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ORIGINAL PAPER

Combination of gemcitabine, L-asparaginase, and oxaliplatin
(GELOX) is superior to EPOCH or CHOP in the treatment
of patients with stage IE/IIE extranodal natural Killer/T cell
lymphoma: a retrospective study in a cohort of 227 patients

with long-term follow-up
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Abstract Optimal treatment strategies for localized ex-
tranodal natural killer/T cell lymphoma (ENKTL) have not
been fully defined. We retrospectively compared the effi-
cacy and safety of combined gemcitabine, L-asparaginase,
and oxaliplatin (GELOX) (n = 38), continuous infusion of
etoposide, vincristine and doxorubicin, with cyclophos-
phamide and prednisone (EPOCH) (n = 54), or combined
cyclophosphamide, doxorubicin, vincristine, and predni-
sone (CHOP) (n = 135) as induction chemotherapy in
patients who were newly diagnosed with stage I/Il ENKTL.
After induction chemotherapy, the complete response (CR)
rate and overall response rate (ORR) for the GELOX group
were significantly higher than those in the EPOCH group
(68.4 vs. 42.6 %, P = 0.011 for CR and 86.8 vs. 68.5 %,
P = 0.038 for ORR). Both EPOCH and GELOX groups
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can attain much higher CR rates than CHOP group (CR
rate was 31.8 %, P < 0.05). The 3-year overall survival
(OS) and progression-free survival (PFS) rate were sig-
nificantly better in GELOX group than in EPOCH or
CHOP group (87.0 vs. 54.0 vs. 54.0 % for OS, P < 0.05;
72.0 vs. 50.0 vs. 43.0 % for PFS, P < 0.05). However, no
significant differences were found between EPOCH and
CHOP groups in OS or PFS (P = 0.765 for OS, and 0.421
for PES). The safety profiles were acceptable in all three
groups. In conclusion, GELOX is superior to EPOCH or
CHOP in the treatment of patients with stage I/Il ENKTL.
Further clinical trials of ENKTL should use asparaginase-
based regimens as the standard chemotherapy.

Keywords Extranodal natural killer/T cell lymphoma -
Asparaginase - EPOCH - CHOP - Prognosis

Introduction

In the World Health Organization classification of lym-
phoid tumors, extranodal natural killer/T cell lymphoma
(ENKTL) is a distinct entity of non-Hodgkin lymphoma
(NHL) [1], which is featured by angiodestruction, obvious
necrosis, and cytotoxic phenotypes [2]. There is a racial
and geographical predisposition of ENKTL, and although
uncommon in western countries, ENKTL accounts for
5-10 % of all malignant lymphomas in China [3]. Most
patients of ENKTL are diagnosed as stage IE/IIE disease,
but the prognosis was still poor due to rapid disease pro-
gression and recurrence in the past decades [4]. Because
ENKTL is a recently recognized entity, optimal treatment
strategies for ENKTL have not been fully defined. For
patients with localized disease, radiation therapy (RT) is
widely administered due to the rapid response. However,
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approximately, 50 % of patients who receive RT alone
experience local relapse, and systemic failure reportedly
occurs in about 25 % of patients [5]. Therefore, the addi-
tion of chemotherapy is usually incorporated to reduce the
risk of recurrence. Cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (CHOP) are the most commonly
used regimen for NHL in the past decades, which did not
work well in ENKTL as in B cell NHL, and more than
60 % patients of ENKTL are resistant to CHOP due to
overexpression of the multidrug-resistant (MDR) gene,
with an increase in the amount of P-glycoprotein in NK/T-
cell lymphoma cells [6]. Several studies have demonstrated
that changing the schedule of drug delivery to continuous
infusion might partially overcome drug resistance caused
by MDR induction of P-glycoprotein [7]. It was reported
that continuous infusion of etoposide, vincristine, and
doxorubicin, with cyclophosphamide and prednisone
(EPOCH) followed by RT yielded promising results [8].
Recently, more and more L-asparaginase-based regimens
such as combined dexamethasone, methotrexate, ifosfa-
mide, L-asparaginase, and etoposide (SMILE) [9], com-
bined asparaginase, methotrexate, and dexamethasone
(AspaMetDex) [10], and combined gemcitabine, L-aspara-
ginase, and oxaliplatin (GELOX) have emerged with
promising results in the treatment of patients with ENKTL
[11]. However, no prospective studies have been conducted
to compare the efficacy of those regimens in the treatment
of ENKTL. Here, we reported a retrospective study com-
paring the efficacy of GELOX, EPOCH, and CHOP in a
cohort of 227 patients with long-term follow-up and found
that GELOX is superior to EPOCH and CHOP in the
treatment of ENKTL with acceptable toxicities.

Methods and materials
Patients

Two hundred and eighty one patients were diagnosed as
ENKTL in Sun Yat-sen University Cancer Center between
January 1995 and July 2012, among whom 227 patients of
stage IE/IIE received CHOP, EPOCH, or GELOX as induc-
tion therapy. The inclusion criteria of this retrospective study
were as follows: (1) pathologically confirmed diagnosis of
ENKTL based on the WHO classification of Tumours of
Haematopoietic and Lymphoid Tissues [1]; (2) Ann Arbor
stage IE to IIE; (3) previously untreated patients; (4) no pre-
vious or concomitant malignancies; and (5) a complete set of
clinical information and follow-up data. Approval to review,
analyze, and publish the data in this study was given by the
Sun Yat-sen University Cancer Center Research Ethics Board.
Informed consent for the collection of medical information
was obtained from all patients at their first visit.
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Patients were staged based on the Ann Arbor staging
system and international prognostic scores (IPI) were cal-
culated based on demographic characteristics, physical
examination, routine blood tests, computed tomography
(CT) scan of the chest, abdomen, and pelvis, magnetic
resonance imaging (MRI) of the head and neck, and
bilateral bone marrow aspiration or biopsy. Positron
emission tomography (PET)-CT, bone marrow EBER
stain, or EBV DNA blood levels were not routine staging
investigations in the study. Follow-up information was
obtained from patients’ medical records or by telephone.

Treatment

Patients of stage IE/IIE ENKTL received CHOP, EPOCH,
or GELOX as induction therapy according to the treating
physicians, and the dosage and schedule of these three
regimens were as previously reported [8, 11, 12]. In brief,
CHOP (cyclophosphamide 750 mg/m* on day 1; doxoru-
bicin 50 mg/m? on day 1; vincristine 1.4 mg/m?, maximal
dose 2.0 mg, on day 1; and prednisolone 100 mg daily p.o.
on day 1-5; repeated at 21-day intervals), EPOCH (24 h of
continuous infusion of etoposide 50 mg/m?/day, vincristine
0.4 mg/m?*/day and doxorubicin 10 mg/m?*/day adminis-
tered on day 1-4, followed by cyclophosphamide 750 mg/
m?*/day over 15 min intravenously on day 5 and prednisone
60 mg/m*/day on day 1-5 orally; repeated at 21-day
intervals), or GELOX (gemcitabine 1,000 mg/m?/day on
day 1 and 8, oxaliplatin 130 mg/m*/day on day 1 and L-
asparaginase 6,000 IU/m?*/day on day 1-7, administered
intravenously, repeated every 3 weeks. Pegaspargase was
used instead of L-asparaginase for patients who experi-
enced hypersensitivity to L-asparaginase, and in accordance
with the dose intensity, the GELOX regimen was modified
to: gemcitabine 1,250 mg/m*day, oxaliplatin 85 mg/m?/
day, administered intravenously, and pegaspargase
2,500 TU/m?/day injected intramuscularly on day 1, repe-
ated every 2 weeks) were administered before radiation
therapy (RT).

After at least 2 cycles of induction chemotherapy,
patients who had achieved stable disease (SD) following 2
cycles, partial response (PR) after four cycles or complete
response (CR) after 6 cycles of chemotherapy were refer-
red to primary involved-field radiation therapy (IFRT). A
maximum of 6-8 chemotherapy cycles were administered.
Second-line chemotherapy was administered to patients
who suffered from progressive disease during chemother-
apy. Primary IFRT was delivered using 6-MeV linear
accelerator and three-dimensional conformal treatment
planning was used. The IFRT dose was 56 Gy in 28 frac-
tions, with 2 Gy a day and 5 fractions each week. We
defined the clinical target volume (CTV) of limited stage
IE disease as the bilateral nasal cavity, bilateral ethmoid
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sinuses, and ipsilateral maxillary sinus, and the CTV
extended to involved tissues for patients with extensive
stage IE disease. As to stage IIE disease, CTV also inclu-
ded the bilateral cervical lymph node area.

Response and toxicity criteria

The treatment response was assessed after every 2 cycles of
chemotherapy or before and after radiotherapy in accor-
dance with standard response criteria for non-Hodgkin
lymphoma. After completion of treatment, patients were
followed up by their oncologist in the outpatient depart-
ment. Each follow-up visit consisted of a physical exami-
nation, complete blood count, serum biochemistry
including LDH levels, and either a CT scan, MRI of the
involved regions, or PET-CT scan. Follow-up visits were
conducted every 3 months for the first 2 years, every
6 months for the next 3 years, and annually after the initial
5 years. All adverse events following treatment were gra-
ded based on the National Cancer Institute Common Ter-
minology Criteria of Adverse Events v3.0.

Statistical analysis

Overall response rate (ORR) was defined as complete
response (CR) rate plus partial response (PR) rate. Overall
survival (OS) was calculated from the time of diagnosis
until death from any cause or until the time of the last
follow-up visit for the surviving patients. Progression-free
survival (PFS) was defined as the interval from the time of
diagnosis to the time of first documented disease progres-
sion or relapse or to the time of the last follow-up visit. The
chi-square test was used to calculate statistical group
comparisons of categorical variables. Survival analysis was
performed using the Kaplan—-Meier method, and compari-
sons were calculated using the log-rank test. Multivariate
analysis was used to estimate the prognostic impact of
different variables in OS and PFS using the Cox regression
model. P < 0.05 was considered statistically significant,
and all P values correspond to two-sided significance tests.
Statistical analyses were performed using SPSS 16.0
software.

Results
Patient characteristics

The patient characteristics were shown in Table 1. In this
cohort of 227 patients with ENKTL, the mean age was
44 years (range 17-80 years), with 40 patients (17.2 %)
being older than 60 years. The distribution of IPI score
included 215 patients (94.7 %) with IPI scores of 0-1

(low-risk group) and 12 (5.3 %) with IPI scores of 2-3
(high-risk group). Before 2005, most patients received
CHOP as induction therapy (59.5 % of patients in this
cohort), and in recent years, more and more patients were
given EPOCH or GELOX as induction therapy (23.8 and
16.7 % of patients in this cohort, respectively). There were
no significant differences in the rate of these characteristics
among these three treatment groups (P > 0.05).

Response and treatment outcomes

Tables 2 and 3 summarized the overall results of these
three groups. In the GELOX, EPOCH, and CHOP groups,
there were 11 (28.9 %), 17 (32.1 %), and 37 (27.4 %)
patients, respectively, not receiving radiotherapy due to
high treatment expenses, disease progression, or other
personal reasons. After first-line induction chemotherapy,
the CR and ORR rates for the GELOX group were sig-
nificantly higher than those in the EPOCH group (68.4 vs.
42.6 %, P = 0.011 for CR and 86.8 vs. 68.5 %, P = 0.038
for ORR). Both EPOCH and GELOX can attain much
higher CR rates after chemotherapy than CHOP (CR rate
after chemotherapy was 31.8 % in CHOP group,
P < 0.05). After chemoradiotherapy, the CR rates for
GELOX, EPOCH, and CHOP groups were 92.6, 89.2, and
80.6 %, respectively, and there was no significant differ-
ence among these three groups (P > 0.05). Furthermore,
there was no significant difference in the treatment out-
comes for patients receiving either type of asparaginase
within the GELOX group (L-asparaginase vs. pegasparg-
ase, data not shown).

Toxicity

Treatments were tolerable in most patients, and the most
common toxicity developed during induction chemother-
apy was bone marrow suppression. The toxicity profile for
CHOP group was reported previously [12]. As was shown
in Table 4, grade 3/4 bone marrow suppression was more
common in EPOCH group than in GELOX group (28.3 vs.
13.2 %). However, non-hematologic toxicities were more
common in GELOX group, though most of which were
mild in severity.

Survival and prognostic analysis

By the end of July 2013, 21 patients were lost to follow up,
and complete survival data were available for the other 206
patients. The median follow-up time for GELOX, EPOCH,
and CHOP groups was 25.2 (range 9.9-59.8) months, 20.7
(range 4.4-102.6) months, and 25.7 (range 0.5-156.6)
months, respectively. There were 94 deaths (88 deaths due
to tumor progression, 1 death due to treatment
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Table 1 Clinical characteristics of patients with extranodal NK/T cell lymphoma, nasal type

Variables Treatment groups P value
CHOP (N = 135) EPOCH (N = 54) GELOX (N = 38)

Median year of diagnosis (range) 2000 (1995-2010) 2007 (2003-2011) 2010 (2008-2012) NA

Sex 0.155
Male 100 38 22
Female 35 16 16

Age (mean 45 years, range 17-80 years) 0.343
<60 years 111 43 33
>60 years 24 11 5

B symptoms
No 77 32 26 0.450
Yes 58 22 12

ECOG performance status
0-1 124 53 35 0.273
>2 11 1 3

Ann Arbor stage 0.067
I 96 28 23
I 39 26 15

LDH
Normal 99 40 32 0.378
Increased 36 14 6

IPI score
0 70 32 26 0.241
1 55 21 11
2-3 10 1 1

ECOG Eastern Cooperative Oncology Group, LDH lactate dehydrogenase, /Pl International Prognostic Index, CT chemotherapy, RT radiation

therapy, NA not applicable

Table 2 Treatment outcomes after first-line induction chemotherapy

Induction CR rate after P ORR after P
regimen CT (%) CT (%)

GELOX (n = 38) 26 (68.4) 0.000 33 (86.8) 0.000
EPOCH (n = 54) 23 (42.6) 37 (68.5)

CHOP (n = 135) 35 (31.8) 70 (63.2)

CT chemotherapy, CR complete response, ORR overall response rate

complication, and the other 5 deaths due to unknown rea-
sons), and the other 112 patients were still alive. The 88
deaths of tumor progression occurred within a median of
11.53 months (range 0.63—-127.43 months) after diagnosis
of ENKTL. As was shown in Fig. 1, the 3-year OS rate was
significantly better in GELOX group than in EPOCH or
CHOP group (87.0 vs. 54.0 vs. 54.0 %, respectively,
P = 0.001 and 0.001), and the 3-year PFS was also sig-
nificantly better in GELOX group than in EPOCH or CHOP
group (72.0 vs. 50.0 vs. 43.0 %, P = 0.01 and 0.001).
However, no significant differences were found between
EPOCH and CHOP groups in OS or PES (P = 0.765 for
OS, and 0.421 for PFS). Moreover, OS and PFS were
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significantly correlated with age, ECOG score, LDH level,
stage, and IPI score (data was not shown, and part of the
data was reported previously [12]). Moreover, the patients
who got CR after treatment had significantly better survival
outcome than those who got PR or stable disease. As was
shown in Table 5, in a multivariate Cox regression model
that included IPI score, induction chemotherapy regimen,
and treatment response, it was found that all these three
factors were independent prognostic factors for ENKTL
patients.

Discussion

Most patients of ENKTL are resistant to CHOP chemo-
therapy due to overexpression of the multidrug-resistant
(MDR) gene [6]. As we previously reported, the CR rate
after CHOP induction therapy was only 31.8 %, and the
2-year OS rates was 60 %, which was very unsatisfactory
[12]. Recently, several small cohort phase II studies have
shown better results by changing the schedule of drug
delivery to continuous infusion, which might partially
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Table 3 Treatment outcomes

; Induction regimen CR rate after P ORR after P
after chemoradiotherapy chemoradiotherapy (%) chemoradiotherapy (%)
GELOX (n = 27) 25 (92.6) 0.211 26 (96.3) 0.679
EPOCH (n = 37) 33 (89.2) 36 (97.3)
CR complete response, ORR CHOP (1 = 98) 79 (80.6) 92 (93.9)
overall response rate
Table 4 Toxicity profiles for Toxicity Grade 1/2 (%) P value Grade 3/4 (%) P value
EPOCH and GELOX groups
GELOX EPOCH GELOX EPOCH
Hematologic
Neutropenia 65.8 67.9 0.961 13.2 28.3 0.156
Anemia 28.9 30.2 1.000 53 5.7 1.000
Thrombocytopenia 342 35.8 1.000 2.6 5.7 0.874
Non-hematologic
Decreased fibrinogen 50.0 1.9 0.000 2.6 0 0.859
Hypoalbuminemia 23.7 22.6 1.000 2.6 0 0.859
Allergy 13.2 5.7 0.369 0 0 1.000
Hyperglycemia 10.5 13.2 0.977 0 1.9 1.000
Cardiotoxicity 5.3 7.5 1.000 0 0 1.000
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Fig. 1 Survival curves for patients with localized ENKTL. a 3-year OS rates for GELOX, EPOCH, and CHOP group were 87.0, 54.0, and
54.0 %, respectively; b 3-year PFS rates for GELOX, EPOCH and CHOP group were 72.0, 50.0, and 43.0 %, respectively

overcome drug resistance caused by P-glycoprotein [7].
Huang et al. [8] reported a CR rate of 57.7 % after EPOCH
induction therapy, and the 3-year OS rate for those local-
ized patients was 75.0 % after combined chemoradiation
therapy. Nowadays, more and more asparaginase-based
chemotherapy regimens have demonstrated promising
results [9, 10]. We previously reported the results of a
phase II clinical trial that evaluating the efficacy and safety
of GELOX as induction therapy in early stage ENKTL, and
the 3-year OS was 78.0 % with acceptable safety profiles

[11]. The GELOX regimen exploits the combination of
three non-anthracycline drugs, gemcitabine, oxaliplatin,
and asparaginase. It was proved that gemcitabine and ox-
aliplatin are both attractive drugs in non-Hodgkin lym-
phoma (NHL) because of their significant single-agent
activity and favorable toxicity profile [13]. Asparaginase
has a special anticancer mechanism. It can hydrolyze and
exhaust serum asparagines in NK/T-cell lymphoma cells,
which cannot synthesize L-asparagines by themselves, and
finally produces an anticancer effect [14]. Moreover, these
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Table 5 Multivariate Cox regression model for PFS and OS

Variable Multivariate analysis for OS Multivariate analysis for PFS

HR (95 % CI) P value HR (95 % CI) P value
IPI score (2 vs. 1 vs. 0) 2.026 (1.438-2.854) 0.000 1.572 (1.141-2.166) 0.006
Induction regimen (CHOP vs. EPOCH vs. GELOX) 1.983 (1.375-2.860) 0.000 1.726 (1.259-2.366) 0.001
Treatment response (SD + PD vs. PR vs. CR) 2.637 (2.039-3.412) 0.000 2.143 (1.655-2.774) 0.000

CR complete response, ORR overall response rate, PFS progression-free survival, OS overall survival, /P international prognostic index

three drugs were rarely affected by P-glycoprotein. How-
ever, due to the rarity of ENKTL, no randomized phase III
trials have been conducted so far to clarify which regimen
is the best for ENKTL.

In this study, we retrospectively compared the results of
these three commonly used regimens (GELOX, EPOCH,
and CHOP) in our center, and this was the largest cohort so
far to compare different induction regimens. Thirty-eight
patients with stage I/Il ENKTL received GELOX as
induction therapy, and got a CR rate of 68.4 % after
induction chemotherapy and 3-year OS rate of 87.0 %,
which was consistent with our previous report [11]. Fifty-
four patients received EPOCH as induction therapy, and
got a CR rate of 42.6 % and 3-year OS rate of 54.0 %,
which seems worse than Huang et al. [8] reported, and this
discordance may be related to the sample size and the
retrospective nature of this study. As was shown in
Table 2, GELOX was significantly superior to EPOCH in
the CR rate after induction chemotherapy; however, no
difference existed between GELOX and EPOCH groups in
the response rate after radiation therapy, indicating a better
local control that attributed to radiotherapy. Both GELOX
and EPOCH groups attained much higher CR rate after
induction therapy than CHOP group, indicating the appli-
cation of asparaginase and continuous infusion schedule of
doxorubicin and vincristine can overcome the drug resis-
tance caused by MDR of ENKTL. When the survival data
were compared, it was surprising to find that there was no
difference between EPOCH and CHOP in 3-year OS rate
and PFS rate, which suggested the ability to overcome the
P-glycoprotein-mediated MDR by EPOCH regimen is still
limited, indicating anthracycline-based regimens were no
longer the best choice for ENKTL. However, Lin et al. [15]
recently reported the result of asparaginase plus CHOP in
the treatment of ENKTL, and got a CR rate of 71.5 % and
2-year OS rate of 80.1 %, suggesting that synergistic effect
may exist between asparaginase and CHOP regimen or
asparagines may partially reverse the drug resistance to
CHOP regimen caused by P-glycoprotein. Although the
overall response rate and CR rate were similar between
EPOCH and GELOX groups after radiation therapy, the
survival analysis indicated that the rates of 3-year PFS and
3-year OS in the GELOX group were significantly higher

@ Springer

than those in the EPOCH group (72.0 vs. 50.0 %, P = 0.01
for 3-year PFS rate; 87.0 vs. 54.0 %, P = 0.001 for 3-year
OS rate). The advantages of PFS and OS in the GELOX
group might be partly explained by the better potential
minimal distant disease eradication of GELOX regimen,
which needed to be validated and explored further.

As we previously reported [11, 12], IPI and treatment
responses were independent prognostic factors for ENKTL.
In a multivariate Cox regression model that included IPI
score, induction chemotherapy regimen, and treatment
responses, it was found that all these three factors were
independent prognostic factors for ENKTL patients, sug-
gesting that GELOX can improve the outcome of ENKTL
patients not only by short-term efficacy, but also by erad-
icating the minimal residual disease or reducing relapsed
disease, the mechanism of which warranted further
investigation.

Nowadays, most centers recommend the combination of
chemotherapy and radiotherapy in the treatment of early
stage ENKTL. However, there is no consensus concerning
whether concurrent chemoradiation therapy or sequential
chemotherapy followed by radiation therapy is better.
Japan Clinical Oncology Group Study JCOGO0211 con-
ducted a phase I/II study of concurrent chemoradiotherapy
for localized ENKTL [16], and got a CR rate of 77 % and
2-year OS rate of 78 %, which was consistent with what we
previously reported. However, the safety profile of
sequential GELOX followed by radiotherapy is much
better than JCOGO0211 regimen, especially grade 3/4 bone
marrow suppression. At present, we are conducting a phase
IT trial of concurrent chemoradiotherapy using GELOX
regimen for localized ENKTL, trying to figure out whether
this strategy can improve the outcomes further without
killing the safety profiles.

In conclusion, we demonstrated that the GELOX regi-
men significantly improved the outcomes in patients of
localized ENKTL with acceptable toxicities, compared
with EPOCH or CHOP. Further clinical trials of ENKTL
should use asparaginase-based regimens as the standard
chemotherapy.
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