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1 | INTRODUCTION

Abstract

The nasal type of extranodal natural killer/T-cell lymphoma is a rare aggressive lymphoma with
poor prognosis. To discover a successful treatment, we investigated the efficacy and safety of
chemotherapy with methotrexate, etoposide, dexamethasone, and polyethylene glycol-
asparaginase (MESA). Three cycles of MESA were administered to 46 patients with new or
relapsed/refractory natural killer/T-cell lymphoma. Complete response after 3 treatment cycles
was 43.5%, the overall response rate was 87%, and 2-year overall survival was 83.4%. Complete
response was significantly better for newly diagnosed patients than for patients with relapsed/
refractory disease. Patients with newly diagnosed disease had a significantly better overall
response rate after 1, but not after 2 or 3 treatment cycles. Overall survival and progression-free
survival did not differ over 2 years. Grade 1/2 toxicities were frequent, but MESA was associated
with fewer grade 3/4 events or treatment-related deaths. These results will require confirmation

in larger prospective trials.
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The prognosis for NKTCL patients is poor, with 5-year progres-
sion-free survival (PFS) and overall survival (OS) rates of appro-

Extranodal natural killer/T-cell lymphoma (NKTCL), nasal type, is a
distinct and heterogeneous histopathologic subtype of non-Hodgkin
lymphoma (NHL), accounting for 5% to 10% of cases.!™® The
frequency of NKTCL among patients with NHL is significantly higher
in Asia than in Europe and North America.*”” A recent analysis by
the International T-cell lymphoma Project revealed that NKTCL was
among the most common lymphomas in Asia, with an incidence of
22.4%, and excluding Japan, just under half of the cases of peripheral

T-cell lymphoma among Asian patients were NKTCL.®?

ximately 30% and 40%, respectively.”® Historically, the poor
outcome and high incidence of resistance to conventional therapy
may be associated with overexpression of P-glycoprotein, a trans-
membrane pump that transports anthracycline-based chemothera-
peutics and results in multidrug resistance.!'™*> Given this
complication, optimal treatment strategies for patients with NKTCL
have not been determined, and studies have focused on improving
the efficacy of chemotherapy and reducing the risk of disease recur-

rence. 1618
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Recently, novel regimens have been tested, with promising results.
One of the new first-line therapies for NKTCL is dexamethasone, meth-
otrexate, ifosfamide, etoposide, and L-asparaginase (SMILE) chemother-
apy.r” The SMILE therapy is associated with overall response rates
(ORRSs) ranging from 60% to 80%.2°722 However, SMILE has resulted in
a high level of hematologic toxicities, such as grade 3/4 neutropenia,
thrombocytopenia, and nephrotoxicity.2® Asian patients may be at higher
risk of hematologic toxicity as 1 study®* reported 92% of patients had
grade 4 neutropenia. Asian and non-Asian patients also experienced
other non-hematologic events such as hyperbilirubinemia and
fibrinogenemia. 121222425 These adverse events are frequently accom-
panied by hypersensitivity to L-asparaginase.2*?22%27 This enzyme is a
key component of chemotherapy because of the selective inability of
transformed lymphocytes to synthesize asparagine.?® A recent review
of the literature indicates that an allergic reaction to L-asparaginase
occurs in up to half of patients who receive this compound.2”

Thus, to explore the possibility of more effective and less toxic che-
motherapy for NKTCL, we have formulated methotrexate, etoposide,
dexamethasone, and polyethylene glycol-asparaginase (MESA), a novel
chemotherapeutic regimen containing methotrexate, etoposide, dexa-
methasone, and polyethylene glycol-asparaginase (pegaspargase).
These agents are not affected by multidrug resistance and may be key
drugs for first- and second-line treatments for NKTCL. We omitted
ifosfamide, which is included in the SMILE protocol, as NKTCL
may develop resistance to the drug. Polyethylene glycol-asparaginase
is a monoethoxypolyethylene glycol succinimidyl conjugate of L-
asparaginase produced in Escherichia coli. This form of asparaginase
has advantages over other sources because it is more stable and less
likely to trigger an immune reaction.?° It has been reported that the
incidence of allergic reaction is as high as 30% after L-asparaginase
treatment.3! Studies have found that pegaspargase has similar efficacy
as L-asparaginase in treating acute lymphoblastic leukemia in chil-

dren®2-35

and has about a 5 times longer half-life with therapeutic
effects being maintained for about 2 weeks.233¢%” pPolyethylene gly-
col-asparaginase also requires lower and less frequent dosing.3¢ There-
fore, the use of pegaspargase may reduce the pain due to continuously
intravenous infusion, decrease hospital stay, and increase therapeutic
compliance. Other drugs included in MESA, etoposide and steroid hor-
mones, are effective treatments for hemophagocytic syndrome, which
can be a concomitant disease in patients with NKTCL. Here, we report
the findings of a multicenter study to evaluate the initial outcomes of a
MESA regimen and involved-field radiotherapy (RT). We assessed its
effectiveness, toxicity, and feasibility in Asian patients with newly diag-
nosed, relapsed, or refractory NKTCL.

2 | MATERIALS AND METHODS

2.1 | Patients and staging of disease

This study (ClinicalTrial.gov: NCT01933282) was a retrospective anal-
ysis that enrolled 46 consecutive patients who were recruited at the
Departments of Hematology of Xijing Hospital of Fourth Military Med-
ical University, Guiyang Medical College, Kunming Medical University,

and Xinan Hospital of Third Military Medical University in China

between December 2012 and January 2015. All of the cases were his-
tologically confirmed as NKTCL, nasal type, in accordance with the
criteria of the WHO Classification of Tumours of Haematopoietic and
Lymphoid Tissues.3® Aggressive NKTCL was excluded. Patient demo-
graphics, Eastern Cooperative Oncology Group performance status
(ECOG PS), and the primary sites of involvement were analyzed.

Patients underwent a pretreatment staging evaluation including a
physical examination; complete blood count; determination of serum lac-
tate dehydrogenase, ferroprotein, 3-microglobulin, and serum albumin
levels; bone marrow aspiration and/or biopsy; computed tomography
scan or magnetic resonance imaging scan of the involved region; and
type B ultrasound. Ultrasonography was performed at superficial areas
(posterior and anterior ear regions, submandibular region, neck,
supraclavicular region, armpits, and groin) and the abdomen (liver, spleen,
gallbladder, pancreas, and abdominal lymph nodes). Computed tomogra-
phy was performed at the nasopharynx and chest. The tumors of all
patients were staged in accordance with the Ann Arbor Staging system.
The stage of IE could include local IE (site confined to the nasal cavity)
and invasive IE (lesions extending outside of the nasal cavity and invading
the adjacent organs and structures). B symptoms were defined as
unexplained fever with a temperature higher than 38°C for 3 consecutive
days, drenching night sweats, and/or unexplained weight loss exceeding
10% of the patient's baseline value. The international prognostic index
(IPI) score was calculated on the basis of age, performance score, stage
of disease, lactate dehydrogenase level, and extranodal site. Patients
were divided into low/low to middle risk (IPl = 0-2) and high risk (IPI = 3-5).
The observation time was 12 to 24 months. Informed consent was
obtained from all of the patients, and the study was approved by the
Medical Ethics Committee of Clinical Trials of Xijing hospital.

2.2 | Diagnosis of pathology

Morphological analysis of the tissue samples was performed on forma-
lin-fixed, paraffin-embedded tissue sections. A panel of primary
antibodies specific to leukocyte common antigen, cluster of differenti-
ation (CD)3, CD20, CD79a, CD56, cytotoxic granule-associated RNA
binding protein (TIA1), granzyme B, and Ki-67 (DAKO, Glostrup,
Denmark) was used. Immunohistochemical staining was performed
with the EnVision System and the DAB Detection System (DAKO).
The primary antibody was substituted with phosphate-buffered saline
(PBS) as a negative control.

DNA from paraffin-embedded tissue was prepared with a tissue
DNA extraction and purification kit (Dneasy Tissue Kit, Qiagen, GmbH,
Hilden, Germany). Two sets of primers were used to amplify the
rearranged T-cell receptor gene in accordance with the BIOMED-2
system as previously described.®? The positive control was a sample
from a case of T-cell lymphoma with a known monoclonal
rearrangement; the negative control, run simultaneously, was a reac-
tion without template DNA.

The fluorescent in situ hybridization probe for Epstein-Barr virus
(EBV)-encoded RNA (EBER) and the fluorescent in situ hybridization
kit were purchased from DAKO. The probe was a single-stranded
DNA probe that binds to EBER1 and EBER2. The kit provides a known
positive control. A known negative sample from a reactive hyperplasia

of lymph node tissue served as a negative control, and the blank
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control was phosphate-buffered saline substituted for hybridization
buffer. A positive cell had brown product in the nucleus, but cytoplas-
mic and membrane staining was regarded as negative.

2.3 | Quantitative polymerase chain reaction of
plasma EBV DNA

For quantitative polymerase chain reaction (qPCR), cell-free plasma
was separated immediately after venipuncture by centrifugation at
1200g for 15 minutes and frozen at -20°C until the assay was
performed. DNA was extracted from 500-uL plasma by using a
QlAamp DNA mini blood kit (Qiagen). For each reaction, 5-uL DNA
eluate (or 25-uL plasma volume equivalent) was used. gPCR was
performed by using a real-time polymerase chain reaction (PCR) assay
and the ABI Prism 7700 Sequence Detector (PE Biosystems, Foster
City, California). Sequences for the PCR primers, which were designed
with the Primer Express software (PE Biosystems), were as follows:
Epstein-Barr nuclear antigen 1 forward primer (Eg), 5'-TCA TCA TCA
TCC GGG TCTCC-3’, and reverse primer (E,), 5'-CCT ACA GGG TGG
AAA AATGGC-3'. The sequence of the TagMan probe (E,) was 5'-
CGC AGG CCC CCT CCA GGT AGA A-3'. The gPCR was performed
in a volume of 50 pL with the TagMan Universal PCR Master Mix
(PE Biosystems). The reactions contained 5-uL purified DNA, 300nM
E¢/E;, and 200nM E,. Thermal cycling was initiated with a 2-minute
incubation at 50°C, followed by a first denaturation step of 10 minutes
at 95°C, and then 40 cycles of 95°C for 15 seconds (denaturation) and
60°C for 1 minute (reannealing and extension). A positive quantitative
standard was the EBV DNA BamHI-W fragment. In our hospital, the
normal reference range of EBV DNA is 5000 copies/mL.

24 |
criteria

Chemotherapeutic regimen and eligibility

All patients included have newly diagnosed, relapsed, or refractory
NKTCL. The inclusion criteria were as follows: (1) a pathological
diagnosis of NKTCL; (2) at least 1 objective evaluation (a measurable
lesion); (3) age 15 to 60 years, male or female; (4) ECOG PS O to 3
and expected to survival of more than 3 months; (5) heart and kidney
function in the normal range; (6) liver function (transaminase less than
2 times the normal value); and (7) a negative pregnancy test for women
of childbearing age; all men and women had to agree to use effective
contraception during the treatment and for 1 year after. The exclusion
criteria were as follows: (1) previous use of methotrexate and/or L-
asparaginase; (2) patients with a malignant tumor who were also preg-
nant, breast-feeding, or having mental diseases; (3) concurrent use of
another trial drug or a contraindication for use of the drugs being
tested in the study; (4) a serious infection (such as pneumonia or other
fever-accompanied infections) or metabolic (such as diabetes or dia-
betic ketoacidosis) disease; (5) liver dysfunction (serum direct bilirubin,
indirect bilirubin, and transaminase at least 2 times higher than normal;
a level of serum total protein or albumin below normal); (6) renal insuf-
ficiency, as indicated by a creatinine clearance at least 2 times higher
than normal or less than 30 mL/min; (7) at the time of enrollment, a
white blood cell count <3 x 10%/L, absolute neutrophil count
<1.5 x 10?/L, platelet count <100 x 10%/L (with no bone marrow

invasion), platelet count <75 x 10%/L (without bone marrow invasion),
and hemoglobin <100 g/L; (8) in the 6 months prior to enrollment, a
history of diabetes, phlebitis, or uncontrolled or serious cardiovascular
disease including myocardial infarction, class Ill or IV heart failure,
uncontrolled angina, or clinically significant pericardial disease; (9) a
positive test for human immunodeficiency virus (HIV) antibody or for
hepatitis B surface antibody or a DNA titer of greater than 1 x 10*
copies/mL for HIV antibody or hepatitis B surface antibody after
antiviral therapy for hepatitis B virus; and (10) a history of coagulation
abnormalities.
Methotrexate-etoposide-dexamethasone-pegaspargase  chemo-
therapy was administrated as summarized in Table 1. The use of a
pegaspargase schedule of 2500 IU/m? intramuscularly every 2 weeks
is based on the manufacturer's instructions and what is approved for
use by the Chinese State Food and Drug Administration for therapy
of acute lymphoblastic leukemia.*® The dose of the drug used was cal-
culated according to the child's surface area. Each course of treatment
was a 21-day cycle. In the intervals between chemotherapy, patients
with hematologic toxicities who had a peripheral white blood cell
count less than 2.0 x 10° cells/L received 5-ug/kg granulocyte
colony-stimulating factor daily until neutrophil recovery. A patient
received an additional course of chemotherapy only if tests conducted
before each cycle revealed an absolute neutrophil count of equal to or
greater than 1.5 x 10%/L and a platelet count of equal to or greater
than 75 x 10%/L. If a patient developed a grade 4 hematologic toxicity,
then the doses of all chemotherapy drugs were reduced by 20% in all
subsequent cycles. After at least 3 cycles of MESA chemotherapy,
patients were referred for RT with a dose of 45-50 Gy for 25 times.
An additional 2 to 4 cycles of MESA chemotherapy were started within
1 week after the completion of RT, resulting in a maximum total of 7
cycles of MESA chemotherapy. If there was no recovery by 4 weeks
after the day of the scheduled second course of chemotherapy, then
the treatment protocol was terminated. The treatment protocol
involved at least 3 courses of MESA chemotherapy with or without
RT and then MESA chemotherapy. If the planned courses were com-
pleted, patients could choose to receive autologous hematopoietic
stem cell transplant (HSCT). For HSCT, chemotherapy was performed
with the etoposide-methylprednisolone-cytarabine-cisplatin protocol,
and the stem cells were mobilized by granulocyte colony-stimulating
factor treatment and subsequently collected and frozen. The standard
carmustine-etoposide-cytarabine-melphalan protocol was used to

treat stem cells, which were then transfused back into the patients.

TABLE1 Treatment protocol for MESA chemotherapy

Day of
Agent Dose Per Day Route  Administration®
Methotrexate 2 g/m? v 1
Etoposide 100 mg/m* VD 2, 3,4,
Dexamethasone 20 mg/m2 VD 2,3,4,5
Polyethylene glycol- 2500 IU/m? IM 5

asparaginase

3Cycles were repeated every 21 days. Three courses were planned as the
protocol treatment.

Abbreviations: IM, intramuscular; |U, international units; IV, intravenous;
MESA, methotrexate, etoposide, dexamethasone, polyethylene glycol-
asparaginase; VD, intravenous drip.
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The decision to receive HSCT was made at the discretion of the
treating physician and the patient on the basis of the patient's age
and condition.

2.5 | Response and toxicity criteria

An examination to restage the patients' cancer was conducted after
every course of MESA. The tumor response was classified as complete
response (CR), partial response (PR), or stable disease in accordance
with the criteria of the International Workshop to Standardize the
Response Criteria for NHL was used.*! The ORR was defined as the
proportion of all patients who were able to be evaluated for response
who experienced CR or PR, as defined by the National Comprehensive
Cancer Network guideline.

Adverse reactions and toxicities were evaluated in accordance
with the National Institute Common Toxicity Criteria version 3.0. If a
patient experienced grade 4 thrombocytopenia, then the doses of
methotrexate and etoposide were reduced to two-thirds of the previ-
ous dose. Polyethylene glycol-asparaginase was discontinued if it
induced a grade 3 or 4 allergic reaction/hypersensitivity, pancreatitis,
or hypotension or reduced by half if it induced a grade 1 or 2 allergic
reaction/hypersensitivity. Patients who experienced a grade 1 or 2
allergic reaction/hypersensitivity could be administered prednisone at
a dose of 1 mg/kg/d. If a patient experienced grade 4 thrombocy-
topenia or grade 3 non-hematologic toxicity, pegaspargase was
discontinued, but if the adverse event occurred during the first course
of MESA and the patient recovered, then pegaspargase was
readministered. During the first course, if the concentration of metho-
trexate exceeded 1 x 1077 mol/L by 72 hours after the drug was
administered, then the dose in the second course was reduced to

two-thirds that of the first course.

26 |

The primary end points were CR, PR, and ORR (ORR = CR + PR) after 3
treatment cycles. The secondary end points were OS, PFS, and toxicity.

Statistical analysis

The duration of OS was defined as the time interval between enroll-
ment and the death of the patient or, for patients who were censored,
the date of the last follow-up. PFS was calculated from the time of
enrollment to the day that progression was first identified, the time
of death, or the date of the last follow-up.

Overall survival and PFS were estimated by using the Kaplan-
Meier method. For effectors of OS and PFS, the hazard ratio and the
95% confidence interval were estimated by using a Cox proportional
hazard model. The log-rank test or the Breslow test was implemented
to compare differences in OS and PFS. All analyses were performed by
using SPSS 22 software (IBM Corporation, Armonk, New York).

3 | RESULTS

3.1 | Patient characteristics

This study enrolled 46 patients, whose clinical characteristics are sum-
marized in Table 2. The average age of the patients was 38.6 years

(standard deviation = 10.7 vyears, range: 16-54 vyears), and

TABLE 2 Baseline characteristics

Variable No. (%), N = 46
Age, y (mean + standard deviation) 38.6 + 10.7
<40 23 (50)
>40 23 (50)
Disease state

New diagnosis 35 (76.1)

Refractory or relapsed 11 (23.9)
Gender

Female 10 (21.7)

Male 36 (78.3)
Primary site at diagnosis

Nonupper respiratory tract 11 (23.9)

Upper respiratory tract 35(76.1)
Stage

| 11 (23.9)

Il 15 (32.6)

Il or IV 20 (43.5)
B symptoms 32 (69.6)
Elevated LDL cholesterol 25 (54.3)
Elevated ferroprotein 32 (69.6)
Elevated B-microglobulin 22 (47.8)
Cells positive for Ki-67 expression, %°

<60 22 (52.4)

>60 20 (47.6)
ECOG performance status

0 21 (45.6)

>1 25 (54.4)
International prognostic index

0 11 (23.9)

1 21 (45.7)

>2 14 (30.4)
Prior treatment

None 38 (82.6)

Chemotherapy” 8 (17.4)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDL, low-
density lipoprotein.

?Four patients had no data on the percentage of cells positive for Ki-67
expression.

bPrior treatment included cyclophosphamide-hydroxydaunorubicin-vincris-
tine-prednisone (CHOP) in 2 cases (1 patient received both CHOP and
CHOP-etoposide), CHOP-etoposide in 2 cases, and CHOP-L-asparaginase
in 5 cases. No patients received radiotherapy in prior treatment.

approximately 80% were men. The majority of patients (76.1%) were
newly diagnosed with NKTCL, with the upper respiratory tract being
the most common site (76.1%) of tumor localization. Among all
patients, Ill or IV was the most prevalent stage of cancer (43.5%),
followed by stage Il (32.6%) and then stage | (23.9%). B symptoms
and elevated ferroprotein were reported by almost two-thirds of
patients; approximately half had elevated low-density lipoprotein cho-
lesterol, elevated B-microglobulin, an ECOG PS 21, and >60% Ki-67-
positive tumor cells. Approximately one-third of patients had an IPI
>2. Among the patients, 15 received RT and 2 received HSCT. Not
all patients received RT, which was administered depending on their
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TABLE 3 Patient response after the first 3 treatment cycles by disease state

Cycle 1 (n = 46)

Cycle 2 (n = 46)

Cycle 3 (n = 46)

Disease State Response No. % No. % No. %

New diagnosis CR 15 42.9? 17 48.6° 19 54.3%
PR 14 40.0 13 37.1 12 34.3°
ORR 29 82.9% 30 85.7 31 88.6
SD 3 8.6 2 57 0 0.0
NR 3 8.6 3 8.6 4 114

Refractory or relapsed CR 0 0.0 1 9.1 1 9.1
PR 5 45.5 7 63.6 8 72.7
ORR 5 45.5 8 72.7 9 81.8
SD 1 9.1 0 0.0 0 0.0
NR 5 45.5 3 27.3 2 18.2

Abbreviations: CR, complete response; ORR, overall response rate; PR, partial response; SD, stable disease; No., number; NR, no response.

Significant difference between newly diagnosed patients and those with refractory or relapsed disease, P < .05.

disease condition (intensive therapy of the primary site or therapy of
stage I/Il lymphoma).

3.2 | Response

After 3 treatment cycles, 20 of 46 patients (43.5%) had CR, 20
(43.5%) had PR, and 6 (13%) had no response. The ORR was 87%.
As compared with patients with refractory or relapsed disease, those
with newly diagnosed NKTCL had a significantly higher rate of CR
(54.3% vs 9.1%, P = .013) and lower rate of PR (34.3% vs 72.7%)
(Table 3). Despite these differences, the ORRs were similar for the 2
treatment groups of patients. The responses of patients by stage of
disease, IPI, and Ki-67 expression are reported in Table 4. Although
patients with stage | disease tended to have a higher CR and lower
PR rates than did those with stage Il or above, the differences did
not reach statistical significance. Likewise, no significant differences
were found in the rates of CR or PR between patients with different
IPI scores or those whose tumors had <60% or >60% cells that were
positive for Ki-67.

3.3 | Prognostic factors and survival

Four patients died (8.7%) from hemophagocytic syndrome. Across
the patients, there were 13 events of disease progression. For both
OS and PFS, no events were reported after 1 year of follow-up. Five
patients were lost to follow-up within 1 year because of lack of effi-

cacy or financial difficulty. In addition, 5 to 7 patients discontinued;

they only finished 1 course of therapy and therefore did not meet
the requirement of completing at least 3 courses of therapy. The
mean duration of follow-up was 12.3 * 7.5 months (range:
2-24 months) for OS and 10.7 + 7.2 months (range: 0-24 months)
for PFS.

The results of univariate analyses of OS and PFS are shown in
Table 5. None of the factors that were examined were significantly
associated with OS or PFS. Because of the limited number of patients
and the lack of significance of effectors of OS and PFS in the univariate
analysis, multivariate analysis was not performed.

The rates of OS and PFS for the study population are illustrated in
Figures 1A and 2A, respectively. The 2-year OS and PFS rates were
83.4% and 66%, respectively. Although we found no significant differ-
ences between groups, we determined that patients with refractory or
relapsed disease had a lower 2-year OS rate (Figure 1B; 81.8% vs
84.3%, P = .814) and lower 2-year PFS rate (Figure 2B; 47.7% vs
71.7%, P = .133) than did patients with newly diagnosed disease. The
rates of OS (Figure 3) and PFS (Figure 4) were not significantly differ-
ent between patients with different stages of disease, IPI score, or Ki-
67 expression. The 2-year OS rate was 81.8%, 86.2%, and 82.8% for
patients with stage |, I, or lll/IV disease, respectively (P = .921), and
the 2-year PFS was 70.7%, 53.3%, and 70.6% (P = .656). For patients
with an IPI score of O, 1, or, 2 2, the 2-year OS was 90.9%, 85.7%,
and 76.6%, respectively (P = .861), while the 2-year PFS was 80%,
71.4%, and 51.9% (P = 0.160). Among patients whose tumors had
<60% and >60% Ki-67-positive cells, the 2-year survival was 75.0%

TABLE 4 Response after 3 treatment cycles by stage of disease, IPI score, and Ki-67 expression

Disease Stage IPI Score Ki-67-Positive Cells
I(n=11) Il (n =15) I or IV (n = 20) 0(n=11) 1(n=21) >2 (n = 14) <60% (n = 22) >60% (n = 20)
Response No. % No. % No. % No. % No. % No. % No. % No. %
CR 6 54.5 6 40.0 8 40.0 72.7 38.1 28.6 11 50.0 8 40.0
PR 3 27.3 46.7 10 50.0 18.2 9 42.9 9 64.3 7 31.8 10 50.0
ORR 9 81.8 13 86.7 18 90.0 10 90.9 17 81.0 13 92.9 18 81.8 18 90.0
NR 2 18.2 2 13.3 2 10.0 1 9.1 4 19.0 1 7.1 4 18.2 2 10.0

Abbreviations: CR, complete response; PR, partial response; IPI, international prognostic index; No., number; NR, no response; ORR, overall response rate.
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TABLE 5 Univariate analysis of survival
(e} PFS
Variable HR (95% Cl) P HR (95% Cl) P
Age, y 1.02 (0.94-1.09) 670 1.02 (0.96-1.07) 571
Refractory or relapsed (Ref: newly diagnosed) 1.25 (0.24-6.45) 792 2.25(0.73-6.91) 157

Male gender (Ref: female) 0.63 (0.12-3.27) 585 0.78 (0.21-2.83) 703
Primary site is URT (Ref: non-URT) 0.75 (0.15-3.88) 754 0.73 (0.22-2.36) 596
Disease stage (Ref: stage I)

Il 0.79 (0.11-5.64) 816 1.35 (0.32-5.66) 679

Il or IV 0.81 (0.14-4.87) 820 0.85 (0.20-3.54) 818
ECOG performance status = 1 (Ref: 0) 0.87 (0.39-1.97) 744 0.95 (0.32-2.82) 921
IPI score (Ref: IPI = 0)

1 1.47 (0.15-14.14) 739 3.29 (0.40-27.37) 270

22 2.17 (0.22-20.9) 504 4.37 (0.52-36.39) 173
Elevated LDL cholesterol (Ref: normal) 0.56 (0.13-2.52) 451 0.67 (0.23-2.01) 480
Elevated ferroprotein (Ref: normal) 1.08 (0.21-5.58) 926 1.48 (0.41-5.39) 550
Elevated B-microglobulin (Ref: normal) 6.1 (0.73-50.75) 094 1.28 (0.43-3.80) 662
Ki-67-positive cells > 60% (Ref: <60%) 0.43 (0.08-2.23) 316 0.87 (0.29-2.60) 808
CD56 (+) (Ref: negative) 0.69 (0.08-5.71) 728 1.75 (0.23-13.43) 593
CD3 (+) (Ref: negative) 0.99 (0.12-8.22) 992 2.63 (0.34-20.26) 354
TCR (+) (Ref: negative) 1.76 (0.21-14.67) 600 1.98 (0.44-8.94) 376
B symptoms (Ref: none) 1.09 (0.21-5.64) 922 0.82 (0.25-2.71) 748

Abbreviations: CD, cluster of differentiation; ClI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; IPI, international prog-
nostic index; LDL, low-density lipoprotein; NA, data not available owing to no events in the referent group or in the reference group; OR, odds ratio; OS,

overall survival; PFS, progression-free survival; Ref, referent group; TCR, T-cell receptor; URT, upper respiratory tract.

and 89.7%, respectively (P = .338) and the 2-year PFS was 61% and
65.2% (P = .825).

3.4 | Toxicity

Grade 1 and 2 toxicities such as leukopenia, anemia, thrombocy-
topenia, nausea, vomiting, and liver dysfunction were frequent during
treatment with MESA. Two patients (4.3%) developed grade 1
hypofibrinogenemia (a decrease in fibrinogen), which was treated with
fresh-frozen plasma and cryoprecipitate. Two patients (4.3%) experi-
enced grade 3/4 thrombocytopenia, and 2 (4.3%) suffered from severe
infection. Grade 1/2 abnormal liver function was found in 16 patients
and grade 3 dysfunction in 1 patient, none of which required a delay in
chemotherapy. Ten grade 3 or above adverse effects were reported,
with 1 grade 3 and 1 grade 4 thrombocytopenia, 3 grade 3 and 2 grade
4 agranulocytosis, and 2 agranulocytotic fever. There were no treat-
ment-related deaths (Table 6).

4 | DISCUSSION

Although the addition of L-asparaginase to standard chemotherapy
regimens for NKTCL has improved survival, hypersensitivity remains
a problem for many patients. In this report, we present the results of
a phase 2 trial that assessed the efficacy and safety of MESA chemo-
therapy with or without RT or HSCT for treating NKTCL. We found
MESA showed efficacy in treating NKTCL and was associated and
was well tolerated. Therefore, this regimen has potential as a new first-

or second-line treatment for NKTCL and supports its further evalua-
tion in treating NKTCL.

Our findings for first-line treatment for NKTCL compares favor-
ably with those of other clinical trials that assessed different treatment
regimens in stage I/1l newly diagnosed NKTCL. Three studies using
simultaneous chemoradiotherapy*?> *° and 3 assessing chemotherapy
followed by RT**® had ORRs of 78% to 96%, 2-year OS rates of
78% to 88%, and 3-year OS rates of 54% to 86%. The newly diagnosed
patients in our study had an ORR of 88% and a 2-year OS rate of 84%.
In addition, there were no treatment-related deaths in our study.

In our study, not all patients received RT. A recent meta-analysis
has suggested that chemoradiotherapy results in better 3-year survival
than chemotherapy alone.® Methotrexate-etoposide-dexamethasone-
pegaspargase also performed at least as well as other first-line treat-
ments that also did not include RT. Studies evaluating SMILE,
ifosfamide, methotrexate, etoposide, and prednisolone (IMEP) and
gemcitabine, pegaspargase, cisplatin, and dexamethasone chemother-
apies yielded ORRs ranging from 55% to 100%.202149-51

When assessing second-line treatments, MESA therapy showed
an efficacy similar or better to prior studies. A phase 2 study that eval-
uated the efficacy and safety of SMILE therapy showed an excellent
antitumor activity for patients with relapsed or refractory NKTCL, with
an ORR of 77% and a 1-year OS of 79% or 25%, respectively, and with
a 3-year OS of 50%.22°2 Phase 2 studies of L-asparaginase, metho-
trexate, and dexamethasone, IMEP, and gemcitabine-pegaspargase-
cisplatin-dexamethasone also reported ORRs of 77%, 43%, and 88%,
respectively.2¢:5354

Ding et al recently published the results of another study that
evaluated MESA therapy (referred to as MEDA in their report).””
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FIGURE 1 Kaplan-Meier curves of OS. A, OS of all patients. B, OS of

patients by disease state. The log-rank test found no difference between
newly diagnosed patients and those who relapsed (P = .249). Abbrevia-
tions: OS, overall survival

Patients in this trial achieved an ORR of 76% and a 1-year OS of 69%.
The treatment protocols for the MESA and MEDA trials differed in 2
key aspects: first, the doses of methotrexate and dexamethasone were
not equivalent; second, the treatment was distributed over 5 days in
our trial and 4 days in the Ding et al study. In our trial, the 11 patients
with relapsed or refractory disease had an ORR of 81% and a 1-year
OS of 81.8%.

The adverse events experienced by patients in this trial were gen-
erally less severe than those of other studies and supports the use of
MESA chemotherapy as a new first- or second-line therapy for NKTCL.
Although grade 1 and 2 toxicities were frequent, grade 3 events were
few and there were no grade 4 events or treatment-related deaths.
Moreover, pegaspargase was well tolerated by all patients.

The number of grade 3 or 4 toxicities of this trial was less than that
of the MEDA trial.>® As the treatment protocols of our trial and the
MEDA trial were not the same (see above), the differences in adverse
events highlight the importance of determining an optimal treatment
regimen either through retrospective analysis of completed trials or
prospective analysis of additional patients in randomized controlled tri-
als. Future studies should also include subtype analysis of distinct
patient populations, as our trial enrolled newly diagnosed patients with
stage | or Il disease and the MEDA trial did not. However, in the study
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FIGURE 2 Kaplan-Meier curves of PFS. A, PFS of all patients. B, PFS of
patients by disease state. The Breslow test found no difference between
newly diagnosed patients and those who relapsed (P = .814). Abbrevia-
tions: PFS, progression-free survival

by Kwong et al, adverse events were not more frequent in those with
relapsed/refractory disease.?

Among the trials of SMILE chemotherapy, the rates of adverse
events and treatment-related deaths were much higher than those of
the MEDA and MESA trials, even reaching 100% for some types of
toxicities.1?2122 |n a study of IMEP, the rates of hematologic toxicities
were also higher.47 SMILE, MESA, and IMEP are similar treatments,
varying only in the use of ifosfamide, and prednisolone. Given this sim-
ilarity, randomized controlled trials of these 3 regimens should be
undertaken to confirm the superior safety outcomes of MESA chemo-
therapy. Kurtzberg and colleagues have found that, in patients with
acute lymphoblastic leukemia, inclusion of either conjugated or native
asparaginase showed no differences in adverse events>®; therefore,
the divergent safety profiles of MESA, SMILE, and IMEP may be
related to ifosfamide. It is possible that any differences in clinical
response and safety profile between the MESA, SMILE, and IMEP pro-
tocols may also be due to differences in the dose of chemotherapy
administered, which was not evaluated in our study.

Our results highlight the need to characterize prognostic factors
for patients with nasal-type NKTCL treated with new and emerging
chemotherapy regimens. Although patients whose tumors had 260%

cells positive for Ki-67 had a lower 3-cycle rate of CR and lower 1-year
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TABLE 6 Adverse events by severity

Adverse Events Grade 1 Grade 2 Grade 3 Grade 4
Leukopenia 7 (15.2) 0(0) 0 (0) 0 (0)
Thrombocytopenia 2 (4.3) 2 (4.3) 1(2.2) 1(2.2)
Agranulocytosis 0(0) 0(0) 3(6.5) 2 (4.3)
Agranulocytotic fever 0 (0) 0(0) 1(2.2) 1(2.2)
Hyperbilirubinemia 1(2.2) 0(0) 0(0) 0 (0)
Hypofibrinogenemia 2 (4.3) 0 (0) 0 (0) 0 (0)
Liver dysfunction 11 (23.9) 5(10.9) 1(2.2) 0 (0)
Renal dysfunction 1(2.2) 0 (0) 0 (0) 0 (0)
Nausea 11 (23.9) 0(0) 0(0) 0(0)
Vomiting 10 (21.7) 0(0) 0 (0) 0 (0)

OS and PFS than did those whose tumors had <60% positive cells, the
results were not statistically significant, and univariate analysis deter-
mined that a high Ki-67 expression was not associated with a poor sur-
vival. This finding differs from those of previous studies.>” %2 Similarly,
IPI score, disease stage, and expression of B2-microglobulin and CD56,
which have all been shown to be associated with survival for patients

L,>763-66 were not associated with sur-

with nasal or extranasal NKTC
vival in our study. Additional research will be needed to determine
which clinicopathological factors best predict the success of MESA
chemotherapy.

This study had several limitations. First, the clinical trial is still
ongoing, and this report is the initial summarization of the clinical find-
ings. Second, the short follow-up and the retrospective design of the
study may have influenced our results. The fact the study was retro-
spective limits the type and quality of the data available for analysis.
Third, the patient population is heterogeneous as we recruited patients
receiving initial treatment and those receiving treatment due to recur-
rence, with localized disease patients as well as stage IllI/IV disease
patients. Prospective studies with a larger sample size and long-term
follow-up will be needed to confirm the therapeutic efficacy in these
patients.

In conclusion, we have conducted a phase 2 trial of a new chemo-
therapy regimen, MESA, in hopes of identifying a treatment that
achieves the superior outcomes of SMILE therapy without the accom-
panying toxicities. Our results demonstrate that MESA is a highly
effective and safe chemotherapy regimen for patients with newly diag-
nosed, relapsed, or refractory NKTCL. Careful patient monitoring is
needed, because the MESA regimen, like all chemotherapies, is poten-
tially toxic. Additional studies in an expanded patient population
should be conducted to define an optimal treatment protocol and to
determine if the risk/benefit profile is similar for non-Asian patients.
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