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Abstract

Histological transformation of follicular lymphoma (FL) to a more aggressive non-Hodgkin's
lymphomas is a pivotal event in the natural history of FL and is associated with poor outcome.
While commaonly observed in clinical practice and despite multiple studies designed to address its
pathogenesis, the biology of this process represents an enigma. In this chapter we present a state of
the art review summarizing the definition of histologic transformation, its incidence, pathogenesis,
clinical manifestations, treatment and outcome. Furthermore, we specifically emphasize gaps in
our knowledge that should be addressed in future studies.
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Practice Points
. Heightened clinical suspicion is necessary to diagnose high-grade transformation of FL

. Biopsies should be performed in every patient with FL at the time of relapse, especially if the later is characterized by

sudden rise in LDH, rapid discordant localized nodal growth, new involvement of unusual extra-nodal sites, new onset of B

symptoms or the development of hypercalcemia

. An attempt should be made to demonstrate a clonal relationship between the preceding FL and subsequent aggressive
lymphoma

Research Agenda
. Investigation of the optimal therapeutic approach for patients at the time of transformation

. Examine the role of the microenvironment in the process of transformation and develop robust biomarkers that can be
assessed in the routine laboratory setting

. Determine the existence and potential role of a FL stem cell or repopulating cell as a potential cell of origin contributing to

histologic transformation
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Introduction

Follicular lymphoma (FL) is an incurable and fatal malignancy with a median survival of
8-10 years. Although initially an indolent disease sensitive to a variety of chemotherapeutic
agents, FL exhibits a continuous pattern of relapses with decreasing sensitivity to
chemotherapy. A pivotal event in the natural history of FL is histological transformation to
more aggressive malignancies, most commonly diffuse large B cell lymphomas (DLBCL)
[1-15], although transformation to a histology with some resemblance to Burkitt lymphoma
can be seen (now commonly referred to as unclassifiable B cell lymphoma with features
intermediate between diffuse large B cell lymphoma and Burkitt lymphoma)[16]. In
addition, lymphoblastic lymphoma and acute lymphoblastic leukemia (ALL) have also been
rarely reported[17, 18]. In this process a more virulent subclonal population of cells emerge,
typically associated with the loss of the follicular growth pattern, a rapidly progressive
clinical course refractory to treatment, and short survival (commonly of less than 2 years)[6,
7, 10, 19]. Although one of the earliest descriptions of FL transformation was reported more
than 65 years ago by Gall and Mallory[20] , this biological process and clinical event still
remains incompletely understood[21] with many unanswered questions ranging from the
reproducible definition of histologic transformation, its incidence and underlying biology, to
the ability to predict its occurrence and the selection of the best therapeutic approach.

Definition of FL transformation

FL is a distinct clinicopathological entity composed of cells arranged in follicles that are
morphologically and immunophenotypically similar to lymphocytes of the normal germinal
center (GC) from which they are thought to originate. The current gold standard definition
of higher-grade transformation to more aggressive lymphomas is based on a histological
demonstration of an increase in the proportion of large cells infiltrating the lymph nodes
diffusely and leading to effacement of the follicular architecture. Consequently,
transformation is defined as pathologically demonstrated and clonally confirmed progression
of FL grade 1, 2 and 3a to DLBCL or less commonly the intermediate gray-zone category of
unclassifiable B cell lymphoma (hereafter referred to as BCLU), lymphaoblastic lymphoma
and ALL[22]. The simultaneous presence of FL and DLBCL in the same initial diagnostic
biopsy represents composite histology, a finding that implies but does not confirm early
transformation of FL and a likely clonal relationship between the two tumors. Consequently
some investigators require at least a 6 month interval between the initial FL to diagnosis of
DLBCL in order to unequivocally define it as a transformation[6, 10, 13]. Progression from
FL grade 1 and 2 to FL grade 3a is not considered histologic transformation, but a common
progression event during the course of disease[23]. Similarly, progression from a
predominantly follicular growth pattern at diagnosis to an overtly diffuse architecture, not
associated with transition of small centrocytes to large centroblasts, is also not considered
frank transformation. In addition to biopsy proven evidence of progression to an aggressive
lymphoid malignancy, an unequivocal definition of transformation requires demonstration
of a clonal relationship between the original FL and subsequent neoplasm[24-29]. This can
be established by molecular techniques demonstrating use of the same immunoglobulin gene
comprised of variable (VH), diversity (D) and joining (JH) segments that shares a backbone
of common somatic mutations, thus allowing inference of a common progenitor cell.
Molecular studies of Richter's transformation of chronic lymphocytic leukemia to DLBCL
demonstrated that while some of the paired tumors indeed demonstrate identical or related
IG sequences, confirming a clonal relationship, others exhibited the presence of different
molecular B cell clones, suggesting the presence of a molecularly unrelated second
malignancy[30]. However, since in daily clinical practice 1G cloning and sequencing are not
routinely performed, demonstration of light chain restriction by flow cytometry or
immunohistochemistry may be sufficient to suggest transformation and rule out the
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appearance of an unrelated second malignancy. While transformed DLBCL frequently
maintain the GC immunophenotype of the preceding FL and thus express CD10 and BCLS6,
antigenic drift may occur during the transformation process and thus loss or gain of
antigenic markers may be observed and does not preclude a clonal relationship between the
FL and subsequent transformed histology[31].

Clinical diagnosis of a transformation in patients for whom a biopsy was not performed was
used in some studies[13, 15]. For example, Al-Tourah et al[15] established a clinical
diagnosis of transformation based on the presence of at least one of the following: sudden
rise in LDH, rapid discordant localized nodal growth, new involvement of unusual
extranodal sites, new B symptoms and new hypercalcemia. However, clinical criteria may
not correctly identify all the patients, since some of these symptoms may be associated with
FL progression without histological evidence of transformation, while in other cases
transformation may not be associated with any of these symptoms. Consequently, in all
cases raising clinical suspicion of transformation at the time of disease progression and/or
relapse, a biopsy should be obtained.

of transformation

The reported frequency of higher-grade FL transformation varies significantly, ranging from
10% to 60% of patients (Table 1). The wide range of reported frequency of the higher-grade
histological transformation most probably relates to the methodological differences in the
reported studies. Such differences include the policy regarding re-biopsy of relapse or
disease progression, variable inclusion of autopsy data in the different series, inclusion of
cases in which transformation was defined by clinical characteristics and variable duration
of FL patients’ follow-up and surveillance. Most previous clinical and pathological surveys
assessing the frequency of FL transformation did not determine the clonality of the paired
pre-and post-transformation lymphomas and thus did not distinguish between a true
histological transformation (which represent evolution of the same clone) versus secondary
de novo aggressive lymphomas, which are clonally unrelated to the antecedent FL and thus
do not represent true transformation. Moreover, the reported frequency of FL transformation
also depends on the size of the cohort used for analysis. No prospective studies with pre-
defined uniform criteria for re-biopsy have been performed and all the reported studies are
based on retrospective reviews. Therefore, in the absence of prospective long-term studies
with an aggressive policy of re-biopsy for all suspected clinical transformations and/or new
lesions, the true frequency of histological transformation of FL cannot be reliably estimated.
Acker et al reported transformation risk of 20% at 5 years and 60% at 8 years of
observation[7]. Ersboll et al [12]and Montoto et al[14], who defined transformation solely
by histological criteria, reported 30% and 17% of transformation at 5 years and 56% and
28% probability of transformation at 10 years, respectively. Bastion et al[13]and Al-Tourah
et al[15], who defined transformation by either histological or clinical criteria, reported 22%
and 15% probability of transformation at 5 years and 31% and 30% probability of
transformation at 10 years, respectively. Overall, these studies suggest a cumulative rate of
transformation of 3% per year. While Bastion et al[13] and Montoto et al[14] suggested the
presence of a plateau in the risk of transformation after 6 and 12 years of follow up,
respectively, with no further increase in the rate of transformation during longer follow up,
there was no evidence of a plateau in the risk of transformation in the studies by Horning et
al[9] and Al-Tourah et al[15], indicating a continuous increase in the actuarial risk of FL
transformation over time. This increase in the probability of transformation over time and its
occurrence in both treated and un-treated FL patients suggest that the change to a more
aggressive histology associated with a more aggressive clinical behavior may represent an
inherent potential of FL.
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Pathology of FL

FL represents a tumor of B cell type that histologically recapitulates follicle formation
reminiscent of benign, secondary lymphoid follicles. The cytology of the malignant follicles
in FL shows a variable number of small cells (centrocytes) and large, transformed cells
referred to as centroblasts. The absolute numbers of these cells within neoplastic follicles is
used to establish grade[16]. True follicular grade 3b FL is a very uncommon lymphoma and
considered by many to be biologically unrelated to the more common FL histologies
encompassing grade 1-3a FL[16]. A number of immunophenotypic and genetic features
suggest that grade 3b FL maybe more akin to de novo DLBCL, however, most clinical
studies have not shown a survival difference between grade 3a vs 3b FL if cases with a
diffuse component are excluded[32, 33]. True follicular architecture may be very subtle in
some cases and is most easily appreciated when immunohistochemical stains for follicular
dendritic cells (FDC) are used. Antibodies to CD21, CD23, CD35 or undefined reagents
such as CNA.42 are very useful for this purpose and are largely under-utilized in routine
pathology practice. As noted previously, true diffuse variants of FL exist but are very
uncommon[16]. These cases should lack follicle formation, show a mixture of centrocytes
and centroblasts but lack foci of true transformation (sheets of centroblasts), and typically
show phenotypic (CD10*, BCL6") and genetic features (presence of the t(14;18)) otherwise
characteristic of FL[16].

Transformation of FL must be distinguished from composite histologies seen not
uncommonly at the time of diagnosis. Lymph node biopsies showing variable architecture
and harboring two distinct histologies is most frequently seen in the context of FL. If one
part of the lymph node shows grade 1-3a FL, while the other shows DLBCL, then both
diagnoses must be recorded. Although infrequently established, the implication is that the
DLBCL component arose as a result of an early transformation event in the FL B cells. Such
cases are not typically included in series of FL transformation.

The immunophenotype of FL is similar to germinal center B cells. The neoplastic cells of
FL typically express CD19, CD20, CD22, and CD79a and show surface Ig expression (sIG
of IgM +/- 1gD, 1gG or rarely IgA). Most cases are positive for BCL2, BCL6 and CD10.
Typically CD5 and CD43 are negative. CD10 and BCL6 are often down-regulated and show
less intense staining in the inter-follicular regions. Both HGAL and LMO?2 have recently
been shown to be very useful markers in the diagnosis of FL, particularly in cases with
variant immunoarchitectural patterns[34]. The proliferative rate of FL is typically low, but
can be quite variable and may be associated with outcome[35, 36]. A subset of grade 3b FL
cases may show less frequent expression of CD10, may express MUM1 and may lack
t(14,18) and reveal BCL6 translocations[37-39].

Cytogeneti ¢ studies in FL characteristically reveal the presence of the t(14;18) in
approximately 85% of cases[40, 41]. Rarely is this the only change, as some degree of
karyotypic evolution is almost always found. Common secondary changes include gains of
chromosome 6p, 7, 8, 12q, 18, X and the derivative 18q[40-44]. Losses of cytogenetic
material include 1p, 6q, 10q and 17p[40, 41, 44, 45]. Balanced translocations other than the
characteristic t(14;18) are uncommon, but include BCL6 in some cases[46-53]. Roughly
10-15% of FL cases lack a t(14;18) and this may be associated with a lack of BCL2 protein
expression and more frequent BCL6 translocations[48, 49, 51-55].

Pathology of FL transformation

Transformation of FL represents a spectrum of histologies, many of which can be difficult to
classify using a World Health Organization (WHQO) schema largely established for de novo
NHLs (see Table 2). The most common histology identified in follow-up biopsies of patients
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with FL is DLBCL (see Figure 1). These cases typically reveal classic centroblastic
morphology, but may show vague remnants of the underlying FL. The second most common
histology encountered is largely encapsulated with the new WHO gray zone category of
unclassifiable B cell lymphoma with features intermediate between DLBCL and Burkitt
lymphoma (BL)[22]. This category contains cases previously diagnosed as Burkitt-like
lymphoma; terminology that is no longer recommended[56, 57]. These cases show a diffuse
architecture with a mixture of medium-to large transformed cells and may reveal a starry-
sky pattern and moderate numbers of mitotic figures[22, 58, 59]. A resemblance to BL is
often found, particularly at low magnification. However, variation in nuclear size and shape
typically precludes a straight-forward diagnosis of BL. These cases typically show uniform
BCL2 protein expression and the BCLU category is enriched for dual-translocation/double-
hit lymphomas harboring both BCL2 and MYC translocations[22, 58]. Dim CD20 expression
has also been recently described as a feature of double-hit lymphomas[60]. Half of the
double-hit lymphomas in clinical practice can arise de novo lacking a history of antecedent
FL and present as aggressive neoplasms that are presumed to represent transformation of
clinically silent FL[61-65]. Transformed FL should never be diagnosed as BL (exceptions
would include a clonally unrelated BL as a second lymphoma), as the presence of the
characteristic FL translocation, the t(14;18), and strong cytoplasmic expression of BCL2
would by definition preclude a diagnosis of classic BL. Moreover, cytogenetic analysis of
transformed FL would typically reveal cytogenetic complexity, a feature not found in de
novo BL[66, 67].

Rarely, transformation of FL results in a histology and immunophenotype that overlaps with
lymphoblastic lymphoma and/or ALL[17, 18, 63]. Adult presentations of ALL with cells
expressing both surface I1G and nuclear terminal deoxynucleotidyl transferase (Tdt) have
been described, with and without a history of FL[63, 68]. Cytogenetic studies often show
both BCL2 and MYC translocations or so-called double-hit disease. Similarly, lymph node or
extranodal biopsies of clinically transformed sites in FL may show sheets of medium sized
blast cells with immature chromatin and frequent mitoses[22, 23]. Similarly, these cases
often reveal double-hit cytogenetics with both BCL2 and MYC translocations, but the most
recent 2008 WHO classification does not recommend classifying Tdt* cases as BCLU[22].
Finally, rare blastoid histologies can be encountered at the time of FL transformation and if
Tdt", are considered transformed disease[69].

In most cases, the phenotype of transformed FL mimics the underlying FL[24, 70, 71]. The
majority of cases retain expression of CD10, BCL6 and BCL2, although rare cases may lose
expression of one or more antigens. At the molecular level, FL is of GCB type and this
expression pattern is typically maintained in the transformed biopsy[71]. Concomitant with
the transformation is loss of the follicular architecture and an increase in the mitotic rate in
large part due to the increased centroblasts. More common changes in the immunophenotype
relate to changes in the non-neoplastic cells. For example, the numbers of T cells tends to
diminish and the FDCs completely disappear or represent only vague, poorly defined
meshworks.

The cytogenetic findings in transformed FL samples have already been eluded too, as the
acquisition of a MYC translocation on a background of t(14;18) can be found in this setting
and defines a case as double-hit or dual translocation associated with very aggressive
clinical behavior[63, 64]. Rare cases may show both a BCL6 and MYC translocation in the
transformed nuclei, however the clinical significance of this finding is less clear than
concurrent BCL2 and MYC. Typically the karyotype is complex and is frequently associated
with many of the secondary changes described in the section below describing genetic
factors associated with FL transformation[64, 72, 73].

Best Pract Res Clin Haematol. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lossos and Gascoyne

Page 6

Biology of FL

The etiology of FL is largely unknown. The pathogenesis is best explained by a unifying
hypothesis that takes into account genetic alterations harbored by the neoplastic B cells and
an immunological model that suggests prominent crosstalk between the tumor cells and non-
neoplastic immune cells in the tumor microenvironment[21, 74, 75]. The latter includes a
number of T cell subsets, macrophages, follicular dendritic cells and stromal elements[70,
74, 76]. Briefly, the t(14;18) characteristic of most cases of FL leads to constitutive BCL2
protein expression and is a critical early event in the development of FL. These cells then
slowly proliferate, but importantly, do not die by apoptosis. Some of the genetic alterations
that follow may be passenger mutations. These can include even gross chromosomal
changes that result from localization in the germinal center milieu where double-stranded
DNA breaks are physiological[77]. Others are driver mutations and alterations that provide
the malignant cells with a growth advantage including gains, losses of chromosomal
material and even balanced translocations involving dominant oncogenes such as MYC.
Several recent studies have shown divergent pathways of disease progression and
transformation in FL. These data suggest that FL. may evolve along a number of pathways
and that at least in some cases transformation may arise from an earlier subclone or even a
common progenitor cell[45, 78-81]. Novel bioinformatics approaches have identified that a
network of gene transcriptional modules enriched for pluripotency-related genes underlies
transformation of FL[82, 83].

Pathological and biological factors associated with FL transformation

A number of factors have been implicated in the biology of FL transformation[21, 73, 75].
Some of these factors have been shown to generally affect prognosis in FL while others have
specifically been studied in the context of histological transformation[21, 73, 75]. The
following discussion will examine those factors implicated in transformation of FL.

The approach to studying transformation in FL has followed two lines of investigation. Most
analyses have utilized paired samples from individual patients with FL and their subsequent
transformed DLBCL specimens. The alternative approach has been to study cohorts of FL,
ideally with uniform therapy, to determine biomarkers harbored by the FL cells or features
of the microenvironment that predict for subsequent transformation. Both approaches have
merit.

Although a large number of prognostic markers have been implicated as contributing to
survival in FL, only a handful have specifically examined the role of biological factors
impacting risk of transformation (see Table 3 and Figure 2)[21, 73, 75]. Most follicular
lymphoma B cells depend on the underlying FDCs for their growth and survival. Loss of the
FDC meshworks and subsequent dissolution of follicles is considered a harbinger of early
transformation of FL[84]. Similarly, areas with diffuse architecture appear to be associated
with an increased risk of transformation[33]. In some cases these changes are associated
with epigenetically-regulated loss of CD9 expression by the FL cells upon transformation,
contributing to an FDC-independent growth of these tumors[85]. A number of genetic
aberrations found in FL B cells have been associated with histologic transformation. An
analysis of paired samples was first used to implicate mutations in p53 (chromosome 17p) as
an important genetic event underlying histologic transformation of FL[86, 87]. In general,
mutations in p53 were found in the DLBCL that were not present in the pre-existing FL. A
similar approach was used to implicate alterations in p16 (chromosome 9p), including
deletions, mutations and increased promoter methylation, leading to diminished p16
expression in the transformed biopsies[88]. Gene expression studies of paired samples
demonstrate that FL transformation is associated with changes in expression of MYC and its
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target genes[24, 71, 89]. These changes could be attributed to MYC mutations and
translocations in a small fraction of the cases, but no structural aberrations were identified in
the majority of the cases[24]. The changes in the expression of MYC and its targets might
reflect a more general change in the expression of a primitive stem cell gene signature upon
transformation[24, 83]. The presence of MYC translocations in FL biopsies at diagnosis is
uncommon, with some studies suggesting an association with an increased risk of
transformation[61]. Increased expression of MDMZ2, a gene located within the 12q amplicon
in FL has been associated with transformation risk in FL[90]. Similarly, gains of 12q13-14
as assessed by cytogenetics increase the risk of FL transformation as have gains of
chromosome 7[91-93]. Somatic mutations in either BCL2 or BCL6 genes have also been
associated with histologic transformation, while BCL6 translocation in diagnostic FL
specimen was suggested to predispose to subsequent transformation[27, 94, 95]. More
recently, genetic alterations involving chromosome 1p36.3 has been shown to be a very
frequent acquired genetic alteration in FL and has been associated with an increased risk of
transformation[44, 96]. This region is targeted by deletions, acquired uniparental dizomy
(UPD) or copy-neutral loss of heterozygosity and mutations. Cheung and colleagues have
shown that TNFRSF14 is the likely candidate gene in the locus and maybe a critical new
tumor suppressor gene[97]. Mutations in FAS, mapping to chromosome 10q have also been
suggested to contribute to an increased risk of histologic transformation[29, 98]. Lastly,
acquired UPD involving chromosome 16p has also been recently shown to predispose to
transformation in FL[99]. The gene(s) involved have not yet been identified.

More recently, attention has been turned to examining the contribution of non-neoplastic
immune cells in the tumor microenvironment and their contribution to FL biology[21,
74-76, 100]. The list of cells includes a number of T cell subsets (CD4*, CD8*, regulatory T
cells, PD-1* T cells), macrophages and endothelial cells represented by microvessel density.
The impact of these prognostic biomarkers on both survival and risk of histologic
transformation has been somewhat controversial, in-part due to the heterogeneity of
treatments and patient characteristics of the reported studies[101]. Both the immuno-
architectural pattern and content of CD4* T cells and regulatory T cells have been shown to
predict risk of transformation[70]. Initial studies in FL with patients exposed to markedly
variable treatments suggested that decreased regulatory T cells, as measured by nuclear
FOXP3 staining, were associated with an increased risk of transformation[102].
Subsequently, a study of uniformly treated patients showed that a follicular and/or
perifollicular pattern of Treg cells increased the likelihood of transformation[103]. A low
number of PD-1" T cells have also been associated with increased frequency of
transformation[104]. All of these studies pre-date the use of rituximab alone or in
combination with multi-agent chemotherapy and thus the role of non-neoplastic cells will
need to be re-visited in the current era of therapy[105, 106]. Lastly, increased microvessel
density in FL biopsies has been shown to increase the risk of transformation[107]. In
aggregate these data suggest that in addition to genetic alterations harbored by the malignant
cells in FL, crosstalk between the tumor cells and non-neoplastic immune cells in the tumor
microenvironment also affects the risk of transformation in FL.

Clinical characteristics of FL transformation

There are no specific clinical characteristics at the time of initial FL diagnosis that can
reproducibly predict future higher-grade transformation. In general, clinical characteristics
associated with poor prognosis of patients with FL are also linked to the risk of
transformation. Several studies reported higher risk of transformation in patients with
advanced disease stage, presence of B symptoms and bulky disease, high 2 microglobulin
and low albumin levels as well as higher scores of follicular lymphoma international
prognostic index (FLIPI) and international prognostic index (IPI1)[13-15, 108]. Montoto et
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al[14] reported a higher risk of transformation in patients undergoing expectant management
at diagnosis, but Horning et al[9] and Al-Tourah et al [15] demonstrated a similar risk of
transformation in patients whose therapy was deferred versus those who were treated at
diagnosis. Overall, the currently available data suggest that early initiation of FL treatment
does not decrease the risk of transformation.

The clinical presentation at the time of higher-grade transformation is variable.
Consequently, higher-grade transformation should be suspected in every FL patient at the
time of disease progression or relapse. It is often heralded by rapid and commonly
discordant growth of localized lymph nodes that may be associated with pain, appearance of
unusual extranodal involvement (e.g. central nervous system, liver and bone), sudden and
excessive rise in levels of LDH or development of new B symptoms that can be observed in
30 to 56% of patients. New onset hypercalcemia can also be detected[15], but this is a rare
manifestation of FL transformation. Most patients at the time of transformation present with
an advanced extent of their disease (stage 111 /IV or bulky stage /1l disease with new B
symptoms); however, transformation may also be diagnosed in patients with limited
disease[109]. Moreover, FL transformation can also be diagnosed in the absence of all these
clinical features at the time of a clinically asymptomatic FL relapse manifested by
reappearance of enlarged lymph nodes. Therefore, a high level of clinical suspicion and
performance of an excisional biopsy are necessary for unequivocal diagnosis of FL
transformation. Performing a PET-CT at the time of the suspected transformation may help
to guide the selection of the lymph node for biopsy, since lymph nodes with transformed
disease more commonly exhibit higher standardized uptake values (SUVs) on the positron
emission tomography (PET) scanning[110].

The median time from diagnosis to transformation in the reported series ranges from 40 to
66 months, with the earliest transformation reported at 2 months and the latest at 25
years[13-15]. Transformation may occur at the time of the first or any of the subsequent
progressions or recurrences in patients undergoing either expectant follow-up or during and
after therapy. While most studies do not report association with any specific therapeutic
approach and risk of transformation, Al-Tourah et al[15]reported a higher risk of
transformation in patients treated with a combination of an alkylator and a purine analog
compared to patients that received chemotherapy consisting of bleomycin, cisplatin,
etoposide, doxorubicin, cyclophosphamide vincristine and prednisone followed by moderate
dose of radiation to previously involved nodal sites. Higher risk of transformation was
associated in some studies with an inability to achieve complete response (CR) after initial
FL therapy and the need of two or more treatments to control initially symptomatic FL[13,
15].

Prognostic factors and outcome of patients with higher-grade
transformation of FL

While the clinical course of FL patients may span a decade or more, transformation
occurrence heralds a change from an indolent to an aggressive disease course associated
with major morbidity and mortality. Most studies have reported a poor prognosis after
transformation with a median duration of survival ranging from 2.5 months to 2 years (Table
4). In the study by Acker et al[7], the median survival after transformation was 8.5 months,
but patients achieving CR after transformation had a more favorable outcome with actuarial
survival of 75% at 5 years. Hubbard et al[6] reported median survival after transformation of
11 month (CI 95% 4-34 months) with marked difference between patients that achieved CR
(median survival 40.5 months; range 12-88 month) and those who did not (median survival
4 months; range 1-26 month). Table 4 summarizes reported outcomes of patients post FL
transformation. Only slight improvement in the outcome is observed in the recent studies.
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However, the more recent studies have demonstrated shorter overall survival of patients with
transformation in comparison to non-transformed FL patients, clearly showing the
significant adverse effect of transformation on survival. Indeed, most of the deaths in these
patients are due to lymphoma. Most of the patients in the reported studies received therapies
not incorporating rituximab. Whether rituximab addition will change prognosis of
transformed FL patients needs to be addressed in the future studies.

The clinical and laboratory findings associated with better OS at the time of FL
transformation include limited disease extent, good performance status, normal levels of
LDH, absence of B symptoms, transformation after expectant management, fewer number of
previous relapses, history of CR to previous therapy and achievement of CR following
salvage therapy given at the time of transformation[13-15, 109]. Despite the overall poor
outcome of patients with FL transformation, Yuen et al identified a subset of patients having
a relatively good outcome following transformation[109]. Significant and independent
predictors of survival following FL transformation included limited extent of disease,
attainment of CR to treatment given at the time of the transformation and no prior therapy.
Moreover, among patients who attained a CR following transformation, those with limited
disease and those with no prior chemotherapy had better prognosis. At the time of
publication, this study differed from previously reported studies in several respects: 1) the
median survival time after transformation in this study (22 months) was longer than reported
by others; 2) the extent of disease at transformation in these patients was less than that
reported in other series, with 50% of cases presenting with limited disease; 3) lack of prior
therapy in a significant proportion of cases included in this study might allow administration
of greater doses of chemotherapy at the time of transformation and prevented development
of drug resistance, thus lessening the chance of selection for drug resistant clones leading to
transformation. However, more recent studies confirmed some of the findings reported by
Yuen et al. Bastion et al [13]also demonstrated better outcome in patients with limited
disease and those achieving CR in response to salvage therapy at the time of transformation.
The impact of limited disease on patients’ outcome was also demonstrated by Al-Tourah et
al[15]. Overall these finding may help to better tailor therapy for patients with transformed
FL.

of patients with FL transformation

There are no prospective studies specifically evaluating treatment approaches in patients
with transformed FL. Efficacy of different therapeutic regimens in these patients is reported
mostly in small, retrospective cohorts of patients with variable follow-up. Consequently,
these data are quite limited, making it difficult to derive a therapeutic approach based on
solid clinical data. Furthermore, most of the published studies were conducted in the pre-
rituximab era, precluding any conclusion on the potential role of rituximab in these patients.

Most patients following transformation are treated with standard doxorubicin-containing
combination chemotherapy regimens, reported to lead to CR in 40%][14, 109]and overall
response in 60% [13, 14] of patients. Radiation, either alone or in combination with
chemotherapy, is used in patients with limited disease and may lead to a higher CR rate
(70%) [109]. However, since the observed response rates are lower and duration of response
is shorter in post transformation patients compared to patients with de-novo DLBCL, with
some patients unable to receive doxorubicin-containing combination chemotherapy regimen
since it was already used during the indolent phase of FL, alternative therapeutic approaches
are needed.

Radioimmunotherapy (RIT) using radioactive nucleotide labeled antibodies yttrium Y0
ibritumomab (Zevalin) and iodine 1131 tositumomab (Bexxar), has been shown to exhibit
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anti-lymphoma activity in a small number of patients with transformed FL [111-114](Table
5). These patients received RIT either as the initial therapy for transformed FL or after they
failed other therapeutic approaches. The overall response rate of transformed FL patients
treated with RIT in these studies was 51%, with 50% of the responders achieving CR.
Notably, many patients achieving CR demonstrated prolonged responses, frequently lasting
longer than 12 months. These limited data demonstrates that RIT, well tolerated by most
patients, shows clear activity in a fraction of patients with transformed FL and should be
considered as a suitable therapeutic option. However, similar to patients receiving RIT for
indolent FL, this approach is less effective in patients with bulky tumor burdens and patients
who have received prior radiotherapy.

Because the responses achieved with conventional chemotherapy in patients with
transformed FL are frequently of short duration and historically patients with transformed
FL exhibit inferior outcomes with conventional-dose therapy, high-dose therapy and
autologous stem cell transplantation (ASCT) were evaluated by several groups[115-124]
(Table 6). These studies are mostly small, and heterogeneous in terms of eligibility criteria,
definition of transformation and the timing of ASCT in the course of FL. While ASCT was
performed in patients with chemoresistant or with residual disease at the time of
transplantation in some studies[120], other studies proceeded with this treatment only in
patients with minimal residual disease[117, 118, 121]. Overall, the available data supports
the efficacy of this approach in patients with transformed FL. CR post ASCT is achieved in
40-100% of patients, with 5-year overall survival of 33-81%. Whether ASCT for
transformed FL leads to a PFS/EFS plateau is unclear, with some studies suggesting this
finding[117, 119, 120], while others do not [118, 121, 123].

The major cause for treatment failure is relapse. While most relapses are due to DLBCL, FL
recurrences may also be observed. Therefore, a biopsy should be performed at the time of
post ASCT relapse to establish the subtype of the relapsed lymphoma. High LDH levels and
presence of residual disease or chemoresistance at the time of transplantation[120, 122]and
advanced age[119, 122] were associated with shorter post ASCT OS and PFS. Comparison
of the transplantation outcomes between patients with transformed and non-transformed FL
or de novo DLBCL demonstrated no significant differences in OS and PFS in some
studies[118, 120], while others suggested inferior outcome for patients with transformed FL
[122].

Given the high relapse rate seen with ASCT and the potential benefit of a graft-versus-
lymphoma effect, several investigators explored the role of allogeneic transplantation in
patients with transformed FL. In a large study of 40 patients with transformed FL, allogeneic
transplantation resulted in 2- and 5-year OS of 45% and 33%, respectively, and
corresponding EFS of 38 and 29%][124]. These results were significantly inferior to the
results of ASCT obtained in the same institution, most probably due to the higher treatment
related mortality (TRM) associated with the allogeneic transplantation (35% versus 10% at 5
years). Furthermore, the risk of disease relapse at 5 years was non-significantly lower in the
recipients of the allogeneic transplantation. Overall, this study demonstrated that due to a
similar risk of relapse and higher TRM, the outcome of the ASCT was superior to that of the
allografted patients with transformed FL.

Revzani et al [125]evaluated the role of non-myeloablative allogeneic transplant in 16
patients with transformed FL. The outcome of patients with transformed FL was
significantly worse than the outcome of patients with non-transformed FL, with 3-year PFS
and OS of only 21% and 18%, respectively. The aggressive clinical course of the
transformed FL may not allow sufficient time for the development of the graft-versus-
lymphoma effect, leading to poor patient outcomes. While further studies evaluating the role

Best Pract Res Clin Haematol. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lossos and Gascoyne

Page 11

of allogeneic transplantation in patients with transformed FL are needed, this is currently not
considered a standard therapy for patients with transformed FL.

Based on the presently available published data, limited in scope and mostly derived from
small retrospective studies, it is difficult to propose a standard and optimized therapeutic
strategy for patients with transformed FL. However, some suggestions can be made based on
the literature and our institutional experience, which need to be verified in prospective
clinical trials. Overall, patients with transformed FL should be encouraged to participate in
such prospective studies. If such studies are not available, the following approach can be
considered (Figure 3):

A. Anthracycline-naive patients with transformed FL should be treated with
rituximab-CHOP. Patients with limited disease at the time of transformation should
receive consolidation with involved field radiation.

B. Patients not achieving CR following rituximab-CHOP should receive salvage
treatment and, if chemosensitive, proceed to ASCT. Alternatively, RIT can be
considered for these patients.

C. Patients achieving CR following rituximab-CHOP can be either observed,
especially if they did not receive prior therapy for indolent FL, or may be
consolidated with ASCT or RIT. Currently, in the rituximab era, there are not
enough data to suggest that consolidation with ASCT or RIT is superior to
observation.

D. Patients treated with anthracycline —containing regimens prior to the transformation
should receive standard salvage regimen followed by ASCT. Consideration can be
given to consolidate these patients with RIT after salvage therapy.
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Figure 1.

Transformation of FL to aggressive lymphoma most commonly takes one of three forms, A)
diffuse large B cell lymphoma, B) unclassifiable B cell lymphoma with features
intermediate between DLBCL and Burkitt lymphoma and finally, C) a blastoid lymphoma
with fine chromatin (rare Tdt* blastoid lymphomas may be seen as a transformation event
following FL that show double-hit cytogenetics with translocations of BCL2 and MYC)
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Genetic lesions in the tumor cells

*p53 loss
*p16/CDKN2A loss
*MYC deregulation
*+12/12913-14 gain

*BCL6 translocations
*Mutations in BCL2/BCL6
*Deletion/UPD 1p36
(TNFRSF14)
*Deletion 6q
«Trisomy 7
*FAS mutations
*UPD 16p
*CD9 loss

Changes in the micro
environment
(non-neoplastic cells)

*FDC loss or immaturity
«Increased intrafollicular
CD4* T cells
*Pattern and number of
regulatory T cells
*Decreased PD-1* T cells
*Increased MVD

Figure 2.

Biological factors associated with histologic transformation of FL to DLBCL. These include
both genetic alterations harbored by the malignant B cells and factors that influence the
tumoral microenvironment. UPD = uniparental dizomy, FDC = follicular dendritic cells, PD
= programmed death and MVD = microvessel density.
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Anthracycline-Naive t-FL Anthracycline-Experienced t-FL

Limited extent Not Limited

R-CHOP
/\ Radiation
CR Less than CR

Limited extent Not Limited —  galvage Chemotherapy Observation
. ASCT
Radiation Observation or RIT RIT may be considered

in selected cases

Figure 3.
Suggested therapeutic approach to patients with transformed FL.
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Classification of transformed biopsies in follicular lymphoma patients

Histologic Subtype

Morphologic Features

Comments

Diffuse large B cell
lymphoma

-Typically sheets of centroblasts and/or
immunoblasts
-Follicular architecture is lost, although some
residual follicular structures may be evident

-The immunophenotype is characteristically similar to
FL (CD10*, BCL6*, BCL2*) i.e. GCB profile
-Cytogenetics usually complex, but t(14;18) is a stable
marker and so typically present
-MYC translocations maybe present

Unclassifiable B cell
lymphomas with features
intermediate between
DLBCL and Burkitt
lymphoma (BCLU)

-Diffuse infiltrate of medium sized cells, often with
admixed larger centroblasts
-May show starry-sky pattern
-Variable mitotic activity

-Most cases are BCL2 protein positive and show a GCB
immunophenotype
-Proliferative rate with Ki67 is often < 95%
-Dual translocation cases are common (both BCL2 and/
or BCL6 and MYC translocations)

Blastoid

-Sheets of immature B cells with fine chromatin and
absent nucleoli
-Mitoses frequent
-Some residual follicles maybe seen

-Characteristic FL phenotype
-Despite blastoid morphology, nuclear Tdt is negative

Lymphoblastic

-Sheets of immature B cells with fine chromatin and
absent nucleoli
-Mitoses frequent

-The immunophenotype maybe mixed, but typically
CD10*, BCL6*
-Tdt is positive, but maybe variable
-Cytogenetics reveals dual translocations involving
BCL2 and MYC oncogenes
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Table 3

Biological factors associated with FL transformation
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Cell Type Biological Factor Mechanism References
Neoplastic B cells
Diffuse architecture Lose dependence on stroma 33,70
P53 loss and/or mutation Loss of tumor suppressor 44,86, 87
P16/CDKN2A/B loss or hypermethylation Loss of tumor suppressor 88
MYC translocation, mutations and Dominant oncogene driving widespread gene 24,71,72
deregulation expression changes
Deletion 1p36.3 Loss of TNFRSF14 gene, a candidate tumor 44, 96, 97
suppressor
Deletion 6q Gene(s) unidentified 44, 96
+12 or gain 12q13-14 Gene(s) unidentified 92
+7 Gene(s) unidentified 91
UPD chromosome 16p Gene(s) unidentified 99
BCL6 translocations Unknown 27,90
Mutations in BCL2 or BCL6 Unknown 27,94
Mutations in FAS on chromosome 10q Anti-apoptotic due to loss of the death domain 29, 98
Loss of CD9 expression Epigenetically controlled loss of FDC dependence 85
Pluripotency gene expression signature Expression of an embryonic stem cell-like 83
signature
Non-neoplastic cells
in the tumor
microenvironment
FDC loss or immaturity FL B cells lose dependency on stromal support 33,70, 84, 85
Increased intrafollicular CD4* T cells Unknown 70
Regulatory T cells (FOXP3*) Numbers and pattern may influence risk of 102, 103
transformation by an unknown mechanism
PD-1* T cells Unknown 104
Increased MVD Unknown 107

Abbreviations: UPD = uniparental dizomy, FDC = follicular dendritic cells, MVD = microvessel density
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Outcome of FL post transformation

Table 4
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Reference Number of Median Survival After Median Survival of Median Survival of
Transformation patients Transformation (months) Patients Achieving CR Patients Not Achieving

(months) CR (months)

Armitage (1981)[19] 14 12 25 NA

Hubbard (1982)[6] 19 11 405 4

Acker (1983)[7] 22 8.5 Not reached 6

Oviatt (1984)[10] 13 2.5 NA NA

Yuen (1995)[109] 74 22 81 NA

Bastion (1997)[13] 52 7 NA NA

Montoto(2007)[14] 88 14 67 5* and 12**

Al-Tourah (2008)[15] 170 20 NA NA

*
Patients with no response to salvage therapy

Fk

Patients with partial response to salvage therapy
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