Journal of Cancer Research and Clinical Oncology
https://doi.org/10.1007/500432-020-03376-7

ORIGINAL ARTICLE - CLINICAL ONCOLOGY q

Check for
updates

Using etoposide + dexamethasone-based regimens to treat nasal type
extranodal natural killer/T-cell ymphoma-associated hemophagocytic
lymphohistiocytosis

Ligiang Wei' - Lei Yang' - Jia Cong’ - Jin Ye' - Xin Li' - Na Yao' - Jing Yang' - Jing Ding' - Jingwen Wang'

Received: 29 May 2020 / Accepted: 24 August 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Purpose Nasal type extranodal natural killer/T-cell lymphoma (ENKTL) can be associated with hemophagocytic lym-
phohistiocytosis (NK/T-LAHLH), which is a rare and fatal disease with no effective therapy. We evaluated whether etopo-
side + dexamethasone-based chemotherapy regimens might be useful for treating NK/T-LAHLH.

Methods This retrospective single-center study evaluated clinical data from 37 patients with NK/T-LAHLH who were treated
between May 2008 and January 2020.

Results Among 363 patients with ENKTL, the cumulative incidence of HLH was 11.9%. Among 43 patients with NK/T-
LAHLH, 37 patients received etoposide + dexamethasone-based chemotherapy regimens, with an overall response rate of
45.9% for the HLH. The overall response rate was substantially higher for newly diagnosed NK/T-LAHLH than it was for
relapsed or refractory NK/T-LAHLH (66.7% vs. 18.8%). The median overall follow-up time was 4 months, with overall
survival rates of 81.1% at 1 month, 62.2% at 2 months, 56.8% at 3 months, and 34.4% at 6 months. Significantly better over-
all survival (all P <0.05) was observed for patients with newly diagnosed NK/T-LAHLH (vs. relapsed/refractory disease),
stage I/II disease (vs. stage III/IV disease), and nasal disease (vs. non-nasal disease). Patients who responded to the ENKTL
treatment also experienced response in their HLH; 8 patients experienced continued complete response for both HLH and
ENKTL. Multivariate analysis revealed that a poor prognosis among patients with NK/T-LAHLH was independently related
to relapsed/refractory ENKTL and non-nasal disease.

Conclusion Although patients with NK/T-LAHLH generally experienced poor outcomes, etoposide + dexamethasone-based
chemotherapy regimens were associated with good outcomes among select patients with newly diagnosed or stage I/11
NK/T-LAHLH.
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Introduction

Nasal type extranodal NK/T-cell lymphoma (ENKTL) is a
relatively rare invasive non-Hodgkin lymphoma (NHL) that
is closely associated with the Epstein—Barr virus (Swerdlow
et al. 2017). In China, ENKTL is the most common NK/T-cell
lymphoma, where it accounts for 12.0-17.1% of NHL cases
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(Yang et al. 2011; Sun et al. 2012). Recent research has helped
improve treatment outcomes, although patients with advanced
stage or relapsed/refractory ENKTL (R/R-ENKTL) still have
a very poor prognosis, with an overall response rate (ORR)
of 60-70%, a complete response (CR) rate of 40-50%, and a
5-year overall survival (OS) rate of 30-50% (Yamaguchi et al.
2018). Patients with advanced disease, a high tumor burden,
and R/R-ENKTL often experience hemophagocytic lympho-
histiocytosis (HLH), which has an extremely high mortal-
ity rate and has become an important cause of death among
patients with ENKTL (Liu et al. 2019; Emile et al. 2016).
HLH involves an excessive inflammatory response that is
mainly caused by abnormal activation and proliferation of
lymphocytes, monocytes, and macrophages, which lead to
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the secretion of a large number of inflammatory cytokines.
The clinical manifestations are persistent fever, hepatospleno-
megaly, and multiple organ failure, while the laboratory test
abnormalities include cytopenia, hyperferritinemia, abnormal
triglyceride and fibrinogen concentrations, and hemophago-
cytosis in the bone marrow, liver, spleen, and lymph nodes
(Malinowska et al. 2014). The reported mortality rate of HLH
is 20-88% (Hayden et al. 2016). Cases involving HLH can be
classified as primary or secondary, with primary HLH typi-
cally caused by chromosomal or genetic abnormalities, while
secondary HLH is often triggered by serious underlying dis-
eases. Secondary HLH is commonly associated with infectious
diseases and neoplasms. It was reported that nearly a third of
reported cases in adults had more than one underlying cause.
T-cell or natural-killer lymphoma (16.8%), B-cell lymphoma
(15.2%), Epstein—Barr virus (15.0%), HIV (7.9%), systemic
lupus erythematosus (6.1%), and mycobacoterium tubercu-
losis (3.6%) accounted for the largest proportion of triggers
and associated diseases and processes reported in 2197 adult
hemophagocytic lymphohistiocytosis cases (Ramos-Casals
et al. 2014). Two studies have indicated that 7.1-11.4% of
ENKTL cases are complicated with HLH, and these patients
have extremely poor outcomes with a median survival time of
approximately 30 days (Li et al. 2017; Jia et al. 2016).

Most HLH treatments are based on the HLH-2004 strat-
egy, although their efficacies vary greatly and the prognosis of
HLH patients remains very poor (Hayden et al. 2016; Henter
et al. 2007; Bubik et al. 2020; La Rosée et al. 2019). Some
researchers have evaluated monoclonal antibodies targeting
CD52 and TNF-a for treating HLH (Bubik et al. 2020; Keith
et al. 2012), while other studies have confirmed that etoposide
and dexamethasone (two key agents in the HLH-2004 strategy)
play important roles in the treatment of HLH (Bergsten et al.
2017; Johnson et al. 2014). Therefore, for the past 12 years,
we have used etoposide + dexamethasone-based chemother-
apy regimens to treat NK/T-LAHLH. This retrospective study
evaluates our experience and the patients’ outcomes.

Patients and methods
Patients and inclusion criteria

Between May 2008 and January 2020, we identified 43
patients who were diagnosed with ENKTL in our depart-
ment and concurrently had or subsequently developed HLH.
The inclusion criteria were: (i) a pathological diagnosis of
ENKTL, (ii) fulfilled the criteria for HLH based on the judg-
ment of three physicians and the HLH-2004 diagnosis and
treatment guidelines, and (iii) received etoposide + dexa-
methasone-based chemotherapy regimens for >2 weeks. The
exclusion criteria were: (i) incomplete clinical and follow-up
data and (ii) patients who refused further treatment. Based
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on these criteria, we included 37 of the 43 patients with
NK/T-LAHLH.

The diagnosis of HLH was based on the HLH-2004 diag-
nosis and treatment guidelines (Henter et al. 2007), which
require the patient to fulfill>5 of the following require-
ments: (i) fever, (ii) splenomegaly, (iii) decreases in two
or three blood parameters (hemoglobin: <90 g/L, plate-
lets: < 100 x 10°/L, neutrophils: < 1.0x 10°/L), (iv) hyper-
triglyceridemia and/or hypofibrinogenemia (fasting tri-
glycerides: > 3.0 mmol/L, fibrinogen: < 1.5 g/L), (v) blood
cells detected in the bone marrow, spleen, or lymph nodes
without evidence of malignant disease, (vi) NK cell activity
reduced or lacking based on the local laboratory indicators,
(vii) ferritin of > 500 pg/L, and (viii) soluble CD25 (sIL-2R)
of >2400 U/mL.

Chemotherapy regimens

The patients started etoposide + dexamethasone-based chem-
otherapy regimens immediately after the diagnosis of NK/T-
LAHLH. The etoposide dose was 75 mg/m? intravenously
on days 1-3 and the dexamethasone dose was 20 mg/day
intravenously on days 1-4. The other drugs contained in
the etoposide + dexamethasone-based specific regimens are
listed in Table 1.

Response assessment

The response of HLH to treatment was evaluated every
2 weeks based on previous reports (Marsh et al. 2013; Wang
et al. 2015). The responses were categorized as CR, partial
response (PR), or non-response, and the ORR was calcu-
lated as CR +PR. The main response indicators were fer-
ritin, blood cell counts, triacylglycerol, blood phagocytosis,
consciousness level, and sCD25 level. We defined CR as
all of the above indicators returning to within their normal
range. We defined PR as >?2 symptoms/laboratory indica-
tors improving by >25% using the following parameters: (i)
sCD25 level decreased by >33%, (ii) ferritin and triacylg-
lycerol decreased by >25%, (iii) neutrophil increases in the
absence of blood transfusion (by 100% to> 0.5 x 10°/L for
patients with < 0.5 10°/L or by 100% and normalization for
patients with 0.5-2.0% 10°/L), (iv) a decrease of > 50% for
patients with alanine aminotransferase levels of > 400 U/L.
For patients who survived for >4 months and received >3
chemotherapy cycles, the ENKTL response was categorized
as CR, PR, or stable/progressive disease according to the
Lugano criteria (Cheson et al. 2014).

Follow-up

Patients who achieved CR or PR continued to receive their
assigned chemotherapy regimen. Patients who did not
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Table 1 Etoposide + dexa-
methasone-based regimens for

treating NK/T-LAHLH

n (%)
Etoposide + dexamethasone 4 (10.8)
LVP+ VP16 16 (43.3)
(L-Asparaginase or pegaspargase, vindesine, dexamethasone, and etoposide)
SVILE 4 (10.8)
(Pegaspargase, ifosfamide, vindesine, dexamethasone, and etoposide)
PD-GemOx + VP16 7(18.9)
(Pegaspargase, gemcitabine, oxaliplatin, dexamethasone, and etoposide)
Personalized treatment with the above regimens 6(16.2)

NK/T-LAHLH nasal type extranodal natural killer/T-cell lymphoma-associated hemophagocytic lymphohis-

tiocytosis

respond to the initial chemotherapy subsequently received
rescue or palliative treatment. The OS interval was evaluated
for all patients, which we defined as the time from the start
of treatment for NK/T-LAHLH to the first instance of death
or loss to follow-up.

Statistical analysis

All analyses were performed using SPSS software (version
16.0; SPSS Inc., Chicago, IL). Non-normally distributed
variables were expressed as median (range). Survival curves
were created using the Kaplan—-Meier method and compared
using the log-rank test. Multivariate analysis was performed
using the Cox regression method to evaluate potential prog-
nostic factors.

Results
Patients and treatments

The 37 patients’ characteristics at their diagnosis of NK/T-
LAHLH are listed in Table 2. All 37 patients received etopo-
side + dexamethasone-based chemotherapy regimens, which
were selected based on the patient’s age, major organ func-
tions, and previously used regimens for relapsed/refractory
patients (Table 1). The median number of treatment cycles
was 2 (range: 1-6). During the treatments, symptomatic sup-
portive therapies were administered as necessary, such as
intravenous immunoglobulin, condensed human albumin
infusion, liver-protecting agents, blood transfusions, antibi-
otics, antiemetic agents, and nutritional support. In 21 HLH
patients with newly diagnosed ENKTL, 6 of them received
radiotherapy. Seven of 16 HLH patients with relapsed/
refractory ENKTL received radiotherapy during the previ-
ous induction therapy. Usually, the radiotherapy was fol-
lowed by chemotherapy when the diseases were localized.
The dose of radiotherapy was 50-55 Gy.

Table 2 Patient characteristics at the HLH diagnosis

n (%)

Male sex 27 (73.0)
Age in years, median (range) 39 (15-67)
Ann Arbor Stage

Stage I/I1 5(13.5)

Stage I1I/IV 32 (86.5)
Disease at HLH onset

Newly diagnosed ENKTL 21 (56.8)

Relapsed/refractory ENKTL 16 (43.2)
Primary lesion location

Nasal 32 (86.5)

Non-nasal 5(13.5)
PINK grade

Low 2(5.4)

Intermediate 10 (27.0)

High 25 (67.6)
Elevated serum LDH 34 (91.9)
ECOG performance score

0-2 4 (10.8)

34 33 (89.2)

HLH hemophagocytic lymphohistiocytosis, ENKTL extranodal natu-
ral killer/T-cell lymphoma, nasal type, PINK prognostic index for
NK/T-cell lymphoma, LDH lactate dehydrogenase, ECOG Eastern
Cooperative Oncology Group

Short-term efficacy

The HLH responses were evaluated every 2 weeks dur-
ing the chemotherapy for all 37 patients, which revealed
an ORR of 45.9% (CR: 21.6%, PR 24.3%). The ORR, CR,
and PR rates for the various patient subgroups are shown in
Table 3. Among 15 patients who survived for >4 months and
received > 3 chemotherapy cycles (CR or PR for HLH), the
CR rate was 40.0%, the PR rate was 33.3%, and the stable/
progressive disease rate was 26.7%. All 15 patients achieved
CR or PR for their HLH.

@ Springer



Journal of Cancer Research and Clinical Oncology

Long-term efficacy

The median follow-up time for all 37 patients was 4 months
(range: 1-67 months) and the median survival time was
4 months (95% CI: 2.82-5.18 months). Significantly bet-
ter median OS was observed among patients with newly
diagnosed (ND)-NK/T-LAHLH than among patients with
R/R-NK/T-LAHLH (not reached vs. 2 months [95% CI:
1.35-2.65 months], P=0.001) (Fig. 1a). Significantly bet-
ter median OS was also observed among patients with stage
I/II disease than among patients with stage III/IV disease
(not reached vs. 4 months [95% CI: 2.47-5.53 months],
P=0.028) (Fig. 1b). Furthermore, significantly better
median OS was observed among patients with nasal dis-
ease than among patients with non-nasal disease (4 months
[95% CI: 2.18-5.82 months] vs. 1 month [95% CI:
1.00-1.00 months], P=0.008) (Fig. 1c). Finally, patients
who achieved CR had significant better OS than patients
who did not achieve CR (P=0.000) (Fig. 1d).

Multivariate analyses of prognostic factors

The multivariate Cox regression model was used to evalu-
ate ENKTL stage, newly diagnosed or relapsed/refractory
disease status, nasal or non-nasal disease location, Eastern
Cooperative Oncology Group (ECOG) performance status,
and serum lactate dehydrogenase concentration. The results
revealed that poor survival outcomes were independently
associated with relapsed/refractory disease and non-nasal
disease among patients with NK/T-LAHLH (Table 4).

Table 3 The HLH responses in the different groups

Response (%) P value
CR PR ORR
Disease at HLH diagnosis
ND-ENKTL (n=21) 38.1 28.6 66.7 0.004
R/R-ENKTL (n=16) 0.0 18.8 18.8
Stage of ENKTL
VI (n=5) 80.0 0.0 80.0 0.159
HI/IV (n=32) 12.5 28.1 40.6
Primary ENKTL location
Nasal (n=32) 25.0 25.0 50.0 0.348
Non-nasal (n=35) 0.0 20.0 20.0

CR complete response, PR partial response, ORR overall response
rate, HLH hemophagocytic lymphohistiocytosis, ND-ENKTL newly
diagnosed extranodal natural killer/T-cell lymphoma, nasal type, R/R-
ENKTL relapsed or refractory extranodal natural killer/T-cell lym-
phoma, nasal type
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Discussion

The rapid progression of the severe inflammatory reaction in
HLH is associated with a high mortality rate. Primary HLH
is often caused by genetic abnormalities, which generally
occur in children and adolescents. Secondary HLH does not
involve any known genetic abnormalities and often develops
with or after the progression of underlying diseases, such
as malignant tumors, serious infections, and autoimmune
diseases. In secondary HLH cases, the most common type
of malignant tumor is NK/T-cell lymphoma and the most
common infectious disease is EBV infection (Parikh et al.
2014). As ENKTL is a common NK/T-cell lymphoma and
is closely related to EBV infection, it has become one of
the most common underlying diseases for secondary HLH.

Development of HLH can occur at the initial ENKTL
diagnosis or when the underlying disease progresses (Riviere
et al. 2014; Li et al. 2014; Ramos-Casals et al. 2014). In
our clinical practice, some patients present with HLH when
they are diagnosed with advanced ENKTL, and almost all
patients who have relapsed/refractory or end-stage ENKTL
will also have HLH. The present study involved 21 cases of
ND-NK/T-LAHLH and 16 cases of R/R-NK/T-LAHLH, and
we omitted all patients who did not receive etoposide + dex-
amethasone-based chemotherapy regimens. Given that the
included patients had clear ENKTL, the cases were judged
to involve secondary HLH and we did not test for primary
HLH-related genes.

The treatment of secondary HLH relies on blocking the
mechanisms through which the underlying disease trig-
gers HLH, as well as suppressing the over-active immune
response. The current HLH treatments generally follow the
HLH-2004 strategy, which is mainly based on etoposide,
dexamethasone, and cyclosporin A. In this context, etopo-
side can inhibit topoisomerase II, which leads to double-
stranded DNA breaks, and can inhibit the production of
inflammatory cytokines, selectively deplete activated T-cells
in the HLH mouse model, and improve survival (Johnson
et al. 2014). Therefore, etoposide has been considered a key
drug in the HLH-94 and HLH-2004 guidelines. Cases of
lymphoma-related HLH require treatment of both the HLH
and the lymphoma, and some experts have recommended
etoposide-containing combination chemotherapy as soon as
possible for these patients (Schram et al. 2015).

The present study evaluated etoposide + dexamethasone-
based chemotherapy regimens for treating NK/T-LAHLH, as
these drugs can theoretically control the progression of HLH.
These regimens also included drugs that are commonly used
to treat ENKTL, such as pegaspargase, ifosfamide, gemcit-
abine, oxaliplatin, and vindesine. The results revealed an
ORR of 45.9% for HLH among the 37 patients with NK/T-
LAHLH, which is substantially higher than the previously
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Fig.1 Overall survival among the various groups of patients with
natural killer/T-cell lymphoma-associated hemophagocytic lym-
phohistiocytosis (NK/T-LAHLH). a The 37 patients had overall
survival (OS) rates of 81.1% at 1 month, 62.2% at 2 months, 56.8%
at 3 months, and 34.4% at 6 months. The patients with newly diag-
nosed NK/T-LAHLH (ND-NK/T-LAHLH) had OS rates of 81.0%
at 1 month, 76.2% at 2 months, 76.2% at 3 months, and 51.6%
at>6 months. Patients with relapsed or refractory NK/T-LAHLH
(R/R-NK/T-LAHLH) had OS rates of 81.2% at 1 month, 43.8%
at 2 months, 31.2% at 3 months, 12.5% at 6 months, and 0% at
8 months. b Patients with stage I/II disease had an OS rate of 80.0%

Table 4 Multivariate analysis of factors that were associated with OS

HR

95% CI P-value
R/R-NK/T-LAHLH 3.292 1.356-7.995 0.008
Non-nasal disease 3.380 1.186-9.638 0.023
Stage III/IV 2.823 0.261-30.538 0.393
ECOG score 3-4 2.095 0.227-19.309 0.514
Elevated serum LDH 1.908 0.352-10.338 0.454

OS overall survival, HLH hemophagocytic lymphohistiocytosis, HR
hazard ratio, CI confidence interval, R/R-NK/T-LAHLH relapsed or
refractory nasal type extranodal natural killer/T-cell lymphoma-asso-
ciated hemophagocytic lymphohistiocytosis, ECOG Eastern Coopera-
tive Oncology Group, LDH lactate dehydrogenase

reported rate of 17.4% (Jia et al. 2016). Further analysis
revealed that the ORR was substantially higher among
patients with ND-NK/T-LAHLH than among patients with
R/R-NK/T-LAHLH. This may indicate that the lymphoma
cells of patients with ND-ENKTL were more sensitive to
chemotherapy drugs during the induction therapy. In the
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at > 1 month, while patients with stage III/IV disease had OS rates of
81.2% at 1 month, 59.4% at 2 months, 62.3% at 3 months, 39.9% at
6 months, and 16.1% at 8 months. ¢ Patients with nasal disease had
OS rates of 87.5% at 1 month, 68.8% at 2 months, 62.3% at 3 months,
39.9% at 6 months, and 31.0% at 8 months. Patients with non-nasal
disease had OS rates of 40.0% at 1 month, 20.0% at 2 months, 20.0%
at 3 months, and 0% at 5 months. d Patients who experienced com-
plete response (CR) of their HLH had an OS rate of 100% during the

follow-up period, although patients who did not experience CR had a
median survival of only 2 months

ND-NK/T-LAHLH cases, the treatments appear to rapidly
reduce the tumor burden, reduce or eliminate B symptoms,
control the processes triggering HLH, and reduce the inflam-
matory response. However, the R/R-NK/T-LAHLH cases
involved previous chemotherapy and it would be difficult to
manage the secondary drug resistance, which would allow
the ENKTL to continuously trigger HLH and lead to poor
outcomes. Efficacy was not observed among patients with
stage I/II disease or non-nasal disease, although this may
have been related to the small sample sizes.

From the beginning of treatment, patients with NK/T-
LAHLH had a high early mortality rate and a median sur-
vival time of only 4 months, which reflects the rapid and
dangerous nature of HLH progression. Previous reports
have also described very poor survival among NK/T-
LAHLH patients, based on a median survival time of only
40 days, and OS rates of 26% at 6 months, 17% at 1 year,
and 13% at 2 years (Bigenwald et al. 2018). T-cell lymphoma
complicated with HLH also has OS rates of only 40% at
6 months, 25% at 1 year, and 15% at 2 years (Bubik et al.
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2020; Bigenwald et al. 2018). Another study of 22 patients
with NK/T-LAHLH revealed a 2-year OS rate of 30% (cal-
culated from the diagnosis of ENKTL), with an ORR of
17.4%, and a median survival time of only 26 days from
the HLH diagnosis (Jia et al. 2016). Moreover, a study of
42 NK/T-LAHLH patients revealed OS rates of 48.9% at
1 month, 36.7% at 2 months, 28.8% at 3 months, 23.0% at
6 months, and 15.4% at 1 year (Jin et al. 2018). Interestingly,
in a study of 295 ENKTL patients, 21 patients developed
HLH and the OS among all patients did not exceed 3 months
after the HLH occurred, with a median survival of only
35 days (Li et al. 2017). While those studies revealed very
poor outcomes, they failed to identify prognostic factors or
focus on specific treatment options. In contrast, the present
study evaluated etoposide + dexamethasone-based treatment
of NK/T-LAHLH, and revealed relative good HLH response
and OS rates (versus the previous studies), although the
patients’ overall outcomes remained poor. Interestingly,
further analysis revealed that patients with CR or PR for
ENKTL also responded to their HLH treatment. Moreover,
among the 8 patients with CR for HLH, the OS rate was
100% throughout the follow-up and their ENKTL remained
in sustained CR. This suggests that etoposide + dexametha-
sone-based chemotherapy regimens may help control HLH
and effectively treat ENKTL.

Patients with R/R-NK/T-LAHLH and stage III/IV disease
had poor treatment response and poor OS, which may be
related to drug resistance and large tumor burdens, as these
factors could limit the ENKTL response and make it difficult
to reverse HLH. Moreover, our study included five patients
with non-nasal disease at their ENKTL diagnosis (i.e., very
extensive lesions) and these patients had no response to
treatment with an extremely short survival interval. Further
multivariate analysis revealed that poor outcomes among
patients with NK/T-LAHLH were independently associated
with R/R-ENKTL and non-nasal disease, although poor out-
comes were not associated with ECOG performance status,
elevated lactate dehydrogenase levels, or stage III/IV dis-
ease. It is possible that the lack of associations for these
factors were related to much smaller samples of patients
with stage I/II disease, good ECOG performance status, and
normal lactate dehydrogenase concentrations.

The HLH is a rare disease that can be complicated by
ENKTL. Therefore, same attention should be paid to treat-
ing HLH and lymphoma. Although etoposide + dexametha-
sone-based chemotherapy had a good effect in some patients
with an NK/T-LAHLH status in our study, more effective
treatments should be investigated, such as pembrolizumab
and nivolumab, which have been recommended for use in
relapsed/refractory ENKTL patients. Ruxolitinib, has also
been demonstrated to be effective in the treatment of severe
inflammation caused by coronavirus disease 2019 (COVID-
19) (Yang Cao et al. 2020; La Rosée et al. 2020). In the
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future, we will try to add the above new drugs to the etopo-
side + dexamethasone-based combination chemotherapy
regimen to treat this rare and life-threatening disease to
improve the prognosis.

Conclusion

Patients with NK/T-LAHLH still have a very poor prog-
nosis, although etoposide + dexamethasone-based chemo-
therapy regimens may help control the HLH and ENKTL in
patients with stage I/II disease or ND-NK/T-LAHLH. Some
of these patients even achieved good short-term and long-
term outcomes, which support the potential utility of these
treatments in this setting.
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