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abstract

Patients with angioimmunoblastic T-cell lymphoma (AITL), one of the most common types of peripheral T-cell
lymphoma (PTCL), typically present with advanced disease, systemic symptoms, and immune deregulation.
Treatment can be challenging owing to frequent relapses after initial and subsequent therapy. The front-line
treatment approach currently mirrors the approach used for other nodal PTCLs with cyclophosphamide,
doxorubicin, vincristine, and prednisone chemotherapy and consideration for autologous stem-cell transplant
(SCT). In the relapsed and refractory settings, allogeneic SCT offers the chance for long-term remission. Choice
of treatment of relapsed or refractory disease depends on whether an allogeneic SCT is planned. Agents with
preferential activity in relapsed or refractory AITL include epigenetic modiﬁers such as histone deacetylase
inhibitors and hypomethylating agents. Other targeted agents show promise in AITL, including brentuximab
vedotin and phosphoinositide-3-kinase inhibitors. Ongoing studies are evaluating new potential targets for AITL,
with particular focus on identifying markers of response and resistance. Additional studies are assessing incorporation of novel agents into the front-line treatment of AITL. These studies will lead to more individualized
treatment approaches and, ultimately, improved outcomes for patients with AITL.
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A 74-year-old previously healthy woman arrived for
consultation with a 1-month history of progressive fatigue, dyspnea, orthopnea, anorexia, and night sweats.
The examination was signiﬁcant for enlarged cervical,
axillary, and inguinal lymphadenopathy, splenomegaly,
a diffuse maculopapular rash, and reduced breath
sounds at the lung bases. Laboratory tests revealed
thrombocytopenia (62 K/mL), autoimmune hemolytic
anemia (hemoglobin, 7.5 g/dL; reticulocyte percentage,
7.5%; haptoglobin level, , 1 mg/dL; positive direct
Coombs test), hypoalbuminemia (3.1 g/dL), elevated
lactate dehydrogenase (LDH; 327 U/L), and mild
hyponatremia (133 mEq/L). Positron emission tomography (PET) scan conﬁrmed the examination ﬁndings,
showing hypermetabolic lymphadenopathy in the cervical, axillary, retroperitoneal, and pelvic regions;
splenomegaly; and moderate bilateral pleural effusions. Findings on examination of an excisional rightside inguinal lymph node biopsy specimen were
consistent with angioimmunoblastic T-cell lymphoma
(AITL). A bone marrow biopsy specimen was moderately hypercellular (80%) and showed trilineage
hematopoiesis with a moderately increased number
of megakaryocytes and 5% involvement by AITL.
The patient was administered prednisone 100 mg/d
and had marked improvement in her symptoms,

stabilization of her blood cell counts, and improvement
in her performance status. Chemotherapy with cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) was subsequently initiated.
CLINICAL AND PATHOLOGIC CHARACTERISTICS
OF AITL
AITL is a malignancy derived from mature T-follicular
helper (TFH) cells, a subset of T cells normally responsible for supporting B-cell maturation and germinal
center development.1 Historically, AITL was considered
a nonmalignant lymphoproliferation and various terms
have been used to describe the syndrome observed with
AITL, such as angioimmunoblastic lymphadenopathy
with dysproteinemia, immunoblastic lymphadenopathy,
or lymphogranulomatosis X. More recently, the advent
of immunophenotyping and identiﬁcation of T-cell
clonality in the majority of cases led to the recognition
of AITL as a de novo malignant process. Since the
1980s, it has been recognized as a distinct entity in
lymphoma classiﬁcations.2,3
AITL is one of the most common subtypes of peripheral
T-cell lymphoma (PTCL), representing 18.5% of all
T-cell lymphomas; higher prevalence is noted in
Europe.4 Clinically, it is characterized as aggressive;
patients typically are seen at ﬁrst consultation with
advanced disease associated with systemic symptoms,
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rash, pleural effusions, polyclonal hypergammaglobulinemia,
ascites, and autoimmune phenomenon.
Diagnosis is made by evaluation of a lymph node biopsy
specimen, which shows partial or total effacement of the
lymph node architecture with small to medium atypical
T cells with clear to pale cytoplasm. The atypical cells are
typically positive for CD4, CD5, and CD2, as well as markers
of TFH cells such as CD10, CXCL13, ICOS, BCL6, and PD1.
The neoplastic cells frequently cluster adjacent to high
endothelial venules and are surrounded by increased follicular dendritic cell meshworks and polymorphous inﬂammatory cell inﬁltrates consisting of reactive lymphocytes,
histiocytes, plasma cells, and eosinophils. B immunoblasts
are usually present, which are positive for Epstein-Barr virus
(EBV) in 80% to 95% of cases and can develop into EBVpositive, diffuse large B-cell lymphoma. Given the extensive
inﬂammatory background observed in lymph nodes in patients with AITL, excisional lymph node biopsies are often
required for diagnosis. Work-up consists of routine testing
such as CBC count, comprehensive metabolic panel,
measurement of LDH concentration, testing for human
T-lymphotropic virus-1, HIV, and hepatitis B and C, as well as
PET/computed tomography (CT) imaging, and bone marrow
biopsy.
Gene expression proﬁling has identiﬁed several recurrent
mutations associated with AITL, including genes encoding
epigenetic modiﬁers such as TET2 (80%), DNMT3A (20%
to 30%), and IDH2 (20% to 30%), as well as the gene for
the GTPase RHOA (50% to 70%).5 Interestingly, a similar
mutation proﬁle is observed in a rare subtype of T-cell
lymphoma, called follicular T-cell lymphoma, and approximately 20% to 30% of cases of PTCL not otherwise
speciﬁed (PTCL-NOS). The recognition of this subset of
PTCL-NOS led to the designation of a new provisional entity
in the 2016 WHO classiﬁcation called nodal PTCL with TFH
phenotype. In addition to molecular similarities, there is
overlap in the pathologic and clinical manifestations of
follicular T-cell lymphoma, PTCL with TFH phenotype, and
AITL. Therefore, it is possible that these entities may

respond to similar therapies; however, studies are needed
for conﬁrmation.
FRONT-LINE TREATMENT OF AITL
The choice of front-line treatment depends on the goal of
therapy. For most patients with AITL, the initial goal of
treatment is curative; therefore, an aggressive approach
with combination chemotherapy followed often by consolidation with autologous stem-cell transplant (ASCT) is
used. For elderly patients, or those with signiﬁcant comorbidities, milder therapy (such as corticosteroids with or without
low-dose chemotherapy) may be appropriate. Although this
approach is not curative, it does provide the potential for
prolonged disease control and maintenance of quality of life.
Options in this scenario include intermittent courses of
single-agent prednisone, combination chemotherapy (such
as low-dose cyclophosphamide and etoposide combined
with prednisone) or single-agent chemotherapy, such as
those listed in Table 1, for relapsed or refractory disease.
These treatments can often suppress the symptoms that
accompany AITL; typically, however, ongoing therapy is
required at some frequency for maintenance of disease
control.
For most patients who are candidates for at least combination chemotherapy, AITL is treated similarly to other
nodal PTCLs, and CHOP has been the backbone for frontline treatment. The overall response rate (ORR) and
complete response (CR) rate with CHOP for patients with
all-nodal PTCLs (using CT-based response criteria) are
70% to 79% and 35% to 39%, respectively; however,
despite fairly high response rates, long-term outcomes with
CHOP alone is generally poor, owing to high relapse
rates.16,17 In the International T-Cell Lymphoma Project, in
which 85% of patients received CHOP-based therapy
(without upfront ASCT consolidation), the 5-year failurefree survival rate for patients with AITL was only 18%.4
Similar outcomes were observed in the British Columbia
Cancer Agency series, in which the 5-year progression-free
survival (PFS) observed for AITL was only 13%.18 Likewise,

TABLE 1. Active Agents for Relapsed or Refractory AITL
Agents

AITL (No.)

ORR/CR (AITL), %

Total PTCL (No.)

ORR/CR (all PTCL)

PFS (median months)

DOR (median months)

Romidepsin

27

30/19

130

25/15

4

17

Belinostat7,8

22

45/18

129

26/10

NA

8.3

5-Azacytidine

12

75/42

19

53/26

NA

NA

Pralatrexate10

13

8/NR

111

29/13

3.5

10.5

6

9

11

32

NR

60

50/28

3.6

3.5

Brentuximab vedotin12

13

54/38

22

41/24

2.6

7.6

Gemcitabine13

NR

NR

20

55/30

NR

NR

Bendamustine

14

Lenalidomide

Cyclosporine A15

7

29/0

12

67/25

23
NA

30/0

3.2

5.7

NA

NA

NA

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; CR, complete response; DOR, duration of response; NA, not applicable; NR, not reported;
ORR, overall response rate; OS, overall survival; PFS, progression-free survival; PTCL, peripheral T-cell lymphoma.
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5-year PFS was only 20% for patients with PTCL in the
Swedish Lymphoma Registry who received CHOP-based
therapy alone.19

regimen will become a new standard for front-line treatment
of CD30-positive AITL.

Building Upon the CHOP Backbone

To further improve on the outcomes with CHOP-based
therapy, many groups routinely offer consolidation with
ASCT in ﬁrst remission for patients with AITL and other
PTCLs. There are no randomized trials to support this
treatment approach; however, several results of prospective phase II studies suggest beneﬁt from upfront
ASCT, whereas other analyses show conﬂicting results. The
largest prospective study evaluating upfront consolidation
with ASCT was the Nordic study by d’Amore et al.29 This
study enrolled 160 patients with PTCL, including 39% with
PTCL-NOS and 19% with AITL. Most patients (81%) had
advanced stage disease and 72% had international
prognostic index scores greater than or equal to 2. Patients
received CHOP plus etoposide for six cycles (etoposide was
omitted for patients . 60 years of age) and those in CR or
PR proceeded to high-dose therapy with carmustine,
etoposide, cytarabine, and melphalan (or cyclophosphamide) and ASCT. A total of 115 patients (71%) underwent
ASCT. By intent-to-treat analysis, the 5-year OS and PFS
were 51% and 44%, respectively, which compare favorably
to historical series. For patients with AITL, 5-year OS and
PFS were 52% and 49%, respectively. Reimer et al16 reported similar results in a phase II study of CHOP followed
by ASCT for 83 patients with PTCL; the 3-year OS was 48%.

Attempts to improve front-line therapy for nodal PTCLs have
included adding additional agents to the CHOP backbone
and consolidating CHOP-based induction with ASCT. On
the basis of limited data in PTCL, CHOP plus etoposide is
among the most common regimens used for younger, ﬁt
patients. Support for this regimen comes from an analysis
from the German high-grade non-Hodgkin lymphoma
study group of patients with PTCL treated using seven
different prospective phase II or phase III protocols comparing CHOP-based therapy with CHOP plus etoposidebased therapy.20 Among the 320 patients with PTCL enrolled in these studies, younger patients (, 60 years) with
normal LDH values had a signiﬁcant improvement in
outcome if they received CHOP plus etoposide compared
with CHOP alone, with 3-year event-free survival of 75.4%
versus 51%, although no difference in overall survival (OS)
was observed. In elderly patients, there was no beneﬁt from
the addition of etoposide, because of toxicity. Improved
outcomes with CHOP plus etoposide versus CHOP were
also observed in the Swedish Lymphoma Registry, data
from which indicated treatment with CHOP plus etoposide
in PTCL yielded a higher ORR (81% v 70%; P 5 .052) and
improved PFS for patients younger than age 60 years
treated with CHOP plus etoposide (hazard ratio, 0.49; 95%
CI, 0.29 to 0.83; P 5 .008).9
Other agents that have been evaluated in combination with
CHOP in PTCL include alemtuzumab, romidepsin, bortezomib, and belinostat.21-24 In general, there is a suggestion
of improved CR rates when these agents are added to
CHOP; however, increased toxicities are observed as well;
therefore, phase III studies are needed to establish the role
of these regimens. We await ﬁnal results from phase III
studies evaluating romidepsin plus CHOP and alemtuzumab plus CHOP in PTCL. Additional studies exploring
regimens that abandon the CHOP backbone, such as
etoposide, ifosfamide, cisplatin alternating with doxorubicin, bleomycin, vinblastine, dacarbazine; cisplatin, etoposide, gemcitabine, and solumedrol; and gemcitabine,
etoposide, and cisplatin, have not yet been successful in
showing improvements over CHOP.17,25,26 Perhaps the
most likely drug to inﬂuence the front-line treatment of at
least a subset of patients with AITL is brentuximab vedotin
(BV), the anti-CD30 antibody drug conjugate. CD30 positivity is observed in 43% to 90% of cases of AITL and in
a phase II study, BV induced objective responses in 54%
of patients with CD30-positive relapsed or refractory
AITL.12,27,28 The highly anticipated results from ECHELON2, a phase III study comparing CHOP with cyclophosphamide, doxorubicin, and prednisone–BV in untreated,
CD30-positive T-cell lymphoma will determine whether
the cyclophosphamide, doxorubicin, and prednisone–BV

Upfront Consolidation With ASCT

Several retrospective and population-based series evaluating upfront consolidation with ASCT closely mirror the
experience in prospective studies. In the Swedish Lymphoma Registry, intent to treat with ASCT in ﬁrst remission
was associated with 5-year OS of 48% compared with 26%
(P 5 .004).9 Similar results were seen in a retrospective
series from Memorial Sloan Kettering Cancer Center
(MSKCC) and in the Comprehensive Oncology Measures
for Peripheral T-Cell Lymphoma Treatment database, both
of which showed improved outcomes for patients with PTCL
undergoing ASCT in ﬁrst remission.30-32 In contrast, a
multicenter retrospective series from 14 centers in France,
Portugal, and Belgium of 269 patients with PTCL (including
46% with AITL) observed no beneﬁt of upfront consolidation with ASCT for patients achieving CR or PR after
induction therapy.33 A major criticism of the analysis was
that patients with poor risk factors were disproportionately
represented in the ASCT group. To provide balance between the two groups, a propensity score matching analysis
was performed, however, this markedly reduced the
number of patients analyzed to only 73 per group. Given the
inherent bias associated with retrospective analyses and
observational studies, the results of all these series need to
be interpreted cautiously. In the absence of phase III data,
the results from prospective phase II studies provide the
strongest evidence in support of upfront consolidation with
ASCT. Thus, outside of a clinical trial, induction with CHOP
plus etoposide followed by consolidation with ASCT is a
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reasonable approach for patients with PTCL, including
AITL. However, whenever possible, enrollment in clinical
trials should be favored.
CASE PRESENTATION CONTINUED
The 74-year-old woman with stage IV AITL received six
cycles of CHOP chemotherapy. PET imaging and evaluation of a bone marrow biopsy specimen at end of treatment
conﬁrmed a CR. She underwent stem cell mobilization in
preparation for upfront consolidation with ASCT; however,
shortly after completion of mobilization (approximately
4 weeks after cycle 6 of CHOP), she reported return of lowgrade fevers and increasing fatigue. Laboratory tests
showed mild worsening of anemia and new hypoalbuminemia. Repeated PET imaging showed low-volume
generalized ﬂuorodeoxyglucose -avid lymphadenopathy
and CT-guided inguinal lymph node biopsy conﬁrmed
relapsed AITL. She enrolled in a phase I clinical trial
evaluating romidepsin, carﬁlzomib, and lenalidomide, with
the plan to consider consolidation with allogeneic SCT
(alloSCT).
RELAPSED/REFRACTORY AITL
Owing to the possibility of development of EBV-related
diffuse large B-cell lymphoma either concurrently with AITL
or at relapse, repeated biopsy is essential to conﬁrm the
etiology of relapsed or refractory disease. The approach to
treatment of patients with relapsed/refractory AITL (as well
as the other nodal PTCLs) depends on the whether the goal
of therapy is cure or palliative.34 There are multiple regimens that can induce disease control and possibly remission in AITL; however, the choice of therapy and how to
sequence treatment depends heavily on whether consolidation with an alloSCT is being considered.
What Is the Consolidation Plan: ASCT, alloSCT,
or Neither?
Although ASCT is routinely used in the relapsed/refractory
setting for B-cell lymphomas, results from several series
(Table 2) demonstrated disappointing outcomes when
ASCT was used for relapsed/refractory PTCL.35,36 In particular, data from the Cleveland Clinic and from MSKCC
show relapse rates greater than 80% when ASCT is used for
relapsed/refractory PTCL.35,36 In contrast, Center for International Blood and Marrow Transplant Research registry
data suggest more promising results with ASCT for relapsed
PTCL; however, this series is heavily represented by patients with anaplastic large-cell lymphoma, which may
explain the more favorable outcomes observed. Therefore,
with the exception of anaplastic large-cell lymphoma, ASCT
is unlikely to lead to long-term remission for patients with
relapsed/refractory AITL and other PTCLs.37 More promising outcomes are observed with alloSCT, which is associated with a 2- to 5-year PFS of 45% to 53% for nodal
PTCLs and as high as 81% for AITL.38-41 Therefore, for

appropriate patients, consolidation with alloSCT is strongly
considered provided disease control can be obtained.
What Should Be Used to Achieve Disease Control in the
Relapsed/Refractory Setting?
The choice of initial therapy for relapsed or refractory AITL
depends on whether alloSCT is being considered and
whether a donor has already been identiﬁed. When an
alloSCT is planned and a donor is identiﬁed, regimens likely
to induce response quickly are reasonable. For example, a
regimen such as ifosfamide, carboplatin, and etoposide,
which is associated with response rates up to 70%, can
efﬁciently bridge patients to transplantation; however, the
ifosfamide, carboplatin, and etoposide regimen would not
be expected to produce sustained disease control, because
of cumulative toxicity after three or four cycles.35 Therefore,
when an alloSCT is either not part of the treatment plan
(owing to age, comorbidities, or lack of donor) or the timing
of alloSCT is unclear, drugs or regimens capable of producing sustained disease control are appropriate. Such
treatments are potentially less likely to cause cumulative
toxicity with continuous therapy and include single agents,
milder combinations, or novel approaches in clinical trials.
As shown in Table 1, which summarizes the response rates
for select agents used for AITL, histone deacetylase inhibitors seem to have preferential activity in AITL, likely
related to the high frequency of mutations in epigenetic
modiﬁer genes seen in this disease. Accordingly, histone
deacetylase inhibitors, either alone or in combination with
other agents (as part of clinical trials) are typically the ﬁrst
treatment choice for patients with relapsed or refractory
AITL.
FUTURE DIRECTIONS FOR TREATMENT OF AITL
Epigenetic Modiﬁers
Given the signal of activity of histone deacetylase inhibitors
in AITL, regimens building on these agents are likely to
make a signiﬁcant impact on treatment. As stated, in the
front-line setting, the safety of adding romidepsin to CHOP
has been established and this regimen is currently being
evaluated in a phase III study comparing romidepsin plus
CHOP with CHOP alone.24 In the relapsed and refractory
settings, romidepsin combinations were evaluated in two
phase I studies at MSKCC, ﬁrst in combination with lenalidomide and subsequently in combination with lenalidomide and carﬁlzomib. The two studies enrolled a total of 19
patients with PTCL, including seven patients with AITL. The
ORR and CR rates for the patients with AITL (87% and
57%, respectively) were considerably higher than observed
in the other patients with PTCL (ORR, 33%), further
supporting the potential role of histone deacetylase
inhibitor–based therapy in AITL.41,42
Hypomethylating agents are another class of epigenetic
modiﬁers that seem promising for AITL. A recent study
evaluating 5-azacytidine in PTCLs (n 5 12 patients with
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TABLE 2. Outcomes With Autologous Stem-Cell Transplant and Allogeneic Stem-Cell Transplant for Relapsed/Refractory PTCL
Autologous SCT, %
(median follow-up)
Series

PTCL (No.)

AITL (No.)

MSKCC (auto)36

40

5

Cleveland Clinic (auto)37

32

NA

38

CIBMTR

75* (auto beyond
CR 1)

5 (auto beyond
CR 1)

OS

Allogeneic SCT, % (median follow-up)

PFS

OS

PFS

45 (45
months)

17 (3 years)

NA

NA

34 (5 years)

RFS, 18 (5 years) NA

NA

53 (3 years)

42 (3 years)

41 (3 years)

31 (3 years)

108 (allo beyond
CR 1)

12† (allo)

French Registry39

77

11

NA

NA

57 (5 years)
For AITL: 80
(5 years)

53 (5 years)

MSKCC (allo)40

65

11

NA

NA

59 (2 years)

48 (2 years)
For AITL: 81
(2 years)

Dana Farber Cancer
Institute41

52‡

5

NA

NA

41 (3 years)
For nodal
histologies:
52 (3 years)

30 (3 years)
For nodal
histologies:
45 (3 years)

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; allo, allogeneic; auto, autologous; CIBMTR, Center for International Blood and Marrow
Transplant Research; CR 1, ﬁrst complete response; MSKCC, Memorial Sloan Kettering Cancer Center; NA, not applicable; OS, overall survival; PFS,
progression-free survival; PTCL, peripheral T-cell lymphoma; RFS, relapse-free survival; SCT, stem-cell transplant.
*52% anaplastic large-cell lymphoma; 37% PTCL not otherwise speciﬁed; 8% AITL.
†Included 10 patients in CR 1.
‡Number beyond CR 1 not reported.

AITL and n 5 7 patients with other PTCLs) reported an ORR
of 53%. Preferential activity was observed in AITL, with nine
of 12 patients (75%) achieving response and ﬁve of 12
(42%) achieving CR.9 Studies building on this class in
PTCL, including AITL, are underway (ClinicalTrials.gov
identiﬁers: NCT03161223 and NCT01998035).
Other Targets: CD30, PI3K, JAK/STAT
As mentioned, a signiﬁcant portion of AITL cases express
CD30, and BV has activity in relapsed and refractory
CD30-positive disease.12 In addition, it is possible that BV
will affect the front-line treatment of CD30-positive AITL if
results of the ECHELON-2 study are positive. Additional
pathways that may prove to be important targets in PTCL,
including AITL, are the phosphoinositide-3-kinase (PI3K)
and Janus kinase (JAK)/signal transducers and activator
of transcription (STAT) pathways. A phase I/II study of the
PI3K-d/g inhibitor duvelisib in patients with relapsed/
refractory PTCL showed promising single-agent activity,
with an ORR of 50%, including prolonged responses in
AITL.43 Duvelisib is being evaluated in combination with
romidepsin and bortezomib in parallel phase I studies for
PTCL and preliminary results included sustained responses in AITL.44 The identiﬁcation of JAK/STAT gain-offunction mutations in AITL provides rationale for evaluating JAK inhibitors in this disease.45 Preliminary results
from a phase II study with cerdulatinib, the dual JAK/SYK

inhibitor, demonstrate an initial signal of activity in
PTCL.46 The clinical role of JAK inhibition in AITL (and
other T-cell lymphomas) is formally being evaluated in a
phase II study of ruxolitinib in PTCL (ClinicalTrials.gov
identiﬁer: NCT02974647).
In conclusion, although AITL has typically been grouped
with the other T-cell lymphomas with regard to management, data are emerging regarding its unique targets and
sensitivity to certain agents. These data will eventually lead
to the development of regimens speciﬁc for AITL as well as
potentially for the TFH-like provisional entities follicular
T-cell lymphoma and nodal PTCL with TFH phenotype.
Even among patients with AITL, there is heterogeneity with
regard to molecular proﬁling and sensitivity to agents.
Studies evaluating novel agents in AITL that include assessments of baseline and on-treatment biopsy specimens,
aimed at identifying markers of response or resistance, will
aid in determining which drugs or regimens are most
appropriate for individuals. Eventually, pathologic and
molecular proﬁling may allow for stratiﬁcation of patients
with AITL at diagnosis and treatment according to likelihood of sensitivity to histone deacetylase inhibitors,
hypomethylating agents, anti-CD30 treatment, and other
targeted agents. A more individualized front-line approach will undoubtedly lead to improved outcomes for
patients with AITL.
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