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Background: Hemophagocytic lymphohistiocytosis (HLH) patients who need intensive care usually have multiple organ failure and
poor prognosis. However, the clinical characteristics, therapeutic efficacy and outcome in these critically ill HLH patients have
remained unclear.

Methods: We performed a retrospective study of 50 critically ill HLH patients from September 2013 to October 2022. Patients’
information was collected, and the overall survival rate was estimated.

Results: Fifty HLH patients need intensive care, and the median sequential organ failure assessment (SOFA) score was 8. 66.00% patients
had septic shock, 60.00% had disseminated intravascular coagulation (DIC) and 56.00% had acute respiratory distress syndrome (ARDS).
64.00% patients needed vasoactive drugs, 60.00% needed invasive or non-invasive positive pressure mechanical ventilation, and 12.00%
needed continuous renal replacement therapy (CRRT). Among 18 patients received the etoposide-based regimens, the median time for 17
patients to remove ECG monitoring was 13 days (4—30 days); the median time to remove respiratory support in 10 patients was 8.5 days (4—
21 days); the median time for 5 patient to convert from dominant DIC to non-dominant DIC was 4 days (1-14 days) and the median time for
6 patients to stop using vasoactive drugs was 10 days (2—14 days). After 4 weeks of treatment, 7 patients were evaluated as NR, 6 achieved
PR, and 5 could not be evaluated. The ORR was 55.56%. Up to the last follow-up, the OS rate of patients receiving etoposide-based
regimens was 66.67%. In contrast, all 32 HLH patients in other groups died. Univariate analysis showed that PCT > 0.5 ug/L, PT prolonged
> 6 s, TBil > 25umol/L, respiratory failure, renal failure, liver failure and did not receive etoposide- based regimens were the negative factors
affecting survival (P = 0.001, 0.017, 0.043, 0.001, 0.000, 0.029, 0.000).

Conclusion: HLH patients who need intensive care timely used etoposide-based HLH regimens might rescue critically ill patients
successfully.
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Introduction

As a cytokine release syndrome caused by uncontrolled immune activation, hemophagocytic lymphohistiocytosis (HLH)
can quickly lead to organ infiltration, systemic disease, and poor prognosis.' Genetic defects in primary HLH affect
cytotoxic activity, which has been widely studied in pediatric patients.” Secondary HLH is often caused by infection,
malignancy, and autoimmune diseases and can be seen in patients of all age groups.” Adult HLH patients lack compre-
hensive data, and treatment measures depend on expert opinions and the HLH-94/2004 protocol verified by pediatric
patients.*> Based on the rapid and dangerous disease process of HLH, some patients have multiple organ involvement at

diagnosis, including respiratory failure, coma, shock, acute liver and kidney failure, and so on. Mortality in intensive care
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units (ICU) is 50-80%.% Therefore, in addition to standard organ support, thorough etiological screening and emergency
treatment of HLH triggers are necessary for HLH treatment.® “Specific” HLH therapies (corticosteroids, multivalent
immunoglobulins, etoposide, anti-cytokine therapy, and so on) are usually used for the most severe cases of HLH in the
ICU.%*!° The death-related risk factors are poorly understood among critically ill HLH patients who need intensive care.
The efficacy of the etoposide-based regimens has also not been intensively identified and reported.

In our retrospective cohort, we analyzed triggering factors, clinical characteristics, treatment, and survival prognosis in
critically ill HLH patients with intensive care, hoping to provide more detailed insights and clinical guidance information.

Methods

Patients and Selection Criteria

From September 2013 to October 2022, 372 patients diagnosed with HLH were enrolled in the Department of
Hematology of the First Affiliated Hospital of Nanchang University, and 50 of them needed life support and intensive
care. The inclusion criteria were as follows.'' 1. All patients were diagnosed according to the revised diagnostic
criteria guidelines within the definitive HLH-2004 protocol. 2. The patients had life-threatening complications at
diagnosis, such as shock, sepsis, acute respiratory distress syndrome (ARDS),'? disseminated intravascular coagulation
(DIC),13 acute heart failure, serious arrhythmia, liver dysfunction, liver failure, renal failure, gastrointestinal bleeding,
coma, delirium, severe water-electrolyte disorder, acid—base imbalance, multiple organ dysfunction syndrome
(MODS),"* and so on. These complications led to instability of vital signs (temperature >37.8°C, heart rate >100
beats per minute, respiratory rate > 24 breaths per minute, systolic blood pressure <90 mmHg, or oxygen saturation
<90%,'” requiring respiratory support, circulatory support, plasma purification, and other life support. Exclusion
criteria were as follows. 1. Patients did not meet the above inclusion criteria. 2. Patients were lost during follow-up.
3. Lack of clinical data.

Treatment Regimens

HLH-1994/2004 regimen, dexamethasone at 10 mg/m?/day during weeks 1 and 2, 5 mg/m*/day during weeks 3 and 4,
2.5 mg/m?/day during weeks 5 and 6, and 1.25 mg/m?/day during weeks 7 and 8; etoposide at 100 mg/m?/day two times
weekly during weeks 1 and 2 and 100 mg/m?/day once each week during weeks 3-8. CSA (6 mg/m?/day) and VP-16
were used simultaneously.

Efficacy Assessment

According to the efficacy evaluation standard formulated by the Midwest cooperation group of the United States,'® the
following six indexes were used as the reference basis for clinical efficacy evaluation after 4 weeks and 8 weeks of treatment:
(1) soluble CD25 (sCD25); (2) serum ferritin; (3) blood cell count; (4) triacylglycerol; (5) hemophagocytosis; and (6) level of
consciousness, such as HLH patients with central nervous system (CNS) symptoms. CR: All the above indicators returned to
normal. PR: More than two symptoms or laboratory makers were improved by at least 25%, and individual indicators also
needed to meet the following criteria: (1) sCD25 level was decreased by at least 1/3; (2) the levels of ferritin (FER) and
triglyceride (TG) were decreased by more than 25%; (3) in case of transfusion: increase of neutrophil count by at least 100% to
>0.5x10°/L in the absence of blood transfusion for patients with an initial neutrophil count <0.5x10%/L or increase of
neutrophil count by at least 100% to >2.0x10%/L for patients with an initial neutrophil count of 0.5 to 2.0x10°/L; and (4)
patients with alanine aminotransferase (ALT) >400 U/L should be reduced by more than 50%. ORR: CR+PR.

Statistical Analysis

All statistical analyses were performed using IBM SPSS version 24 and GraphPad prism 8.0. The paired test was used for
data before and after treatment, the ¢-test was used for data with normal distribution, and the rank sum test was used for
data with non-normal distribution. Overall survival (OS) was defined as the time from the date of diagnosis to the date of
death of any triggering event or the last follow-up. Patients without available follow-up data were excluded from further
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analysis. Kaplan—Meier method was used to analyze the prognosis of patients, and COX proportional hazards model was
used for multivariate analysis. In all analyses, P < 0.05 was considered statistically significant.

Results

Clinical and Laboratory Examination Characteristics

A total of 50 HLH patients (27 males and 23 females) were included in this study. The median age at diagnosis was 51.5
years (range, 9-86 years). Five patients (10.00%) were under 18 years of age. None of the patients fulfilled the diagnostic
criteria for primary HLH. The clinical manifestations of HLH included various symptom combinations, while persistent
fever, systemic edema, and serous effusion were the most common symptoms (98.00%, 80.00%, and 84.00% of patients,
respectively). In addition, hemophagocytosis in bone marrow samples was detected in 29 patients (69.05%). Moreover, 50
patients (100.00%) needed transfusions, 30 patients (60.00%) needed invasive or non-invasive positive pressure mechanical
ventilation, 32 patients (64.00%) needed vasoactive drugs, and 6 patients (12.00%) needed continuous renal replacement
therapy (CRRT). These clinical features and their distribution among various etiologies are shown in Tables 1 and 2 lists the
laboratory characteristics. HLH patients had a higher proportion of impaired liver function, thrombocytopenia, hemoglobin

reduction, ALB reduction, and abnormal inflammatory indexes, evidenced by elevated procalcitonin (PCT).

Triggering Diseases of HLH

The most frequent triggering diseases of HLH in our cohort were infections (36/50, 72.00%), followed by neoplastic
factors (6/50, 12.00%) and autoimmune factors (2/50, 4.00%), and 12.00% of patients had unknown inducement. Except
for 4 patients with severe pulmonary infection, but the pathogen was not identified, bacterial infections (17/36, 47.22%)
were most prevalent in infection-associated HLH. 5 patients were infected with Gram-positive bacteria, including 1 case
of vancomycin-resistant Enterococcus, 1 case of cephalosporin Staphylococcus, and 3 unknown cases. Gram-negative
bacteria infected 10 patients, including 4 cases of Klebsiella pneumoniae, 1 case of Stenotrophomonas maltophilia, 1 case
of Pseudomonas stephensi, 3 cases of Acinetobacter baumannii, and 1 case of Xanthomonas campestris. In addition, 2
patient suffered from Kikuchi disease. Fungal infections occurred in two patients (2/36, 5.56%), and both were Candida
infections. Besides, 13 patients (13/36, 36.11%) were infected with a virus, including 11 with EBV, 1 with adenovirus,
and 1 with the respiratory syncytial virus. Moreover, 6 patients with neoplastic factors were caused by lymphoma.
Figure 1 illustrates various etiological classifications.

Table | Clinical Manifestations in 50 Critically Ill Patients with HLH

Fever
Hemophagocytosis*
Splenomegaly
Hepatomegaly
Lymphadenopathy
Serous effusion
Consciousness change
Edema

Transfusions
Mechanical ventilation
Vasoactive drugs
CRRT

49/50 (98.00%)
29/42 (69.05%)
28/50 (56.00%)
9/50 (18.00%)
26/50 (52.00%)
42/50 (84.00%)
8/50 (12.20%)
40/50 (80.00%)
50/50 (100%)
30/50 (60.00%)
32/50 (64.00%)
6/50 (12.00%)

36/36 (100.00%)
23/30 (80.77%)
16/36 (44.44%)
7/36 (19.44%)
17/36 (48.39%)
34/36 (94.44%)
2/36 (5.56%)
31/36 (86.11%)
36/36 (100.00%)
20/36 (55.56%)
19731 (61.29%)
3/36 (8.33%)

5/6 (83.33%)
4/6 (66.67%)
6/6 (100.00%)
116 (16.67%)
6/6 (100.00%)
4/6 (0.00%)
3/6 (50.00%)
416 (66.67%)
6/6 (100.00%)
6/6 (100.00%)
416 (66.67%)
116 (16.67%)

2/2 (100.00%)
0/2 (0.00%)
1/2 (50.00%)
0/2 (0.00%)
1/2 (50.00%)
1/2 (50.00%)
1/2 (50.00%)
1/2 (50.00%)

2/2 (100.00%)
0/2 (0.00%)
1/2 (50.00%)
1/2 (50.00%)

Clinical Characteristics of Total Infection Malignancy Autoimmune Unknown
Patients (%) (%) (%) (%) Reason (%)
Population (adults / children) 45/5 32/4 6/0 2/0 5/1
Sex (Male/Female) 27/23 20/16 313 0/2 4/2

6/6 (100.00%)
2/4 (50.00%)
5/6 (83.33%)
116 (16.67%)
2/6 (33.33%)
3/6 (50.00%)
2/6 (33.33%)
416 (66.67%)
6/6 (100.00%)
416 (66.67%)
416 (66.67%)
116 (16.67%)

Notes: *A total of 42 patients with hemophagocytosis were collected.
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Table 2 Laboratory Data in 50 Critically Ill Patients with HLH

Biological Index Median (Range) (N=50) | Outlier Criteria | Number and Proportion
of Outliers N (%)

White blood cell (WBC) (x10°/L) 3.355 (0.04-26.00) <3.5x10'4L 26(52.00%)
Neutropenia (ANC<1x10?) 2.51 (0.00-23.00) <1.8x10°/L 22(44.00%)
<1.0x10°/L 14(28.00%)
Anemia (Hemoglobin<90g/L) 79.00 (40.00-155.00) <115.0g/L 44(88.00%)
<90.0g/L 37(74.00%)
Thrombocytopenia (Platelets<100% 10 44.50 (3.00-747.00) <125.0x10%/L 43(86.00%)
<100.0x10%/L 39(78.00%)
Prothrombin time (PT) (s) 13.40 (10.80-37.00) >12.5s 36(72.00%)
>18.5s 6(12.00%)
Activated Partial Thromboplastin time (APTT) (s) 35.2 (23.00-82.00) >36.5s 21(42.00%)
>39.5s 18(36.001%)
Fibrinogen (FBG) (g/L) 1.85 (0.40-9.41 <l.5g/L 16(32.00%)
D-D dimer (mg/L) 4.38 (0.20-56.00) >0.243mg/L 49(98.00%)
Alanine aminotransferase (ALT) (U/L) 43.5 (6.00-1371.00) >31.0U/L 34(68.00%)
Aspartate aminotransferase (AST) (U/L) 91.5 (5.00-4284.00) >31.0U/L 44(88.00%)
Total bilirubin (TBil) (umol/L) 19.80 (2.15-375.00) >25.0umol/L 20(40.00%)
Albumin (ALB) (g/L) 27.85 (16.00-38.30) <35.0g/L 49(98.00%)
Creatinine (CRE) (umol/L) 63.25 (27.20-467.00) >107.0umol/L 12(24.00%)
Lactate dehydrogenase (LDH) (U/L) 919.00 (97.00-8275.00) >300.0U/L 46(92.00%)
Triglyceride (TG) (mmol/L) 2.40 (1.00-9.00) >|.7mmol/L 33(66.00%)
>3.0mmol/L 17(34.00%)
C-reactive protein (CRP) (mg/L) 52.395 (1.19-388.31) >8.0mg/L 39(78.00%)
Procalcitonin (PCT) (ug/L) 1.95 (0.10-100.00) >0.5ng/L 35(70.00%)
Ferritin (FER)*(ng/mL) 2000.00 (234.90— >150ng/mL 42(100.00%)
142,683.00) >500ng/mL 42(100.00%)
sCD25 (IU/mL)** 6914.00 (435.00-52,668.00) >7101U/mL 25(97.06%)
NK cell activity (%)** 14.64 (2.83—-19.57) <15.22% 10(83.33%)

Notes: Data are expressed as median (range) or number of cases (%). *A total of 42 patients with ferritin index data were collected. **A total of 34 patients
with sCD25 index data were collected. ***A total of 12 patients with NK cell activity index data were collected.

Mods

All 50 patients had organ or system involvements at diagnosis, including cardiovascular, coagulation function, lung, liver,
kidney, gastrointestinal tract, and CNS (Figure 2)."* The median sequential organ failure assessment (SOFA) score was 8
(4-18). Cardiovascular, coagulation, and respiratory system involvement were the most common clinical manifestations.
There were 33 cases of septic shock (66.00%), 10 cases of heart failure (20.00%), 30 cases of DIC (60.00%), and 28
cases of ARDS (55.60%).

Treatment and Response

A total of 18 patients received the etoposide-based regimens (including HLH-1994/2004 regimen). Underlying diseases
of 18 patients were infections, including 14 cases of septic shock, 1 case of non-shock sepsis, 3 cases of heart failure, 11
cases of DIC, 5 cases of respiratory failure, 9 cases of serous exudation, and 2 cases of gastrointestinal bleeding. Among
18 patients treated with the etoposide-based regimens, the median time for 17 patients to remove ECG monitoring was 13
days (4-30 days). The median time to remove respiratory support in 10 patients was 8.5 days (4-21 days). The median
time for 5 patients to convert from dominant DIC to non-dominant DIC was 4 days (1-14 days) and the median time for
6 patients to stop using vasoactive drugs was 10 days (2—14 days). Two patients with acute heart failure did not
deteriorate after treatment. One patient with gastrointestinal bleeding improved significantly after 3 days. After 4 weeks
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Figure | The proportion of etiological classification in 50 critically ill HLH patients.
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Figure 2 Organ or system involvements in 50 critically ill HLH patients.

of treatment, 7 patients were evaluated as NR (4 achieved PR in the follow-up), 6 patients achieved PR (2 achieved CR in
the follow-up), and 5 patients could not be evaluated. The ORR after 4 weeks was 55.56% (Table 3).

Among 18 critically ill patients treated with HLH regimens, 13 were evaluated after 4 weeks. White blood cell
(WBC), absolute neutrophil count (ANC), HB, platelet (PLT), D-D dimer, lactate dehydrogenase (LDH), aspartate
aminotransferase (AST), ALT, sCD25, FER, total bilirubin (TBIL), TG, albumin (ALB), FBG, and other laboratory
indexes were compared and analyzed. After 4 weeks of HLH treatment, the concentrations of PLT and ALB were
increased significantly (P = 0.000 and P = 0.005, respectively). The concentrations of D-D dimer, LDH, AST, sCD25,
and FER were decreased significantly (P < 0.05). No significant difference was found in other indexes (P > 0.05)
(Figure 3).

Moreover, 32 critically ill patients did not receive the etoposide-based HLH regimen. Among them, 6 patients were
willing to receive etoposide, but ultimately were unable to continue infusion (less than one day) and withdrew due to
objective reasons. Including 5 patients who were unable to maintain liver, kidney, and respiratory functions due to
infusion, and 1 patient experiencing serious side effects such as abdominal pain and diarrhea; 26 patient families are
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Table 3 Treatment and Outcome of 18 Severe HLH Patients

Number | Gender | Age Triggers Multiple Organ/ Treatment Treatment Effect Efficacy oS Outcome
System Damage at Evaluation | (Months)
the Time of Patient
Diagnosis
| Male 15 Infection Septic shock, DIC, Treatment was abandoned after | cycle of | / / 3 Dead
(EBV) lethargy HLH-1994 regimen.
2 Male 10 Infection Respiratory failure, Treatment was abandoned after | cycle of | Time of stopping respiratory After 4 6 Dead
(EBV) heart failure HLH-2004 regimen. support after treatment: 14 weeks: NR
days; After 8
Time of stopping ECG weeks: NR
monitoring after treatment: 30
days;
Time of stopping using
vasoactive drugs after
treatment: 6 days.
3 Female 9 Infection Septic shock After receiving 2 cycles of HLH-2004, Time of stopping respiratory After 4 19 Survival
(EBV) patient received 2 cycles of L-DEP salvage | support after treatment: 14 weeks:NR
therapy and allo-HSCT. days; After 8
Time of stopping ECG weeks: PR
monitoring after treatment: 21
days
4 Male 13 Infection Septic shock, DIC After | cycle of HLH-1994 regimen, the Time of stopping respiratory After 4 12 Survival
(Adenovirus) patient was transferred to a subordinate support and ECG monitoring weeks:NR
hospital for treatment. The details are after treatment: 30 days; After 8
unknown. Time of changing from overt weeks: PR
DIC to nonovert DIC after
treatment: 4 days.
5 Female 62 Infection Septic shock, After 2 weeks of etoposide-based regimen, | Time of stopping respiratory / 19 Survival
(Unknown respiratory failure, the patient was transferred to a subordinate | support and ECG monitoring
reason) DIC hospital for treatment. The details are after treatment: 8 days
unknown.
6 Female 54 Infection Septic shock, DIC 10 weeks of etoposide-based regimen. Time of stopping using Each course 85 Dead
(Unknown vasoactive drugs after of treatment
reason) treatment: 2 days; was evaluated
Time of stopping ECG as NR.
monitoring after treatment: 6
days.
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Male

Male

Male

Male
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Female

32

34

57

29

57

65

Infection
(Bacteria)

Infection
(Unknown
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Infection
(EBV)

Infection
(Kikuchii
lymphadenitis)

Infection

(Bacteria)

Infection
(Unknown

reason)

Septic shock,
respiratory failure,
lethargy, severe

pneumonia

Septic shock, DIC

Septic shock, DIC,
acute left heart failure

Acute gastrointestinal
bleeding, bacterial
meningitis, septic
without shock

Septic shock, DIC

Gastrointestinal
bleeding, septic shock,
DIC

8 weeks of etoposide-based regimen.

Self discharge after 6 weeks of etoposide-
based regimen.

4 weeks of reduction etoposide-based

regimen.

10 weeks of etoposide-based regimen,
intermittent cooperation with ruxolitinib

application.

8 weeks of etoposide-based regimen.

After 2 weeks of etoposide-based regimen,
the patient was transferred to a subordinate
hospital for treatment. The details are

unknown.

Time of stopping using
vasoactive drugs after
treatment: 14 days;

Time of stopping respiratory
support and ECG monitoring
after treatment: 21 days.
Time of stopping using
vasoactive drugs after
treatment: 3 days;

Time of stopping respiratory
support and ECG monitoring
after treatment: 4 days.

Time of stopping respiratory
support and ECG monitoring
after treatment: 9 days;

Time of changing from overt
DIC to nonovert DIC after
treatment: | day.

Time of stopping ECG
monitoring after treatment: 14

days.

Time of stopping using
vasoactive drugs after
treatment: 10 days;

Time of stopping respiratory
support and ECG monitoring
after treatment: 14 days;

Time of changing from overt
DIC to nonovert DIC after
treatment: 4 days.

Time of significant improvement
of hemoptysis after treatment: 3
days;

Time of stopping respiratory
support and ECG monitoring
after treatment: 7 days;

Time of changing from overt
DIC to nonovert DIC after

treatment: 14 days.

After 4
weeks: PR

After 4
weeks: PR
After 8
weeks: CR

After 4
weeks: PR

After 4
weeks: NR
After 8
weeks: PR
After 4
weeks: NR
After 8
weeks: PR

25

20

Survival

Survival

Survival

Survival

Survival

Survival

(Continued)
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Table 3 (Continued).

Number | Gender | Age Triggers Multiple Organ/ Treatment Treatment Effect Efficacy oS Outcome
System Damage at Evaluation | (Months)
the Time of Patient
Diagnosis
13 Male 53 Infection Respiratory failure, 10 weeks of etoposide-based regimen. Time of stopping respiratory After 4 8 Survival
(Bacteria) severe pneumonia support and ECG monitoring weeks: PR
after treatment: 14 days.
14 Female 46 Infection Septic shock, sepsis 8 weeks of etoposide-based regimen. Time of stopping respiratory After 4 6 Survival
(Bacteria) support and ECG monitoring weeks: PR
after treatment: 4 days.
15 Male 57 Infection Acute liver failure, DIC | After 4 weeks of etoposide-based regimen, | Time of stopping using After 4 2 Dead
(EBV) the patient was transferred to a subordinate | vasoactive drugs after treatment weeks: NR
hospital for treatment. The details are and ECG monitoring after
unknown. treatment: 10 days.
Time of changing from overt
DIC to nonovert DIC after
treatment: 9 days.
16 Female 20 Infection Septic shock, severe 16 weeks of etoposide-based regimen. Time of stopping respiratory After 4 20 Survival
(Kikuchii pneumonia support: 5 days. weeks: PR
lymphadenitis) Time of stopping ECG After 16
monitoring after treatment: 10 weeks: CR
days.
17 Male 56 Infection Septic shock, severe, Self discharge after 2 weeks of etoposide- | / / | Dead
(EBV) respiratory failure, based regimen.
heart failure
18 Female 63 Diffuse large | Septic shock, DIC Self discharge after 2 weeks of etoposide- | Time of stopping using / 1.5 Dead
B-cell based regimen. vasoactive drugs after treatment
lymphoma and ECG monitoring after
treatment: |3 days.
Time of stopping respiratory
support: 5 days.
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Figure 3 Changes of some evaluation indexes before and after treatment with etoposide-based regimen in |3 critically ill HLH patients (*P <0.05; **P <0.01; ***P <0.001).
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concerned about drug toxicity and refuse to accept the use of etoposide. Out of 32 patients, 10 were treated with
corticosteroids alone. All patients received one or more symptomatic treatments, such as anti-infection, antipyretic,
sedation, analgesia, ALB infusion, and rehydration. Unfortunately, all died before discharge. The specific information of
these patients are presented in Table S1.

Comeparison of Characteristics of Clinical Parameter Between Patients in the

Etoposide-Based Regimens and Other Treatment Groups

The related indicators of HLH and multiple organ failure of patients in the etoposide-based regimens and other treatment
groups are presented in Table 4. With respect to laboratory-test results, HB, PLT, APTT, Creatinine (CRE), PCT,
hemophagocytosis in two groups showed significant differences. With respect to clinical characteristics, respiratory
failure showed significant differences.

Survival Analysis

For the 50 patients with survival data available, the median OS of the entire cohort was 0.55 months (range: 0-25
months). The 1-year survival rate was 24.0%, and the median follow-up time from diagnosis was 15 months
(Figure 4A). The 30-day and 90-day mortality rates were 60.0% and 70.0%, respectively. We divided patients into

Table 4 The Characteristics of Clinical Parameters Between the Etoposide-Based Regimen and Other Treatment Groups

Parameter Etoposide-Based Regimen Other Treatment P-value
(M, Range)(N = 18) (M, Range)(N = 32)
White blood cell (WBC) (x10°/L) 4.29 (0.99-19.60) 2.79 (0.04-26.00) 0.368
Neutropenia (ANC<1x10°) 3.43 (0.74-15.99) 2.08 (0.0-23.14) 0.290
Anemia (Hemoglobin<90g/L) 88.00 (67-135) 75.50 (40.00-155.00) 0.013
Thrombocytopenia (Platelets<100x 10°) 79.50 (5.00-747.00) 37.50 (3-185.00) 0.009
Prothrombin time (PT) (s) 13.05 (11.00-24.00) 15.05 (10.80-37.00) 0.160
Activated Partial Thromboplastin time (APTT) (s) 31.10 (23.00-58.00) 37.30 (24.00-82.00) 0.005
Fibrinogen (FBG) (g/L) 1.76 (0.51-6.69) 1.99 (0.40-9.41) 0.585
D-D dimer (mg/L) 3.55 (0.63-56.00) 6.83 (0.20-36.36) 0518
Alanine aminotransferase (ALT) (U/L) 43.55 (18.00-232.60) 43.00 (6.00-1371.00) 0.724
Aspartate aminotransferase (AST) (U/L) 91.50 (28.00-423.00) 92.25 (5.00-4284.00) 0.635
Total bilirubin (TBil) (umol/L) 10.75 (7.70-118.00) 24.75 (2.15-375.00) 0.157
Albumin (ALB) (g/L) 28.20 (23.00-38.30) 27.55 (16.00-34.30) 0.379
Creatinine (CRE) (umol/L) 54.20 (27.20-86.00) 76.50 (32.10-467.00) 0.009
Lactate dehydrogenase (LDH) (U/L) 649.75 (304.40-2195.0) 957.00 (97.00-8275.00) 0.505
Triglyceride (TG) (mmol/L) 2.47 (1.07-5.61) 2.39 (0.66-8.69) 0.389
C-reactive protein (CRP) (mg/L) 19.97 (2.71-388.31) 58.57 (1.19-303.00) 0.225
Procalcitonin (PCT) (ug/L) 1.08 (0.10-10.00) 4.05 (0.25-100.00) 0.030
Ferritin (FER)(ng/mL) 2000.00 (898.00-142,683.00) | 2000.00 (234.94-61,783.00) 0.247
sCD25 (IU/mL) 7230.00 (435.00-52,668.00) 4340.00 (800.00-17,560.00) 0.319
Hemophagocytosis (cases, Y/N) 8/10 2173 0.000
Splenomegaly (cases, Y/N) 13/5 15/17 0.083
Hepatomegaly (cases, Y/N) 2/16 7/25 0.459
Liver failure (cases, Y/N) 2/16 11721 0.143
Respiratory failure (cases, Y/N) 5/13 23/9 0.003
Heart failure (cases, Y/N) 3/15 7/25 0.73
Septic shock (cases, Y/N) 12/6 21/11 0.941
Severe pneumonia (cases, Y/N) 3/15 10/22 0.328
Pericardial effusion (cases, Y/N) 8/10 12/20 0.630
Ascites (cases, Y/N) 4/14 14/18 0.219
DIC (cases, Y/N) 10/8 20/12 0.765
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Figure 4 Survival analysis in HLH patients. (A) Kaplan-Meier survival in 50 critically ill HLH patients. (B) The critically ill HLH patients in the etoposide-based treatment
group had significantly better OS compared with those patients in the corticosteroid treatment group and symptomatic treatment group (P=0.000). (C) There was no
significant difference in survival between the severe group and the general group (P=0.094).

etoposide-based treatment group, corticosteroid treatment group and symptomatic treatment group based on the
therapy they received. In the etoposide-based treatment group, the survival rate of patients as of the last follow-up
was 66.67%. All 32 patients in other groups died before discharge. The OS of etoposide-based treatment group was
significantly better than that of corticosteroid treatment group and symptomatic treatment group (not reached versus
0.45 months, not reached versus 0.20 months; P = 0.000). There was no significant difference in OS between the
corticosteroid treatment group and the symptomatic treatment group (P = 0.1585) (Figure 4B). In addition, 157 of the
363 patients in our center received etoposide-based HLH regimens. Except for the 9 patients who were lost during
follow-up, the 152 patients were divided into severe (n = 18) and general patient groups (n = 134) according to
whether their vital signs were stable.There was no significant difference in survival between the severe group and the
general group (P = 0.094) (Figure 4C).

International Journal of General Medicine 2024:17 htps: 441

Dove:


https://www.dovepress.com
https://www.dovepress.com

Lv et al Dove

Univariate analyse was conducted to identify possible prognostic factors for overall mortality. Patients with liver
failure (median OS, 0.267 vs 0.920 months, P = 0.029, Figure 5A), respiratory failure (median OS, 0.259 vs 2.500
months, P =0.001, Figure 5B), renal failure (median OS, 0.200 vs 1.000 months, P = 0.000, Figure 5C), PCT > 0.5 pg/L

(A) ~—  No liver failure group (n=37) (B)

No respiratory failure group (n=22)

9 -
100% - —  Liver failure group (n=13) 100% . )
Respiratory failure group (n=28)
S 75%- S 75%
E g
g 50%- € 50%-
(/] "] " 3
E e E
3 25% - 3 25%
P=0.029 =
0% T T T T T 1 0% P_O.O|01 T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time(M) Time(M)
(C) - . ) (D)
No renal failure group (n=37) ——  PCT= 0.5 ug/L group (n=14)
100%
100% ~—  Renal failure group (n=13) ——  PCT> 0.5 ug/L group (n=36)
R 75%- g 5%
3 2
2 50%-  50%- '
5 =
I 7]
g 2500 L s s g 25%-
3 ° o ’
P=0.000
0% T T T T T 1 0% T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time(M) Time(M)
(E) (F) I ]
- PT prolonged < 6 s group (n=44) TBil = 25umalil group (n=30)
100% 100% — .
——  PT prolonged > 6 s group (n=6) TBil > 25umol/L group (n=20)
g 75%- S 75%
2 E
g 50% S 50%-
2 ?
3 25% 3 25%-
—‘P—O 017 © P=0.043
0% T T T T T 1 0% T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time(M) Time(M)

Figure 5 Survival analysis in different subgroups. (A) The survival curves of patients in the liver failure subgroup. (B) The survival curves of patients in the respiratory failure

subgroup. (C) The survival curves of patients in the renal failure subgroup. (D) The survival curves of patients in the PCT subgroup. (E) The survival curves of patients in the
PT subgroup. (F) The survival curves of patients in the TBil subgroup.
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Table 5 Univariate and Multivariate Cox Regression Analysis
of Prognostic Factors in Severe HLH Patients

Parameters Univariate Analysis
OR [I1C95%] P-value
Age (>60 years) 0.704 (0.354-1.400) 0.316
Sex (Male/Female) 1.029 (0.541-1.957) 0.931
Hemoglobin (<90g/L) 2211 (0.917-5.331) 0.077
ANC (<1.0x10% 1.334 (0.660-2.696) 0.422
Platelets (<20%10°) 1.937 (0.972-3.860) 0.060
Fibrinogen (<lg/L) 0.793 (0.309-2.036) 0.630
TG (>3mmol/L) 1.248 (0.627-2.483) 0.528
LDH (>300U/L) 1.588 (0.558—4.523) 0.386
AST (>40U) 0.496 (0.193-1.273) 0.145
ALT (>40U) 0.996 (0.525-1.891) 0.991
PT (prolonged >6s) 0.355 (0.145-0.872) 0.024
APTT (prolonged >3s) 0.565 (0.293-1.088) 0.088
TBil (>25 umol/L) 0.520 (0.272-0.996) 0.049
PCT (>0.5 pg/L) 0.402 (0.188-0.858) 0.019
Respiratory failure 0.323 (0.157-0.661) 0.002
Septic shock 1.094 (0.565-2.117) 0.791
Severe pneumonia 0.850 (0.419-1.722) 0.652
Heart failure 1.498 (0.708-3.171) 0.291
Liver failure 0.289 (0.126-0.661) 0.003
Renal failure 0.245 (0.113-0.531) 0.000
Pericardial effusion 1.492 (0.762-2.920) 0.243
Ascites 0.560 (0.293-1.071) 0.080
DIC 0.849 (0.439-1.645) 0.628
Treatment 0.025 (0.006-0.111) 0.000
Etoposide-based regimens
Other therapy

(median OS, 0.450 vs 13.000 months, P = 0.024, Figure 5D), PT prolonged > 6 s (median OS, 0.185 vs 0.684 months,
P =0.017, Figure 5E), TBil > 25umol/L (median OS, 0.415 vs 0.960 months, P = 0.043, Figure 5F) and patients who did
not receive etoposide-based regimens (median OS, 0.240 vs not reached months, P = 0.000) were associated with a poor
outcome (Table 5).

Discussion

HLH is an acute disease that may lead to organ failure and premature death. Numerous retrospective observational
studies have described HLH patients admitted to the ICU.'”?° However, some critically ill patients with HLH fail to
enter the ICU due to economic and other factors. Therefore, our cohort included patients who needed supportive life care,
such as mechanical ventilation, CRRT, and vasoactive drug application, to avoid the possible data loss caused by the
inclusion of patients only from the ICU.

In previous retrospective studies, the proportion of HLH caused by infection is about 30%, while it is increased
significantly to 40-50% in patients with severe HLH.?' ** Of the 50 patients we included, up to 72% were infected. This
is related to the large bias caused by the limited number of cases in our single center. But combined with previous
reports, there is indeed an increased proportion of infectious causes in severe patients. Under the stimulation of
pathogens, monocytes/macrophages and neutrophils are continuously activated and secrete many pro-inflammatory
factors, such as TNF-a, IL-6, IFN-yand IL-B, which further promote the activation of macrophages and prolong the
survival time.?**° The above process predisposes patients to hemodynamic instability due to endothelial dysfunction. In
our present study, 86.11% (31/36) induced by infection were complicated with septic shock. Microcirculation disturbance
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leads to fibrin deposition and PLT aggregation in microvessels, which, together with the primary cause, leads to DIC.>¢2®
Thrombosis and hemorrhage in the course of DIC aggravate the shock. In short, DIC and shock are mutually causal,
which form a vicious circle, further destroying the blood supply to organs and promoting the development of MODS.
Therefore, HLH patients with infection are more prone to rapid deterioration.

In terms of clinical manifestations, in addition to HLH-related symptoms, the liver function damage is the most prominent
in our group of critically ill patients. The biochemical results showed a high proportion of abnormal liver enzymes in patients
(68.00% ALT, 88.00% AST, and 40.00% TBil), and 26.00% (13/50) of patients had liver failure. The mechanism underlying
the HLH-induced liver injury is unclear. It is generally believed to be caused by infiltration of activated hemophagocytic tissue
cells or excessive production of cytokines,” resulting in anemia, elevated LDH, hyperbilirubinemia, hypoalbuminemia,
further cytokine increase, and even inflammatory factor storm.>** Liver failure is rare in HLH.** In the existing reports of

17:35 which is similar to

severe patients, 1-29% of patients are diagnosed with acute liver failure (ALF) during hospitalization,
our results. Our data also showed that ALF is a risk factor associated with mortality, suggesting that timely intervention in
controlling liver diseases and avoiding the end-stage of the related organ were highly significant.

Judging from previous reports, critically ill patients with HLH could benefit from etoposide-based regimens.
Etoposide and corticosteroids can effectively inhibit the proliferation of cytotoxic T lymphocytes and macrophage
activity to control the inflammatory response, which is related to reduced lactate levels and improved organ
failure.>** Aoyagi et al have improved respiratory status and inflammatory marker levels in ARDS patients with
etoposide and corticosteroids.*® In addition, Vigneron et al have observed a reduction in non-PLT SOFA (npSOFA) in
HLH patients treated with etoposide.®” Therefore, we chose the etoposide-based regimen for critically ill patients.

However, in the face of HLH patients in a critical state, there is no international consensus on whether to treat HLH
quickly and timely while providing life support or waiting for the vital signs to stabilize before therapy. In our present
study, 18 HLH patients started etoposide-based treatment under critical conditions and withdrew from ECG monitoring
(median time: 13 days), significantly improving respiratory and circulatory systems. After 4 weeks of treatment, 7
indicators, including sCD25 and FER concentrations, in 13 evaluable patients were significantly improved. Six patients
achieved PR, and the 30-day survival rate was 100%. As of the last follow-up, 66.67% of patients were alive. Of the
patients receiving symptomatic treatment only, 10 patients received corticosteroids, and no survival benefit was observed,
which was consistent with previous studies.*® All patients in this group died before discharge, and the longest survival
time was 1.7 months. The experience of these patients showed that when critically ill patients were receiving life support
technology, early initiation of HLH treatment could rapidly improve and reverse the patient’s multisystem failure, thereby
saving lives and curing diseases. However, symptomatic treatment and life support technology alone could not stabilize
vital signs and change the outcome of rapid death.

We further compared the survival prognosis of 134 general patients who received an etoposide-based HLH regimens
with 18 severe patients in our center and found that there was no significant difference in survival between the severe group
and the general group (P = 0.094). It was worth noting that the proportion of underlying diseases with poor prognoses (EBV
infection and malignancy-associated HLH) in the severe group was much lower than that in the general group (38.89% vs
70.89%). It also illustrated that even if the patients with non-EBV infection and non-malignancy-associated HLH were
critically ill, they could still be cured after receiving etoposide therapy timely and achieve long-term survival compared with
ordinary patients. It is necessary to expand the sample size for further comparison and validation.

Conclusions

Collectively, our data showed that the prognosis of critically ill HLH patients was poor. Patients with PCT > 0.5 ug/L,
TBil > 25umol/L, PT prolonged > 6 s, respiratory failure, renal failure, liver failure and did not receive an etoposide-
based regimen were at higher risk of death. These severe HLH patients required increased awareness and prompt early
intervention of HLH treatment. For these patients, the etoposide-based regimens might be an effective treatment to
reverse worsening clinical progression and gain a chance of survival.
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