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Research in context 

Evidence before this study: We searched PubMed for re- 
ports published between 20 0 0 and 2020, using the search 

terms“peripheral T-cell lymphoma” and “survival outcome”. 
There were more than 600 articles related to survival out- 
comes and frequency of neoplasms of mature T-cell and NK- 
cells. However, those results could not represent that of neo- 
plasms of mature T-cell and NK-cells in Asian countries be- 
cause patients from Asian countries accounted for only a 
small portion of the study population in most studies. More- 
over, there were limited information about the treatment 
patterns and outcomes in newly diagnosed and relapsed or 
refractory patients with neoplasms of mature T-cell and NK- 
cells. Thus, we conducted a multinational and multicenter 
prospective registry study to assess the frequency of neo- 
plasms of mature T-cell and NK-cells in Asia and organize 
currently preferred treatment modalities in neoplasms of ma- 
ture T-cell and NK-cells. 

Added-value of this study: We found out that the CHOP- 
like or CHOEP-like regimens are the main treatment for 
newly diagnosed neoplasms of mature T-cell and NK-cells in 

Asia, and there was no difference in efficacy between CHOP- 
like or CHOEP-like regimens. The survival outcomes for pa- 
tients with relapsed or refractory disease were quite dis- 
appointing, no matter what salvage chemotherapy regimens 
were used. We also analyzed to identify the role of autol- 
ogous stem cell transplantation(auto-SCT). Patients who un- 
derwent upfront auto-SCT after achieving complete response 
or partial response after first-line chemotherapy showed bet- 
ter survival outcomes. 
n

2 
ymphomas (PTCLs) are uncommon and their frequency is regionally het-

e been conducted to evaluate the clinical features and treatment outcomes

majority of these were conducted in limited areas, making it difficult to

relative frequency and clinical features. Furthermore, no consensus treat-

lished. Therefore, we conducted an Asia-specific study to understand the

 assess treatments and their outcomes in Asian patients. 

ultinational, multicenter, prospective registry of adult patients with PT-

rnational Cooperative non-Hodgkin T-cell lymphoma prospective registry

es from six Asian countries and territories (Korea, China, Taiwan, Singa-

participated. 

nts were registered between April 2016 and February 2019, and more

ad stage III or IV. Extranodal natural killer (NK)/T- cell lymphoma was

 = 139,28.6%), followed by angioimmunoblastic T-cell lymphoma (AITL,

ise specified (PTCL-NOS, n = 101,20.8%), ALK-positive anaplastic large cell

, and ALK-negative ALCL ( n = 30,6.2%). The median progression-free sur-

(OS) were 21.1 months (95% CI,10.6–31.6) and 83.6 months (95% CI, 56.7–

e of combined treatment with chemotherapy and radiotherapy showed

alone in localized ENKTL whereas consolidation with upfront autologous

provided longer PFS in advance stage ENKTL. In patients with PTCLs other

aining chemotherapies were widely used, but the outcome of those reg-

d upfront autologous SCT was not significantly associated with survival

utcome of salvage chemotherapy was disappointing, and none of the sal-

rity to one another. 

al, multicenter study identified the relative frequency of each subtype of

d the survival outcomes according to the therapeutic strategies currently

Research Institute 

© 2021 Samsung Medical Center. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

Implications of all the available evidence: This study 
contains the only data for patients with neoplasms of mature 
T-cell and NK-cells across Asia without any western data. Our 
data shows the relative frequency and treatment schemes 
fully reflecting the situation in Asia, so far, it might be an 

excellent opportunity to identify neoplasms of mature T-cell 
and NK-cells in Asia. Besides, we expect our results to help 

set up various clinical trials targeting neoplasms of mature 
T-cell and NK-cells in Asia for the future. 

. Introduction 

Neoplasms of mature T-cell and NK-cells are uncommon ma- 

ignancies that represent 10–15% of all lymphomas [1–3] . The 

016 World Health Organization classification contains 27 differ- 

nt subtypes of PTCL, including angioimmunoblastic T-cell lym- 

homa (AITL), anaplastic large cell lymphoma (ALCL), PTCL-not 

therwise specified (PTCL-NOS), enteropathy-associated T-cell lym- 

homa (EATL), and extranodal NK/T-cell lymphoma (ENKTL) [4] . 

he low frequency and complexity of the histologic classification 

f neoplasms of mature T-cell and NK-cells present a challenge 

o systematic research [5] . Furthermore, the frequency of neo- 

lasms of mature T-cell and NK-cells differs by subtype across 

estern and Asian countries such as higher frequency of ENKTL 

n East Asian countries than Western countries and predominant 

ccurrence of ATLL in Japan [6–8] . The International T-cell Lym- 

homa Project showed the relative frequency of each subtype 

y geographic region [9] . The major lymphoma subtype in North 

merica and Europe was PTCL-NOS, whereas the most common 

eoplasms of mature T-cell and NK-cells in Asia were adult T- 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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ell leukemia/lymphoma (ATLL) and ENKTL. However, those results 

ight not represent the landscape of T-cell lymphoma in Asia be- 

ause the number of patients enrolled from Asian countries ac- 

ounted for only a small portion of all patients registered into the 

nternational T-cell Lymphoma Project. 

As for the treatment of patients with neoplasms of mature 

-cell and NK-cells, there is still no clear consensus on primary 

herapy for newly diagnosed as well as relapsed or refractory pa- 

ients [10] . Currently, there is no consensus on the standard of 

rimary treatment for newly diagnosed neoplasms of mature T- 

ell and NK-cells. Accordingly, anthracycline-containing chemother- 

pies such as CHOP (cyclophosphamide, doxorubicin, vincristine, 

nd prednisone) or CHOP-like regimens are still the main treat- 

ent for newly diagnosed neoplasms of mature T-cell and NK- 

ells, although they do not have satisfactory outcomes for neo- 

lasms of mature T-cell and NK-cells [ 11 , 12 ]. On the other hand,

onanthracycline-based chemotherapies incorporating the non-P- 

lycoprotein-dependent drugs, methotrexate, ifosfamide, and L- 

sparaginase are commonly used for ENKTL patients [ 13 , 14 ]. For 

elapsed or refractory patients who failed after primary therapy, 

ach institution uses different principles to choose the next treat- 

ent option, and the types of clinical trials being conducted at 

ach institution vary. Nevertheless, the survival outcome of pa- 

ients with peripheral T-cell and NK/T-cell lymphomas who re- 

apsed after first-line treatment was reported as extremely poor in 

revious retrospective studies [ 15 , 16 ]. 

Therefore, we conducted a multinational, multicenter prospec- 

ive registry study to assess the relative frequencies of each sub- 

ype of neoplasms of mature T-cell and NK-cells in Asian countries. 

n addition, considering these heterogeneity of primary and salvage 

reatments across subtypes of neoplasms of mature T-cell and NK- 

ells, our prospective registry study collected the treatments cur- 

ently used for newly diagnosed and relapsed/refractory patients 

n clinical practice of Asian countries, and analyze their outcomes 

n real-world context. 

. Methods 

.1. Study design and data collection 

We performed a multicenter, prospective registry study for 

dult patients with T-cell lymphoma called the International Coop- 

rative non-Hodgkin T-cell Lymphoma Prospective Registry study 

ICT study). Thirty-two institutes in Asian countries and territories 

Korea, China, Taiwan, Singapore, Malaysia, and Indonesia) partic- 

pated in the ICT study between April 2016 and February 2019 

Supplementary Table 1). This registry was approved by the Institu- 

ional Review Boards or Scientific Review Committees as required 

y the policies of individual institutions. Written informed consent 

as obtained from each patient before study enrollment. We en- 

olled patients age 19 years and older who were diagnosed with 

 neoplasms of mature T-cell and NK-cells according to the 2008 

orld Health Organization classification [17] . We excluded patients 

ith Hodgkin lymphoma, non-Hodgkin B-cell lymphoma, or pre- 

ursor T-lymphoblastic lymphoma/leukemia after a histological re- 

iew in each center. If the diagnoses of patients with neoplasms 

f mature T-cell and NK-cells were confirmed by histological find- 

ngs that satisfied the registration criteria, the pathologic report 

as uploaded to an electronic case report form (eCRF), and the 

atients were enrolled in the study. When a review of the pathol- 

gy was deemed necessary by an investigator, a scanned file of the 

&E and immunostaining slides were sent to the central institution 

athology Department as image files. The primary objective of the 

CT study was to estimate the relative frequencys of neoplasms of 

ature T-cell and NK-cells across Asia. In addition, we investigated 

xisting treatment strategies currently used in each country at di- 
3 
gnosis and in released/refractory cases. The secondary objectives 

ere to assess the overall response rate (ORR), progression-free 

urvival (PFS), and overall survival (OS) following first-line therapy 

r salvage therapy. The ORR is presented as a proportion by cal- 

ulating the number of patients with a complete response (CR) or 

artial response (PR). The occurrence of relapse or disease progres- 

ion was defined as the development of a new lesion or progres- 

ion of the lesion by physical or radiographic examination. 

.2. Variables 

Clinical information including sex, age, diagnosis, Eastern Co- 

perative Oncology Group (ECOG) performance status, Ann-Arbor 

tage, bone marrow involvement, presence of hemophagocytic 

ymphohistiocytosis (HLH) in bone marrow, and number of extra- 

odal involvement sites, were collected prospectively. We also col- 

ected crucial laboratory data: complete blood cell counts, serum 

actate dehydrogenase (LDH), detection of Epstein-Barr virus DNA, 

nd viral markers (anti-HBs, anti-HBc antibody, anti-HCV, anti- 

TLV-1, anti-HIV). Abnormalities in the laboratory data were eval- 

ated according to the standards of each institution. Also, we col- 

ected the results of the bone marrow examination conducted ac- 

ording to the clinician’s discretion or institution’s criteria, and the 

esults were confirmed as the presence or absence of lymphoma 

nvasion. The prognostic risks of PTCL-NOS, AITL, and ALCL were 

easured using the International Prognostic Index (IPI) [18] , Prog- 

ostic Index for PTCL-U (PIT) [19] , modified-PIT (mPIT), including 

i-67 ≥80% [20] , and the International PTCL Project [21] . ENKTL 

as evaluated using the Prognostic Index for Natural Killer Cell 

ymphoma (PINK) [22] . Frontline and salvage chemotherapies were 

etermined by clinicians at each center. We collected information 

bout autologous stem cell transplantation (auto-SCT), allogeneic 

tem cell transplantation (allo-SCT), and radiation therapy. The re- 

ponse to treatment was evaluated according to the clinical prac- 

ice for T-cell lymphoma at each institute using computed tomog- 

aphy scans and/or 18 F-fluorodeoxyglucose positron emission to- 

ography/computed tomography scans. Evaluation of the response 

o treatment was assessed according to the Lugano Classification 

23] . The final update of survival data was performed in December 

019. 

.3. Statistical analysis 

Categorical variables were described by proportion, and contin- 

ous variables were summarized by calculating the median and 

nterquartile range. The OS was defined as the time from the ini- 

ial diagnosis to the last follow-up date or the date of death by 

ny cause. If patients were alive at last contact, they were cen- 

ored at the date of confirmed last contact. The PFS was defined 

s the time from the initial diagnosis including, the date of lym- 

homa confirmation by biopsy or the study registration date, to 

he date of relapse, progression, last follow-up, or death from any 

ause. We defined and measured PFS as two cases: (1) PFS1; the 

ime from initial treatment to progression, relapse, or death from 

ny cause among all T-cell lymphoma patients; (2) PFS2; the time 

rom second-line treatment to progression, relapse, or death from 

ny cause among patients who received second-line chemother- 

py. Both PFS and OS estimates were analyzed using the Kaplan–

eier method. All data were analyzed using the Statistical Package 

or Social Sciences software, version 24.0 (IBM Corp, Armonk, NY, 

SA). 

.4. Role of the funding source 

This study was supported by a grant from the Samsung 

iomedical Research Institute (GFO1150161). The funding source 
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Fig. 1. Histologic subtype distribution of 486 cases. EATL, enteropathy-associated T-cell lymphoma; SPTL, subcutaneous panniculitis-like T-cell lymphoma; MF, mycosis fun- 

goides; SS, Sezary syndrome; NOS, not otherwise specified. 
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Table 1 

Total patient characteristics ( N = 486). 

Parameters N (%) 

Sex Male 291 (60) 

Female 195 (40) 

Age Median (range) 57 (19–89) † 

ECOG PS 0–1 439 (90) 

≥2 47 (10) 

B-symptoms Present 298 (61) 

Absent 188 (39) 

Anemia < 10g/dL 79 (16) 

Thrombocytopenia < 150 × 10 9 /L 91 (19) 

Neutropenia < 1000/dL 51 (11) 

LDH > UNL 282 (58) 

HBsAg Positive 31 (6) 

Anti-HBs antibody Positive 222 (46) 

Anti-HBc antibody Positive 123 (25) 

Anti-HCV Positive 8 (1.6) 

EBV DNA Positive 88 (18) 

BM invasion Presence 102 (21) 

Absence 384 (79) 

HLH presence in BM Presence 76 (16) 

Stage I/II 207 (43) 

III/IV 279 (57) 

Events Disease progression or death 255 (53) 

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, perfor- 

mance status; LDH, Lactate Dehydrogenase; HBs, hepatitis B surface; 

HBc, Hepatitis B core; EBV, Epstein-Barr Virus; BM, Bone marrow; HLH, 

hemophagocytic lymphohistiocytosis. 

† Inter Quartile Range (IQR, median, 25 th , 75 th centiles): 57 (44-66) 

7

1  

s

ad no role in the following fields: study design, collection, anal- 

sis, and interpretation of data, writing the report, and access to 

he raw data. The corresponding author had full access to all of 

he data and the final responsibility to submit for publication. 

. Results 

.1. Distribution and characteristics of T cell lymphoma in Asia 

Among a total of 490 patients who were registered from 32 

enters across Asia, 4 patients with precursor T cell acute lym- 

hoblastic leukemia were excluded, and 486 patients were ana- 

yzed. The most prevalent subtype was ENKTL ( n = 139,28.6%), 

nd the second most common subtype was AITL ( n = 120,24.7%), 

ollowed by PTCL-NOS ( n = 101,20.8%), ALK-positive ALCL 

 n = 34,6.9%), and ALK-negative ALCL ( n = 30,6.2%). T-cell lym- 

homa subtypes affecting the intestines, such as EATL type 1 

 N = 7) and type 2 ( N = 8) and intestinal T-cell lymphoma, NOS

 N = 2) accounted for about 3.4% of cases ( n = 17). Thirty-seven

atients (7.5%) had T-cell lymphoma affecting cutaneous tissues, 

ncluding subcutaneous panniculitis-like T-cell lymphoma ( N = 9), 

ycosis fungoides ( N = 5), and Sezary syndrome ( N = 3). ( Fig. 1 ,

upplementary Table 2). 

.2. Characteristics of whole PTCLs and subtypes 

The clinical characteristics found among the various subtypes of 

ll T-cell lymphoma patients are shown in Table 1 . Among all sub- 

ypes, the median patient age was 57 (range 19–89) years, 60% of 

he patients were men, and 61% of patients had B-symptoms at the 

ime of diagnosis. Laboratory findings showed neutropenia affect- 

ng 10% of patients, anemia 16%, and thrombocytopenia 18%. Of the 
4 
7% of patients with lymphoma involvement in the bone marrow, 

6% also had HLH. Stage 3 or 4 was seen in 57% of patients, and

tage 1 or 2 in 43%. 
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Table 2 

Clinical characteristics by histologic type. 

DX Age < 65 Male B-SX Extra nodal ≥ 2 Stage III/IV BM involved HLH in BM IPI 4/5 Event † 

ENKTL (n = 139) N (%) 119 (86) 89 (64) 86 (62) 76 (55) 35 (25) 9 (7) 6 (4) 10 (7 ∗) 64 (46) 

AITL (n = 120) N (%) 66 (55) 75 (63) 68 (57) 55 (46) 102 (85) 45 (38) 34 (28) 30 (25) 66 (65) 

PTCL NOS (n = 101) N (%) 66 (65) 59 (58) 66 (65) 42 (42) 71 (70) 26 (26) 19 (19) 18 (18) 63 (53) 

ALCL, ALK- (n = 30) N (%) 21 (70) 23 (55) 30 (71) 12 (29) 20 (48) 5 (17) 3 (7) 5 (12) 15 (50) 

ALCL, ALK + (n = 34) N (%) 32 (94) 20 (59) 19 (56) 15 (44) 19 (56) 5 (15) 6 (18) 2 (6) 12 (35) 

Abbreviations: DX, diagnosis; B-SX, B-symptoms; BM, bone marrow; HLH, hemophagocytic lymphohistiocytosis; IPI, International Prognostic Index; ENKTL, 

extranodal NK/T-cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; PTCL, peripheral T-cell lymphoma; ALCL, anaplastic large cell lymphoma; ALK, 

anaplastic lymphoma receptor tyrosine kinase. 
∗: assessed by the Prognostic Index for Natural Killer Cell Lymphoma 

† Events: disease progression or/and Death. 

Fig. 2. (A) Progression-free survival (PFS) of 486 patients, (B) PFS according to each subtype. 
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A more detailed analysis of the prevalent T-cell lymphomas 

ubtypes found in Asia (ENKTL, AITL, PTCL-NOS, ALCL) was per- 

ormed. The median age of patients with ALK-positive ALCL (me- 

ian 42, range 21–76) or ENKTL (median 49, range 15–86) was 

ounger than that of patients with ALK-negative ALCL (median 57, 

ange 32–80), PTCL-NOS (median 60, range 16–85) or AITL (median 

4, range 27–89). All five subtypes were found more commonly in 

ale patients, and B-symptoms presented in more than 50% of all 

ubtypes. Lymphoma involvement in bone marrow was frequently 

ound in AITL (38%) and PTCL-NOS (26%), and it was infrequent in 

LK-negative ALCL (17%), ALK-positive ALCL (15%), and ENKTL (7%) 

 Table 2 ). In terms of the site involved by subtype, ENKTL mainly 

nvaded the nasal cavity and nasopharynx (92%), and 35.8% of AITL 

atients had spleen involvement (Supplementary Table 3). 

.3. Survival outcomes according to subtypes 

With a median follow up of 31.6 months (95% CI 30.0–33.1), 

he median PFS of neoplasms of mature T-cell and NK-cells was 

1.1 months (95% CI 10.6–31.6, Figure 2 A), and the median OS 

as 83.6 months (95% CI 66.7–110.5). The PFS and OS according 

o the five most-common subtypes (ENKTL, PTCL-NOS, AITL, ALK- 

ositive ALCL, and ALK-negative ALCL) are presented in Supple- 

entary Figures 2B and 3B. ALK-positive ALCL patients had better 

FS ( P -value = 0.03) and OS ( P -value < 0.01) rates, compared to
5 
TCL-NOS patients who had the shortest survival rates. The PFS 

PTCL-NOS, P -value < 0.01; ALCL, ALK-negative, P -value = 0.02; 

LCL, ALK-positive, P -value < 0.01) was poor in patients with 

tage III/IV disease except ENKTL ( P -value = 0.06), and AITL ( P -

alue = 0.41, Supplementary Figures 1). Furthermore, the OS 

ENKTL, P -value = 0.02; ALCL, ALK-positive, P -value = 0.05) was 

nferior in patients with stage III/IV disease except PTCL-NOS ( P - 

alue = 0.06), AITL ( P -value = 0.46), and ALCL ALK-negative ( P -

alue = 0.09, Supplementary Figures 2). The survival outcome 

omparison according to the four prognostic indexes validated 

n Caucasian population (IPI, PIT, mPIT, and the International 

TCL Project) found no significant differences among four of the 

ommon subtypes (PTCL-NOS, AITL, ALK-negative ALCL, and ALK- 

ositive ALCL) (Supplementary Fig. 3). 

.4. Survival outcomes according to treatment strategies 

Frontline chemotherapy and second-line chemotherapy were 

iven to 465 and 187 patients, respectively. However, 21 patients 

ere not treated and received the best supportive care only (Sup- 

lementary Table 6). Consolidation with auto-SCT upon the first re- 

ission was given to 68 patients, while 23 patients received other 

alvage chemotherapy or passed away upon relapse. Eight patients 

nderwent allo-SCT after frontline chemotherapy ( n = 4) or salvage 

hemotherapy ( n = 4) ( Figure 4 ). 
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Fig. 3. (A) Overall survival (OS) of 486 patients, (B) OS according to each subtype. 

Fig. 4. Overview of treatment strategies for all enrolled patients. 
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Among the 139 patients with ENTKL, 99 (71%) patients with lo- 

alized disease received either combination of chemotherapy and 

adiation ( n = 78) or chemotherapy alone ( n = 21). The patients

ho received a combination of chemotherapy and radiotherapy 

ad an ORR of 80%, which was superior to that with chemother- 

py alone (ORR of 48%) ( Table 3 ). The PFS1 of patients who re-

eived chemotherapy combined with radiation was also superior to 

hat of patients who received chemotherapy alone (CTX + RTX ver- 

us CTX; NR versus 68.1 months, 95% CI 2.1–134, P -value = 0.03). 
6 
he 33 patients with stage III/IV disease who underwent upfront 

uto-SCT after frontline cytotoxic chemotherapy showed better PFS 

utcomes than those who did not. (NR versus 5.3 months, 95% 

I 2.9–7.7, P -value = 0.04). The number of patients who received 

hemotherapy without L-asparaginase was 21% (7/33), which was 

ot enough patients to compare their results with those who re- 

eived chemotherapy combined with L-asparaginase. However, the 

R (50%, 13/26) and ORR (62%,16/26) for patients who received 

-asparaginase containing chemotherapy were better than those 
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Table 3 

Comparison of the overall response rate to frontline chemotherapy in PTCLs 

Line Stage (N) Regimens N ORR, (CR + PR) CR PR SD PD NE 

ENKTL Frontline I/II (99) CTX + RTX 78 80% (63/78) 57 6 4 6 5 

CTX 21 48% (10/21) 8 2 0 3 8 

III/IV (33) CTX with L-ASP 26 62% (16/26) 13 3 1 5 4 

CTX without L-ASP 7 43% (3/7) 3 0 0 3 1 

Salvage Relapse/ 

refractory (49) 

CTX with L-ASP 18 72% (13/18) 9 4 0 4 1 

Anti-PD-L1 Ab 7 28% (2/7) 2 0 0 4 1 

Other 24 58% (15/24) 14 1 1 5 3 

PTCL-NOS, 

AITL, ALCL 

Frontline I/II/III/IV (279) CHOP-like 160 65 % (104/160) 82 22 8 27 21 

CHOEP-like 89 60% (53/89) 34 19 4 22 10 

Others 30 60% (18/30) 13 5 1 7 4 

Salvage Relapse/ 

refractory 

(108) 

GDP, GemOX 28 43% (12/28) 8 4 1 13 2 

ICE 21 33% (7/21) 4 3 3 10 1 

CHOP-like 11 27% (3/11) 1 2 0 6 2 

ESHAP, DHAP 15 47% (7/15) 3 4 2 4 2 

Other 33 52% (17/33) 12 5 2 12 2 

Other 

(33) 

Chidamide 6 40% (2/6) 1 1 0 3 1 

Brentuximab vedotin 5 80% (4/5) 4 0 0 0 1 

Bendamustine 3 100% (3/3) 3 0 0 0 0 

Azathitidine 3 0% (0/3) 0 0 0 3 0 

Other 16 25% (4/16) 4 4 2 9 0 

Abbreviations: ENKTL, extranodal NK/T-cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; PTCL, peripheral T-cell lymphoma; ALCL, 

anaplastic large cell lymphoma; ALK, anaplastic lymphoma receptor tyrosine kinase; CTX, chemotherapy; RTX, radiotherapy; L-ASP, L- 

asparaginase; ORR, overall response rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NE, not 

evaluated. 
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f patients who received chemotherapy without L-asparaginase 

CR 43%, and ORR 43%). Unfortunately, 49 patients experienced 

elapse or disease progression after first-line therapy, and none 

f the second-line treatments used offered an effective survival 

utcome, including re-administration of L-asparaginase combina- 

ion cytotoxic chemotherapy, Anti-PD-1 antibody (pembrolizumab, 

ivolumab), other salvage chemotherapy, and novel clinical trial 

edications ( Fig. 5 A, Table 3 ). 

Additionally, we summarized the preferred systemic 

hemotherapies used in the management of intestinal T-cell 

ymphoma and cutaneous T-cell lymphoma (CTCL) in Supple- 

entary Tables 4 and 5. Among 17 patients diagnosed with 

ntestinal T-cell lymphoma, 15 patients received anthracycline- 

ased chemotherapy (CHOP- or CHOEP-like chemotherapy). The 

ata about local treatment, including phototherapy, topical steroid, 

adiation, was insufficient as the primary treatment for CTCL 

atients, so the analysis could not be performed. However, the 

ajority of patients (N = 20/30, 66.7%) with advanced-stage or local 

reatment failure received anthracycline-based chemotherapy. 

In the 279 patients diagnosed with PTCL-NOS, AITL, and ALCL, 

here was no difference in CR (51% vs. 38%, P -value = 0.31) 

nd ORR (65.1% vs. 59.5%, P -value = 0.65) according to CHOP- 

ike chemotherapy (CHOP21, CHOP14, mini-CHOP) and CHOEP- 

ike chemotherapy (EPOCH, DA-EPOCH, CHOEP). Also, CHOP-like 

hemotherapy and CHOEP-like chemotherapy showed no signifi- 

ant difference in PFS1 across all age groups (21.1 months versus 

5.9 months, P -value = 0.68) as well as in age-dependent groups 

 < 65years or ≥ 65 years). Unfortunately, no salvage chemother- 

py was found to overcome the poor survival of PTCLs follow- 

ng relapse or disease progression. As salvage chemotherapy, the 

e-administration of CHOP-like chemotherapy produced an ORR of 

7.3%, gemcitabine-based chemotherapy achieved an ORR of 42.9%, 

nd ICE (ifosfamide, carboplatin, etoposide, and mesna) achieved 

n ORR of 33.3%. However, PFS2 was quite disappointing (median 

.0 months, 95% CI 4.8–7.2, P -value = 0.38), without any difference 

etween chemotherapy regimens ( Fig. 5 B, Table 3 ). 

When we compared survival outcomes of patients who received 

pfront auto-SCT ( n = 44) or not ( n = 235), we found that the

iming of auto-SCT did not affect PFS1 ( P -value = 0.16, Supplemen- 
7 
ary figure 4A). However, among patients who underwent upfront 

uto-SCT ( n = 40), patients who achieved CR or PR after first-line 

hemotherapy showed better PFS1 compared to those who did not 

 P -value < 0.01, Supplementary figure 4B). In addition, auto-SCT 

ad a positive impact on the OS (Supplementary Figure 4C). 

Since there were only 8 patients who received allo-SCT (3 PTCL, 

 ENKTL, 1 CTCL, 1 AITL), the number of patients who underwent 

llo-SCT was not representative to estimate the survival. Based on 

CT study, the survival rate of 8 patients who received all-SCT was 

0.7 months (95% CI 11.2–110.2; Supplementary Figure 5). More- 

ver, although the number of patients who received allo-SCT was 

o small that specific comparisons were difficult, there was no dif- 

erence in the survival outcome, whether patients received allo-SCT 

pfront or salvage aim (Figure is not presented). 

. Discussion 

.1. Overview of the background and conclusions of ICT study 

Although we evaluated the relative frequency of neoplasms of 

ature T-cell and NK-cells across Asia, mainly in the far east of 

sia, our data analysis lacks data from Japan, India, and the near 

astern region. In our cohort, ENKTL (28.6%) and AITL (24.7%) cases 

ere more frequent than that of PTCL-NOS (20.8%). The ICT study 

roduced results slightly different regarding to the estimated fre- 

uency of mature T-cell and NK-cell lymphomas in Asian coun- 

ries; this likely related to the fact that the geographic regions 

nvolved in this cohort study deferred to the ones included in 

revious reports ( Table 4 ). Since the ICT study findings included 

nly Asian patients, we believe our results are more suitable for 

onfirming the frequency of Pan-Asian neoplasms of mature T-cell 

nd NK-cells. For treatment of limited-stage ENKTL, chemotherapy 

ith radiotherapy is a critical strategy [24] , and we confirmed that 

adiation plus chemotherapy is superior to chemotherapy alone. 

herefore, our observation that radiation and chemotherapy are 

ore effective than chemotherapy alone in the early stage sup- 

ort previously reported results [24] . Cytotoxic chemotherapy plus 

-asparaginase produced a higher proportion of CR and ORR than 

hemotherapy without L-asparaginase, making it an essential reg- 
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Fig. 5. (A) PFS1 and PFS2 of ENKTL patients who received frontline therapy and salvage therapy (B) PFS1 and PFS2 of PTCL, AITL, and ALCL patients who received frontline 

therapy and salvage therapy, respectively. 

Table 4 

Overview of frequency in PTCLs reported by the International T-cell Lymphoma Project, T-cell Project, and ICT study. 

International T-cell Lymphoma 

Project [9] T-cell Project [45] ICT study 

Geographic regions North America, Europe, Asia South America, Europe, Asia Asia 

Asian countries and 

territories among 

enrolled regions 

Bangkok, Hong Kong, 

Singapore, Japan, Korea 

Hong Kong, Korea China, Korea, Taiwan, Singapore, 

Indonesia, Malaysia 

Number of cases 1,314 cases 737 cases 486 cases 

Pathology reading 

standards 

WHO 2008 WHO 2008 WHO 2008 

Overall major lymphoma 

subtypes, % (N) 

PTCL-NOS 25.9% (340) 38.4% (283) 20.8% (101) 

AITL 18.5% (243) 16.7% (123) 24.7% (120) 

ALK-negative ALCL 5.5% (72) 13.4% (99) 6.2% (30) 

ALK-positive ALCL 6.6% (87) 6.6% (49) 6.9% (34) 

ENKTL 10.4% (136) 12.5% (92) 28.6% (139) 

ATLL 9.6% (126) NE 0.4% (2) 

Abbreviations: NE, not evaluated. 

8 
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men in the advanced stages of this disease. Among neoplasms 

f mature T-cell and NK-cells other than ENTKL, CHOP-like and 

HOEP-like regimens had similar efficacy. Also, we could not con- 

lude the efficacy of Upfront auto-SCT in patients with PTCL-NOS, 

ITL, ALCL, or advanced-stage ENKTL. 

.2. Treatment strategies and limitations of immune checkpoint 

nhibitors for ENKTL 

Immuno-oncology is expected to be the next important strat- 

gy for ENKTL [ 25 , 26 ]. However, we know that the efficacy of im-

une checkpoint inhibitors such as pembrolizumab and nivolumab 

s not the same for all ENKTL [ 27 , 28 ]. Therefore, several types of

esearch have been performed to find out why the effects of im- 

une checkpoint inhibitors differ, even though PD-L1 expression is 

imilar among patients diagnosed with ENKTL. Unfortunately, we 

ould not collect the data of PD-1 and PD-L1 staining, as well as 

nclude a few patients treated with immune checkpoint inhibitors. 

hus, our results are not suitable for testing whether PD-1 or PD- 

1 expression results are meaningful biomarkers. However, we rec- 

gnize the unmet need to discuss a new and powerful predic- 

ive marker that overcomes the limitations of PD-1 and PD-L1 be- 

ore starting treatment for advanced and relapsed/refractory EN- 

KL. Cho et al. used immunohistochemistry (IHC) and gene ex- 

ression to study the tumor immune microenvironment (TIME) 

f ENKTL [29] . Jie Xiong et al. performed a study to identify the

olecular subtypes of ENKTL based on genomic structural alter- 

tions in the RNA helicase family, tumor suppressors, the JAK-STAT 

athway, epigenetic modifiers, and the RAS-MAPK pathway [30] . 

hus, they recommended choosing a PD1 blocker while consider- 

ng NK cell-associated immunity, in addition to the PD-L1 marker, 

n an opinion similar to that of Cho et al. 

.3. Discussing effective chemotherapy strategies for neoplasms of 

ature T-cell and NK-cells 

Because neoplasms of mature T-cell and NK-cells exhibit ex- 

raordinary and heterogeneous properties, standard treatments 

ave not yet been established. Most patients with T-cell lymphoma 

eceive CHOP as the standard first-line treatment [31] . In gen- 

ral, the response rate to CHOP chemotherapy was more than 50% 

or PTCL-NOS, AITL, and ALCL [32] . Intensive chemotherapy reg- 

mens are sometimes considered as the first-line therapy for T- 

ell lymphoma patients [33] , many clinicians also add etoposide 

o CHOP. In a previous analysis comparing CHOP and CHOEP, their 

RR, PFS, and OS for PTCLs did not differ significantly { 34 ]. The

CT study supports the finding that the therapeutic advantages of 

HOP and CHOEP are essentially the same. Gleeson et al. con- 

ucted a randomized phase 2 trial to compare the efficacy of GEM- 

 (gemcitabine, cisplatin, and methylprednisolone) and CHOP. They 

ound that gemcitabine-based chemotherapy was not more bene- 

cial than CHOP [35] . As a more biologic approach, brentuximab 

edotin (BV), which targets the CD30 commonly found in PTCL, 

s gaining attention. Although the number of patients using BV 

onotherapy in our study was very limited to 5 patients, each CR 

nd ORR was 80%. Based on a handful of our data, we could not 

etermine the efficacy of BV in PTCLs, but the therapeutic response 

s very encouraging. A randomized phase 3 trial comparing CHOP 

ersus CHP-BV (brentuximab vedotin, cyclophosphamide, doxoru- 

icin, and prednisone), showed significant improvement of PFS in 

eoplasms of mature T-cell and NK-cells ( P -value = 0.0110). How- 

ver, the notable benefit is coming from ALCL (CD 30 high expres- 

ion peripheral T-cell lymphomas). The CHP-BV benefit in PTCL- 

OS is marginal (HR 0.75, 95% CI 0.41–1.37) and even reversed in 

ITL (HR 1.40, 95% CI 0.64–3.07) [36] . Therefore, CHOP is still con- 

idered as standard care in many countries, and this is also echoed 
9 
n the ICT data. However, the outcomes remain poor with this ap- 

roach. Therefore, we are conducting a randomized phase 2 study 

nvestigating the effectiveness of CHOP versus platinum-based ICE 

hat is also ongoing (Randomized phase 2 study to compare the 

fficacy of CHOP versus fractionated ICED in transplant-eligible pa- 

ients with previously untreated peripheral T-cell lymphoma: ROSE 

tudy, NCT02445404), and results will be released as soon as they 

ave been solidified. The results of the ROSE study are expected 

o serve as a guide to more clearly locate CHOP as the standard 

hemotherapy for neoplasms of mature T-cell and NK-cells. 

.4. Identification of the role of auto-SCT for patients with neoplasms 

f mature T-cell and NK-cells 

Although the role of high-dose chemotherapy with auto-SCT 

fter achieving CR has been discussed in several studies, it re- 

ains challenging to clarify the role of upfront auto-SCT in clinical 

ractice [37–39] . According to previously conducted research, high- 

ose chemotherapy followed by auto-SCT improved the long-term 

urvival outcomes of patients with neoplasms of mature T-cell and 

K-cells [40–42] . However, the results from the LYSA study did not 

upport the opinion on the effectiveness of upfront auto-SCT [43] . 

ang et al. also reported similar results to those published by LYSA 

n upfront auto- SCT [44] . In our study, ALK-negative ALCL, AITL, 

nd PTCL-NOS patients who received upfront auto-SCT did not at- 

ain a significant survival benefit. Therefore, we considered that the 

ole of upfront auto-SCT is not yet decisive. 

Surprisingly, in our study, T-cell lymphomas such as ATLL, com- 

only seen in HTLV-1 endemic areas, were identified in very low 

requencies, something different to previously reported Asian stud- 

es (mainly in regions of Japan and China). This low frequency of 

TLL cases, which is known to have a dismal prognosis, could have 

otentially influenced the overall outcomes of our study popula- 

ion. Moreover, the lack of a centralized pathology review is a lim- 

tation of the study. 

As the first multinational, multicenter joint study in Asia, the 

CT study will give an opportunity to understand better the ge- 

graphic difference of neoplasms of mature T-cells and NK-cells 

n the world. Besides, through an integrated analysis of the ther- 

peutic strategies currently used in each country and institute, we 

ave presented the preferred treatments and their survival out- 

omes across Asia. According to our findings, patients with re- 

apsed/refractory disease still have an unmet need for the next 

herapeutic approaches to improve their prognosis. Thus, more ef- 

orts should continuously need to find better treatment approaches 

nd therapy for relapsed/refractory disease patients in the future. 
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