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ARTICLE INFO ABSTRACT

Keywords: Purpose: The optimal management of stage II follicular lymphoma (FL) is unclear. Radiation therapy (RT) alone
Lymphoma, Follicular has been the gold standard treatment, but a proportion of patients relapse. We sought to characterize outcomes
Radiotherapy

and prognostic factors for stage II FL treated with RT alone to identify a high-risk subgroup of patients who may
benefit from treatment intensification.

Methods: This was a population-based, province-wide, retrospective study. Included patients had grade 1-3A,
non-mesenteric, stage IIA or IIAE FL diagnosed between 1986 and 2016 and treated with curative-intent (>20
Gy) RT alone.

Results: 102 patients were included. Median follow-up was 10.4 years (range, 0.3-22.3). Median age was 59 years
(range, 33-86). Median greatest disease diameter was 3.6 cm (range, 1.5-11.5). Freedom from progression (FFP)
was 60.3% at 5 years and 40.7% at 10 years. Overall survival (OS) was 89.2% at 5 years and 81.8% at 10 years.
Greatest disease diameter of >3.6 cm was associated with inferior FFP (10-year FFP 34% vs. 47%, p = 0.013) on
univariable analysis and inferior FFP (hazard ratio [HR] 1.87, p = 0.019) and inferior OS (HR 2.12, p = 0.027) on
multivariable analysis (MVA). Older age was associated with inferior OS (HR 1.08, unit = 1 year, p < 0.001) on
MVA.

Conclusions: 40.7% of stage II FL patients treated with RT alone remained disease-free at 10 years. Greatest
disease diameter >3.6 cm was associated with inferior FFP and OS, representing a novel prognostic indicator in
this population that may help in the decision-making process on whether to complement RT with systemic
therapy.

Treatment Outcome
Survival Analysis
Kaplan-Meier Estimate
Prognosis

Oncology (ESMO) [2], continuing to recommend RT alone as the
preferred treatment for non-bulky (<7 cm), contiguous, and low tumour

1. Introduction

Contention exists surrounding the optimal management strategy for
stage II follicular lymphoma (FL). Radiation therapy (RT) alone repre-
sents the traditional gold standard of care for stage I-II disease, with
many guidelines, including those from the National Comprehensive
Cancer Network (NCCN) [1] and the European Society for Medical

burden stage I-II FL. Emerging data suggest a potential role for the
addition of systemic therapy—either immunochemotherapy or immu-
notherapy alone—to RT for improved progression-free survival (PES),
albeit at the cost of potential additional toxicities and without a clear
overall survival (OS) advantage [3,4]. Presently, optimal patient
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selection for these approaches remains unclear.

In addition, despite strong evidence that stage II FL patients have
inferior outcomes compared to stage I FL patients [5-9], many studies
report survival data for stage I and stage II FL together as a group
[5,10,11]. Consequently, there is a paucity of outcomes research spe-
cifically for stage II FL patients treated with RT alone. In addition, to our
knowledge, there has yet to be any investigation into prognostic factors
that can be applied specifically to stage II FL patients treated with RT
alone. To enable a more individualised management approach for pa-
tients with stage II FL currently treated with RT alone, stage-specific
data on outcomes and prognostic factors are important. Therefore, this
study aims to characterize outcomes and clinical prognostic factors of
stage II FL patients treated with standard-of-care RT alone, with the goal
to identify a patient subgroup who may be better served by treatment
intensification with systemic therapy.

2. Materials and methods
2.1. Patients and treatment

This was a population-based, province-wide, retrospective study.
The study was approved by the institutional review board at BC Cancer.
Patients were included if they had grade 1-3A, stage IIA or IIAE FL that
was diagnosed between 1986 and 2016 and treated with curative-intent
(>20 Gy) RT alone at any of the six BC Cancer tertiary care centres.
Patients were staged according to the Ann Arbor Staging Classification
[12], with stage II defined as “involvement of 2 or more lymph node
regions on the same side of the diagram” and stage IIE defined as
“localized involvement of extralymphatic organ or site and of 1 or more
lymph node regions on the same side of the diaphragm”. Lymph node
regions were defined using the Rye Symposium regions [13].

BC Cancer guidelines during this time period recommended RT alone
for “limited-stage FL”, defined as stage I and II FL (+ extranodal
involvement), non-bulky disease (<10 cm) in the absence of B symp-
toms. Starting in 1990, patients with mesenteric FL were excluded from
this approach due to a separate study reporting an increased risk of
relapse [14]. Thus, for the present study, any cases with mesenteric
involvement were excluded. In addition, the lymphoma was required to
be encompassable in an RT field with acceptable toxicity as determined
in a multi-disciplinary conference. Patients diagnosed in February 1998
and prior were treated with involved regional RT. Starting in March
1998, patients were treated with smaller field sizes, since re-named
involved-site RT [9,15]. Patients were not routinely staged by positron
emission tomography / computed tomography (PET/CT). Starting in
2005, PET/CT was used in select patients with indeterminate nodes on
computed tomography. Study patients were identified via the BC Cancer
Centre for Lymphoid Cancer Database and the BC Cancer Registry
Database. Database information and chart review were used to extract
patient, disease, and treatment characteristics and outcomes. In deter-
mining the greatest disease diameter, clustered nodal masses were
considered one mass if the masses were contiguous. If an extranodal
mass had a greater diameter than any of the nodal masses, then that
diameter was used as the greatest disease diameter. Marginal relapse
was defined as disease recurring outside the RT field but within 5 cm
beyond the edge of the RT field.

2.2. Statistical analyses

The primary endpoints were freedom from progression (FFP),
freedom from transformation (FFT), and OS. For FFP, events were
defined as relapsed disease. In the vast majority of cases, relapsed dis-
ease was biopsy-proven, and the date of biopsy was used as the date of
relapse. In the minority of cases that were not biopsy-proven, the date of
the scan that triggered treatment was used. For 1 case, the date of
progression was the date of death. Events were defined as trans-
formation for FFT and death from any cause for OS.
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To identify the optimal cutoff point for greatest disease diameter for
our primary endpoint of FFP with and without consideration of
competing events, an iterative process was used to identify a cutoff point
which maximized the log likelihood.

Survival curves were generated using the Kaplan-Meier method. A
competing risk analysis was performed to assess the impact of death as a
competing event for FFP and FFT. Univariable analyses (UVA) were
performed using the log-rank test. All factors considered in the UVA
were included in the full multivariable model which was reduced using a
combination of backward elimination and forward selection method
with greatest disease diameter locked in the final model. Akaike’s In-
formation Criterion (AIC) values were used to compare full and reduced
models. Models with lower AIC values were considered superior to those
with higher AIC values. The Fine-Grey subdistribution hazard model was
used to perform univariable and multivariable analyses when consid-
ering death as a competing event.

To examine how involvement of various lymph node regions impacts
outcomes, we first performed a UVA using the log-rank test. MVAs were
then performed separately for all associations with a p value of <0.100
using a proportional hazards regression that included age at diagnosis,
sex, grade, presence of extranodal disease, greatest disease diameter,
ECOG performance status, LDH, and number of lymph node regions.
Separate proportional hazards regressions were run to avoid highly
correlated independent variables (e.g., patients with inguinal / femoral
disease often had iliac disease, patients with inguinal / femoral disease
could not have axillary disease).

The chi-squared test was used to investigate the relationship between
greatest disease diameter (>3.6 cm vs. <3.6 cm) and patterns of failure.
The T-test for independent samples was used to investigate the rela-
tionship between greatest disease diameter (>3.6 cm vs. <3.6 cm) and
RT dose. The T-test for independent samples was used to compare the
mean greatest disease diameter for patients who were staged with PET
and patients who were not staged with PET. The T-test for independent
samples was used to compare the mean RT dose for patients diagnosed
prior to 2008 and patients diagnosed in 2008 or afterwards. A propor-
tional hazards regression which included the variables in Table 4 was
used to assess whether RT dose (>30 Gy vs. <30 Gy) was associated with
outcomes. Results were considered significant if p < 0.05. The median
follow-up duration was calculated using the reverse Kaplan-Meier
method for the FFP and OS outcomes.

3. Results

102 patients were included in the study cohort (Supplemental Fig. 1).
The median follow-up duration was 10.4 years (range, 0.3-22.3) for FFP
and 17.3 years (range, 4.8-34.5) for OS. The median age at diagnosis
was 59 years (range, 33-86). The median greatest diameter of disease
was 3.6 cm (range, 1.5-11.5). 17 patients (17%) had stage IIE disease,
including 11 patients (11%) who had 1 involved lymph node region plus
involvement in 1 extralymphatic organ or site and 6 patients (6%) who
had 2 or more involved lymph node regions plus involvement in 1
extralymphatic organ or site. 64 patients (63%) had 2 involved lymph
node regions, 19 patients (19%) had 3 involved lymph node regions, and
8 patients (8%) had 4 involved lymph node regions. The median RT dose
was 30.0 Gy (range, 20.0-42.0). 8 patients were staged with PET/CT.
Table 1 shows the baseline patient, tumour, and treatment
characteristics.

Table 2 shows the FFP, FFT, and OS at 5 and 10 years for the entire
study cohort. Fig. 1 shows the Kaplan-Meier curves for FFP and OS for
the entire cohort. The competing risk analysis showed that considering
death as a competing event did not change the 5- and 10-year survival
for FFP and FFT (Supplemental Table 1).

Of the 102 patients in the study cohort, 60 patients relapsed. Distant
only relapse was the most common pattern of first failure, occurring in
38 patients. Other patterns of first failure were: in-field only in 1 patient;
in-field and marginal relapse in 1 patient; in-field and distant (+
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Table 1
Baseline characteristics.

Characteristic Number of Patients (%)

Age at Diagnosis

<60 Years 53 (52%)

>60 Years 49 (48%)
Sex

Female 46 (45%)

Male 56 (55%)
Grade

1-2 92 (90%)

3A 10 (10%)
Extranodal Disease

Absent 85 (83%)

Present 17 (17%)
Greatest Disease Diameter

<3.6 cm 52 (51%)

>3.6 cm 50 (49%)
Complete Resection

No 98 (96%)

Yes 4 (4%)
ECOG Performance Status

0 68 (67%)

1-2 34 (33%)
LDH

Normal 95 (93%)

Elevated 3 (3%)

Unknown 4 (4%)
Number of Lymph Node Regions

1-2 regions 75 (74%)

3-4 regions 27 (26%)
Bilateral Disease

No 53 (52%)

Yes 49 (48%)
Infradiaphragmatic Disease

No 53 (52%)

Yes 49 (48%)
RT Dose

20 - <25 Gy 15 (15%)

25 - <30 Gy 21 (21%)

30 - <35 Gy 24 (24%)

>35 Gy 42 (41%)
Year of Diagnosis

1986-1996 29 (28%)

1997-2006 30 (29%)

2007-2016 43 (42%)

Abbreviations: ECOG=European Cooperative Oncology Group;
LDH=lactate dehydrogenase; RT=radiation therapy.

Table 2
Outcomes after treatment with RT alone for the entire cohort.

Outcome 5 Years 10 Years

Freedom from Progression
Freedom from Transformation

60.3% + SE 5.0%
88.4% + SE 3.3%
89.2% =+ SE 3.1%

40.7% + SE 5.5%
79.2% + SE 4.7%

Overall Survival 81.8% =+ SE 3.9%

Abbreviations: SE=standard error.

marginal) relapse in 10 patients; marginal relapse only in 2 patients;
marginal and distant relapse in 7 patients; and, unknown relapse site(s)
in 1 patient (Supplemental Fig 2). Overall, 55 (93.2%) of the 59 patients
who had known site(s) of relapse had involvement of a distant site.

The greatest disease diameter with the highest log likelihood was 10
cm. However, given that only 1 patient in our cohort had a greatest
disease diameter >10 cm, we sought to identify a cutoff point that was
more clinically applicable to the stage II FL population. The greatest
disease diameters with the next highest log likelihoods were 3.4 cm and
3.6 cm (Supplemental Fig. 3). 3.6 cm was selected as the best cutoff
point as a bivariate Cox model in which the cutoff was set at 3.6 cm had a
lower AIC value (AIC 459.61) compared to the model that had a cutoff
point of 3.4 cm (AIC 459.64). The optimal cutoff did not differ when
considering death as a competing event for FFP.
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Fig. 1. Outcomes after treatment with RT alone for the entire cohort.
Kaplan-Meier curves showing FFP (A) and OS (B) for the entire cohort.

On UVA (Table 3), greatest diameter of disease >3.6 cm was asso-
ciated with inferior FFP (Fig. 2). The 10-year FFP for patients with
greatest diameter of disease of >3.6 cm and <3.6 cm were 34% and 47%
respectively (p = 0.013). Age >60 years was associated with inferior FFT
and OS. On MVA (Table 4), older age was associated with inferior OS
(hazard ratio [HR] 1.08, p = < 0.001), greatest diameter of disease >3.6
cm was associated with inferior FFP (HR 1.87, p = 0.019) and inferior OS
(HR 2.12, p = 0.027), and infradiaphragmatic disease was associated
with superior OS (HR 0.41, p = 0.022). A greater number of involved
lymph node regions, bilateral disease, and extranodal involvement did
not correlate with worse outcomes on UVA or MVA. When considering
death as a competing event, univariable and multivariable analyses were
similar for all endpoints compared to when not considering death as a
competing event.

Supplemental Table 2 shows a UVA examining the impact of the
involvement of various lymph node regions on outcomes. On MVA,
patients with disease that involved the inguinal / femoral region had
superior OS (HR 0.275, 95% CI 0.125-0.605, p = 0.001). Patients with
disease that involved the iliac region had superior FFT (HR 0.353, 95%
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Table 3
Univariable analyses of oncologic outcomes.
Factor FFP FFT oS
10- P 10- P 10- P
year Value year Value year Value
FFP FFT oS
Age at Diagnosis .382 .043 <.001
<60 Years 44% 89% 96%
>60 Years 37% 67% 66%
Sex .140 .584 .647
Female 45% 79% 86%
Male 38% 79% 78%
Grade .356 187 .886
1-2 42% 82% 82%
3A 40% 60% 80%
Extranodal Disease .361 .740 116
Absent 44% 79% 84%
Present 23% 79% 71%
Greatest Disease .013 .228 .208
Diameter
<3.6 cm 47% 80% 86%
>3.6 cm 34% 78% 77%
ECOG PS 911 .569 .093
0 41% 79% 85%
1-2 41% 81% 75%
LDH .758 .388 .856
Normal 41% 81% 86%
Elevated 50% 50% 33%
Number of Lymph .603 .243 .881
Node Regions
1-2 regions 38% 77% 82%
3-4 regions 47% 87% 82%
Bilateral Disease .323 .325 622
No 39% 76% 80%
Yes 43% 81% 84%
Infradiaphragmatic .277 .380 .055
Disease
No 39% 73% 76%
Yes 42% 86% 88%

Abbreviations: FFP=freedom from progression; FFT=freedom from trans-
formation; OS=overall survival; ECOG PS=European Cooperative Oncology
Group performance status; LDH=lactate dehydrogenase.

100+ — Greatest diameter <3.6 cm

— Greatest diameter >3.6 cm

Freedom from Progression (%)

0 T T T T
0 5 10 15 20
Years Since Diagnosis
No. at Risk
<3.6 cm 52 29 13 4 2
>3.6cm 50 20 8 1 1

Fig. 2. Greatest disease diameter (>3.6 cm vs. <3.6 cm) predicts FFP.

CI 0.131-0.948, p = 0.039) and superior OS (HR 0.257, 95% CI
0.098-0.672, p = 0.006). Patients with disease that involved the axillary
region had inferior OS (HR 4.087, 95% CI 1.554-10.749, p = 0.004).
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Supplemental Table 3 shows the patterns of failure by greatest dis-
ease diameter (>3.6 cm vs. <3.6 cm). Greatest disease diameter did not
impact patterns of failure. The average RT dose for patients with a
greatest disease diameter of >3.6 cm and <3.6 cm was 30.5 Gy and 30.7
Gy, respectively (p = 0.817).

The mean RT dose for patients diagnosed prior to 2008 was 33.5 Gy
while the mean RT dose for patients diagnosed in 2008 or afterwards
was 26.0 Gy (p < 0.001) (Supplemental Fig. 4). On UVA, RT dose (>30
Gy vs. <30 Gy) was not significantly associated with FFP (p = 0.631),
FFT (p = 0.121), or OS (p = 0.259). On MVA, RT dose (>30 Gy vs. <30
Gy) was not significantly associated with FFP, FFT, or OS.

There was no significant difference between the mean greatest dis-
ease diameter for patients who were staged with PET and patients who
were not staged with PET (3.63 + 1.50 cm vs. 4.18 + 2.17 cm, p =
0.480).

4. Discussion

The optimal management of stage II FL is unclear. RT alone has been
the gold standard therapy, but a sizable proportion of patients treated
this way (almost 60% according to the present study) experience disease
relapse within 10 years. Identification of those patients who are at
higher risk of relapse would enable personalization of therapy, including
treatment intensification with additional systemic therapy, to improve
outcomes. To our knowledge, this present study is the first to attempt to
identify a high-risk subgroup of stage II FL patients treated with RT
alone.

Our study demonstrates that for stage II FL patients treated with RT
alone, greatest disease diameter >3.6 cm is associated with inferior FFP
and OS, but not inferior FFT, on multivariable analysis. Previous studies
that investigated the prognostic potential of disease diameter were
based on study cohorts that were not stage II specific, making them less
applicable to the present population [15,16,17]. Other existing prog-
nostic tools for FL are also not as applicable to the present population.
For instance, FLIPI and FLIPI-2 are well known prognostic tools in FL
[16,18]. However, only a small proportion (22% and 32%, respectively)
of study patients were stage I-II, likely explaining the mixed results
regarding their reliability as prognostic tools for stage I-II FL [10,19].
There have also been attempts to identify molecular predictors of out-
comes [20,21,22]. While promising, these tools are currently inacces-
sible to the vast majority of patients, even at major academic centres. On
the contrary, greatest diameter of disease is an easy-to-apply and
accessible prognostic variable that may distinguish stage II FL patients
treated with RT alone who are at higher risk of recurrence and shortened
survival.

Identifying those at the greatest risk of inferior outcomes following
RT alone is important in considering the optimal treatment strategy for
these patients. The question then becomes whether additional benefit
may be gained from intensification of the treatment approach for these
higher-risk patients. The TROG trial demonstrated that adding adjuvant
cyclophosphamide, vincristine, prednisolone, and rituximab to RT re-
sults in superior PFS, but not OS, and at the cost of increased acute
toxicity rates [3]. Therefore, given that RT alone is associated with low
rates of toxicities [23], it remains unclear whether the benefits outweigh
the drawbacks of adding immunochemotherapy. More recently, the
addition of rituximab to RT for stage I-II FL has been shown to improve
PFS without the toxicities typically associated with chemotherapy
[4,24,25], representing a strategy that may be worthwhile for patients
with a higher risk of recurrence. This study’s identification of greatest
diameter of disease as a prognostic factor for stage II FL patients treated
with RT alone may provide a helpful aid in the decision-making process
on whether to complement RT with rituximab.

This study also adds to the very limited body of knowledge on stage
II-specific outcomes. Traditionally, the optimal management ap-
proaches for stage I and II FL have not been distinguished. Existing
publications have typically reported outcomes for stage I-II FL as a
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Table 4
Final models for multivariable analyses of oncologic outcomes.
Factor FFP FFT oS
HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age at Diagnosis 1.03 0.070 1.08 <0.001
(Continuous; Unit = 1 Year) (1.00-1.07) (1.05-1.11)

Sex 0.70 0.184 0.68 0.222
(Male vs. Female) (0.41-1.19) (0.36-1.26)

Grade
(3A vs. 1-2)

Extranodal Disease 1.86 0.152
(Present vs. Absent) (0.79-4.36)

Greatest Disease Diameter 1.87 0.019 2.45 0.050 212 0.027
(>3.6 cm vs. <3.6 cm) (1.11-3.16) (1.00-6.02) (1.09-4.12)

ECOG PS
(1-2 vs. 0)

LDH
(Elevated vs. Normal)

Number of Lymph Node Regions 2.11 0.050
(3-4 vs. 1-2) (1.00-4.46)

Bilateral Disease
(Yes vs. No)

Infradiaphragmatic Disease 0.49 0.112 0.41 0.022
(Yes vs. No) (0.20-1.18) (0.19-0.88)

Abbreviations: FFP=freedom from progression; FFT=freedom from transformation; DSS=disease-specific survival; OS=overall survival; ECOG PS=European Coop-

erative Oncology Group performance status; LDH=lactate dehydrogenase.

group, rarely reporting analyses specific to the stage II subgroup
[7,8,17,26]. Despite common management strategies presently used for
these two stages of disease, there is strong evidence that patients with
stage II FL have inferior outcomes compared to those with stage I FL
following RT [5,6,7,8,9], suggesting that stage II FL has a clinical tra-
jectory that is distinct from that of stage I FL. With a median follow-up
duration greater than 10 years, this present study adds robust, long-term
data to the limited body of knowledge on stage II-specific outcomes in FL
treated with RT alone and sheds light on the unique clinical trajectory of
stage II FL.

With an FFP of 40.7% at 10 years, this study demonstrates that RT
alone is an effective treatment for stage II FL patients. Previously pub-
lished data from our institution showed that for stage IA/IIA FL together,
recurrences beyond 10 years were rare [9,15], suggesting that RT alone
was potentially curative for this population. However, in the current
analysis limited to the stage II subgroup in isolation, we have observed
no clear plateau in the survival curve after the 10-year mark (Fig. 1A),
consistent with findings from a different series [7]. These results suggest
that stage II FL may have a different clinical trajectory than stage I FL,
with recurrences continuing to occur even after the 10-year mark. Taken
together with our finding that the vast majority (93%) of recurrences in
stage Il FL involved a distant site, our study suggests that stage Il FL has a
much higher propensity to involve distant microscopic sites of disease
compared with stage I FL.

Interestingly, although FFP does not appear to plateau for stage II FL
patients as a whole or for those with a greatest disease diameter >3.6
cm, it appears to plateau at 44% for patients with a greatest disease
diameter <3.6 cm (Fig. 2). However, given that there are relatively few
patients at risk after 10 years for both subgroups, it is difficult for the
present study to make definitive conclusions. Further research is needed
to assess this potential trend. Whether or not outcomes plateau is an
important clinical question as it has implications for management (e.g.,
follow-up duration) and prognosis.

Despite strong evidence from the present study and previous studies
showing that RT alone is an effective management approach for suitable
patients with stage II FL, management practices are not uniformly
reflective of this [5,9]. While comparing outcomes between treatment
modalities is limited without randomized trials, systemic therapy alone
does not result in superior OS compared to management with RT alone,
and is associated with greater side effects [3,10,27]. Nevertheless, a
substantial proportion of patients—ranging from 32.5% to 69.0%

according to two studies—are managed with systemic therapy only,
which is notably higher than the proportion of patients managed with
RT alone (5.6% to 19.3%) [5,28]. In addition, the utilization of RT alone
has decreased over time, from 24.3% in 1998-2002 to 19.3% in
2008-2012 [5]. Our study shows that RT alone is an effective man-
agement approach for stage II FL. Given that RT alone leads to compa-
rable outcomes to systemic therapy alone with fewer side effects, it
should be strongly considered when selecting first-line therapy modality
for stage II FL.

Interestingly, our study found that 1-2 vs. 3-4 lymph node regions
was not prognostic in stage II FL patients treated with RT alone. There
has been limited research investigating the prognostic value of this
variable, with all of the studies involving cohorts that were not stage II-
specific [3,10,16,26,29,30]. These studies showed mixed results
regarding the prognostic value of the number of involved lymph node
regions. Thus, at present, there is insufficient evidence to support
treatment intensification based on the number of involved nodal regions
in patients with stage II FL. Although one would expect more widespread
disease to be associated with worse outcomes, our finding is likely a
reflection of the fact that many patients in both subgroups had distant
microscopic disease which were not covered by the RT fields and
therefore, were untreated. Based on our results, it appears that disease
diameter is a better predictor of the presence of distant microscopic
disease than the number of involved nodal regions.

This study also investigated whether location or general distribution
of disease were associated with outcomes. We found that bilateral dis-
ease was not associated with inferior outcomes. Infradiaphragmatic
disease was predictive of superior OS, with this effect being driven
primarily by the inguinal / femoral and iliac lymph node regions, rather
than the paraaortic region. The inferior OS associated with supra-
diaphragmatic disease was primarily driven by the axillary region.
There has been limited research looking at the predictive value of
infradiaphragmatic disease, with all of the studies involving cohorts that
were not stage II-specific [3,17,31]. These studies showed mixed results
regarding the predictive value of infradiaphragmatic disease. Further
research is needed to confirm our findings on the impact of anatomic
location on OS and determine the mechanism for these associations.

In the past 13 years, a few trials have looked at whether reducing the
RT dose affects outcomes in FL. The Lowry et al. trial compared 40-45
Gy with 24 Gy and found no difference in PFS or OS [32]. The FORT trial
further compared 4 Gy with 24 Gy and found that treatment with only 4



Y. Xu et al.

Gy led to increased risk of local progression, leading the study authors to
conclude that 24 Gy should remain as the standard of care [23]. In our
cohort, the mean RT dose decreased from 33.5 Gy (prior to 2008) to
26.0 Gy (2008 and afterwards). On MVA, there was no difference in
outcomes between patients who received a higher dose (>30 Gy) and
those who received a lower dose (<30 Gy). Thus, our real-world data
supports the finding in the Lowry et al. trial that a reduction in RT dose
to 24 Gy did not lead to inferior outcomes. Although the FORT trial
found that 4 Gy was inferior to 24 Gy, there are ongoing efforts to study
4 Gy in combination with obinutuzumab [33].

This study had some limitations. First, this was a retrospective study.
Second, given the relatively small cohort size, further research is
required to validate 3.6 cm as a threshold for risk stratification for
greatest diameter of disease. Third, positron emission tomography (PET)
staging was not mandatory, and thus, there may be some differences in
our patient cohort compared to a PET-staged stage II cohort, including
the possibility of patients who had additional, undetected sites of disease
which, if had been detected, would have resulted in either more
extensive stage II FL or FL of a higher stage [26,30,34]. However, a study
with a PET-staged cohort revealed similar outcomes and a similar
outcome trajectory for stage II FL treated with RT alone [7].

In conclusion, 40.7% of stage II FL patients selected to receive RT
alone were disease-free 10 years after treatment. Greatest diameter of
disease was associated with inferior FFP and OS, representing a novel
prognostic indicator in this population that may help in the decision-
making process on whether to complement RT with systemic therapy.
Further research is required to validate 3.6 cm as a threshold for risk
stratification for greatest disease diameter in stage II FL patients treated
with RT alone.
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