
Impact of histological grading on survival in the
SWOG S0016 follicular lymphoma cohort    

This study examined the impact of higher grade follicular
lymphoma on early progression and survival as well as the
reproducibility of grading in a large prospective, phase III
randomized intergroup trial, S0016, comparing six cycles of
cyclophosphamide, doxorubicin, vincristine, prednisone
(CHOP) plus rituximab with six cycles of CHOP followed
by iodine I-131 tositumomab radioimmunotherapy.  We
show a lack of correlation between histological grade and
patients’ outcome in the rituximab plus 
doxorubicin-containing chemotherapy era; and that grade
is often revised, and lowered, during expert hematopathol-
ogy review. Therefore, other more reproducible biomarkers
of early progression should be sought for FL.
FL is a complex disease with variable histological appear-

ances and clinical outcomes. There are clinical and genetic
indices with prognostic capability, including the FL
International Prognostic Index (FLIPI) and the more recent
M7-FLIPI, which incorporates the mutation status of seven
genes with superior power to distinguish patients’ risk.1,2 In
addition to baseline prognostic tools, early progression of
disease at 24 months following chemotherapy with CHOP
plus rituximab is a powerful predictor of overall survival.3

The original histological grading scheme was developed
prior to these various methods and is still retained in the
revisions to the World Health Organization lymphoma
classification scheme.4,5 

According to the current World Health Organization cri-
teria, FL is divided into grades based on the average number
of centroblasts from ten representative high power fields,
taking into account areas with both few and frequent cen-
troblasts. Grades 1 and 2 are defined by an average of 0-5
and 6-15 centroblasts, respectively, per high power field
and are now considered together as low grade FL (hereafter
referred to as FL1/2). Grade 3, with more than 15 centrob-
lasts per high power field, is further subdivided into 3A
with admixed centrocytes and 3B without admixed centro-
cytes with the latter representing an essentially pure popu-
lation of centroblasts. Using current criteria, FL3A and FL3B
must demonstrate a follicular pattern (otherwise the diag-
nosis is moved into the diffuse large B-cell lymphoma cat-

egory). Although centroblast counts have been a staple of
FL grading since the 1980s, the reproducibility of this
method is debatable and the methods somewhat complex
and time-consuming.6,7 Furthermore, there are conflicting
reports about whether there is a significant biological or
survival difference between grades 3A and 3B. Some
reports note that survival is similar while others studies
found that FL3B has unique biological features.8,9 These
conflicting data challenge the clinical utility of grading dis-
tinctions with current therapeutic options.
The importance of FL grade has not been examined in a

large uniformly treated cohort, particularly using progres-
sion of disease within 2 years after diagnosis, which is
strongly associated with poor outcomes in patients receiv-
ing first-line treatment with CHOP plus rituximab.3 The
South West Oncology Group (SWOG) cooperative research
consortium previously conducted a phase III randomized
intergroup trial, S0016, comparing six cycles of CHOP plus
rituximab with six cycles of CHOP followed by iodine I-
131 tositumomab radioimmunotherapy. The study initially
showed no significant improvement in progression-free
survival between the two arms (although both progression-
free survival and overall survival were outstanding on both
arms).10,11 The recent 10-year update of the trial demonstrat-
ed a progression-free survival benefit, but not overall sur-
vival benefit in the radioimmunotherapy arm.12 A subse-
quent S0016 analysis evaluated clinical factors and found
that lactate dehydrogenase, β2 microglobulin, and FLIPI
scores were significantly correlated with outcome, but did
not address grade or histological pattern.10 S0016 is an
excellent cohort for assessment of the prognostic signifi-
cance of FL grading and pattern due to the use of
immunochemotherapy, uniform treatment and outcome
data, and centralized pathology review. We therefore
sought to evaluate whether FL grading continues to be an
important clinical parameter in the modern treatment era.
We previously confirmed the diagnoses of FL for S0016

at the time of study closure.11 This is a mature cohort with
a median follow up of 10.2 years (range, 50 days to 15.3
years). Briefly, the available slides and associated pathology
reports were reviewed by one of three SWOG Lymphoma
Committee pathologists (RMB, CMS, and LMR) for eligibil-
ity according to the recently revised World Health
Organization criteria.5 Given the known, high reproducibil-
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Table 1. Survival stratified by histological grade.
Patients

Patients CHOP-R CHOP-RIT

Total 491 (100%) 246 (100.0%) 245 (100%)
FL 1/2 452 (92%) 227 (92.2%) 225 (91.8%)
FL 3A 39 (7.9%) 19 (7.7%) 20 (8.1%)

Progression-Free Survival
Grade Total Failed Estimate of 10-years PFS 95% CI P

FL 1/2 452 227 49% 44.5%-54.1%
FL 3A 39 20 47% 30.1%-61.7% 0.789

Overall Survival
Grade Total Failed Estimate of 10-years OS 95% CI P

FL 1/2 452 95 79% (74.6%-82.6%)
FL 3A 39 12 68% (50.3%-80.5%) 0.0990
CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone; R: rituximab; RIT: radioimmunotherapy; FL: follicular lymphoma; CI: confidence interval; OS: overall sur-
vival; PFS: progression free survival. 



ity of diagnosis of FL1/2, if the reviewing SWOG patholo-
gist agreed with the original diagnosis of FL1/2, no further
review was conducted. If the SWOG pathologist changed
the diagnosis or changed the grade, the case was brought
to “consensus” review, during which all three SWOG
pathologists reviewed the case at a multi-headed micro-
scope, discussed the findings, and agreed on the final diag-
nosis and grade. In addition, because of the known low
reproducibility of FL3, all FL3A and FL3B cases were con-
firmed by the panel.6

For the survival analyses, cases with grade 1/2 were con-
sidered together as low grade; cases of pure grade 3A were
considered 3A; cases with mixed low and high grades
(combinations of grade 1/2 with grade 3A) were included
in the 3A category. A single case of pure FL3B was excluded
given its unicity. Cases with mixed FL and diffuse large B-
cell lymphoma were considered as diffuse large B-cell lym-
phoma and were not included in this FL survival analysis.
Survival was assessed using the methods of Kaplan and
Meier.13We estimated 10-year progression-free and overall
survival rates and compared the results with a log-rank test. 
The SWOG pathology reviewers’ consensus diagnoses

were used for the survival analyses. A total of 491 patients
were assessed for histological grade, of whom 452 (92.0%)
had grade 1/2 and 39 (7.9%) patients had grade 3A. No
cases were considered pediatric-type FL, since this trial was
limited to adult patients with advanced stage disease. The
distribution of FL1/2 or FL3A cases was similar between
treatment arms (91.8% and 8.1% for CHOP-
immunochemotherapy and 92.2% and 7.7% for CHOP
plus rituximab, respectively). These results are summarized
in Table 1. 
The  estimated 10-year overall survival for patients with

FL1/2 was 79% [95% confidence interval (95% CI): 74.6-
82.6%], while that for patients with for FL3A was 68%
(95% CI: 50.3-80.5%) (log-rank P-value=0.0990). In addi-
tion, the estimated 10-year progression-free survival was
49% for patients with FL1/2 (95% CI: 44.5- 54.1%); and
47% for those with FL3A (95% CI: 30.1-61.7%) (log-rank
P-value=0.7897). Survival curves are illustrated in Figure 1.
A total of 521 cases were submitted with a diagnosis of

FL. Of these, 497 (95.4%) had a definitive grade in the diag-
nostic line or description from the submitted outside
pathology report. Of the 497 graded FL cases, changes to
that grade occurred in 54 (10.8%). Interestingly, 45 of these
54 (83.3%) changes were down grades from grade FL3A to
FL1/2, while in contrast, only 9/54 (16.7%) were upgraded
from an original diagnosis of FL1/2 to FL3A. Collectively,
these data indicated that most FL grading changes by the
SWOG review panel were decreases in the FL grade and
highlighted a bias towards higher grades in community
practice. Microscopic review revealed that the down-grad-
ed FL cases often had either large centrocytes, sclerosis that
may distort cell cytology, or many follicular dendritic cells,
which may have made them particularly challenging.
Both the impact of higher grade FL on early progression

and survival as well as the reproducibility of grading in a
large prospectively treated cohort were investigated in this
study. We found that: (i) the impact of histological grading
on patients’ outcome in the rituximab plus doxorubicin-
containing chemotherapy era is negligible; and (ii) there is
a tendency to “over-grade” FL. In the USA, bendamustine
has largely replaced CHOP as the preferred chemotherapy
platform for newly diagnosed advanced stage FL, based
upon randomized data suggesting similar to improved pro-
gression-free survival and a better toxicity profile.14,15 These
two randomized trials excluded patients with grade 3 FL. In
agreement with Koch et al.,16 our results suggest that, at
least when doxorubicin-containing chemotherapy with an

anti-CD20 monoclonal antibody is utilized, the outcome of
patients with grade 3A FL is similar to that of patients with
grade 1/2 disease. These observations should be validated
in a cohort of patients treated with bendamustine plus rit-
uximab. Similar to an earlier study, there were no cases
showing combinations of both FL3A and FL3B, highlight-
ing that the pathogenesis of these two diseases is likely dif-
ferent.16

Challenges to the reproducibility in grading, previously
reported in the literature, were again found in this study.
The most frequent change was downgrading of originally
denoted FL3A or FL3B cases to FL1/2. Our findings high-
light a tendency to over-grade FL in routine practice most
likely due to the difficulty in cytologically separating the
various cell types within the germinal center environment.
Various centroblast “mimics” such as large centrocytes
(large cleaved cells but without nucleoli) or follicular den-
dritic cells (single or binucleated cells with clear nuclei and
centrally placed eosinophilic nucleoli) can be difficult to
identify and exclude. In agreement with our findings, grade
3 FL was one of the least reproducible of the diagnostic cat-
egories of lymphoma in the National Cancer Care Network
database study.6 As the FL field moves forward, integrated
biomarkers such as clinical features with genomics and/or
expression markers are likely to be more important than
grade in prognosis, and may also provide predictive infor-
mation for specific therapies.
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Figure 1. Survival according to histological grade. (A) Overall survival. (B)
Progression free survival.
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