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Abstract
Purpose/objective(s) To evaluate the impact of positron emission tomography (PET) staging on overall survival (OS) and
progression-free survival (PFS) in patients with early-stage (stages I and II) follicular lymphoma (ESFL) treated with radiation
therapy alone.
Materials/methods Eighty-five patients with ESFL treated with curative-intent radiation therapy (RT) between December 2000
and May 2011 were identified. Of those, 13 who had no PET staging and 25 who received additional systemic therapy were
excluded from the analysis. Thus, we analyzed 47 patients with PET-staged ESFL treated with definitive radiation therapy alone
(dose > 23Gy). Tumour features, pre-treatment computed tomography (CT) and PET stage, dose fractionation, and radiation
therapy field extent were recorded. The Kaplan–Meier method was used to estimate the OS and PFS. Patterns of failure were
assessed as cumulative incidences assuming competing risks.
Results Median age was 57 years (range 24–83); 43% were females. Most were PET stage 1 (76.6%). Median maximum nodal
diameter was 3 cm. Median pre-treatment lactate dehydrogenase (LDH) was 327.5 (range 123–607, upper normal limit = 220).
Twenty-six patients (55.3%) had infra-diaphragmatic disease. All received 30–36Gy in 15–24 fractions, with 59.6% treated with
involved-field radiation therapy (IFRT) techniques. There was no significant difference in PFS between CT stage I and stage II
(HR 1.30 95% CI [0.25–6.72], p = 0.75) with a 5-year PFS of 77% and 78% respectively. However, stage I on PET staging had a
significantly better PFS than stage II (HR 4.66 95% CI [1.15–18.8], p = 0.038), with 5-year PFS of 84% and 60% respectively.
Ten patients had recurrent disease, with distant disease being the first site of failure in seven patients. Seven-year OS was 91%
(95% CI 79–100) for the whole cohort.
Conclusion FDG-PETshould be considered an essential element in the evaluation of patients with ESFL being considered for RT.
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Introduction

Follicular lymphoma (FL) is the second most common form
of non-Hodgkin lymphoma, comprising up to 20% of cases in
western countries [1]. Although the majority of patients pres-
ent with advanced disease (stage III–IV), approximately 20–
26% present with localized disease (stage I–II) [2, 3], which is
potentially curable with radiation therapy [4, 5]. Careful as-
sessment of an adequate marrow biopsy sample is critical for
optimal detection of bone marrow involvement [6].
Anatomical staging accuracy is also of paramount importance
in selecting patients for radiation therapy delivered with cura-
tive intent, both in terms of excluding patients with stage III–
IV disease, and in ensuring tumour coverage of all disease
sites in patients with stage I–II. 18F-fluorodeoxyglucose
(FDG) positron emission tomography (PET) has been shown
to be of value in initial staging of patients with lymphoma
[7–11]. Our previous data have demonstrated that approxi-
mately one in three patients with apparent stage I–II disease
on conventional imaging and marrow biopsy was found to
have more extensive disease by FDG-PET, and 14% of pa-
tients had their radiotherapy treatment volumes altered due to
PET findings [8]. It is thus likely that stage migration will be
observed in this cohort, due to PET correctly identifying
small-volume stage III disease, which would have otherwise
have been classified as stage I–II. The aim of this study was to
report the long-term outcomes of patients with early-stage
(stages I and II) FL (ESFL) staged with PET who remained
suitable for, and were treated with, radical radiotherapy alone.

Methods

Patient selection

This was a single institution, ethically-approved (Research
Number: 12/122), retrospective study of patients identified
from the hospital electronic medical record and radiotherapy
treatment record. This list was cross-referenced with the data
from the Victorian Cancer Registry, which covers the popula-
tion served by the institution. Patients over the age of 18with a
diagnosis of previously untreated FL treated with curative-
intent radiotherapy alone at the Peter MacCallum Cancer
Centre (PMCC) between 2000 and May 2011 were included
in the study. Patients who received chemotherapy pre- or post-
radiotherapy (as in the TROG 99.03 trial) as part of their initial
therapy were excluded. All patients were staged with a pre-
treatment FDG-PETor PET/CT scan within 2 months prior to
the initiation of treatment, in addition to standard work-up
with CTscan and adequate bone marrow aspirate and trephine
[6]. It was not possible to compare the relative sensitivity and
specificity of PET/CT and CT for staging and treatment

selection in this cohort because the denominator represents
patients actually treated with curative-intent based on FDG-
PET stage. Patients with CT stages I and II and who were
upstaged to III or IV by PET are not included in this cohort.
However, within this cohort, the outcomes for patients could
be compared based on their CT stage and their FDG-PET
stage.

Data collected for analysis

Demographic data, tumour characteristics, disease stage and
distribution on CT and PET imaging, treatment details, and
pre-treatment haemoglobin and lactate dehydrogenase (LDH)
were recorded when available from the clinical record. The
number and distribution of Ann Arbor sites on each imaging
test was recorded. Dates and sites of relapse (in-field or
distant) were recorded.

Survival data were provided from Victorian Cancer
Registry (VCR) with accurate data until 31 December 2013
(closeout date). It was possible to link the data for all but a few
patients. If those patients had follow-up data from PMCC after
closeout date, they were censored for survival at the closeout
date. If last follow-up data from PMCC was before the close-
out date, then the patient was considered lost to follow-up and
censored for survival at their last follow-up date.

Statistical analysis

All statistical analyses were performed in R (version 3.0.3; R
Development Core Team 2009). Baseline characteristics were
summarised using descriptive statistics including counts and
frequencies for categorical variables and mean, standard devi-
ation (SD), median and range for continuous variables. The
Kaplan–Meier method was used to estimate the overall sur-
vival (OS) and progression-free survival (PFS) curves. OS and
PFS estimates with associated 95% confidence intervals were
reported. All time-to-event endpoints were measured from the
date of commencement of RT.

Univariable analysis of possible prognostic variables for
freedom from progression (FFP) was performed using the
log-rank test for categorical variables (or exact log-rank test
for small group numbers) and likelihood ratio test for quanti-
tative variables with hazard ratios obtained from the Cox pro-
portional hazards models. PET stage I vs II, largest transverse
nodal diameter, number of Ann Arbor sites, and year of treat-
ment were evaluated for association with FFP. Patterns of
failure were assessed as cumulative incidences assuming com-
peting risks.
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Table 1 Patient characteristics
Variable Statistic N (%)

Age Mean (SD) 56 (14)

Median [range] 57 [24–83]

Interquartile range 47–65

Gender Female 20 (42.6%)

Male 27 (57.4%)

ECOG 0 38 (80.9%)

1 8 (17.0%)

2 1 (2.1%)

Overall stage I 37 (78.7%)

II 10 (21.3%)

Tumour site count (number of nodal regions involved) 1 37 (78.7%)

2 9 (19.1%)

3 1 (2.1%)

Transverse node size (missing n = 11) Mean (SD) 3.23 (1.27)

Median [range] 3 [1–6.2]

Interquartile range 2.45–4

Tumour grade (missing n = 4) I 29 (67.4%)

II 13 (30.2%)

IIIA 1 (2.3%)

Pre-treatment LDH (missing n = 23) Mean (SD) 324.75 (137.55)

Median [range] 327.5 [123–607]

Interquartile range 210.25–423.25

Pre-treatment haemoglobin (missing n = 10) Mean (SD) 143.41 (13.31)

Median [range] 145 [116–165]

Interquartile range 134–153

FLIPI score (missing n = 23) Low risk 16 (66.7%)

Intermediate risk 8 (33.3%)

CT stage (missing n = 8) I 28 (71.8%)

II 10 (25.6%)

III 1 (2.6%)

PET stage I 36 (76.6%)

II 11 (23.4%)

Dose total 30 31 (66.0%)

30.5 1 (2.1%)

30.6 5 (10.6%)

34 1 (2.1%)

36 9 (19.1%)

Number of fractions 15 17 (36.2%)

17 7 (14.9%)

18 5 (10.6%)

20 17 (36.2%)

24 1 (2.1%)

RT extent Involved-field 28 (59.6%)

Other 10 (21.3%)

Whole abdomen 9 (19.1%)
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Results

Eighty-five patients with ESFL were reviewed, of whom 13
who had no PET staging and 25 who received systemic ther-
apy were excluded from the analysis, leaving 47 patients with
ESFL confirmed by PETand treated with radical radiotherapy
alone (dose > 23Gy) for the analysis. The median follow-up
was 4.8 (range: 0.8–13) years. All patients received 30–36Gy
in 15–24 fractions. Median age was 57 years (range: 24–83),
and 43% were females. The majority had PET stage 1
(76.6%). Baseline characteristics are described in Table 1.

Of the 47 patients, six were unable to be linked to the VCR
for survival data. Of those six patients, three had clinical
follow-up after the closeout date (31/12/2013) and were cen-
sored at the closeout date for overall survival. The other three
patients without link to VCR data who had follow-up assess-
ment before the closeout date were considered lost to follow-
up and censored at their last follow-up time for OS.

Of the 39 patients staged with CTand PET, six patients had
their disease staging altered as a result of PET findings
(Table 2). PET upstaged two patients from stage I to stage II,
and downstaged four patients— three from stage II to stage I,
and one from stage III to stage II. After treatment, disease
progression occurred in nine patients. In seven cases, distant
progression occurred (outside RT fields). In-field (within the
irradiated volume), and marginal (within 5 cm of the irradiated
volume) progressions occurred in one case each. One patient
died without progression.

The PFS at 3 and 5 years were 86% (95% CI 76–97) and
78% (95% CI 65–94) respectively. The OS at 3 and 5 years
were 100% and 97% (95% CI 91–100). The FFP at 3 and
5 years were 86% (95% CI 76–97) and 78% (95% CI 65–
94). On univariable analysis of FFP, only PETstage II predict-
ed for treatment failure (HR 4.66; 95%CI 1.15–18.80, p =
0.018). Largest transverse nodal diameter by centimetre

(cm), number of sites and year of treatment were not statisti-
cally significant (Table 3). Onmultivariable analysis, the PET-
stage retained statistical significance in the model.

PFS according to CT and PET staging is shown in Fig. 1.
As only one patient was classified as CT stage III, he was
omitted from the plot. On PET imaging, he was down-
staged to stage II and therefore was considered to have
ESFL suitable for IFRT. He was alive without progression at
the closeout date with 5.5 years of follow-up. No separate
curves were provided for OS given the small number of
events. Only two deaths were recorded. There was no evi-
dence that the CT stage II PFS curve is different than the stage
I PFS curve (HR 1.30 95%CI [0.25–6.72], p = 0.751) but PET
stage II PFS curve is statistically inferior to the PET stage I
PFS curve (HR 4.66 95% CI [1.15–18.8], p = 0.038).

Discussion

There is already strong evidence that FDG-PET-based staging
is more accurate than CTalone in FL, but long-term outcomes
for PET-staged patients treated with RT alone are lacking in
the literature. ESFL is apparently cured with radiation therapy
of 24–30 Gy in approximately 35–50% of cases [4, 12–15]
(see Table 4), and relapses are uncommonwithin the irradiated
field [17]. Disease recurrence in conventionally-staged pa-
tients is usually manifest early, with 40% of patients relapsing
within 4 years [4]. In the series from Stanford University, with
a median follow up of 7 years, only five of 47 patients who
were progression-free at 10 years subsequently manifested
disease recurrence [4]. Historically, failure rates of over 50%
after RT have been largely due to distant (out of initial radia-
tion field) relapse [5, 18, 19]. This presumably reflects the
presence of initially unrecognised sub-clinical disease beyond
the radiation volume when patients are staged only with CT.
Our previous study highlighted the importance of PETstaging
compared to CT alone, as PET frequently upstaged patients
and changed radiotherapy planning for those who remained
candidates for curative RT. Accurate radiotherapy planning,
particularly in the era of involved site or involved nodal RT
where RT fields are smaller, to encompass all disease is par-
ticularly important, as it has been established that in-field re-
currence is relatively rare in FL.

Table 2 Comparison
between CT and PET
staging

CT stage PET stage

I II III

I 26 2 0

II 3 7 0

III 0 1 0

Table 3 Univariable analysis of
freedom from progression Variable Level N Events HR (95% CI) P-

value

PET Stage I 36 5 1 0.018

II 11 4 4.66 (1.15–18.80)

Transverse node size Per cm 36 9 0.66 (0.36–1.23) 0.160

Tumour site count Per unit increase 47 9 2.90 (1.03–8.14) 0.074

Eur J Nucl Med Mol Imaging (2019) 46:80–86 83



FDG PET has been shown to be of value in initial staging of
patients with non-Hodgkin lymphoma by other groups [20]. In
an early study, Stumpe et al. [21] reported an overall diagnostic
accuracy of PET in lymphomas as 93%, compared to 73% for
patients evaluated using conventional imaging. There were initial
concerns that PET imagingmay be less accurate in histologically
lower grades or indolent lymphomas such as follicular lympho-
ma. However, Wohrer et al. [22] demonstrated that PET imaging
has an overall high sensitivity (98%), specificity (94%), and pos-
itive and negative predictive values (95% and 98% respectively)
for follicular lymphomas, with no significant difference between
grade 1–2 and grade 3 follicular lymphoma. PET/CT can detect
more extensive disease than CT alone, with Metser et al. [23]
demonstrating that 24% of patients with CT-staged I and II dis-
ease were upstaged to stage III or IVafter PET imaging, resulting
in change in overall management of these patients. Similarly,
Wirth et al. [8] demonstrated that approximately 30% of patients
with stage I–II disease on conventional imaging have more ex-
tensive disease detected by PET, leading to upstaging or an al-
teration of radiation treatment volume, indicating the additional
benefit of minimising geographic miss when defining treatment
volumes.

The greater sensitivity of PETstaging is critically important
in settings in which loco-regional radiotherapy is used as the
sole therapy, since unrecognised disease outside the treatment
field is highly likely to progress, and it is plausible that the
outcome for PET-staged stage I–II FL will be superior to that
in CT-staged patients. In our study, the cohort had an im-
proved 5-year PFS of 78% compared to historical data where
patients were CT staged. The Stanford and Royal Marsden
Hospital series previously reported similar 5-year PFS of
55% [4] and 59% [15] respectively. Our cohort’s outcomes
are similar to those reported by Guadagnolo et al. [5] and
Friedberg et al. [24], but their cohorts included patients who
had received chemotherapy. The difference in PFS between
PET-staged I and II appears to have diminished over time.
This may be due to the relatively small number of patients at
risk after 4 years, or perhaps reflects the presence of subclin-
ical disease below the threshold for PET detection in patients
with PET stage I disease. Furthermore, higher-risk stage II
patients may have been excluded from the study (as they were
treated with RT and chemotherapy).

One of the potential limitations of this study, in addition to
the caveats of a single-institution retrospective study, is that it

Fig. 1 Progression-free survival according to CT (left) and PET (right)
stage*. * 1 patient had stage III disease, and CT-stage could not be

ascertained in eight patients imaged externally, but all were referred for
Bearly-stage^ follicular lymphoma

Table 4 Results of representative studies of radiation therapy alone for localised low-grade lymphoma

Centre Year No of patients Stage FFR Survival

Princess Margaret Hospital [14] 1984 190 I & II 53% @ 12 years 58% @ 12 years

BNLI [12, 16] 1995 208 I 49% @ 10 years 64% @ 10 years

Stanford [4] 1996 177 I & II 44% @ 10 years 64% @ 10 years

Royal Marsden Hospital [15] 1995 58 I & II 43% @ 10 years 79% @ 10 years

M.D. Anderson Cancer Center [13] 2001 80 I & II 41% @ 15 years 43% @15 years

BNLI British National Lymphoma Investigation
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covers a period of marked evolution in PET technology from
stand-alone PET scanners through progressively more sophis-
ticated PET/CT devices, including time-of-flight and im-
proved reconstruction algorithms. These improvements have
progressively enhanced the sensitivity of PET [25, 26].
Potentially, the use of PET/CT will lead to even better detec-
tion of occult stage III/IV disease and better GTV delineation
than were reflected in the results of the present study.
Although the current study includes a few patients who had
stand-alone PET, the majority had PET/CTstudies, which was
installed in our facility in 2001. We believe that the long du-
ration of follow-up justifies inclusion of patients imaged with
older technology.

The potential role of chemotherapy in ESFL was not ad-
dressed in this study. Given that the majority of relapses were
beyond the radiation field, it would be reasonable to consider
systemic therapy with the goal of controlling occult distant
disease, particularly in the subgroup of patients with stage II
disease on PET. There is non-randomised evidence from
population-based datasets that systemic therapy improved
PFS but not OS in patients with ESFL [24]. In the last decade,
rituximab, a chimeric anti-CD20 monoclonal antibody, has
been shown to be well tolerated and to improve progression-
free survival when added to chemotherapy for advanced stage
follicular lymphoma [27, 28]. The role of rituximab in ESFL
is less defined than in advanced disease and potentially adds to
the cost and morbidity of treatment. However, a retrospective
study by Janikova et al. [29] suggested that rituximab in com-
bination with radiotherapy provided better PFS than radiother-
apy alone. Recently, TROG99.03, a randomised trial evaluat-
ing the addition of immune/chemotherapy to RT, has reported
improved 10-year PFS of 59% for patients who had systemic
therapy compared to 41% for those who received radiotherapy
alone (HR 0.26, p = 0.045) [30]. In addition, this study also
showed that lower PET stage was associated with superior
PFS [30].

Conclusion

In this study, we have shown that a series of patients selected
by PET has excellent 5-year PFS (78%), far superior to his-
torical non-PETseries. Within our cohort, we have shown that
PET stage has a more powerful correlation with PFS than CT
stage. FDG-PET should be considered an essential element in
the evaluation of patients with ESFL being considered for RT
both to exclude patients with more distant disease but also to
more accurately define radiation treatment volumes.
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