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A B S T R A C T

Purpose
This study sought to characterize transformation incidence and outcome for patients with follicular
lymphoma (FL) in a prospective observational series begun after diffusion of rituximab use.

Patients and Methods
Patients with newly diagnosed FL were prospectively enrolled onto the University of Iowa/Mayo
Clinic Specialized Program of Research Excellence Molecular Epidemiology Resource from 2002
to 2009. Patients were actively followed for re-treatment, clinical or pathologic transformation, and
death. Risk of transformation was analyzed via time to transformation by using death as a
competing risk.

Results
In all, there were 631 patients with newly diagnosed grade 1 to 3a FL who had a median age at
enrollment of 60 years. At a median follow-up of 60 months (range, 11 to 110 months), 79 patients
had died, and 60 patients developed transformed lymphoma, of which 51 were biopsy proven. The
overall transformation rate at 5 years was 10.7%, with an estimated rate of 2% per year. Increased
lactate dehydrogenase was associated with increased risk of transformation. Transformation rate
at 5 years was highest in patients who were initially observed and lowest in patients who initially
received rituximab monotherapy (14.4% v 3.2%; P � .021). Median overall survival following
transformation was 50 months and was superior in patients with transformation greater than 18
months after FL diagnosis compared with patients with earlier transformation (5-year overall
survival, 66% v 22%; P � .001).

Conclusion
Follicular transformation rates in the immunochemotherapy era are similar to risk of death without
transformation and may be lower than reported in older series. Post-transformation prognosis is
substantially better than described in older series. Initial management strategies may influence the
risk of transformation.

J Clin Oncol 31:3272-3278. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Follicular lymphoma (FL) is an incurable disease
without a defined optimal management strategy.
Priorities in goals of care include avoiding symp-
toms, transformation to aggressive subtypes, and
death. Rituximab has changed the expected out-
comes for patients with FL.1-5 Retrospective series
that include patients diagnosed before use of ritux-
imab became prevalent describe diverse rates of
transformation with consensus of 3% per year.6-12

Transformation is largely considered a catastrophic
event on the basis of these historical series with a
median post-transformation survival of less than
2 years.6,7,9,11-13

There are several reasons why observations
from older series on transformation may no longer
predict the clinical course of current patients. Diag-
nostic techniques for lymphoma are subtly but per-
haps meaningfully different with the availability of
technology-aided but smaller biopsy samples, and
greater availability of deeper samples at time of
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relapse.14-16 Initial treatment strategies for FL have changed substan-
tially over 20 years with the availability of nucleoside analogs, increas-
ing use of alkylator-based over anthracycline-including regimens as
initial therapy, and monoclonal antibody as part of early treatment
choices.17 Indeed, one recent series of patients diagnosed from 1979 to
2007 found a significantly higher risk of transformation in patients
diagnosed before 1990.18 Similarly, treatment options for manage-
ment of transformed lymphoma have expanded over this time frame.

We initiated a prospective observational study in 2002 that en-
rolled patients with newly diagnosed lymphoma, and we used a
protocol-specified methodology for capturing baseline clinical, labo-
ratory, and pathology data, initial therapy, and active follow-up of all
patients for clinical events including re-treatments, relapse/progres-
sion, transformation, and death, regardless of where the follow-up
clinical care occurred. The goal of this analysis was to characterize the
rate of transformation in the current era of using immunochemother-
apy in early treatment of FL. The clinical features associated with risk
of transformation and the risk of transformation in the context of the
competing risk of death without transformation were evaluated along
with post-transformation outcomes.

PATIENTS AND METHODS

Study Population

This study was approved by institutional review boards at the University
of Iowa and Mayo Clinic. Written informed consent was obtained from all
participants. This study used the Molecular Epidemiology Resource (MER) of
the University of Iowa/Mayo Clinic Lymphoma Specialized Program of Re-
search Excellence, which has been previously reported.19 Briefly, since Septem-
ber 2002, we offered enrollment to consecutive patients with newly diagnosed
lymphoma (within 9 months) who were evaluated at the University of Iowa or
Mayo Clinic Rochester, were age 18 years or older, had no history of HIV, and
were residents of the United States. All diagnoses were confirmed by study
hematopathologists (W.R.M., S.I.S.). Baseline clinical, laboratory, and treat-
ment data were abstracted from medical records by using a standard protocol.
All participants were systematically contacted every 6 months for the first 3
years and then annually thereafter. Disease progression, re-treatment, trans-
formation, and death were verified through review of pathology and medical
records. Cause of death was obtained from death certificates and review of
medical records. Inclusion criteria for this analysis were initial diagnosis of
grade 1 to 3a FL and enrollment from September 1, 2002, to December 31,
2009. Patients with a composite diagnosis, FL grade 3b, or evidence of clinical
or pathologic transformation at the time of initial FL diagnosis were excluded.
Patients with de novo diffuse large B-cell lymphoma (DLBCL) enrolled from
the same time period were included as a comparison cohort for clinical out-
come after transformation.

Definition of Transformation

Transformation was defined as refractory/recurrent disease with either
clinical or pathologic diagnosis of transformed lymphoma. Medical records
and clinical pathology reports were reviewed to verify all transformations.
Pathologically defined transformation entailed a biopsy confirmed subtype of
FL 3b, DLBCL, unclassifiable B-cell lymphoma with features intermediate
between diffuse large B-cell lymphoma and Burkitt lymphoma, high-grade
B-cell lymphoma (including Burkitt), or evidence of transformation per pa-
thologist report.8,11 We did not establish clonality on the basis of molecular
studies. Clinical transformation was defined by using a previously published
clinical indication of transformation (sudden increase in lactate dehydroge-
nase [LDH], rapid discordant localized nodal growth, new involvement of
unusual extranodal sites, new “B” symptoms or hypercalcemia), or statement
in the medical record that the treating physician was clinically treating the
patient as a transformation at the time of recurrence.7,8,20

Statistical Analysis

The cumulative incidence of transformation was determined by using
death as a competing risk.21,22 Time to transformation was defined as the date
of initial FL diagnosis to date of transformation.

Incidence of transformation, as well as differences in transformation
incidence by initial treatment, was estimated and displayed graphically by
using the cmprsk package in R.23,24 Stratified Cox proportional hazards mod-
els as described by Therneau and Grambsch25 were used to assess associations
between clinical variables and transformation.

Overall survival (OS) from diagnosis was defined as the date of diagnosis
to date of death (any cause) or last known follow-up for patients still alive. OS
from transformation was defined as the date of transformation to date of death
(any cause) or last known follow-up for patients still alive. In exploratory
analyses, we evaluated early versus late transformations by using an a priori
defined cut point of 18 months.

RESULTS

Patient Characteristics

In all, 631 patients with newly diagnosed grade 1 to 3a FL who
met the study eligibility criteria were enrolled onto the MER from
2002 to 2009. The median age at enrollment was 60 years (range, 23 to
93 years), and 54% were male (Table 1). The most common types of
initial therapy were observation (33%), rituximab monotherapy
(12%), alkylator-based chemotherapy with or without rituximab
(22%), and anthracycline-based chemotherapy with or without ritux-
imab (20%). At a median follow-up of 60 months (range, 11 to 110
months), 79 patients died, 311 patients had an event (death, progres-
sion, or re-treatment), and 60 patients (9.5%) developed transformed
lymphoma (31 as a first event, 29 as a second or later event).

Risk of Transformation

The cumulative risk of transformation and death without trans-
formation (competing risk) increased steadily over time up through 5
years of follow-up (Fig 1) and then appeared to slow, with only four
transformations observed beyond 5 years from diagnosis (Fig 1). The
overall transformation rate at 5 years (TR5) was 10.7% (95% CI, 8.3%
to 13.8%), with an estimated rate of 2% per year over the first 5 years.
Transformation was biopsy proven in 51 (85%) of the 60 patients. The
lymphoma subtype at the time of transformation was DLBCL in 29
patients with other subtypes of large-cell lymphoma not otherwise
specified (n � 17), FL grade 3b (n � 2), and high-grade B-cell lym-
phoma (n � 3). Criteria invoked to include the nine patients with
clinical lymphoma transformation included new involvement of ex-
tranodal sites with biopsy too small to characterize histology beyond
lymphoma (brain, 1; stomach, 1; bone, 1), rapid discordant localized
nodal growth (with necrotic biopsy) with rising and abnormal LDH
(n � 4), and rapid discordant growth with B symptoms (n � 1) or
hypercalcemia (n � 1).

In univariate analysis (Table 2), the risk of transformation was
associated with an increased serum LDH at diagnosis (hazard ratio
[HR], 2.50; P � .0013) and inversely associated with hemoglobin less
than 12 g/dL at diagnosis (HR, 0.86; P � .040). Increased age trended
toward association (per 5-year HR, 1.10; P � .059). A Follicular
Lymphoma International Prognostic Index (FLIPI) score � 3 was also
associated with increased risk of transformation (P � .0058); no
significant associations with other standard clinical characteristics
were evaluated.26 In a multivariable model containing the significant
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variables just mentioned, only increased serum LDH remained signif-
icant (P � .018).

Transformation risk was higher with observation than with sys-
temic treatment including rituximab, chemotherapy, or rituximab
plus chemotherapy (HR, 1.75; 95% CI, 1.04 to 2.96; P � .036). Risk of
transformation varied among the common initial treatment groups
(Table 2), with the highest rate in patients who were initially observed
(TR5, 14.4%) and lowest rate in patients who initially received ritux-
imab monotherapy (TR5, 3.2%; P � .021 compared with observation;
Fig 2). No other specific treatment group was associated with signifi-
cantly lower transformation risk than observation. Follow-up for all
treatment cohorts was the same, and results remained similar after
adjustment for increased LDH at diagnosis.

Outcome After Transformation

The median OS after transformation was 50 months (95% CI, 17
months to unreached) with 5-year OS (OS5) of 48% (95% CI, 35% to

68%; Fig 3A). There was no difference in survival after transformation
between patients with clinical versus pathology- confirmed transfor-
mation (P � .39). Survival after transformation was inferior in pa-
tients who experienced transformation early (� 18 months) after FL
diagnosis (OS5, 22%) compared with later transformation (� 18
months OS5, 76%; P � .001; Fig 3B).

The most common treatment after transformation was R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone)
or similar therapy (n � 35; 59%). Patients receiving R-CHOP at
transformation had a superior outcome (OS5, 66%) compared with
patients who received R-CHOP before transformation (n � 18; OS5,
21%; P � .001; Fig 3C). Notably, the OS of patients treated with
R-CHOP following transformed FL was similar to MER patients
treated with R-CHOP for de novo DLBCL (OS5, 73%; P � .38;
Fig 3D).

Thirteen patients including eight (23%) of the 35 patients receiv-
ing R-CHOP after transformation underwent autologous stem-cell
transplantation (ASCT) as part of therapy. An additional five patients
who received R-CHOP before transformation underwent ASCT (four
with rituximab-ifosfamide-carboplatin-etoposide induction). The
addition of ASCT to R-CHOP was not significantly associated with
improved OS (HR, 0.76; 95% CI, 0.16 TO 3.71), although numbers
were small. Median OS was just 25 months in the five ASCT patients
who received R-CHOP before transformation.

DISCUSSION

In this series describing risk of transformation for patients with FL
initially diagnosed in the immunotherapy era for FL, the rate of trans-
formation was 10.7% at 5 years, for an approximate rate of 2% per
year. The risk increased through the first 5 years of follow-up, and then
appeared to slow; continued follow-up and more patients will estab-
lish long-term rates of transformation and whether a plateau exists
beyond 5 years. High-risk FLIPI score and increased LDH predicted
transformation, and patients receiving rituximab monotherapy for
initial treatment had a lower rate of transformation than patients who
were observed. Finally, the OS5 rate of 50% following transformation
was much better than rates in earlier series and, along with our re-
ported outcomes following R-CHOP therapy, challenges the notion
that transformation universally portends a poor prognosis.

Table 1. Patient Characteristics (N � 631)

Characteristic No. %

Age, years
Median 60
Range 23-93
� 60 296 46.9

Male 338 53.6
Performance status � 2 29 4.6
Ann Arbor stage III/IV 428 68.8
Two or more extranodal sites 23 3.7
LDH

Median 177
Range 57-1,273
� ULN 118 21.1

B symptoms (any) 46 7.3
Bone marrow involvement 234 42.1
Hemoglobin, g/dL

Median 13.9
Range 5.9-18.6
� 12 60 10.1

Grade
1-2 535 84.8
3a 96 15.2

More than four nodal groups 210 33.8
FLIPI

0-1 264 41.8
2 217 34.4
3-5 150 23.8

IPI
0-1 361 57.2
2 205 32.5
3 55 8.7
4-5 10 1.6

Initial therapy
Observation 208 33.0
Rituximab monotherapy 78 12.4
Alkylator-based chemotherapy � rituximab 137 21.7
Anthracycline-based chemotherapy � rituximab 127 20.1
Radiation therapy only 49 7.8
Other treatment 32 5.1

Abbreviations: FLIPI, Follicular Lymphoma International Prognostic Index; IPI,
International Prognostic Index; LDH, lactate dehydrogenase; ULN, upper limit
of normal.
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Fig 1. Risk of transformation with death as a competing risk.
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Even in the setting of design differences, previous large series of
patients diagnosed in the late twentieth century have been fairly con-
sistent in describing clinical plus histologic transformation rates of 3%
to 4% per year with 5-year rates of 17% to 21%.7,8,12 There are several
possible reasons why the rates in our series are lower. The methodol-
ogy of competing risk analysis could result in lower estimates; how-
ever, an estimate of transformation incidence at 5 years in our cohort
was still low at 11.1% by using a Kaplan and Meier approach with
patients censored at death, as in previous studies. Modern technology-
aided diagnostic techniques may have allowed us to identify more
patients at diagnosis who had components of both FL and DLBCL at
presentation, thereby reducing the potential for having them charac-
terized as transformed later in their course.14-16 Although the fraction
of histologically confirmed transformations (85%) in this series is the
highest reported among series that included patients with clinically
defined transformation, we systematically applied the well-accepted
clinical definition of transformation to all patients with FL with re-

lapses, which should help minimize under-reporting of transforma-
tions. In addition, we are unlikely to have missed transformations in
patients not followed at our institution since we have been in active
contact with all patients, with complete loss to follow-up of 14 (0.3%)
and withdrawal of 98 (1.8%) patients of 5,322 patients with lym-
phoma enrolled to date in the MER. Alternatively, it is possible that
incorporation of immunotherapy into early management strategies
has lowered the rate of transformation, as has been suggested by the
British Columbia series.27 An early report from the National Lympho-
Care Study was also restricted to patients diagnosed from 2004 to 2007
and described a largely clinical transformation rate of 6% at 37 months
(compared with our 4.8% at 36 months), and an update of the British
Columbia Cancer Agency (BCCA) experience among immunochem-
otherapy-treated patients also found transformation rates of just 10%
at 5 years.27,28 Other recent series with lower rates of transformation
include a Swiss study of patients from 1979 to 2007 with a 5-year
transformation rate of 13% but limited the definition of transforma-
tion to biopsy proven, and a BCCA report focusing on patients with
limited presenting stage treated with radiotherapy with a 5-year risk of
transformation of 9%.18,20 The observation that transformation rates
and death without transformation at 5 years are similar at approxi-
mately 10% will be useful for calculating power in the design of future
clinical trials of newly diagnosed FL.

We report provocative differences in the rates of transformation
among various initial management strategies, but cautious interpreta-
tion is needed because of the uncontrolled nature of treatment selec-
tion and delivery. Patients with initial deferral of therapy had the
highest rate of FL transformation (similar to the historical rate of 3%
per year), although those treated with rituximab as monotherapy had
the lowest rate. Yet these two groups were similar in clinical and
disease characteristics at diagnosis. No previous large series has looked
at transformation rates following rituximab monotherapy, and the
only prospective clinical trial of rituximab versus observation at diag-
nosis did not include transformation events in the initial report.29 An
older BCCA series noted lower transformation rates in patients treated
on a phase II study with anthracyline combination chemotherapy
than in a similar phase II cohort treated with alkylator and purine
analog, but found no difference in aggregate between treated and
untreated patients, as did a Stanford series.7,10 A St. Barts series of
patients were largely treated with single-agent chlorambucil without a
clear comparison group, and neither the St. Barts nor the French series
had sufficient treatment-deferred patients to make valid statistical
comparisons.8,12 Purine analog use has been implicated in increased
risk of transformation in patients with chronic lymphatic leukemia.30

We did not observe different rates of transformation between patients
treated with anthracycline versus those treated with alkylator-based
combinations, and we could not make a meaningful observation on
small numbers of purine analog–treated patients.

Perhaps our most unexpected finding was a median survival of
nearly 5 years for patients after transformation, which is largely con-
sidered a devastating clinical event. The median post-transformation
survival was 0.6 years for the Lyon series, 1.2 years for the St. Barts and
Barcelona series, and 1.7 years for the BCCA and Stanford
series.7-9,12,13 The Stanford authors noted that a subset of 22 patients
with no prior chemotherapy exposure had the most favorable prog-
nosis. The Swiss series, which included some patients enrolled after

Table 2. Risk of Transformation in FL, Molecular Epidemiology Resource,
2002-2009

Variable HR 95% CI P

Age, years
Per 5-year increase 1.10 1.00 to 1.21 .059
� 60 1.45 0.87 to 2.42 .15

Male 0.85 0.51 to 1.41 .52
Performance status 2� 0.92 0.22 to 3.75 .90
Ann Arbor stage III to IV 1.66 0.90 to 3.07 .11
Two or more extranodal sites 1.89 0.59 to 6.05 .28
LDH

Continuous, log2 2.11 1.39 to 3.21 � .001
� ULN 2.50 1.43 to 4.69 .0013

B symptoms 1.48 0.64 to 3.45 .36
Bone marrow involvement 1.33 0.78 to 2.30 .30
Hemoglobin, g/dL

Continuous, log2 0.33 0.11 to 1.03 .056
� 12 0.86 0.74 to 0.99 .040

Grade
1-2 1.00 (reference)
3a 0.80 0.36 to 1.76 .58
More than four nodal areas 1.22 0.72 to 2.06 .47

FLIPI
0-1 1.00 (reference)
2 1.31 0.69 to 2.48 .41
3-5 2.38 1.28 to 4.40 .0058

IPI
0-1 1.00 (reference)
2 1.75 1.01 to 3.05 .048
3 2.84 1.33 to 6.07 .0072
4-5 2.71 0.37 to 20.1 .33

Initial therapy
Observation 1.00 (reference)
Rituximab monotherapy 0.19 0.04 to 0.78 .021
Alkylator-based chemotherapy �

rituximab
0.67 0.34 to 1.32 .24

Anthracycline-based chemotherapy �
rituximab

0.74 0.38 to 1.46 .39

Radiation therapy only 0.61 0.21 to 1.74 .35
Other treatment 0.50 0.12 to 2.08 .34

Abbreviations: FL, follicular lymphoma; FLIPI, Follicular Lymphoma Interna-
tional Prognostic Index; HR, hazard ratio; IPI, International Prognostic Index;
LDH, lactate dehydrogenase; ULN, upper limit of normal.
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2000, had a median survival of 2.7 years.18 Survival after transforma-
tion was also higher (44% 3-year OS) for the British Columbia patients
who transformed after limited-stage FL, 85% of whom were
chemotherapy-naive at transformation.20 Our observation of a me-
dian survival of nearly 5 years deserves close scrutiny, but extends the
observations that anthracycline-naive patients do relatively well as do
patients diagnosed in the era of immunotherapy.

Another novel observation was that transformation events more
than 18 months after diagnosis have a substantially better outcome
than early events. The 18-month cut point was arbitrarily chosen on
the basis of clinical experience and will need to be replicated. One
possible explanation for the differences in clinical behavior between
early and late transformations is that undiagnosed composite histol-
ogy at time of presentation is more common than previously appreci-
ated, and early transformation events are simply the unmasking of
underlying aggressive disease, perhaps enhanced by undertreatment
of the unrecognized aggressive component. Although we excluded it
from this analysis, we have observed a follicular component in 14% of
patients enrolled onto the MER with DLBCL. Functional imaging
with positron emission tomography with [18F]fluorodeoxyglucose
(FDG-PET) scanning at presentation was done with insufficient fre-
quency in our series to speculate on whether that technology would
uncover subclinical composite histology, as proposed by other au-

thors.31,32 Early versus late transformations may represent different
biologic processes, which will require molecular characterization to
further understand.

The role of anthracycline in treatment of transformation is
strongly supported by the observation that previously anthracycline-
naive patients who receive R-CHOP after transformation have out-
comes essentially indistinguishable from patients with de novo
DLBCL in our lymphoma MER. The identification of a cohort of
transformed patients who do relatively well invites re-examination of
the broad recommendation for considering ASCT following transfor-
mation.33,34 In our series, there is no clear signal that ASCT adds to the
good outcome of previously anthracycline-naive patients or prevents
poor outcome for those who transform after anthracycline use, al-
though as in many series, the numbers of patients with transplanta-
tions in this series are too small to support firm conclusions.33,35-38

Radioimmunotherapy has been proposed as appropriate primary
treatment or consolidation of response after transformation but was
not evaluated in our series.39-42

Strengths of this study include the prospective cohort design of
consecutively enrolled patients with newly diagnosed lymphoma; cen-
tral pathology review; systematically collected clinical data; virtually
complete follow-up of the cohort for disease progression, transforma-
tion, and death; and medical record validation of these events. Our
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Fig 2. Risk of transformation by initial follicular lymphoma treatment. (A) Observation (n � 208); (B) alkylator (n � 137); (C) rituximab monotherapy (n � 78); (D)
anthracycline (n � 127).
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series of more than 600 patients is the largest published to date, and all
patients were managed in the current immunochemotherapy era. A
comparison group of R-CHOP-treated patients with DLBCL was
available from the same underlying population. The major limitations
include the observational design and treatment and clinical follow-up
based on routine practice without prescribed rebiopsy criteria. Our
follow-up was modest (median of 60 months), and continued
follow-up will be necessary to understand long-term outcomes. Al-
though the MER is not a population-based sample, the vast majority of
our patients are from the local region, and the clinical characteristics of
our patients with FL parallel those of population-based data with the
exception of few very elderly patients.

In conclusion, FL transformation rates in this modern, large,
prospective observational study are similar to risk of death without
transformation and were lower at 5 years than in most previous re-
ports, although post-transformation prognosis was substantially bet-
ter. These observed differences may be a function of the nature of the
study design, modern diagnostic and management strategies, or pa-
tient selection factors. Observed differences in transformation rates
among various treatment groups leads to speculation that initial man-
agement may affect transformation risk. The marked survival differ-
ences following early versus late transformation may represent
different biologic processes and require further confirmation.
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