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Background: The data about the clinical features and outcomes of Chinese
patients with follicular lymphoma (FL) are limited. Here, we conducted a
retrospective study to explore the initial treatment strategies and clinical
outcomes of Chinese patients with FL in the real world.

Method: This study included FL patients who were newly diagnosed in Tianjin
Medical University Cancer Institute and Hospital from March 2002 to August 2020.

Results: A total of 926 FL patients were enrolled. The median age was 54 years
old, and the majority of the Chinese FL patients had advanced-stage disease
and Eastern Cooperative Oncology Group(ECOG) <1 but less frequently
infiltrated bone marrow. After a median of 38-month follow-up, the 5-year
progressive-free survival (PFS) and overall survival (OS) of gradel-3a were
57.8% and 88.7%, respectively, which both are similar to those reported in
previous Chinese and Western studies. The co-existence at diagnosis of FL and
diffuse large B-cell lymphoma (DLBCL) components (FL/DLBCL) was
associated with poor outcomes. The FL grades and proportion of DLBCL
component in FL/DLBCL did not have an impact on PFS and OS. The most
common regimen with great efficacy and risk—benefit was RCHOP-like
followed by R maintenance regimen. The 5-year cumulative hazard of
histological transformation (HT) was 4.7% (95% ClI, 3.5-5.9); median time to
transformation was 23.5 months (range, 2—-146 months) after diagnosis. Three-
year survival following transformation was 55% (95% Cl, 40-70). Patients with
stage IlI-1V, elevated B2 microglobulin (2-MG), and B symptoms seemed to be
more prone to progress within 24 months of frontline therapy (POD24). The
FLIPI-2 showed the highest specificity to predict POD24, reflecting the
prediction of correctly classifying as low-risk patients, but the FLIPI had the
highest sensitivity to predict the risk of progression for critical patients.
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Conclusions: We revealed the clinical characteristics and outcomes of FL
patients in the real world in China, which may provide novel data on
prognostic factors and primary treatment of FL, applicable to routine clinical

practice.
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Introduction

Follicular lymphoma (FL) is a malignant tumor that
originates from B cells in the center of the follicle, and it is
characterized by heterogeneous clinical evolution (1). It is the
second most common non-Hodgkin lymphoma (NHL) subtype
in the USA with more than 14,000 cases diagnosed annually (2),
accounting for 20%-25% of all lymphomas (3). FL is clinically
indolent; most patients are sensitive to chemotherapy or
immunochemotherapy (IC), but even in the era of rituximab,
FL continues to be considered incurable despite the
improvements in overall survival (OS) observed over the past
few decades, and the clinical presentations and outcomes
between individuals are still heterogeneous (4). For patients
with symptomatic diseases, such as bulky disease (one
lymphoma lesion >7 cm); three separate nodes of 3 cm or
more; symptomatic splenic enlargement; organ compression
by tumor, pleural, or peritoneal effusion; raised serum
concentrations of either lactate dehydrogenase or [2-
microglobulin; or the presence of B symptoms, need standard
of care (5). Immunochemotherapeutic regimens are the most
effective treatment of FL in the first-line setting (6). In patients
who are asymptomatic, treatment options are still under
debate (7).

Transformation of FL (tFL) to a more aggressive histology,
usually into diffuse large B-cell lymphoma (DLBCL), is an
important clinical event associated with poor outcomes (8, 9).
The annual risk of histological transformation (HT) has been
estimated to be 2%-3% per year. The identification of a
significant DLBCL component at FL diagnosis is a common
occurrence. The co-existence of both FL and DLBCL
components (FL/DLBCL) in the same biopsy has been
considered as “transformed lymphoma at diagnosis,” thus
leading to the diagnosis of histological transformation (10).
Some scholars directly conclude that this is an “early
transformation” (11). Others consider that, in some cases, an
indolent and aggressive component co-exist at diagnosis, a
condition often referred to as “composite” lymphoma if the
different histologies are detected within a single lesion (12).
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Scholars in Western countries have made a detailed
description of the demographics, baseline disease
characteristics, initial treatment strategies, and results of
patients with FL (13, 14). As far as this part is concerned, data
on Chinese patients with FL are limited. Here, we conducted a
retrospective study to explore the initial treatment strategies and
clinical outcomes of Chinese patients with FL in the real world.

Patients and methods
Patients

A total of 1,006 patients were retrospectively screened and
reviewed by two experienced hematopathologists for diagnostic
confirmation at Tianjin Medical University Cancer Institute and
Hospital (TMUCIH) between March 2002 to August 2020, and
they all met the WHO classification criteria for lymphoid tissue
tumors. All cell types (small-cell, mixed, or large-cell FL) could
be included in the study. We excluded patients who were <18
years old, patients who lacked adequate clinical information, or
those who were lost to follow-up. The clinical data are complete.
Staging procedures included at least CT scans of the chest and
whole abdomen, or superficial lymph node ultrasound, bone
marrow biopsy, routine blood counts, and biochemical
examinations. The study was approved by the institutional
review boards.

Data collection

Data collection includes detailed demographic
characteristics, initial staging, and clinical and biological
characteristics. Patients were staged according to the Lugano
classification criteria (15). Bone marrow biopsy (BMB) has been
the standard in lymphoma staging, so unilateral BMB was
performed, along with bone marrow smear and flow
cytometry in all eligible FL patients. FL/DLBCL is defined as
the presence of variable DLBCL components in lymph node
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biopsies of other patients diagnosed with FL. According to
WHO recommendations, the DLBCL component was defined
as an area of large cells in sheets lacking follicular architecture
assessed by staining for follicular dendritic cells (CD21 or CD23)
(16). The Hans algorithm was used for COO assignment by IHC
(17). The patient’s FLIPI, FLIPI 2, and PRIMA-PI were
calculated based on baseline characteristics.

Initial treatment was defined according to the intention to
treat principle. All patients meet at least one treatment
indication in the FL study group (specific treatment
indications are shown in Supplementary Table SI). Watch and
wait (WW) was defined as the decision not to treat patients and
also by the absence of treatment within the first 3 months of
follow-up. Transformation was defined on the basis solely of
pathological criteria. At the time of clinical relapse or
progression or clinical suspicion of tFL, a lymph node biopsy
was made whenever feasible. Time to histological transformation
was calculated from the date of FL diagnosis to the date of HT.
Survival following transformation (SFT) was calculated as the
time of HT documentation until death from any cause or last
follow-up. POD24 was broadly defined as progression of disease
within 24 months of first-line therapy (18).

Statistical analysis

Statistical analyses were performed in SPSS version 22 (SPSS,
Inc., Chicago, IL, USA). Demographics, baseline disease
characteristics, and initial treatment strategy for FL patients in
the entire cohort were summarized using descriptive statistics
(medians and ranges for continuous variables; frequencies for

10.3389/fonc.2022.863021

categorical variables). Associations between POD24 and clinical
factors were evaluated using the y” test.

OS was defined as the time from initial diagnosis until death
from any cause, and progression-free survival (PFS) was defined as
the time from diagnosis to disease recurrence, disease progression,
or death. Kaplan-Meier method was used for the analysis of
survival, and differences were assessed using the log-rank test. A
two-tailed p<0.05 was considered statistically significant.

Results
Patients and disease characteristics

A total of 1,006 cases were originally identified; 80 patients
were excluded for not meeting the criteria resulting in 926
patients for analysis (Figure 1). Baseline characteristics of 926
FL patients are presented in Table 1. Median age was 54 (range,
18-90) years with 33.7% of patients aged >60 years, and 47.2%
were male; most of them had disseminated stage ITI-IV disease
(69.4%). A total of 90.9% (n=842) of patients had ECOG < 1, but
1.8% (n=17) presented with decreased functional status with
ECOG 2-4.

FL involved the bone marrow in 11.7% (n=108) of patients,
and 13.8% (n=128) of patients had evidence of B symptoms at
diagnosis, including fevers, weight loss, and night sweats.
Additionally, 13.6% (n=126) of FL patients had extranodal
disease involvement >1. For laboratory data, 22.4% (n=207)
patients had elevated lactate dehydrogenase (LDH), 19.1%
(n=177) had hemoglobin (Hb) <120 g/L, and 29.7% (n=275)
patients had a £2m >UNL.

(n=1006)

| Patients recruited ‘

[

[ l

FL grade 1-3a
(n=766)

FL grade 3b
(n=84)

FL/DLBCL
(n=104)
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(n=52)

Excluded
Revised histology (n=2)
Lost to follow-up (n=52)
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Lost to follow-up (n=5)
Inadequate clinical
Under 18 years old (n=3)
Inadequate clinical
information (n=4)
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information (n=1)
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FIGURE 1

Analysed patients
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Procedure of study cohort selection and number of patients included in analysis. FL, follicular lymphoma; DLBCL, diffuse large B-cell lymphoma.
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TABLE 1 Baseline characteristics of the patients with FL (N=926).

Characteristic

Age (year), median (range)
<60
=60
Gender
Female
Male
Disease stage
/I
/v
Missing
Histological grade
1-3a
3b
FL/DLBCL
FL of uncertain grade
ECOG
0-1
2-4
Missing
B symptoms
Yes
No
Missing
Bone marrow involvement
Yes
No
Missing
Bulky disease (cm) >6cm
Yes
No
Missing
Extranodal involvement >1
Yes
No
Missing
B2-MG (ng/L)>UNL
Yes
No
Missing
LDH(u/L)>UNL
Yes
No
HB(g/L) <120
Yes
No
Missing
FLIPI
0-1
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n (%)

54 (24-90)
613 (66.3%)
313(33.7%)

492 (52.8%)
434 (47.2%)

183 (19.8%)
643 (69.4%)
100 (10.8%)

703 (75.9%)
76 (8.2%)
95 (10.3%)
52 (5.6%)

842 (90.9%)
17 (1.8%)
67 (7.3%)

128 (13.8%)
730 (78.8%)
68 (7.4%)

108 (11.7%)
809 (87.4%)
9 (0.9%)

699 (75.5%)
144 (15.6%)
83 (8.9%)

327 (35.3%)
503 (54.3%)
96 (10.4%)

275 (29.7%)
648 (70.0%)
3 (0.3%)

207 (22.4%)
719 (77.6%)

177 (19.1%)
743 (80.2%)

6 (0.7%)

234 (25.3%)

(Continued)
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TABLE 1 Continued

Characteristic n (%)
2 283 (30.6%)
3.5 305 (32.9%)
Missing 104 (11.2%)
FLIPI-2
0 305 (32.9%)
1-2 456 (49.2%)
3-5 109 (11.8%)
Missing 56 (6.1%)
PRIMPI
Low risk 616 (66.5%)
Intermediate risk 50 (5.4%)
High risk 229 (24.7%)
Missing 31(3.4%)

FL, follicular lymphoma; DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern
Cooperative Oncology Group; p2-MG, B2 microglobulin; LDH, serum lactate
dehydrogenase; Hb, hemoglobin; FLIPI, FL International Prognostic Index.

Histological features and prognosis

In total, 926 patients were diagnosed with FL [grade 1-3a,
703 cases (76%); grade 3b, 76 (8%); FL/DLBCL, 95 (10%);
uncertain grades, 52 (6%)] (Figure 2A). The 5-year PFS rates
of gradel-3a, grade 3b, and FL/DLBCL were 57.8%,46.7%, and
44.8%, respectively, the 5-year OS rates were 88.7%, 78.3%, and
76.1%, respectively. Interestingly, we found that there was no
significant difference in 5-year PES (p=0.536) and 5-year OS
rates (p=0.932) between grade 3b group and FL/DLBCL group
(Figures 2B, C). To further analyze the impact of different FL
grades on FL/DLBCL (Figure 2D), we analyzed the prognosis of
FL 1-3a/DLBCL and FL 3b/DLBCL. The results showed that the
difference was not statistically significant (Figures 2E, F). No
significant differences were seen between FL 1/2 and FL 3a in
terms of PFS, whereas FL 1/2 patients had a longer OS than FL
3a (p=0.03) and FL3b (p<0.01) (Supplementary Figure S1). In
addition, the amount of the DLBCL component in FL/DLBCL
cases ranged from 5% to 90% (Figure 2G). Among FL/DLBCL
cases, 31 (33%) were of GCB origin, 17 (18%) ABC, and 47(49%)
unclassified. PFS and OS curves according to the amount and
cell of origin of DLBCL component are depicted in Figures 2H, I
and Supplementary Figure S2, showing no differences.

Treatment

Overview of treatment regimens and clinical
responses

Among 703 patients with gradel-3a FL, 10.2% (n=72) of
patients were administered with WW; a total of 631 patients
received systemic chemotherapies. The most common treatment
regimens were rituximab, cyclophosphamide, doxorubicin,

frontiersin.org


https://doi.org/10.3389/fonc.2022.863021
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Gao et al.

10.3389/fonc.2022.863021

B C
T
2100
g -
@« 80 S
- z
o 4
£ 60 >
H =
£ 20 FLi3avs FLabPo0r 3 2 FL1-3a vs. FL3b, P<0.01
8 FLIDLBCL vs. FL1-3a,P<0.01 FLIDLBCL vs. FL1-3a, P<0.01
A= o=(
- FL1-3a & | FUDLECLYs FL3b 0T | | o FL/IIDLECLvs IFst, /}olss | .
- FL3b 0
— FLbLBCL 0 50 100 150 200 0 50 100 150 200 250
Total=926 == uncertain Months since diagnosis Months since diagnosis
E F
S 100+ 100
E -
» 80 S 0
8 g
£ 60 3 60
[ =
o
2 40 S a0
0 >
£ 2 © 2
= Fl13aplecL 8 F=5.9 ot
== FL3/DLBCL £ N
= -— rtai o T T 1 01 T T 1
Total=95 noeran 0 50 100 150 0 50 100 150
G H Months since diagnosis | Months since diagnosis
100- -
- £ 100
I3 2 -
5" 2 80 s
Q © E
£ 60- o 5
: £ ar :
a < =
Q K] i ©
E 40 % 40 §
o —_
"; P S 200 g~ < SPeofDLECLcomporent S Lol peoss <50% of DLBCL component
[ ) —_
= . &, - >|50%°mLBCmepmm | o >I50%ofDLBCLcomp0neml
13 57 9111315171921 23 25 27 29 31 33 35 37 39 41 43 45 0 50 100 0 50 100

FL/IDLBCL patients

FIGURE 2

Months since diagnosis

Months since diagnosis

Survival based on histological grade of FL. (A) Pie chart showing the proportion of different histological grades of FL. Kaplan—Meier curves of

(B) PFS and (C) OS for FL grade 1-3a, grade 3b, and FL/DLBCL groups. (D) Pie chart showing the proportion of FL1-3a/DLBCL and FL3b/DLBCL.
Kaplan—Meier curves of (E) PFS and (F) OS for FL1-3a/DLBCL and FL3b/DLBCL. (G) The amount of the DLBCL component ranged from 5% to
90%. (H) PFS and (I) OS according to the percentage of DLBCL component in FL/DLBCL patients.

vincristine, and prednisone (RCHOP)-like chemotherapy in
60.9% (n=428). The overall response rate (ORR; CR plus PR)
to initial therapy among all treated FL patients was 78.3%, with
39% (n=246) achieving complete response (CR). The treatment
modalities and responses of different groups are shown
in Table 2.

Comparison of survival between distinct
clinical responses

A total of 534 patients were evaluated for response; 97
patients were excluded due to the following: two patients
progressed or died before any response assessment and were
considered non-responders, 10 patients were being treated and
had not yet been evaluated for efficacy, and 85 patients could not
be evaluated due to lack of imaging data. The 3-year OS rate of
CR, PR, SD, and PD groups were 97.8%, 92.4%, 80.8%, and
45.1%, respectively (p<0.001), and the 3-year PFS rate were
76.7%, 69.3%, 26.7%, and 8.8%, respectively (p<0.001).
Achievement of CR was strongly associated with longer
survival, which was independent of chemotherapy regimen
(Figures 3A, B).
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Comparison of survival between distinct
treatment regimens

At the end of induction therapy, the five arms (RCHOP-
like, CHOP-like, RFlu-based, Flu-based, and chemo-free
group) had similar ORR: 81.1%, 72.4%, 69.6%, 80.6%, and
77.8%, respectively (p=0.227). The difference in CR rates
between the five arms was statistically significant: 43.7%,
26%, 34.8%, 35.5%, and 38.9%, respectively(p=0.01). The
CRR among different therapeutic groups is shown in
Supplementary Figure S3. The estimated 5-year PFS were
61.6%, 47.9%, 64.7%, 39.7%, and 46.7%, respectively
(p=0.007); the 5-year OS were 91.4%, 86%, 95.7%, 89.8%, and
90.7%, respectively (p=0.832). Kaplan-Meier curves of all
chemotherapy regimens are shown in Figures 3C, D. Based
on these results and the proven value of rituximab in FL, we
further analyzed the hematological toxicity of RCHOP-like,
RFlu-based, and chemo-free groups. Study regimens were
generally well tolerated. Patients treated with the three
regimens are less likely to have grade 3-4 anemia,
thrombocytopenia, neutropenia, and leukopenia. There is no
significant difference in hematological toxicity among the three

frontiersin.org
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TABLE 2 The first-line treatment model and clinical response in the 1-3a FL cohort.

Treatment Patients,n
RCHOP-like 428
CHOP-like 127
RFlu-based 23
Flu-based 31
Chemo-free 18
Radiotherapy 4
Watch and wait 72
Total 703

ORR% CR, n (%) PR, n (%) SD, n (%)
81.1 187(43.7%) 160(37.4%) 9(2.1%)
72.4 33(26%) 59(46.4%) 6(4.7%)
69.6 8(34.8%) 8(34.8%) 1(4.3%)
80.6 11(35.5%) 14(45.2%) 1(3.2%)
77.8 7(38.9%) 7(38.9%) 2(11.1%)

75 1(25%) 2(50%) 0
/ / / /
783 247(39%) 250(39.6%) 19(3%)

10.3389/fonc.2022.863021

PD, n (%) Censored, n(%)
11(2.6%) 61(14.3%)
5(3.9%) 24(18.9%)
1(4.3%) 5(21.7%)

0 5(16.1%)

0 2(11.1%)
1(37.4%) 0

/ /
18(2.9%) 97(13.8%)

ORR, objective response rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; Flu, fludarabine; chemo-free, R or R%

treatment regimens (Supplementary Table S2). Additionally,

we also analyzed the outcomes of stage I-1I patients; there is no

statistically significant difference between the watch-and-wait

group and the systemic treatment group (Supplementary

Figure $4).
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The value of rituximab

Information on the use of rituximab for induction and

maintenance was available for 631 patients. In these patients,
the 5-year PFS and OS were 60.7% (95% CI, 56.6-64.8) and
88.6% (95% CI, 86.2-91.0) for patients who received rituximab
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Survival based on treatment. Kaplan—Meier curves of (A) PFS and (B) OS based on remission status at the end of first-line therapy. (C) PFS and
(D) OS for all systemic therapy regimens. (E) PFS and (F) OS according to different rituximab administrations [no rituximab treatments (without
R), first-line induction chemotherapies with rituximab (Ri only), followed by rituximab maintenance (Ri and Rm)].
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in induction only (Ri), and 62.5% (56.2-68.8) and 98.6% (97.3-
99.9) for those who received it for both induction and
maintenance (Ri and Rm). Compared with patients not
exposed to rituximab (without R), “Ri and Rm” was associated
with increased PFS with a hazard ratio (HR) of 0.50 (95% CI,
0.32-0.78; p=0.001) and OS with an HR of 0.17 (95% CI, 0.04-
0.75; p=0.003) (Figures 3E, F).

Incidence and outcomes of patients with HT

By the follow-up date, 18 patients eventually developed
biopsy-proven HT. Ki-67 ranges from 5% to 50% (median,
30%) and 40% to 90% (median, 60%) at initial diagnosis and
transformation, respectively. This suggests that the proliferation
index increases during transformation. The lymphoma subtype
at the time of transformation was DLBCL in 13 patients and
high-grade B-cell lymphoma not otherwise specified in 5
patients (of which 1 patient was with MYC and BCL2
rearrangements, considering a double-hit lymphoma). For the
latter, immunohistochemistry was performed to stain the
markers of TDT to exclude lymphoblastic lymphoma/
leukemia; all were negative for TDT. None of the FL patients
transdifferentiated into histiocytic sarcoma. Considering the 18
patients who developed HT, median time to transformation was
23.5 months after diagnosis (range, 2-146 months). The CI-HT
at 5 years was 4.7% (95% CI, 3.5-5.9) (Figure 4A). After a
median follow-up after HT of 13.5 months (range, 1-77
months), seven patients had died, with a 3-year SFT of 55%
(95% CI, 40-70, Figure 4B). The 5-year OS rate from diagnosis
was significantly worse for patients with tFL than for patients
without transformation (63.7%; 95% CI, 50.4-77.0 vs. 89.7%,
95% CI, 88.1-91.3; p=0.007) (Figure 4C).

POD24

A total of 631 patients with grade 1-3a FL were treated with
first-line treatment. After the exclusion of 5 patients who died
without progression within 24 months from treatment start and
23 patients lost to follow-up within 24 months without
progression, we included 603 evaluable patients in this

10.3389/fonc.2022.863021

analysis. Of these patients, 103 (17.1%) had POD24. The
clinical characteristics of the POD24 and non-POD24
subgroups are summarized in Table 3. Patients in the POD24
group were more likely to have advanced stage than the non-
POD 24 subgroups: stage III-IV (84.5% vs. 74.2%, p=0.026),
elevated 2-MG (43.7% vs. 26.2%, p<0.001), B symptoms (22.3%
vs. 11.6%, p=0.004), and the difference were statistically
significant (Figures 5A-C).

With a median follow-up of 38 months (range, 1-196
months), the median survival time of the POD24 group was
126 months (95% CI, 85-167 months) compared to the non-
POD24 group not reached. Among patients who experienced
POD24, the 5- and 10-year OS rates were 74.6% and 51.7%,
respectively, and in the non-POD24 group, the rates were 94.6%
and 87.4%, respectively (HR, 0.21; 95% CI, 0.12-0.36, p<0.001).
This is obvious from Figure 5D, where the main difference
between the two groups was the late survival rate.

Comparison of the FLIPI, FLIPI2, and PRIMA-PI
We compared three clinical prognostic models (the FLIPI, the
FLIPI2, and PRIMA-PI) to identify the optimal model for Chinese
FL patients undergoing chemoimmunotherapy. PFS curves
according to the score are presented in Figures 6A-C. All three
models significantly identified PES between low risk (LR) and
intermediate risk (IR), and LR and high risk (HR). However, they
could not effectively distinguish PFS between IR and HR subgroups
(p>0.05 for all). Hence, we divided patients into two subgroups of
LR and intermediate-high risk (I-HR) to further analyze the
predictive potency of these models on POD24. Sensitivity for I-
HR score to predict POD24 in the cohort was 90% with FLIPI
compared with 42% for FLIPI-2 and 48% for PRIMA-PL
Specificity for POD24 was 24% with FLIPI compared with 73%
for FLIPI-2 and 67% for PRIMA-PI (Figure 6D). The FLIPI-2 thus
showed the highest specificity, reflecting the prediction of correctly
classifying as LR patients, but the FLIPI had the highest sensitivity
to predict the risk of progression at the critical. OS curves
according to the FLIPI, the FLIPI2, and PRIMA-PI score are
presented in Supplementary Figures S5A-C. PRIMA-PI can
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TABLE 3 Baseline demographics and clinical characteristics of POD24 and non-POD24 group.

Characteristic POD24
n (%)

No. of patients 103

Age (years), median(range) 51(28-79)
Age>60 years 32(31.1%)
Male gender 55(53.4%)
Stage TIT/TV 87(84.5%)
Hb<120g/L 23(22.3%)
Elevated B2-MG 45(43.7%)
Elevated LDH 26(25.2%)
B symptoms 23(22.3%)

significantly distinguish the OS between LR and HR, and IR and
HR, while FLIPI and FLIPI2 cannot identify OS between IR and
HR. Therefore, we cautiously draw the following conclusions:
PRIMA-PI can better identify HR patients when predicting OS,
while FLIPI tends to predict PES.

Discussion

FL is a common B-cell lymphoma and is characterized by its
high heterogeneity in clinical characteristics and outcomes (5). A
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m— Elevated B2-MG

Non-POD24 p-value (%)
n (%)
500

54(24-82)

146(29.2%) 0.705
233(46.6%) 0.208
371(74.2%) 0.026
87(17.4%) 0238
131(26.2%) <0.001
92(18.4%) 0.111
58(11.6%) 0.004

previous analysis by our center of a single-disease database of
more than 3,000 lymphomas found that FL accounted for
24.13% of NHL, similar to that reported earlier for Western
FL patients (22%-35%) (19) but slightly higher than that
reported in Chinese cohorts (8.1%-23.5%) (20). The median
age of onset was 54 years old in our cohorts, similar to that
reported earlier for Chinese FL patients (49-53 years) (21, 22)
but much younger than that reported in Western cohorts (60-65
years) (7, 23). Several studies from China showed the BMI
(bone-marrow infiltration) rate of 15.2%-28% in patients with
FL, similar to our results, significantly lower than that in
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Western patients (40%-70%) (5, 13). Approximately 90.9% of
Chinese FL patients have ECOG < 1, which is consistent with
91% previously reported in Western countries (24). Other
clinical characteristics of FL patients in our cohort are
comparable to those reported in FL patients in China and the
Western cohort (19, 21-25).

Some patients with FL showed related DLBCL components
in lymph node biopsy at the time of diagnosis, and the biological
and clinical significance remain unclear (10-12). One of the
main results of this article is that patients with FL/DLBCL had a
poorer outcome than those with FL pure grade 1-3a but similar
to grade 3b. The PFS and OS of FL 1-3a/DLBCL is similar to that
of FL 3b/DLBCL. In a different setting, FL1-3a/DLBCL seems to
have a better OS than FL 3b/DLBCL (16). Concomitant DLBCL
was more common in FL 3b (42.3% of FL 3b showed DLBCL
component) than in FL 1-3a (37.9%), in concordance to
previous reports (16, 26). In the present study, FL 1/2 showed
no significant difference in PFS compared with FL 3a but showed
a better OS compared with FL3a and FL 3b among all the
patients. Although OS is the gold standard for evaluating the
efficacy of cancer treatment, its utility in relatively indolent
diseases is challenged. In FL, PFS is a well-established
parameter for evaluating treatment outcome. This result
suggested that FL 1/2 was closely related to FL3a as reflected
by a similar indolent clinical course.

Patients with high tumor burden disease meeting GELF or
BNLI criteria are typically symptomatic and require treatment

with rituximab for better survival benefit (27). Data on
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rituximab were available for all patients, out of which 489
(69.6%) patients received this agent at least once during the
induction or maintenance phase. The use of rituximab
increased significantly between the period 2002-2010 and
2011-2020 from 32.2% to 69.5% (p <0.001). Compared with
chemotherapy alone, immunochemotherapy has been
associated with higher response, PFS, and OS rates (28, 29).
The PRIMA study long-term follow-up demonstrates that R-
maintenance after induction immunochemotherapy provides a
significant long-term PFS benefit over observation (mPFS,
10.49 years vs. 4.06 years, HR=0.61, p<0.0001). Furthermore,
more than half of the patients in the R group remain free of
disease progression and have not required new anti-lymphoma
treatment beyond 10 years (30). However, a study based on
real-world data suggests that the value of rituximab
maintenance in FL is limited and, in the absence of clear
OS benefits, remains a controversial approach (31). Our
study shows that R maintenance after induction
immunochemotherapy yielded the most favorable prognosis,
which is consistent with the results of another real-world study
in Chinese population (21). However, the study did not include
bendamustine (B) in combination with rituximab or
Obinutuzumab (G)-based chemotherapy, as B and G were
not available in China until 2019 (32). Unlike approximately
20% of FL patients treated with observation in the cohorts of
Western countries, only 7% of Chinese FL patients were
administered with watch and wait (21). In the study, the
ORR was 78.3%, and the 5-year PFS and OS of all patients
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were 57.8% and 88.7%, respectively. Both were similar to those
previously observed in Chinese FL patients and several
Western cohorts (21, 33, 34). Failure to achieve CR with
frontline therapy was also significantly associated with poorer
outcomes, suggesting that with the extension of follow-up time,
differences in OS among the groups may become apparent. The
results of the FOLL05 randomized study clearly demonstrated
that R-CHOP chemotherapy regimens lead to significantly
improved PFS in patients with previously untreated FL and
had a better risk-benefit ratio compared with RFlu-based
regimen (34). Therefore, we cautiously conclude as follows:
this research cohort seems to support R-CHOP-like followed
by R maintenance as a reference plan for the initial
management of Chinese FL patients who require active
treatment, which was analogous to those observed previously
in Western cohorts (30)

Histological transformation to a more aggressive form
remains a critical event in the natural history of FL. The CI-
HT at 5 years was 4.7% in our study. In a large study analyzing
tFL, where HT was also a mandatory criterion, the CI-HT at 5
years was 5% (35), consistent with our results, but lower than
previously reported 10%-22% (36). The difference may be due to
different criteria applied to patient recruitment and the
definition of transformation. In the study, we have analyzed
rates and outcomes in a homogeneous cohort of patients with
the certainty of having a histologically documented
transformation. However, some patients who were clinically
suspected of transformation (sudden increase in LDH, rapid
discordant localized nodal growth, new involvement of unusual
extra-nodal sites, new “B” symptoms, or hypercalcemia) were
not classified as tFL (35), mainly because there was not enough
evidence to consider them equally. Patients with tFL had poor
OS, with a 5-year SFT rate of 25%-48%, consistent with our
findings (35, 37). However, due to the small number of
transformation cases, the potential genetic alterations
associated with transformation could not be revealed. Future
studies are important to address this unmet need.

In recent years, studies have found that among FL patients
receiving first-line therapy, POD24 after diagnosis is a significant
adverse prognostic factor (18, 38). POD24 occurred in 17% and
23% of evaluable GLSG and BCCA patients (39), 17.7% in our
study. The results of our study showed that the 5-year OS rates of
patients with POD24 and those without POD24 were 75.6% and
92.8%, respectively (p<0.001), which was consistent with
previous studies. It is worth noting that the immune
infiltration™® (i.e., low programmed death-ligand 2, PD-L2)
subset of patients with FL was enriched for POD24 events.
Therefore, assessment of immune infiltration by PD-L2
expression seems to be a promising tool with which to help
identify patients who are at risk for POD24 (40).

Various clinical and clinicogenetic scores are available for
predicting prognosis in patients with previously untreated FL
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who are about to commence first-line therapy (13, 41-43). In our
study, we compared three clinical prognostic models to identify
the optimal model for Chinese FL patients undergoing
chemoimmunotherapy. The results showed that currently
applied clinical prognostic models such as FLIPI, FLIPI2, and
PRIMA-PI have suboptimal effect in predicting the
intermediate- and high-risk poor prognosis subgroups. The
FLIPI-2 showed the highest specificity of 73% to predict
POD24, reflecting the prediction of correctly classifying as LR
patients, but the FLIPI-1 had the highest sensitivity to predict the
risk of progression at the critical.

In recent years, even if FL patients were found to be in the
early stages (stage I or II), doctors will incorporate rituximab into
the treatment strategy of FL patients to prolong survival, rather
than the so-called “watch and wait” strategy. Active therapies,
mainly including rituximab, tend to start in the earlier stages in
Japan (44). Our study shows that for stage I-1I patients, watchful
waiting can also achieve good outcomes if the patient is not
motivated to treat and has no indication for treatment.

In summary, this large retrospective study revealed the
clinical features and outcomes of Chinese patients with FL in
the real world; the majority had advanced-stage disease and
ECOG < 1 but less frequently infiltrated bone marrow. RCHOP-
like followed by R maintenance was a valid regimen for Chinese
FL patients. Patients with stage III-IV, elevated f2-MG, and B
symptoms seem to be more prone to POD24.The study provided
novel data on prognostic factors and primary treatment of FL,
applicable to routine clinical practice.
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