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Abstract This study evaluated the efficacy and safety of

a new regimen consisting of Topotecan, Ifosfamide, Eto-

poside, and L-asparaginase (TIEL) in treating aggressive

T-cell lymphoma. Twenty-four patients were included in

the research, eighteen males and six females. Half of the

patients were in stages III and IV, and nearly half of them

experienced failure of at least one regimen. Eleven were

diagnosed as peripheral T-cell lymphoma (PTCL), five

extranodal NK/T-cell lymphoma, non-specific, four angi-

oimmunoblastic, and four anaplastic large-cell lymphoma

(2 ALK positive). Patients were given 98 cycles of TIEL

altogether. The responsive rate to TIEL was 76.9 % among

13 cases who received the regimen as the first-line treat-

ment. Among 11 cases, TIEL was the second- or more-line

treatment, the responsive rate was 63.6 %. The median PFS

was 32.0 ± 21.0 (95 % CI 0–73.29) months. Median

overall survival (OS) was not reached yet. Approximately

41.3 % of patients showed the third- to fourth-degree

hematological side effects. Non-hematological toxicity

included nausea, vomiting, diarrhea, and abnormal liver

function. Among those patients received L-asparaginase,

nine experienced mild abnormal coagulation function after

7 days of initiating chemotherapy, and no pancreatic injury

was found. TIEL regimen is effective for aggressive T-cell

lymphoma with controllable side effect and can be used for

more patients.
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Introduction

T-cell lymphomas are a group of heterogeneous malignan-

cies originated from T cell or NK cell, accounting for about

15 % of all non-Hodgkin lymphomas (NHLs) [1]. There are

20 subtypes of mature T-cell and NK-cell neoplasms based

on WHO classification. According to the report of ‘‘Distri-

bution of Lymphoid Neoplasms in China’’ by Jian Sun [2], of

the 4,638 patients diagnosed with lymphoid neoplasms from

2004 to 2008 in hospitals of Beijing, Shanghai, and Sichuan,

mature T-cell and NK-cell lymphoma accounted for 25.5 %

of all NHLs, and extranodal NK/T-cell lymphoma, nasal-

type (12 %), peripheral T-cell lymphoma (PTCL), NOS

(4.3 %), anaplastic large-cell lymphoma (ALCL) (2.6 %),

and angioimmunoblastic T-cell lymphoma (ATCL) (1.6 %)

are the four most common types.

T-cell lymphomas are aggressive with poor prognosis.

Unfortunately, the optimal treatment for T-cell lymphoma

has not been determined, although retrospective data from

the last decade showed patients benefited from regimens for

diffuse large B-cell lymphoma, like CHOP or ESHAP.

However, compared to aggressive B-cell lymphoma, more

patients of T-cell lymphoma will be resistant to initial ther-

apy and relapse early and rapidly. For PTCL, 5-year overall

survival is only 10–30 %. In recent years, some research

demonstrated that L-asparaginase might be an effective

reagent for extranodal NK/T-cell lymphoma, nasal type [3–

7], and it has been suggested as the first-line treatment for this

special subtype of T-cell lymphoma in National Compre-

hensive Cancer Network (NCCN) guideline. But for other
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subtypes of T-cell lymphoma, clinical trial is still the pre-

ferred suggestion.

Topotecan is a semisynthetic camptothecin derivative that

inhibits the intracellular enzyme topoisomerase I and induces

damage to the cells during DNA replication. It has demon-

strated antitumor effects on various malignant diseases in

preclinical and clinical studies. In some phase II clinical trial,

Topotecan showed promising effect in refractory lymphoma

[8–10].

An L-asparaginase- and Topotecan-containing regimen is

particularly attractive for the treatment for aggressive T-cell

lymphoma. In this study, we combined Topotecan, Ifosfa-

mide, Etoposide, and L-asparaginase (TIEL regimen) as a

new approach to treat patients of T-cell lymphoma and

achieved improved outcomes. Here, we summarize the

treatment’s effect and toxicity.

Patients and methods

Patients’ characteristics

This was a prospective study. Patients included in the study

were admitted to PUMCH oncology department between

January 2005 and December 2011. Patients were diagnosed

with T-cell lymphoma (excluding cutaneous T-cell lym-

phoma) based on the 2008 WHO classification of lym-

phoma. All patients were diagnosed from biopsy, and their

ECOG score was between 0 and 3 without contraindication

for chemotherapy. Patients meeting the conditions were

included in the study consecutively except for those who

refused. Patients were enrolled after signing an informed

consent form that was approved by the Ethics Committee

of Peking Union Medical College Hospital. Patient’s con-

sent was obtained.

Clinical staging was decided with Ann Arbor Staging

system. The response to the treatment was evaluated

according to the 1999 IWG-NHL Response Criteria. Side

effects were evaluated according to NCI-CTC 3.0.

The chemotherapy regimen was as the following: To-

potecan hydrochloride (Hanfang Pharmaceutical) or hy-

camtin (GlaxoSmithKline), IV, 1.5 mg/m2, d1–3;

Ifosfamide, IV, 1.3 g/m2, d1–3. The total dosage of Mesna

was equivalent to 20 % of Ifosfamide dosage, given three

times in infusion at 0, 4, and 8 h after initiating Ifosfamide;

Etoposide, IV, 65 mg/m2, d4–6; L-asparaginase (Kyowa

Hakko Kirin Co., Ltd), IV 10,000 u/d, d15–24.

Patient follow-up

All patients were followed up until August 1, 2012. Time

to progression (TTP) was measured from the starting date

of chemotherapy to time of cancer progression. Survival

was measured from the starting date of chemotherapy to

either death due to any cause or lost to follow-up.

Statistical analysis

Statistical analysis was done using SPSS20.0. Kaplan–

Meier estimator was used to estimate the survival function.

Overall survival rate was calculated with life table.

Result

Patients’ characteristics

In total, 24 patients were included in the study. The mean

age was 44.4 years with a range from 15 to 77 years

(Table 1). Nine patients were in stages III and IV, and

45.8 % of all patients experienced failure of at least one

regimen. For pathology, 11 were diagnosed as PTCL, five

extranodal NK/T-cell lymphoma, four ATCL, and four

ALCL (two ALK positive). Two patients had bone

metastasis, two patients had liver metastasis, and one

patient had ocular metastasis. None of the patients had

intracranial metastasis.

Regimen

Twenty-four cases accepted 98 cycles of chemotherapy

altogether (Table 2). Only one 75-year-old patient with

ECOG 3 heavily treated before was given half dose, others

were all given 80–100 % dose density. There were 8

patients treated without L-asparaginase, because of skin test

(?). Eight patients received radiotherapy following che-

motherapy, and one patient received autologous stem cell

transplantation. Two patients with NK/T-cell lymphoma

were given MTX 10 mg/Ara-c50 mg intrathecal injection

for brain metastasis prevention.

Response evaluation

Short-term analysis: of all the 24 patients, 13 received

TIEL as the first-line treatment, and all were evaluable.

CR/Cru 61.5 % (8/13), PR 15.4 % (2/13), SD 7.7 % (1/13),

RR 76.9 % (10/13). For CR/PR/SD patients, 3 PD later,

and TTP is 2.5, 5, and 11 months, respectively. The other 8

patients are all disease-free survival (DFS). Eleven patients

were second- or more-line treatment (9 failures from pre-

chemotherapy and 2 recurrences),and all were evaluable,

CR 3, PR4 (2 nearly CR), RR 63.6 % (7/11). TTP was

4–27 months. For patients treated without L-asparaginase,

four were the first-line chemotherapy, with CR/PR/SD/PD

2/1/1/0 and four were the second- or more-line treatment, 1

CR; 2SD; 1PD.
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Long-term analysis: Follow-up from 3 to 65 months

(mean 24.27 m), only one was lost during follow-up, ten

died from T-cell lymphoma, 9 survived without lymphoma,

and four were still on maintenance. The median PFS was

32.0 ± 21.0 (95 % CI 0–73.29) months, median OS is not

reached (Fig. 1). 1-, 2-, 3-, and 5-year overall survivals are

73, 58, 50, 50 %, respectively.

Safety evaluation

Third- to fourth-degree hematological toxicity happened in

41.3 % of patients. Non-hematological toxicities include

nausea and vomiting, diarrhea, and liver dysfunction.

Third- to fourth degree of these toxicities was about 8 %.

For patients received the L-asparaginase, nine showed mild

abnormal in coagulation function but without bleeding;

none of them developed pancreatic dysfunction.

Discussion

T-cell lymphoma accounts for 15 % of non-Hodgkin

lymphoma. It is aggressive and resistant to traditional

chemotherapy. Currently, there is still no uniformed treat-

ment regimen for this disease, and the related clinical

research data are very limited. NCCN guideline highly

recommends clinical research to improve treatment in

Table 1 Twenty-four patients’ characteristics

Characteristic Number Percent

(%)

Sex

Male 18 75

Female 6 25

Primary site

Head and neck (nasopharyngeal,

tonsil, face)

13 54.2

Lung 1 4.2

Lymph node 10 41.6

B symptom 13 54.2

Stage

I 8 33.3

II 7 29.2

III 4 16.7

IV 5 20.8

IPI

Low (0–1) 17 70.8

Low intermediate 2 5 20.8

High intermediate 3 2 8.3

High 4 or 5 0 0

Pathology

Extranodal NK/T-cell lymphoma,

nasal type

5 20.8

Peripheral T-cell lymphoma, NOS 11 45.8

Anaplastic large-cell lymphoma 4 (2 ALK ?) 16.7

Angioimmunoblastic T-cell

lymphoma

4 16.6

Pre-treatment

Witha 11 45.8

1 regiment 8 33.3

2 or more regiments 3 12.5

Without 13 54.2

a CHOP, ECHOP, ESHAP, BEP (Bleomycin ? VP16 ? Predini-

sone), MINE, Ara-c ? VP16, CE, CE ? VP. Median cycle number is

4.36 (1–12). The best response for pre-treatment is PR4, SD5, PD2

Table 2 Regimen in detail

Regimen Prescription

Cycle number 4.3 cycles (1–8)

Delay of

treatment

9 cycles delay due to side effects for average

7.8 days (4–12 days), 2 cycles delay due to

personal reasons for no more than 5 days

Topotecan dose

densitya
86.2 % (75–110 %)

Ifosfamide dose

densitya
89.6 % (80–100 %)

Etoposide dose

densitya
90.0 % (79.3–121 %)

L-asparaginase 64 cycles, 16 cases, 10,000 u/d, for average

8 (5–10)days; for those without L-asparaginase

were all due to skin test (?)

a The 1 case with half dose is not included

Fig. 1 Survival curve of the 24 patients
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exploring optimizing regimen. CHOP is the most com-

monly used treatment in the past studies. Literature

reported that CHOP regimen as the first-line treatment in

T-cell lymphoma has a response rate of 50–70 % [11], PFS

12–14 months, and 5-year DFS as 30 % [12]. In one study

of 135 patients, HyperCVAD chemoregimen was com-

pared with CHOP, without significant advantages, but with

more severe side effects [13]. In 2012, Iriyama et al. [14]

reported dose-intensified regimen followed by autologous

stem cell transplantation (ASCT) or high-dose methotrex-

ate (HDMTX) treating peripheral T-cell lymphoma,

achieving CR 68 %, and 3- or 5-year overall survival rates

68 and 63 %, but not for relapsed or refractory patients.

Topotecan as topoisomeraseI showed its effect on the

inhibition of DNA repair in several human cell lines and

xenografts [15, 16]. In the recent years, several literatures

reported that Topotecan alone [8, 9] or in combination [10,

17, 18] showed some efficacy in treating relapsed lym-

phoma, even in refractory primary central nervous system

lymphoma [19]. Kraut et al. [8] reported Topotecan alone

treated 32 cases of relapsed lymphoma with 15.7 %

response rate (Topotecan is administered as 1.25 mg/m2,

d1-d5 given every 3 weeks). The medium remission is

2 months, and 90 % of patients showed third- to fourth-

degree hematotoxicity. In a phase II study [16], twenty-six

patients with relapsed or refractory aggressive non-Hodg-

kin’s lymphomas received doxorubicin 25 mg/m2 intra-

venous (IV) on day 1 and Topotecan 1.75 mg/m2/day IV

on days 3–5, every 21 days. 20 % response rate (CR 8 %

and PR 12 %) was achieved, which was similar to the

result of previous research.

L-asparaginase (L-ASP) has promising efficacy in treat-

ing aggressive lymphoma and acute leukemia as reported

in recent researches. L-ASP is an enzymatic antitumor drug

from E. coli. It is hypothesized that T cells are less sensi-

tive to chemotherapy due to overexpression of P-glyco-

protein. The hydrolysis of asparagine by L-ASP is not

affected by P-glycoprotein, making L-ASP an effective

agent [20]. Peking University Cancer Hospital [5] treated

32 NK/T-cell lymphoma (n = 22) and lymphoblastic

lymphoma (n = 10) with pegylated L-asparaginase-based

chemotherapy. The overall response rate was 71.9 % (CR

40.6 %, PR 31.3 %). Myelosuppression was the most

common adverse event at an incidence of 81.2 %. Data

from the Asia Lymphoma Study Group [3] and China [4, 5,

7] also showed the similar results. There were also reports

of new drug-based regimen, such as Denileukin Diftitox

and Bendamustine, with RR to be 50–60 %, PFS to be

12 months or less [21, 22].

We designed a new regimen, Topotecan plus Etoposide,

Ifosfamide, and L-asparaginase (TIEL regimen), to treat

aggressive T-cell lymphoma. Among the 24 patients trea-

ted, PTCL accounted for 45 %, extranodal NK/T-cell

lymphoma, angioimmunoblastic T-cell lymphoma, and

ALK-negative ALCL accounted for 46 %. TIEL was used

as either first- or second-line treatment, and the response

rate was 76.9 and 63.6 %, respectively. The outcomes were

remarkable, although L-asparaginase was not used by all

the patients, which suggested that Topotecan plus Etopo-

side and Ifosfamide might be an effective regimen itself.

The 24 patients in our study had median PFS of 32 months.

The median overall survival, which needed longer follow-

up, was not obtained. All these results were better than

those reported before.

With regard to side effects, the toxicities occurred in this

trial were similar to others, mainly of hematological tox-

icities. Patients did recover after chemotherapy was stop-

ped and no chemo-related death. Allergic reaction (skin

test positive) was common in this trial, which resulted in

less L-asparaginase treatment and might be compromised

the effect of the TIEL regimen.

In the last decade, little improvements have been made

in treatment of aggressive T-cell lymphoma. Although L-

asparaginase has been successful in the treatment for ex-

tranodal NK/T-cell lymphoma, there are little data of this

drug in the treatment for other aggressive subtypes of

T-cell lymphoma. We used TIEL regimen and got the

satisfactory results with controllable side effects. So, the

combined chemotherapy of Topotecan with Ifosfamide,

Etoposide, and L-asparaginase (TIEL regimen) in treating

aggressive T-cell lymphoma has a relatively high response

rate and is quite tolerable. The efficacy of TIEL regimen

should be further evaluated through larger-scale clinical

trial in the future.
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