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Abstract: Follicular lymphoma (FL) has a high degree of heterogeneity both clinically and molecularly. Early treat-
ment failure (ETF), progression or relapse within 24 months of frontline immunochemotherapy is associated with a
poor prognosis in FL. However, the clinical utility of ETF at diagnosis is limited. The maximum standardized uptake
value (SUVmax) is a metabolic parameter for positron emission tomography/computed tomography (PET/CT); nev-
ertheless, the relationship between SUVmax and ETF remains unclear. Thus, identifying early biomarkers that incor-
porate SUVmax and other clinical correlative variables could be helpful in identifying patients at high risk of ETF. A
nomogram consisted of three independent variables, including SUVmax > 12, beta-2 microglobulin > 3 mg/L, and
Ki67 > 40%, was established to predict ETF in 127 patients with grade 1, 2, or 3a FL from the First Hospital of Jilin
University (training cohort) and was validated using data from the Duke University Medical Center (validation cohort,
n=95). The nomogram demonstrated prognostic accuracy in predicting ETF (sensitivity 70.8% and specificity 83.5%
in the training cohort; sensitivity 84.2% and specificity 68.4% in the validation cohort). The patients were stratified
into three groups: low-, intermediate-, and high-risk. In the training cohort, the corresponding 5-year progression-
free survival (PFS) rates were 81.7%, 73.4%, and 34.9%, and the 5-year overall survival (OS) rates were 97.4%,
87.4%, and 62.3%, respectively. In the validation cohort, the 5-year PFS rates were 77.7%, 52.9%, and 34.8%, and
the 5-year OS rates were 96.4%, 94.1%, and 73.7%, respectively. This was the first study to use a nomogram with
SUVmax to predict ETF in FL to identify a subset of patients who might benefit from individualized targeted therapy.
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in 24 months of initial frontline immunochemo-
therapy [5]. According to Casulo et al. [6], early
progression is correlated with an inferior 5-year

Introduction

Follicular lymphoma (FL), the second most

common non-Hodgkin lymphoma derived from
mature B cells [1], is classified into grades 1, 2,
3a, and 3b. The clinical course of FL1-3a most-
ly resembles indolent lymphoma, whereas that
of FL3b is more similar to diffuse large B-cell
lymphoma (DLBCL). Over the past few decades,
immunochemotherapy and rituximab mainte-
nance have significantly improved the progno-
sis of FL, with an estimated median overall sur-
vival (0S) of 18-20 years [2]. Cancer cure in
clinic refers to the maintenance of complete
remission for five years. Patients with high-risk
factors often develop drug resistance and
repeated failure; early detection and active
treatment may help reduce the risk of the
development of recurrence [3, 4]. Approximately
20% of patients with FL experience early treat-
ment failure (ETF), progression or relapse with-

OS of 50% in patients who initially underwent
R-CHOP treatment (rituximab plus cyclophos-
phamide, doxorubicin, vincristine, and predni-
sone) compared with 90% in the control group.
The results of the GALLIUM study, which includ-
ed patients treated with obinutuzumab-based
regimens, showed that patients who experi-
enced progression within 24 months had a
markedly increased risk of death with a hazard
ratio (HR) of 26 [7]. However, ETF cannot be
predicted at the time of FL diagnosis, and the
current risk assessment criteria, such as the
Follicular Lymphoma International Prognostic
Index (FLIPI, FLIPI2), cannot accurately identify
ETF. Thus, identifying patients in whom first-line
treatment may fail, leading to early progression,
and predicting outcomes at FL diagnosis
remains a significant challenge.
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In recent years, 18F-fluorodeoxyglucose (FDG)
positron emission tomography/computed to-
mography (PET/CT) has been used for staging,
restaging, and evaluating the response in
patients with lymphoma. The total metabolic
tumor volume (TMTV) and pre-treatment maxi-
mum standardized uptake value (SUVmax) are
both strong predictors of FL outcomes. The
SUVmax of PET/CT is a semi-quantitative scale
and is associated with the prognosis of FL.
Strati [8] reported that SUVmax > 18 was
associated with inferior 8-year OS in patients
with FL treated with either R-CHOP (70% vs.
90%; P=0.02) or non-anthracycline-based
frontline regimens (50% vs. 85%; P=0.001).
Very recently, a retrospective study reported
that pretreatment SUVmax > 14.5, instead of
TMTYV, was associated with poorer progression-
free survival (PFS) than baseline SUVmax <
14.5, and 2-year PFS was 54% versus 86%.
This indicated that SUVmax was associated
with early progression in patients with FL 1-3a
[9]. However, the relationship between the PET/
CT SUVmax and ETF remains unclear.

In addition, numerous independent parame-
ters, such as lactate dehydrogenase (LDH),
beta-2 microglobulin (B2MG), Ki67, and ad-
vanced stage, were previously shown to have
prognostic significance in FL [10, 11]. In this
retrospective study, we identified SUVmax >
12, B2MG > 3 mg/L, and Ki67 > 40% as inde-
pendent prognostic risk factors for ETF in two
independent cohorts. Furthermore, we con-
structed a nomogram and compared its ability
with current risk assessment criteria, such as
FLIPI, FLIPI2, and PRIMA-Prognostic Index
(PRIMA-PI), to predict FL prognosis in patients
with a high risk of ETF at the diagnosis stage.

Methods
Patient population

We analyzed clinical data from two indepen-
dent cohorts of patients with symptomatic,
bulky (= 6 cm), or advanced-stage FL consid-
ered ineligible for curative radiotherapy. The
inclusion criteria were as follows: (a) patients
with newly diagnosed FL 1-3a, (b) FDG-avid
lesions on baseline 18F-FDG PET/CT, (c) older
than 18 years, and (d) received immunochemo-
therapy as initial treatment. The exclusion crite-
ria were as follows: (a) newly diagnosed FL 1-3a
with transformation, (b) secondary malignant
disease, (c) those who may benefit from cura-
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tive radiotherapy, (d) incomplete information,
and (e) severe organ dysfunction due to
lymphoma.

In the training cohort, we retrospectively inves-
tigated the records of 296 patients diagnosed
with FL for the first time at the First Hospital
of Jilin University from January 2012 to
December 2021, according to the 2008 or
2016 revised World Health Organization clas-
sification of hematological malignancies. As
shown in Figure 1A, 127 patients were enroll-
ed in this study, with 120 receiving an anthracy-
cline-based regimen with anti-CD20 monoclo-
nal antibody (115 rituximab and 5 obinutuzum-
ab), and 7 receiving bendamustine with ritux-
imab (BR).

Briefly, in the validation cohort from the Duke
University Medical Center, 95 patients were
enrolled (Figure 1B). Thirteen patients received
anthracycline-based regimens with rituximab
and 82 received BR. The dose of drugs was
based on NCCN guidelines of FL in these two
independent cohorts. This study was conduct-
ed in accordance with the principles of the
Declaration of Helsinki and protocol approved
by the institutional review board of Universities.

Clinical and metabolic variables

Clinical information was obtained by reviewing
the patients’ medical charts, including sex,
age at diagnosis, pathologic grade, Ann Arbor
stage, Eastern Cooperative Oncology Group
(ECOG), serum LDH and B2MG, bone marrow
(BM) involvement on biopsy, FLIPI, FLIPI2,
SUVmax of PET/CT, Ki67, and other laboratory
data. Patients received treatment or observa-
tion according to published criteria [12, 13].
The primary endpoint in this study was ETF,
defined as disease relapse or progression with-
in 2-years of starting frontline immunochemo-
therapy.

Baseline PET/CT was performed before immu-
nochemotherapy, and two nuclear physicians
who were unaware of the results of any other
imaging tests and clinical data reviewed the
images.

Statistical analyses

The SUVmax cut-off value was determined
using a receiver operating characteristic (ROC)
curve assay. The chi-square test was used to
compare categorical variables. Logistic regres-
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212 patients with baseline
PET/CT 162 patients of FL 1-3a with assessable
baseline PET/CT
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8 Chemotherapy alone

[ 127 patients for ETF analysis ]

ETF-pos ETFneg Figure 1. Patient enrollment process. A. Training co-
[ ] [ ] hort. B. Validation cohort.

sion was used for multivariate analyses, and Optimal cutoff value determination
factors (P < 0.05) on univariate analysis were
included. A nomogram was constructed ac- The optimal threshold of baseline SUVmax was
cording to the significant prognostic factors determined in the training cohort. ROC curve
using the “rms” package in the R software. The analysis showed an AUC of 0.617 (0.508-
performance of the nomogram was evaluated 0.725), with an optimal cutoff value of SUVmax
using C-statistics and ROC analyses. The area at 12.0 for PFS prediction (sensitivity 0.55,
under the ROC curve (AUC) was used to as- specificity 0.71, P=0.046). In the ETF-pos
sess the accuracy of this nomogram. group, 14 patients (58.3%) had an SUVmax 2
Differences between the Kaplan-Meier curves 12 in the training cohort and eight (42.1%) in
of PFS and OS were evaluated using the non- the validation cohort (Table 1). In addition, we
parametric log-rank test. P value < 0.05 was found that a Ki67 index of 40% would be
considered statistically significant. SPSS ver- more optimal than other cutoff values. B2MG
sion 25.0 or R version 4.1.3 was used for all concentration > 3 mg/L was consistent with a
statistical analyses. previous study [14].
Results Survival analyses
Baseline patient characteristics With a median follow-up time of 41 months in
the training cohort and 84 months in the
The patients’ baseline characteristics are validation cohort, 14 of 127 (11.0%) and 11 of
shown in Table 1. The median age at diagnosis 95 (11.6%) patients died, respectively. In the
in the training and validation cohorts was 50 training and validation cohorts, the 5-year PFS
years (range, 28-80 years) and 60 years, rates were 66.2% and 62.8%, respectively.
respectively. A total of 33.9% (43/127) in The 5-year OS rates were 84.1% and 90.5%,
the training cohort and 17.9% (17/95) in the respectively (Figure 2A-D). The median OS of
validation cohort had FL 3a. More patients had FL patients in the ETF-pos group was poor: 34
advanced-stage disease (100/127, 78.7% in months in the training cohort and 63 months
the training cohort; 89/95, 93.7% in the valida- in the validation cohort. The 5-year OS was sig-
tion cohort). Furthermore, ETF occurred in nificantly lower in the ETF-pos group (42.3%
24 (18.9%, ETF-pos group) and 19 (20.0%) and 62.7%, respectively) than in the ETF-neg
patients in the training and validation cohorts, group (96.3% and 97.4%, respectively; P <
respectively. 0.0001) (Figure 2E, 2F).
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Table 1. Baseline characteristics and univariate analyses of patients with FL1-3a

Training cohort Validation cohort
Characteristics ETF-neg ETF-pos ETF-neg ETF-neg
P value P value
N=103 % N=24 % N=76 % N=19 %
Gender 0.066 0.837
Male 43 41.7 15 625 38 50.0 10 52.6
Female 60 58.3 9 375 38 50.0 9 47.4
Age 0.424 0.757
<60 78 75.7 20 833 43 56.6 10 52.6
> 60 25 24.3 4 16.7 33 434 9 47.4
Histologic grade 0.675 0.082
FL 1-2 69 67.0 15 625 65 855 13 68.4
FL 3a 34 33.0 9 375 11 145 6 31.6
Ann Arbor stage 0.023 0.206
-l 26 25.2 1 4.2 6 79 0 0
-v 77 74.8 23 95.8 70 921 19 100
ECOG 0.009 0.040
0-1 98 95.1 19 79.2 64 84.2 12 63.2
>1 5 4.9 5 20.8 12 158 7 36.8
B symptom 0.196 0.885
No 74 71.8 14 58.3 65 855 16 84.2
Yes 29 28.2 10 447 11 145 3 15.8
LDH 0.003 0.179
Normal 79 76.7 11 45.8 31 40.8 11 57.9
Elevate 24 23.3 13 54.2 45 59.2 8 421
B2MG (mg/L) <0.0001 0.005
<3 76 73.8 8 333 63 829 10 52.6
>3 27 26.2 16 66.7 13 171 9 47.4
Hemoglobin level g/dI 0.478 0.359
>12 80 77.7 17 70.8 63 829 14 73.7
<12 23 22.3 7 292 13 171 5 26.3
BMB 0.120 0.051
Negative 65 63.1 11 45.8 54 711 9 47.4
Positive 38 36.9 13 54.2 22 289 10 52.6
Number of extranodal sites 0.237 0.034
0-1 65 63.1 12 50.0 27 355 2 10.5
>2 38 36.9 12 50.0 49 64.5 17 89.5
Size of largest node > 6 cm 0.755 0.834
No 74 71.8 18 75.0 30 395 8 421
Yes 29 28.2 6 25.0 46  60.5 11 57.9
SUVmax 0.009 0.007
<12 72 69.9 10 447 65 855 11 57.9
=12 31 30.1 14 58.3 11 145 8 42.1
Ki67 0.015 < 0.0001
<40% 74 71.8 11 45.8 57 75.0 6 31.6
> 40% 29 28.2 13 54.2 19  25% 13 68.4

B2MG: beta-2 microglobulin, BMB: bone marrow biopsy; ECOG: Eastern Cooperative Oncology Group; LDH: lactate dehydroge-
nase; SUVmax: maximum standardized uptake value.
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Figure 2. Survival analyses. PFS (A) and OS (B) of patients in the training cohort. PFS (C) and OS (D) in the validation
cohort. Kaplan-Meier curves of OS according to early treatment failure in the training cohort (E) and in the validation

cohort (F).

Table 2. Multivariate analyses of ETF in the training and validation cohorts

Training cohort
HR 95% Cl P value

Validation cohort
HR 95% Cl P value

SUVmax = 12 3.282 1.140-9.447 0.028
B2MG >3 mg/L 4.061 1.272-12.972 0.018
Ki67 > 40% 3.234 1.079-9.688 0.036
ECOG > 1 1.836 0.376-8.961  0.453
Elevated LDH 1.692 0.545-5.258 0.363
Advanced stage 5.124 0.599-43.830 0.136

SUVmax = 12 8.028 1.651-39.023 0.01
B2MG > 3 mg/L 6.506 1.199-35.304 0.030
Ki67 > 40% 5.734 1.438-22.869 0.013
Extranodal sites =2 24.024  2.622-220.128 0.005
ECOG > 1 0.348 0.053-2.272 0.270

SUVmax: maximum standardized uptake value; B2MG: beta-2 microglobulin; ECOG: Eastern Cooperative Oncology Group; LDH:

lactate dehydrogenase.

Identification of independent risk factors

Univariate analyses revealed that SUVmax >
12, Ki67 > 40%, B2MG > 3 mg/L, and ECOG >
1 were significantly correlated with the occur-
rence of ETF in these two independent cohorts.
In addition, elevated LDH levels and advanced
stage were associated with ETF in the training
cohort, and extranodal sites > 2 was associat-
ed with ETF in the validation cohort (Table 1; P
< 0.05). In the multivariate analyses, the com-
mon independent predictive factors for ETF
were SUVmax > 12, B2MG > 3 mg/L, and Ki67
> 40% in these two independent cohorts
(Table 2; P < 0.05). There was no correlation
between the grades of FL and ETF, but more
patients with FL 3a had an SUVmax = 12 than
those with FL1-2 (48.8% vs. 28.6% in the train-
ing cohort; 52.9% vs. 12.8% in the validation
cohort; P < 0.05). However, FLIPI1 and FLIPI2
were not independent prognostic factors for
ETF, nor were the Ann Arbor stage or other clini-
cal factors.

Performance of a predictive nomogram to
identify ETF

Subsequently, we constructed a prognostic
nomogram to predict ETF based on three inde-
pendent predictive factors of ETF via multivari-
ate analysis in the training cohort and con-
firmed it in the validation cohort (Figure 3A).
The C-statistic for the nomogram was 0.832.
ROC analysis showed an AUC of 0.774 in the-
se two independent cohorts, indicating that
this nomogram significantly improved prognos-
tic accuracy (sensitivity 70.8%, specificity of

3862

83.5% in the training cohort, sensitivity 84.2%,
specificity 68.4% in the validation cohort) com-
pared with other evaluation tools, such as
PRIMA-PI, FLIPI, and FLIPI2 (Figure 3B, 3C).

According to the prognostic nomogram score,
patients were categorized into three subgroups
(score: 0-57.5, 67.5-100, and > 100, referred
to as low-, intermediate-, and high-risk groups,
respectively), with significant differences in
prognosis among each subgroup. In the train-
ing cohort, the 5-year PFS rates for patients
were 81.7%, 73.4%, and 34.9%, respectively
(P < 0.0001), and the 5-year OS rates were
97.4%, 87.4%, and 62.3%, respectively (P <
0.0001) (Figure 3D, 3E). In the validation
cohort, the 5-year PFS rates were 77.7%,
52.9%, and 34.8%, respectively (P=0.001), and
the 5-year OS rates were 96.4%, 94.1%, and
73.7%, respectively (P=0.028) (Figure 3F, 3G).
These results indicate that our nomogram can
successfully identify patients with FL who may
experience ETF with poor prognosis.

Discussion

FL is a mostly incurable disease with a hetero-
geneous clinical course. Therefore, there are
many efficacious treatment modalities current-
ly available, ranging from watching and waiting
to radiotherapy, chemotherapy, immunoche-
motherapy, monoclonal antibodies, autologous
stem cell transplantation, and novel immuno-
modulatory agents. The introduction of ritux-
imab significantly improves the OS of patients
with FL [15]. In the GALLIUM study, Marcus et
al. compared rituximab-combined chemothera-
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Figure 3. Nomogram to predict ETF of FL patients. (A) Nomogram to predict ETF of FL patients according to SUVmax
> 12, B2MG > 3 mg/L and Ki67 > 40% in the training cohort. ROC curves to assess the predictive accuracy of the
nomogram, compared with the FLIPI, FLIPI2 and PRIMA-PI in the training cohort (B) and the validation cohort (C).
Kaplan-Meier curves of PFS (D) and OS (E) in three risk groups according to nomogram in the training cohort; PFS

(F) and OS (G) in the validation cohort.

py with obinutuzumab-combined chemothera-
py in 1202 patients with previously untreated
advanced-stage FL. The 3-year PFS was esti-
mated to be 73.3% in the rituximab group and
80.0% in the obinutuzumab group [16]. In this
study, > 80% of the patients survived for > 5
years. The 3- and 5-year PFS rates were 70.3%
and 66.2%, respectively, which were shorter
than those in clinical trials, reflecting the het-
erogeneity of the cohort in the clinical setting.
Despite significant advances in FL treatment, a
subgroup of approximately 20% of patients still
experience a short remission and markedly
inferior outcome because of ETF [17, 18]. ETF
is defined as a group of very high-risk patients
and is an accurate predictor of poor OS.
Patients who developed ETF had a substantial-
ly increased risk of death within five years, and
the OS was significantly worse than that in
patients without early progression. In the
National LymphoCare Study conducted by
Casulo et al. [6], 19% of FL patients who
received R-CHOP as the first-line treatment
experienced early progression and a lower
5-year OS rate (50% vs. 90%). Similarly, 18.9%
and 20% of patients in these two independent
cohorts experienced ETF, respectively, with a
lower 5-year OS than that in the ETF-neg gro-
up (42.3% vs. 96.3% and 62.7% vs. 97.4%,
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respectively). However, the likelihood of devel-
oping ETF remains unknown at the time of diag-
nosis. Thus, identifying patients who may expe-
rience early progression following first-line
treatment and predicting outcomes at diagno-
sis of FL poses a major challenge. Currently,
existing prognostic models still have some limi-
tations in predicting ETF, such as the FLIPI,
FLIPI2, or PRIMA-PI (Table 3). Jurinovic et al.
[19] reported data from two independent
cohorts and showed that m7-FLIPI had the
highest accuracy in predicting early progres-
sion, with a sensitivity of approximately 61%
and specificity of 79%, compared with FLIPI
(sensitivity 78%, specificity 56%) and POD24-
Pl (sensitivity 78%, specificity 67%). In addition,
another gene model, 23 gene-expression profil-
ing (GEP), was used to predict early progression
with a sensitivity of approximately 43% and
specificity of 79% [20]. However, the m7-FLIPI
and 23 GEP scores are not widely available in
clinical practice because of the cost and
requirement of infrastructure. In addition, Mir
et al. constructed the FL Evaluation Index
(FLEX) score to predict ETF, with a sensitivity
of approximately 60% and specificity of 68%
compared with FLIPI, FLIPI2 (sensitivity 53%,
specificity 59%), and PRIMA-PI (sensitivity 69%,
specificity 47%) [21]. Nevertheless, FLEX is a
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Table 3. Prognostic Models in Follicular Lymphoma and Correlation With early progression

Prediction
Prognostic Index Prognostic Factors Risk groups QOutcomes Notes of early Reference
progression
FLIPI *Age>60y LR (0-1 points, 36%) 10y 0S 71% * Endpoint: 0S Sensitivity 78% [19, 33]
*Ann-Arbor lll/IV IR (2 points, 37%) 10y OS 51% * Established in the pre-rituximab era Specificity 56%
*> 4 nodal regions HR (= 3 points, 27%) 10y OS 36% *ECOG, B2MG not included
*Hb <12 g/dI * Nodal areas cumbersome to count
*LDH elevate *Can’t guide treatment
FLIPI2 *Age>60y LR (O points, 20%) 5y: PFS 80%, 0S 98%  *Endpoint: PFS Sensitivity 53% [21, 34]
*Hb <12 g/dl IR (1-2 points, 53%) 5y: PFS 51%, OS 88%  *Prospective design Specificity 59%
*32MG elevate HR (= 3 points, 27%) 5y:PFS 19%, 0S 77%  *Rituximab era (only 59% received R)
*BMI *Short follow-up (median 3.2 'y)
eLodLIN>6cm *Can’t guide treatment
m7-FLIPI *FLIPI score > 2 LR (index < 0.8, 72%) 5y: FFS 77%, 0S90%  *Endpoint: FFS Sensitivity 61% [19, 35]
*ECOGPS>1 HR (index > 0.8, 28%) 5y: FFS 38%, 0S 65% *Combined genetic information Specificity 79%
*Mutational genes (EZH2, * Individual mutations were not independently prognostic
ARID1A, EP300, MEF2B, in the MVA
FOX01, CREBBP, CARD11) « limiting its applicability to patients treated with different
regimens
* Costly
POD24-PI *HR FLIPI LR (index < 0.71, 58%) 5y:FFS 77%,0S 91%  *Endpoint: POD24 Sensitivity 78% [19]
*Mutational genes HR (index > 0.71, 42%) 5y: FFS 50%, OS 71% e Failed to improve the overall performance of m7-FLIPI Specificity 67%
(EP300, FOX01, EZH2) « Costly
TMTV with FLIPI2 «TMTV > 510 cm? LR (O points, 53%) 5y: PFS 69%, 0S 99%  ¢Endpoint: PFS Not reported [28]
*FLIPI2 score 3-5 IR (1 points, 33%) 5y: PFS 46%, 0S 85%  *Similar OS for IR and HR groups
HR (2 points, 14%) 5y: PFS 20%, 0S 87%  *No external validation
PRIMA-PI *B2MG > 3 mg/L LR (B2MG < 3 mg/L and no BMI, 34%) 5y: PFS 69%, 0S 93%  *Endpoint: PFS Sensitivity 69% [14, 21]
*BMI IR (B2MG < 3 mg/L and BMI, 34%) 5y: PFS 55%, 0S93%  *Simple model Specificity 47%
HR (B2MG > 3 mg/L, 32%) 5y: PFS 37%, 0S 81%  *Similar OS for BMI alone or not
TMTV with EOI PET ¢ TMTV > 510 cm® LR (O risk factors, 64%) 5y: PFS67% *Can’t guide initial therapy 2y: PFS 90.2% [29]
*EOI PET positive IR (1 risk factor, 27%) 5y: PFS 33% * Acquisition of TMTV is not quite convenient 2y: PFS 61.4%
HR (2 risk factors, 8%) 5y: FFS 23% *No difference in 2 y PFS between the IR and HR groups 2 y: PFS 46.2%
23-GEP * Expression levels of 23 LR (index < 1.075, 65%) 5y: PFS 73% *Endpoint: PFS Sensitivity 43% [20]
genes HR (index > 1.075, 35%) 5vy: PFS 26% * Absence of clinical variables Specificity 79%
*highly dependent on the treatment regimen (BR better)
* Costly
FLEX *Male sex LR (0-2 risk factors, 64%) 3y: PFS 86%, 0S 97%  *Endpoint: PFS Sensitivity 60% [21]
*SPD in the highest HR (3-9 risk factors, 36%) 3y: PFS 68%, OS 87%  *more accurate to predict PFS and OS than FLIPI, FLIPI2, Specificity 68%
quartile and PRIMA-PI
*Grade 3a *Short follow-up (median 57 months)
*> 2 extranodal areas * complex model (9 risk factors)
*ECOG > 1 *Questionable biological rationale of NK cell count
*Hb <12 g/dl inclusion
*32MG elevate
*NK count < 100/uL
*LDH elevate
BioFLIPI e lack of intra-follicular BioFLIPI 1 (23.6%) 2y: EFS24: 84.6% ¢ Endpoint: EFS 12/24 Sensitivity 72% [22]
CD4 expression BioFLIPI 2 (35.1%) 2 y: EFS24: 69.5% * Prospective design Specificity 56%
*HR FLIPI BioFLIPI 3 (30.8%) 2y: EFS24: 61.4% * Failed to improve the accuracy
BioFLIPI 4 (10.5%) 2y: EFS24: 46.1%

y, years; ECOG, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; BMI, bone marrow involvement; Hb, hemoglobin; B2MG, beta-2 microglobulin; LodLIN, longest diameter of the largest node; R, rituximab;
BR, bendamustine with rituximab; OS, overall survival; FFS, failure-free survival; PFS, progression-free survival; EFS, early failure survival; POD24, progression of disease within 24 months; LR, low risk; IR, intermediate risk; HR, high risk; MVA,
multivariate analysis; TMTV, total metabolic tumor volume; NK, natural killer; SPD, sum of the products of lesion diameters; EOI PET, end-of-induction treatment PET/CT.
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complex model that requires nine risk factors,
including the NK cell count, which is question-
able in clinical settings. In addition, there are
immuno-microenvironment-related prognostic
scores for predicting early progression, such as
BioFLIPI, including two factors (lack of intra-
follicular CD4 expression and high-risk FLIPI),
with a sensitivity of 72% and specificity of 56%.
However, the accuracy of BioFLIPI is lower than
that of FLIPI (sensitivity 60%, specificity 69%)
and 23 GEP score (sensitivity 44%, specificity
82%) [22]. Therefore, ongoing studies are
aimed at identifying more accurate clinical,
metabolic, biological, and genetic factors that
may predict the likelihood of early recurrence.

Studies have shown that FDG PET/CT is a more
sensitive staging method for FL patients than
CT [23, 24], and FDG PET/CT at the end of
induction therapy can predict PFS, OS, and
early progression [25-27]. SUVmax and TMTYV,
both critical parameters of PET/CT, have been
applied to FL. Baseline TMTV > 510 cm® com-
bined with FLIPI2 can identify patients at a high
risk of early progression, with a 5-year PFS of
20% in the high-risk group [28]. In addition,
Cottereau et al. [29] established a model that
incorporates baseline TMTV and end of induc-
tion treatment PET/CT (EOI PET) to identify FL
patients at a very high risk of early progression,
in which the 5-year PFS of patients with TMTV >
510 cm?® and positive EOlI PET was only 23%.
However, this model cannot predict patients’
experience of ETF at diagnosis, and the acquisi-
tion of TMTV is not convenient in clinical set-
tings. Furthermore, a recent retrospective
study reported that baseline SUVmax instead
of TMTV was associated with poorer prognosis
in patients with FL1-3a [9].

The SUVmax in PET/CT, as a semi-quantitative
scale, has been widely used to evaluate the
prognosis of patients with FL. In previous retro-
spective studies, it was recommended to set
the cutoff value of SUVmax as 10, 14, and 17
to identify FL patients with a higher transfor-
mation risk [30-32]. In addition, a retrospective
study indicated that Ki67 > 10% correlated to
increased SUVmax, which implied that baseline
SUVmax and Ki67 could define patients with
a high risk of relapse or progression [9].
However, the relationship between the PET/CT
SUVmax and ETF remains unclear. We pro-
posed combining established clinical risk fac-
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tors with SUVmax to identify high-risk patients
who may experience an ETF. In this analysis,
the independent predictive factors for ETF were
SUVmax > 12, B2MG > 3 mg/L, and Ki67 >
40%. A combination of these three adverse fac-
tors could classify the patients into three risk
groups according to the nomogram, with
patients in the high-risk group experiencing
poor survival. In the training cohort, the 5-
year OS rates were 97.4%, 87.4%, and 62.3%
for the low-, intermediate-, and high-risk gro-
ups, respectively. Moreover, the 5-year 0S
rates were 96.4%, 94.1%, and 73.7% in the
validation cohort, respectively. However, the
prognosis between the low- and intermediate-
risk groups was not statistically different;
therefore, an extended follow-up may be
required. This nomogram, based on easily avail-
able clinical data, is convenient, feasible, and
has significant prognostic accuracy (sensi-
tivity, 70.8%; specificity, 83.5% in the training
cohort; sensitivity, 84.2%; specificity, 68.4% in
the validation cohort) compared with other
prognostic evaluation tools. Significantly, in this
study, more patients (94.5%) received anthra-
cycline-based immunochemotherapy in the
training cohort, but 86.3% received bendamus-
tine-based immunochemotherapy in the valida-
tion cohort, which may indicate that this nomo-
gram was not restricted by the treatment regi-
mens. In addition, it is worth noting that more
patients with FL 3a had SUVmax > 12 than
those with FL1-2 in these two independent
cohorts, which may indicate a limitation in the
histological diagnosis of FL. To the best of our
knowledge, this is the first nomogram to pre-
dict the probability of ETF in patients with FL.
This integrated approach, rather than each
parameter alone, can identify FL patients with
a higher risk of early progression and treatment
failure for whom new agents or intensive treat-
ment should be considered at diagnosis.

In conclusion, ETF in patients with FL treated
with immunochemotherapy marks a unique
group of patients with a high risk of early death.
In this study, SUVmax > 12, B2MG > 3 mg/L,
and Ki67 > 40% were independent predictive
factors for ETF. Our study applied a nomogram
to predict FL patients with a high risk of ETF at
diagnosis, and it may represent a promising
new tool for identifying a subset of patients
who may benefit from individualized targeted
therapy, because of the risk of early treatment
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failure within two years. However, this study has
some limitations. We will try to explore artificial
intelligence or radiomics to further analyze
PET/CT or CT data in detail and incorporate into
the nomogram. Besides, this was a retrospec-
tive study, and the nomogram should be evalu-
ated in prospective trials with a large sample
size in the future.
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