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Background
This study aimed to assess the treatment outcomes of ifosphamide, mesna, etoposide,
and prednisolone (IMEP) combination regimen as a front-line chemotherapy in patients
with peripheral T-cell lymphomas (PTCLs).

Received on February 1, 2016
Revised on June 26, 2016
Accepted on August 2, 2016

Methods
Clinical data of 38 newly diagnosed PTCLs patients who underwent IMEP at Busan Paik
Hospital from January 2002 to December 2013 were retrospectively analyzed.
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Results
The overall response rate was 68.5%, with 21 (55.3%) complete response/complete response unconfirmed and 6 (15.8%) partial response (PR). The median follow-up duration
was 25.5 months (range, 0.2‒87.3). The median overall survival was not reached and
2-year survival rate was 67%. The median progression free survival was 23 months. The
most frequently reported adverse effects higher than grade 3 were hematologic toxicities
including neutropenia (68.4%), thrombocytopenia (42.1%). There was no treatment-related mortality.
Conclusion
IMEP regimen is effective and safe as a front-line chemotherapy in patients with PTCLs.
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INTRODUCTION
Peripheral T-cell lymphomas (PTCLs) are a type of
non-Hodgkin lymphoma (NHL) derived from mature T cells.
They account for approximately 10–15% of all NHLs in the
United States and Europe. The incidence of these lymphomas
is higher in Asia than in Western countries, and is reported
to be up to 20% [1]. In the Korean population, the incidence
of PTCLs is 19.5% according to a recent study involving
approximately 3,800 NHL patients [2].
The PTCLs comprise a heterogeneous group of lymphomas,
and the prognosis of the disease differs according to the
subtypes. Peripheral T-cell lymphoma not otherwise specified (PTCL-NOS), angioimmunoblastic T-cell lymphoma
(AITL), NK/T-cell lymphoma (NKTCL), adult T-cell leukemia/lymphoma (ATLL), and anaplastic large cell lymphoma
(ALCL) are the most common distinct pathologic subtypes

and comprise most PTCLs. The other types include primary
cutaneous ALCL, hepatosplenic T-cell lymphoma, and subcutaneous panniculitis-like T cell lymphoma, which account
for less than 2% of all PTCLs. The 5-year survival rate of
patients who are diagnosed with PTCL-NOS, AITL, or
NKTCL is 32%; ATLL, 14%; and anaplastic lymphoma kinase
(ALK)-negative ALCL, 49%, whereas, the 5-year survival
rate of patients with ALK-positive ALCL is 70%. Except
for ALK-positive ALCL, PTCLs show a poor prognosis compared with aggressive B-cell lymphomas [3].
The optimal therapy of PTCLs has not been established.
National Comprehensive Cancer Network guidelines recommend clinical trials as a preferred option for treatment of
PTCLs. Anthracycline-based regimens, including CHOP
(cyclophosphamide, doxorubicin, vincristine, and prednisone), have been traditionally been used for treatment
of PTCLs, similar to diffuse large B-cell lymphoma (DLBCL).
However, the complete remission rate and 5-year overall
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survival after a CHOP regimen in PTCL patients is about
10% lower than that of DLBCL patients [4]. Moreover, anthracycline-containing regimens did not show a clinical benefit over a non–anthracycline-containing regimen in patients
with PTCL or NKTCL, except for ALK-positive ALCL [3].
Consequently, new combination therapies without anthracycline are being explored in many studies.
Ifosfamide, mesna, methotrexate, etoposide, and prednisolone (IMEP) combination chemotherapy was initially
developed as a salvage therapy for recurrent lymphoma. In
1982, Cabanillas et al. [5] reported the clinical outcome of
the IMVP-16 regimen consisting of ifosfamide, methotrexate,
and VP-16 in patients with recurrent lymphoma. In that
study, the IMVP-16 regimen showed a complete remission
rate of 37% and a median survival of 15 months. Other
studies also demonstrated that the IMVP-16 regimen was
effective as a salvage therapy for relapsed/refractory NHL
[6, 7]. There has been lack of data about IMEP as a front-line
therapy in PTCLs. In the present study, we retrospectively
analyzed the treatment outcome of IMEP combination chemotherapy as a front-line therapy for patients with PTCLs.

during IMEP therapy, IMEP was discontinued and salvage
chemotherapy was administered. Adverse events were assessed according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (NCI-CTCAE) version 4.0. In patients whose neutrophil count was ＜1.5×109/L
or platelet count was ＜100×109/L before a scheduled cycle,
the cycle was delayed for 1 week. If febrile neutropenia
or grade 4 neutropenia occurred, the dose of ifosfamide,
methotrexate, and etoposide was reduced by 25%.

Statistical analysis
Overall survival (OS) was calculated from the date of initiation of IMEP chemotherapy to the date of death from
any cause or the last follow-up visit. Progression-free survival
(PFS) was calculated from the date of initiation of IMEP
chemotherapy to date of disease progression, death, or the
last follow-up visit. The Kaplan-Meier method was used
to analyze the survival data. Comparisons of survival were
made using the log-rank test. Univariate analyses of independent factors for survival were performed using the
Cox proportional hazard model. P -values＜0.05 were consid-

MATERIALS AND METHODS
Table 1. Patient characteristics.

Patients
From January 2002 to December 2013, a total of 38 patients
who were newly diagnosed with PTCL and who received
IMEP as front-line chemotherapy at Busan Paik Hospital
were enrolled in the study. Patients were included if they
were pathologically confirmed as having PTCL according
to the World Health Organization (WHO) classification and
had received no prior chemotherapy. Cutaneous T cell lymphoma and lymphoblastic lymphoma/leukemia were
excluded. The clinical data of patients were retrospectively
analyzed, and the final date of data collection was December
31, 2014. Clinical characteristics, such as age, gender, B symptoms, serum lactate dehydrogenase (LDH) levels, number
of extranodal sites, Ann-Arbor stage, International
Prognostic Index (IPI) score, pathologic subtype, Eastern
Cooperative Oncology Group (ECOG) performance status,
and survival data were analyzed. The Institutional Review
Board of the Busan Paik Hospital has approved this retrospective study (2015-01-0005).

Treatment and response evaluation
All patients received IMEP chemotherapy consisting of
ifosfamide (1.5 g/m2) intravenously (IV) on days 1–3 with
adequate hydration and mesna to prevent hemorrhagic cystitis; methotrexate (30 mg/m2 IV) on days 3 and 10; etoposide
(100 mg/m2 IV) on days 1–3; and prednisolone (60 mg/m2
per os) on days 1–5. Treatment was repeated every 3 weeks.
After 3 courses of therapy, patients were re-evaluated via
physical examination and computed tomography. Responding patients according to International Working Group criteria [8] were allowed to continue the next cycle and received
a total of 6 cycles of IMEP. In the case of disease progression
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Characteristics
Age
＜60
≥60
Gender
Men
Women
ECOG performance status
0–1
2
Histologic subtype
PTCL, NOS
AITL
ALCL
NK/T lymphoma
Ann Arbor Stage
I–II
III–IV
B symptoms
No
Yes
LDH
Normal
Elevated
Number of extranodal sites
0–1
2
IPI
Low
Low-intermediate
High-intermediate
High

N of patients (%)
28 (73.7%)
10 (26.3%)
20 (52.6%)
18 (47.4%)
37 (97.4%)
1 (2.6%)
13 (34.2%)
7 (18.4%)
4 (10.5%)
14 (36.8%)
22 (57.8%)
16 (42.2%)
28 (73.7%)
10 (26.3%)
16 (42.2%)
22 (57.8%)
33 (86.8%)
5 (13.1%)
24 (63.1%)
6 (15.8%)
6 (15.8%)
2 (5.2%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group;
PTCL-NOS, peripheral T-cell lymphoma not otherwise specified;
ALCL, anaplastic large cell lymphoma; AITL, angioimmunoblastic
T-cell lymphoma; NKTCL, NK/T-cell lymphoma; LDH, lactate
dehydrogenase; IPI, international prognostic index.
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ered statistically significant. Statistical analysis was performed using SPSS version 21.0 (IBM corporation, NY, US).

RESULTS
Patient characteristics
Patient characteristics are shown in Table 1. The median
age was 50 years (range, 17–76); 10 (26.4%) were elderly
(≥60 yr). There were 20 (52.6%) men and 18 (47.4%)
women. Almost all patients had a good performance status
of ECOG 0–1. The most common histologic subtypes were
NKTCL (36.8%) and PTCL-NOS (34.2%). B symptoms were
observed in 10 (26.3%) patients. Sixteen (42.2%) patients
had Ann Arbor stage III or IV tumors at diagnosis, and
8 (21%) patients were at high-intermediate or high-risk according to their IPI scores.

Efficacy and survival analysis
Out of 38 patients, 17 (44.7%) had a complete response
(CR), 4 (10.5%) had a complete response, unconfirmed (CRu),
6 (15.8%) had a partial response (PR), and 6 (15.8%) had

progressive disease (PD). Response could not be evaluated
in 5 patients. Of the 5 patients who were not evaluated
for a response, 3 patients refused further evaluation and
treatment due to deterioration of their general condition,
1 patient transferred to another hospital, and 1 patient died
of pneumonia before response evaluation. The overall response rate was 71%. One hundred percent (4/4) and 57.1%
(8/14) of patients with ALCL and NKTCL had a CR/CRu,
respectively. The responses according to histologic subtype
are shown in Table 2.
A total of 11 patients died, 9 from disease progression,
1 from pneumonia 1 week after the 1st cycle of IMEP combination chemotherapy, and 1 of unknown causes. The median
follow-up duration was 25.5 months (range, 0.2–87.3). The
median OS was not reached, and the 2-year survival rate
was 67%. The median PFS was 23 months (Fig. 1). There
were no significant differences in survival between patients
with NKTCL histology versus non-NKTCL histology (P =0.16,
Fig. 2).
Of 17 complete responders, 11 patients were still alive
and maintaining a CR. Nine of these patients visited the
hospital regularly for the purpose of surveillance, 2 under-

Table 2. Clinical response according to pathologic subtypes.
Response (%)

Histologic subtype (N)
PTCL, NOS (13)
AITL (7)
ALCL (4)
NKTCL (14)
Total (38)

CR

CRu

PR

PD

NE

4 (30.8)
2 (28.6)
3 (75)
8 (57.1)
17 (44.7)

3 (23.1)

3 (23.1)
1 (14.2)

1 (7.6)
4 (57.1)

2 (15.4)

2 (14.2)
6 (15.8)

1 (7.1)
6 (15.7)

3 (21.4)
5 (13.1)

1 (25)
4 (10.5)

Abbreviations: CR, complete response; PR, partial response; PD, progressive disease; NE, not evaluable; PTCL-NOS, peripheral T-cell
lymphoma not otherwise specified; AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large cell lymphoma; NKTCL, NK/T-cell
lymphoma.

Fig. 1. Overall survival and progression free survival (A) overall survival (B) Progression-free survival.
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went up-front autologous stem cell transplantation. The median duration of a CR was 15.5 months (range, 0.69-34.2).

Prognostic factors
Univariate analysis was performed to identify prognostic
factors (Table 3). Response to treatment (CR/CRu or PR)
was the only significant prognostic factor for survival
(P =0.045, Fig. 3). There was a weak tendency toward better
survival outcome in patients who achieved CR/CRu than
patients who did not, however, it did not show statistical
significance (P =0.54). Age, performance status, extranodal
involvement, bone marrow involvement, serum LDH level,
presence of B symptoms, IPI score, PIT score, and stage
did not show a significant association with survival.

thrombocytopenia (42.1%). Febrile neutropenia occurred in
5 (13.1%) patients. All patients with febrile neutropenia recovered after treatment with granulocyte colony stimulating
factor and antibiotics. Treatment-related mortality was observed in 1 patient, a 45-year-old woman with NKTCL whose
IPI score was 3 and whose Ann-Arbor stage was 4. She
died of pneumonia and sepsis 1 week after the 1st cycle
of IMEP combination chemotherapy. Grade 3–4 non-hematologic toxicities affected fewer than 10% of patients.

DISCUSSION

Toxicity profiles are shown in Table 4. A total of 178
of the 228 planned cycles (78%) were delivered. The median
number of cycles administered was 6 (range, 1–6). Twentyone patients completed a total of 6 cycles. The most frequently reported adverse effects higher than grade 3 were
hematologic toxicities, including neutropenia (68.4%) and

PTCLs have traditionally been managed with anthracycline-based regimens, but they have shown poor outcomes
compared with B-cell lymphomas, with a low complete response (CR) rate and poor survival in some studies (Table
5). In a recent phase III study that compared the efficacy
of CHOP-21 versus VIP-rABVD (etoposide, ifosfamide, cisplatin-reinforced-doxorubicin, bleomycin, vinblastine, and
dacarbazine) in 88 newly diagnosed PTCL patients, the
CHOP-21 arm showed a CR rate 33.3%, an overall response

Fig. 2. Survival curves of NKTCL and non-NKTCL patients.

Fig. 3. Survival curves stratified by end of treatment response.

Toxicity

Table 3. Univariate analysis of prognostic factors.
Clinical factor

HR (95% CI)

P

Age≥60
Performance status≥2
Extranodal involvement
Bone marrow involvement
Elevated serum LDH
Presence of B symptom
IPI score 3–5
Stage≥3
CR or PR
PIT score≥2

1.7
22.31
1.22
21.2
2.11
1.07
1.01
1.09
0.33
28.2

0.47
0.27
0.74
0.7
0.24
0.91
0.98
0.88
0.04
0.31

Abbreviations: HR, hazard ratio; LDH, lactate dehydrogenase; IPI,
international prognostic index; PIT, prognostic index for T cell
lymphoma.
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Table 4. Toxicity (grade≥3).
N of patients (%)
Hematologic
Neutropenia
Anemia
Thrombocytopenia
Non-hematologic
AST increased
ALT increased
Hyperbilirubinemia
Creatinine increased
Nausea or vomiting

26 (68.4)
9 (23.6)
16 (42.1)
3 (7.8)
2 (5.2)
1 (2.6)
1 (2.6)
1 (2.6)

Abbreviations: AST, aspartate aminotransferase; ALT, alanine
aminotransferase.
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Table 5. Front-line anthracycline-based chemotherapy in PTCLs.
Dominant histology

Study design

N

Treatment regimen

CR (%)

RR (%)

OS

ETCL [17]
PTCL-NOS, NKTCL [18]
PTCL-NOS, AITL [19]
Non-ALCL PTCL [20]

Prospective
Prospective
Prospective
Retrospective

CHOEP
CHOP-EG
CEOP-B
CHOP
Intensive CHOP
CHOP or CHOP-like
CHOP type

30
61.5
17.3
58
59
56
76–90

60
76.9
63.5

1 yr 69.6%

Retrospective
Retrospective

10
26
52
24
52
297
199

PTCL-NOS [21]
PTCL-NOS
ALCL [22]
PTCL-NOS, ALCL, AITL [23]

Retrospective

174

Anthracycline based

49

76
33–73
64

3 yr 43%
3 yr 49%
5 yr 42%
5 yr 22–43%
4 yr 38%

Abbreviations: CR, complete response; RR, response rate; OS, overall survival; ETCL, enteropathy-type intestinal T-cell lymphoma; PTCL-NOS,
peripheral T-cell lymphoma not otherwise specified; NKTCL, NK/T-cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; ALCL,
anaplastic large cell lymphoma; CHOEP, cyclophosphamide, doxorubicin, vincristine, etoposide and prednisone; CHOP-EG CHOP, plus
etoposide and gemcitabine; CEOP-B, cyclophosphamide, epirubicin, vincristine, and prednisone; CHOP, cyclophosphamide, doxorubicin,
vincristine and prednisone.

rate of 66.6%, and a median survival of 42 months [9]. In
the present study, we retrospectively assessed the efficacy
of the IMEP regimen as a front-line chemotherapy, and
found a CR/CRu rate of 55.3% and a 2-year OS of 67%.
It seems to be as effective as the traditionally used anthracycline-based regimens.
Only a few studies have evaluated the efficacy of the
IMEP regimen as a front-line therapy in PTCLs. Some authors
reported that the IMEP regimen showed a variable CR rate
(27–66%) and response rate (73%) in newly diagnosed
NKTCL patients as a front-line therapy [10–12]. It is difficult
to directly compare the outcome of our study with these
studies on NKTCL patients, but the CR/CRu rate (55.3%)
and overall response rate (71%) of our study does not seem
to be inferior.
A phase II study conducted in 44 stage I/II NKTCL patients
showed a 27% CR rate after IMEP alone and a 67% CR
rate after IMEP followed by radiotherapy [12]. They suggest
that IMEP followed by radiotherapy may be more efficacious
in patients who cannot achieve a CR after chemotherapy
alone. In our study, out of 14 NKTCL patients, 11 were
stage I/II and achieved a CR rate of 63% after IMEP chemotherapy alone. There were 2 patients with a PR, 1 who
underwent up-front autologous stem cell transplantation
without radiotherapy and 1 who was lost to follow-up after
achieving a PR. We could not access the efficacy of additional
radiotherapy, because few patients received radiotherapy in
our study. Moreover, the lack of baseline clinical data related
to response, such as pretreatment Epstein-Barr virus, made
it hard to compare studies directly. At least, the outcome
of our study seems not to be inferior to previous studies.
In a retrospective analysis of 32 patients with relapsed
or refractory PTCLs patients who were treated with IMEP
followed by autologous stem cell transplantation, the IMEP
regimen seemed to be ineffective in non-NKTCL cases [13].
Our study showed a similar trend, in that patients with
NKTCL had a higher CR/CRu rate (57.1%) than did PTCLNOS (53.9%) or AITL (28.6%).
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Age＞60 years, poor performance status, 2 extranodal sites,
and high IPI are known prognostic factors that predict worse
survival [14]. We could not find any significant prognostic
factors in our study, except for response to therapy. Patients
who achieve CR/CRu or PR had a longer survival than who
did not. The number of patients in our study is too small
to produce confirmative results, and further investigations
are required.
Compared with anthracycline-based regimens for NHL
[15, 16], IMEP was generally tolerable. Thrombocytopenia
(42.1%) seems to be more frequent than in anthracycline-based regimen; however, all patients fully recovered
from thrombocytopenia without any adverse events related
to bleeding. Considering that 26% of patients were older
than 60 years in our study, IMEP regimen is also tolerable
in elderly patients.
In conclusion, the IMEP regimen seems to be effective
and safe as a front-line chemotherapy in patients with PTCLs.
Future trials studying effective chemotherapy for PTCLs are
needed.
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