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Abstract

Background: This study aimed to better characterize the clinicopathologic char-
acteristics, outcomes, and prognostic factors of AITL in China.

Methods: We retrospectively analyzed 312 patients with AITL enrolled between
January 2011 and December 2020 from five institutions in China.

Results: The median age was 65years, with 92.6% advanced stage, 59.7% ele-
vated LDH, 46.1% anemia, and 44.0% hypergammaglobulinemia. The majority of
patients (84.9%) received anthracycline-based regimens with or without etopo-
side, and only 6.1% underwent autologous stem cell transplantation following
first remission. The 5-year OS and PFS estimates were 43.4% and 25.0% with no
significant improvement of survival between patients treated during 2011-2015
and 2016-2020, respectively. Both the International Prognostic Index (IPI) and
the prognostic index for PTCL, not otherwise specified (PIT), were predictive
for OS. In multivariate analysis, age >70years, elevated LDH, and albumin level
<35g/L were independent prognostic factors for OS. Combining these three fac-
tors, a novel prognostic model (the Chinese AITL score) was constructed, which
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1 | INTRODUCTION
Angioimmunoblastic T-cell lymphoma (AITL) is a
unique subtype of peripheral T-cell lymphoma (PTCL).!
It was first described as a distinct clinicopathological en-
tity in the 1970s and was classified as a new subtype of
T-cell lymphoma in the Revised European and American
Classification of Lymphoid Neoplasms in 1994.> AITL
accounts for approximately 1% to 2% of non-Hodgkin's
lymphoma (NHL) and 18% to 36% of PTCL cases, with
apparent geographical variations. Reliable information
regarding the current prevalence of AITL in China is lack-
ing. In a recent retrospective study of 3840 lymphoma
cases, AITL accounted for 13.8% of PTCL.®

AITL generally occurs in elderly patients, with patients
diagnosed at a median age of approximately 65years.”
The clinical characteristics of AITL include generalized
lymphadenopathy, hepatosplenomegaly, anemia, and
polyclonal hypergammaglobulinemia. Interestingly, the
disease is frequently associated with autoimmune condi-
tions such as skin rash, arthritis, hemolytic anemia, cold
agglutinins, and rheumatoid factor. Histopathologically,
typical lymph nodes of AITL show complete structural ef-
facement with marked proliferation of follicular dendritic
cells and prominent branching of high endothelial ve-
nules. The neoplastic cells are typically small to medium-
sized with a clear cytoplasm. In addition to the pan T-cell
antigens, the neoplastic cells characteristically express T
follicular helper (TFH) cell-associated markers, including
BCL6, CD10, CXCL13, ICOS, and PD-1. Gene expression
profiling further confirmed that CD4+ Tth cells represent
the normal counterparts of the tumor cells of AITL.?

AITL generally displays an aggressive clinical course
and poor prognosis, with a 5-year overall survival (OS)
rate of approximately 32%-44%, reaching a plateau at
approximately 6-7years.*>*!%!! Clinical parameters and
biomarkers indicative of AITL prognosis have long been
investigated. Age >60years, high-performance score,

alternative therapies.

stratified patients into low-, intermediate-, and high-risk groups, with 5-year OS
rates of 69.0%, 41.5%, and 23.7%, respectively. This new model was successfully
validated in an independent cohort.

Conclusions: Patients with AITL were mainly treated with anthracycline-based
regimens, and the outcomes were still unsatisfactory in China. Our novel prog-
nostic model may improve our ability to identify patients at different risks for
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more than one site of extranodal involvement, medias-
tinal lymphadenopathy, anemia, and low platelet count
have been found to be adverse prognostic factors in pre-
vious studies.>'®"! However, no well-defined prognos-
tic factors have been identified. The prognostic value of
pathological factors was also poorly defined. Several prog-
nostic models for AITL, including prognostic index for
AITL, AITL prognostic index, and AITL score, have been
proposed.”'®!" However, the applicability of these novel
AITL prognostic models remains unclear. Thus, this study
aimed to better-characterize the clinical characteristics
and identify the prognostic factors of AITL.

2 | PATIENTS AND METHODS

2.1 | Study design and patients

This multicenter retrospective study evaluated two sepa-
rate cohorts: a training cohort and a validation cohort. In
the training cohort, a retrospective analysis was first con-
ducted to characterize the clinicopathologic characteris-
tics and then identify prognostic factors for proposing a
new prognostic model. A total of 312 patients diagnosed
with AITL between January 2011 and December 2020 at
five institutions in China were retrospectively evaluated.
The inclusion criteria were as the following: (1) pathologi-
cally confirmed diagnosis of AITL according to the World
Health Organization (WHO) classification'?; (2) age
>18years; and (3) available clinical data including base-
line information for staging, treatment regimens, efficacy
evaluation, and follow-up. An independent validation
cohort was enrolled to validate the results in the training
cohort. Patients diagnosed within the same period and
with the same inclusion criteria from another three insti-
tutions in China were included in the validation cohort.
The names of the participating institutions are shown in
Table S1.
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This study was conducted in accordance with the
Declaration of Helsinki and was approved by the insti-
tutional review board of each participating center and
informed consent was waived because of the use of ano-
nymized data.

2.2 | Histologic and
immunohistochemical analyses

At the time of enrollment, pathological specimens includ-
ing slides stained with hematoxylin—eosin, immunohis-
tochemistry, and in situ hybridization for Epstein-Barr
virus encoded RNA (EBER-ISH) were reviewed by ex-
pert hematopathologists from the pathology department
of each of the eight participating centers to confirm the
diagnosis. The diagnosis of AITL was based on the pres-
ence of partial or total effacement of the lymph node ar-
chitecture, prominent vascularity with arborization of
high endothelial venules, an extrafollicular follicular den-
dritic cell meshwork, an atypical population of CD4+ T
cells with expression of at least two TFH markers (CD10,
BCL6, PD-1, CXCL13), and the presence of large CD20+
B immunoblasts with or without the evidence of Epstein—
Barr virus (EBV) infection. The positivity of Tth markers
was defined as the expression in at least 20% of the tumor
cells. Patients with concurrent/secondary diffuse large
B-cell lymphoma and nodal peripheral T-cell lymphoma
with TFH phenotype (according to the 2016 revision of the
WHO classification) were excluded from analysis.

2.3 | Clinical data collection

Clinical data were collected by case-report forms. The
clinical data included age, sex, B symptoms, immune-
related symptoms, Eastern Cooperative Oncology Group
(ECOG) performance status, Ann Arbor stage, involve-
ment of extranodal sites, International Prognostic Index
(IPI) score,” Prognostic Index for PTCL-U patients
(PIT) score,'* treatment modalities, treatment response,
survival status, and the cause of death. Laboratory
data recorded included baseline complete blood count,
B2-microglobulin (f2-MG), serum lactate dehydrogenase
(LDH), C-reactive protein (CRP), immunoglobulin, and
serologies for human immunodeficiency virus, hepatitis
B virus (HBV), and plasma EBV viral load measured by
polymerase chain reaction.

Bone marrow involvement was diagnosed based on
bone marrow biopsy. Splenic involvement was supported
by diffuse FDG uptake on positron emission tomography
(PET), the vertical length of spleen over 13cm, and nod-
ular lesions or mass on computed tomography (CT) or
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PET/CT in our study. The involvement of other extran-
odal sites was determined using diagnostic tools available
at diagnosis, including CT, enhanced CT, and PET-CT.
Treatment responses were evaluated according to the 2007
Revised Response Criteria for Malignant Lymphoma'
and 2014 Lugano classification criteria'® for patients di-
agnosed during 2010-2015 and 2015-2020, respectively.
Responses were classified into complete remission (CR),
partial remission (PR), stable disease (SD), or progressive
disease (PD). The objective response rate (ORR) was de-
fined as the proportion of patients who achieved PR or CR
as their best response.

2.4 | Statistical analysis

Progression-free survival (PFS) was defined as the time
from diagnosis to the first progression, relapse, or any-
cause death. Overall survival (OS) was defined as the time
from diagnosis to any-cause death or the last follow-up.
Survival analyses of PFS and OS were performed using the
Kaplan-Meier method. Log-rank test was used to com-
pare the survival rates between the two groups. To iden-
tify the prognostic factors, univariate and multivariate
analyses were performed using Cox proportional hazards
regression models. Significant covariates (with p <0.05)
were incorporated into the multivariate analyses. Factors
identified as an independent prognostic factor on OS were
used to create a novel prognostic score. The performance
of the new prognostic model was compared to that of the
IPI and PIT scoring systems using a measure of goodness
of fit (Akaike information criterion, AIC) and concord-
ance index (Harrell C-index), with low AIC value indicat-
ing better fit and high Harrell C-index indicating better
discrimination. Statistical analyses were performed using
SPSS (version 20.0) software. Statistical significance was
set at p<0.05.

3 | RESULTS

3.1 | Patient characteristics

The median age at diagnosis was 65years (range: 22-
88years), and the patients were predominantly male
(58.3%). The patient characteristics and laboratory in-
vestigations are summarized in Table 1. Most patients
(92.6%) had advanced-stage disease. Skin rash and pleural
effusion/ascites were observed in 13.1% and 14.1% of the
patients, respectively. Overall, 21.5% of the patients had
more than one site of extranodal involvement. Bone mar-
row involvement at diagnosis was observed in 18.6% of the
patients. Other common sites of extranodal involvement
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TABLE 1 Clinicodemographic characteristics (n = 312)

TABLE 2 Pathological characteristics

Characteristic
Age, years
Median (range)
>60
>70

Sex, male

ECOG performance status >1

B symptom present
Ann Arbor stage, I1I-1V
LDH>ULN
Albumin level <35g/L
IgG level >17g/L
CRP>ULN
$2-MG>ULN
Anemia®
Platelet count <100 x 10°/L
Positive HBsAg
EBV-DNA >500 copies/mL
No. of extranodal sites >2
Extranodal sites

Spleen

Lung

Skin

Liver

Bone marrow
IPI score

0-1 (Low risk)

2 (Low-intermediate risk)

3 (High-intermediate risk)

4-5 (High risk)
PIT score

0 (Group 1)

1 (Group 2)

2 (Group 3)

3-4 (Group 4)

No. (%)

65 (22-88)
212 (67.9)

78 (25.0)
182(58.3)

56 (17.9)

150 (48.1)

289 (92.6)
181/303 (59.7)
104/305 (34.1)
33/75 (44.0)
141/187 (75.4)
146/228 (64.0)
140/304 (46.1)
37/304 (12.2)
30/299 (9.5)
66/185° (35.7)
80/312 (25.6)

100 (32.1)
20 (6.4)
19 (6.1)
10 (3.2)
58 (18.6)

48/299 (16.1)
109/299 (36.5)
82/299 (27.4)
50/299 (16.7)

37/299 (12.4)
115/299 (38.5)
99/299 (33.1)
48/299 (16.1)

Pathological finding
CD3 positive

CD4 positive

CD10 positive®

CXCL13 positive®

BCL-6 positive®

PD-1 positive®
Background CD8 positive
Background CD20 positive
Background CD30 positive
EBER- ISH positive

Ki-67 index >60%

No. (%)
258/270 (95.6)
191/202 (94.6)
182/269 (67.7)
141/179 (78.8)
145/186 (78.0)
155/174 (89.1)
81/178 (45.5)
165/290 (56.9)
135/210 (64.3)
130/191 (68.1)
109/294 (37.1)

Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; CRP,
C-reactive protein; EBV, Epstein-Barr virus; ECOG, Eastern Cooperative
Oncology Group; HBsAg, hepatitis B virus surface antigen; IgG, gamma
globulin; IPI, International Prognostic Index; LDH, lactate dehydrogenase;
PIT, Prognostic Index for T-cell lymphoma; ULN, upper limit of normal;
p2-MG, p2-microglobulin.

*Hemoglobin level < 120g/L in men and 110g/L in women.

b0Of the 185 cases, 61 were measured in whole blood., and the rest were
measured in cell-free plasma.

were the spleen (32.1%), lung (6.4%), skin (6.1%), and liver
(3.2%). The proportion of patients in the high-risk group
based on the IPI score (>3) and PIT score (>2) was 50/299
(16.7%) and 48/299 (16.1%), respectively.

Abbreviation: EBER-ISH, Epstein-Barr virus encoded small RNA in situ
hybridization.

*The positivity of Tth markers was defined as expression in at least 20% of
tumor cells.

3.2 | Pathological findings

As summarized in Table 2, immunostaining for CD3 was
positive in 258/270 (95.6%) and for CD4 in 191/202 (94.6%)
of the patients evaluated. For the Tfh-associated markers,
immunostaining of CD10, BCL-6, CXCL-13, and PD-1
was positive in 182/269 (67.7%), 145/186 (78.0%), 141/179
(78.8%), and 155/174 (89.1%) of the patients, respectively.
Background reactive CD8+T cells were observed in
81/178 (45.5%) patients. Immunostaining for B-cell pro-
liferation marker CD20 and Hodgkin/Reed-Sternberg-
like cell marker CD30 was positive in 165/290 (45.5%) and
135/210 (64.3%) of the patients, respectively. A total of 191
patients were assessed for EBV infection using EBER-ISH.
Of them, 130 (68.1%) were positive for EBER-ISH. Among
the 294 patients interpretable for the Ki-67 index, 161/294
(57.8%), 109/294 (37.1%), and 56/294 (19.0%) had Ki-67
index over 50%, 60%, and 70%, respectively.

3.3 | Treatment regimens and responses

The majority of the patients (84.9%) were treated with
first-line  anthracycline-based regimens, including
181/312 (58.0%) of the patients treated with cyclophos-
phamide, vincristine, doxorubicin, and prednisolone
(CHOP); 62/312 (19.9%) with cyclophosphamide, vincris-
tine, doxorubicin, etoposide, and prednisolone (CHOEP);
and 19 /312 (7%) with other anthracycline-containing
regimens. The remaining 13.4% of the patients received
other chemotherapy regimens without anthracycline or
supportive care (2.6%). Chidamide, a histone deacetylase
inhibitor (HDACI), was added to chemotherapy in 72/312
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(23.1%) patients. Only 19/312 (6.1%) of the patients un-
derwent autologous stem cell transplantation (ASCT) as
consolidation following the first remission. In total, 51
patients (16.3%) received maintenance therapy follow-
ing remission, including chidamide maintenance in 32
patients (10.3%), thalidomide/lenalidomide maintenance
in 16 (5.1%), and chidamide combined with thalidomide/
lenalidomide in 3 (1.0%).

Treatment response was documented in 241 patients
treated with curative intent. Of the 241 patients, 91
(37.8%) achieved CR, and another 92 (38.2%) achieved
PR, yielding an ORR of 75.9%. No significant differ-
ences were observed in the CR rate (41.5% in the CHOP
group [n = 155] vs. 33.3% in the CHOEP group [n = 54],
p = 0.302) or ORR (80.0% vs. 72.2%, p = 0.235) between
the CHOP and CHOEP groups. Similarly, adding chid-
amide to the CHOP/CHOEP regimen did not significantly
improve the CR rate (47.9% in chidamide combined with
CHOP/CHOEP [n = 48] vs. 36.6% in CHOP/CHOEP alone
[n = 161], p = 0.160) or ORR(81.2% vs. 77.0%, p = 0.535).
The major salvage therapies for the relapsed/refractory
patients included regimens containing gemcitabine and

Overall Survival (%)

hd T T T T T T T T
0 12 24 36 48 60 72 84 96

Time (months)

1 1 1
108 120 132

platinum (n =41), programmed cell death protein 1 (PD-1)
blockade (n = 14), and chidamide plus azacytidine
(n=238).

3.4 | Outcomes
The median follow-up duration was 35months (range,
2-119months). The 1-, 3-, and 5-year OS rates were 82.6%,
59.2%, and 43.4% for the entire group, with an apparent pla-
teau at approximately 6years (Figure 1A). The 1-, 3-, and
5-year PFS rates were 62.5%, 34.9%, and 25.0%, respectively
(Figure 1B). The median PFS and OS were 18 and 40 months,
respectively. There were no significant differences in ei-
ther PFS or OS between patients treated during 2011-
2015 (n = 102) and during 2016-2020 (n = 210; Figure 2).
However, a trend of better OS and superior plateau was ob-
served for patients treated during 2016-2020, and this may
achieve statistical significance through a longer follow-up.
By the end of the follow-up time, 121 deaths had been
recorded, with 43.8% of deaths occurring within the first
year after diagnosis and 81.8% occurring within the third

—_
~

100

Progression-free survival (%)
N o [-2] -]
o o o o
L L L L

>

C

T T T T T T T T
12 24 36 48 60 72 84 96

Time (months)

1 L] 1
108 120 132

o

FIGURE 1 Survival of the 312 patients with angioimmunoblastic T-cell lymphoma. Overall survival (A) and progression-free survival (B).
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year after diagnosis. The most common cause of death was
disease progression (91.3%), followed by infection (7.0%).
To further analyze the effect of maintenance therapy,
we selected patients who were treated with curative intent
chemotherapy and achieved a CR or PR. A cohort of 183
patients fulfilled this criteria, of which 48 patients received
chidamide, thalidomide, or lenalidomide maintenance
therapy. Notably, patients who received chidamide, thalid-
omide, or lenalidomide maintenance therapy following the
first remission tended to have better OS than patients who
did not receive maintenance therapy, with 3-year OS rates of
90.0% versus 64.3% (p = 0.063; Figure 3A,B). Furthermore,
patients who received chidamide maintenance therapy
following the first remission had significantly superior
OS to patients who did not receive maintenance therapy,
with 3-year OS rates of 83.7% versus 64.3% (p = 0.043;
Figure 3C,D). However, the PFS between patients with or
without maintenance therapy were roughly the same.

3.5 | Clinicopathologic prognostic factors
In univariate analysis, ECOG performance status >2, age
>70years, anemia, albumin level <35g/L, platelet count
<100x10°/L, elevated LDH, and elevated f2-MG were
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adverse prognostic factors for OS. Ann Arbor stage III/IV,
ECOG performance status >2, albumin level <35g/L, and el-
evated f2-MG levels adversely influenced the PFS (Table 3).In
the multivariate analysis, only three factors were retained as
independent adverse prognostic factors for OS: age> 70years
(HR = 1.94; 95% CIL: 1.16-3.22; p = 0.011), elevated LDH
(HR = 1.80; 95% CI:1.02-3.19; p = 0.043), and albumin
level <35g/L (HR = 1.97;95% CI: 1.20-3.24; p = 0.008).

We also evaluated pathological features as possible
prognostic factors, including PD-1 expression, background
CD8, CD20, CD30 expression, EBER-ISH, and Ki-67 index.
In univariate analysis, only a Ki-67 index >60% (HR = 1.64;
95% CI: 1.13-2.35; p = 0.009) significantly influenced OS.
However, in multivariate analysis, the Ki-67 index was not
retained as an independent prognostic factor for OS.

3.6 | Prognostic model for AITL

The prognostic values of the PIT and IPI scoring sys-
tems were evaluated in this study. Both PIT and IPI were
predictive of OS. The 5-year OS rates were significantly
different according to the IPI scores (low risk: 61.2% vs.
low-intermediate risk: 44.4% vs. intermediate-high risk:
40.0% vs. high-risk: 32.4%, p = 0.005) and the PIT scores
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patients receiving chidamide, thalidomide, or lenalidomide maintenance therapy. Overall survival (C) and progression-free survival (D) for
patients receiving chidamide maintenance therapy.
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TABLE 3 Univariate analysis for OS and PFS and multivariate analysis for OS

PFS

(O8]

Univariate analysis

Univariate analysis Multivariate analysis

Variables HR 95% CI P

Sex, male 1.057 0.771-1.449 0.731
Age>70years 1.181 0.862-1.622 0.869
ECOG performance status >2 1.526 1.086-2.145 0.015
Ann Arbor stage III/IV 2.150 1.059-4.364 0.034
B symptom present 1.242 0.937-1.648 0.132
Extranodal site >1 1.378 1.003-1.892 0.048
Bone marrow involvement 1.264 0.869-1.838 0.221
Anemia® 1.266 0.946-1.694 0.011
Platelet count <100 x10°/L 1.098 0.710-1.699 0.675
Elevated LDH 1.268 0.939-1.711 0.121
Elevated p2-MG 1.666 1.132-2.451 0.010
Albumin level <35g/L 1.466 1.093-1.967 0.011
CRP>3 mg/L 1.576 0.980-2.536 0.061
IgG level >17g/L 1.053 0.601-1.844 0.857
EBV-DNA >500 copies/mL 1.343 0.925-1.952 0.121
PD-1 positive 1.026 0.547-1.924 0.119
Background CD30 expression 0.891 0.621-1.276 0.527
Background CD8 expression 0.727 0.448-1.085 0.119
Background CD20 expression 1.243 0.924-1.670 0.149
EBER- ISH positive 1.441 0.938-2.215 0.095
Ki-67 index >60% 1.208 0.894-1.633 0.218

Factors with p < 0.05 were shown in bold value.

HR 95% CI p HR  95%CI p

1356 0.930-1.975 0.110

1522 1.041-2.226 0.030  1.936 1164~  0.011
3.219

1938  1.287-2219 0.002  1.084 0.583-  0.798
2.015

1.829  0.747-4479  0.186

1359 0.950-1.994  0.093

0.997  0.653-1.521  0.987

0797  0.463-1.373 0414

2350  1.641-3.366 0.000  1.068 0.652-  0.793
1.751

1721 1.065-2.782 0.027  1.594 0.849-  0.147
2.995

2.059  1.375-3.083 0.000  1.803 1.019-  0.043
3.189

2360  1.361-4.092 0.002 1231 0.650-  0.524
2.332

2350  1.641-3.366 0.000  1.969 1.197-  0.008
3.239

1.805  0.974-3.343  0.060

1730 0.863-3.468  0.122

1470 0.927-2.330  0.101

0789  0.463-1.345 0.341

0.891  0.568-1.388  0.618

0789  0.463-1.345 0.341

1076 0.743-1.559  0.698

1091  0.613-1.942  0.768

1.638  1.129-2.347 0.009 1256 0.781-  0.348
2.021

Abbreviations: CRP, C-reactive protein; EBV, Epstein-Barr virus; ECOG, Eastern Cooperative Oncology Group; IgG, gamma globulin; LDH, lactate

dehydrogenase; f2-MG, p2-microglobulin.
# Hemoglobin <120g/L in men and 110g/L in women.

(group 1: 60.3% vs. group 2: 50.8% vs. group 3: 33.1% Vvs.
group 4: 31.1%, p<0.001), as shown in Figures 4A,B.
Combining the three factors identified in the multivar-
iate analysis, we constructed a new prognostic model, the
Chinese AITL score. Patients were stratified into three risk
groups: low-risk group, 0 adverse factors; intermediate-risk
group, 1 factor; and high-risk group, 2-3 adverse factors.
The median OS was not reached in the low-risk group,
50months in the intermediate-risk group, and 27 months in
the high-risk group (Figure 4C). The 5-year OS rates were
69.0%, 41.5%, and 23.7% for patients in the low-, intermedi-
ate-, and high-risk groups, respectively (p <0.001). Among

the IPI, PIT, and the Chinese AITL scoring systems, the
Chinese AITL scoring system demonstrated the greatest dis-
criminant power, with the highest Harrell C-index (0.6585
vs. 0.608 for IPI score and 0.610 for PIT score) and lowest
AIC (1152 vs. 1159 for IPI score and 1157 for PIT score).
The Chinese AITL prognostic model was tested in an
independent cohort of patients with AITL for validation.
A total of 164 patients from three other centers were evalu-
ated using the Chinese AITL prognostic model. Significant
survival differences in OS were maintained between the
low- and high-risk groups (p<0.001) in this validation
cohort (Figure 4D). The median OS was not reached in
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the Chinese AITL prognostic model (D).

the low-risk group, 69 months in the intermediate-risk
group, and 27 months in the high-risk group. The 5-year
OS rate in the low-, intermediate-, and high-risk groups
was 72.0%, 51.7%, and 26.2%, respectively.

4 | DISCUSSION

This retrospective study included patients with AITL
from five large centers across north and south China for
a period of 10years. In keeping with previous studies,
we confirmed that AITL is a disease of elderly patients
and typically present with features of poor prognostic
factors for B-cell NHL: 67.9% of the patients were older
than 60years: 92.6% presented with Ann Arbor stages
III-1V disease; 59.7% had elevated LDH level; and 25.6%
had more than one site of extranodal involvement, with
the spleen, liver, lung, and skin being the most common
extranodal sites. Notably, skin rash (13.1%), pleural effu-
sion/ascites (14.1%), and a positive Coombs test (44.7%)
appeared to be distinctive autoimmune manifestations
of AITL. To our best knowledge, this analysis represents
the largest AITL cohort reported to date, allowing for a
real-world assessment of clinicopathological features,

treatment outcomes, survivals, and prognostic factors for
patients treated in the contemporary era in China.

Most patients (84.9%) were treated with CHOP-like reg-
imens, and a small proportion received etoposide (19.9%),
which may partly reflect the older age of our cohort. In pre-
vious studies, adding etoposide to CHOP was reported to im-
prove the ORR and event-free survival, but not OS, and only
for younger patients with AITL (age<60years).'”*® In our
study, 55.7% of the patients treated with CHOEP were aged
>60years. Consistent with previous studies, no beneficial ef-
fect of etoposide addition was observed in either the CR rate
or ORR when older patients were included. In recent years,
HDAC:is such as belinostat, romidepsin, and chidamide,
have been approved for the treatment of relapsed/refractory
PTCL. Chidamide is a novel HDACi independently devel-
oped in China. The efficacy and safety of HDACis combined
with CHOP/CHOEP regimens have been assessed in several
clinical trials. In a randomized phase III study evaluating
romidepsin plus CHOP versus CHOP in patients with un-
treated PTCLs, the addition of romidepsin did not improve
PFS, response rate, or 0S.YIna phase Ib/I1 study evaluating
chidamide plus CHOEP in patients with untreated PTCL,
modest efficacy was reported, with a CR rate of 40.7% and
ORR of 60.2%, showing no clear benefit of adding chidamide
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to CHOEP.? Similar to previous studies, the addition of chi-
damide to the CHOP/CHOEP regimen did not significantly
improve the response rate in our study.

Upfront ASCT is recommended to improve the progno-
sis of PTCLs. In the Nordic Lymphoma Group (NLG T-01)
study, the largest prospective trial evaluating ASCT consol-
idation, and the 5-year PFS was 44% in patients who were
consolidated with ASCT.** Cumulative evidence from other
studies, including a large population-based study from
the Swedish Lymphoma Registry and a prospective study
from the United States COMPLETE registry, further sup-
ports upfront ASCT consolidation for eligible patients with
AITL.'7?? However, the benefits of upfront ASCT have not
been investigated in randomized studies. In our study, only
a small proportion of patients (6.1%) underwent consolida-
tive ASCT after the first remission. The low percentage of
ASCT may reflect the older age of our cohort, as well as the
geographic variations in economic state and clinical practice
patterns. Promoting upfront ASCT consolidation following
first remission may be an effective strategy to improve the
long-term survival of patients with AITL in China.

Although the majority of patients with AITL are sensi-
tive to chemotherapy, the response duration is often short,
with relapse frequently that result in poor survival. In
our study, responding patients (CR or PR response) who
received chidamide maintenance therapy showed signifi-
cantly superior OS and similar PFS than patients who did
not receive maintenance therapy. The superiority of OS on
the basis of similar PFS of the maintenance group indicates
that chidamide maintenance may prolong the survival
with tumor, slow the progression of the disease, and result
in more opportunities for further treatment. In addition,
chidamide is an oral tablet with the advantage of being
convenient to use as long-term maintenance. Previously,
long-term treatment with romidepsin and pralatrexate was
only reported in case reports.”*** To the best of our knowl-
edge, this study is the first to evaluate the importance of
HDACI used as maintenance therapy in patients with
AITL. The benefits of chidamide maintenance should be
further evaluated in prospective randomized trials.

Overall, the survival of patients with AITL treated
with standard chemotherapy regimens was disappoint-
ing, with 5-year OS and PFS estimates of 43.4% and 25.0%,
respectively. These outcomes fall within the range of
those reported in previous large population-based studies
(5-year OS rates of 32%-44% and 5-year PFS rates of 18%-
33%).>>1%117 Another study utilizing the Surveillance,
Epidemiology, and End Results (SEER) database that eval-
uated a cohort of 1207 patients with AITL reported no sur-
vival differences among groups diagnosed in the five time
periods (1992-1998, 1999-2001, 2002-2004, 2005-2007,
and 2008-2010).* Our study yielded equally disappoint-
ing results, and no significant differences of survival were
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observed between patients treated during 2011-2015 and
during 2016-2020. However, a trend of better OS and supe-
rior plateau was observed for patients treated during 2016-
2020. The reasons for this may include the following. First,
the increasing use of novel therapies including HDACI,
demethylating agents, PD-1 blockade, and brentuximab
vedotin as salvage treatment may offer more options for
the relapsed/refractory patients. Second, chidamide, tha-
lidomide, or lenalidomide maintenance therapy may also
contribute to the superior plateau of the OS curve.

To date, only a few studies have aimed to identify
prognostic factors of AITL, yielding controversial re-
sults. However, no well-defined clinical or pathological
prognostic factors have been identified. A study from the
International Peripheral T-cell Lymphoma Project sug-
gested that age >60years, performance score >2, more than
one site of extranodal involvement, presence of B symp-
toms, and platelet <150x10°/L were predictive of poor
prognosis.'! Recently, Ranjana et al identified four adverse
prognostic factors of AITL: ECOG performance status >2,
age >60years, elevated CRP, and elevated $2-MG.” In the
current study, age >70years, elevated LDH level, and albu-
min level <35g/L were identified as independent adverse
prognostic factors for OS. The association between EBV in-
fection status and prognosis in patients with AITL remains
controversial. Positive EBER-ISH status was reported to
be associated with significantly better PFS than EBER-
negative status among younger patients with AITL.*® In
another study from the GELA trial, a high EBV viral load at
diagnosis (EBV DNA >100copies/pg) was associated with
shorter PFS.”’ Conversely, neither whole blood EBV-DNA
>500 copies/mL nor positive EBER-ISH in the tumor tissue
was predictive of poor PFS and OS in our study.

Few studies have attempted to identify pathologic prog-
nostic factors of AITL, and none of them have proven clin-
ical value. Our study specifically investigated the potential
prognostic value of PD-1 expression, background CD8, CD20,
CD30 expression, and Ki-67 index. In 2006, Went et al. eval-
uated the expression of 19 markers using a tissue microarray
immunohistochemical analysis in a cohort of patients with
AITL and PTCL-NOS. They proposed a modified PIT model
that incorporated a Ki-67 index >80%.% In this respect, the
significance of the Ki-67 index was also evaluated in our
study, but it failed to show independent prognostic value for
OS in multivariate analysis. In a study evaluating the correla-
tion between gene signatures and clinical outcomes in AITL,
the B-cell signature was associated with favorable outcomes,
whereas the cytotoxic signature of CD8+ T cells was associated
with poorer outcomes.” However, immunohistochemistry of
both the T-cell marker CD8 and background B-cell marker
CD20 failed to show a significant influence on survival.

As shown in Table 4, different prognostic models have
been proposed for PTCLs, including the AITL. In our
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study, a novel prognostic model was constructed for AITL
using the three prognostic factors identified in the multi-
variate analysis for OS, including age >70years, elevated
LDH level, and albumin level <35g/L, assigning 1 point
for each factor. Patients with AITL were stratified into the
low-risk (0 points), intermediate-risk (1 point), and high-
risk (2-3 points) subgroups, with 5-year OS rates of 69.0%,
41.5%, and 23.7%, respectively. The abovementioned three
factors are quite common and practical in clinical use.
Our model demonstrated greater discriminant power than
the IPI and PIT and was successfully validated in an inde-
pendent cohort.

Although this study provided novel information re-
garding AITL, it also has some limitations. The most
important limitations of our study was the lack of a cen-
tralized pathologic review. The antibodies utilized and the
interpretations of immunohistochemical stains may vary
in different participating centers. Second, the possibility
of unrecognized biases could not be ruled out owing to
the retrospective nature of the study. Third, genetic alter-
ations and expression patterns were not included in this
study. A better prognostic model may rely on the inclusion
of genetic factors in addition to immunohistochemical
features and clinical factors.

In conclusion, patients with AITL are mainly treated
with anthracycline-based regimens, and the outcomes are
still unsatisfactory. Age >70years, elevated LDH level,
and albumin level <35g/L at the initial diagnosis are in-
dependent prognostic factors for OS. Our novel prognostic
model combining the abovementioned three factors may
improve the risk stratification for AITL.
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