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Transformed lymphoma: what should I do now?

Sonali Smith
University of Chicago, Chicago, IL

Although the majority of indolent lymphomas (focusing on follicular lymphoma [FL]) have a prolonged waxing and waning
course, a portion of patients experience histologic transformation (HT) to either diffuse large B-cell lymphoma or a higher-
grade morphology, often with acquisition of MYC and BCL2 and/or BCL6 rearrangements (high-grade B-cell
lymphoma–double-hit lymphoma/triple-hit lymphoma). The overall incidence of HT and transformed follicular lymphoma
(tFL) may be declining, but outcomes remain inferior to those in simple indolent lymphoma progression. Recent data
suggest that the majority of HT cases occur in higher-risk patients with FL, and they occur early after initial chemo-
immunotherapy, comprising the majority of patients with progression of disease within 24 months. This latter point
emphasizes the need for a sufficient biopsy at relapse in FL. Treatment options depend on the prior therapy for the
indolent component as well as the histology at relapse, but they generally follow several principles discussed in this
article. Anthracycline-näıve patients have the best outcomes if there is HT, and responses to R-CHOP (rituximab, cy-
clophosphamide, doxorubicin, vincristine, prednisone) are similar to those of patients with de novo diffuse large B-cell
lymphoma. Patients with anthracycline exposure prior to transformation have the best outcomes with salvage che-
motherapy and a consolidative autologous stem cell transplant. However, a major challenge is the management of
patients with tFL who experience relapse early after bendamustine-based treatment, in whom the role of consolidative
transplant after anthracycline-based treatment is unclear. In the past several years, cellular therapy has emerged as an
important tool for some but not all patients with tFL. This review focuses on the nuances of managing tFL.

LEARNING OBJECTIVES

• Develop a treatment strategy for patients with transformed follicular lymphoma
• Describe the time to transformation for high-risk patients and the need for a biopsy for patients with early
progressing follicular lymphoma

Clinical cases
Patient 1
Patient 1 was a 59-year-old man who initially presented
with an acute abdomen while traveling. He was found to
have appendicitis but also was noted to have multiple
retroperitoneal lymph nodes. An inguinal lymph node bi-
opsy revealed follicular lymphoma (FL) grade 1 to 2.
Staging showed diffuse adenopathy (largest lymph node,
4.6 cm). He had mild anemia but a normal lactate dehy-
drogenase (LDH) level. He was treated with bendamustine
and rituximab that required dose reduction due to cyto-
penias for cycles 5 and 6. Twenty-twomonths later, he had
progressive adenopathy in the axillary region. A biopsy
again showed FL, but it was now grade 3A. A bonemarrow
biopsy was performed, which showed a hypercellular
marrow (70%) comprised largely of CD20+CD10+BCL2+

large cells consistent with transformed follicular lymphoma
(tFL) (Figure 1).

Patient 2
Patient 2 was a 61-year-old man who had presented with a
right neck mass 8 years ago. A biopsy showed FL grade 1.
He had undergone active observation until several months
ago, when he noted right axillary swelling. He was eval-
uated in the clinic andwas found to have an extensivemass
in his right axilla and infiltrating the chest wall (Figure 2). A
biopsy showed transformation to an aggressive lymphoma
with a Ki67 of 95% and sheets of mitotically active inter-
mediate to large cells with a high nucleus/cytoplasm ratio,
CD20+CD10+MYC+BCL2+. Subsequent fluorescence in situ
hybridization confirmed rearrangements ofMYC and BCL2.

Patient 3
Patient 3was a 78-year-oldmanwith a 15-year history of FL.
He had previously been treated with rituximab mono-
therapy on 2 occasions, with the last one∼10 years ago. He
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is feeling well but presents to the clinic with a new right axillary
mass measuring 6.4 × 3.3 cm. He is not sure how quickly this might
have grown. Biopsy shows diffuse large B-cell lymphoma (DLBCL)
involving >90% of the lymph node with a residual area of FL.
Fluorescence in situ hybridization testing reveals no abnormalities.

Introduction
Indolent lymphomas, including FL, marginal zone lymphoma,
lymphoplasmacytic lymphoma, and chronic lymphocytic
leukemia/small lymphocytic lymphoma, have the potential to
undergo histologic transformation (HT) into an aggressive dis-
ease with a mandatory change in treatment approach. The
historic outlook for transformed lymphomas was quite poor, but
current treatment paradigms can lead to prolonged survival,
particularly if patients are minimally pretreated before the
transforming event. Very few prospective trials have been
dedicated solely to transformed lymphomas, and most decision
making derives from subset analysis of trials on aggressive
lymphoma. Furthermore, it is unclear if the preceding indolent
histology affects outcome or should impact selection of ther-
apies. Richter’s transformation, the moniker for HT of chronic
lymphocytic leukemia/small lymphocytic lymphoma to either an
aggressive B-cell lymphoma or Hodgkin lymphoma, is the
clearest example in which management of transformed disease
may differ from that for aggressive lymphomas arising from a
preceding FL or marginal zone lymphoma. Given the even more
sparse data for nonfollicular HT, this review focuses on data
impacting clinical decision making for tFL.

Incidence and diagnostic considerations in tFL
The incidence of transformation has been declining in the
modern era, often attributed to better disease control of FL
using rituximab and other anti-CD20 targeted agents.1 However,

it is important to note that transformation rates in high-risk
patients remain elevated, and outcome measures, although
improved, still lag behind those used for patients without HT. A
recent French analysis found that more than half of FL-related
deaths are due to HT.2 In terms of incidence, the LymphoCare
study, an observational FL dataset of >2600 patients, found that
14.3% of patients experience transformation with 6.8 years of
median follow-up.3 This study identified poor performance status,
more than one extranodal site, elevated LDH, and B symptoms as
being associated with a higher risk of transformation. The PRIMA
trial identified several predictors of HT, including high Follicular
Lymphoma International Prognostic Index (FLIPI) score (and its
components of anemia and increased LDH), poor performance
status, and presence of B symptoms without impact of depth of
response to chemoimmunotherapy induction or delivery of
maintenance rituximab.4 Overall, 63% of patients with docu-
mented HT had a baseline FLIPI score of 3 to 5. Survival after
transformation is inferior to that for progressive FL at 3.8 years
(tFL) vs 6.4 years (FL) in the PRIMA trial. In addition to clinical
factors, a number of genomic and biologic features may predict a
higher risk of HT, including chromosome deletions and gains
(del1q, del6q, +2, +3q, +5); loss of B2M; increased T-regulatory
cells; or mutations in TP53, PIM1, B2M, and others (reviewed by
Pasqualucci et al5). Whether newer FL prognostic indices such as
the M7-FLIPI6 are also predictive of HT risk remains unknown.

Data from the prerituximab era estimated a continuous 3%
risk of HT per year over 15 years, with a median survival of 1.7
years after transformation.7 In contrast, for patients with high
tumor burden, many of whom also have high FLIPI scores, the
time to transformation appears quite short. Furthermore, many
patients with FL with progression of disease within 24 months
(POD24)8 actually have HT rather than simple FL progression. In
the PRIMA trial, for example, more than half of transformations

Figure 1. Bone marrow biopsy pathologic images of patient 1. (A) Low power view showing extensive paratrabecular aggregates of
lymphoma cells; (B) higher power view showing large polylobate centroblasts that are CD20 positive (C) and CD10 positive (D).
(Images courtesy of Dr. Girish Venkataraman, University of Chicago.)

Treatment of transformed follicular lymphoma | 307



occurred in the first year of follow-up, with the median time to
transformation being only 9.6 months, underscoring the need to
perform biopsies in patients with early progression. A Canadian
population-based study found that 76% of patients with FL
progressing within 2 years had HT, with a median time to
transformation of 8.4months.9 Two-year survival of patients with
POD24 found to have HT was only 40%, emphasizing its dire
prognosis. In these trials and others, it is highly possible that
occult transformation was present at diagnosis.

Confirming HT requires a diagnostic biopsy of sufficient size.
Functional imaging with 18-fluorodeoxyglucose–positron emis-
sion tomography can help guide the choice of biopsy site, based
on the rationale that more highly proliferative lesions will have a
higher standardized uptake value. However, this is somewhat
controversial,10 and occasionally a biopsy is neither safe nor
feasible. In this case, supportive evidence for HT includes rapid
progression of adenopathy associated with a significantly ele-
vated LDH and symptomatic presentation. Another key diag-
nostic consideration is that transformation is not always DLBCL
histology; because the vast majority of patients with FL already
harbor the t(14;18) rearrangement, acquisition of MYC rearrange-
ments [usually t(8;14)] will lead to a diagnosis of high-grade
B-cell lymphoma (HGBL) with MYC and BCL2 and/or BCL6 re-
arrangements (high-grade B-cell lymphoma/double-hit lymphoma/
triple-hit lymphoma [HGBL-DHL/THL]). In this case, treatment
with R-CHOP (rituximab, cyclophosphamide, doxorubicin, vin-
cristine, prednisone) is rarely sufficient, and more intensive regi-
mens such as DA-EPOCH-R (etoposide phosphate, prednisone,
vincristine sulfate, cyclophosphamide, doxorubicin hydrochloride
[hydroxydaunorubicin], and rituximab) should be considered. The
possibility of HT to a higher-grade process such as HGBL-DHL/THL
makes an adequatebiopsy evenmore critical in order to deliver the
optimal treatment.

What is the best initial treatment of tFL, and should
patients receive a consolidative autologous stem
cell transplant?
The best initial treatment depends on the prior therapy for the
underlying indolent lymphoma and the histology at the time of
transformation (Figure 3). There are several clinical scenarios to
consider: tFL in treatment-näıve patients with FL (including si-
multaneous diagnosis of FL/tFL), tFL after prior anthracycline-
based chemoimmunotherapy, and tFL developing after prior
therapy that did not include cytotoxic chemotherapy. An example
of a scenario with almost no data is when HT occurs after prior
bendamustine-based chemoimmunotherapy and whether to treat
these patients similarly to anthracycline-exposedpatients is unclear.

Initial approach for treatment-näıve or minimally
pretreated patients with tFL
For patients who have never received treatment of FL or have
only received nonchemotherapy approaches, management of
tFL follows the same paradigm as de novo DLBCL or HGBL-DHL/
THL, depending on the histology. A number of datasets show
that tFL with no prior anthracycline exposure has a relatively
good outcome similar to de novo DLBCL. A Mayo Clinic/Iowa
study found equivalent event-free survival and overall survival
(OS) among 109 patients with simultaneous presentation of FL
and DLBCL when compared with patients with de novo DLBCL.11

An Molecular Epidemiology Resource analysis showed 5-year OS
rates of 66%, similar to de novo DLBCL.1 A UK study of 87 patients
with tFL reported a 5-year OS of 64% with R-CHOP–like therapy;
importantly, the addition of autologous hematopoietic stem cell
transplant (auto-HCT) for patients who were previously un-
treated for FL did not improve outcomes.12 A Danish National
Lymphoma Registry analysis evaluated 85 patients with trans-
formed indolent lymphomas, all ofwhom hadbiopsy confirmation

Figure 2. Patient with FL transforming to HGBL-DHL/THL, showing massive infiltration of the right chest wall and axillary adenopathy.
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of DLBCL in addition to the indolent component; the majority had
tFL.13 The authors found that consolidative auto-HCT had the
greatest benefit in patients with “sequential transformed indolent
lymphoma,”where patients relapsed after prior treatment of their
indolent lymphoma; in contrast, there was no significant benefit
for patients presentingwith simultaneous indolent and aggressive
disease and no prior treatment. As might be expected, the
magnitude of benefit was greatest in patients who were previ-
ously rituximab näıve. On the basis of these series, patients with
tFL without prior chemotherapy for FL should be treated with
anthracycline-based chemoimmunotherapy without a con-
solidative auto-HCT.

Maintenance rituximab in tFL
Given improved progression-free survival (PFS) and very pro-
longed response durations in FL, should maintenance rituximab
be considered for patients with tFL? The preponderance of data
suggests no benefit for tFL, similar to de novo DLBCL. For example,
a Canadian registry analysis identified 107 patients with either
discordant or composite lymphomas, of whom 55 received
maintenance rituximab and 52 did not. With prolonged follow-up
exceeding 7 years, therewas no statistically significant difference in
PFS, OS, or freedom from indolent progression.14 Similarly, an MD
Anderson Cancer Center identified 311 patients with treatment-
näıve tFL treated with R-CHOP–like chemoimmunotherapy, of
whom 50 received maintenance rituximab.15 In a 1:2 propensity-
based analysis, there were no PFS or OS advantages of mainte-
nance rituximab. On the basis of these and other datasets, there is
no indication for maintenance rituximab in tFL.

Initial approach for patients with tFL who have received
prior chemoimmunotherapy
Patients who have received prior chemoimmunotherapy for FL
and then experience a subsequent transformation are clinically
challenging to manage and have poor outcomes. Prior anthracycline
exposure appears to confer worse survival (21% vs 66%; P < .001)
than in those without prior anthracycline exposure.1 The National
Comprehensive Cancer Network found that the 2-year OS was

substantially worse (35% vs 100%; P = .03) for patients treated
with chemotherapy (mainly anthracycline based) before HT.16 A
Spanish registry series reported that 5-year OS for patients
treatedwith chemotherapy before HTwas 55% (95% confidence
interval, 38%-69%) vs 81% (95% confidence interval, 53%-93%;
P = .009) for those who had not received prior chemotherapy.17

The poor prognosis for patients with prior chemo-
immunotherapy may be independent of prior anthracycline
exposure; for example, patients with HT after prior bendamus-
tine, rituximab (BR) have a 2-year OS of only 40%.9 In this Ca-
nadian report, the authors reported that the main driver of
POD24 was occult or early transformation.

There is sufficient evidence that patients with tFL previously
treated with anthracycline-based chemoimmunotherapy for
their underlying FL benefit from salvage chemotherapy and a
consolidative autologous stem cell transplant if they have
chemosensitive disease. A subset analysis of a Canadian inter-
group study (NCIC CTG LY12) compared the outcomes of 87
patients with transformed lymphoma with outcomes of 429
patients with relapsed/refractory DLBCL; although many pa-
tient characteristics were similar (eg, time to relapse, per-
centage of refractory disease, median age), patients with
transformed disease were more likely to have received more
than one line of prior systemic therapy. Nevertheless, there was
no difference in all outcome measures, including 4-year post-
transplant event-free survival (45%), 4-year OS (∼40%), and
transplant rates.18 The PRIMA trial described outcomes of 40
patients with documented HT at relapse. Seventeen (42%) of
these patients underwent consolidative auto-HCT and had im-
proved OS (not reached vs 1.7 years) compared with patients
who either could not or did not undergo auto-HCT.4

A major unanswered question is whether patients who
experience relapse after non–anthracycline-based chemo-
immunotherapy such as bendamustine and rituximab should
undergo consolidative auto-HCT. As mentioned above, the
outcomes are poor, with 2-year OS only 40%.9 None of the above
discussion addresses this specific, increasingly common clinical
dilemma. The author’s personal perspective (acknowledging the

Figure 3. Graphic summaryof how I treat tFL.CIT, chemoimmunotherapy; BSC, best supportive care; HCT, hematopoietic stemcell transplant.
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paucity of data) is that tFL in this setting occurs early and confers a
poor prognosis; therefore, anthracycline-based induction and auto-
HCT is favored, particularly if the tFL occurred within 2 years of BR.

Allogeneic hematopoietic stem cell transplant (allo-HCT) is
also an option for patients with relapsed/refractory tFL. Several
factors limit its widespread use, including higher nonrelapse
mortality and major questions regarding the optimal timing of
allo-HCT. One of the few side-by-side analyses, albeit in a
registry and not a prospective trial, found no difference in PFS or
OS between those treated with allo-HCT and those who re-
ceived auto-HCT, but a significantly higher nonrelapse mortality of
23% vs 5%, respectively, was reported.19 It should be noted that
there are fundamental differences in patients selected for auto-HCT
and those selected for allo-HCT, so these types of comparisons are
difficult to interpret. According to theCenter for International Blood
and Marrow Transplant Research (https://www.cibmtr.org/
ReferenceCenter), the number of allo-HCTs performed for lym-
phomas has declined in recent years as the introduction of cellular
therapy has further challenged its role.

Is there a role for chimeric antigen receptor T-cell therapy
in tFL?
The advent of cellular therapy has increased and improved
options for patients with relapsed and refractory aggressive
B-cell lymphomas, including tFL. To date, there are 2 US Food
and Drug Administration–approved options, with a third agent
close to approval. Anti-CD19 chimeric antigen receptor T-cell
therapy (CAR-T)modifies autologous T cells tomassively expand
and become activated upon binding to target CD19 on the
surface of B cells. All 3 compounds furthest along (ax-
icabtagene ciloleucel [axi-cel], tisagenlecleucel [tisa-cel], and
lisocabtagene maraleucel [liso-cel]) have included patients
with tFL as part of development, but data separating outcomes
of these patients from other patients with relapsed/refractory
DLBCL are limited.

In the tisa-cel trial, 21 patients comprising 19% of the pop-
ulation proceeding toCAR-T had tFL.20 The trial overall showed a 40%
complete remission (CR) rate, and remission at 3months predicted a
12-month remission of >80%. The axi-cel trial lumped patients
with primary mediastinal B-cell lymphoma and tFL, with 19 pa-
tients in this group.21 The overall outcomes showed an overall
response rate of 82%with a CR rate of 58%; updated results with
a median follow-up of 27 months showed a median duration of
response of 11.1 months and a median OS >2 years.22 “Real-world”
follow-up of almost 300 patients included 76 patients with tFL. A
direct comparison of DLBCL vs primary mediastinal B-cell lymphoma
vs tFL showed no difference in the incidence of grade ≥3 cytokine
release syndrome or neurotoxicity, best CR at 12 months (62% for
tFL), PFS at 12months (51% for tFL), orOS at 12months (70% for tFL).23

A heartening finding of this and other “real-world” analyses is
that many patients treated with commercial products did not
meet the strict criteria of the clinical trials leading to US Food and
Drug Administration approval, but they still hadmeaningful benefit.
In particular, patients were older and had more comorbidities.

Overall, the activity and outcomes are exciting, and CAR-T
should be considered for patients with tFL who have either
experience relapse after an autologous stem cell transplant or
have chemoresistant disease precluding a hematopoietic stem
cell transplant. Optimal patient selection is an ongoing dialogue,
but the ability to achieve durable remission in a portion of pa-
tients with refractory tFL is highly encouraging.

Are there options for patients with tFL who are not
transplant candidates?
Despite the promise of the approaches outlined above, many
patients are either ineligible for transplant or cellular therapy or
experience relapse despite these modalities. Again, there are
no trials specifically dedicated to tFL or other patients with
transformed indolent lymphoma, and nearly all data are derived
by culling subsets from trials designed for relapsed/refractory
DLBCL. An interesting observation is that there may be a role for
lenalidomide in tFL despite this being a germinal center–derived
disease. In a small prospective trial, lenalidomide monotherapy
had an overall response rate of 57% with a median duration of
response of 12.8 months in relapsed and refractory tFL.24 When
combined with rituximab, a small prospective trial showed a
response rate of∼50%, but durability was limited.25 The addition
of lenalidomide to tafasitamab appears active in transformed
indolent lymphomas, with all patients responding; however,
there were only 7 patients with transformed lymphomas in-
cluded in this trial.26 Other regimens approved for DLBCL either
had very limited patients with tFL or excluded them entirely. For
example, the recently approved regimen of polatuzumab-BR ex-
cluded patients with transformed lymphomas.27 The median sur-
vival of patients with tFL in the relapsed/refractory setting is
abysmal, and focused and biologically rational studies are needed.

Transformation to HGBL-DHL/THL
As discussed above, transformation of indolent lymphomas is
not always to DLBCL, and acquisition of an MYC rearrangement
in FL leads to DHL (or THL if BCL6 is also rearranged). There are
almost no data separating tFL in this context. If there is trans-
formation of FL to HGBL-DHL/THL, R-CHOP is insufficient, and an
intensified regimen such as DA-EPOCH-R or another therapy
should be considered.28,29 Extrapolating from retrospective
series, there is no clear advantage to consolidative auto-HCT if
patients have a metabolic CR after anthracycline-based treat-
ment.29 Very few patients who relapse after intensive frontline
regimens are able to proceed to transplant, emphasizing the
dire prognosis. In one series, only 11 of 55 patients with HGBL-
DHL/THL were able to undergo transplant after salvage
chemotherapy.30 CAR-T trials have included patients with HGBL-
DHL/THL but have not consistently described when disease has
evolved from a lower-grade lymphoma; nevertheless, it is clear
that CAR-T is effective in a portion of patients with HGBL-DHL/
THL, and this would be an appropriate approach for patients
with relapsed/refractory tFL and a high-grade histology.

Summary
Transformation of indolent lymphomas to an aggressive his-
tology is a major event in patient management and forces a
change in therapy. Although the overall incidence of transfor-
mation is declining, this remains a very high-risk disease and has
a poor prognosis compared with the prognosis of patients
without transformation. A biopsy at the time of suspected
transformation is essential because there could be either a
transformation to DLBCL or to a HGBL-DHL/THL. For patients
without prior anthracycline exposure, R-CHOP or other
anthracycline-based treatment is warranted. A major challenge
is determining who benefits from consolidative auto-HCT, but
the preponderance of data suggests this is best applied to
patients who have HT after prior anthracycline treatment or
early progression of disease with transformation after prior
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chemoimmunotherapy. CAR-T has provided a new option for
patients with transformed lymphomas. Overall, the outcomes of
patients with transformed lymphomas, particularly if hemato-
poietic stem cell transplant or cellular therapy approaches are
unavailable or ineffective, remain highly unsatisfactory. For now,
enrollment in a clinical trial should be the highest priority.

Back to the clinical cases
Patient 1
Patient 1 was treatedwith R-CHOP, entered complete metabolic
remission, and had complete clearance of disease from the
marrow. Given that he had both early progression of FL (POD24)
based on the axillary biopsy and tFL (bone marrow), we pro-
ceeded with auto-HCT consolidation.

Patient 2
Patient 2 has HGBL-DHL transformation of his FL. He is being
treated with DA-EPOCH-R and has had an excellent early clinical
response. There are no plans for consolidation if he enters CR.

Patient 3
Patient 3 has tFL with DLBCL histology with no history of prior
chemoimmunotherapy. He was treated with 6 cycles of R-CHOP
and has entered complete metabolic remission. There are no
plans for consolidation.
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