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ABSTRACT
Introduction: Follicular lymphoma (FL) has a heterogeneous prognosis. Progression within 24 months of starting front-
line therapy (POD24) is prognostic of overall survival (OS). Despite its prognostic value in early lines, the role of POD24 in
relapsed/refractory (R/R) patients initiating later lines of therapy (LoTs) is unknown.
Methods:We analyzed the SCHOLAR-5 real-world cohort to investigate whether POD24 is prognostic in patients with R/R FL
initiating ≥3rd LoT.
Results: Among the 128 SCHOLAR-5 patients, 34 patients experienced POD24. POD24 patients received their ≥3 LoT after a
shorter time compared with non-POD24 patients (median 42.0 months [range: 8.8‒17.8] vs. 109.9 months [range: 29.6‒310.2]).
Using a time-dependent multivariate Cox model, POD24 was predictive of shorter OS from initiation of ≥3rd LoT with a hazard
ratio (HR) of 2.44 (95% confidence interval [CI]: 1.20‒4.96). For progression-free survival, using a multivariate repeated-measures
Cox model, the effect was similar but not statistically significant (HR: 1.45; 95% CI: 0.94‒2.11).
Conclusion: This study demonstrates that among patients with R/R FL initiating a ≥3rd LoT, POD24 patients reach these LoTs
sooner after diagnosis and POD24 remains prognostic of subsequent OS. This suggests that POD24 status can inform clinical
decision making in this population.

1 Introduction

Follicular lymphoma (FL) is an indolent form of non-Hodgkin
lymphoma [1, 2]. Despite its indolent nature, FL has a heteroge-
neous prognosis. Given the varying outcomes in patients with FL,
identifying patients that are at higher risk of negative health out-
comes using prognostic factors is critical to develop optimal care
strategies. One such prognostic factor is progression of disease
within 24 months of initiation of front-line therapy (POD24) [3].
With approximately 20% of patients with FL experiencing POD24

[3], it represents a meaningful portion of patients with FL that
may continue to have an unmet medical need [4, 5].

POD24 was first identified as a prognostic variable for FL in a
study by Casulo et al. [3]. In this study, patients who underwent
POD24 after initiation of front-line chemoimmunotherapy had
shorter subsequent overall survival (OS) following progression,
compared with patients who had not progressed by 24 months.
Since then, POD24 has been independently validated as a risk
factor for shorter OS across several trials and real-world studies
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[6–8] including in a population who received chemotherapy-free
front-line therapy (e.g., rituximab monotherapy) [9]. Similarly,
a more recent validation study by Casulo et al. that included
data from 13 clinical trials found that POD24 was prognostic
regardless of choice of front-line therapy, although it had the
strongest prognostic impact among patients who received front-
line chemoimmunotherapy [10].

Unlike baseline risk-factors—such as age, disease stage or the
FL international prognostic index (FLIPI) [11]—POD24 cannot
be defined until the progression event occurs. As such, it is
not available to inform front-line treatment decisions [12].
Its prognostic value, therefore, lies in treatment selection for
subsequent lines in patients with relapsed/refractory (R/R) FL.
Given the strong evidence above, POD24 can inform treatment
decisions in second-line settings immediately following initial
progression. However, its value at later line of therapy (LoT)
is unclear. Despite this, it is often used as a marker for high
risk in this population [13, 14]. In the recent pivotal trials of
chimeric antigen receptor (CAR) T-cell therapies and bispecific
monoclonal antibodies in patients at ≥3rd LoT, the proportion
of patients that previously underwent POD24 has varied from
42% to 63% [15–19]. This represents a significant proportion of
the ≥3rd LoT R/R FL trial population. It is therefore essential to
establish if POD24 remains prognostic at ≥3rd LoT.

As FL is an indolent disease, it can take many years to reach
≥3rd LoT. In addition, these patients are a subset of the full FL
population, with systematic differences driven by prior disease
response and death. A ≥3rd LoT may not be initiated by either
the high-risk patients who die before initiation of this LoT or
by the low-risk patients who respond to earlier LoT and do not
relapse. The years between POD24 and initiation of ≥3rd LoT
and the change in the characteristics of the patients between
these two timepoints may change the prognostic value of POD24.
In this study, we sought to investigate POD24 as a prognostic
factor in a ≥3rd LoT real-world cohort, SCHOLAR-5 [20].

2 Methods

2.1 Study population

SCHOLAR-5 is an international real-world cohort of patients
with R/R FL that was initially designed to serve as an external
control cohort for the ZUMA-5 trial [21]. It is comprised of
patients recruited in seven medical centers from five countries
(United States, UK, France, Spain, and Portugal). Details on
the inclusion criteria and characteristics of this cohort have
previously been described [20]. In brief, eligible patients were
adults (aged ≥ 18 years) with R/R FL grade 1‒3a, with biopsy-
proven absence of transformation, having ≥2 prior LoT and who
initiated treatment on or after July 2014. Patients who had prior
anti-CD19 or other CAR T-cell therapy were ineligible, as were
patients who initiated <12 months prior to the study end date
(varying by site through 2020).

2.2 Definitions

POD24 was defined as progression within 24 months of initia-
tion of front-line anti-CD20 containing chemoimmunotherapy.

Patients who did not progress by this time, or received other
categories of front-line treatment (e.g., anti-CD20 monotherapy),
were categorized as non-POD24. Change of therapy within 24
months of initiation without progression was not sufficient to be
considered POD24.

Patients could have multiple LoT. All eligible LoT were classed as
3rd, 4th, 5th, or ≥6th in all analyses due to the small number of
patients with>6th LoTs. Anti-CD20monotherapywas an eligible
LoT, but watch and wait, surgery, or radiotherapy alone were not.
Refractory disease to prior LoTwas defined as disease progression
within 6 months of completion of the most recent prior therapy,
while relapsed to prior LoT was defined as progressionmore than
6months after completion of themost recent prior treatment after
complete response, partial response, or stable disease. For OS,
the index date was defined as the initiation of the first eligible
≥3rd LoT. Progression-free survival (PFS) was defined as the
time from the index date of each eligible LoT to earliest date
of progression or death from any cause. For the description of
treatment patterns, all treatments were classified into one of 14
treatment classes (see Supporting Information for more details).

2.3 Statistical methods

To assess the association between POD24 and OS among later-
line (i.e., ≥3 LoT) patients with R/R FL, individual patient
data from the SCHOLAR-5 cohort were analyzed using time-
dependent Cox proportional hazards regression [10]. Given the
aim of the analysis, we sought to adjust for potential confounders,
and as POD24 occurs prior to the initiation of the first eligible
≥3rd LoT, patient characteristics at the start of the first eligible
LoT (and therefore after POD24) could not be considered
confounders. Instead, we looked to control for patient and disease
characteristics at diagnosis, prior to the occurrence (or not) of
POD24. The Cox regression was fit with LoT number and stem-
cell therapy (SCT) entered as categorical, time-varying covariates;
and sex and POD24 status were entered as fixed covariates. SCT
was included as a binary predictor to indicate which LoT in the
data were SCT (including both autologous and allogeneic SCT).
As these time-varying covariates (LoT number and SCT) changed
after POD24 status was determined, they were not included
as confounders, but rather as predictors to improve modeling
performance. Of note, we were unable to include FLIPI and stage
at diagnosis due to a high degree of missingness. For OS, the
index LoTwas the first eligible≥3rd LoT for each patient. Patients
were censored at their last date of follow-up if they did not have
an event. Transformation after initiation of the first eligible LoT
was not included as a censoring event as the aim of the analysis
was to predict the outcome of eligible patients by POD24 status,
and later transformation may be related to this categorization.

In addition to OS, we also explored the prognostic value of
POD24 on PFS. These analyses were also conducted using Cox
proportional hazards regression; however, changes were made
to account for key differences in the outcome definition. Patients
can have multiple PFS events—up to one per LoT—while a
given patient can only have one OS event. As such, patients
were analyzed at each eligible LoT using repeated-measures
mixed-effects Cox regression. The outcome was time to first
progression after initiation of each eligible LoT. The same
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FIGURE 1 Patient selection. FL, follicular lymphoma; LoT, line of therapy.

additional covariates were included as for OS. LoT and SCT
were no longer used as time-varying variables because each LoT
was analyzed separately. Ineligible LoTs (such as LoTs following
transformation) were excluded.

The proportional hazards assumption was tested for each model
by looking for interactions between time residuals for each covari-
ate [22], and the assumption was met in each case. Secondary
analyses investigated the relationship between R/R status to the
prior LoT to OS and PFS using the same modeling approach for
each outcome as described above. These models did not control
for POD24 status, due to the collinearity of R/R status and POD24.
All statistical analyses used a two-tailed α of 0.05 and were
conducted in R (version 4.3.1).

3 Results

3.1 Patient characteristics

Patient selection for the analyses is depicted in Figure 1. Of
the 184 recruited patients, 128 met the inclusion criteria for the
SCHOLAR-5 cohort. Within the analysis set, 34 (26.6%) met the
criteria for POD24. Table 1 presents and contrasts the baseline
characteristics for the eligible patients. Most characteristics at
diagnosis were similar between POD24 and non-POD24 patients.
Age, FLIPI, and stage at diagnosis were similar between the
two groups. The only statistical difference at diagnosis between
the two groups was the year of diagnosis. Non-POD24 were
diagnosed earlier than POD24 patients, with a median year
of diagnosis of 2007 and 2013, respectively (Figure S1). This
difference may be explained by the shorter survival among
POD24 patients that was observed by Casulo et al. Consequently,
the median time from diagnosis to initiation of first eligible
≥3rd LoT was significantly longer in the non-POD24 patients
(109.9 months) compared to the POD24 patients (42.0 months,
Figure 2), suggesting that POD24 patients have faster progressing
disease (i.e., a less indolent form of FL).

At this first eligible ≥3rd LoT, POD24 patients were also signifi-
cantly more likely to be double refractory (defined as refractory
to the two LoTs prior to the index LoT), have higher grade FL,
and shorter median time since diagnosis, as presented in Table 1.
Although the median number of prior lines was two for both

groups, the range of prior LoTs was much wider in the non-
POD24 group, with a maximum of nine prior LoTs, compared to
a maximum of four in the POD24 group. Treatment patterns at
first eligible≥3rd LoTwere similarly heterogenous in POD24 and
non-POD24 patients (Figure 3 and Table S1), as were treatment
patterns across all LoT (Figure S2). We did observe, however, that
fewer POD24 patients received anti-CD20monotherapy at second
LoT, compared to non-POD24 patients.

3.2 Effectiveness outcomes

Results of the Cox proportional hazards regression models
are presented in Table 2 (full details in Table S2). POD24 was
a statistically significant predictor of OS (hazard ratio [HR]:
2.44; 95% confidence interval [CI]: 1.20‒4.96). POD24 patients
initiating at≥3rd LoTwere at 2.44 times higher risk of death than
their non-POD24 counterparts. The unadjusted Kaplan‒Meier
curve (Figure 4a) also shows this pattern of results, despite
this plot not controlling for the effect of the confounders
included in the model. As previously mentioned, patients were
not censored at transformation of disease. A review of the
data revealed that only a small proportion of patients showed
evidence of transformation before the end of follow-up (Figure
S3). Patients that showed evidence of transformation prior to
their first eligible LoT were not included in the SCHOLAR-5
cohort.

In the PFS model that included all eligible LoTs (also presented
in Table 2), the effect was in the same direction as OS but
not statistically significant. The lower bound of the estimated
treatment effect was close to 1, which suggests marginal support
for the value of POD24 as a prognostic factor for PFS.Nonetheless,
the estimated effect was also considerably smaller than that
observed in OS (HR: 1.41; 95% CI: 0.94‒2.11, Figure 3c).

Additional analyses provided further insights into the data. R/R
status to prior LoT (Figure S4 and Table S3) was a not a significant
predictor of OS (HR: 1.39; 95% CI: 0.71‒2.72) but was a predictor
of PFS (HR: 1.50; 95% CI: 1.05‒2.14). Finally, the POD24 group
did not contain any patients initiating ≥5th LoT, whereas there
were seven such patients in the non-POD24 group. The results
remained unchanged when the analysis was conducted without
these seven patients.

3 of 8



TABLE 1 Patient characteristics, separated by progression of disease within 24months of start of front-line chemoimmunotherapy (POD24) status.

POD24 (N = 34) Non-POD24 (N = 94) p-Valuea

Characteristics at diagnosis
Median age, years (range) 58 (36, 79) 56 (32, 82) 0.10
FLIPI, n (%)
Low 5 (21.7%) 15 (23.1%) 0.41
Medium 7 (30.4%) 27 (41.5%)
High 11 (47.8%) 23 (35.4%)
Missing 11 29

Stage, n (%)
I 1 (4.0%) 5 (6.7%) 0.81
II 3 (12.0%) 5 (6.7%)
III 8 (32.0%) 23 (30.7%)
IV 13 (52.0%) 42 (56.0%)
Missing 9 19

Male, n (%) 17 (50.0%) 56 (59.6%) 0.44
Characteristics at first eligible ≥3rd LoT
Median age, years (range) 62 (37, 85) 65.5 (36, 86) 0.48
Median time since diagnosis, months (range) 42.0 (8.8, 173.8) 109.9 (29.6, 310.2) <0.0001
FL grade, n (%)
Grade 1 13 (39.4%) 46 (54.8%) 0.04
Grade 2 13 (39.4%) 33 (39.3%)
Grade 3a 7 (21.2%) 5 (6.0%)
Missing 1 9

ECOG, n (%)
≤1 27 (96.4%) 67 (91.2%) 0.27
>1 1 (3.6%) 6 (8.2%)
Missing 6 21 (91.8%)

Number of prior LoT, median (range) 2 (2‒4) 2 (2‒9) <0.01
Response to previous LoT
Relapsed 16 (47.1%) 63 (68.5%) 0.05
Refractory 18 (52.9%) 29 (31.5%)
Missing 0 2

Double refractory, n (%) 9 (26.5%) 3 (3.2%) <0.0001
Size of largest nodal mass ≥7 cm, n (%) 7 (31.8%) 15 (25.0%) 0.74
Missing 12 34

Abbreviations: ECOG, Eastern Cooperative Oncology Group performance score; FL, follicular lymphoma; FLIPI, follicular lymphoma international prognostic
index; LoT, line of therapy.
aCharacteristics were compared between groups using chi-square test (for categorical outcomes) or an independent t-test (for continuous outcomes). Time since
diagnosis and number of prior LoT did not meet the assumption of normality, and so groups were compared using a Mann‒Whitney U-test.

4 Discussion

Our research expands upon the pivotal work by Casulo et al. [3,
10] by exploring whether POD24 remains prognostic of OS in
patients initiating later LoTs in R/R FL. This study demonstrates
that POD24 retains its prognostic value for OS among later-
line patients with R/R FL, with POD24 patients experiencing

poorer OS after initiation of ≥3rd LoT. In addition, the time
to reach these later lines was much shorter for patients with
POD24, which suggests that these patients progress through
subsequent LoTs faster than those who do not undergo POD24.
This progression early in the disease course has an effect
on the treatment pathway that remains significant at later
LoT.
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(A) (B)

FIGURE 2 Time course of lines of therapy (LoTs) by progression of disease within 24 months of initiation of front-line chemoimmunotherapy
(POD24). (a) Density plot of time since diagnosis to initiation of first eligible ≥3rd LoT, separated by POD24. (b) Histogram of time since diagnosis to
each LoT, separated by POD24. Thick lines represent medians, with the boxes representing the interquartile range (IQR), whiskers representing the
range.
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FIGURE 3 Treatment patterns at first eligible line of therapy (LoT).
Benda, bendamustine; CD20; anti-CD20 monoclonal antibodies; Chemo,
chemotherapy; CHOP, cyclophosphamide, doxorubicin, vincristine, and
prednisone; CVP, cyclophosphamide, vincristine, prednisolone; EZH2i,
enhancer of zeste homolog 2-specific inhibitors, IMiD, immunomodula-
tory drugs; R2, rituximab and lenalidomide; SCT, stem cell transplant;
PI3Ki, phosphoinositide 3-kinase inhibitor; POD24, progression of disease
within 24 months of front-line chemoimmunotherapy.

OS has been the outcome of interest in prior investigations
of POD24 [3, 10, 23] likely due to its objectivity and clinical
meaningfulness [24], as well as its availability across multiple
trials and real-word sources. However, PFS is also an important
outcome in FL studies, as it requires considerably less follow-up
time to reach maturity. Here, we did observe an effect in the
expected direction for PFS, with POD24 being associated with

TABLE 2 Survival estimates by progression of disease within 24
months of front-line chemoimmunotherapy (POD24).

POD24 Non-POD24

Overall survival
Adjusted HR (95% CI) 2.44 (1.20, 4.96)
Median months (95% CI) 60.1 (38.2, NE) 67.6 (65.5, NE)
24 months, % (95% CI) 71.1 (56.8, 89.1) 80.3 (72.3, 89.2)

Progression-free survival
Adjusted HR (95% CI) 1.41 (0.94, 2.11)
Median months (95% CI) 8.1 (6.2, 11.2) 10.3 (7.1, 12.6)
24 months, % (95% CI) 6.0 (1.6, 22.7) 14.4 (8.9, 23.4)

Abbreviations: CI, confidence interval; HR, hazard ratio; NE, not evaluable.

shorter PFS among later-line patients with R/R FL. However,
as the association to PFS was not statistically significant,
this relationship is worth subsequent investigations in other,
potentially larger, cohorts. Further work is needed to establish
if this lack of significance reflects the true absence of an effect
of POD24 on PFS, or if we were lacking the statistical power to
observe the effect in our sample.

The definitions used for POD24 in this later-line population are
heterogeneous, particularly with regards to the front-line therapy
patients received to be considered POD24 after a progression
event. In our study, we used the ZUMA-5 definition: progressing
within 24months of the start of front-line chemoimmunotherapy
with patients who received front-line monotherapies being
classified as non-POD24 [17]. This definition was also used by
the TRANSCEND-FL trial for lisocabtagene maraleucel, but
differs from the recent analysis of Casulo et al., where patients
who progressed following frontline monotherapy were also
considered POD24 [16]. The definition used in the ELARA
differed again [18], with patients considered POD24 as long as
front-line therapy included an anti-CD20 monoclonal antibody
(i.e., rituximab monotherapy was eligible). In addition, changing
to second-line therapy, regardless of disease progression, was

5 of 8



FIGURE 4 Unadjusted Kaplan‒Meier curves by progression of disease within 24 months of start of front-line chemoimmunotherapy (POD24)
status. CI, confidence interval; HR, hazard ratio; LoT, line of therapy.

an eligible event. In the GO29871 trial for mosunetuzumab,
patients were considered POD24 regardless of the type of
systemic front-line therapy administered [15]. The definition
used in our analysis was motivated by earlier work in POD24
that suggested a strong effect of POD24 among patients
initiating front-line chemoimmunotherapy [3]. Since this time,
additional investigations have shown that early progression after
front-line treatment with less intense regimens (e.g., rituximab
monotherapy)may also be prognostic [9, 10].However,whichever
definition is used, patients who receivemore aggressive front-line
therapy and still progress early meet the criteria for POD24, and
so all these definitions capture the highest risk population.

The SCHOLAR-5 cohort was designed to be representative of
relatively recent treatment regimens. To this end, all eligible LoTs
in this cohort were initiated after July 2014. The treatment pattern
looked similar in POD24 patients, except for first-line treatment
as this was used in the POD24 definition. There is no evidence
that there was a systematic difference in the type of therapy
POD24 patients received at later LoTs (e.g., both groups received
similar rates of experimental treatment), and no evidence that
treatment differences at index LoT could explain the difference
in OS. As such, controlling for SCT, as we did in the analysis,
was likely sufficient to adjust for potential bias that may result
from differences in treatment patterns [25]. As SCHOLAR-5 was
designed as an external control arm for ZUMA-5, no SCHOLAR-5
patients received CAR T-cell therapy, so no further analytical
adjustments were required. It is noteworthy, however, that we
have previously shown that the clinical benefit of axicabtagene
ciloleucel, when comparing ZUMA-5 to SCHOLAR-5, was
maintained in the POD24 subgroup analysis [21].

Our study has some limitations. First, due to the indolent nature
of R/R FL, the low proportion of patients with FL that initiate a
≥3rd LoT, and the requirement that patients must have initiated
an eligible LoT after July 2014, the sample size of this cohort
can be qualified as modest. Similar sampling challenges were
observed in other similar external control cohort studies [26–28].
Although our study may have been underpowered for detecting a
relationship to PFS, we did observe a statistically significant prog-
nostic relationship of POD24 for OS. In addition to the small sam-
ple size, the patients included in the study were heterogenous in
terms of prior treatment and the number of prior LoT. SCHOLAR-

5 does not include recently approved treatments, such as CAR
T-cell therapies and bispecific monoclonal antibodies, and the
prognostic value of POD24 in these interventions is not known.
Whilst this cohort does include patients from both the United
States and Europe, further work would be required to investigate
if the prognostic value of POD24 is maintained outside of these
geographies. Finally, some baseline characteristics were adjusted
for in previous POD24 research that we were not able to include
due to missingness. Given that this research was focused on later
LoTs, it is not clear how impactful patient characteristics at diag-
nosis would impact these analyses. The impact of patient charac-
teristics at diagnosis would likely be less impactful over time.

In this cohort, the number of patients with evidence of trans-
formation after initiation of the first eligible LoT was minimal,
although there were more patients in the POD24 subgroup who
transformed during follow-up. This may suggest that POD24 is a
risk factor for later transformation, although more data would be
required to investigate this. As patients who transformed prior
to their first eligible LoT were excluded from SCHOLAR-5 this
reduced the size of the POD24 population and removed those
patients with the most aggressive disease [29]. This may have
given a more accurate estimate of the effect on OS, compared to
other studies where transformation was not accounted for.

Prognostic factors with strong effects are particularly important
to identify in FL given that identifying patients with less indolent
disease may help healthcare providers optimize patient care.
Our study has shown that POD24 continues to hold strong
prognostic value in later-line patients with R/R FL and is likely to
have prognostic value for other outcomes, including PFS. More
research is needed to better understand the prognostic value
of POD24 on other outcomes, the impact of the heterogeneous
definitions found across this therapeutic area, and in understand-
ing whether its prognostic value holds for patients using more
modern treatments such as CAR T-cell therapies.
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