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a b s t r a c t 

The advent of molecularly targeted agents for patients with peripheral T-cell lymphomas (PTCL) has be- 

gun to change the therapeutic landscape in these diseases, especially for patients with relapsed or re- 

fractory disease. These agents, grounded in targeting numerous pathways or alterations related to disease 

pathogenesis, have shown promise across many PTCL subhistologies. Aided by significant advances in ex- 

perimental techniques related to molecular biology, epigenetics, and immunology, more recent studies 

have begun elucidating mediators of resistance, both intrinsic and acquired, to inform future therapeu- 

tic advances. Defining and targeting these escape mechanisms through rational combination approaches 

will likely be important to continue to build on these promising advances and further improve clinical 

outcomes for patients facing PTCL. 

© 2021 Elsevier Inc. All rights reserved. 
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Peripheral T-cell lymphomas (PTCL) comprise a heterogeneous 

ollection of malignancies arising from the malignant transforma- 

ion of mature T cells and include nearly 30 histologic subtypes

ith distinct clinical behavior and disease pathogenesis. Patients 

ith aggressive PTCL subtypes are frequently treated with upfront 

ombination chemotherapy with consideration of stem cell trans- 

lantation if remission is achieved depending on the specific dis- 

ase subtype and patient suitability [1] . Other patients ineligible

or this intensive approach or with more indolent disease behavior 

re typically treated with ongoing, sequential, maintenance-type 

reatments attempting to maximize clinical benefit with acceptable 

ong-term toxicities. Broadly, however, compared to those for pa- 

ients with B-cell lymphomas, the outcomes for patients with PTCL 

re poor, especially for those patients with relapsed or refractory 

R/R) disease [2 , 3] . This disparity has stimulated significant recent

rogress in defining the disease pathobiology of PTCL subtypes and 

he development of novel therapeutic approaches to ultimately im- 

rove patient outcomes. 

The advent of high-throughput genomic sequencing and ad- 

ances in molecular biology has generated deep insights into 

he genomic landscape and molecular pathogenesis of PTCL sub- 

ypes. Indeed, nearly all PTCL subhistologies have multiple pub- 

ished manuscripts detailing the landscape of molecular alterations 
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resent [4-8] . For example, Watatani et al used whole-exome se-

uencing on PTCL tumor samples to reveal a new molecular sub-

ype of PTCL-NOS characterized by alterations in TP53 and CDKN2A .

aralleling these discoveries into the genetic lesions underlying 

TCL has been other lines of investigation into the cellular sig-

aling pathways that PTCLs are dependent on for growth and 

roliferation [9 , 10] that may be susceptible to therapeutic target-

ng. Among these that are most advanced therapeutically are the 

hosphatidyl inositol-3-kinase pathway (PI3K), the Janus kinase 

JAK)/signal transducer and activator of transcription (STAT) path- 

ay, and the spleen tyrosine kinase (SYK) pathway. 

An additional line of background research in PTCL pathogene- 

is concerns epigenetic alterations in PTCL. Many PTCL subtypes 

ontain epigenetic changes and/or mutations in epigenetic-related 

enes, which have prompted the use of epigenetic-directed ther- 

pies such as histone deacetylase (HDAC) inhibitors [11] . Besides 

mplications for pathogenesis, such markers may carry prognostic 

mportance [12 , 13] . Epigenetic alterations are especially well de-

ned in the PTCL-T FH /AITL subtypes with frequent mutations in 

pigenetic regulators such as TET2 and DNMT3A [7] , and emerging

vidence suggests superior efficacy with HDAC inhibition in these 

iseases compared to other PTCL subtypes [14] . Newer targeted ap-

roaches are seeking to explore other epigenetic-targeted thera- 

ies such as the enhancer of zeste homolog 1/2 (EZH1/2) [15] or

on-enzyme inhibition-based approaches [16 , 17] to disrupting per- 

urbed epigenetic networks and pathways for therapeutic gain. 

In the present review, we discuss therapeutic targets and com- 

ounds under investigation for use in treating R/R PTCL-NOS, fo- 

using on those farthest along in clinical development or showing 

https://doi.org/10.1053/j.seminhematol.2021.02.004
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articular promise in earlier-phase investigations. Where possible,

e will seek to highlight translational effort s seeking to under-

tand mediators of response to these agents. 

inase-targeted therapies 

I3K 

Cellular signaling through the PI3K-Akt-molecular target of ra-

amycin (mTOR) pathway has been shown to be critical for growth

nd differentiation of lymphocytes [9 , 18 , 19] , and therefore target-

ng this pathway with small molecule PI3K inhibitors has emerged

s a promising approach in many malignancies, especially lym-

hoid cancers. Available PI3K inhibitors include idelalisib, copan-

isib, zandelisib, tenalisib, and duvelisib; the last two agents are

ost investigated for patients with R/R PTCL [20 , 21] . A com-

leted phase I study of duvelisib, a, oral δ/ γ isoform-specific in-

ibitor, showed promising responses among 16 patients with R/R

TCL (study also included patients with R/R cutaneous T-cell lym-

homas, not discussed here) following a median of > 2 lines of

herapy. In this population (largest histologic subtype PTCL-NOS,

 = 6), the overall response rate was 50%, including 3 complete

esponses and 5 partial responses. Analysis of toxicities observed

mong all patients showed side effects common in this class of

gents: elevations in AST/ALT (31% grade > 2), rash (14% grade > 2),

nd grades 1/2 pyrexia (37%) and cough (34%). Biologically, in-

reases in CCL1, IL-17a, and sCD40L and diminution in p40 and

XCL13 correlated with responses. This has prompted the ongoing

hase II dose optimization/expansion study (NCT03372057) seek- 

ng to further explore and potentially register the use of this agent

n patients with R/R PTCL [22] . In preliminary results among 25 re-

ponse assessed patients, 13 had responses, including 9 complete

esponses, with a median duration of response of 4.1 months. The

oxicity profile was notable for cytopenias (24%) and elevated ALT

56%). 

More recently, phase I data concerning another dual PI3K δ/ γ
nhibitor tenalisib were published including 28 patients with R/R

TCL (histologic subtypes not reported), over 20% of whom had re-

eived > 4 prior lines of therapy [21] . Among these 28 patients, 15

ompleted at least 2 cycles of therapy, 3 of whom achieved CR and

 achieved PR. The median duration of response was 6.5 months.

oxicities were generally comparable to those observed with du-

elisib, with the most common grade > 2 toxicity being elevated

ST/ALT (19% each across all patients). Based on these promising

esults, two ongoing studies are investigating each of these agents

n combination with the HDAC inhibitor romidepsin (NCT02783625

nd NCT03770 0 0 0) for patients with R/R PTCL. Other ongoing or

lanned studies with PI3K inhibitors in patients with R/R PTCL in-

lude combination with immune checkpoint blockade (copanlisib

lus pembrolizumab, NCT02535247) and with chemotherapy (co- 

anlisib plus gemcitabine, NCT03052933). For upfront treatment, a

lanned intergroup study (A051902) will randomize patients with

D30-negative PTCL to CHO(E)P versus CHO(E)P plus duvelisib ver-

us CHO(E)P plus azacitidine to advance these promising agents

arlier in the care of patients. 

AK 

The Janus kinase family proteins (JAK1, JAK2, JAK3, and TYK2)

ontribute to critical pathways mediating immune responses and

nflammation in normal physiology. Downstream of the JAK pro-

eins are the STAT family of transcription factors, most importantly

TAT3 and STAT5B, which mediate effects of JAK signaling through

ranscriptional regulation. Cancer-associated JAK family gene muta- 

ions were initially discovered in the myeloproliferative neoplasms,
ut recent work has begun elucidating their prevalence and signifi-

ance across nearly all TCL histologies and potential for therapeutic

argeting [23-28] . Besides activating mutations, there are also gene

usions involving JAK family genes [29] leading to activated JAK-

TAT pathway signaling. Recent data have emerged regarding effi-

acy of JAK pathway inhibition as a therapeutic approach in PTCL:

oskowitz et al reported results from a phase II study of ruxoli-

inib in 53 patients with R/R PTCL, with 48 evaluable patients. The

argest subgroup by histology was PTCL-NOS (N = 11) followed by

TCL-T FH and angioimmunoblastic T-cell lymphoma (AITL, N = 9).

atients were analyzed according to JAK/STAT pathway status: ac-

ivating mutation present, pathway activation evident by immuno-

istochemistry, or neither. The overall response rate (including pa-

ients with cutaneous T-cell lymphomas) was 23%; the response

ate plus rate of maintaining stable disease for > 6 months reached

5%. Three patients achieved complete responses, and 8 (17%) par-

ial responses. In terms of subtypes, particularly high rates of clini-

al benefit were seen in patients with PTCL-T FH /AITL (44%), large

ranular lymphocytic leukemia (75%), and T-cell prolymphocytic 

eukemia (50%). When analyzed according to JAK/STAT pathway

tatus, the overall response rate was 29% in those with an acti-

ating mutation present or elevated pSTAT3 by immunohistochem-

stry compared to only 11% in those with neither. The most fre-

uent drug-related grade 3/4 adverse events were cytopenias, with

eutropenia being the most common (N = 13). An ongoing study

NCT01712659) is testing ruxolitinib specifically in patients with

dult T-cell leukemia/lymphoma harboring JAK/STAT pathway ac- 

ivation [28 , 30] . 

YK 

SYK encodes a protein tyrosine kinase with pleiotropic down-

tream signaling partners, including PI3K and PLC-gamma [31] , and

s normally expressed on B cells but absent on T cells [32] . Aber-

ant expression of SYK is observed in the majority (94%) of T-cell

ymphoma (TCL) cases [33] . Cerdulatinib is a pan-JAK/SYK pathway

nhibitor that has been investigated for treating patients with R/R

ematologic malignancies, including PTCL [34] . Among 60 evalu-

ble patients with PTCL who received cerdulatinib, the overall re-

ponse rate was 35%; the response rate specifically in patients with

TCL-T FH /AITL was 55% (12/22). The main treatment-emergent ad-

erse event grade > 2 included lipase elevation (21%) with diarrhea,

eutropenia, anemia, and fatigue all between 5% and 10%. Another

YK inhibitor, TAK-659, which also targets fms-like tyrosine kinase

, is in development and is undergoing evaluation for patients with

-cell non-Hodgkin lymphomas (NCT03357627, NCT020 0 0934, and

CT03742258). 

TK 

The interleukin-2-inducible kinase (ITK) is a member of the Tec

amily nonreceptor tyrosine kinase and mediates T-cell activation

nd differentiation [35] . ITK is specific to T cells and is required

or signaling through the T-cell receptor: when TCR is activated,

TK is recruited, phosphorylated, and activated, thus activating sec-

ndary downstream messengers including members of the NF- κB,

TOR, and ERK pathways [36] . Certain PTCL subtypes have been

hown to harbor activating ITK fusions [37] and pre-clinical evi-

ence suggests ITK-mediating signaling may underlie chemoresis- 

ance [38] . This has spurred the development of small molecule

nhibitors of ITK for use in PTCL, including CPI-818. Interim results

or this agent [39] included 16 patients in dose escalation with a

ariety of PTCL and cutaneous T-cell lymphoma sub-histologies (in-

luding 4 patients with PTCL-NOS). Evidence of activity with no

rade 3/4 adverse events has been noted particularly in patients
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Table 1 

Reported combination studies with romidepsin in R/R PTCL 

Combination agent(s) N evaluable ORR CR Citation 

Duvelisib 14 36% 21% [47] 

Pembrolizumab 15 44% 20% [48] 

Pralatrexate 14 71% 29% [49] 

Liposomal doxorubicin 12 25% 25% [50] 

Gemcitabine 20 30% 15% [51] 

ICE 18 93% 80% [52] 

Azacitidine 6 83% 50% [53] 

Gemcitabine, cisplatin 20 50% 0% [54] 

Lenalidomide, carfilzomib 11 46% 36% [55] 

ICE, ifosfamide, carboplatin, and etoposide. 

E

a

c

(  

p  

g

E  

i

h

t  

F  

D  

t  

s

[

e  

d

t

a

c

g

w  

p

D

p

r

t

m

p  

h

k

d  

s  

f  

A

A

t

r

t

t

o

P

o

i

ith Sezary Syndrome, a form of cutaneous T-cell lymphoma, and 

he study remains ongoing (NCT03952078). 

urora A kinase 

Aurora kinase A is a serine/threonine protein kinase that me- 

iates spindle formation during mitosis and is overexpressed in a 

ide range of malignancies, including PTCL [40] , and targeting this

athway was shown to have preclinical activity [41] . Alisertib is an

ral Aurora kinase A inhibitor, and data for this agent came from a

andomized, phase III study of alisertib versus investigator’s choice 

n R/R PTCL [42] . The study was terminated early due to evidence

f lack of benefit for progression-free survival for alisertib, with an

verall response rate of 33% compared to 45% for the comparison

rm. Based on these results, further single-agent development has 

een halted for patients with PTCL. 

LK 

Anaplastic large cell lymphoma (ALCL) is a common subtype of 

TCL and is subdivided based on the presence or absence of the

(2;5)(p23;q35) translocation that fuses the anaplastic lymphoma 

inase (ALK) gene to NPM. As ALK is a readily targetable tyrosine

inase receptor, this has led to use of ALK inhibitors for patients

ith R/R ALK 

+ ALCL [43 , 44] . Crizotinib, the first ALK inhibitor de-

eloped, was used in 9 patients with R/R ALK + ALCL, and all 9 pa-

ients experienced complete responses to therapy, many of which 

ere durable [43] . Three of these 9 patients had prior stem cell

ransplantation (2 autologous, 1 allogeneic). Richly, et al. investi- 

ated the second-generation ALK-inhibitor ceritinib in 3 patients 

ith R/R ALK 

+ ALCL, 2 of whom achieved CR, 1 PR, all of which

ere ongoing at time of publication [44] . 

pigenetic-targeted therapies 

DAC 

Protein acetylation is governed by histone acetyltransferases 

hat catalyze the addition of acetyl groups and HDAC enzymes, 

hich remove them. Among HDAC inhibitors, belinostat [45] and 

omidepsin [46] are the most thoroughly studied for patients with 

TCL histologies and HDAC inhibition is an established treatment 

or patients with R/R PTCL in current practice. Coiffier et al re-

orted updated results for romidepsin in patients with R/R PTCL 

46] in 2014, involving 130 patients with PTCL-NOS, AITL, and ALK-

egative anaplastic large cell lymphoma. The overall response rate 

as 25%, including 29% in the 69 patients with PTCL-NOS. The

edian time to response was 1.8 months and median duration 

f response was 28 months, highlighting its potential role as a

hronic, maintenance-type therapy in this setting. The most com- 

on side effects included gastrointestinal toxicities (nausea, vom- 

ting), cytopenias (especially anemia, thrombocytopenia), and fa- 

igue/asthenia. Belinostat, among 129 patients with R/R PTCL, gar- 

ered a response rate of 26%; median progression-free survival and 

verall survival were 1.6 and 7.9 months, respectively. A similar

oxicity profile to romidepsin was observed with this agent. Re- 

orted combination studies using romidepsin in R/R PTCL are sum- 

arized in Table 1 . 

Further studies are underway or planned to investigate other 

herapies in combination with HDAC inhibitors, including PI3K in- 

ibitors (duvelisib, NCT02783625; tenalisib, NCT03770 0 0 0), pro- 

easome inhibitors (ixazomib, NCT03547700), aurora kinase in- 

ibitors (alisertib, NCT01897012 [56] ), other epigenetic therapies 

azacitidine + lenalidomide NCT04 4 47027), immunotherapy (dur- 

alumab + pralatrexate or azacitidine, NCT03161223). 
ZH1/2 

The EZH1/2 enzymes are histone methyltransferases and serve 

s the active SET domain-containing catalytic subunits of the poly- 

omb repressive complex 2, which regulates chromatin topology 

reviewed in [57] ). Mutations in EZH2 were observed in 10% (7/68)

atients with hepatosplenic T-cell lymphoma [4] , a rare and ag-

ressive subtype of PTCL, and preclinical data suggest efficacy for 

ZH2 inhibition in this disease [58] . In follicular lymphoma, an

ndolent subtype of B-cell non-Hodgkin lymphoma, the EZH2 in- 

ibitor tazemetostat has received accelerated FDA approval for pa- 

ients with R/R disease, irrespective of EZH2 mutation status [59] .

ewer preclinical data exist concerning the role for EZH1/2 in PTCL.

hiran et al showed EZH2 IHC staining to be a distinguishing fac-

or between malignant and normal T cells [60] and it was also

hown that EZH2 overexpression is present in many TCL subtypes 

61] , mediated by the TCR/CD28 pathway. Emerging data suggest 

fficacy of EZH1/2 inhibition in R/R PTCL subtypes [15] with the

ual EZH1/2 inhibitor valemetostat: among 9 patients with ATLL, 

here was 1 unconfirmed complete remission, 3 partial responses, 

nd 3 patients with stable disease. Frequent adverse events in- 

luded cytopenias (most commonly thrombocytopenia, 78%), dys- 

eusia, alopecia, and dry skin. An ongoing study (NCT02732275) 

ill report further data for this promising agent more broadly in

atients with PTCL. 

NMT 

DNA methylation is a critical process to regulating gene ex- 

ression and governed by tightly regulated enzymes that add or 

emove methyl groups at particular sequences. The DNA methyl- 

ransferase (DNMT) enzymes specifically catalyze the addition of 

ethyl groups, and oncogenic lesions in these enzymes are princi- 

ally found in PTCL-TFH and AITL subtypes within PTCL [6 , 7] . This

as spurred investigations into the use of DNMT inhibitors, also 

nown as hypomethylating agents, for therapeutic gain in these 

iseases [53 , 62-65 ], although most such reports are confined to

ingle case reports or small case series. Falchi et al reported data

rom a prospective study of 14 patients with R/R PTCL (65% with

ITL) using the DNMT inhibitor 5-azacitidine plus romidepsin [53] . 

mong 13 response evaluable patients (completing ≥2 cycles of 

reatment), 7 (54%) experienced response, including 5 complete 

esponse and 2 partial responses. Among all patients, grade ≥3 

reatment-emergent toxicities were primarily hematologic in na- 

ure. An ongoing upfront study [64] (NCT03542266) is evaluating 

ral azacitidine with combination chemotherapy for patients with 

TCL, enriching for those with PTCL-TFH/AITL subtypes. Finally, an 

ngoing randomized study (NCT03593018) is evaluating oral azac- 

tidine versus investigator’s choice in patients with R/R AITL. 
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Table 2 

Ongoing studies of targeted therapies for R/R PTCL 

Drug category Agent(s) NCT Recruitment status Eligible diagnoses 

Kinase Duvelisib NCT03372057 Recruiting PTCL-NOS, AITL, ALCL, NKTL 

Duvelisib + romidepsin NCT02783625 Recruiting PTCL, CTCL 

Tenalisib NCT03770 0 0 0 Active, not recruiting TCL 

Copanlisib + pembrolizumab NCT02535247 Active, not recruiting PTCL, transformed CTCL 

Copanlisib + gemcitabine NCT03052933 Active, not recruiting PTCL, NKTL 

Ruxolitinib NCT01712659 Recruiting ATL 

TAK-659 + venetoclax NCT03357627 Active, not recruiting NHL 

TAK-659 NCT020 0 0934 Active, not recruiting Lymphoma 

CPI-818 NCT03952078 Recruiting TCL 

Tenalisib + romidepsin NCT03770 0 0 0 Active, not recruiting TCL 

Epigenetic Romidepsin + ixazomib NCT03547700 Active, not recruiting PTCL 

Romidepsin + azacitidine + lenalidomide 

NCT04 4 47027 Recruiting TCL 

Romidepsin + /- pralatrexate + /- 

durvalumab + /- azacitidine 

NCT03161223 Recruiting PTCL 

Valemetostat NCT02732275 Recruiting NHL 

Azacitidine NCT03593018 Recruiting AITL 

Other PRT1419 NCT04543305 Recruiting NHL 

AMG 397 NCT03465540 Recruiting NHL 

AZD5991 NCT03218683 Recruiting NHL 

Venetoclax NCT03534180 Recruiting PTCL, transformed MF 

Lenalidomide + brentuximab NCT03302728 Recruiting CD30 + PTCL 

Lenalidomide + durvalumab NCT03011814 Recruiting PTCL 

NKTL, NK/T-cell lymphoma; CTCL, cutaneous T-cell lymphoma; FTCL, follicular T-cell lymphoma; ATL, adult T-cell leukemia/lymphoma. 
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on–cell signaling kinase/nonepigenetic targets 

ntiapoptotic therapies 

The advent of apoptosis-targeting therapies for patients with

on-Hodgkin lymphoma has shown particular promise for pa-

ients with chronic lymphocytic leukemia and mantle cell lym-

homa, with high rates of remission seen in each histology with

he BCL2 inhibitor venetoclax [66 , 67] . Emerging evidence sug-

ests a role for such agents for treating patients with PTCL

68-70] . Apoptosis is governed by the BCL2 family of proteins

ith counterbalancing pro- and antiapoptotic members, includ- 

ng MCL1 and BCL2. Spinner et al revealed high levels of MCL1

xpression across PTCL subtypes and that targeting this path-

ay delayed PTCL development and reduced survival in vivo [68] .

uilding off this work, Koch et al identified an MCL1-dependent

TCL patient-derived tumor xenograft model wherein MCL1 inhi-

ition improved survival and was synergistic with standard multi-

gent chemotherapy [70] . These data have spurred development of

gents for patients with R/R PTCL in ongoing trials targeting MCL1

PRT1419 – NCT04543305; AMG 397 – NCT03465540; AZD5991 –

CT03218683) and BCL2 (venetoclax – NCT03534180). 

tapled peptide therapies 

Stapled peptides represent a novel class of anticancer agents

hat disrupt protein-protein interactions for therapeutic benefit,

n contrast to enzymatic inhibition characteristic of most targeted

gents. Preliminary data have been reported [71] in 26 patients

ith R/R PTCL by Shustov et al using ALRN-6924. This agent mim-

cs the inhibitor binding region of p53, thus binding endogenous

nhibitors of p53 and restoring its normal induction of cell cycle

rrest and apoptosis. In 15 evaluable patients, the overall response

ate was 27% and disease control rate (ORR + SD) 47%, with an ac-

eptable profile (most common treatment-related adverse event fa-

igue, 50% followed by nausea, 43%). Further development of this

gent for patients with R/R PTCL is not currently planned. 
mmunomodulatory agents 

The immunomodulatory agent lenalidomide has broad activ- 

ty across numerous hematologic malignancies, including multi- 

le myeloma, deletion 5q myelodysplastic syndrome, mantle cell

ymphoma, and follicular lymphoma. Lenalidomide binds to cere-

lon, the substrate adapter of the CRL4-cereblon E3 ubiquitin lig-

se complex, thus modulating its substrate specificity and inducing

egradation of selected protein targets. As many of these protein

argets mediate immune responses such as interleukin production

nd T/NK-cell proliferation/activation, these effects are believed to

ediate the antitumor properties of this agent (reviewed in [72] ).

urthermore, lenalidomide has been shown to strengthen immune

ynapses as another means to promote anti-tumor immunity [73] .

enalidomide has been investigated for use in patients with R/R

TCL [74 , 75] and is the subject of ongoing trials. Morschhauser et

l reported [74] an overall response rate of 22% in 54 patients with

TCL (median prior therapies 3); the median progression-free sur-

ival was 2.5 months. Frequent adverse events included thrombo-

ytopenia (20%) and neutropenia (15%). Further data [75] were re-

orted in 40 patients with a range of PTCL histologies, including

4 with PTCL-NOS. The overall response rate was similar, 26%. On-

oing investigations of lenalidomide in patients with R/R PTCL in-

lude in combination with the antibody-drug conjugate targeting

D30 brentuximab vedotin (NCT03302728, also including patients 

ith Hodgkin lymphoma) and the anti-PD1 monoclonal antibody

urvalumab (NCT03011814, also including patients with cutaneous 

-cell lymphomas). 

arnesyltransferase inhibitors 

Tipifarnib is a farnesyltransferase/CXCR4 inhibitor that has re-

ently been investigated specifically for biomarker-driven use in

atients with R/R PTCL, especially AITL or CXCL12 + PTCL-NOS [76] .

XCL12 expression has been suggested to be prognostic in patients

ith PTCL and tipifarnib was shown to downregulate CXCL12 se-

retion in stromal cultures, hence its selected use for treating pa-

ients with CXCL12 + PTCL [77 , 78] . Within this trial, in the PTCL-

OS subcategory, patients were stratified according to the vari-
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Table 3 

Development status for targeted therapies in R/R PTCL by mechanism of action 

Class Agent Phase of study/status 

Kinase Cerdulatinib Phase I ongoing 

TAK-659 

CPI-818 

Crizotinib 

Ceritinib 

Copanlisib 

Duvelisib Phase II ongoing 

Tenalisib 

Ruxolitinib 

Alisertib Phase III completed 

Epigenetic Valemetostat Phase I ongoing 

Romidepsin + other (multiple) Phase II ongoing 

Azacitidine Phase III ongoing 

Romidepsin alone Approved 

Belinostat 

Other ALRN-6924 Phase I completed 

MCL1 inhibitors Phase I ongoing 

Lenalidomide Phase II completed 

Tipifarnib Phase II ongoing 

Venetoclax 
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nt status of the 3’ UTR of the CXCL12 gene; among 9 evaluable

atients with wildtype 3’ UTR, the clinical benefit rate was 82%,

hereas all 6 patients with variant 3’ UTR had progressive disease

76] . The primary toxicities were cytopenias, especially thrombocy- 

openia (39%) and neutropenia (31%). 

ncorporating molecularly targeted therapies into clinical practice 

The care of patients with R/R PTCL is complex and a full dis-

ussion of this clinical scenario is beyond the scope of this review.

owever, in our practice, our approach relies principally on the 

atient’s goals/wishes for treatment and age/comorbidities, prior 

herapies received and tolerability therein, the tempo and extent of 

isease, and in some instances, availability of a suitable donor for

llogeneic stem cell transplantation. Whenever feasible, we seek to 

olecularly characterize a patient’s tumor (preferably using a spec- 

men confirming R/R disease) through targeted next-generation se- 

uencing. Emerging evidence suggests that such results may carry 

mplications for prognosis [79] or therapeutic selection [80] . In

ractice, we decide between non-cross-resistant combination ther- 

pies and targeted agents (potentially in the context of a clini-

al trial) primarily based on the tempo/extent of disease and the

atient’s preferences for treatment, balancing what may be more 

uickly achieving a response versus a greater potential for last- 

ng responses with chronic, maintenance-type treatments. Ongoing 

linical trials mentioned in this article are summarized in Tables

 and 3 (current as of January, 2021). 

Finally, the decision regarding consolidating deep responses to 

argeted therapies with allogeneic stem cell transplantation is com- 

lex and should be individualized to each patient’s situation. 

onclusions 

In this review, we have attempted to outline areas of progress

n defining the disease biology and therapeutic targeting needed to 

dvance the care of patients with R/R PTCL forward. Clearly, there

re promising agents with tangible benefits in this patient popu- 

ation, yet further work is needed to: (1) refine patient selection

or these therapies based on genomic, epigenomic, or immunologic 

umor markers, (2) more precisely define mediators of response 

o these agents, and (3) understand patterns of treatment failure

rom multiple perspectives towards ultimately targeting these by- 
ass mechanisms. Furthermore, future therapeutic approaches may 

ot take the form of small molecule kinase inhibitors, but in-

tead as stapled peptides, micro RNA-targeted therapies, enzyme 

egraders, enzyme agonism, or other emerging strategies. Finally, 

rrespective of therapeutic interventions, further work remains to 

ain deeper understanding into fundamental disease mechanisms 

o identify other rational targets for therapeutic gain. 
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