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Abstract 

The Janus kinase (JAK) and Signal Transducer and Activator of Transcription (STAT) signaling 

pathway orchestrates the cellular response to multiple cytokine families, including interleukins, 

hematopoietic growth factors, and interferons. JAK inhibitors were initially approved for the treatment of 

primary inflammatory disorders. The more recent identification of mutations that constitutively activate 

the JAK/STAT pathway in both myeloproliferative disorders as well as lymphoid malignancies has led to 

clinical exploration of JAK inhibitors for the treatment of hematopoietic cancers as well as immune-

mediated complications of either hematopoietic cancers or treatment-associated, immune-mediated 

complications, such graft-versus-host disease (GVHD). In this review, we summarize the current 

understanding of the JAK/STAT pathway in the pathogenesis of both lymphoid malignancies and 

lymphoma-associated immune complications and discuss both the clinical efficacy and mechanisms of 

action of JAK inhibitors in lymphoid malignancies as well as their inflammatory complications, for which 

JAK inhibition has revolutionized the therapeutic landscape. In contrast, the variable clinical efficacy of 

JAK inhibitors across B- and T-cell malignancies highlights the need for biomarker-driven patient 

selection and rational combination approaches to maximize the efficacy across malignant disease 

contexts. 
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Introduction 

Janus kinase (JAK) inhibitors are small-molecule agents that play an important role in the management 

of several hematologic disorders, including myelofibrosis (MF), polycythemia vera (PV), and graft-

versus-host disease (GVHD). In addition, they are widely used in many chronic inflammatory diseases, 

such as psoriasis, inflammatory arthritis and spondylarthritis, and inflammatory bowel disease, among 

others1. JAK inhibitors target the JAK/STAT signaling pathway, a central regulator of immune 

responses and inflammation and a key pathway in both normal and malignant hematopoiesis2. 

 

Given the central role of JAK/STAT signaling in lymphoid biology, JAK inhibitors have recently emerged 

as an area of increasing interest in lymphoma research. Aberrant activation of this pathway, together 

with recurrent activating mutations in JAK and STAT genes, has been implicated in the pathogenesis of 

multiple lymphoma subtypes3-12. Accordingly, there is a growing body of literature on the use of JAK 

inhibitors across a broad spectrum of lymphoid malignancies, such as peripheral T-cell lymphomas 

(PTCL), extranodal NK/T-cell lymphoma (NKTCL), classical Hodgkin lymphoma (cHL), B-cell non-

Hodgkin lymphomas (NHL), and large granular lymphocytic leukemia (LGL).  

 

JAK inhibitors have also been used to manage immune-mediated complications associated with 

lymphoma and its treatment including GVHD, hemophagocytic lymphohistiocytosis (HLH), cytokine 

release syndrome (CRS), and immune effector cell-associated neurotoxicity syndrome (ICANS). In this 

review, we discuss the rationale, clinical efficacy, and mechanisms of action of targeting the JAK/STAT 

pathway in lymphoid malignancies and malignancy-associated complications. 

 

JAK/STAT pathway: central regulators of inflammatory signaling 

By the 1980s, several paracrine factors capable of eliciting rapid and diverse biological responses in 

hematopoietic cells, including interferons, interleukins, and growth factors, had been identified and 

biologically characterized. However, the question of how these paracrine factors exert rapid cellular 

effects remained elusive until the identification of the JAK family of tyrosine kinases and STAT family of 
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transcription factors in the late 1980s and early 1990s. Somatic cell complementation screens — in 

which mutant cell lines selectively unresponsive to interferon were rescued by transfection of candidate 

transcripts — led to the identification of TYK2 and subsequently JAK1 as kinases whose expression 

was necessary for interferon responsiveness13,14. In parallel, biochemical fractionation and affinity 

purification identified proteins containing SH2 domains that were rapidly tyrosine phosphorylated and 

underwent nuclear translocation upon interferon stimulation, where they bound specific promoter 

elements of interferon-responsive genes15,16. 

 

The unique architecture of the JAK/STAT family of proteins is critical for its functionality. JAKs are 

constitutively associated with the intracellular domain of cytokine receptors in an inactive state until 

ligand-induced receptor dimerization drives their reciprocal phosphorylation and transactivation. 

Activated JAKs then phosphorylate specific tyrosine residues on receptor intracellular tails, creating 

docking sites that recruit members of the STAT family of transcription factors (STAT1-6), which are 

themselves phosphorylated, dimerized, and translocated to the nucleus within minutes of cytokine 

exposure. Beyond their canonical role in cytokine receptor signaling, JAKs, particularly JAK2, also have 

non-canonical scaffolding and nuclear functions, including regulation of chromatin structure and gene 

expression 17,18. The pathway's fidelity is enforced by negative regulatory circuits including the SOCS 

(suppressor of cytokine signaling) proteins, which are transcriptional targets of STATs and 

competitively bind phosphorylated receptor motifs, thereby directly suppressing JAK catalytic activity 

(Figure 1). 

 

Overall, the JAK/STAT pathway is deployed by more than fifty cytokines, interleukins, interferons, and 

colony-stimulating factors that are central to hematopoiesis, immune surveillance, and inflammatory 

resolution. This convergence is achieved through substantial promiscuity in which cytokines with 

distinct receptors activate overlapping sets of JAK-STAT components to produce coordinated 

transcriptional outputs. Importantly, certain JAK/STAT family members are more restricted in their 

activating inputs and downstream outputs, which reflect their preferential oncogenic activation in distinct 
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hematologic malignancy subtypes. For example, JAK2 is the principal kinase for homodimeric receptors 

that bind hematopoietic growth factors, and as such is preferentially mutated in myeloid neoplasms, 

whereas STAT6 exclusively transduces signals from IL-4 and IL-13 and is therefore preferentially 

mutated in B cell neoplasms (Figure 2).  

 

JAK/STAT activation in lymphoma pathogenesis 

The role of the JAK/STAT pathway in the pathobiology of lymphoid malignancies can be distinguished 

by the pathway members that are recurrently mutated in individual lymphoid malignancy subtypes 

(Figure 3). Classical Hodgkin lymphoma (cHL) and primary mediastinal large B-cell lymphoma 

(PMBCL) share many transcriptional features and are characterized by recurrent genomic alterations in 

the JAK/STAT pathway. Chief among these are recurrent amplifications of the 9p24.1 locus, which 

contains the JAK2, CD274, and PDCD1LG2 genes19. In addition, activating mutations in STAT6 and 

inactivating mutations in SOCS1 are frequent20,21. Together, nearly all cHL/PMBCL tumors exhibit 

oncogenic activation of the JAK/STAT pathway9. 

 

Compared with cHL and PMBCL, oncogenic JAK/STAT activation is somewhat less common in other 

B-cell non-Hodgkin lymphomas (B-NHL), with most mutations being activating STAT6 or inactivating 

SOCS1 mutations22,23. Activating STAT6 mutations have also been described in follicular lymphoma, 

where they enhance oncogenic signaling and contribute to lymphomagenesis 24. STAT6 is the primary 

transcription factor that transduces signals from IL-4 and IL-13; accordingly, STAT6 activation in B-cell 

lymphomas promotes B-cell proliferation as well as recruitment of immunosuppressive cells that 

interfere with tumor surveillance25. 

 

The overall mutational landscape of T-cell lymphomas is quite distinct from B-cell lymphomas, with 

more frequent mutations in JAK1, JAK3, and STAT3, as well as activating mutations in STAT5B, which 

are essentially never seen in B-cell lymphomas, and almost no activating mutations in STAT6. These 

mutations are even more common in specific rarer subtypes of T-cell lymphoma, including 
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monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL), T-cell large granulocytic leukemia (T-

LGL), T-cell prolymphocytic leukemia (T-PLL), extranodal NK/T cell lymphoma (ENKTL), and certain 

gamma delta T cell lymphomas such as hepatosplenic T cell lymphoma (HSTCL) in which the 

prevalence is approximately 50%6,26,27. These mutations confer ligand-independent pathway activation 

and cytokine hypersensitivity, sustaining autonomous proliferation and resistance to apoptosis7,10,12. 

Constitutive STAT3 activation also impairs antitumor immunity by inducing immunosuppressive 

cytokines and recruiting suppressive immune cells that inhibit surveillance by non-malignant cytotoxic 

T- and NK cells5,28. Together, these findings establish JAK/STAT dysregulation as a central feature of 

lymphoma biology and a target for therapy.  

 

JAK inhibitors in lymphoid malignancies 

Many JAK inhibitors are currently approved or under clinical investigation for a range of immune-related 

diseases, myeloproliferative neoplasms (MPNs), and lymphoid malignancies. Their use varies across 

diseases, reflecting differences in specificity for individual JAKs and JAK inhibitors. Table 1 shows the 

major JAK inhibitors worldwide and their selectivity for the different JAK receptors as well as key 

approved indications and ongoing trials. 

 

Monotherapy in B-cell lymphomas 

Ruxolitinib has been shown to induce apoptosis in HL and primary mediastinal B-cell lymphoma 

(PMBCL) cell lines and to prolong survival in lymphoma xenograft murine models29. In B-NHL however, 

oncogenic JAK/STAT activation is predominantly mediated through STAT6 gain-of-function mutations 

and SOCS1 loss rather than direct JAK mutation, limiting the potential impact of upstream JAK 

inhibition. Unlike T-cell lymphomas, where constitutive JAK kinase activity drives autonomous 

proliferation, JAK/STAT signaling in B-NHL primarily functions to recruit immunosuppressive cells 

rather than as a primary cell-intrinsic survival signal. As oncogenic STAT6 mutants can signal semi-

autonomously from JAK input, it is not effectively targeted by conventional JAK inhibitors. This 
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mechanistic distinction may explain the modest and heterogeneous clinical activity observed with 

single-agent JAK inhibition in B-NHL. 

 

Clinical studies have reflected these limitations, with stronger signals in HL—where JAK2 amplification 

represents a more direct oncogenic dependency—than in B-NHL broadly. In a phase I study 

(NCT00741871) of patients with relapsed or refractory (R/R) Hodgkin and non-Hodgkin lymphomas, the 

JAK2 inhibitor pacritinib showed modest overall response (ORR 9%) but measurable tumor reductions 

in up to 55% of patients, with responses concentrated in indolent subtypes30. In a multicenter study 

(NCT01965119) of ruxolitinib in R/R HL and PMBCL (n=19), disease control was achieved in 7 of 13 

HL patients, whereas all six PMBCL patients progressed. JAK2 amplification was assessed by 

fluorescence in situ hybridization (FISH) in patients with available tumor tissue. Among the four JAK2-

amplified HL patients, three achieved clinical benefit, whereas neither of the two JAK2-amplified 

PMBCL patients responded, illustrating that pathway activation is not synonymous with pharmacologic 

sensitivity31. 

 

Combination strategies in B-cell lymphomas 

The immunosuppressive microenvironmental role of JAK/STAT signaling in B-NHL provides a stronger 

mechanistic rationale for combination strategies than for monotherapy. A recent study demonstrated 

that JAK inhibition may paradoxically enhance antitumor immunity when combined with checkpoint 

blockade by reprogramming the myeloid compartment to an immunostimulatory phenotype32. In a 

phase I clinical trial (NCT03681561) in 19 patients with R/R HL who had progressed after prior PD-1 

blockade, ruxolitinib plus anti-PD-1 achieved an ORR of 53%, including 6 metabolic CR, with 

transcriptomic analysis showing reduced JAK/STAT-driven myelopoiesis32.  

 

Combined PI3Kδ and JAK1 inhibition has also been explored. In a phase I study (NCT01905813), the 

addition of itacitinib to dezapelisib (INCB040093), a selective PI3Kδ inhibitor, amplified activity in HL 

(ORR 67%; CR 38%, median PFS 23 months) compared to monotherapy33. The dual JAK/SYK inhibitor 
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cerdulatinib produced tumor reductions ≥50% in CLL/SLL and FL patients, with biomarker evidence 

linking pSYK and pSTAT6 inhibition to response33. Efficacy in DLBCL was limited across both studies. 

Taken together, these results support rational combination strategies that leverage JAK inhibition's 

immunomodulatory effects rather than direct cytotoxicity in HL and indolent B-NHL. 

 

T- and NK cell lymphomas 

Mature T-cell and NK-cell neoplasms are a heterogeneous group of lymphoid malignancies that make 

up 5-10% of non-Hodgkin lymphomas (NHLs) in the Western World with the most frequent subtypes 

being angioimmunoblastic T-cell lymphoma (AITL), anaplastic large cell lymphoma (ALCL), and 

peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS)34,35. Given their rarity, subtype-

specific clinical trials are challenging, and therapeutic decisions are often guided by small, non-

randomized studies. With the exceptions of ALK-positive ALCL and early-stage NKTCL, prognoses are 

unfavorable.  

 

In this context, the high prevalence of JAK/STAT pathway alterations in PTCL and NKTCL represents a 

promising therapeutic opportunity. JAK/STAT pathway activation is common across multiple PTCL 

entities, including a substantial proportion of patient with ALK-negative ALCL36, ENKTL, gdTCL37, 

MEITL, LGL, and PLL. Based on this, Moskowitz et al. conducted a phase II biomarker-driven study 

(NCT02974647), evaluating ruxolitinib in patients with R/R PTCL and CTCL. Fifty-three patients were 

enrolled and stratified into three groups: cohort 1 (JAK/STAT activating mutations), cohort 2 (phospho-

STAT3 overexpression by immunohistochemistry), and cohort 3 (none of these)38. JAK/STAT pathway 

activation was observed in 68% of patients and was associated with higher clinical efficacy (ORR 33%, 

29%, and 12%, respectively; clinical benefit rate (CBR; ORR plus stable disease lasting >6 months) 

48%, 36%, and 18%). Median progression-free survival (PFS) and duration of response (DoR) were 2.8 

(95% CI 1.8-4.5) and 8.4 months (95% CI 7.5-NR), respectively.  
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By histologic subtype, the best response was observed in T-cell large granular lymphocytic leukemia 

(T-LGL), an incurable lymphoproliferative disorder driven by clonal expansion of cytotoxic CD8+ 

memory T-cells. While up to one third of patients are asymptomatic at the time of diagnosis, most 

eventually require treatment for cytopenias or autoimmune complications39. Current therapy relies on 

oral immunosuppressive agents such as methotrexate, cyclophosphamide, and cyclosporine, yet 

responses are frequently unsatisfactory and not durable. No standard therapy exists for R/R disease, 

underscoring a major unmet need. STAT3 is a driver of T-LGLL pathogenesis, with activating STAT3 

mutations in 30-60% of patients 39,40 and constitutive STAT3 activation in most cases.  

 

Among five treated T-LGL patients, CBR with ruxolitinib reached 80% with two PR (40%) prompting a 

subtype-specific expansion in T-LGL patients41. Among 20 evaluable patients, ruxolitinib achieved an 

ORR of 55% and a CBR of 75%, including CR in 25%. Responses were durable, with a 14-month 

event-free survival (EFS) of 68%, and responses were significantly enriched in patients harboring 

STAT3 mutations (EFS 100% vs. 40%, p = 0.007)41. Treatment was well tolerated, with only isolated 

cases of febrile neutropenia and herpes zoster. Plasma proteomics demonstrated a reduction in 

circulating interferon-driven inflammatory factors including CXCL9, CXCL10, PD-L1, and TNF. 

Additionally, single-cell RNA-sequencing of PBMCs showed a decrease in both circulating myeloid cell 

abundance and downregulation of JAK/STAT signaling in both myeloid and T-LGL cells from 

responding patients, supporting a model in which ruxolitinib restores hematopoiesis by disrupting 

JAK/STAT-dependent paracrine immune suppression41. A multicenter retrospective series (n=21) 

corroborated these findings with an ORR of 85.7% and a median PFS of 24 months42. A new phase II 

study evaluating ruxolitinib 20mg BID in R/R and untreated T-LGLL patients is ongoing 

(NCT05592015). 

 

In contrast to T-LGL, clinical efficacy in PTCL was modest, potentially due to dose-limiting cytopenias 

by dual JAK1/2 inhibition. Golidocitinib, a selective JAK1 inhibitor, offered a potential strategy by 

sparing JAK2-driven hematopoiesis43. The pivotal JACKPOT8 Part B study (NCT04105010) 
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demonstrated an ORR of 44.3% in R/R PTCL and NKTCL, with particularly strong responses in PTCL 

with a follicular helper (FH) phenotype (ORR 62%)44,45.  

 

Beyond monotherapy approaches, some clinical trials are currently exploring either dual kinase 

inhibition or combination strategies that incorporate JAK inhibitors. Cerdulatinib, a dual SYK/JAK 

inhibitor, has also shown clinical activity in T-cell lymphomas in a phase IIa study (NCT01994382) with 

an ORR of 36.2% (21% CR) and strongest activity in AITL/TFH (ORR 51.9%)46. A phase I study of 

ruxolitinib combined with the PI3Kδ inhibitor duvelisib in R/R PTCL/CTCL and T-PLL demonstrated an 

ORR of 41% with superior activity in JAK/STAT-activated patients (52% vs 14%) and particularly high 

activity in TFH lymphomas (ORR 79%) and T-PLL (ORR 60%)47. These data highlight the importance 

of biomarker-enriched patient selection and rational kinase combination strategies for optimal efficacy 

in PTCL. 

 

Cutaneous T cell lymphomas 

Cutaneous T-cell lymphomas (CTCL), including mycosis fungoides (MF) and Sézary syndrome (SS), 

represent another T-cell malignancy subtype in which JAK/STAT pathway activation is well 

documented, due largely to copy number alterations in STAT3 or STAT5B rather than gain-of-function 

mutations48,49. Clinical data for JAK inhibition in CTCL remain limited but are accumulating. In the 

Moskowitz et al. biomarker-driven study (NCT02974647), responses were observed in only 1 out of 7 

CTCL patients38. Additionally, the dual SYK/JAK inhibitor cerdulatinib showed activity in CTCL in the 

phase IIa study (NCT01994382)46. Larger prospective studies specifically enrolling CTCL patients and 

incorporating molecular stratification are needed to define the role of JAK inhibition in this setting.  For 

example, JAK2 fusions commonly occur in CTCL, with limited case series suggesting that these may 

be particularly susceptible to JAK inhibition50-52. Moreover, topical formulations, which achieve superior 

concentrations in the dermis compared with oral formulations, may enable more complete JAK 

inhibition without incurring excess toxicity53. 
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Hemophagocytic lymphohistiocytosis 

Hemophagocytic lymphohistiocytosis (HLH) is a severe hyper-inflammatory syndrome that can be 

classified as primary (pHLH) or secondary (sHLH). Primary HLH is driven by germline defects in 

cytotoxic lymphocyte function, whereas secondary arises in the context of infections, autoimmune 

disorders, or malignancies54. Malignancy-associated HLH accounts for approximately 28% of sHLH 

cases, with 76% of these being due to lymphoma, referred to as lymphoma-associated HLH (LAHS)55. 

Outcomes have been shown to be worse for patients with LAHS compared with patients with sHLH 

from other causes56. Allo-SCT remains the only curative option for pHLH and select cases of sHLH, but 

its role in LAHS is limited by disease aggressiveness and patient fitness. HLH is characterized by 

aberrant activation of cytotoxic T cells and excessive production of IFN-γ, IL-2, IL-6, and IL-10, which 

promotes macrophage activation and perpetuates immune-mediated tissue damage57. Accordingly, 

preclinical studies across multiple murine models demonstrated that ruxolitinib reduced IFN-γ-driven 

cytokine production and significantly improved survival58,59.  

 

Clinically, JAK inhibition has shown promising results in sHLH. In an open-label, single-center pilot 

study (NCT02400463), single-agent ruxolitinib was well tolerated and induced resolution of symptoms 

and disease-associated laboratory abnormalities in all five patients with sHLH 60. A subsequent phase II 

study of ruxolitinib and dexamethasone (Ru-D) as first-line therapy in 28 adults with sHLH (including 16 

with LAHS) achieved an ORR of 85.7%, with 2-year OS rates exceeding historical controls; however, 

LAHS cases had substantially worse outcomes than non-LAHS patients (2-year OS 37.5% vs. 75%)  61. 

A systematic review pooling 75 HLH patients treated with ruxolitinib reported an ORR of 70.7%62. 

However, outcomes were not stratified by HLH etiology, precluding specific conclusions regarding 

efficacy in LAHS. Clinical experience with JAK inhibitors other than ruxolitinib in HLH is limited; 

however, itacitinib has shown efficacy in preclinical sHLH murine models, where it significantly 

improved survival63. Moreover, the addition of JAK1 inhibition to anti-IFN-γ therapy, which has shown 

substantial clinical activity in HLH64,65, improved outcomes, while the addition of ruxolitinib to anti-IFN-γ 
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worsened outcomes, possibly due to the impact of JAK2 inhibition on hematopoiesis and underscoring 

the need for careful dosing strategies and selective JAK targeting in this disease66.  

 

JAK inhibition to treat lymphoma therapy-associated immune dysregulation 

Immunotherapeutic strategies, including allogeneic stem cell transplantation (allo-SCT), bispecific 

antibody therapy (BsAb), bispecific T-cell engagers (BiTEs), and chimeric antigen receptor T-cell 

therapy (CAR-T), are increasingly mainstays of treatment for relapsed B- and T-cell lymphomas but are 

complicated by substantial inflammatory toxicity. Allo-SCT carries a substantial risk of graft versus host 

disease (GVHD) that can approach 40%. GVHD is driven by donor T-cell activation and inflammatory 

cytokine signaling through the JAK/STAT pathway67,68. CRS and ICANS are both hyperinflammatory 

toxicities associated with CAR-T therapy, BsAb, and BiTEs69,70, in which excessive cytokine signaling 

and immune cell activation converge on JAK/STAT-dependent pathways.  

Graft versus host disease 

GVHD is a major complication of allo-SCT and results from donor-derived T-cells becoming sensitized 

to host antigens and mediating tissue damage through JAK/STAT-dependent inflammatory cytokine 

cascades (59,71. Ruxolitinib's activity in GVHD was first demonstrated in murine models showing 

reduced GVHD severity through suppression of T-cell proliferation and STAT3 phosphorylation 

alongside clinical evidence of rapid and durable responses in 6 patients72. A multicenter survey in 95 

patients with GVHD established ORRs of 81.5% in acute GVHD (aGVHD) and 85.4% in chronic GVHD 

(cGVHD), with histologic regression of intestinal GVHD seen in biopsy samples, and evidence of 

decreased circulating inflammatory markers, IL-6, soluble IL-2 receptor, and activated CD3⁺HLA-DR⁺ 

T-cells73. The phase II REACH1 trial demonstrated an ORR of 55% in aGVHD74, and the phase III 

REACH2 trial established ruxolitinib as the standard of care compared with investigator’s choice for 

refractory aGVHD (ORR 62% vs. 39%, p<0.001)75. Subsequently, REACH3 established ruxolitinib as 

superior second-line therapy for cGVHD compared with investigator’s choice (ORR 49.7% vs. 25.6%, 

p<0.001)76.  
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Cytokine release syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome 

(ICANS) 

CRS and ICANS are inflammatory toxicities associated with CAR-T therapy, BiTEs, and all BsAbs. 

CRS results from excessive immune activation with increased levels of IL-6, IFN-γ, and IL-169. The 

pathophysiology of ICANS is not fully understood, but accumulating evidence implicates cytokines 

secreted predominantly by macrophages and monocytes, resulting in endothelial activation, increased 

vascular permeability, and disruption of the blood-brain barrier70. Standard management of CRS 

includes tocilizumab, an IL-6 antagonist, and corticosteroids, whereas ICANS is primarily treated with 

corticosteroids77. Additionally, anakinra, an IL-1 receptor antagonist, has shown efficacy in high-grade 

CRS and ICANS78. Nevertheless, a subset of patients continues to experience life-threatening toxicity, 

underscoring the need for additional therapies. JAK/STAT inhibition was evaluated in a phase II 

randomized controlled trial (NCT04071366) of prophylactic itacitinib for CRS/ICANS initiated three days 

prior to CAR-T infusion in patients with R/R large B-cell lymphoma79. The incidence of CRS was 

significantly reduced in the itacitinib arm compared with placebo (65% vs. 85%), with a marked 

decreased in grade 2 CRS (17.4% vs. 56.5%, p = 0.003)79. ICANS incidence and severity were also 

reduced (13% vs. 35%). Clinical experience with ruxolitinib in established CRS and ICANS is currently 

limited to case reports describing rapid resolution of steroid-refractory CRS following ruxolitinib 

administration without impairment of CAR-T efficacy80-83. 

 

Toxicity of JAK inhibitors: mechanisms and clinical implications 

The therapeutic benefits of JAK inhibitors must be weighed against a toxicity profile that is directly 

attributable to the role of JAK/STAT signaling across normal tissues. The clinical consequences of JAK 

inhibition on hematopoiesis, immune surveillance, and cardiovascular homeostasis are discussed 

below and summarized in Figure 4. 
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Hematologic toxicity: JAK1 vs. JAK1/2 inhibition 

Cytopenias are the most consistently observed class effect of JAK inhibitors used in lymphoma, and 

their severity is meaningfully influenced by isoform selectivity. Ruxolitinib and other dual JAK1/2 

inhibitors suppress JAK2-dependent signaling downstream of hematopoietic growth factor signaling, 

leading to dose-dependent anemia and thrombocytopenia. For example, in the REACH2 trial, anemia 

(≥grade 3: 30%) and thrombocytopenia (≥grade 3: 33%) were the most frequent hematologic adverse 

events with ruxolitinib75. Similarly, in PTCL studies of ruxolitinib, dose-limiting cytopenias were identified 

as a barrier to sustained treatment exposure and contributed to the relatively modest efficacy signals 

when compared with golidocitinib, a selective JAK1 inhibitor, which by sparing JAK2-driven 

erythropoiesis and thrombopoiesis demonstrated improved hematologic tolerability44,45. This distinction 

is clinically meaningful when treating patients with pre-existing cytopenias from prior therapy or bone 

marrow involvement and provides the principal rationale for preferring JAK1-selective agents in PTCL. 

Similarly, in HLH, the JAK2 inhibitory component of ruxolitinib may paradoxically worsen disease-

related cytopenias, and preclinical data suggest that selective JAK1 inhibition is preferable in this 

context66. 

 

Infectious complications 

JAK inhibitors impair multiple arms of host defense by blocking signaling downstream of the common 

gamma-chain (γc) cytokine receptors, including IL-2, IL-7, IL-15, and IL-21, which are critical for T-cell 

and NK cell homeostasis and antiviral immunity. As a result, JAK inhibition is associated with increased 

susceptibility to opportunistic infections, including cytomegalovirus reactivation, Pneumocystis jirovecii 

pneumonia (PJP), and invasive fungal infections, including aspergillosis75,76. Given these risks, 

prophylaxis against PJP and/or invasive fungal infections may be considered in selected patients, 

particularly those receiving prolonged therapy, concomitant corticosteroids or other immunosuppressive 

agents, or with additional risk factors for opportunistic infections.  
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Cardiovascular and metabolic risks 

Emerging evidence from large clinical trials of JAK inhibitors in rheumatologic diseases has raised 

important cardiovascular safety signals. The ORAL Surveillance trial, a post-marketing cardiovascular 

safety study of tofacitinib versus TNF inhibitors in rheumatoid arthritis, demonstrated an increased risk 

of major adverse cardiovascular events (MACE) and malignancy, particularly in patients ≥50 years with 

cardiovascular risk factors, leading to class-wide FDA black-box warnings for JAK inhibitors approved 

for inflammatory conditions84. These data are most directly derived from broader JAK1/2/3 inhibitors in 

inflammatory disease contexts and their applicability to the lymphoma setting—where patient 

populations, treatment duration, and underlying disease biology differ substantially—remains 

incompletely characterized. Venous thromboembolism (VTE), including deep venous thrombosis and 

pulmonary embolism, has also been associated with JAK inhibitor use85. The risk appears highest with 

first-generation, less selective JAK inhibitors that target multiple JAK family members, particularly at 

higher doses. In the lymphoma and GVHD literature, VTE rates have generally been reported at lower 

frequencies than in inflammatory disease cohorts, possibly reflecting differences in patient selection 

and concomitant anticoagulation practices. Finally, elevations in LDL and total cholesterol are a well-

described class effect of JAK inhibitors86. These elevations are typically modest, responsive to statin 

therapy, and have not been directly linked to increased cardiovascular events in short-duration 

oncology studies. Clinicians should nonetheless monitor lipid panels in patients receiving prolonged 

JAK inhibitor therapy, particularly those with pre-existing cardiovascular risk factors. 

 

Future directions 

Several important questions will shape the future development of JAK inhibitors in lymphoma. First, 

biomarker-driven patient selection remains essential. The enrichment of responses in STAT3-mutated 

T-LGLL and JAK/STAT pathway-activated PTCL suggests that prospective incorporation of mutational 

profiling into clinical trial eligibility and stratification will be necessary to identify populations most likely 

to benefit. Second, JAK inhibitor selectivity is emerging as a clinically meaningful design parameter: 

JAK1-selective agents such as golidocitinib and itacitinib circumvent JAK2-associated 
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myelosuppression and may be preferable in patients with pre-existing cytopenias or in contexts where 

JAK2 inhibition is deleterious, such as in HLH. Third, rational combination strategies hold the greatest 

promise for B-cell malignancies, where JAK/STAT signaling operates predominantly through 

microenvironmental immunosuppression rather than cell-intrinsic oncogenic dependency; combinations 

with checkpoint blockade, PI3K inhibitors, and SYK inhibitors have demonstrated early proof-of-concept 

and warrant prospective evaluation. Finally, the development of agents targeting JAK/STAT effectors 

more selectively—including direct STAT3 inhibitors, STAT3-targeting PROTACs, and allosteric JAK 

modulators—may expand the therapeutic index of this pathway beyond what is achievable with current 

ATP-competitive kinase inhibitors. 

 

Conclusion 

JAK inhibitors have evolved from use in myeloproliferative disorders and inflammatory diseases to 

agents with increasing relevance in lymphoid malignancies and their immune complications. By 

modulating the JAK/STAT pathway, which is shared by malignant lymphoid cells and immune effectors, 

JAK inhibitors enable both antitumor activity and targeted immunomodulation. The clearest clinical 

benefit has emerged in T-LGLL, steroid-refractory GVHD, and HLH, where JAK/STAT-dependent 

inflammatory signaling is the primary disease driver. In contrast, direct antitumor activity in B-NHL 

remains modest, reflecting the indirect, microenvironmental role of JAK/STAT signaling in most B-cell 

contexts. Realizing the full therapeutic potential of this drug class in lymphoma will require biomarker-

enriched trial designs, thoughtful agent selection based on isoform selectivity, and rational combination 

strategies. 
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Table 1. Globally available JAK inhibitors, their selectivity, approvals, and ongoing clinical 

trials. 

JAK Inhibitor JAK1 JAK2 JAK3 TYK2 Approvals Clinical trials References 

Ruxolitinib + ++ +/- +/- MF, PV, GVHD, AD 

(US, EU, Japan, China, 

Australia, Canada) 

Vitiligo, PTCL, HL, 

PMBCL, LGLL (US, 

EU, Japan, China) 

87, 1, 88, 89 

Golidocitinib +++ +/- +/- +/- PTCL (China, 

conditional approval) 

PTCL, others 90 

Pacritinib +/- ++ +/- +/- MF (esp. 

thrombocytopenia) (US) 

MPNs, HL, other B-

cell malignancies (US) 

1, 87,88 

Itacitinib ++ +/- +/- +/- None RA, SSc, HL, other B-

cell malignancies, 

GVHD (US, EU, 

Japan) 

91 

Fedratinib +/- ++ +/- +/- MF (US, EU, Australia, 

Canada) 

MPNs (US, EU) 1, 87,88 

Cerdulatinib ++ ++ ++ ++ PsA in Japan PTCL and R/R B-cell 

malignancies (US, 

EU) 

1 

Momelotinib + ++ +/- +/- MF (US, EU) MPNs (US, EU) 88 

Baricitinib + + +/- +/- RA, COVID-19, AD 

(US, EU, Japan, China, 

Australia, Canada) 

SLE (US, EU, Japan, 

China) 

91,92 

Tofacitinib + + + +/- RA, PsA, JIA, AS, UC 

(US, EU, Japan, China, 

Australia) 

AA, SLE (US, EU, 

Japan, China) 

87,91,92 

Upadacitinib ++ +/- +/- +/- RA, PsA, AS, SpA, UC, 

CD, AD, JIA (US, EU, 

Takayasu arteritis, 

GCA (US, EU, Japan) 

87,91,92 
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JAK Inhibitor JAK1 JAK2 JAK3 TYK2 Approvals Clinical trials References 

Japan, Australia, 

Canada) 

Filgotinib ++ +/- +/- +/- RA, UC (EU, Japan, 

Australia) 

CD (EU, Japan) 91,92 

Delgocitinib + + + + AD (EU, Japan) chronic hand eczema 

(EU, Japan) 

1 

Peficitinib + + + +/- RA (Japan, South 

Korea) 

RA (US, EU, Japan) 91,92 

Abrocitinib ++ +/- +/- +/- AD (US, EU, Japan, 

Australia, Canada) 

None 1,87,92 

Ritlecitinib +/- +/- +++ +/- AA (US, EU, Japan) RA, vitiligo (US, EU, 

Japan) 

91,92 

Deucrava-

citinib 

+/- +/- +/- +++ PsA (US, Japan) SLE, CD, UC (US, 

EU, Japan) 

91,92 

 

Table 1. JAK inhibitors available globally, their selectivity for the JAK family members graded by low 

(+/-), moderate (+), high (++), or very high (+++) selectivity, key approved indications and their 

countries, ongoing clinical trials and their countries, and references. The approvals/governing bodies for 

each of the countries/regions listed are cited here93-97. 

Abbreviations: polycythemia vera (PV), myelofibrosis (MF), rheumatoid arthritis (RA), psoriatic arthritis (PsA), ankylosing 

spondylitis (AS), graft-versus host disease (GVHD), juvenile idiopathic arthritis (JIA), axial spondyloarthritis (SpA), systemic 

lupus erythematosus (SLE), systemic sclerosis (SS), ulcerative colitis (UC), Crohn’s Disease (CD), alopecia areata (AA), 

atopic dermatitis (AD), giant cell arteritis (GCA), myeloproliferative neoplasms (MPNs) 
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Figure 1. Overview of the canonical JAK/STAT signaling pathway. Cytokine binding to its receptor 

leads to dimerization and reorientation of receptor-associated JAK kinases (JAK1, JAK2, JAK3, and 

TYK2), leading to their trans-phosphorylation, activation, and subsequent phosphorylation of the STAT 

family of transcription factors. Activated STATs dimerize and translocate to the nucleus, where they 

regulate the transcription of genes involved in immune responses, cell proliferation, and survival. 

SOCS1 acts as a key negative regulator of the pathway by inhibiting JAK signaling, thereby maintaining 

signaling homeostasis. JAK: Janus kinase. STAT: signal transducer and activator of transcription. 

SOCS1: suppressor of cytokine signaling 1. IFNs: interferons. IL: interleukin.  

 

Figure 2. Differential specificity of JAK/STAT family members and relationship to oncogenic 

potential.  Key members of the JAK/STAT signaling pathway range from broad (SOCS1, which 

negative regulates all JAK family members) to specific (STAT6, which exclusively transduces signals 

from IL-4 and IL-13).  The respective prevalence of these mutations in hematologic malignancy 

subtypes is listed. T-NHL: T-cell non-Hodgkin lymphoma.  cHL: classical Hodgkin lymphoma.  B-NHL: 

B-cell non-Hodgkin lymphoma.  MPN: myeloproliferative neoplasm. 

 

Figure 3. Distribution of JAK/STAT family mutations across lymphoma subtypes.  (a) Prevalence 

of the 6 most commonly mutated genes in the JAK/STAT family in B-NHL and T-NHL from MSKCC’s 

clinical IMPACT sequencing cohort98. (b) Integrated prevalence of somatic mutations in B-NHL and T-

NHL subtypes as indicated. (c) Lollipop plots depicting SNV frequency in the 6 most commonly mutated 

genes in the JAK/STAT family. SV: structural variant. SNV: single nucleotide variant. 

 

Figure 4. Mechanisms of JAK inhibitor toxicity. The three most common toxicities with JAK 

inhibition are organized by organ system along with their mechanism of action, including hematologic 

effects (JAK2-dependent erythropoiesis and thrombopoiesis), infectious complications (JAK-dependent 

T- and NK cell surveillance), and cardiovascular risks (dyslipidemia, venous thromboembolism). The 

relative contribution of JAK1 versus JAK2 to these toxicities is also displayed. 












