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KEY PO INT S

� Risk factors for POD24
included male sex,
poor performance
status, high-risk FLIPI
score, and elevated
b2-microglobulin.

�We validated POD24 as
a significant prognostic
marker among >5000
patients on 13
international clinical
trials.

Observational studies and stand-alone trials indicate that patients with follicular lymphoma
(FL) who experience disease progression within 24 months of front-line chemoimmunotherapy
(POD24), have poor outcomes. We performed a pooled analysis of 13 randomized clinical trials
of patients with FL in the pre- and postrituximab eras to identify clinical factors that predict
POD24. Logistic regression models evaluated the association between clinical factors and
POD24. Cox regression evaluated the association between POD24 as a time-dependent factor
and subsequent overall survival (OS). A landmark analysis evaluated the association of POD24
with OS for the subset of patients who were alive at 24 months after trial registration.
Patients without progression at 24 months at baseline had favorable performance status (PS),
limited-stage (I/II) disease, low-risk FL International Prognostic Index (FLIPI) score, normal
baseline hemoglobin, and normal baseline b2 microglobulin (B2M) level. In a multivariable
logistic regression model, male sex (odds ratio [OR], 1.30), PS �2 (OR, 1.63), B2M (�3 mg/L;
OR, 1.43), and high-risk FLIPI score (3-5; OR, 3.14) were associated with increased risk

of progression before 24 months. In the time-dependent Cox model and the 24-month landmark analysis, POD24 was
associated with poor subsequent OS (hazard ratio, 4.85 and 3.06, respectively). This is the largest pooled analysis of clinical
trials data validating POD24 as a robust indicator of poor FL survival and identified clinical predictors of early death and
progression that can aid in building comprehensive prognostic models incorporating clinical and molecular predictors
of POD24.

Introduction
Follicular lymphoma (FL) is the most frequently occurring indo-
lent non-Hodgkin lymphoma (NHL) and has generally favorable
outcomes.1 However, subsets of patients have a clinically vari-
able course and experience multiple relapses, transformation to
a more aggressive histology, or early disease progression.2 Early
FL relapse, defined as recurrence or progression of disease
within 24 months of front-line treatment (POD24), has been
noted to occur in �20% of patients who receive first-line chemo-
immunotherapy and is associated with particularly poor out-
comes. Five-year overall survival (OS) ranges from 34% to 50%

at 5 years compared with 90% for those without early disease
recurrence.3 Clinical and biologic predictors of POD24 are cur-
rently being studied, although there are no markers for uniform
implementation at diagnosis for risk-adapted therapy.

Given these limitations, we chose to investigate whether clinical
factors could be identified at the time of diagnosis that could
assist the treating physician in identifying patients at high risk for
poor future outcome. To this end, we performed a pooled anal-
ysis of 13 randomized clinical trials of patients in both the pre-
and postrituximab eras using the Follicular Lymphoma Analysis
of Surrogate Hypothesis (FLASH) data, which includes individual
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patient data from randomized controlled trials of first-line ther-
apy in FL that involved treatments including rituximab only, ritux-
imab1chemoimmunotherapy (R-chemo), and chemotherapy
alone (chemo).

Patients and methods
We analyzed individual patient data from 5225 patients enrolled
in 13 multicenter international randomized controlled trials of
active treatment in previously untreated FL. Logistic regression
models were used to evaluate the association between Follicular
Lymphoma International Prognostic Index (FLIPI) risk category,
sex, b2 microglobulin level (B2M), and performance status (PS)
with POD24. Cox regression, with POD24 as a time-dependent
covariate, was used to evaluate the association between POD24
and subsequent OS. Based on availability and input from investi-
gators, baseline factors considered for inclusion in this model
include sex, performance status, FLIPI risk category, and base-
line B2M level. A landmark analysis was also conducted to evalu-
ate the association of POD24 on overall survival (OS) for
patients who were alive at 24 months after trial registration.
B2M data were available for 9 of the 13 studies, enabling addi-
tional analyses including B2M, along with other baseline factors,
to be conducted on this subset of patients. A sensitivity analysis
was included to evaluate findings within the different induction
treatment regimens (chemo, R-chemo, and rituximab), and an
additional logistic regression model was used to evaluate the
association between clinical factors (same as the POD24 model)
and progression of disease or death within 24 months of front-
line therapy (PFS24). The PFS24 model differed from the POD24
model by treating death within 24 months of treatment as an
event, instead of excluding those patients from the model. To
estimate the effect of maintenance treatment with rituximab on
POD24 and subsequent OS on the subset of 3 trials that
included maintenance randomization, a maintenance rituximab
variable was added to the logistic regression and time-
dependent Cox regression models. An a of .05 was used to
classify effects as statistically significant. The proportional haz-
ards assumption was evaluated for all variables included in the
Cox model by using a time interaction test.

The studies included in FLASH were conducted in accordance
with The Declaration of Helsinki.

Results
Patient characteristics
We analyzed data from 10 induction and 3 maintenance ran-
domized trials. One hundred seventy-five patients were
excluded from the trials because they were censored for clinical
follow-up before 24 months, leaving 5225 evaluable patients
(Table 1). Of those, 29.3% (n 5 1531) progressed and 2.5%
(n 5 130) died within 24 months of trial registration. Most
patients (62.5%) received anthracyclines and rituximab (53.2%).
Table 1 summarizes patient-level baseline characteristics
classified by POD24 status. Patients without progression at
24 months more commonly had favorable PS, limited stage,
low-risk FLIPI score, and normal baseline hemoglobin and B2M
levels.

Logistic model for POD24
A multivariable logistic regression model (Table 2) indicated that
being male (odds ratio [OR], 1.30; 95% confidence interval [CI],
1.14-1.47; P , .01), having PS $2 (OR, 1.63; 95% CI, 1.27-2.10;
P , .01) and intermediate (FLIPI-2 risk score; OR, 1.58; 95% CI,
1.28-1.94; P , .01) or high-risk score (3-5; OR, 2.94; 955 CI,
2.41-3.59; P , .01), compared with a low-risk score (0 or 1),
were associated with increased risk of progression before 24
months. An elevated baseline level of B2M ($3 mg/L; OR, 1.43;
95% CI, 1.19-1.70; P , .01) was also associated with an
increased risk of progression before 24 months in a subset of
patients enrolled in 9 studies (n 5 3046) that included B2M lev-
els at baseline.

Results within treatment regimen subsets remained mostly con-
sistent, but the power to detect statistically significant effects
was reduced because of the small sample size. For patients who
received induction chemotherapy including rituximab (R-chemo;
n 5 2222), being male (OR, 1.38; 95% CI, 1.12-1.70; P , .01)
and having PS $2 (OR, 1.71; 95% CI, 1.13-2.59; P , .01), high-
risk FLIPI score (OR, 2.62; 95% CI, 1.87-3.66; P , .01), and ele-
vated B2M level (OR, 1.81; 95% CI, 1.41-2.32; P , .01, in a sub-
set of 1852 patients) were associated with increased risk of
progression before 24 months. For patients who received rituxi-
mab therapy at induction without chemotherapy (n 5 265),
being male (OR, 1.14; 95% CI, 0.69-1.88; P 5 .60) and having
PS $2 (OR, 1.39; 95% CI, 0.29-6.56; P 5 .68), a high-risk FLIPI
score (OR, 2.90; 95% CI, 1.34-6.32; P , .01), and an elevated
B2M level (OR, 1.63; 95% CI, 0.84-3.16; P 5 .15, in a subset of
233 patients) showed evidence of increased risk of progression
before 24 months, but only the high-risk FLIPI score reached sta-
tistical significance. For patients who received chemotherapy at
induction without rituximab (n 5 2264), being male (OR, 1.28;
95% CI, 1.08-1.53; P , .01) and having PS $2 (OR, 1.52; 95%
CI, 1.09-2.12; P 5 .01) and intermediate-risk (OR, 1.85; 95% CI,
1.40-2.44; P , .01) or high-risk (OR, 3.45; 95% CI, 2.63-4.52;
P , .01) FLIPI score were associated with increased risk of pro-
gression before 24 months.

In the subset of 3 trials that included maintenance randomization
(n 5 1248), receiving maintenance rituximab treatment was
associated with a decreased risk of progression before 24
months (OR, 0.39; 95% CI, 0.30-0.52; P , .01), whereas being
male (OR, 1.23; 95% CI, 0.94-1.63; P 5 .14) and having a PS $2
(OR, 1.58; 95% CI, 0.79-3.14; P 5 .20) and a high-risk FLIPI
score (OR, 1.94; 95% CI, 1.31-2.86; P , .01) showed evidence
of increased risk of progression before 24 months, but only
maintenance rituximab and high-risk FLIPI score reached statisti-
cal significance.

Results from the PFS24 model were consistent with results from
the POD24 model and are reported in supplemental Table 2,
available on the Blood Web site.

Time-dependent Cox model evaluating the
association of POD24 on OS
There was an indication that the effect of PS and FLIPI on OS
did not meet the proportional hazards assumption, and they
were therefore included as stratification factors in the Cox
model. In the time-dependent Cox model, adjusted for sex and
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Table 1. Patient baseline characteristics by POD24 status

Died
Progressed within

24 months
Alive and

progression free Total

(n 5 130) (n 5 1531) (n 5 3564) (n 5 5225)

Age

Mean (SD) 60.4 (11.01) 55.2 (11.14) 55.0 (11.13) 55.2 (11.16)

Median (range) 62.0 (29.0-81.0) 56.0 (17.0-84.0) 56.0 (19.0-90.0) 56.0 (17.0-90.0)

Sex, n (%)

Female 50 (38.5) 697 (45.5) 1811 (50.8) 2558 (49.0)

Male 80 (61.5) 834 (54.5) 1753 (49.2) 2667 (51.0)

Performance status, n (%)

0-1 90 (76.3) 1372 (91.5) 3315 (95.5) 4777 (93.9)

$2 28 (23.7) 127 (8.5) 158 (4.5) 313 (6.1)

Data missing 12 32 91 135

Rituximab, n (%)

No 85 (68.5) 896 (59.1) 1450 (40.8) 2431 (46.8)

Yes 39 (31.5) 619 (40.9) 2106 (59.2) 2764 (53.2)

Data missing 6 16 8 30

Anthracycline, n (%)

No 61 (49.2) 689 (45.5) 1196 (33.6) 1946 (37.5)

Yes 63 (50.8) 826 (54.5) 2360 (66.4) 3249 (62.5)

Data missing 6 16 8 30

Treatment group, n (%)

Chemotherapy 87 (66.9) 923 (60.3) 1535 (43.1) 2545 (48.7)

Rituximab1chemotherapy 43 (33.1) 486 (31.7) 1881 (52.8) 2410 (46.1)

Rituximab monotherapy 0 (0.0) 122 (8.0) 148 (4.2) 270 (5.2)

Months from diagnosis to
treatment

Mean (standard
deviation)

1.9 (4.76) 3.6 (11.29) 3.0 (8.26) 3.1 (9.17)

Median (range) 0.8 (0.0-36.5) 0.9 (0.0-160.3) 1.1 (0.0-142.2) 1.0 (0.0-160.3)

Ann Arbor stage, n (%)

Unknown 2 (1.5) 3 (0.2) 17 (0.5) 22 (0.4)

I/II 7 (5.4) 52 (3.4) 242 (6.8) 301 (5.8)

III/IV 121 (93.1) 1476 (96.4) 3305 (92.7) 4902 (93.8)

FLIPI risk category

Low, n (%) 12 (10.9) 149 (10.3) 694 (20.4) 855 (17.2)

Intermediate, n (%) 22 (20.0) 457 (31.5) 1344 (39.5) 1823 (36.7)

High, n (%) 76 (69.1) 845 (58.2) 1363 (40.1) 2284 (46.0)

Data missing, n 20 80 163 263

Number of nodal sites

0-4, n (%) 37 (44.6) 306 (28.4) 1084 (41.1) 1427 (37.6)

.4, n (%) 46 (55.4) 772 (71.6) 1553 (58.9) 2371 (62.4)

Data missing, n 47 453 927 1427
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stratified by PS and FLIPI, POD24 was associated with poor sub-
sequent OS (hazard ratio [HR], 4.85; 95% CI, 4.32-5.45; P , .01).

Results remained consistent within treatment groups, with the
strongest effect being in patients who received rituximab with-
out chemotherapy. In the time-dependent Cox model, POD24
was associated with poor subsequent OS in patients who
received induction chemotherapy with rituximab (n 5 2252; HR,
5.39; 95% CI, 4.40-6.61; P , .01). The impact on poor outcome
remained robust in those who received induction chemotherapy
without rituximab (n 5 2335; HR, 4.26; 95% CI, 3.68-4.93;
P , .01) and in patients who received rituximab therapy at
induction without chemotherapy (n 5 265; HR, 6.57; 95%
CI, 2.64-16.32; P , .01).

In the subset of 3 trials that included maintenance randomization
(n 5 1255), the time-dependent POD24 variable was associated
with poor subsequent OS (HR, 4.68; 95% CI, 3.52-6.23; P ,

.01), whereas receiving maintenance rituximab treatment did not
show a statistically significant effect on subsequent OS (HR,
1.18; 95% CI, 0.89-1.57; P 5 .24). No significant interaction was
detected between POD24 and maintenance rituximab.

Landmark Cox model of OS in patients alive at
24 months
To further examine the effect of POD24 on OS, we used a
24-month landmark approach for Kaplan-Meier curves and Cox
models. To reduce potential bias, time for all patients began at
trial registration, patients were split into groups based on pro-
gression status at 24 months after registration, and any patient
who died or was censored for OS before 24 months was
excluded. This is in contrast to the original National LymphoCare
Study (NLCS) report,3 in which staggered start times (time of
progression for POD24 group and 24 months after registration
for the no-POD24 group) were used, and only patients who
died without prior disease progression before 24 months were
excluded.

The Kaplan-Meier curve (Figure 1A) shows OS distribution in all
patients by progressive disease status within 24 months after
randomization. The 3- and 5-year (postregistration) survival prob-
abilities of patients in whom the disease progressed within the
first 24 months were 86.8% (95% CI, 84.8-88.8) and 71.2% (95%

CI, 68.5-74.0), respectively. The 3- and 5-year survival probabili-
ties of patients who were progression free at 24 months were
98.5% (95% CI, 98.0-98.9) and 93.6% (95% CI, 92.7-94.5),
respectively. A multivariable Cox model adjusted for sex and
stratified by PS and FLIPI showed that disease progression
within 24 months of trial registration was associated with poorer
subsequent OS (HR, 3.03; 95% CI, 2.65-3.47; P , .01).

Results remained consistent within treatment groups, with the
strongest effect again being in patients who received R-chemo.
In the 24-month landmark Cox model, disease progression
within 24 months of trial registration was associated with poor
subsequent OS in patients who received induction chemother-
apy with rituximab (Figure 1B; n 5 2133; HR, 3.58; 95% CI,
2.85-4.49; P , .01), patients who received rituximab therapy at
induction without chemotherapy (Figure 1C; n 5 249; HR, 3.96;
95% CI, 1.24-12.64; P , .01), and patients who received induc-
tion chemotherapy without rituximab (Figure 1D; n 5 2041; HR,
2.63; 95% CI, 2.22-3.12; P , .01).

Of the patients who were treated with induction chemotherapy-
immunotherapy (R-chemo; n 5 2133), 17.3% had disease pro-
gression within 24 months, and OS for those patients with early
POD was 73.5 months (95% CI, 69.0-78.3). In the group of
patients treated with rituximab only (n 5 249), 42.2% had dis-
ease progression within 24 months, with OS for those patients
with early POD of 90.9 months (95% CI: 85.0-97.3). In patients
who were treated with induction chemotherapy without rituxi-
mab (chemo; n 5 2041), 30.4% had disease progression within
24 months, and OS for those patients with early POD was 66.9
(63.3-70.7).

Discussion
This pooled analysis of .5000 patients with FL included in 13
prospective clinical trials is the largest cohort to date in which
early progression was validated as a robust indicator of poor sur-
vival in patients with FL. We identified male sex, poor PS, high
FLIPI score, and elevated baseline B2M level as predictors of
early progression or death. Some factors predictive of POD24 in
our data set are similar to those that predict histologic transfor-
mation, such as poor performance status and high-risk FLIPI;
however, elevated B2M level and male sex add distinct value.

Table 1. (continued)

Died
Progressed within

24 months
Alive and

progression free Total

(n 5 130) (n 5 1531) (n 5 3564) (n 5 5225)

HGB at baseline

Normal, n (%) 62 (59.6) 839 (72.3) 2471 (83.0) 3372 (79.5)

Decreased, n (%) 42 (40.4) 322 (27.7) 507 (17.0) 871 (20.5)

Data missing, n 26 370 586 982

b2M level at baseline

Normal, n (%) 18 (37.5) 520 (58.6) 1667 (72.9) 2205 (68.4)

Elevated, n (%) 30 (62.5) 368 (41.4) 620 (27.1) 1018 (31.6)

Data missing, n 82 643 1277 2002
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Our data demonstrate a similar frequency of disease progression
observed in our previous work and other FL studies.3-6 Overall,
in the cohort of 5225 evaluable patients, nearly one-third
(29.3%) had disease progression by 24 months. For patients

receiving rituximab only, 42.2% had disease progression by 24
months. In this smaller cohort, risk factors for early progression
remained being male and having poor performance status and
elevated B2M level, but the risk was not statistically significant,
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Figure 1. Twenty-four–month landmark Kaplan-Meier OS by POD status. All patients (A) and patients who received R-chemo (B), rituximab only (C), or chemotherapy
only (D).

VALIDATION OF POD24 FROM FLASH ANALYSIS blood® 17 MARCH 2022 | VOLUME 139, NUMBER 11 1689

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/139/11/1684/1881984/bloodbld2020010263.pdf by guest on 08 M

ay 2024



most likely because of small sample size. However, high-risk
FLIPI score (OR, 2.90; 95% CI, 1.34-6.32; P , .01) conferred an
increased likelihood of early progression in rituximab-
only–treated patients. In patients receiving chemoimmunother-
apy, 17.3% had disease progression by 24 months. All factors

remained significant in this group and were associated with
increased risk of progression before 24 months.

The association of POD24 on OS remains among the most
important factors that affect the outcome of patients in FL. We
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Figure 1 (Continued)
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have demonstrated differences in the degree of impact on sur-
vival on the basis of the type of induction therapy a patient
receives. As mentioned, in the entire cohort, patients who pro-
gressed early but remained alive at 24 months after randomiza-
tion had 3- and 5-year survival probabilities of 86.8% and
71.2%, respectively. However, clear differences in survival
emerged after relapse, depending on the type of induction that
the patient received. Early POD after rituximab had only a mod-
est impact on subsequent OS, whereas POD after R-chemo con-
sistently had the greatest influence on poor subsequent
outcome, presumably because of low tumor burden and more
favorable disease that did not require anthracyclines.

Given the differences in our statistical analysis using this land-
mark approach, survival after relapse cannot be compared
directly to the 5-year OS of 50% observed in the original NLCS
and other validation studies.3,4,7 When evaluating postprogres-
sion survival in our FLASH data, estimates approximated those
observed in the NLCS (see the supplementary Appendix), with
OS at 5 years of 57.5% for early POD after R-chemo compared
with 90.7% in those without early recurrence, and 5 year OS of
75.7% for early POD after treatment with rituximab only (com-
pared with 95.6% for patients without early POD after rituximab
treatment). Estimates based on the original NLCS paper are in
supplemental Table 3.

These observations may reflect the heterogeneously treated
population in FLASH that included studies of patients who
received immunotherapy only or chemotherapy only without rit-
uximab. The latter data also suggest that patients who are
treated with chemoimmunotherapy and subsequently relapse
early are those who are truly the most vulnerable, having
received the best therapy but experiencing an early disease-
related event. This finding is similar to that which Maurer and
colleagues observed in their analysis of Mayo/University of Iowa
data showing that the impact of early recurrence is lessened in
patients who receive rituximab or observation only.7

Although these results identify important clinical biomarkers,
POD24 reflects aggressive disease histology with determinants
that are most likely multifactorial. Investigators worldwide are
developing numerous prognostic factors in FL to identify subsets
of patients most vulnerable to poor outcomes. Pivotal historic
gene expression profiling studies have identified that gene sig-
natures from inflammatory cells within the FL tumor microenvi-
ronment directly affect survival of the malignant FL cell through
critical interactions that cause dampening of the antitumoral
immune response and a supportive protumoral phenotype.8

More recent studies have corroborated that the signature scores
of 23 genes involved in DNA response pathways, immune regu-
lation, cell cycle and cell migration pathways, and tumor micro-
environmental components likewise play an important role in FL
pathogenesis and are independent predictors of PFS24 status
and POD24.9 Similarly, a clinicogenetic predictor (the m7-FLIPI)
including the mutational status of 7 genes, poor performance
status, and high-risk FLIPI has been proposed to improve the
identification of patients with poor risk, and a high-risk m7-FLIPI
is enriched in patients with POD24.10

Although promising, these and other prognostic models, includ-
ing those using metabolic imaging11 and circulating tumor
DNA,12 currently remain investigational and are not ready for

widespread application. Limitations of these models include lack
of harmonization, data volume, and a heterogeneously treated
patient population that is cared for both in academic and nona-
cademic settings, where gene expression profiling and access to
gene mutation assessment is not widely available. We are lim-
ited by the lack of biologic or molecular data to enhance our
clinical predictors. Another main limitation is selection bias
through the evaluation of patients sufficiently healthy to be
enrolled in randomized clinical trials.

Understanding the optimal therapeutic sequence for these
patients is also a continuous research initiative. Ongoing studies
are testing novel therapies for patients with POD24 with con-
served FL histology. The S1608 study (registered on www.
clinicaltrials.gov as NCT03269669) is the only prospective ran-
domized study to evaluate obinutuzumab in combination with
umbralisib, lenalidomide, or CHOP (cyclophosphamide, doxoru-
bicin, vincristine, and prednisone)/bendamustine in patients with
POD24 and early treatment failure. Other studies have evalu-
ated efficacy in subsets of patients with POD24, including the
AUGMENT,13 MAGNIFY,14 and GALEN15 studies using lenalido-
mide with rituximab or the phosphoinositide 3-kinase inhibitors
idelalisib, copanlisib, and duvelisib.16-18 Treatment with CD19-
directed CAR T cells is encouraging and is under evaluation in
patients with POD24.19 All of these demonstrate promising effi-
cacy in this population, but no combination has yet emerged as
a standard of care.

A combined observational study from the National LymphoCare
Study and the Center for International Blood and Marrow Trans-
plant Research demonstrated that early use of autologous trans-
plant as a consolidation (defined as within 1 year of frontline
induction failure) is associated with significantly reduced risk of
death (HR, 0.63; 95% CI, 0.42-0.94; P 5 .02), suggesting a role
for consolidation in certain fit, eligible patients.20 The benefit
was also observed when comparing autologous transplant to
allogeneic transplant in patients with early treatment failure.
Autologous transplant had 5 year OS of 70% and lower nonre-
lapse mortality compared to matched sibling donor or matched
unrelated donor allogeneic transplant.21 Although that study
focused on patients with recurrent FL, it is possible that patients
with histologic transformation were included.

The objective of our study was to identify and apply prognostic
biomarkers at diagnosis for strategic and precise use of thera-
pies. POD24 is a surrogate for poor biology, and some data
suggest that histologic transformation is an early event that pre-
cipitates death in subsets of patients with POD24, but the pre-
cise mechanisms underlying early progression are still
undefined.1,22 Bachy and colleagues created a simplified prog-
nostic index using only B2M and bone marrow involvement.23 In
a uniformly treated cohort of patients receiving chemoimmuno-
therapy, with or without rituximab maintenance in the PRIMA
study, the PRIMA prognostic index appeared to be a discrimina-
tory of outcome as the FLIPI or FLIPI-2, also capturing a subset
of POD24, but similarly requires testing across a broader scope
of treatments.23

Our study represents an international, prospective, multicenter
effort to identify predictors of POD24 among patients treated
with a variety of treatment approaches. The data set is the larg-
est ever published that validates POD24 as a robust marker of
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poor OS in FL in a widely heterogeneous group of patients and
provides well-defined clinical factors for building comprehensive
prognostic models that incorporate clinical and molecular pre-
dictors of POD24.
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