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Abstract. Lymphoma-associated hemophagocytic syndrome
(LAHS) is characterized by rapid onset, rapid progression
and a poor prognosis, and is easy to misdiagnose. In order to
improve the clinical understanding, diagnosis and treatment of
LAHS, the clinical characteristics and risk factors of LAHS
were discussed by retrospective data analysis in the present
study. The clinical characteristics of 324 patients with newly
diagnosed hemophagocytic syndrome (HPS) were retrospec-
tively investigated. The patients were divided into two groups:
The LAHS group comprising 139 patients with LAHS and
the non-LAHS group comprising 185 patients with HPS that
was not associated with lymphoma. The clinical features and
prognosis of the two groups were compared. Patients in the
LAHS group had higher levels of total bilirubin (P=0.005)
and indirect bilirubin (P=0.006). In addition, patients in the
LAHS group had a higher early mortality rate (50.4 vs. 34.6%;
P=0.004), higher recurrence rate (30.2 vs. 15.1%; P=0.001),
reduced 5-year overall survival rate (OS; 21.5 vs. 52.4%;
P<0.001) and reduced relapse-free survival rate (RFS; 7.7
vs. 48.3%; P<0.001) compared with those in the non-LAHS
group. If patients with early mortality in the two groups were
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excluded, the 5-year OS rates were improved and also signifi-
cantly different (43.3 vs. 80.2%; P=0.041). The 5-year OS and
REFS of patients in the LAHS group who had received chemo-
therapy were significantly superior compared with those who
had not received chemotherapy (P<0.001). Multivariate anal-
ysis showed that an activated partial thromboplastin time of
>36.0 sec (P=0.020) and serum lactate dehydrogenase level of
>1,000 U/1 (P=0.045) were independent risk factors for a poor
LAHS prognosis. The outcomes of the patients with LAHS
were worse than those of those with other types of HPS due to
the higher early mortality rate. Therefore, it may be concluded
that the reduction of the early mortality rate of patients with
LAHS is of great importance.

Introduction

Hemophagocytic syndrome (HPS), also known as hemophago-
cytic lymphohistiocytosis (HLH), is an immune-mediated
syndrome with a typically rapid progression (1). HPS is a
serious disease, the main clinical manifestations of which
are fever, hemocytopenia, ferremia, hypertriglyceridemia,
hepatosplenomegaly and hemophagocytosis affecting the bone
marrow, liver, spleen or lymph nodes (2). HPS is classified into
two distinct forms: Primary or familial HPS and secondary
HPS. Secondary HPS may develop as a consequence of strong
immune activation due to severe infections, malignancies or
autoimmune diseases. Currently, the most common secondary
HPS is lymphoma-associated HPS (LAHS), which has been
reported in 20-67% of patients (3-5).

LAHS has been extensively described in occidental coun-
tries (6,7). However, there maybe marked differences between
the Asian population and patients from western countries.
It is notable that natural killer/T-cell lymphoma and T-cell
lymphoma are rare in western countries but very common in
Asian countries (6). In addition, the most common pathological
type in Asian populations is NK/T-cell LAHS (NK/T-LAHS),
which accounts for 35% of patients with LAHS (8).

There is no unified understanding of the clinical features
and prognostic factors of LAHS. As the clinical manifestations
and treatment response of LAHS are not only affected by HPS
itself but are also associated with lymphoma, the prognosis is
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often poor (9,10). At present, there is no standard and effective
first-line treatment for LAHS, although the HLH-1994 treat-
ment protocol is the most widely used. However, a clinical
study revealed that 30% of patients with HPS did not respond to
the standard HLH-1994 regimen and died during the first few
weeks of treatment, and the efficacy of this regimen in patients
with LAHS was particularly poor (11). A study of 137 patients
with HPS in Germany showed that the median survival dura-
tion of patients with idiopathic HPS was 248 days and that
of patients with infection-associated HPS was 641 days (12).
Chang et al (13) studied the prognosis of patients with
LAHS and observed a median survival time of 43 days for
all patients, with B-cell LAHS (B-LAHS) and NK/T-LAHS
having median survival times of 55 and 40 days, respectively.
Furthermore, Liu er al (14) also found that the prognosis of
patients with NK/T-LAHS was poor, with a mortality rate
of 96.4% and median survival time of only 15 days; its prog-
nosis is worse than that of other types of HPS (3,6,9,15). In
addition, a study of 567 patients with HPS in Japan between
2001 and 2005 showed that patients with NK/T-LAHS had
the worst prognosis, with a 5-year survival rate of <15%,
followed by familial HPS and B-LAHS (3). Numerous studies
have confirmed that the prognosis of patients with LAHS is
relatively poor (3-5,16,17).

Due to its rarity and the heterogeneity of inducing factors
and clinical outcomes, the management of LAHS remains
challenging. Few reports have focused on LAHS due to its low
incidence rate. Therefore, the present study retrospectively
analyzed the clinical features, treatment and prognosis of
LAHS with the goal of providing valuable guidance for the
diagnosis and treatment of patients with LAHS.

Patients and methods

Patients. The 139 patients with lymphoma and LAHS (LAHS
group) and 185 patients with HPS that was not associated with
lymphoma (non-LAHS group) who were admitted to The First
Affiliated Hospital of Medical School of Zhejiang University
(Hangzhou, China) and the Cancer Hospital of the University
of Chinese Academy of Sciences (Hangzhou, China) between
January 2014 and February 2021 were enrolled in the present
study. These patients were retrospectively analyzed in a clinical
study designated as ‘Lymphoma-Associated Hemophagocytic
Syndrome’. All patients met the following inclusion criteria:
Adolescent and adult patients aged =14 years; met the
HLH-2004 diagnostic criteria (18); and evidence of malignant
lymphoma for the LAHS group. Exclusion criteria: Did not
meet the HLH-2004 diagnostic criteria or met the diagnostic
criteria but had not received treatment; and no evidence of
malignant lymphoma for the non-LAHS group. The diag-
nosis of malignant lymphoma was based on the 2008 World
Health Organization classification. The medical records of
all the diagnosed cases at their presentation to hospital were
reviewed. The study was reviewed and approved by the ethics
committees of The First Affiliated Hospital of Medical School
of Zhejiang University and the Cancer Hospital Affiliated
with the University of Chinese Academy of Sciences (ethical
approval no.: IRB-2022-55). All patients provided written
informed consent. The study was performed in accordance
with The Declaration of Helsinki.

Diagnostic criteria. The diagnosis of HPS was based on the
HLH-2004 protocol standard (Group 2004) (18). The patients
were diagnosed with LAHS if they were pathologically diag-
nosed with lymphoma and met at least five of the following
eight criteria: i) fever; ii) splenomegaly; iii) cytopenia
affecting at least two lineages in the peripheral blood, defined
as hemoglobin <90 g/1, platelets <100x10°1 and neutrophils
<1.0x10%/1; iv) hypertriglyceridemia (triglycerides >3 mmol/l)
and/or hypofibrinogenemia (fibrinogen <1.5 g/l); v) ferritin
=500 pg/l; vi) soluble interleukin-2 receptor (sCD25)
=2.,400 U/ml; vii) decreased or absent NK-cell activity; and
viii) hemophagocytosis in the bone marrow, spleen, liver or
lymph nodes. NK cell activity and the level of sCD25 were
not tested in the patients because suitable test methods were
unavailable at the time of diagnosis. Most patients in the LAHS
group presented with HPS at the diagnosis of lymphoma and
a small number of patients developed HPS during the clinical
course of lymphoma, typically at the advanced stage.

Laboratory examination. All patients underwent a physical
examination and hematological tests, including a complete
blood count, blood biochemical function test and coagulation
function test. The percentage of macrophages in the bone
marrow was also measured. Biopsy specimens from involved
sites were assessed, as well as bone marrow smears and
biopsies.

Therapeutic regimens. The patients received induction treat-
ment with the HLH-1994 regimen. For patients with LAHS,
once the HPS was controlled, the chemotherapy regimen
appropriate for the type of lymphoma that was present was
administered to treat the primary disease. The COPE or
ECHOP (etoposide + dexamethasone + vindesine + cyclo-
phosphamide + nordoxorubicin) regimen was mainly used
for NK/T-cell lymphoma or T-cell lymphoma, the R-CHOP
(rituximab + dexamethasone + vindesine + cyclophosphamide
+ nordoxorubicin) regimen was used for non-Hodgkin's B-cell
lymphoma and the ABVD (epirubicin + bleomycin + vindesin
+ dacarbazine) regimen was used for Hodgkin's lymphoma.
Patients with infections were treated with antibiotics and/or
antiviral drugs. Blood transfusions included the transfusion
of erythrocyte suspensions, platelets, fresh plasma and blood
products.

Study endpoints and definitions. Early death was defined as
mortality due to any cause within 30 days after the diagnosis
of HPS. Overall survival (OS) and recurrence free survival
(RFS) refer to the time from the diagnosis of HPS to patient
death and diagnosis of HPS recurrence, respectively. All
cases were followed up through outpatient re-examination or
telephone interviews, and the follow-up was performed up to
January 31, 2022.

Statistical analysis. Clinical and laboratory data were
compared between the LAHS and non-LAHS groups using
¥* and Fisher's exact probability tests for frequency data and
Mann-Whitney U test for age. Kaplan-Meier curves were
used to calculate and analyze the OS rate. The differences
in survival rates between groups were compared using the
log-rank method. The Cox risk regression model was used
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to analyze the factors associated with LAHS via univariate
analysis. The factors shown to be statistically significant
by the univariate analysis were incorporated into a Cox
risk regression model for multivariate analysis. P<0.05
was considered to indicate a statistically significant result.
Statistical analysis was performed using SPSS 19 software
(IBM Corp.).

Results

Patient characteristics. A total of 324 patients were included
in the study. The clinical parameters of the patients are shown
in Tables I and II. The male to female ratio was 1.4:1 and the
median age was 50 years (range, 14-90 years). In the LAHS
group, 119 patients developed HPS at the initial diagnosis of
lymphoma and 20 patients developed HPS at the recurrence of
lymphoma. Total bilirubin, indirect bilirubin, hepatomegaly
and lymphadenopathy in the LAHS group were significantly
higher compared with those in the non-LAHS group (P=0.005,
P=0.006, P=0.009 and P=0.003, respectively; Table I). Age,
sex, white blood cell count, hemoglobin and platelet level were
not found to be significantly different between the LAHS and
non-LAHS groups. During the follow-up, 134/324 (41.4%)
patients died within 30 days after diagnosis. These early
deaths were of 70/139 (50.4%) patients in the LAHS group and
64/185 (34.6%) patients in the non-LAHS group. In addition,
70/324 (21.6%) patients experienced a recurrence, including
42/139 (30.2%) patients in the LAHS group and 28/185 (15.1%)
patients in the non-LAHS group. In the LAHS group, the most
frequent histopathological subtypes were T-cell lymphoma in
100 patients (71.9%) and extranodal NK/T-cell lymphoma in
63 patients (45.3%), followed by diffuse large B-cell lymphoma
in 27 patients (19.4%) and peripheral T-cell lymphoma in
15 patients (10.8%) (Table II). In the non-LAHS group, 17
(9.2%) patients had autoimmune disease and 32 (17.3%) had no
confirmed basic diseases. There were also 33 (17.8%) patients
with Epstein-Barr virus infection, 4 (2.2%) with cytomegalo-
virus, 86 (46.5%) with infection and 13 (7.0%) with potential
hematological diseases.

Comparison of therapeutic response in the LAHS and
non-LAHS groups. The patients in the LAHS group received
five different treatments. Two patients received intravenous
immunoglobulin (IVIG) alone (1.4%), 41 patients received
glucocorticoid (GC) alone (29.5%), 10 patients received
GC combined with IVIG (7.2%), 72 patients received GC
combined with chemotherapy (51.8%), and 14 patients received
GC combined with IVIG and chemotherapy (10.1%; Fig. 1).
The patients in the non-LAHS group received HLH-2004
treatments.

Association between disease characteristics and early death
in LASH. There were 70 early deaths of patients in the LAHS
group. The analysis of various disease characteristics revealed
that the early death rate was significantly higher in patients
with a platelet count of <20.0x10%1, fibrinogen level of <1.5 g/1,
activated partial thromboplastin time (APTT) of >36.0 sec,
prothrombin time of >13.5 sec, lactate dehydrogenase (LDH)
level of >1,000 U/, ferritin level of >10,000 xg/1 and spleno-
megaly (Table I11).
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Figure 1. Distribution of five treatments in patients with lymphoma-asso-
ciated hemophagocytic syndrome. GC, glucocorticoid; IVIG, intravenous
immunoglobulin.

Comparison of recurrence and survival between the LAHS
and non-LAHS groups. The median follow-up time for the
324 patients was 12 months (interquartile range, 1-65 months).
By the end of follow-up, 90 (64.7%) patients in the LAHS group
had died and 70 (50.4%) of these deaths were defined as early
mortality. The 5-year RFS and OS rates in the LAHS group
were low at 7.7 and 21.5%, respectively. By contrast, the 5-year
RFS and OS rates in the non-LAHS group were high at 48.3
and 52.4%, respectively. There was a significant difference in
OS between the two groups as indicated by the log-rank test
(P<0.001). In addition, the 5-year RFS in the LAHS group was
significantly lower than that in the non-LAHS group (P<0.001).
When patients who died early were excluded from the two
groups, the 5-year OS rates were improved and significantly
different (43.3 vs. 80.2; P=0.041), and the 5-year RFS rates
also remained significantly different (22.9 vs. 73.8; P=0.002;
Figs. 2-5).

Univariate and multivariate analysis of early death in
LAHS. Univariate analysis indicated that OS was signifi-
cantly associated with coagulation dysfunction (APTT
>36.0 sec), abnormal LDH (>1,000 U/I) and abnormal
ferritin (>10,000 ug/l). The subsequent multivariate anal-
ysis revealed that coagulation dysfunction and abnormal
LDH were independent prognostic indicators of reduced
OS (Table IV).

Survival rate comparison between LAHS patients with and
without chemotherapy. The 5-year OS and RFS rates in
the patients with LAHS who had received chemotherapy
were 30.7 and 10.9%, respectively. By comparison, the
5-year OS and RFS rates in the patients with LAHS who
had not received chemotherapy were very low at 8.9 and
7.2%, respectively. Log-rank tests showed that there was
a significant difference in OS between the two groups
(P<0.001), and that the 5-year RFS of patients who had not
received chemotherapy was significantly lower than that
of patients who had undergone chemotherapy (P<0.001;
Figs. 6 and 7).

Survival rate comparison between patients with LAHS of
different pathological subtypes. The 5-year OS and RFS
rates in the B-cell lymphoma group were high at 58.3 and
21.1%, respectively. The 5-year OS and RFS rates in the T-cell
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Table I. Comparison of clinical features and prognosis in the LAHS and non-LAHS groups.

LAHS group  Non-LAHS group
Variable Total (n=324) (n=139) (n=185) P-value
Age, median (range), years 50 (14-90) 53 (17-84) 49 (14-90) 0.059
Sex, n (%) 0.058
Male 188 (58.0) 89 (64.0) 99 (53.5)
Female 136 (42.0) 50 (36.0) 86 (46.5)
T>40.0°C, n (%) 94 (29.1) 42 (30.2) 52 (28.1) 0.679
WBC <4.0x10%1, n (%) 263 (81.2) 117 (84.2) 146 (78.9) 0.231
N =0.5x10%1, n (%) 75 (23.1) 32(23.0) 43 (23.2) 0.963
L <0.5x10%/1, n (%) 198 (61.1) 93 (66.9) 105 (56.8) 0.064
Hb <60 g/l,n (%) 82 (25.3) 36 (25.9) 46 (24.9) 0.832
Plt <20x10°/1, n (%) 128 (39.5) 63 (45.3) 65 (35.1) 0.063
Fib <1.5 g/1, n (%) 217 (66.9) 92 (66.2) 125 (67.6) 0.794
APTT >36 sec, n (%) 239 (73.8) 100 (71.9) 139 (75.1) 0.518
PT >13.5 sec, n (%) 201 (62.0) 79 (56.8) 122 (65.9) 0.094
D-dimer >700 ug/l, n (%) 283 (87.3) 127 (91.4) 156 (84.3) 0.052
ALB <30 g/l,n (%) 246 (75.9) 105 (75.5) 141 (76.2) 0.888
GLB <20 g/, n (%) 190 (58.6) 90 (64.7) 100 (54.1) 0.053
ALT >40 U/l, n (%) 255 (78.7) 105 (75.5) 150 (81.1) 0.228
AST >50 U/l, n (%) 262 (80.9) 106 (76.3) 156 (84.3) 0.068
TB>21 pmol/l, n (%) 183 (56.5) 91 (65.5) 92 (49.7) 0.005
DB >10 gmol/l, n (%) 187 (57.7) 84 (60.4) 103 (55.7) 0.391
IB >14 pmol/l, n (%) 142 (43.8) 73 (52.5) 69 (37.3) 0.006
Cr abnormal, n (%) 208 (64.2) 93 (66.9) 115 (62.2) 0.378
Urea >8.2 mmol/l n (%) 164 (50.6) 79 (56.8) 85 (45.9) 0.052
TG >3 mmol/l, n (%) 157 (48.5) 60 (43.2) 97 (52.4) 0.099
LDH >1,000 U/, n (%) 141 (43.5) 59 (42.4) 82 (44.3) 0.736
Ferritin >10,000 ug/l,n (%) 137 (42.3) 59 (42.4) 78 (42.2) 0.959
CRP >100 mg/l, n (%) 76 (23.5) 31(22.3) 45 (24.3) 0.671
Pneumonia, n (%) 160 (49.4) 72 (51.8) 88 (47.6) 0451
Splenomegaly, n (%) 226 (69.8) 97 (69.8) 129 (69.7) 0.992
Hepatomegaly, n (%) 48 (14.8) 29 (20.9) 19 (10.3) 0.009
Lymphadenopathy, n (%) 91 (28.1) 51 (36.7) 40 (21.6) 0.003
Early mortality, n (%) 134 (41.4) 70 (50.4) 64 (34.6) 0.004
Recurrence, n (%) 70 (21.6) 42 (30.2) 28 (15.1) 0.001
5-year overall survival (%) - 21.5 524 <0.001
5-year relapse-free survival (%) - 7.7 483 <0.001
5-year overall survival (excluding early mortality) (%) - 433 80.2 0.041
5-year relapse-free survival (excluding early mortality) (%) - 229 73.8 0.002

LAHS, lymphoma-associated hemophagocytic syndrome; T, temperature; WBC, white blood cell; N, neutrophil; L, lymphocyte; Hb, hemo-
globin; PIt, platelet; Fib, fibrinogen; PT, prothrombin time; APTT, activated partial thromboplastin time; ALB, albumin; GLB, globulin; ALT,
alanine transaminase; AST, aspartate aminotransferase; TB, total bilirubin; DB, direct bilirubin; IB, indirect bilirubin; Cr, creatinine; urea,

blood urea; TG, triglyceride; LDH, lactate dehydrogenase; CRP, C-reactive protein; Cr abnormal, Cr <45 or >85 ymol/I.

lymphoma group were much lower, at 11.7 and 0% respectively.
The 5-year OS and RFS rates in the Hodgkin's lymphoma
group were both 0%. Log-rank tests identified a significant
difference in OS among the three groups (P=0.022) and indi-
cated that the 5-year RFS of patients in the B-cell lymphoma
group was significantly higher than that of patients in the
chemotherapy and Hodgkin's lymphoma groups (P=0.047,
Figs. 8 and 9).

Discussion

Tumor-associated HPS most frequently occurs secondary
to hematological malignancies, such as lymphoma (18).
LAHS is a major subtype of secondary HPS with a poor
outcome (9,19,20). Therefore, the identification of means for
improving the survival rate of patients with LAHS is a key and
challenging issue in the treatment of HPS, for which clinical
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Table II. Pathological subtypes of lymphoma of the 139 patients
with lymphoma-associated hemophagocytic syndrome.
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Table III. Analysis of early mortality in patients with
lymphoma-associated hemophagocytic syndrome.

Pathological subtype N (%) Variable N Early death, n (%) P-value
Hodgkin's lymphoma 3(2.2) Age, years 0.238
Non-Hodgkin's lymphoma 136 (97.8) <60 90 42 (46.7)
B-cell lymphoma 36 (25.9) >60 49 28 (57.1)
Diffuse large B-cell lymphoma 27 (194) WBC, cells/l 0.175
Burkitt lymphoma 6(44) <4.0x10° 117 56 (47.9)
Mantle cell lymphoma 1(0.7) >4.0x10° 22 14 (63.6)
Lymphoplasmacytic lymphoma 2(14) Hb, g/1 0.662
Extranodal NK/T-cell lymphoma 63 (453) >60.0 103 53 (515)
Angioim@unoblastic T-cell lymphoma 14 (10.1) PIL, cells/l 0.005
Anaplastic large cell lymphoma, ALK (-) 8(5.8)
Peripheral T-cell lymphoma, NOS 15 (10.8) <20.0x10° 63 40 (63.5)
P ymphoma, ' >20.0x10° 76 30 (39.5)
NOS, not otherwise specified. Fib, g/l 0.002
<15 92 55(59.8)
>1.5 47 15 (31.9)
100 —i- LAHS APTT, sec <0.001
90 —— Non-LAHS <36.0 39 10 (25.6)
© 801 >36.0 100 60 (60.0)
= 70+
S %0 _:.L'u.‘ PT, sec 0.002
% 50 _i‘: AL00000) B0) B0 0 RURARRNEN ) NN L DR H) N 1 (185) S13,5 60 21 (35.0)
§ gg ] L b >13.5 79 49 (62.0)
3 204 s (139) ALB, g/l 0.104
104 <30.0 105 57 (54.3)
0 T . T . . : >30 34 13 (38.2)
0 12 24. 36 48 60 72 GLB, g/l 0342
Time (months) <200 90 48 (53.3)
Figure 2. Comparison of the 5-year overall survival of patients in the LAHS >20.0 49 22 (449)
and non-LAHS groups. The overall survival rates were 21.5 vs. 52.4%,
respectively (P<0.001). LAHS, lymphoma-associated hemophagocytic AL, U 0.218
syndrome; non-LAHS, other type of hemophagocytic syndrome. =40.0 34 14 (41.2)
>40.0 105 56 (53.3)
AST, U/l 0.149
data are lacking. The present study sought to investigate the =500 33 13(394)
clinical features and prognostic factors of patients with LAHS, >50.0 106 S7(53.8)
with the aim of exploring individualized therapeutic strategies ~ TB, gmol/l 0.676
to reduce the recurrence rate and early mortality in patients <21.0 48 23 (47.9)
with LAHS and to improve their long-term survival rate. >21.0 91 47 (51.6)
The present study retrospectively analyzed 324 patients
who were diagnosed with HPS between January 2014 and DB, ymol/l 0.775
February 2021. A total of 139 patients with LAHS were =100 ) 25 (45.5)
evaluated, accounting for 42.9% of the cohort, which was >100 84 45 (53.6)
consistent with previous reports (20,21). Studies have shown  IB, gmol/l 0.674
that LAHS is most commonly secondary to diffuse large <140 66 32 (48.5)
B-cell lymphoma in the Europe and Japan, but predominantly >14.0 73 38 (52.1)
secondary to T-cell lymphoma in China and Korea (3,6,20). Cr 0254
In the present study, LAHS was associated with T-LAHS ’
. . S . . Abnormal 93 50 (53.8)
in~71.9% of patients, which is in line with previous reports of
50.0-75.4% (13.21,22). Normal 46 20 (43.5)
No significant differences in age, sex, white blood cell TG, mmol/l 0.340
count, hemoglobin or platelet levels were detected between <30 79 37 (46.8)
the LAHS and non-LAHS groups. The percentages of patients >30 60 33 (55.0)
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Table III. Continued.

Variable N Early death, n (%) P-value
LDH, U/l <0.001
<1,000 80 28 (35.0)
>1,000 59 42 (71.2)
Ferritin, g/l 0.012
<10,000 80 33 (41.2)
>10,000 59 37 (62.7)
Spleen 0.017
Splenomegaly 97 55 (56.7)
Normal 42 15(35.7)

WBC, white blood cell; Hb, hemoglobin; Plt, platelet; Fib, fibrinogen;
PT, prothrombin time; APTT, activated partial thromboplastin time;
ALB, albumin; GLB, globulin; ALT, alanine transaminase; AST,
aspartate aminotransferase; TB, total bilirubin; DB, direct bilirubin;
IB, indirect bilirubin; Cr, creatinine; TG, triglyceride; LDH, lactate
dehydrogenase; Cr abnormal, CR <45 or >85 ygmol/l; Cr normal, Cr
45-85 pmol/l.

100
90
80
70
60
50-]
40+ 'H_.L

304 Tt
20 B

10 1, (139)

--t-- LAHS
—— Non-LAHS

/

(185)

[TETETETI R TR TRV IR T T1

Relapse-free survival (%)

T T
0O 10 20 30 40 50 60 70
Time (months)

Figure 3. Comparison of the 5-year relapse-free survival of patients in the
LAHS and non-LAHS groups. The overall survival rates were 7.7 vs. 48.3%,
respectively (P<0.001). LAHS, lymphoma-associated hemophagocytic
syndrome; non-LAHS, other type of hemophagocytic syndrome.

with a total bilirubin level of >21 ymol/l and indirect bilirubin
level of >14 umol/l in the LAHS group were significantly
higher compared with those in the non-LAHS group. Previous
studies have demonstrated that there is a significant differ-
ence in total bilirubin indicators between groups of patients
with different prognostic factors, and the evident anomaly of
various indicators is associated with disease-induced multiple
organ function impairment (23,24). Therefore, these may be
among the causes of the high early mortality rate in patients
with LAHS. Hyperbilirubinemia is considered to be a risk
factor of early death (25). Hepatomegaly and lymphade-
nopathy were also significantly different between the LAHS
and non-LAHS groups in the present study, which was likely
associated with secondary lymphoma in patients with LAHS.
Notably, hepatomegaly is a risk factor for NK/T-LAHS (26).
In a previous study, Ishii et al (3) analyzed the outcomes
of distinct subtypes of HPS, which revealed that the
5-year OS rates were 89.6% for autoimmune-associated
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Figure 4. Comparison of the 5-year overall survival of patients in the
LAHS and non-LAHS groups excluding patients with early death. The
overall survival rates were 43.3 vs. 80.2%, respectively (P=0.041). LAHS,
lymphoma-associated hemophagocytic syndrome; non-LAHS, other type of
hemophagocytic syndrome.
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Figure 5. Comparison of the 5-year relapse-free survival of patients in the
LAHS and non-LAHS groups excluding patients with early death. The
relapse-free survival rates were 22.9 vs. 73.8%, respectively (P=0.002).
LAHS, lymphoma-associated hemophagocytic syndrome; non-LAHS, other
type of hemophagocytic syndrome.

HPS, 89.0% for other infection-associated HPS, 82.7% for
Epstein-Barr virus-HPS, 48.2% for B-LAHS and 12.2%
for NK/T-LAHS. The overall mortality associated with
LAHS has been reported to be 79.6% (26). A study of
28 cases of T-LAHS reported that all patients died, with
89.0% deaths occurring within 6 months of diagnosis (9).
The present study retrospectively analyzed the prognosis
for 139 patients with LAHS. The OS of patients with LAHS
was significantly lower than that in patients with non-LAHS
(21.5 vs. 52.4%; P<0.001). However, when patients with early
mortality were excluded, the difference in OS between the
patients with and without LAHS appeared to decrease, as
the difference was less significant (P=0.041). This shows
that if LAHS patients can overcome early death, their OS
improves significantly. Therefore, it is essential to reduce
early mortality in order to improve the prognosis of
patients with LAHS. At present, there is no unified standard
treatment for LAHS, and the optimal therapeutic option
remains largely undefined. Various therapeutic strategies
have been reported, such as steroid pulse therapy, IVIG,
the CHOP regimen, the HPS-2004 protocol, the HPS-94
protocol and CD25 monoclonal antibody treatment (6).
However, the complexity of LAHS may delay the timing of
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Table IV. Univariate and multivariate analysis of the overall survival of patients with lymphoma-associated hemophagocytic

syndrome.

Univariate analysis Multivariate analysis
Variable HR 95% CI P-value HR 95% CI P-value
Plt <20.0x10%/1 1.556 0.971-2.493 0.066 - - -
Fib <1.5 g/l 1.573 0.920-2.689 0.098 - - -
APTT >36.0 sec 2.641 1.351-5.164 0.005 2.250 1.134-4 463 0.020
PT >13.5 sec 1.518 0.927-2.487 0.097 - - -
LDH >1,000.0 U/l 2.244 1.390-3.623 0.001 1.703 1.013-2.863 0.045
Ferritin >10,000.0 ug/1 1.800 1.123-2.886 0.015 1.463 0.885-2.421 0.138
Splenomegaly 1.184 0.699-2.006 0.529 - - -

HR, hazard ratio; CI, confidence interval; Plt, platelet; Fib, fibrinogen; APTT, activated partial thromboplastin time; PT, prothrombin time;

LDH, lactate dehydrogenase.
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Figure 6. Comparison of the 5-year overall survival of patients with
lymphoma-associated hemophagocytic syndrome according to whether their
treatments included or excluded chemotherapy. The overall survival rates
were 30.7 vs. 8.9%, respectively (P<0.001).
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Figure 7. Comparison of the 5-year relapse-free survival of patients with
lymphoma-associated hemophagocytic syndrome according to whether their
treatments included or excluded chemotherapy. The relapse-free survival
rates were 10.9 vs. 7.2%, respectively (P<0.001).

the primary disease treatment, which is not conducive to a
favorable outcome and the prognosis of the disease (27,28).
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Figure 8. Comparison of the 5-year overall survival of patients with
lymphoma-associated hemophagocytic syndrome according to the type of
lymphoma. The overall survival rates in the Hodgkin's lymphoma, B-cell
lymphoma and T-cell lymphoma groups were 0 vs. 58.3 vs. 11.7%, respec-
tively (P=0.022).
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Figure 9. Comparison of 5-year relapse-free survival of patients with
lymphoma-associated hemophagocytic syndrome according to the type
of lymphoma. The relapse-free survival rates in the Hodgkin's lymphoma,
B-cell lymphoma and T-cell lymphoma groups were 0 vs. 21.1 vs. 0%, respec-
tively (P=0.047).

Chemotherapy-resistant LAHS requires hematopoietic stem
cell transplantation (7,9,13,29). The median survival time for
patients with LAHS who do not receive chemotherapy has
been reported to be only 11 days (30). In the present study,
61.9% of the patients with LAHS received a chemotherapy
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regimen. The 5-year OS and RFS of patients who received
chemotherapy were significantly higher than those in the
patients who did not receive chemotherapy. The aggressive
treatment of primary tumors in cases of tumor-associated
HPS has been recommended (13,27,31). Although the current
study focused on a small number of patients, it indicates that
chemotherapy for lymphoma has great potential in the treat-
ment of LAHS, and can improve patient prognosis.

Early mortality continues to be the main factor affecting
the efficacy of HPS. The mortality associated with LAHS
is notably high. Therefore, early treatment with intensive
chemotherapy is critical for improving OS. In the present
study, the early mortality of patients with LAHS was signif-
icantly higher than that of the patients in the non-LAHS
group (50.4 vs. 34.6%; P=0.004). Jin et al (27) reported
an early (30-day) mortality rate of 51.1% for patients
with NK/T-LAHS. Other studies have reported a median
survival time for patients with T-LAHS ranging from 11 to
40 days (9,30,32). Hence, it is clear that LAHS is dangerous
and the early stage of the disease is the time at which the risk
of death is greatest. The present study further analyzed the
risk factors associated with early death. Univariate analysis
indicated that OS was significantly associated with coagu-
lation dysfunction (>36.0 sec), abnormal LDH (>1,000 U/1)
and abnormal ferritin (>10,000 ug/l). Multivariate analysis
indicated that coagulation dysfunction and abnormal LDH
were independent prognostic indicators of reduced OS,
which was consistent with previous research (27,33-35).
Disseminated intravascular coagulation (DIC) caused
by coagulation dysfunction is one of the main causes of
HPS-associated death (9,36-38). Patients with T-LAHS are
prone to DIC, while the association of B-LAHS with DIC is
less common (39). Li et al (26) found that 10 cases of early
death among 103 patients with HPS were complicated by
DIC. Therefore, the early detection of coagulation abnor-
malities, the timely correction and prevention of DIC and
thus the reduction of early mortality are critical (26). For
this group of patients, early use of the CHOP regimen to
treat LAHS is recommended, in order to suppress inflam-
mation, prevent severe coagulopathy and severe infections
and minimize early mortality, thereby achieving better
results.

The present study has some limitations. Firstly, it is a
retrospective study that is based on the analysis of medical
records, which may have some bias. Secondly, the detec-
tion of sCD25 and NK cell activity were not performed.
Another limitation is that immortal time bias was not
accounted for.

In summary, the onset of LAHS is dangerous. LAHS has
a high early mortality rate and the prognosis of patients with
LAHS is significantly worse than that of patients with other
types of HPS. Once LAHS has been diagnosed, the treatment
of lymphoma is particularly important. Since the mortality
associated with LAHS is high, the early recognition and treat-
ment of DIC and reduction of early mortality rate are critical
for improving OS.
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