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T-cell malignancies comprise a heterogeneous group of cancers resulting from the 

clonal expansion of T-cells at different developmental stages. They arise from the trans-

formation of thymic immature progenitor cells, such as T-cell acute lymphoblastic leuke-

mia (T-ALL), or post-thymic mature T-cells, such as T-cell lymphomas. This group is 

broadly divided into two categories, namely peripheral T-cell lymphoma (PTCL) and cu-

taneous T-cell lymphomas (CTCL), which is characterized by malignant T-cells infiltrating 

the skin. While mycosis fungoides (MF) and Sezary syndrome (SS) are the two most com-

mon CTCL subtypes, PTCL can be further classified into several different subtypes. 

The heterogeneity of T-cell malignancies, which parallels the heterogeneity in the T-

cell maturation stage, functions and tissue-specific distribution, reflects prognostic differ-

ences. While risk-based therapeutic regimens in T-ALL reached 80% overall survival for 

pediatric patients, relapse and treatment-related toxicities remain clinical challenges, re-

spectively, in pediatric and adult settings [1]. With the exception of ALK-positive anaplas-

tic large-cell lymphoma (ALCL), most peripheral T-cell lymphomas are aggressive dis-

eases, presenting poor clinical outcomes and high relapse rates following first-line treat-

ments [2]. 

Despite their clinical-biological heterogeneity, T-cell malignancies share certain ge-

netic lesions such as those leading to the aberrant activation of JAK/STAT, PI3K-mTOR 

and NF-kB signaling. This provides a good rational for targeting these signal transduction 

pathways with small molecule inhibitors. JAK/STAT inhibitors represent interesting tar-

geted drugs in SS [3], in JAK-mutated T-ALL (for which the FDA-approved JAK1/2 inhib-

itor ruxolinitib is under clinical trail (ClinicalTrials.gov Identifier: NCT03613428)) and in 

certain PTCL subtypes (such as the enteropathy-associated T-cell lymphoma, where the 

JAK/STAT pathway is the most commonly mutated [4]). Moreover, combined to veneto-

clax (BCL2-inhibitor), ruxolinitib induced an encouraging response in two JAK3-mutant 

T-cell prolymphocytic leukemia patients, warranting further explorations of this drug 

combination for this rare and aggressive leukemic form [5], where JAK3 mutations are the 

only lesion endowed with a significant negative prognostic impact [6]. Targeting the 

PI3K-AKT-mTOR pathway represents another potential strategy in distinct T-cell tumors 

such as relapsed/refractory PTCL and CTCL, where dual PI3Kd/g inhibitors such as 

duvelisib and tenalisib showed promising results [7], and in T-ALL, where a variety of 

genetic and non-genetic mechanisms induce an oncogenic activation of this pathway [8–

10]. Another promising drug is the proteasome inhibitor bortezomib, which precludes 

NF-kB activation. This pathway is mutated in several T-cell malignancies (such as ANKL, 

MF, SS and ATLL [11,12] and it is aberrantly activated in T-ALL [13]. Its administration 

during re-induction chemotherapy induced an encouraging complete remission rate in 

pediatric relapsed T-ALL patients [14]. In combination therapies, bortezomib is also under 

clinical investigation for PTCL patients (ClinicalTrials.gov Identifier: NCT02783625). 

Significant progress has been also made in targeting disease subtype-specific path-

ways. An example is the NOTCH1 pathway, which plays a major pathogenetic role in T-

ALL. The use of γ-secretase inhibitors, which prevent the proteolytic step leading to 

NOTCH1 activation, has been rather disappointing due to the excessive gastro-toxicity 

observed in the clinical setting. This has prompted the development of a number of po-

tential alternatives. These include monoclonal antibodies [15], the PSEN1 inhibitor MK-
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560, which showed promising results in pre-clinical studies [16], and SERCA inhibitors 

[17], which prevent NOTCH1 localization to the cell membrane. Another example of sub-

type-specific druggable mutations is the ALK fusion gene, which defines a specific subset 

of anaplastic large cell lymphomas (ALCL). The identification of the ALK fusion, which 

leads to the constitutive activation of ALK kinase, has led to the development of ALK 

inhibitors such as crizotinib, which has been approved by the FDA for the treatment of 

children and young adult with replaced/refractory ALCL [18]. 

Epigenetic changes are also frequently found in T-ALL and multiple subtypes of T-

cell lymphomas and they mostly result from mutations in genes regulating DNA methyl-

ation and histone modifications such as acetylation. So far, a number of histone deacety-

lase inhibitors (HDACi) have been approved by the FDA for the treatment of relapse/re-

fractory CTCL (i.e., vorinostat and romidepsin) and relapsed or refractory PTCL (i.e., ro-

midepsin and belinostat). However, in the studies which lead to their FDA approval, these 

drugs only achieved overall responses in around 25–30% of the patients [19–21]. While 

these data call for the investigation of combination therapies, the responsiveness to 

HDACi is likely linked to a follicular helper phenotype [22], thus indicating a subtype-

specific efficacy for these compounds. Among epigenetic drugs, inhibitors of bromo-

domain-containing proteins (BET inhibitors), such as JQ-1, have also become important in 

the last few years. In T-ALL, these drugs show promise as pharmacologically targeting 

super-enhancers [23]. Given that JQ-1 short half life limits its use in vivo, novel BET in-

hibitors are under development and pre-clinical testing is being carried out in T-ALL and 

CTCL [24,25]. Targeting DNA methyltransferase provided interesting results in AITL [26] 

and relapsed ETP-ALL [27]. Moreover, in combination therapy with HDCAi, the demeth-

ylating drug 5-azacytidine showed good responses in PTCL [28]. 

When it comes to immunotherapy, promising results have been obtained in T-cell 

lymphomas with antibody-based therapies. Bretuximab vedotin, an anti-CD30 antibody 

conjugated to the microtubule-disrupting agent monomethylauristatin E, has been ap-

proved for relapsed/refractory CD30+ systemic ALCL as well as for CD30+ CTCL and pri-

mary cutaneous ALCL [29,30]. Mogamulizumab, a monoclonal antibody directed against 

the CCR4 receptor, has instead been approved for the treatment of refractory MF and SS 

as well as for ATLL [31]. While a number of other mAbs are in clinical trials for T-cell 

lymphomas (i.e., PH4102—anti-KIR3DL2; daratumumab—anti-CD38; basiliximab and 

camidanlumab—anti-CD25; TTI-621—anti-CD47; MEDI-570—anti-ICOS; alemtuzumab 

anti-CD52; AFM13—bispecific antibody targeting both CD30 and CD16A) [32,33], anti-

body-based therapies have been less successful in T-ALL, where in adult settings the anti-

CD38 antibody isatuximab did not show responses, inducing a premature closure of its 

clinical testing. In pediatric patients, isatuximab and daratumumab are still being tested 

(ClinicalTrials.gov Identifier: NCT03384654; EudraCT 2017-003377-34, ClinicalTrials.gov 

Identifier: NCT03860844). While in some T-cell lymphoma subsets, such as refractory 

ENKL, targeting the PD-1 checkpoint with the monoclonal antibody pembrolizumab led 

to promising efficacy with limited toxicities, PD-1 inhibition may represent a double edge 

word in PTCL where PD-1 could act as a tumor suppressor [34–36]. 

Although chimeric antigen receptor (CAR)-based immunotherapy has been very suc-

cessful in relapsed/refractory B-cell malignancies, the development of CAR T-cells against 

T-cell malignancies faces a number of challenges, such as minimizing fratricidal effects 

among CAR T-cells [37]. In this regard, promising strategies consist of targeting the tu-

mor-specific TCR constant region, using allogeneic CAR T-cells, eliminating CAR T-cell 

targets in T effector cells through CRISPR technology and developing CAR NK-based 

strategies. Despite these challenges, encouraging results have been reported, for example 

with allogeneic anti-CD7 CAR T-cells in relapsed/refractory T-ALL [38] or the use of anti 

CD30 CAR cells in ALK+ ALCL [39]. 

To conclude, in the past few years, the extensive molecular, genetic and epigenetic 

characterization of T-cell malignancies has contributed to our understanding of their het-

erogeneity, providing new research directions and potential therapeutic targets. Hence, 
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the development of novel targeted drugs, combined with chemotherapy or with each 

other, has already produced encouraging responses in relapsed/refractory patients. Im-

plementing CAR-based technologies and providing novel understandings of the biology 

of distinct T-cell tumors, their cell of origin and their interactions with the microenviron-

ment will help to further refine risk-based classifications, discover novel targets and iden-

tify novel biomarkers to predict clinical responses. This will be an essential step towards 

personalized medicine. 

Funding: This research received no external funding. 

Conflicts of Interest: The author declares no conflict of interest. 

References 

1. Patel, A.A.; Thomas, J.; Rojek, A.E.; Stock, W. Biology and Treatment Paradigms in T Cell Acute Lymphoblastic Leukemia in Older 

Adolescents and Adults. Curr. Treat. Options Oncol. 2020, 21, 57. 

2. Armitage, J.O. The aggressive peripheral T-cell lymphomas: 2017. Am. J. Hematol. 2017, 92, 706–715. 

3. Quaglino, P.; Fava, P.; Pileri, A.; Grandi, V.; Sanlorenzo, M.; Panasiti, V.; Guglielmo, A.; Alberti-Violetti, S.; Novelli, M.; Astrua, C.; et 

al. Phenotypical Markers, Molecular Mutations, and Immune Microenvironment as Targets for New Treatments in Patients with My-

cosis Fungoides and/or Sézary Syndrome. J. Investig. Dermatol. 2021, 141, 484–495. 

4. Moffitt, A.B.; Ondrejka, S.L.; McKinney, M.; Rempel, R.E.; Goodlad, J.R.; Teh, C.H.; Leppa, S.; Mannisto, S.; Kovanen, P.E.; Tse, E.; et 

al. Enteropathy-associated T cell lymphoma subtypes are characterized by loss of function of SETD2. J. Exp. Med. 2017, 214, 1371–1386. 

5. Herbaux, C.; Kornauth, C.; Poulain, S.; Chong, S.J.F.; Collins, M.C.; Valentin, R.; Hackett, L.; Tournilhac, O.; Lemonnier, F.; Dupuis, J.; 

et al. BH3 profiling identifies ruxolitinib as a promising partner for ve-netoclax to treat T-cell prolymphocytic leukemia. Blood 2021, 

137, 3495–3506. 

6. Stengel, A.; Kern, W.; Zenger, M.; Perglerová, K.; Schnittger, S.; Haferlach, T.; Haferlach, C. Genetic characterization of T-PLL reveals 

two major biologic subgroups and JAK3 mutations as prognostic marker. Genes Chromosomes Cancer 2016, 55, 82–94. 

7. Huen, A.; Haverkos, B.M.; Zain, J.; Radhakrishnan, R.; Lechowicz, M.J.; Devata, S.; Korman, N.J.; Pinter-Brown, L.; Oki, Y.; Barde, P.J.; 

et al. Phase I/Ib Study of Tenalisib (RP6530), a Dual PI3K δ/γ Inhibitor in Patients with Relapsed/Refractory T-Cell Lymphoma. Cancers 

2020, 12, 2293. https://doi.org/10.3390/cancers12082293. 

8. Zuurbier, L.; Petricoin, E.F., 3rd; Vuerhard, M.J.; Calvert, V.; Kooi, C.; Buijs-Gladdines, J.G.; Smits, W.K.; Sonneveld, E.; Veerman, A.J.; 

Kamps, W.A.; et al. The significance of PTEN and AKT aberrations in pediatric T-cell acute lympho-blastic leukemia. Haematologica 

2012, 97, 1405–1413. 

9. Tesio, M.; Trinquand, A.; Macintyre, E.; Asnafi, V. Oncogenic PTEN functions and models in T-cell malignancies. Oncogene 2016, 35, 

3887–3896. 

10. Gutierrez, A.; Sanda, T.; Grebliunaite, R.; Carracedo, A.; Salmena, L.; Ahn, Y.; Dahlberg, S.; Neuberg, D.; Moreau, L.A.; Winter, S.S.; et 

al. High frequency of PTEN, PI3K, and AKT abnormalities in T-cell acute lymphoblastic leukemia. Blood 2009, 114, 647–650. 

11. da Silva Almeida, A.C.; Abate, F.; Khiabanian, H.; Martinez-Escala, E.; Guitart, J.; Tensen, C.P.; Vermeer, M.H.; Rabadan, R.; Ferrando, 

A.; Palomero, T. The mutational landscape of cutaneous T cell lymphoma and Sézary syndrome. Nat. Genet. 2015, 47, 1465–1470. 

12. Kogure, Y.; Kataoka, K. Genetic alterations in adult T-cell leukemia/lymphoma. Cancer Sci. 2017, 108, 1719–1725. 

13. Espinosa, L.; Cathelin, S.; D ’Altri, T.; Trimarchi, T.; Statnikov, A.; Guiu, J.; Rodilla, V.; Inglés-Esteve, J.; Nomdedeu, J.; Bellosillo, B.; et 

al. The Notch/Hes1 pathway sustains NF-κB activation through CYLD repression in T cell leukemia. Cancer Cell 2010, 18, 268–281. 

14. Horton, T.M.; Whitlock, J.A.; Lu, X.; O ’Brien, M.M.; Borowitz, M.J.; Devidas, M.; Raetz, E.A.; Brown, P.A.; Carroll, W.L.; Hunger, S.P. 

Borte-zomib reinduction chemotherapy in high-risk ALL in first relapse: A report from the Children’s Oncology Group. Br. J. Haematol. 

2019, 186, 274–285. 

15. Agnusdei, V.; Minuzzo, S.A.; Frasson, C.; Grassi, A.; Axelrod, F.; Satyal, S.; Gurney, A.; Hoey, T.; Seganfreddo, E.; Basso, G.; et al. 

Therapeutic antibody targeting of Notch1 in T-acute lymphoblastic leukemia xenografts. Leukemia 2013, 28, 278–288. 

https://doi.org/10.1038/leu.2013.183. 

16. Habets, R.A.; de Bock, C.E.; Serneels, L.; Lodewijckx, I.; Verbeke, D.; Nittner, D.; Narlawar, R.; Demeyer, S.; Dooley, J.; Liston, A.; et al. 

Safe targeting of T cell acute lymphoblastic leukemia by pathology-specific NOTCH inhibition. Sci. Transl. Med. 2019, 11, eaau6246. 

17. Marchesini, M.; Gherli, A.; Montanaro, A.; Patrizi, L.; Sorrentino, C.; Pagliaro, L.; Rompietti, C.; Kitara, S.; Heit, S.; Olesen, C.E.; et al. 

Blockade of Oncogenic NOTCH1 with the SERCA In-hibitor CAD204520 in T Cell Acute Lymphoblastic Leukemia. Cell Chem. Biol. 

2020, 27, 678–697.e13. 

18. Merino, M.; Richardson, N.; Reaman, G.; Ande, A.; Zvada, S.; Liu, C.; Hariharan, S.; De Claro, R.A.; Farrell, A.; Pazdur, R. FDA 

approval summary: Dalteparin for the treatment of symptomatic venous thromboembolism in pediatric patients. Pediatr. Blood Cancer 

2020, 67, e28688. https://doi.org/10.1002/pbc.28688. 

19. Foss, F.; Horwitz, S.; Pro, B.; Prince, H.M.; Sokol, L.; Balser, B.; Wolfson, J.; Coiffier, B. Romidepsin for the treatment of 

relapsed/refractory peripheral T cell lymphoma: Prolonged stable disease provides clinical benefits for patients in the pivotal trial. J. 

Hematol. Oncol. 2016, 9, 22. 



Cancers 2022, 14, 3955 4 of 4 
 

 

20. O’Connor, O.A.; Horwitz, S.; Masszi, T.; Van Hoof, A.; Brown, P.; Doorduijn, J.; Hess, G.; Jurczak, W.; Knoblauch, P.; Chawla, S.; et al. 

Belinostat in Patients With Relapsed or Refractory Peripheral T-Cell Lymphoma: Results of the Pivotal Phase II BELIEF (CLN-19). 

Study J. Clin. Oncol. 2015, 33, 2492–2499. 

21. Coiffier, B.; Pro, B.; Prince, H.M.; Foss, F.; Sokol, L.; Greenwood, M.; Caballero, D.; Borchmann, P.; Morschhauser, F.; Wilhelm, M.; et 

al. Results from a pivotal, open-label, phase II study of romidepsin in relapsed or refractory peripheral T-cell lymphoma after prior 

systemic therapy. J. Clin. Oncol. 2012, 30, 631–636. 

22. Ghione, P.; Faruque, P.; Mehta-Shah, N.; Seshan, V.; Ozkaya, N.; Bhaskar, S.; Yeung, J.; Spinner, M.A.; Lunning, M.; Inghirami, G.; et 

al. T follicular helper phenotype predicts response to histone deacetylase inhibitors in relapsed/refractory peripheral T-cell lym-

phoma. Blood Adv. 2020, 4, 4640–4647. 

23. Herranz, D.; Ambesi-Impiombato, A.; Palomero, T.; Schnell, S.A.; Belver, L.; Wendorff, A.A.; Xu, L.; Castillo-Martin, M.; Llobet-Navás, 

D.; Cordon-Cardo, C.; et al. A NOTCH1-driven MYC enhancer promotes T cell development, transformation and acute lymphoblastic 

leukemia. Nat. Med. 2014, 20, 1130–1137. https://doi.org/10.1038/nm.3665. 

24. Zhao, L.; Okhovat, J.P.; Hong, E.K.; Kim, Y.H.; Wood, G.S. Preclinical Studies Support Combined Inhibition of BET Family Proteins 

and Histone Deacetylases as Epigenetic Therapy for Cutaneous T-Cell Lymphoma. Neoplasia 2019, 21, 82–92. 

25. Yumeen, S.; Mirza, F.N.; Lewis, J.M.; King, A.L.O.; Kim, S.R.; Carlson, K.R.; Umlauf, S.R.; Surovtseva, Y.V.; Foss, F.M.; Girardi, M. JAK 

inhi-bition synergistically potentiates BCL2, BET, HDAC, and proteasome inhibition in advanced CTCL. Blood Adv. 2020, 4, 2213–2226. 

26. Lemonnier, F.; Dupuis, J.; Sujobert, P.; Tournillhac, O.; Cheminant, M.; Sarkozy, C.; Pelletier, L.; Marçais, A.; Robe, C.; Fataccioli, V.; et 

al. Treatment with 5-azacytidine induces a sustained response in patients with angioim-munoblastic T-cell lymphoma. Blood 2018, 132, 

2305–2309. 

27. El Chaer, F.; Holtzman, N.; Binder, E.; Porter, N.C.; Singh, Z.N.; Koka, M.; Rapoport, A.P.; Emadi, A. Durable remission with salvage 

decitabine and donor lymphocyte infusion (DLI) for relapsed early T-cell precursor ALL. Bone Marrow Transpl. 2017, 52, 1583–1584. 

28. O ’Connor, O.A.; Falchi, L.; Lue, J.K.; Marchi, E.; Kinahan, C.; Sawas, A.; Deng, C.; Montanari, F.; Amengual, J.E.; Kim, H.A.; et al. Oral 

5-azacytidine and romidepsin exhibit marked activity in patients with PTCL: A multi-center phase 1 study. Blood 2019, 134, 1395–1405. 

29. Horwitz, S.M.; Scarisbrick, J.J.; Dummer, R.; Whittaker, S.; Duvic, M.; Kim, Y.H.; Quaglino, P.; Zinzani, P.L.; Bechter, O.; Eradat, H.; et 

al. Randomized phase 3 ALCANZA study of brentuximab vedotin vs physician's choice in cutaneous T-cell lymphoma: Final data. 

Blood Adv. 2021, 5, 5098–5106. 

30. Lowe, E.J.; Reilly, A.F.; Lim, M.S.; Gross, T.G.; Saguilig, L.; Barkauskas, D.A.; Wu, R.; Alexander, S.; Bollard, C.M. Brentuximab vedotin 

in combination with chemotherapy for pediatric patients with ALK+ ALCL: Results of COG trial ANHL12P1. Blood 2021, 137, 3595–

3603. https://doi.org/10.1182/blood.2020009806. 

31. Kasamon, Y.L.; Chen, H.; de Claro, R.A.; Nie, L.; Ye, J.; Blumenthal, G.M.; Farrell, A.T.; Pazdur, R. FDA Approval Summary: 

Mogamulizumab-kpkc for Mycosis Fungoides and Sézary Syndrome. Clin. Cancer Res. 2019, 25, 7275–7280. 

https://doi.org/10.1158/1078-0432.ccr-19-2030. 

32. Welborn, M.; Duvic, M. Antibody-Based Therapies for Cutaneous T-Cell Lymphoma. Am. J. Clin. Dermatol. 2019, 20, 115–12. 

33. Iżykowska, K.; Rassek, K.; Korsak, D.; Przybylski, G.K. Novel targeted therapies of T cell lymphomas. J. Hematol. Oncol. 2020, 13, 176. 

https://doi.org/10.1186/s13045-020-01006-w. 

34. Kwong, Y.L.; Chan, T.S.Y.; Tan, D.; Kim, S.J.; Poon, L.M.; Mow, B.; Khong, P.L.; Loong, F.; Au-Yeung, R.; Iqbal, J.; et al. PD1 blockade 

with pembrolizumab is highly effective in relapsed or refractory NK/T-cell lymphoma failing l-asparaginase. Blood 2017, 129, 2437–

244. 

35. Ratner, L.; Waldmann, T.A.; Janakiram, M.; Brammer, J.E. Rapid Progression of Adult T-Cell Leukemia–Lymphoma after PD-1 Inhib-

itor Therapy. N. Engl. J. Med. 2018, 378, 1947–1948. https://doi.org/10.1056/nejmc1803181. 

36. Wartewig, T.; Kurgyis, Z.; Keppler, S.; Pechloff, K.; Hameister, E.; Öllinger, R.; Maresch, R.; Buch, T.; Steiger, K.; Winter, C.R.; et al. PD-

1 is a haploinsufficient suppressor of T cell lymphomagenesis. Nature 2017, 552, 121–125. 

37. Alcantara, M.; Tesio, M.; June, C.H.; Houot, R. CAR T-cells for T-cell malignancies: Challenges in distinguishing between therapeutic, 

normal, and neoplastic T-cells. Leukemia 2018, 32, 2307–2315. https://doi.org/10.1038/s41375-018-0285-8. 

38. Pan, J.; Tan, Y.; Wang, G.; Deng, B.; Ling, Z.; Song, W.; Seery, S.; Zhang, Y.; Peng, S.; Xu, J.; et al. Donor-Derived CD7 Chimeric Antigen 

Receptor T Cells for T-Cell Acute Lymphoblastic Leukemia: First-in-Human, Phase I Trial. J. Clin. Oncol. 2021, 39, 3340–3351. 

https://doi.org/10.1200/jco.21.00389. 

39. Ramos, C.A.; Ballard, B.; Zhang, H.; Dakhova, O.; Gee, A.P.; Mei, Z.; Bilgi, M.; Wu, M.-F.; Liu, H.; Grilley, B.; et al. Clinical and immu-

nological responses after CD30-specific chimeric antigen receptor–redirected lymphocytes. J. Clin. Investig. 2017, 127, 3462–3471. 

https://doi.org/10.1172/jci94306. 


