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Sustained yet non-curative
response to lenalidomide in
relapsed angioimmunoblastic
T-cell lymphoma with acquired
chidamide resistance: a case
report with 10-year follow-up,
genetic insights and
literature review
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Xinchuan Chen1, Zhigang Liu1, Sha Zhao2, Caigang Xu1,3*†
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Chengdu, China, 2Department of Pathology, West China Hospital, Sichuan University,
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Angioimmunoblastic T-cell lymphoma (AITL) is an aggressive subtype of peripheral

T-cell lymphoma (PTCL) characterized by its T-follicular helper (TFH) phenotype.

Relapsed and refractory disease is common in AITL and often associated with a

poor prognosis. The presence of epigenetic abnormalities, immune dysregulation,

hyperinflammation and active angiogenesis in AITL offers potential targets for

histone deacetylase (HDAC) inhibitors and immunomodulatory drugs (IMiDs).

Herein, we present a case of AITL with multiple relapses over a decade.

Following intensive chemotherapy and autologous stem cell transplantation

(ASCT), the patient relapsed with extensive nodal and extranodal involvement,

particularly pulmonary lesions, and subsequently pursued chemo-free treatments.

Initially, the patient exhibited a remarkable response to single-agent chidamide, the

first oral HDAC inhibitor. Soon after developing resistance to chidamide,

continuous treatment with lenalidomide led to an impressive sustained

complete remission lasting 64 months, followed by a diminished response for an

additional 11 months. Genetic profiling of the patient revealedmutations in KMT2D

and ARID1A, along with chromosomal aberrations such as del(5q). Notably, genes

commonly mutated in AITL, including RHOA, TET2, DNMT3A, and IDH2, were
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absent in this case. A review of the literature highlights the heterogeneous

genomic landscape of AITL and the diversity of treatment options available,

underscoring the importance of tailored approaches to overcome resistance and

improve outcomes in this distinct lymphoma subtype.
KEYWORDS

angioimmunoblastic T-cell lymphoma, relapsed, lenalidomide, chidamide, resistance,
immune dysregulation
Introduction

Angioimmunoblastic T-cell lymphoma (AITL), recently

classified under nodal T-follicular helper lymphomas (nTFHLs) (1),

represents a significant subtype of peripheral T-cell lymphoma

(PTCL), accounting for approximately 1-2% of all non-Hodgkin

lymphomas (2). AITL is characterized by a minority population of

neoplastic T-follicular helper (TFH) cells residing in a complex tumor

microenvironment rich in follicular dendritic cells (FDC), high

endothelial venules (HEV), and polymorphic inflammatory cells (3,

4). The normal TFH counterparts are crucial for germinal center

formation and activation, aiding in the maturation and differentiation

of B cells into plasma cells and memory B cells (5). Consequently,

AITL typically presents with immune dysregulation, manifesting as

hypergammaglobulinemia, autoimmune phenomena, opportunistic

infections, prevalent Epstein-Barr virus (EBV) infection, and

sometimes featuring prominent or even clonal expansion of

bystander B cells or plasma cells (2, 3, 5–11). Additionally, AITL

exhibits a unique genetic profile, frequently harboring specific driver

mutations like IDH2R172K and RHOAG17V, as well as mutations in

epigenetic regulatory genes, such as TET2 and DNMT3A, and T-cell

receptor (TCR)-related genes (1, 5, 12).

AITL is often associated with advanced-stage disease, an aggressive

clinical course, and generally unfavorable prognosis (2). The

anthracycline-based regimens with or without etoposide have been

widely adopted as first-line treatment options, demonstrating a 5-year

overall survival (OS) rate of 32-44% (2, 13–17). Upfront consolidation

with high-dose chemotherapy and autologous stem cell transplantation

(HDC/ASCT) has shown a survival advantage in younger patients with

chemosensitive disease (16). However, relapsed or refractory disease

after ASCT is common, and these patients typically experience poor

outcomes (18). The optimal salvage therapy has yet to be established,

with conventional chemotherapy usually providing only palliative

benefits (15). Therefore, based on an improved understanding of the

molecular pathogenesis of AITL, various targeted agents, such as

epigenetic regulators and immunomodulators, have demonstrated

potential in managing relapsed or refractory cases (19). Nonetheless,

their appropriate maintenance treatment course and curative efficacy

remain undetermined.

Here, we present a case of AITL that relapsed with extensive

nodal and extranodal involvement, primarily in the lungs, following
02
multiple lines of chemotherapy and ASCT. Notably, the patient

exhibited a remarkable response to single-agent chidamide, and

even more impressively, followed by a prolonged remission with

lenalidomide after developing resistance to chidamide. Despite the

promising outcome of this chemo-free salvage treatment approach,

the patient ultimately experienced disease relapse and was unable to

achieve a cure for this lymphoma. To gain further insight, his

genetic profile was analyzed throughout the disease course.
Case presentation

A 54-year-old Chinese man presented to a local hospital in

October 2013 with a two-month history of worsening dyspnea and

dry cough, accompanied by pruritic rash, night sweats and weight

loss. He had no significant comorbidities. Examination revealed

generalized lymphadenopathy and marked hypereosinophilia

(eosinophils: 10.86×10^9/L in the peripherial blood, accounting for

72.1% of white blood cells, and 37.5% of all nucleated cells in the bone

marrow). No rearrangements of PDGFRA, PDGFRB or FGFR1 were

detected by fluorescence in situ hybridization (FISH) analysis. AITL

was diagnosed through a cervical lymph node biopsy and subsequent

pathological consultation at our hospital, revealing typical features:

dilated sinuses, follicle depletion, prominent arborizing HEV,

polymorphic cellular infiltration, an expanded FDC network, and

neoplastic T cells with clear cytoplasm partially expressing CXCL13

and PD-1 (Supplementary Figure S1). Clonal T-cell receptor (TCR)

rearrangement was also detected. Notably, EBV-positive cells

were absent in this case. The patient was diagnosed with stage IVB

disease, with extensive nodal and pulmonary involvement shown on

positron emission tomography/computed tomography (PET/CT)

scan. A complete response (CR) was achieved with the CHOP

(cyclophosphamide, doxorubicin, vincristine, and prednisone)

regimen. However, regrowth of a lymph node in the right axilla

occurred after the fifth cycle of chemotherapy. The patient was then

referred to our institution in February 2014, where an excisional

biopsy confirmed the relapse of AITL. PET/CT imaging revealed

increased uptake in the maxilla, nasal root, and right shoulder.

Additionally, bone marrow examination continued to show

elevated eosinophils without evidence of lymphoma infiltration.

After two cycles of second-line chemotherapy with gemcitabine
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and oxaliplatin (GemOx), PET/CT was completely negative.

Subsequently, the patient underwent a third cycle followed by

consolidation with BEAM (carmustine, etoposide, cytarabine, and

melphalan)-conditioned ASCT in June 2014. Interleukin-2 was

administered as maintenance therapy thereafter.

In January 2015, 7 months post-transplantation, the patient

presented with high fever, peripheral edema and progressive

lymphadenopathy, with no eosinophilia detected. PET/CT

imaging indicated uptake in the cervical, supraclavicular, axillary,

mediastinal, hilar, abdominal, pelvic and groin nodes (Figure 1A).
Frontiers in Oncology 03
A second relapse of AITL was diagnosed following an inguinal

lymph node biopsy. Moreover, the infiltrating lymphoma cells were

negative for Epstein-Barr virus-encoded small RNA (EBER) by in

situ hybridization. Three cycles of GCHOP (gemcitabine,

cyclophosphamide, epirubicin, vindesine and dexamethasone)

only resulted in a transient partial remission (PR). A chest CT

scan in May 2015 revealed multiple bilateral pulmonary nodules

and masses. These lesions showed some response to corticosteroids

yet remained unresponsive to anti-infective medications, indicating

disease progression. Despite recommendations for a biopsy
FIGURE 1

Achieving dramatic response in pulmonary lesions with chemo-free salvage. (A) The patient experienced second AITL relapse with widespread
lymphadenopathy in Jan 2015. GCHOP chemotherapy resulted in transient PR, but disease progressed in May 2015 with multiple bilateral pulmonary
nodules and masses on chest CT. Salvage therapy with single-agent chidamide was initiated in June 2015. Despite initial lesion size increase within
the first 10 days, pulmonary lesions gradually decreased on subsequent CT scans, achieving significant diminution by week 8 (day 53) and a third CR
by week 16 (day 114). (B) Third CR achieved with chidamide was maintained until April 2016, when the patient relapsed again with notable bilateral
pulmonary masses. Salvage therapy started with lenalidomide and prednisone. Prednisone was tapered off over a month, after which therapy
switched to single-agent lenalidomide. Follow-up radiographs showed remarkable resolution of all pulmonary lesions after two cycles, resulting in a
fourth CR in July 2016.
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procedure, consent was declined. The patient’s condition

deteriorated rapidly. In June 2015, single-agent chidamide was

administered orally at a dosage of 30mg twice per week as salvage

therapy. Following an initial enlargement, the pulmonary lesions

exhibited a gradual reduction, ultimately reaching a noteworthy

diminishment by week 8 and a third CR by week 16 (Figure 1A).

Despite experiencing grade 2 cytopenia, fatigue, and diarrhea, the

patient continued chidamide treatment, and remission was sustained

until April 2016. At that time, the patient developed dyspnea, though

no palpable peripheral lymphadenopathy was present. However, a

chest CT demonstrated the recurrence of sizable pulmonary masses,

and PET/CT imaging revealed extensive fluorodeoxyglucose (FDG)

uptake in the bilateral lungs, chest lymph nodes, and the upper

portion of the right tibia, indicative of a relapse of AITL (Figure 1B).

He declined an invasive biopsy for pathological evaluation. Following

the loss of response to chidamide, the patient refused chemotherapy

and chose salvage treatment with lenalidomide at 10 mg daily (for 21

days of a 28-day cycle) in combination with prednisone at 20 mg

daily (Figure 1B). Prednisone was gradually tapered and discontinued

over one month. Subsequently, his ongoing therapy was switched to

single-agent lenalidomide at 20 mg daily (for 21 days of a 28-day

cycle). Follow-up radiographs revealed a remarkable resolution of all

pulmonary lesions after just two cycles of treatment, leading to a

fourth CR in July 2016 (Figure 1B).

Lenalidomide was administered at the original dose for

maintenance therapy with clinical follow-ups every three months.

Adverse events included multiple episodes of pneumonia requiring

hospitalization, grade 2 thrombocytopenia, and neutropenia.

Despite these, the patient returned to a near-normal life.

Remarkably, remission persisted for 64 months until recurrence

in November 2021. PET/CT imaging revealed multiple

lymphadenopathies with increased FDG uptake in the neck, chest,

and abdomen. Histology of the left cervical lymph node confirmed

relapsed AITL complicated by reactive B-cell proliferation. Notably,

the patient had self-administered lenalidomide occasionally for the

preceding three months without close monitoring. Upon resuming

the prescribed lenalidomide regimen combined with short-term

prednisone, all enlarged lymph nodes progressively decreased and

mostly disappeared by February 2022, as confirmed by contrast-

enhanced CT scans. Nevertheless, due to the refusal of a follow-up

PET/CT scan, the response evaluation remained inconclusive,

categorized as PR or unconfirmed CR (CRu).

Despite achieving an additional 11 months of remission with

the second round of lenalidomide, the patient’s overall health

declined due to recurrent pulmonary infections. He experienced

pneumocystis pneumonia in August 2022 and severe COVID-19

pneumonia complicated by Candida glabrata pneumonia in January

2023, which led to the discontinuation of lenalidomide.

Subsequently, he developed disseminated pruritic erythematous

nodules on his trunk without eosinophilia (Figure 2A). Initially,

these nodules were attributed to cutaneous manifestations of

COVID-19 due to a prompt response to nirmatrelvir/ritonavir

(Paxlovid) antiviral treatment. However, a skin biopsy revealed

EBER-negative AITL infiltration with a high Ki-67 index of 50%

(Figures 2B–H). It exhibited partial positivity for Bcl-6, weak

positivity for CD10, PD-1, and CXCL13, markers typically
Frontiers in Oncology 04
associated with TFH cells (Figures 2D–F). CD30 expression was

observed in 30-40% of tumor cells (Figure 2C), along with TCR

clonal rearrangement and absence of IgH clonal rearrangement.

Whole-exome sequencing (WES) and low-depth whole-genome

sequencing (CNV-seq) were performed to analyze the formalin-fixed,

paraffin-embedded (FFPE) skin tissue sample (Kindstar Global

Technology, Inc. Wuhan, China). A total of 5 strong clinically

significant variants were identified, comprising KMT2D c.5176C>T

(p.Gln1726Ter), ARID1A c.4689dup(p.Met1564HisfsTer8), cha(3)

(p26.3q28), del(5) (q14.3q23.3), and del(6) (q16.1q22.33) (20, 21)

(Supplementary Tables 1, 2). Additionally, FYN c.467G>A

(p.Arg156Gln) and dup(13) (q13.1q14.2) were classified as the

potentially clinically significant variants (20, 21) (Supplementary

Tables 1, 2). No mutations associated with susceptibility to

hematological malignancies were detected. Genes frequently

mutated in AITL, such as RHOA, TET2, DNMT3A and IDH2

were not identified in our patient, which were also negative in

lymph node samples taken at the first relapse by a retrospective

targeted sequencing.

As the disease progressed, the patient exhibited progressive

diffuse lymphadenopathy (up to 8×9cm in the left preauricular

area), splenomegaly, and bone marrow involvement (0.05% of all

nucleated cells detected by flow cytometry) but showed no response

to retreatment with lenalidomide. Considering the patient’s frailty

and the CD30 expression, a single dose of brentuximab vedotin was

administered in March 2023, resulting in a transient reduction in

the size of the enlarged lymph nodes. Unfortunately, his general

condition continued to deteriorate. Laboratory studies indicated

persistent pancytopenia, hypoglobulinemia, liver dysfunction, and

increased lactate dehydrogenase. He experienced severe pneumonia

caused by a range of pathogens, including acinetobacter, candida,

H1N1 influenza, and a second wave of COVID-19. Despite

exhaustive efforts to combat the aggressive illness, the patient died

in June 2023 following a decade-long battle with AITL.

The ten-year clinical progression and treatment timeline, along

with pertinent data were illustrated in Figure 3.
Discussion

Our patient’s decade-long struggle with AITL was marked by

frequent relapses and infections, highlighting the formidable

challenges in managing relapsed and refractory (R/R) AITL. These

challenges encompass selecting appropriate salvage therapies,

achieving long-term remission or potential cure, and addressing

immune deficiencies arising from the disease or its treatment

modalities. These issues become particularly pronounced after the

failure of initial intensive chemotherapy and ASCT consolidation,

which often lead to patient frailty and indicate a poor prognosis. This

case is significant as it exemplifies the use of chemo-free strategies,

specifically the successful utilization of chidamide and lenalidomide

as salvage therapies. Of particular interest is the remarkable disease

control achieved by lenalidomide following the emergence of

chidamide resistance. This resulted in over five years of disease-free

survival (DFS) with continuous maintenance therapy, despite the

eventual decline in response.
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As the first oral selective histone deacetylase (HDAC) inhibitor,

chidamide was developed in China and approved for the treatment

of R/R PTCL in December 2014 (22). Consequently, it emerged as a

favored therapeutic option for our patient upon relapse after ASCT

in 2015. By enhancing the acetylation of histone and non-histone

proteins, chidamide modulates gene expression, induces cell cycle

arrest and apoptosis, and inhibits cell growth (23, 24). This unique

mechanism holds promise in AITL, a disease characterized by

pervasive epigenetic dysregulation (19, 25–29). Clinical studies

have shown that chidamide monotherapy is more effective in R/R

AITL, achieving a higher overall response rate (ORR) of around
Frontiers in Oncology 05
50% and more durable responses compared to other PTCL subtypes

(22, 30–32). Regarding our patient, the complete resolution of

pulmonary lesions underscores the potential efficacy of single-

agent chidamide in managing R/R AITL. Notably, variants with

strong clinical significance identified in our patient involved the

genes KMT2D and ARID1A. These genes are known to play roles in

histone modification and chromatin remodeling, respectively, and

are commonly mutated in PTCL, as reported in the genomic and

transcriptomic profiling study conducted by Huang et al (33). Given

the presence of KMT2D mutation and the lack of common AITL

mutations (RHOA, TET2, DNMT3A, IDH2), it is probable that our
FIGURE 2

Cutaneous infiltration of AITL concurrent with COVID-19 infection during the fifth relapse. (A) After discontinuing Lenalidomide due to severe
COVID-19 pneumonia in January 2023, the patient developed widespread pruritic erythematous nodules on the trunk. (B–H; magnification 200×)
These skin lesions were confirmed as AITL infiltration. Hematoxylin and eosin (H&E) staining demonstrates lymphocytic infiltration surrounding the
dermal blood vessels and skin appendages (B). Immunohistochemical analysis showed partial expression of CD30 (C) and Bcl-6 (D), with weak
positivity for PD-1 (E) and CXCL13 (F). The Ki-67 proliferation index was 50% (G), and EBER staining was negative (H).
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patient falls within the T3.1 molecular subtype, which is

distinguished by mutations related to histone modification and a

heightened sensitivity to HDAC inhibitors such as chidamide (33).

However, the 6-month DFS of our patient highlights the challenge

of chidamide resistance and the necessity for further research into its

underlying mechanisms and alternative treatment strategies. While our

understanding of this resistance is limited, research in natural killer/T-

cell lymphoma (NKTCL) has suggested a role for aberrant JAK-STAT

signaling in primary resistance to chidamide, with TNFRSF8 (CD30) as

a potential predictive biomarker (34). Targeting the JAK-STAT

signaling may offer a promising strategy to overcome this resistance

(34). Nevertheless, the specific mechanisms of chidamide resistance in

AITL remain to be elucidated. On the other hand, after enduring

numerous chemotherapies and chidamide treatments, the combination

of lenalidomide and prednisone as a salvage therapy led to an inspiring

fourth CR in our patient. Furthermore, continuous maintenance

therapy with lenalidomide alone resulted in a prolonged DFS of 64

months, with manageable hematological and infectious side effects.

However, the fourth recurrence of AITL occurred after the patient self-

tapered lenalidomide. Even after resuming the original prescription, he

experienced no more than 11 months of diminished response. This

suggests that lenalidomide monotherapy remained insufficient for

achieving sustained deep molecular remission and complete disease

eradication in this specific case.

Given the unique biological features of AITL, the

immunomodulatory and anti-angiogenic properties of lenalidomide

suggest potential therapeutic advantages (35). Lenalidomide

demonstrated modest single-agent activity in R/R PTCL, particularly

in AITL, with anORR of 31%~33%, a CR/CRu rate of 11%~15%, and a

median progression-free survival (PFS) of 4.6 months (36, 37). Over
Frontiers in Oncology 06
the past 11 years, sporadic reports have documented the dramatic

response to single-agent lenalidomide, with or without corticosteroids

or previously used drugs, in patients with R/R AITL, as summarized in

Table 1 (9, 38–42). These cases highlight the considerable potential of

lenalidomide, even in heavily pretreated patients. Notably, our case

stands out with the longest documented durations of response (DOR)

and overall survival (OS), reaching 75 months and 116 months,

respectively. Apart from our case, two other patients successfully

overcame resistance to HDAC inhibitors with lenalidomide, with one

achieving significant improvement in pulmonary lesions (41, 42).

Nevertheless, their observed DOR were transient due to either

patient death or limited follow-up (41, 42). Importantly, the

molecular characteristics of these cases remain unreported, further

distinguishing our case. Although a multicenter phase 2 trial found that

adding lenalidomide to CHOP did not improve complete metabolic

response (CMR) rates compared to historical controls in previously

untreated elderly AITL patients (43), lenalidomide-based therapy still

shows potential efficacy in treating AITL.

Besides direct cytotoxic i ty and anti-angiogenesis ,

immunomodulatory drug (IMiD) lenalidomide primarily exerts

its activity against hematological malignancies through

immunomodulatory mechanisms (35). It impacts cytokine

production, enhances T-cell co-stimulation, promotes a Th1

response, boosts NK cell cytotoxicity, and potentiates antibody-

dependent cell-mediated cytotoxicity (ADCC) (35). Therefore, the

variable efficacy of lenalidomide in AITL individuals may largely be

attributed to differences in tumor immune microenvironments and

their interactions with malignant TFH cells. Huang et al.

categorized four lymphoma microenvironment (LME) subtypes of

PTCL through unsupervised clustering of RNA-seq data from
FIGURE 3

Ten-year clinical course and treatment timeline with relevant data. The patient experienced five relapses over ten years of AITL, with extensive nodal
and extranodal involvement. He maintained chemo-free treatments after intensive chemotherapies and ASCT. Good responses were achieved with
single-agent chidamide and lenalidomide, notably resolving multiple lung lesions. The response durations were 6 months for chidamide and 75
months for lenalidomide (comprising 64 months of CR and an additional 11 months of diminished response due to self-tapering and subsequent
dosage resumption). Following a rapid deterioration after a COVID-19 infection in January 2023, the patient progressed to end-stage disease
characterized by disseminated extranodal involvement of the skin, spleen, and bone marrow, loss of response to lenalidomide, limited efficacy of BV
salvage therapy, severe immunodeficiency, and recurrent infections, ultimately culminating in his death. AITL, angioimmunoblastic T-cell lymphoma;
LN, lymph node; BM, bone marrow; BV, brentuximab vedotin; CR, complete remission; PR, partial remission; CRu, unconfirmed CR; PD, progression
of disease.
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dexamethasone, cytarabine, and cisplatin; BEAM, carmustine, etoposide, cytarabine, and melphalan; ASCT, au
GCHOP, CHOP and gemcitabine; NA, not available; PDN, prednisone; DXM, dexamethasone; C, cycle; CR,
l
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immune-related genes: TFH-like, inflammatory, mesenchymal, and

depleted (33). Notably, AITL is predominantly associated with the

TFH-like or inflammatory subtype (33). In the TFH-like subtype,

overexpression of cereblon (CRBN), a crucial binding target of

immunomodulatory agents, suggests a potential favorable response

to lenalidomide (33). However, despite our case showing marked

sensitivity to lenalidomide, its mutational profile did not align with

the defined TFH-like subtype, which is characterized by TFH cell

origin, enriched TFH markers, high B/plasma cell content, and

molecular associations with TET2 and RHOA mutations (33).

Without RNA-seq analysis before lenalidomide administration,

his LME subtype cannot be precisely determined. This

emphasizes the complexity of the AITL microenvironment and

the difficulties in selecting targeted therapy.

The mechanism underlying acquired resistance to lenalidomide in

AITL remains poorly understood, with most data focused on multiple

myeloma. Potential factors include mutations or reduced expression of

CRBN, altered protein degradation pathways or signaling pathways,

and remodeling of the immune microenvironment (44–50).

Considering the decreasing efficacy of lenalidomide in the later stages

of the disease and the heightened vulnerability to infections, immune

exhaustion may play a contributory role in our case.

In addition, studies on the cytogenomics of AITL remain

limited. Nelson et al. identified common genetic imbalances

among 22 cases, including gains in 5q, 21, and 3q, concurrent

trisomies of 5 and 21, and loss of 6q (51). Our case presented

multiple clinically significant chromosomal aberrations, including

the previously mentioned del 6q. Of particular interest is the

detection of del(5)(q14.3q23.3), typically associated with del 5q

syndrome, a subtype of myelodysplastic syndrome (MDS) known

for its responsiveness to lenalidomide (52, 53). However, the

implications and relationship of these findings with lenalidomide

sensitivity in AITL require further investigation.
Conclusion

Despite the emergence of numerous targeted therapies and

immunotherapies, lenalidomide has proven to be an effective,

tolerable, affordable, and convenient option for AITL, particularly

by targeting its immune dysregulation and hypervascularity. Our case

highlights the enduring effectiveness of lenalidomide in treating

serious R/R AITL, including patients with extensive prior

treatments, resistance to HDAC inhibitors, and widespread

extranodal involvement, notably in the lungs. Continuation of

lenalidomide maintenance is advisable for patients experiencing

recurrent relapses or failing to achieve deep remission, and

exploration of non-invasive monitoring of minimal residual disease

(MRD) and immune dynamics in these patients may be imperative.

With our enhanced understanding of the molecular pathogenesis and

resistance mechanisms of AITL, encompassing genetic, epigenetic,

and transcriptional processes in both malignant cells and their

microenvironment, the precise utilization of chemo-free treatments

guided by biomarker-driven approaches will be further optimized.
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