were not documented in the medical records; therefore,
these information were missing in our analysis. As gen-
etic testing for familial HLH mutations was not routinely
checked, the proportion of primary HLH could have
been underestimated. Nevertheless, because HLH-
associated gene defects are not fully understand yet, and
it usually takes more than weeks to get genetic test re-
sults, initial treatment should not be delayed or altered
because of the categorization of “primary” or “second-
ary” HLH [3]. Also, NK-cell activity and soluble CD25
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Fig. 3 Distribution of cumulative number of risk factors by survival groups. Patients were grouped by survival days after hospital admission (<7
days, 8-30days, and > 30 days). Fourteen risk factors were included in the counting, including age < 1 years, initially admitted to PICU, having
sepsis, myocardial damage, heart failure, shock, CNS disease, hepatic dysfunction, severe pneumonia, respiratory failure and/or ARDS,
coagulopathy and/or DIC, acute kidney injury, gastrointestinal disorder, and immunodeficiency

were not routinely checked, which could lead to missed
diagnosis of HLH in our hospital. Third, although the
sample size was relatively large for such a rare disease,
our results could still subject to sparse data bias because
the lack of adequate case numbers for some combination
of factors and outcome levels [27]. For example, the
95%CI for the OR of concomitant sepsis and the risk of
7-day mortality was 1.71-101.72. The wide CI was re-
sulted in sparse data and should be interpreted with

caution. Multi-center studies with larger sample size will
enable more accurate estimations.

Conclusions

Our study identified a spectrum of factors strongly asso-
ciated with early mortality among HLH patients. These
factors could help to stratify patients with high risk of
early death, and need to be considered in the develop-
ment of treatment protocols. As early mortality of HLH

Table 5 Laboratory abnormalities at hospital admission related to death within 7 days and within 30 days among 160 pediatric HLH

patients

Laboratory Death within 30 days (n = 46)

Death within 7 days (n=18)

abnormalities °

OR (95%Cl) p value OR (95%Cl) p value
BUN > 6.4 mmol/L 3.02 (115, 7.94) 0.0251 5.53(1.83, 16.75) 0.0025
APTT >48s 4.39 (1.87,10.33) 0.0007 13.03 (1.69, 100.69) 0.0139
PT> 145 6.94 (231, 20.84) 0.0005 9.17 (118, 71.01) 0.0339
INR> 1.5 552 (253,12.02) <0.0001 1362 (4.16, 44.62) <0.0001
FIB <150 mg/dL 2.55(1.14,5.71) 0.0226 2.19 (0.68, 7.02) 0.1861
Tbil > 19 umol/L 243 (1.18, 4.99) 0.0154 257 (091, 7.24) 0.0747
Globulin <20 g/L 227 (1.02, 5.05) 0.0444 1.72 (059, 5.02) 03202

APTT = activated partial thromboplastin time. BUN = blood urea nitrogen. FIB = fibrinogen. INR = international normalized ratio. PT = prothrombin time.

Thil = total bilirubin

a. Only presents tests that were found to be significantly associated with 7-day and/or 30 day mortality (p < 0.05)
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remains high, studies are needed to investigate how to
initiate adequate HLH-directed treatment strategies for
patients with high risk of early death.

Methods

Patients and data collection

This is a retrospective cohort study. Chart review and
data collection were conducted between May 2019 and
March 2020. Patients with discharge diagnosis of HLH
between August 2014 and October 2018 from Hunan
Children’s Hospital in China were included. The study
protocol was reviewed and approved by the Medical Eth-
ics Committee of the Hunan Children’s Hospital (HCHL
L-2019-40). The main outcome measures were the 7-day
and 30-day outcome after hospital admission. HLH pa-
tients who discharged within 7 days and with missing
outcome data after chart review were excluded. Patients
missing original records for the confirmation of HLH-
2004 diagnostic criteria fulfillment were also excluded.

HLH were diagnosed according to HLH-2004 [1]. The
diagnosis of HLH can be established if one of either A
or B below is fulfilled [1]: A. A molecular diagnosis con-
sistent with HLH. B. Five out of eight criteria fulfilled:
(1) Fever. (2) Splenomegaly. (3) Cytopenias affecting 2 of
3 lineages in the peripheral blood. (4) Hypertriglyc-
eridemia and/or hypofibrinogenemia: fasting triglycer-
ides >3.0 mmol/L, fibrinogen <1.5g/L. (5)
Hemophagocytosis in bone marrow or spleen or lymph
nodes. No evidence of malignancy. (6) Low or absent
NK-cell activity. (7) Ferritin =500 pg/L. (8) Soluble
CD25 22400 U/ml. Primary HLH was diagnosed if a
family history of HLH was reported and/or a molecular
(genetic) diagnosis of HLH was made.

The investigated clinical features and abnormalities were
selected according to previous reports for their association
with mortality among pediatric or adult HLH patients [3,
9-15, 23, 24, 28, 29]. Underlying diseases and concomi-
tant diagnoses during hospitalization were extracted from
medical records. Underlying diseases, which were consid-
ered as potential triggers of HLH, included primary HLH
autoimmune disorders, malignancy, EBV infection, sepsis,
and other infections. Concomitant diagnoses included
myocardial damage, heart failure, shock, central nervous
system disease (CNS) disease, hepatic dysfunction, respira-
tory failure, acute respiratory distress syndrome (ARDS),
severe pneumonia, coagulopathy, disseminated intravascu-
lar coagulation (DIC), acute kidney injury, gastrointestinal
disorder, multiple organ dysfunction syndrome (MODS),
and immunodeficiency. Sepsis was diagnosed according to
the 2012 Surviving Sepsis Campaign criteria [21]. Myocar-
dial damage was defined as any elevation in cardiac tropo-
nin T or I, or CK-MB. The definitions of heart failure was
consistent with the 2016 European Society of Cardiology
Guidelines for the diagnosis and treatment of acute and
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chronic heart failure [30]. Shock was defined as
hypotension and the need for vasopressor or inotrope sup-
port, or tissue hypoperfusion [31, 32]. The definition of
hepatic dysfunction was consistent with the definitions re-
ported in [33]. Respiratory failure was defined as PaO, <
60 mmHg in ambient air. ARDS was diagnosed in accord-
ance with the Berlin definition [34]. The diagnosis criteria
for severe pneumonia was consistent with the WHO def-
inition [35], i.e. any general danger sign or chest indrawing
or stridor in calm child. Coagulopathy was defined as
platelet count < 80 x 10°/L or a decline of 50% in platelet
count from highest value recorded over the past 3 days
(for chronic hematology/oncology patients); or INR > 2.
AKI was diagnosed in accordance with the 2012 KDIGO
(Kidney Disease: Improving Global Outcomes) Clinical
Practice Guideline, and was defined as any of the follow-
ing [36]: (1) increase in serum creatinine (SCr) by >0.3
mg/dL (26.5 umol/L) within 48 h; (2) increase in SCr to
>1.5 times baseline, which is known or presumed to have
occurred within the prior 7 days; or (3) urine volume < 0.5
mL/kg/h for 6 h. Immunodeficiency was defined as any of
the following: hypoimmunoglobulinia; lymphopenia; and
decreases in complement C3 and/or C4. Other diagnoses
were made in accordance with national guidelines or con-
sensus. Laboratory test results at hospital admission were
also collected, including complete blood count, coagula-
tion test, liver function test, and kidney function test.

Statistical analysis

Categorical variables were presented by absolute value
and percentage. Between-group comparisons for categor-
ical variables were made by Chi-square test or Fisher exact
test, as appropriate. Logistic regression was used to esti-
mate OR and 95%CI for associations between selected
clinical features and 7-day/30-day mortality. Factors that
significantly and positively associated with mortality (p <
0.05 and OR > 1) were identified as risk factors, and the
cumulative number of risk factors was calculated for each
patient. The distribution of cumulative number of risk fac-
tors of each survival group was described, and the correl-
ation between the number of abnormalities and survive
time was evaluated by Spearman’s correlation test. Sur-
vival curves were estimated by the Kaplan-Meier method.
All tests of hypothesis were two tailed with a type 1 error
rate fixed at 5%. All statistical analyses were performed
using SAS 9.3 (SAS Institute, Inc., Cary, NC).

Sensitivity analysis

In the main analysis, missing data was left as missing.
We performed two sensitivity analyses to assess the po-
tential effect of the missing outcome data. First, we used
the best-case imputation, in which all missing outcome
measures at day 30 were imputed as “survival”. Second,
we used the worst-case imputation, in which all missing



Li et al. Orphanet Journal of Rare Diseases (2020) 15:229

outcome measures at day 30 were imputed as “death”.
Another sensitivity analysis was conducted by including
patients with missing original records for the confirm-
ation of HLH-2004 diagnostic criteria fulfillment.

Supplementary information
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1186/513023-020-01515-4.

Additional file 1 Supplementary Table 1. Pathogens detected from
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