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Abstract

Peripheral T‐cell lymphomas (PTCLs) are a rare, heterogeneous group of hemato-

logical malignancies with extremely poor prognosis for almost all subtypes. The

diverse clinicopathological features of PTCLs make accurate diagnosis, prognosis,

and choice of optimal treatment strategies difficult. Moreover, the best therapeutic

algorithms are still under debate due to the extrapolated approaches developed for

B‐cell lymphomas and to the absence of few treatment protocol specifically

developed for PTCLs. Some advances have been made with CD30 monoclonal

antibody, mainly for anaplastic large‐cell lymphomas, with improvements in

progression‐free survival and overall survival. Several new drugs are under evalu-

ation in clinical trials, although not all the results are as encouraging as expected. In

this review, we briefly present the most updated information on diagnosis, prog-

nostication, and treatment strategies in PTCLs.
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1 | INTRODUCTION

Peripheral T‐cell lymphomas (PTCLs) comprise a heterogeneous

subgroup of rare hematological malignancies originating from post-

thymic lymphocytes. From different available data, PTCLs account

for approximately 5%–15% of all lymphomas in Western countries,

with an incidence of 0.5–2 per 100,000 people per year.1,2 Four main

clinical subtypes have been identified: nodal, leukemic, disseminated,

and cutaneous PTCLs. From a pathologic point of view, the most

recent edition of the World Health Organization (WHO) Classifica-

tion of lymphomas identifies around 30 subtypes of PTCLs, now also

defined as mature T‐cell lymphomas (MTCLs), some of which are

extremely rare. The most common MTCL subtypes are PTCL not

otherwise specified (NOS), angioimmunoblastic T‐cell lymphoma

(AITL), anaplastic large‐cell lymphoma (ALCL), and natural killer (NK)/

T‐cell lymphoma (NKTCL).1,3,4 With the exception of cutaneous T‐cell

lymphomas (CTCL), which are usually characterized by an indolent

course, and of anaplastic lymphoma kinase (ALK) positive ALCL, all

other MTCLs are associated with an aggressive course and poor

outcomes, with 5‐year survival rates across subtypes of 30%.3

Improvement in the approach to MTCL is proceeding slowly, with

advances in recent years seen in improving the classification of

MTCL, patient management and prognostication, and treatment.

In the 2016 revision of the WHO of mature T‐cell neoplasms,

nodal lymphomas of T follicular helper (TFH) cell origin were

introduced. AITL is the most studied TFH subtype, but an addi-

tional 40% of cases of PTCL‐NOS have been shown to share some

of the clinical and pathological features of the TFH phenotype,

which requires the expression of at least two of three TFH‐related

antigens, including PD1, CD10, BCL6, CXCL13, ICOS, SAP, and

CCR5. Recurrent genetic abnormalities associated with TFH

phenotype include mutations of in epigenetic modifiers (TET2,

IDH2, DNMT3A), RHOA, and T‐cell receptor associated genes

(PLCG1, CD28, VAV1, FYN).3,5 Among the non‐TFH PTCL‐NOS,

gene expression profiling and microRNA profiling studies have

delineated two additional subgroups: those with an increased
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expression of GATA3 and those with an increased expression of

TBX21.3,5 The GATA3 group is associated with poor outcomes and

has more loss or mutation of tumor suppressor genes including

TP53, PTEN, PRDM1, and CDKN2A/B, and gains in STAT3, REL,

and MYC oncogenes.6 The TBX21 group is enriched with alter-

ations of genes involved in DNA methylation.7 These three groups

are added to other previously characterized subtypes with specific

cell of origin, which include ALCL, adult T‐cell leukemia/lymphoma,

and gamma‐delta PTCL. The better characterization of the cell of

origin in PTCL is advantageous in the classification of these lym-

phomas as it reduces the undefined basket of PTCL‐NOS and

provides a strong rationale for determining the most effective

therapies in these lymphomas. Immunomodulatory agents and

epigenetic modifiers are more suitable for TFH subtypes, while

phosphatidylinositol 3‐kinase (PI3K) inhibitors, hypomethylating

agents, and Janus kinase/signal transducer and activator of tran-

scription (JAK/STAT) inhibitors might find a better role in GATA3

or TBX21 subtypes.8

1.1 | Prognosis and staging

In the last two decades, many studies have been conducted to

identify and validate clinical and biological factors that can be used

to predict the heterogenous outcome of PTCL patients. Several of

these studies have confirmed that a poor Eastern Cooperative

Oncology Group Scale of Performance Status score, extranodal

involvement, advanced disease, bulky, Ki67, and a high lactate de-

hydrogenase rate correlate with shorter overall survival (OS).9–11

The International Prognostic Index (IPI) was formally validated in

PTCL1,12 but the lack of clearly defined risk groups prompted the

search for PTCL‐specific prognostic indexes.9,11 The Fondazione

Italiana Linfomi defined the first Prognostic Index for PTCL‐NOS

(PIT), which stratifies patients into four distinct groups; the PIT

showed an independent correlation with OS. Subsequently, PIT

was updated to modified PIT by replacing bone marrow involve-

ment with Ki67 rate expression.10 A new model, the T‐cell

score, has recently been defined by using the prospectively

collected data registered in the T‐cell Project.13 More recently,

novel prognostic indexes have been identified and validated for

specific PTCL subtypes, including enteropathy‐associated T‐cell

lymphoma (EATCL) and nasal‐type extranodal NKTCL. As shown

in Table 1, all available prognostic indexes share the same structure

of categorical scores based on simple laboratory and clinical fea-

tures. Although all of these indexes have been formally validated,

the accuracy of prognostication in PTCL remains suboptimal; thus,

more prognostic studies that take into account novel biomarkers

and novel prognostic features are warranted. Among recent ad-

vances, a better definition of response by means of 18F‐
fluorodeoxyglucose positron emission tomography (FDG‐PET) may

play an important role in PTCL management and decision making.14

PTCLs are listed among FDG‐avid diseases, and several studies

have already confirmed the role of metabolic tumor volume and of

interim and end‐of‐treatment FDG‐PET to predict outcomes.15,16

Although promising, data regarding the role of metabolic response

in PTCLs are very preliminary and thus need to be confirmed by

larger studies.

1.2 | Treatment

The optimal management of patients with PTCL, which is disputed, is

in any case limited to few options, all with unsatisfactory efficacy.

None of the currently available recommendations are based on high‐
quality evidence, and few well‐designed randomized clinical trials

(RCTs) have been conducted to support therapeutic choices. The

currently recommended treatment strategy for PTCLs derives mostly

from B‐cell lymphoma treatment strategies, with the recommended

use of an aggressive approach with anthracycline‐based poly-

chemotherapy (i.e., CHOP or CHOEP) and with autologous stem cell

transplant (autoSCT) to consolidate response to first‐line therapy or

to manage relapsed patients.17

Regarding the role of anthracyclines in PTCL, while their role is

still debated, anthracycline void regimens have so far failed

to demonstrate their superiority to CHOP.17 Based on a recent

meta‐analysis, the 5‐year OS achieved with this approach was

36.6%.18

Several attempts have been made to improve the poor results

achieved with CHOP. These include the addition of novel agents

and the intensification of therapy. Some clinical studies on etopo-

side intensification of standard CHOP have shown conflicting re-

sults. However, the addition of etoposide has shown better

progression‐free survival (PFS), especially in patients with ALCL,

in those with favorable risk factors, and in patients age ≤ 60

years.12,19–21

The results of three randomized trials that evaluated the efficacy

of adding a novel agent to the CHOP backbone are available.

One prospective trial combined alemtuzumab, an anti‐CD52

monoclonal antibody, with CHOP; it failed to show improved out-

comes compared to chemotherapy alone.22 Another randomized trial

compared standard CHOP with CHP (cyclophosphamide, vincristine,

prednisone) combined with the anti‐CD30 antibody‐drug conjugate

brentuximab vedotin (BV‐CHP; ECHELON‐2 trial).23 This trial, which

enrolled 452 treatment naïve CD30‐positive PTCLs, demonstrated

improved PFS and OS rates for the BV‐CHP combination.23 Most of

the patients included in this trial (about 75%) had ALCL, with clearly

positive results for this subtype. However, the scientific community

was left without any clear demonstration of the efficacy of BV‐CHP

in non‐ALCL CD30‐positive subtypes.

A third trial compared CHOP with CHOP + the histone deace-

tylase inhibitor romidepsin, showing promising single‐agent activity

in relapsed refractory patients (ROCHOP trial).24 The ROCHOP RCT

conducted by the LYSA group enrolled 421 patients with PTCL who

were not planned to receive autoSCT or allogeneic SCT (alloSCT).

The median PFS (mPFS) for patients in the experimental arm was 12

months (9–25.8), without significant difference compared to the
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reference arm (mPFS 10.2 months [7.4–13.2]; hazard ratio: 0.81; 95%

confidence interval: 0.63–1.04). Although this study was not able to

confirm the initial hypothesis of the superiority of Ro‐CHOP, the

subgroup analysis seems to suggest that the novel combination acts

differently in different PTCL subtypes, with relatively higher activity

observed for AITLs.24

In summary, even if associated with unsatisfactory results, CHOP

chemotherapy should still be considered as the reference therapy for

most PTCL subtypes with the main exception of ALCL for which BV‐
CHP is the preferred recommended option and of NKTCL. The use of

CHOEP is supported by low quality of evidence but can be consid-

ered as a reasonable option in young and fit subjects with non‐ALCL

PTCLs.

The use of high‐dose chemotherapy followed by autoSCT in

first complete remission (CR1) is recommended by most of the

available guidelines17,25 (Table 2). Several groups have reported

that achieving CR before autoSCT is a significant independent

predictor of improved survival in patients with PTCL receiving

upfront autoSCT.26–28 However, there have been no RCTs specif-

ically designed to evaluate upfront autoSCT in comparison

with observation in CR1 for PTCL.29–31 Several retrospective

studies and prospective single‐arm phase II trials have reported

encouraging results with this approach (Table 3). The largest

prospective phase II study, published by the Nordic Group (NLG‐T‐
01), included 160 patients with PTCLs; 72% of patients underwent

autoSCT in first remission after six courses of CHOEP chemo-

therapy.32 All nodal PTCL subtypes were included, with the

exception of A.

1.2.1 | ALK‐positive ALCLs

One hundred thirty patients achieved CR (63%) or partial response

(PR; 37%), and 115 (88.5%) underwent ASCT. Overall, the 5‐year

OS and PFS for the intention‐to‐treat population were 51% and

44%, respectively. Considering subtype distribution, better out-

comes were observed for ALK‐negative ALCL than for other sub-

types.32 In a second study by Reimer et al.,33 83 patients with

PTCL were enrolled, with the exclusion of CTCL and of ALK‐
positive ALCL. Fifty‐nine patients (71%) completed stem cell

mobilization after CR (66%) or PR (34%) and 55 underwent

autoSCT. The 3‐year OS was 48%.

TAB L E 1 Prognostic models in PTCL

Variable

IPI PIT IPTCLP mPIT TCS AITL PINK EPI

International

NHL Prognostic
Factors Project (1993)

Gallamini

et al.
(2004)

Vose

et al.
(2008)

Went

et al.
(2006)

Federico

et al.
(2018)

Hong

et al.
(2018)

Kim

et al.
(2016)

de Baaij

et al.
(2015)

Age > 60 X X X X X X

ECOG ≥ 1 X X X X x X

LDH (abn. values) X X X X X

Stage III–IV X x X X X

ENS > 2 X X X

BM+ X

Plt < 150 K/mmc X X

S‐Alb x

Neutrophils x

Ki67 ≥ 80% X

Anemia (M < 13,

F < 11g/dl)

X

Serum IgA

(>400 mg/dl)

X

B symptoms X X

Regional

lymph nodes

X

PTCL subset All PTCL‐NOS PTCL‐NOS PTCL‐NOS PTCL‐NOS AITL NK‐TCL EATL

Abbreviations: AITL, angioimmunoblastic T‐cell lymphoma; BM, bone marrow; EATL, entheropathy‐associated T‐cell lymphoma; ENS, extranodal sites;

EPI, EATL prognostic index; IPI, International Prognostic Index; ECOG, Eastern Cooperative Oncology Group; IPTCLP, International Peripheral T‐cell

Lymphoma Project; LDH, lactate dehydrogenase; mPIT, modified Prognostic Index for T‐cell lymphoma; NKTCL, natural killer/T‐cell lymphoma; PINK,

Prognostic Index of natural killer lymphoma; PLT, platelet count, PTCL‐NOS, peripheral T‐cell lymphoma not otherwise specified; S‐Alb, serum albumin;

TCS, T‐cell score.
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Some recently published studies provide additional insights

into the role of autoSCT in CR1. A real‐world data analysis from

the Swedish Lymphoma Registry found prolonged OS and PFS for

transplanted patients with PTCL‐NOS, AITL, ALK‐negative ALCL

and EATCL after adjustment for confounding factors.34 However,

the selection of non‐ASCT patients used as the control group may

have been biased by early progressing patients after induction

therapy. Another study was a large multicenter analysis conducted

by the LYSA group. Among the 527 studied cases, a final cohort of

269 patients age less than 65 years with a CR or PR after in-

duction chemotherapy was identified: 78 cases of PTCL‐NOS, 123

cases of AITL, and 68 cases of ALK‐negative ALCL. Overall, 81%

were in CR and 19% in PR; 50% of the final cohort was allocated

to autoSCT (134 patients). Neither the Cox multivariate model nor

the propensity score analysis found any survival advantage in favor

of autoSCT as a consolidation procedure for patients in response

after induction therapy. Subgroup analyses did not reveal any

further difference in terms of response status, disease stage, or

risk category.35 Recently, Park et al.36 published their first report

of the large prospective observational COMPLETE study, con-

ducted by 56 U.S. academic centers. This paper described the

outcomes of 119 patients who achieved CR after induction ther-

apy, including 54 PTCL‐NOS, 35 AITL, and 30 ALK‐negative ALCL.

Thirty‐six patients underwent autoSCT; patients with AITL had

significantly improved OS and PFS but patients with other PTCL

subtypes did not. Finally, an exploratory of the ECHELON‐2 trial

was conducted, for the 82 patients with a declared intention to

transplant out of the 177 patients randomized to BV‐CHP arm

(ALK‐positive ALCL were excluded). SCT was in fact performed in

38 patients (27 ALK‐negative ALCL and 11 non‐ALCL patients),

most of whom were from non‐Asian centers, suggesting regional

practice differences. Despite the fact that the ECHELON‐2 study

was not designed to evaluate the role of upfront consolidation

with ASCT, numerical PFS estimates favored the use of con-

solidative SCT in patients with ALK‐negative ALCL and with non‐
ALCL who achieved a CR at the end of induction after frontline

BV‐CHP.23

Interpreting the results from these studies on the role of

autoSCT consolidation is complicated by the diverse eligibility

criteria adopted, the suboptimal rates of transplantation among PTCL

subtypes, and the differing rates of CR before autoSCT. The decision

to proceed to autoSCT in a subject with PTCL who responds to first‐
line chemotherapy is difficult and should always be discussed with

the individual patient. Researchers are strongly encouraged to run

well‐designed clinical trials that adopt the same up‐to‐date criteria

for response definition (i.e., FDG‐PET). These trials, which would

necessarily require considerable international cooperation, would

hopefully provide data by PTCL subtype.

alloSCT could be identified as alternative option to autoSCT as

consolidation of CR1 patients. Schmitz et al.37 recently published

data from the first randomized phase 3 trial of auto versus alloSCT as

part of first‐line therapy in poor‐risk PTCLs excluding ALK‐positive

TAB L E 2 ESMO and NCCN clinical practice guidelines for auto‐alloSCT in PTCLs

PTCLs subtype

Primary diagnosed PTCLs Relapsed/refractory PTCLs

ESMO NCCN ESMO NCCN

PTCL‐NOS PR, CR, transplant

eligible—autoSCT

Clinical trials, or ASCT, or

observation if CR, or

if PR—see rel/ref settings

PR, CR, transplant

eligible—alloSCT (or ASCT)

PR, CR, transplant

eligible—alloSCT (or ASCT)

AITL PR, CR, transplant

eligible—autoSCT

Clinical trials or ASCT or

observation if CR, or if

PR—see rel/ref settings

PR, CR, transplant

eligible—alloSCT (or ASCT)

PR, CR, transplant

eligible—alloSCT (or ASCT)

ALK‐negative

ALCL

PR, CR, transplant

eligible—autoSCT

Clinical trials, or ASCT or

observation if CR, or

if PR—see rel/ref settings

PR, CR, transplant

eligible—alloSCT (or ASCT)

PR, CR, transplant

eligible—alloSCT (or ASCT)

ALK‐positive

ALCL

No further treatment,

Or autoSCT

if high‐risk profile

Only chemotherapy ± ISRT PR, CR, transplant

eligible—alloSCT (or ASCT)

PR, CR, transplant

eligible—alloSCT (or ASCT)

EATL autoSCT Clinical trials, or ASCT, or

observation if CR, or if

PR—see rel/ref settings

PR, CR, transplant

eligible—alloSCT (or ASCT)

PR, CR, transplant

eligible—alloSCT (or ASCT)

HSTCL ASCT or allo if

donor available

CR or PR—preferred alloSCT PR, CR, transplant

eligible—alloSCT (or ASCT)

Preferred alloSCT if eligible

ENKTCL ASCT Stage IV if CR—allo or ASCT PR, CR, transplant eligible—

alloSCT (or ASCT)

AlloSCT (or ASCT)

Abbreviations: AITL angioimmunoblastic T‐cell lymphoma; ALCL, anaplastic large cell lymphoma; alloSCT, allogeneic stem cell transplant; ASCT,

autologous stem cell transplant; CR, Complete remission; EATL, entheropathy‐associated T‐cell lymphoma; ENKTCL, entranodal T‐cell lymphoma;

HSTCL, hepatosplenic T‐cell lymphoma; ISRT, involved site radiotherapy; PR, partial remission; PTCL, peripheral T‐cell lymphoma.
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ALCLs. The trial enrolled 18–60‐year‐old patients of all stages and

IPI and was planned to detect an improvement of event‐free survival

at 3 years from 35% achieved with autoSCT to 60% by alloSCT in the

intent‐to‐treat population. After the enrollment of 104 patient

randomization and recruitment was prematurely stopped because a

planned interim analysis had shown that it was highly unlikely to

meet the primary endpoint. The transplant‐related mortality

observed contributed to this result. In conclusion, alloSCT cannot be

recommended as consolidation therapy for CR1 PTCL patients due to

the lack of evidence and because of it toxicity profile. The only

TAB L E 3 Available prospective and retrospective studies of ASCT in PTCLs

Study N PTCLs subtype Time of transplant Response (%) PFS (years) OS (years)

Reimer et al. (2004) 83 39% PTCL‐NOS Upfront CR: 47 36% (4) 48% (4)

Prospective 16% ALCL (ALK‐negative) PR: 24

33% AITL

Corradini et al. (2006) 62 45% PTCL‐NOS Upfront CR: 56 EFS reported:

30% (12)

34% (2)

Prospective 30% ALCL (ALK‐positive) PR: 16

16% AITL

Rodriguez et al. (2007)

Prospective

26 42% PTCL‐NOS Upfront CR: 65 53% (3) 86% (3)

31% ALCL (ALK‐positive) PR: 8

27% AITL

Mercadal et al. (2008) 41 49% PTCL‐NOS Upfront CR: 49 30% (4) 39% (4)

Prospective 29% AITL PR: 10

5% HSTCL

5% T/NK

d'Amore et al. (2012) 160 39% PTCL‐NOS Upfront CR: 83 44% (5) 51% (5)

Prospective 19% ALCL (ALK‐negative) PR: 31

19% AITL

13% EATL

4% panniculitis‐like

3% T/NK

Fossard et al. (2018) 134 34% PTCL‐NOS Upfront CR: 75 46.3% (5) 59.2% (5)

Retrospective 23% ALCL (ALK‐negative) PR: 25

43% AITL

Roerden et al. (2019) 58 25.9% AITL Upfront (40 pts) CR: 75 Upfront ASCT Upfront ASCT

22.4% EATCL Relapse/refractory

(18 pts)

PR: 25 44% (5) 53% (5)

20.7% PTCL‐NOS ASCT in first

relapse

ASCT in first

relapse

Retrospective 19% ALCL (ALK‐negative) 60.6% (5) 77.4% (5)

8.6% ALCL (ALK‐positive)

3.4% T/NK

Park et al. (2019) 36 42% PTCL‐NOS Upfront CR: 63 44% (5) 51% (5)

Prospective 11% ALCL (ALK‐negative) PR: 37

47% AITL

Abbreviations: AITL, angioimmunoblastic T‐cell lymphoma; ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase negative; ASCT,

auto stem cell transplant; CR complete response; EATCL, enteropathy‐associated T‐cell lymphoma; EATL, entheropathy‐associated T‐cell lymphoma;

EFS, event‐free survival; HSTCL, hepatosplenic T‐cell lymphomas; OS overall survival; PFS, progression‐free survival; PR, partial response; PTCLs,

peripheral T‐cell lymphomas; PTCL‐NOS, peripheral T‐cell lymphomas not otherwise specified; T/NK, T‐cell lymphoma/natural killer.
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exception to this general statement might be represented by hep-

atosplenic T‐cell lymphomas for whom a systematic review of 44

cases treated with alloSCT at first or second relapse demonstrated a

3‐year relapse‐free survival of 42% and OS of 56%.38

1.3 | Relapsed/refractory disease

Approximately 70% of patients with PTCL are expected to develop

relapsed or refractory disease after first‐line therapy.39,40 A dismal

outcome can be expected for these patients, with median OS of a few

months, even for those who are able to proceed to salvage therapy.39

Among the options available, the effectiveness of autoSCT in

relapsed disease is uncertain due to the frequent use of autoSCT in

CR1 in eligible patients, and because the salvage therapies available

for relapsed PTCLs have very limited activity, thereby further

reducing the feasibility of an autoSCT program when planned.

Available salvage regimens were previously developed as a first‐line

strategies mostly for B‐cell malignancies, from them well‐known ICE

(ifosfamide, carboplatin, etoposide), DHAP (high‐dose cytarabine,

cisplatin, dexamethasone), GDP (gemcitabine, cisplatin, dexametha-

sone), and ESHAP (etoposide, cytarabine, cisplatin, and methylpred-

nisolone). Despite the fact that these regimens were previously

studied for aggressive lymphomas, due to the rarity of PTCLs a small

number of patients were included without independent subset

analysis.41–44 Even if limited by a low power due, a subset analysis of

the Canadian Cancer Trials Group LY.12 randomized phase 3 study

was not able to confirm DHAP superiority over GDP in PTCLs.45 In

relapsed/refractory PTCLs, alloSCT is also a feasible option in almost

all subtypes after failing prior autoSCT.17,25,46 However, nonrelapse

mortality varies from 8.2% to 40%.47–49 These scatter data suggest

that it is necessary to carefully select possible candidates for alloSCT.

Several new agents have been tested in the relapsed refractory

setting, and, while some have already received formal approval for

clinical use, approval is not uniform across countries. These include

the anti‐CD30 antibody‐drug conjugate BV, pralatrexate (approved

in the United States only), and four histone deacetylase inhibitors

(HDAC): romidepsin (United States only), belinostat (United States

only), vorinostat (United States only), and chidamide (China only).

Results achieved with these agents are very similar with CR rates of

10%–25% and with a median PFS of less than 1 year.

1.4 | Novel agents

Pharmacology research is very active in PTCL, and therapeutic

development is mainly driven by advances in the understanding of

the biology of the disease (Table 4).

The frequent alteration of the epigenetic machinery in PTCL,

mainly of the TFH phenotype, justifies strong rationale for the search

TAB L E 4 Activity of novel agents from clinical trials in relapsed refractory PTCLs

Drug PTCL subtype No. of patients Study phase ORR; CR Reference

Pralatrexate PTCL 111 2 29%; 11% O'Connor et al. (2011)

Romidepsin PTCL 131 2 25%; 15% Coiffier et al. (2012)

Brentuximab vedotin CD30 + PTCL 34 2 41%; 24% Horwitz et al. (2012); Pro et al. (2012)

ALCL 58 86%; 57%

Belinostat PTCL 129 2 25.8%; 10.8% O'Connor et al. (2015)

Bendamustine PTCL 60 2 50%; 28% Damal et al. (2013)

Mogamulizumab CCR4 + PTCL/CTCL 29 1 34%; 17% Ogura et al. (2014)

Lenalidomide PTCL 39 2 26%; 8% Tournishey et al. (2015)

Copanlisib NHL 17 2 21%; 14% Dreyling et al. (2017)

Cerdulatinib PTCL 18 2a 43% Horwitz et al. (2018)

Duvelisib PTCL + CTCL 16 1 50%; 19% Horwitz et al. (2018)

Alisertib PTCL 271 3 33%; 18% O'Connor et al. (2019)

Tipifarnib AITL, CXCL12 + TCL 43 Interim analysis 45% Witzig et al. (2019)

Pembrolizumab PTCL 18 33%; 27% Barta et al. (2019)

Panobinostat + bortezomib PTCL 25 1 43%; 22% Tan et al. (2015)

Gemcitabine + romidepin PTCL 20 1 30%; 15% Pellegrini et al. (2016)

Pralatrexate + romidepsin TCL 14 1 71%; 29% Amengual et al. (2018)

5‐Azacytidine + romidepsin PTCL 31 1 73%; 55% O'Connor et al. (2019)

Abbreviations: AITL, angioimmunoblastic T‐cell lymphoma; ALCL, anaplastic large‐cell lymphoma; CCR4, chemokine receptor‐4; CR, complete response;

CTCL, cutaneous T‐cell lymphoma; CXCL12, C‐X‐C motif chemokine 12; NHL, non‐Hodgkin lymphoma; ORR, overall response rate; PTCL, peripheral T‐
cell lymphoma; TCL, T‐cell lymphoma.
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of novel HDAC inhibitors and to test the efficacy of combining more

than one epigenetic modifier. A recent phase 1 combination trial of 5‐
azacitidine and romidepsin reported very interesting OR and CR

rates of 73% and 55%, respectively.50

Inhibition of spleen tyrosine kinase (SYK) signaling and of PI3K

pathways have also been investigated, with promising results from

phase I and II studies. Cerdulatinib is an oral SYK, JAK1, JAK3, and

Tyk2 inhibitor; in a phase IIa study on 41 PTCL patients, it was able

to produce an overall response rate of 34%, with 27% CR rates.51

Among PI3K inhibitors, the oral duvelisib was used in a phase I study

with 16 PTCL and 19 CTCL patients. The overall response rate was

50% for the PTCL patients and the median PFS was 8.4 months.45

The same agent has been evaluated in combination with romidepsin,

showing greater activity in AITL and PTCL‐NOS (overall

response rates 74% and 64%, respectively, CR rates 63% and 36%,

respectively).52

A promising therapeutic strategy in PTCL is represented by

targeting of tumor microenvironment. Blocking the PD1 interaction

with its ligand is justified by the finding of an increased expression of

PD‐L1 in both malignant and stromal cells of several PTCL subtypes.

Indeed, some activity of anti‐PD1 agents in PTCL has been described

by phase I studies,53 and more convincing results have been achieved

with NKTCL. The use of PD1 blockers, however, has also been

associated with cases of hyperprogression, thus making further

clarification of PD1 inhibition in PTCL urgently needed.

Finally, cellular therapy based on the concept of chimeric antigen

receptor T cells is also being developed for T‐cell lymphomas,54 as is

the use of bispecific antibodies targeting both CD30 and CD16A.55

2 | CONCLUSIONS

Management of PTCL patients continues to be a real challenge for

hematologist–oncologists. The oversimplified approach that has been

used for many years, replicating the rules of B‐cell lymphoma man-

agement, is clearly unsatisfactory and requires radical reassessment.

New insights into the biology of the disease and a renewed interest

on the part of the scientific community in the management of PTCL

have led to the identification of new targets and to confirming the

activity of new agents, which are now moving PTCLs into the era of

targeted therapy. Moreover, taking into account the different biology

and unique behavior of PTCL subtypes, each with a different

response to therapy, has become indispensable; these differences

result in more difficulties in interpreting the available data and in

designing future trials. PTCL remains a challenging disease which

requires massive international cooperation.

ACKNOWLEDGMENTS

The authors are grateful to MS Jacqueline Costa for her support in

reviewing the manuscript

Open Access Funding provided by Universita degli Studi di

Modena e Reggio Emilia within the CRUI‐CARE Agreement.

CONFLICT OF INTERESTS

Luminari served as advisor for Roche, BMS, Jannsen, Regeneron,

Genmab, Gilead. Skrypets has no conflict of interest to declare.

ORCID

Stefano Luminari https://orcid.org/0000-0001-8446-2285

Tetiana Skrypets https://orcid.org/0000-0002-2276-869X

REFERENCES

1. Vose J, Armitage J, Weisenburger D, International T‐Cell Lymphoma

Project. International peripheral T‐cell and natural killer/T‐cell

lymphoma study: pathology findings and clinical outcomes. J Clin
Oncol. 2008;26(25):4124‐4130.

2. Bellei M, Chiattone CS, Luminari S, et al. T‐cell lymphomas in South

America and Europe. Rev Bras Hematol Hemoter. 2011;34(1):42‐47.

https://doi.org/10.5581/1516‐8484.20120013

3. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the

World Health Organization classification of lymphoid neoplasms.

Blood. 2016;127(20):2375‐2390.

4. Bellei M, Foss FM, Shustov AR, et al. The outcome of peripheral

T‐cell lymphoma patients failing first line therapy: a report from the

prospective, International T‐Cell Project. Haematologica. 2018;

103(7):1191‐1197.

5. Swerdlow SH, Campo E, Harris NL, et al. WHO Classification of Tu-
mours of Haematopoietic and Lymphoid Tissues. Lyon, France: Inter-

national Agency for Research on Cancer; 2017.

6. Heavican TB, Bouska A, Yu J, et al. Genetic drivers of oncogenic

pathways in molecular subgroups of peripheral T‐cell lymphoma.

Blood. 2019;133(15):1664‐1676. https://doi.org/10.1182/blood‐
2018‐09‐872549

7. Wang T, Feldman AL, Wada DA, et al. GATA‐3 expression identifies

a high‐risk subset of PTCL, NOS with distinct molecular and clinical

features. Blood. 2014;123(19):3007‐3015. https://doi.org/10.1182/

blood‐2013‐12‐544809

8. Pinter‐Brown LC. Strategies for aggressive T‐cell lymphoma: divide

and conquer. Hematology Am Soc Hematol Educ Program.

2020;2020(1):154‐159. https://doi.org/10.1182/hematology.20200

00101

9. Weisenburger DD, Savage KJ, Harris NL, et al. Peripheral T‐cell

lymphoma, not otherwise specified: a report of 340 cases from the

International Peripheral T‐cell Lymphoma Project. Blood. 2011;117:

3402‐3408.

10. Went P, Agostinelli C, Gallamini A, et al. Marker expression in pe-

ripheral T‐cell lymphoma: a proposed clinical‐pathologic prognostic

score. J Clin Oncol. 2006;24:2472‐2479.

11. Gallamini A, Stelitano C, Calvi R, et al. Peripheral T‐cell lymphoma

unspecified (PTCL‐U): a new prognostic model from a retrospective

multicentric clinical study. Blood. 2004;103:2474‐2479.

12. Schmitz N, Trümper L, Ziepert M, et al. Treatment and prognosis of

mature T‐cell and NK‐cell lymphoma: an analysis of patients with

T‐cell lymphoma treated in studies of the German High‐Grade Non‐
Hodgkin Lymphoma Study Group. Blood. 2010;116:3418‐3425.

13. Federico M, Bellei M, Marcheselli L, et al. Peripheral T cell lym-

phoma, not otherwise specified (PTCL‐NOS). A new prognostic

model developed by the International T Cell Project Network. Br J
Haematol. 2018;181(6):760‐769. https://doi.org/10.1111/bjh.15258

14. Cheson BD. PET/CT in lymphoma: current overview and future di-

rections. Semin Nucl Med. 2018;48(1):76‐81. https://doi.org/10.

1053/j.semnuclmed.2017.09.007

15. Pellegrini C, Argnani L, Broccoli A, et al. Prognostic value of interim

positron emission tomography in patients with peripheral T‐cell

lymphoma. Oncologist. 2014;19:746‐750.

58 - LUMINARI AND SKRYPETS

 10991069, 2021, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.2846 by U

niversity M
odena, W

iley O
nline L

ibrary on [15/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-8446-2285
https://orcid.org/0000-0001-8446-2285
https://orcid.org/0000-0002-2276-869X
https://orcid.org/0000-0002-2276-869X
https://doi.org/10.5581/1516-8484.20120013
https://doi.org/10.1182/blood-2018-09-872549
https://doi.org/10.1182/blood-2018-09-872549
https://doi.org/10.1182/blood-2013-12-544809
https://doi.org/10.1182/blood-2013-12-544809
https://doi.org/10.1182/hematology.2020000101
https://doi.org/10.1182/hematology.2020000101
https://doi.org/10.1111/bjh.15258
https://doi.org/10.1053/j.semnuclmed.2017.09.007
https://doi.org/10.1053/j.semnuclmed.2017.09.007
https://orcid.org/0000-0001-8446-2285
https://orcid.org/0000-0002-2276-869X


16. El‐Galaly TC, Pedersen MB, Hutchings M, et al. Utility of interim and

end‐of‐treatment PET/CT in peripheral T‐cell lymphomas: a review

of 124 patients. Am J Hematol. 2015;90:975‐980.

17. d'Amore F, Gaulard P, Trumper L, et al. Peripheral T‐cell lymphomas:

ESMO Clinical Practice Guidelines for diagnosis, treatment and

follow‐up. Ann Oncol. 2015;26(suppl 5):v108‐v115.

18. AbouYabis AN, Shenoy PJ, Sinha R, Flowers CR, Lechowicz MJ. A

systematic review and meta‐analysis of front‐line anthracycline‐
based chemotherapy regimens for peripheral T‐cell lymphoma.

ISRN Hematol. 2011;2011:623924. https://doi.org/10.5402/2011/

623924

19. Lage LAPC, Cabral TCS, Costa RO, et al. Primary nodal peripheral

T‐cell lymphomas: diagnosis and therapeutic considerations. Rev
Bras Hematol Hemoter. 2015;37:277‐284.

20. Dearden CE, Johnson R, Pettengell R, et al. Guidelines for the

management of mature T‐cell and NK‐cell neoplasms (excluding

cutaneous T‐cell lymphoma). Br J Haematol. 2011;153:451‐485.

21. Karakas T, Bergmann L, Stutte HJ, et al. Peripheral T‐cell lymphomas

respond well to vincristine, adriamycin, cyclophosphamide, predni-

sone and etoposide (VACPE) and have a similar outcome as high‐
grade B‐cell lymphomas. Leuk Lymphoma. 1996;24(1‐2):121‐129.

22. Wulf GG, Altmann B, Altmann B, et al. Alemtuzumab plus CHOP

versus CHOP in elderly patients with peripheral T‐cell lymphoma:

the DSHNHL2006‐1B/ACT‐2 trial. Leukemia. 2021;35(1):143‐155.

https://doi.org/10.1038/s41375‐020‐0838‐5
23. Horwitz S, O'Connor OA, Pro B, et al. Brentuximab vedotin with

chemotherapy for CD30‐positive peripheral T‐cell lymphoma

(ECHELON‐2): a global, double‐blind, randomised, phase 3 trial.

Lancet. 2019;393(10168):229‐240. https://doi.org/10.1016/S0140‐
6736(18)32984‐2

24. Bachy E, Camus V, Thieblemont C, et al. Final analysis of the Ro‐
CHOP Phase III (conducted by LYSA): romidepsin plus CHOP in

patients with peripheral T‐cell lymphoma. 62nd American Society of
Hematology (ASH) Annual Meeting and Exposition; 2020.

25. https://www.nccn.org/professionals/physician_gls/pdf/t‐cell_blocks.

pdf. Accessed 17 Feb 2021

26. Corradini P, Tarella C, Zallio F, et al. Long‐term follow‐up of patients

with peripheral T‐cell lymphomas treated up‐front with high‐dose

chemotherapy followed by autologous stem cell transplantation.

Leukemia. 2006;20:1533‐1538.

27. Kyriakou C, Canals C, Goldstone A, et al. High‐dose therapy and

autologous stem‐cell transplantation in angioimmunoblastic lym-

phoma: complete remission at transplantation is the major deter-

minant of outcome lymphoma working party of the European Group

for Blood and Marrow Transplantation. J Clin Oncol. 2008;26(2):

218‐224.

28. Rodriguez J, Conde E, Gutierrez A, et al. The adjusted International

Prognostic Index and β‐2‐microglobulin predict the outcome after

autologous stem cell transplantation in relapsing/refractory pe-

ripheral T‐cell lymphoma. Haematologica. 2007;92:1067‐1074.

29. Stiff PJ, Unger JM, Cook JR, et al. Autologous transplantation as

consolidation for aggressive non‐Hodgkin's lymphoma. N Engl J Med.

2013;369:1681‐1690.

30. Mounier N, Gisselbrecht C, Brière J, et al. Prognostic factors in pa-

tients with aggressive non‐Hodgkin's lymphoma treated by front‐
line autotransplantation after complete remission: a cohort study

by the Groupe d'Etude des Lymphomes de l'Adulte. J Clin Oncol.
2004;22:2826‐2834.

31. Mounier N, Gisselbrecht C, Brière J, et al. All aggressive lymphoma

subtypes do not share similar outcome after front‐line auto-

transplantation: a matched‐control analysis by the Groupe d'Etude

des Lymphomes de l'Adulte (GELA). Ann Oncol. 2004;15:1790‐1797.

32. d'Amore F, Relander T, Lauritzsen GF, et al. Up‐front autologous

stem‐cell transplantation in peripheral T‐cell lymphoma: NLG‐T‐01.

J Clin Oncol. 2012;30:3093‐3099.

33. Reimer P, Schertlin T, Rüdiger T, et al. Myeloablative radio-

chemotherapy followed by autologous peripheral blood stem cell

transplantation as first‐line therapy in peripheral T‐cell lymphomas:

first results of a prospective multicenter study. Hematol J.
2004;5(4):304‐311. https://doi.org/10.1038/sj.thj.6200359

34. Ellin F, Landström J, Jerkeman M, Relander T. Real‐world data on

prognostic factors and treatment in peripheral T‐cell lymphomas: a

study from the Swedish Lymphoma Registry. Blood. 2014;

124(10):1570‐1577.

35. Fossard G, Broussais F, Coelho I, et al. Role of up‐front autologous

stem‐cell transplantation in peripheral T‐cell lymphoma for patients

in response after induction: an analysis of patients from LYSA cen-

ters. Ann Oncol. 2018;29(3):715‐723. https://doi.org/10.1093/

annonc/mdx787

36. Park SI, Horwitz SM, Foss FM, et al. The role of autologous stem cell

transplantation in patients with nodal peripheral T‐cell lymphomas

in first complete remission: report from COMPLETE, a prospective,

multicenter cohort study. Cancer. 2019;125(9):1507‐1517. https://

doi.org/10.1002/cncr.31861

37. Schmitz N, Truemper LH, Bouabdallah K, et al. A randomized phase 3

trial of auto vs. allo transplantation as part of first‐line therapy in

poor‐risk peripheral T‐NHL. Blood. 2020. https://doi.org/10.1182/

blood.2020008825

38. Rashidi A, Cashen AF. Outcomes of allogeneic stem cell trans-

plantation in hepatosplenic T‐cell lymphoma. Blood Cancer J.
2015;5(6):e318. https://doi.org/10.1038/bcj.2015.43

39. Mak V, Hamm J, Chhanabhai M, et al. Survival of patients with

peripheral T‐cell lymphoma after first relapse or progression:

spectrum of disease and rare long‐term survivors. J Clin
Oncol. 2013;31(16):1970‐1976. https://doi.org/10.1200/JCO.2012.

44.7524

40. Dreyling M, Thieblemont C, Gallamini A, et al. ESMO Consensus

conferences: guidelines on malignant lymphoma. Part 2: marginal

zone lymphoma, mantle cell lymphoma, peripheral T‐cell lymphoma.

Ann Oncol. 2013;24:857‐877.

41. Jerkeman M, Leppä S, Kvaløy S, Holte H. ICE (ifosfamide, carbo-

platin, etoposide) as second‐line chemotherapy in relapsed or pri-

mary progressive aggressive lymphoma—the Nordic Lymphoma

Group experience. Eur J Haematol. 2004;73:179‐182.

42. Philip T, Chauvin F, Armitage J, et al. Parma international protocol:

pilot study of DHAP followed by involved‐field radiotherapy and

BEAC with autologous bone marrow transplantation. Blood.

1991;77:1587‐1592.

43. Zelenetz AD, Hamlin P, Kewalramani T, Yahalom J, Nimer S,

Moskowitz CH Ifosfamide, carboplatin, etoposide (ICE)‐based

second‐line chemotherapy for the management of relapsed and re-

fractory aggressive non‐Hodgkin's lymphoma. Ann Oncol.
2003;14(suppl 1):i5‐i10.

44. Velasquez WS, McLaughlin P, Tucker S, et al. ESHAP—an effective

chemotherapy regimen in refractory and relapsing lymphoma: a 4‐
year follow‐up study. J Clin Oncol. 1994;12:1169‐1176.

45. Skamene T, Crump M, Savage KJ, et al. Salvage chemotherapy and

autologous stem cell transplantation for peripheral T‐cell lymphoma:

a subset analysis of the Canadian Cancer Trials Group LY.12 ran-

domized phase 3 study. Leuk Lymphoma. 2017;58(10):2319‐2327.

https://doi.org/10.1080/10428194.2017.1312379

46. Kharfan‐Dabaja MA, Kumar A, Ayala E, et al. Clinical practice rec-

ommendations on indication and timing of hematopoietic cell

transplantation in mature T cell and NK/T cell lymphomas: an in-

ternational collaborative effort on behalf of the guidelines commit-

tee of the American Society for Blood and Marrow Transplantation.

Biol Blood Marrow Transplant. 2017;23(11):1826‐1838. https://doi.

org/10.1016/j.bbmt.2017.07.027

47. Loirat M, Chevallier, P, Leux C, et al. Upfront allogeneic stem‐cell

transplantation for patients with nonlocalized untreated peripheral

LUMINARI AND SKRYPETS - 59

 10991069, 2021, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.2846 by U

niversity M
odena, W

iley O
nline L

ibrary on [15/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.5402/2011/623924
https://doi.org/10.5402/2011/623924
https://doi.org/10.1038/s41375-020-0838-5
https://doi.org/10.1016/S0140-6736(18)32984-2
https://doi.org/10.1016/S0140-6736(18)32984-2
https://www.nccn.org/professionals/physician_gls/pdf/t-cell_blocks.pdf
https://www.nccn.org/professionals/physician_gls/pdf/t-cell_blocks.pdf
https://doi.org/10.1038/sj.thj.6200359
https://doi.org/10.1093/annonc/mdx787
https://doi.org/10.1093/annonc/mdx787
https://doi.org/10.1002/cncr.31861
https://doi.org/10.1002/cncr.31861
https://doi.org/10.1182/blood.2020008825
https://doi.org/10.1182/blood.2020008825
https://doi.org/10.1038/bcj.2015.43
https://doi.org/10.1200/JCO.2012.44.7524
https://doi.org/10.1200/JCO.2012.44.7524
https://doi.org/10.1080/10428194.2017.1312379
https://doi.org/10.1016/j.bbmt.2017.07.027
https://doi.org/10.1016/j.bbmt.2017.07.027


T‐cell lymphoma: an intention‐to‐treat analysis from a single center.

Ann Oncol. 2015;26(2):386‐392.

48. Kyriakou C, Canals C, Finke J, et al. Allogeneic stem cell

transplantation is able to induce long‐term remissions in

angioimmunoblastic T‐cell lymphoma: a retrospective study from

the lymphoma working party of the European group for blood

and marrow transplantation. J Clin Oncol. 2009;27(24):

3951‐3958.

49. Smith SM, Burns LJ, van Besien K, et al. Hematopoietic cell trans-

plantation for systemic mature T‐cell non‐Hodgkin lymphoma. J Clin
Oncol. 2013;31(25):3100‐3109.

50. O'Connor OA, Falchi L, Lue JK, et al. Oral 5‐azacytidine and romi-

depsin exhibit marked activity in patients with PTCL: a multicenter

phase 1 study. Blood. 2019;134(17):1395‐1405. https://doi.org/10.

1182/blood.2019001285

51. Horwitz SM, Feldman TA, Hess BT, et al. The novel SYK/JAK in-

hibitor cerdulatinib demonstrates good tolerability and clinical

response in a phase 2a study in relapsed/refractory peripheral T‐cell

lymphoma and cutaneous T‐cell lymphoma. Blood. 2018;132(sup-

plement 1):1001. https://doi.org/10.1182/blood‐2018‐99‐119944

52. Horwitz SM, Koch R, Porcu P, et al. Activity of the PI3K‐δ,γ inhibitor

duvelisib in a phase 1 trial and preclinical models of T‐cell

lymphoma. Blood. 2018;131(8):888‐898. https://doi.org/10.1182/

blood‐2017‐08‐802470

53. Lesokhin AM, Ansell SM, Armand P, et al. Nivolumab in patients with

relapsed or refractory hematologic malignancy: preliminary results

of a phase Ib study. J Clin Oncol. 2016;34(23):2698‐2704. https://doi.

org/10.1200/JCO.2015.65.9789

54. Maciocia PM, Wawrzyniecka PA, Philip B, et al. Targeting the T cell

receptor β‐chain constant region for immunotherapy of T cell ma-

lignancies. Nat Med. 2017;23(12):1416‐1423. https://doi.org/10.

1038/nm.4444

55. Sawas A, Elgedawe H, Vlad G, et al. Clinical and biological evaluation

of the novel CD30/CD16A tetravalent bispecific antibody (AFM13)

in relapsed or refractory CD30‐positive lymphoma with cutaneous

presentation: a biomarker phase Ib/IIa study (NCT03192202). Blood.

2018;132(supplement 1):2908.

How to cite this article: Luminari S, Skrypets T. What's new in

peripheral T‐cell lymphomas. Hematological Oncology.

2021;39(S1):52–60. https://doi.org/10.1002/hon.2846

60 - LUMINARI AND SKRYPETS

 10991069, 2021, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.2846 by U

niversity M
odena, W

iley O
nline L

ibrary on [15/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1182/blood.2019001285
https://doi.org/10.1182/blood.2019001285
https://doi.org/10.1182/blood-2018-99-119944
https://doi.org/10.1182/blood-2017-08-802470
https://doi.org/10.1182/blood-2017-08-802470
https://doi.org/10.1200/JCO.2015.65.9789
https://doi.org/10.1200/JCO.2015.65.9789
https://doi.org/10.1038/nm.4444
https://doi.org/10.1038/nm.4444
https://doi.org/10.1002/hon.2846

	What's new in peripheral T‐cell lymphomas
	1 | INTRODUCTION
	1.1 | Prognosis and staging
	1.2 | Treatment
	1.2.1 | ALK‐positive ALCLs

	1.3 | Relapsed/refractory disease
	1.4 | Novel agents

	2 | CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTERESTS


