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Abstract
Background: Hemophagocytic lymphohistiocytosis (HLH) is a severe or even fatal in�ammatory status
caused by a hereditary or acquired immunoregulatory abnormality. Lymphoma associated
hemophagocytic lymphohistiocytosis (LAHS) is a kind of secondary HLH (sHLH). It has the worst
prognosis among sHLH. However, there’s still no standard treatment strategy. The argument mainly
focuses on whether an HLH-directed or malignancy-directed approach should initially be adopted.
Etoposide is one of the key drugs in HLH treatment, also effective in lymphomas. We sought to identify the
importance of containing etoposide in initial treatment, comparing with the chemotherapy which directed
at lymphoma but without etoposide.

Methods: 66 patients diagnosed as LAHS in our center between Jan 1 2015 and Dec 31 2017 were divided
into two groups according to weather the initial treatment containing etoposide, or other lymphoma-
directed chemotherapy without etoposide.

Results: The remission rate of the initial etoposide group (52 patients) is signi�cantly better than that of no
initial etoposide group (14 patients) (73.1% vs. 42.9%, p=0.033). The 2-month survival rate (79.8% vs.
46.8%, p=0.035) and overall survival (median survival time 25.8w vs. 7.8w, p=0.048) of the initial etoposide
contained group is signi�cantly better. Multivariate cox analysis revealed that for patients without EBV
infection (37 cases), initial treatment with etoposide could signi�cantly improve prognosis (p=0.010,
Exp(B)=0.183), but for patients with positive EBV, it’s not signi�cant.

Conclusions: Containing etoposide is bene�cial in the initial treatment of LAHS, weather using the HLH
directed or lymphoma directed strategy. It provides higher response rate, lower mortality rate and better
survival, especially for EBV negative patients.

Background
Hemophagocytic lymphohistiocytosis (HLH) is a severe or even fatal in�ammatory status caused by a
hereditary or acquired immunoregulatory abnormality[1-3]. It is divided into two categories: primary and
secondary. Secondary HLH (sHLH) is often associated with and caused by infections, malignant tumors,
and autoimmune diseases. Malignancy HLH (M-HLH) is a kind of sHLH, and lymphoma associated (LAHS)
is the most common kind of M-HLH. M-HLH suffers the worst prognosis in secondary HLH[4], which has a
high early mortality and the median survival is considered to be less than 2 months[5]. That is because that
the treatment of LAHS is often faced with many di�culties, such as HLH controlling problem, the high
recurrence rate, the lymphoma is hard to relieve, and so on. However, there’s still no standard strategy for
LAHS’s treatment up until now. There are no universal conclusions on whether an HLH directed,
malignancy-directed or combined approach should initially be adopted[6]. In the study of adult M-HLH by
Gevorg Tamamyan in 2016, they noted a very aggressive and rapid progression of HLH with M-HLH, with a
majority of patients dying from HLH within 2-4 weeks in spite of continued treatment of the underlying
malignancy[5]. In the consensus review on malignancy-HLH in adults in 2017, it is suggested that once
HLH-triggered organ damage occurred, the application of lympholytic agents must be considered, including
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etoposide, corticosteroids, polyvalent immunoglobulins which targets the cytokine storm and T-cell
proliferation, and DEP regimen as salvage therapy. Neoplastic speci�c treatment should be put after the
organ function is re-established[6]. However, it is noted only as an expert opinion, prospective, randomized
or controlled clinical trials is still needed to support. Etoposide is one of the key drugs in HLH treatment[7],
and its importance and necessity, especially in initial treatment of some types of HLH, are getting a lot
attention. In previous report, the initial treatment with etoposide is believed to improve the prognosis of
EBV-HLH patients, especially in adult patients[8, 9]. In the Alison S. and Nancy B.’s experience of HLH
treatment, they suggested that etoposide containing chemotherapy regimen in LAHS should be strongly
considered[10]. Also, in 2018Camille Bigenwald et al. reanalyzed 71 cases of LAHS and found out that
etoposide contained is an independent factor in improving prognosis[11]. Beside of the controlling HLH
cytokine storm, etoposide also has a certain anti-tumor effect, especially in lymphoma[12]. By comparing
the etoposide-containing regimen and the lymphoma specialized chemotherapy without etoposide, sought
to identify the importance of including etoposide in the initial treatment of LAHS. Can etoposide control
HLH at an early stage and also play a certain anti-lymphoma effect, so that it may address the treatment of
HLH and lymphoma at the same time? This may lay a foundation for the future better treatment strategy
of LAHS.

Methods
Patients

534 patients diagnosed as HLH (according to HLH-2004 diagnostic criteria[7]) in our center between Jan 1,
2015 and Dec 31, 2017 were screened. Among the 534 patients, 80 were diagnosed with a hematological
malignancy, and of these, 75 were determined to be lymphoma. The pathological criteria of the diagnosis
of the lymphoma were according to the World Health Organization classi�cation of lymphoid neoplasms.
All pathological biopsies were reviewed double blinded by two pathologists. Six patients were excluded
because of missing data. Three patients with HLH occurred during chemotherapeutic treatment referred to
as Ch-HLH were excluded[6, 13]. Finally, 66 patients were included in the analysis. The medical records
were reviewed by investigators and they were in responsible for selecting cases and collecting data? They
have all been trained to collect clinical data.

According to the differences of initial treatment regimen, the patients were divided into two groups
according to weather the initial treatment containing etoposide. There were 52 patients with initial
etoposide and 14 without one. The treatment regimens contained initial etoposide include HLH-94/2004
regimen (20 cases), DEP (doxorubicin-etoposide-methylprednisolone) (17 cases), L-DEP (PEG-aspargase
and DEP regimen) (8 cases), E-CHOP (etoposide, cyclophosphamide, hydroxydaunorubicin, vincristine,
prednisone) (5 cases) and RE-CHOP (Rituximab and E-CHOP regimen) (2 cases); for those lymphoma-
directed chemotherapy but without etoposide, the regimens include CHOP/COP (5 cases), R-CHOP/COP (5
cases), L-GDP (2 cases), and P-Gemox (PEG-aspargase, Gemcitabine, Oxaliplatin) (2 cases). The dose of
etoposide is 75-100 mg/m2 for HLH-94/2004 regimen, 100 mg/m2 for DEP/L-DEP regimen once a week
[14, 16], 60-100 mg/m2 d1-d3 for E-CHOP regimen.
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The positive EBV is de�ned as EBV-DNA copy number of peripheral blood≥500 copies/ml (pass the EBV
international standard, namely: NIBSC number 09/260 for detection[14]), or EBV-encoded small RNA
(EBER)+ in tissues.

E�cacy evaluation criteria and observed indicators

Age, gender, pathological type of lymphoma, IPI (International prognostic index) scores, initial clinical
symptoms as well as laboratory �ndings, initial treatment regimen, response rate, transplantation, and
outcome of each patient.

As this study is mainly focusing on the HLH part of LAHS, so the assessment of the e�cacy of LAHS
followed the criteria proposed by Marsh et al and revised by Yini Wang et al [15, 16]. A complete response
(CR) was de�ned as the normalization of all quanti�able symptoms and laboratory markers of HLH,
including levels of soluble CD25, ferritin, and triglyceride; hemoglobin levels; neutrophil and platelet counts;
and alanine aminotransferase (ALT) levels. A partial response (PR) was de�ned as improvement in two or
more of the following quanti�able symptoms and laboratory markers by 2 weeks: 1.5-fold decrease in
soluble CD25 response; ferritin and triglyceride decreases of at least 25%; an increase of at least 100% to
>0.5*109/L in patients with an initial neutrophil count of <0.5*109/L; an increase of at least 100% to
>2.0*109/L in patients with an initial neutrophil count of 0.5 to 2.0*109/L; and a decrease of at least 50% in
patients with initial ALT levels >400 U/L. Additionally, the subject's body temperature must have reverted to
normal ranges for either CR or PR to be diagnosed. Failure to achieve PR was de�ned as no response.

Besides the clinical manifestation mentioned above and laboratory �ndings for e�cacy evaluation,
considering the main side effects of etoposide and lymphoma-directed chemotherapy, the level of
myelosuppression was graded with the World Health Organization (WHO) Toxicity Grading Scale for
Determining the Severity of Adverse Events[17].

Survival and statistical analysis

Follow-up started at the date of LAHS diagnosis and ended at the date of death or last examination.
Overall survival (OS) was calculated from the diagnosis of HLH to death of any cause. When the latter date
was not reached, the date was censored at the time of the last follow-up evaluation. Cases who underwent
allogeneic hematopoietic stem cell transplantation were censored on the date of transplantation.

SPSS 22.0 (IBM, New York/USA) statistical software was adopted, and data that did not �t a normal
distribution are presented as median and range. T-test was used for data that �t a normal distribution and
homogeneity of variance, and Wilcoxon rank sum test was used for others. Survival functions were
estimated by Kaplan–Meier method. Con�dence intervals were calculated using log-transformation for
survival analysis. The log-rank test was used to compare survival between different groups. The Cox
proportional hazards model was used in the multivariate analyses of prognostic factors. The selection of
variables included in the proportional hazards regression analysis was according to the results of
univariate and the clinical experiences. The factors included the age of onset, the gender of the patient,
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with/without EBV infection, the type of lymphomas (B or T/NK), the IPI scores, and weather the initial
treatment contained etoposide. P<0.05 was considered to denote a signi�cant difference.

Results
Patients Characteristics

In the 66 patients, 39 were male, and 27 were female. The male to female ratio was 1.4:1. The median age
of the patients was 48 years (15-76 years). Only two patients were under 16 years old, and both of them
were 15 years old. As for the type of lymphoma, 32 patients were B cell lymphomas (29 B-cell non-Hodgkin
lymphoma, 3 Hodgkin lymphoma) and the other 34 were T/NK cell lymphomas (18 NK/T cell lymphoma,
16 other T-cell non-Hodgkin lymphoma). 29 (43.9%) patients were complicated with EBV infection. The
patients‘’ characteristics of the whole population was listed in Table 1.

Treatment and outcome 

The baseline level between two group shows no differences (p>0.05) (Table 1). The response rates of the
66 patients was 66.7% (44/66), with the CR rate of 24.2% (16/66) and PR rate of 42.4% (28/66). A total of
38 cases with initial etoposide achieved remission, and the remission rate was 73.1% (38/52), with the CR
rate 28.8% (15/52) and PR 44.2% (23/52). 6 cases used chemotherapy without etoposide achieved
remission, and the remission rate was 42.9% (6/14), with the CR rate 7.1% (1/14) and PR rate 35.7% (5/14).
A signi�cant difference was noted between the two groups (p=0.033). The level of myelosuppression
shows no differences between two groups of patients (p=0.122) (29 out of 52 cases in initial etoposide
group and 9 out of 14 in no-initial etoposide group). In the 44 patients achieved CR/PR, there were 13
patients suffering HLH relapse (10 out of 38 cases in initial etoposide group and 3 out of 6 in no-initial
etoposide group). 7 patients �nally went through allo-HSCT.

A total of 40 (60.6%) deaths occurred. Almost half of deaths occurred in the �rst 2 months (42.5%, 17/40)
and most of them occurred in the �rst 6 months after diagnosis (77.5%, 31/40). There were 28 (53.8%)
deaths in patients with initial etoposide and 12 (85.7%) deaths in the without-initial-etoposide group. For
the cause of death, in the initial-etoposide group, there were 24 patients died of HLH progression (85.7%,
24/28), and 4 died of complications. In the without-initial-etoposide group, there were 11 patients died of
HLH progression (91.7%, 11/12), and 1 patient died during the conditioning before allo-HSCT.  

Survival

The median survival of all patients is 23.8w [95%CI (15.5, 32.2)]. For the with-initial- etoposide group, the
median survival time is 25.8w [95%CI (13.2, 38.5)], and for the without-initial-etoposide group, is 7.8w [95%
(0, 19.8)]. The overall survival of the with-initial-etoposide group is signi�cantly better than the other one
(p=0.048) (Figure 1). Considering almost half of patients died within 8 weeks (2 months), the overall
survival at 2 months was estimated as 79.8% vs. 46.8%, with a signi�cant difference (p=0.035). The
treatment e�cacy evaluation suggested that the overall survival was signi�cantly prolonged in patients
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who reached CR/PR compared with patients who did not reached response (p<0.01) (Figure 2). Also,
patients with positive EBV suffered a worse prognosis (p=0.035) (Figure 3).

Multivariate cox analysis revealed that: for patients with EBV infection (29 cases), the type of lymphoma (B
or T/NK cell) (p=0.011) (Figure 4a) and the IPI score (p=0.004) was associated with prognosis (Figure 4b),
while whether etoposide was included in the initial treatment had no signi�cant effect on prognosis
(P=0.474). However, in patients without EBV infection (37 cases), multivariate cox analysis showed that
initial treatment with etoposide was signi�cantly related to prognosis (p=0.010, Exp(B)=0.183), while the
type of lymphoma (p=0.259) and IPI score (p=0.419) didn’t show signi�cantly effects (Figure 5) (Table 2).

Discussion
Malignancy HLH is one of the most common secondary HLH, especially in adult patients. M-HLH may
occur in up to 1% of patients with hematologic malignancies, and the lymphoma associated HLH (LAHS) is
the most common type in M-HLH[18]. M-HLH is considered to suffer the worst outcome among the
secondary HLH[4, 19]. The mortality rate of M-HLH is >80%[4] and the median survival time is only 2
months[5, 6, 19]. However, there is currently no standard treatment strategy for LAHS. The priority of HLH-
directed treatment and lymphoma-directed treatment is still controversial[5, 6, 13], even though in some
clinical observation, many patients died of HLH within 2-4 weeks in spite of continued treatment of the
underlying malignancy[6]. Etoposide is one of the core drugs in the HLH-94/2004 standard protocol, and its
importance in the treatment and prognosis of HLH has been con�rmed repeatedly [8, 9, 20]. But, its
signi�cance in LAHS’s treatment has not yet been discussed. In the “How I treat” article in adult HLH, Alison
S. and Nancy B. reported one case of LAHS patient who was effectively treated with etoposide combined
with CHOP regimen[10]. In the 2017 adult M-HLH expert consensus review, it is recommended to prioritize
treatment for cytokine storms and T cell proliferation, such as etoposide, for patients who have
experienced severe organ damages[6]. In this study, it was evident that the early response rate, short-term
survival, and overall survival of the treatment group containing etoposide were superior to those of
lymphoma directed chemotherapy without etoposide.

  The mechanism of etoposide in HLH is that it reduces the production of excessive proin�ammatory
factors by selectively ablating over-activated T cells and inhibiting mononuclear-macrophage
activation[21]. This effect is different from immunosuppressive effects of corticosteroids and the
immunomodulatory effects of IVIG or cyclosporin, which makes it indispensable in some kind of HLH
treatment strategy. Camille B et al have an opinion that the long-term LAHS prognosis may be similar to the
simple lymphoma not associated with HLH, once the initial and crucial early period is overcome[11]. In our
study, it was observed that nearly half of deaths occurred within 2 months after diagnosis. In addition to
the early response rate, the improvement of 2-month survival rate was also signi�cant in etoposide-
contained group, and we believe that the improvement in short-term survival is also the reason etoposide
group contributes to a better long-term survival. The underlining malignancy plays a crucial role in the
development of HLH. Etoposide is a chemotherapy medication used for the treatment of a number of
malignancies[22]. Although etoposide is not a commonly used �rst-line regimen in lymphoma, it has been
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reported that it can improve EFS and PFS in some patients with T-cell lymphoma under 60 years old[12, 23],
also used in some B-cell lymphoma[24], indicating that the usage of etoposide in LAHS, not only effects on
controlling HLH, but also may effect on the underlining lymphoma.

For the intervention time of etoposide, considering the prognosis of LAHS patients who achieved early
remission was signi�cantly better, it is more appropriate to include etoposide in the initial treatment.
However, the sever cytopenia caused by HLH may bring some concern for the usage of etoposide. One of
the main reasons why less than 50% of LAHS patients received HLH directed treatment, is the concern of
myelosuppression deterioration after cytotoxic therapy. But in fact, etoposide’s e�ciency occurs within 24–
48h and in HLH,  etoposide actually prevented the development of cytopenia and marrow hypocellularity in
HLH instead[7, 20, 25]. This study evaluated the level of myelosuppression and there was no signi�cant
difference between the two groups, but the dose of etoposide in this study was indeed adjusted according
to adult intolerance and taking into account the cytopenia. It seems that as long as with appropriate doses,
concerns about myelosuppression are not enough for holding etoposide back.

In the multivariate analysis, it was found that in patients with EBV infection, whether etoposide was
included in the initial treatment had little effect on the prognosis, but in patients who did not suffer EBV
infection, the initial treatment included etoposide could clearly improve the prognosis. In previous reports,
whether it is T / NK-cell or B-cell lymphoma, the presence of EBV infection is often a poor prognostic
factor[26, 27]. Also, as we all know, the type of lymphoma in LAHS is closely related with the prognosis. In
the study of Sano H et al., the rate of early death was higher in patients with T/NK-cell LAHS than in those
with B-cell LAHS (62.5 vs. 10.5%)[28]. However, in this study, for patients without positive EBV, the type of
lymphoma was not signi�cantly correlated with prognosis. This result indicates that the poor prognosis of
T/NK cell LAHS may be attributed to the fact that EB virus infection is more common in T/NK cell
lymphoma. EBV infection itself is an independent prognostic factor. A possible conjecture is that when
lymphoma is secondary to HLH and combined with positive EBV, EBV in�uences the prognosis from both
aspects of lymphoma and HLH. In this EBV+ LAHS, the inclusion of etoposide in the initial treatment is not
su�cient to improve the outcome. But for EBV- LAHS, initial treatment with etoposide is clearly helpful for
prognosis.

Conclusion
As one of the most common secondary HLHs, LAHS suffers the worst outcome and most of patients died
within a short term after diagnosis. However, no clear and uni�ed initial treatment plan is currently
available, and the debate about the priority of HLH-directed or lymphoma-directed is still going on. This
study found that containing etoposide in the initial treatment plan signi�cantly improve the early response
rate, 2-month survival and overall survival, and especially prominent in EBV negative patients. Also, the
level of bone marrow suppression shows no signi�cant differences weather etoposide is contained. So,
containing etoposide is suggested in the initial treatment of LAHS, weather using the HLH directed or
lymphoma directed strategy, especially for EBV negative patients.
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Abbreviations
  Allo-HSCT: Allogeneic hematopoietic stem cell transplantation; WBC: White blood cells; HGB hemoglobin;
PLT: Platelets; LDH: lactate dehydrogenase; ALB: albumin; Cr: creatinine; TG: Triglycerides; ALT: Alanine
aminotransferase; CR: Complete response; DEP regimen: Doxorubicin hydrochloride liposome, etoposide,
and methylprednisolone; EBER: EBV encoded small RNA; EBV: Epstein–Barr virus; HLH: Hemophagocytic
lymphohistiocytosis; L-DEP regimen: PEG-aspargase plus DEP regimen; NK: Natural killer; OS: Overall
survival; PR: Partial response; VP-16: Etoposide;.
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Tables
Table 1 Initial clinical characteristics of the patients between 2 groups.
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Clinical features With initial etoposide Without initial
etoposide

p
valve

Total

  (n=52) (n=14)   (n=66)

Age, years        

Median 48 44.5 0.881 48

Range [15, 76] [29, 65]   [15, 76]

Gender     0.544  

Male (n) 32 7   39

Female (n) 20 7   27

Lymphoma
classi�cation

    0.635  

B cell 26 6   32

T/NK cell 26 8   34

Fever (T>38.5℃) 52 (100%) 14 (100%)   66 (100%)

Splenomegaly (n) 38 (73.1%) 11 (78.6%) 1.00 49 (74.2%)

Haemophagocytosis
(n)

45 (86.5%) 11 (78.6%) 0.431 56 (84.8%)

WBC (*109/L) 2.25 [0.06, 17.00] 3.25 [0.4, 8.75] 0.165 2.55 [0.06, 17.00]

HGB (g/L) 90.05±21.84 81.71±15.11 0.184 88.29±20.781

PLT (*109/L) 47.5 [3, 344] 61.5 [9, 392] 0.252 50.5 [3, 392]

ALT (U/L) 52.5 [7.0, 798.0] 41.5 [13, 235] 0.753 51.5 [7.0, 798.0]

AST (U/L) 56.4 [3.3, 520.2] 43.9 [14.3, 990.0] 0.869 55.2 [3.3, 990.0]

LDH 556 [137, 4581] 990 [76, 1986] 0.569 537 [76, 4581]

Total bilirubin
(µmol/L)

24.77 [6.29, 348.15] 20.70 [6.50, 213.58] 0.718 22.9 [6.29, 348.15]

ALB 28.5 [19.2, 44.0] 28.7 [20.1, 34.8] 0.389 28.2±5.27

Cr (umol/L) 59.7 [35.5, 125] 64.4 [37.7, 272.3] 0.725 60 [35.5, 272.3]

TG (mmol/L) 2.45±1.22 2.95±1.49 0.215 2.30 [0.69, 5.68]

Fbg (g/L) 1.76 [0.16, 8.47] 3.7 [0.73, 8.68] 0.017 1.96 [0.16, 8.68]

Ferritin (ng/mL) 2307.5 [204.3,
75000]

2574 [557.3, 45487] 0.734 2447 [204.3, 75000]

sCD25 (pg/mL) 36605 [661, 44000] 34749 [3827, 0.903 36517 [661, 44000]
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44000]

IPI scores 3.00±0.913 3.29±0.994 0.315 3.06±0.931

EBV-positive 23 (44.2%) 6 (42.8%) 0.927 29 (43.9%)

Outcome        

  Death 28 (53.8%) 12 (85.7%) 0.030 40 (60.6%)

  Survival 25.8w [95%CI (13.2,
38.5)]

7.6w [95% (0, 19.8)] 0.048 23.8w [95%CI (15.5,
32.2)]

the valve was expressed as median [range] or mean±standard deviation.

Table 2. Univariable and multivariable analyses of prognosis with different factors

Variables Univariate Analysis Multivariate Analysis

Exp(B) 95% CI p valve

Age 0.981 1.008 0.979-1.037 0.614

Gender (male vs. female) 0.810 0.729 0.370-1.438 0.362

EBV infection (with vs. without) 0.002 2.272 1.060-4.867 0.035

Lymphoma classi�cation (T/NK vs. B) 0.010 2.898 1.167-7.197 0.022

IPI score 0.107 1.459 1.032-2.165 0.033

Treatment (initial etoposide vs. without) 0.048 0.682 0.324-1.433 0.312

Figures
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Figure 1

Etoposide contained in initial treatment signi�cantly improve the prognosis of LAHS, comparing with the
only lymphoma directed therapy one (p=0.048).
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Figure 2

The treatment e�cacy evaluation suggested that the overall survival was signi�cantly prolonged in
patients who reached CR/PR compared with patients who did not reached response (p<0.01).
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Figure 3

Adjusted survival curves of patients with or without EBV infection. Patients with positive EBV suffered a
worse prognosis (p=0.035).
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Figure 4

For EBV-positive patients, COX analysis: age of onset, the gender of the patient, the type of lymphomas (B
or T/NK), the IPI scores of lymphomas, and weather the initial treatment contained etoposide, the results
showed type of lymphoma (Figure 4a) (P=0.011, ExpB=0.113) and the IPI socores (Figure 4b) (p=0.004,
ExpB = 2.419) was associated with prognosis.
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showed type of lymphoma (Figure 4a) (P=0.011, ExpB=0.113) and the IPI socores (Figure 4b) (p=0.004,
ExpB = 2.419) was associated with prognosis.

Figure 5

For EBV-negative patients, COX analysis: age of onset, the gender of the patient, the type of lymphomas (B
or T/NK), the IPI scores of lymphomas, and weather the initial treatment contained etoposide, the results
showed that weather initial treatment contained etoposide (p=0.010, ExpB = 0.183) was associated with
prognosis.
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