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Summary

Background Histological transformation of follicular lymphoma to aggressive lymphoma is a serious event with a
substantial effect on patient outcome. The aim of the Aristotle study was to assess the effect of rituximab on the risk
of histological transformation and its outcome.

Methods 11 cooperative groups or institutions across Europe contributed data to this study. Eligible patients (=18 years)
had histologically confirmed follicular lymphoma grade 1, 2, or 3a, diagnosed between Jan 2, 1997, and Dec 20, 2013.
Histological transformation was defined as a biopsy-proven aggressive lymphoma that occurred as a first event after
first-line therapy. The primary endpoints were the cumulative hazard of histological transformation and survival after
transformation.

Findings Information was available for 10001 patients with follicular lymphoma, 8116 of whom were eligible for
analysis. 509 histological transformations were reported. After a median follow-up of 87 months (range 1-221;
2-5-97-5th percentile 5-160), the 10-year cumulative hazard of histological transformation was 7-7% (95% CI
6-9-8-5). The 10-year cumulative hazard of histological transformation was 5-2% (95% CI 4-5-6-2) in patients who
received rituximab and 8-7% (7-2-10-6) in those who did not (hazard ratio [HR] 0-73, 95% CI 0-58-0-90; p=0-004).
The 10-year cumulative hazard of histological transformation was 5-9% (95% CI 5-0-7-0) for patients who received
induction rituximab only and 3-6% (95% CI 2-3-5-5) for those treated with induction and maintenance rituximab
(HR 0-55, 95% CI 0-37-0-81; p=0-003). This finding was confirmed in a multivariate analysis (p=0-016). 287 deaths
were recorded in 509 patients with histological transformation, resulting in a 10-year survival after transformation of
32% (95% CI 26-38). Survival after transformation did not differ between patients not exposed to rituximab and those
who received rituximab in induction only (HR 0-94, 95% CI 0-69-1-28; p=0-70), and those who received rituximab
in induction and maintenance (0-96, 0-58-1-61; p=0-88).

Interpretation The risk of histological transformation as a first event can be significantly reduced by the use of rituximab.
These findings support the need to inform patients using rituximab nowadays that the risk of transformation is lower
than it was before the introduction of rituxumab.
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Introduction

Follicular lymphoma is the second most frequent type
of non-Hodgkin lymphoma and accounts for about
10-20% of all lymphomas in developed countries.** The
clinical course of follicular lymphoma is heterogeneous,
ranging from long-term responses to initial therapy to
frequent recurrences, with a shorter treatment response
duration after every relapse. The treatment priority for
follicular lymphoma is to avoid relapses, transformation
to more aggressive subtypes, and death. Transformation
to an aggressive lymphoma, most commonly diffuse
large B-cell lymphoma, is a serious clinical event with a
marked effect on the course of the disease.”* The reported
incidence of histological transformation has varied over
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the past 35 years, ranging from 10% to 70%.*** This
large variability is believed to be related to several factors,
including the absence of a unique definition of histo-
logical transformation, heterogeneity of the analysed
populations, and differences in diagnostic methods, the
initial therapeutic approach, and length of follow-up. The
annual risk of histological transformation has been
estimated to be 2-3% per year,”" with a median post-
transformation survival of less than 2 years with
conventional chemotherapy.>***

The addition of the anti-CD20 monoclonal antibody
rituximab to chemotherapy regimens for follicular
lymphoma has led to an impressive improvement in
patient outcomes, although the effect of rituximab on
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Research in context

Evidence before this study

Histological transformation of follicular lymphoma to an
aggressive lymphoma, most commonly a diffuse large B-cell
lymphoma, is a serious clinical event with a substantial effect
on the course of the disease. Before initiating this study, we
searched PubMed on Oct 1-2, 2015, for English-language
articles published since 1990 with the terms “follicular
lymphoma”, “rituximab”, “histological transformation”, and
“outcome”, either individually or as part of a combination. We
found that most previous studies reported cumulative hazard
of transformation, and not only histological transformation as
a first event. Furthermore, several studies included cases in
which transformation was diagnosed on the basis of clinical
characteristics alone. Together, these issues make comparison
of the absolute cumulative hazards of histological
transformation in follicular lymphoma between studies
difficult. The aim of the present study was to collect as large a
series of cases of follicular lymphomas as possible, from
archives of prospective clinical trials or population-based
registries, to better explore the effect of rituximab on the risk of
histological transformation as a first event after first-line
therapy, and on the outcome after transformation.

Added value of this study
To the best of our knowledge, the number of patients with a
biopsy-proven transformation as a first event after first-line

the risk of transformation remains largely unknown.
Studies from the past 5 years have proposed the notion
of a reduced risk of histological transformation
associated with rituximab-containing therapies.”™
Moreover, survival after histological transformation in
patients treated with rituximab, although still poor,
seems better than in patients who have not received
rituximab.”"*”"® In 2015, the European Lymphoma
Institute (ELI) and the European Haematology
Association Lymphoma Group together launched the
Aristotle study, a pooled analysis of follicular lymphoma
cases registered at the time of initial diagnosis in
different clinical trials or lymphoma registries, and with
long-term follow-up. In this study, we aimed to assess
the effect of rituximab on the risk of histological
transformation as a first event after first-line therapy, as
well as the outcome after transformation.

Methods

Study design and patients

11 cooperative groups or institutions across Europe
contributed to the Aristotle study, providing information
on newly diagnosed follicular lymphoma cases retrieved
from prospective clinical trials or population-based or
hospital-based lymphoma registries. All included
patients had histologically confirmed follicular lym-
phoma grade 1, 2, or 3a, as defined by the 2008 WHO

therapy among the Aristotle cohort is the largest reported so
far. Findings from the Aristotle study show that rituximab can
have an important effect on histological transformation as a
component of first-line therapy for follicular lymphoma. We
found that patients initially treated with rituximab (alone or in
combination with chemotherapy) had a lower cumulative
hazard of histological transformation compared with patients
who did not receive this treatment.

Implications of all the available evidence

Despite the potential limitations of our retrospective analyses,
the Aristotle study showed that the cumulative hazard of
histological transformation as a first event was significantly
reduced by the introduction of rituximab. However,
histological transformation still had an adverse effect on
prognosis, albeit less catastrophic compared with the
pre-rituximab era. Histological transformation remains a
challenge for clinicians. A more comprehensive knowledge of
the biological risk factors for follicular lymphoma
transformation and its molecular pathways might help in
making more accurate prognostic assessments and in
predicting the putative usefulness of novel drugs. This, in turn,
might contribute to both the prevention and potential cure of
transformed follicular lymphomas.

classification ~ system,! were diagnosed between
Jan 2, 1997, and Dec 20, 2013, and were aged at least
18 years. Only biopsy-proven histological transformations
occurring as a first event after first-line systemic therapy
were included.

Patients initially assigned to a watch-and-wait period
were included only if they had started systemic therapy
owing to disease progression in the absence of trans-
formation. Since Aristotle is a retrospective multicentre
study, a prespecified interval between diagnosis and the
start of treatment for establishing the watch-and-wait
policy was not required. However, the minimum interval
between diagnosis and first event was set to 3 months.
The initial diagnosis and type of histological trans-
formation as a first event was based on reporting by the
local pathologists at the participating institutions; a
central pathology review was not done.

Patients who presented at diagnosis with evidence of
both follicular lymphoma and diffuse large B-cell
lymphoma in the same tissue specimen were judged to
be transformed at initial diagnosis and were excluded
from the study, as were patients with follicular lymphoma
grade 3b. Additionally, patients with a discordant
histological diagnosis between nodal site and bone
marrow were excluded. The initial therapy included
different treatment categories (eg, single-agent or com-
bined chemotherapy with or without rituximab, or
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rituximab monotherapy). Maintenance with rituximab
was prescribed according to local clinical practices or as
per clinical trial design.

Study approval was obtained from the institutional
review board at the coordinating centre (ELI, Lyon,
France) and at each participating centre in accordance
with institutional standards. For those patients enrolled
in clinical trials, ethics approvals were already obtained;
anonymised data from these trials were used in this study
and therefore no further ethics approval was required.

Outcomes

The primary endpoints were the cumulative hazard of
histological transformation and survival after trans-
formation. The secondary endpoints were time to histo-
logical transformation, overall survival, and survival after
relapse.

Relapse or recurrence was defined as the presence of
follicular lymphoma disease after the achievement of a
complete or partial response to first-line therapy lasting
at least 3 months. Progression was defined as the
presence of follicular lymphoma disease due insufficient
response to firstline treatment. Transformation was
defined as the presence, at the time of recurrence,
relapse, or progression, of an aggressive lymphoma
(from an initial diagnosis of indolent lymphoma). An
event was defined as a relapse or recurrence of follicular
lymphoma, a progression of follicular lymphoma, a
biopsy-proven transformation, or death.

Statistical analysis

The cumulative hazard of histological transformation
was calculated using the Nelson-Aalen estimator with a
95% CI.” The estimate was the absolute value multiplied
by 100. Survival after transformation was measured as
the time from histological transformation to either the
date of death from any cause or last clinical contact.
Survival after transformation was calculated by means of
Kaplan-Meier estimates,” also with 95% CIs. Com-
parisons between categories were made using the log-
rank test, and the effect of covariates was estimated with
a Cox proportional hazard regression model” with
95% ClIs, by either univariate or multivariable analysis.
Proportionality of hazard was checked graphically by
means of scaled Schoenfeld residuals.

We assessed the risk of transformation in patients not
exposed to rituximab, those who received rituximab in
induction only, and those treated with both induction and
maintenance rituximab. We assessed the risk of
histological transformation associated with rituximab in a
multiple regression model, controlling for Follicular
Lymphoma International Prognostic Index (FLIPI) score
(0-1=low risk; 2=intermediate risk; 3-5=high risk),
therapeutic approach (treatment upfront or previous watch
and wait), histological grade at diagnosis, time to
transformation (<12 months or >12 months) and
demographic variables (age, sex).
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Time to histological transformation was calculated
from the date of follicular lymphoma diagnosis to the
date of histological transformation. The median time to
transformation, overall survival, and corresponding
S-year and 10-year percentages were estimated using
Kaplan-Meier methods. Patients alive at the last clinical
contact or who died during follow-up were censored.

Survival after relapse was measured from the date of
relapse to last follow-up or death from any cause. Time to
relapse or progression was calculated from the date of
follicular lymphoma diagnosis to the date of relapse or
progression.

Age was the only continuous variable, and was
summarised as the median with 2.5-97-5th percentiles
and subsequently dichotomised according to the usual
clinical thresholds reported in the literature (<60 years vs
>60 years).” We chose to use 2-5-97-5th percentiles
rather than 95% ClIs because they provide more detail
about the dispersion of the data. Categorical variables
were reported as absolute values and percentages.
Fisher’s exact tests or y2 tests were used to compare
variables as appropriate. For this retrospective study, a
specific sample size was not planned. All statistical tests
were two sided and p values less than 0-05 were judged
to be significant. All analyses were done in Stata 14.2.

| 10001 patients assessed for eligibility |

| 1381 no records submitted

v

| 8620 submitted |
504 excluded
42 had histological transformation at
> diagnosis
462 diagnosis before 1997 or after 2013
v
| 8116 eligible |

—>| 3205 had no disease progression or relapse |

A 4

| 4911 had disease progression or relapse |

—>| 3899 not re-biopsed |

v

| 1012 progression or relapse confirmed by biopsy

—>| 503 with recurrence (ie, no transformation) |

v

509 had biopsy-confirmed histological
transformation

Figure 1: Study profile
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See Online for appendix

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Lymphoma Clinical trials Population-based  Total (n=8116)
registries (n=2360) registries
(n=2954) (n=2802)
Age, years 58 (31-83) 56 (33-75) 61 (35-86) 59 (33-83)
Sex
Women 1625 (55%) 1232 (52%) 1378 (49%) 4235 (52%)
Men 1329 (45%) 1128 (48%) 1424 (51%) 3881 (48%)
Histological grade
1-2 2099 (71%) 1480 (63%) 1922 (69%) 5501 (68%)
3a 481 (16%) 232 (10%) 340 (12%) 1053 (13%)
Not assessed 374 (13%) 648 (27%) 540 (19%) 1562 (19%)
FLIPI risk group
Low 767 (26%) 522 (22%) 870 (31%) 2159 (27%)
Intermediate 830 (28%) 828 (35%) 700 (25%) 2358 (29%)
High 896 (30%) 985 (42%) 704 (25%) 2585 (32%)
Data missing 461 (16%) 25 (1%) 528 (19%) 1014 (12%)
Ann Arbor stage
Il 450 (15%) 249 (11%) 859 (31%) 1558 (19%)
-V 2447 (83%) 2100 (89%) 1905 (68%) 6452 (79%)
Data missing 57 (2%) 11 (<1%) 38 (1%) 106 (1%)
Initial treatment
Watch and wait 321 (11%) 54 (2%) 752 (27%) 1127 (14%)
Active treatment 2628 (89%) 2295 (97%) 2047 (73%) 6970 (86%)
Data missing 5 (<1%) 11 (<1%) 3 (<1%) 19 (<1%)
Treatment
With rituximab
CHOP or CHOP like 1236 (42%) 1062 (45%) 447 (16%) 2745 (34%)
CVP or chlorambucil 235 (8%) 591 (25%) 494 (18%) 1320 (16%)
Fludarabine combination 396 (13%) 216 (9%) 16 (1%) 628 (8%)
Rituximab monotherapy 19 (1%) 0 389 (14%) 408 (5%)
Other 230 (8%) 0 0 230 (3%)
High-dose treatment 0 0 0 0
Without rituximab
CHOP or CHOP like 44 (1%) 0 73 (3%) 117 (1%)
CVP or chlorambucil 12 (<1%) 323 (14%) 53 (2%) 388 (5%)
Fludarabine combination 9 (<1%) 0 16 (1%) 25 (<1%)
Monotherapy 111 (4%) 0 368 (13%) 479 (6%)
Other 336 (11%) 0 187 (7%) 523 (6%)
High-dose treatment 0 103 (4%) 4 (<1%) 107 (1%)
Data missing 326 (11%) 65 (3%) 755 (27%) 1146 (14%)
Maintenance after rituximab*
No 462/2116 (22%) 1203/1869 1104/1346 (82%) 2769/5331
(64%) (52%)
Yes 231/2116 (11%)  666/1869 131/1346 (10%) 1028/5331
(36%) (19%)
Not assessed 1423/2116 (67%) 0/1869 111/1346 (8%)  1534/5331
(29%)
(Table 1 continues on next page)
€362

Results

The Aristotle database contained 10001 follicular
lymphoma cases received from the different sites between
Feb 1, 2016, and July 24, 2017 (figure 1). We subsequently
excluded 1885 (19%) cases: 1381 because no records were
submitted (owing to the complexity in submitting the
protocol to the ethics committees by some of participating
sites), 42 owing to histological transformation at
diagnosis, and 462 owing to diagnosis outside the allowed
timeframe. 8116 patients (81%) were eligible for analysis.
Data for 2954 (36%) patients were retrieved from
lymphoma registries, 2360 (29%) from clinical trials
(appendix p 4), and 2802 (35%) from population-based
registries. The median age for the entire cohort was
59 years (2-5-97-5th percentile 33-83), and 5501 (68%)
patients had a diagnosis of grade 1-2 follicular lymphoma
(table 1). A FLIPI score was available in 7102 patients
(88%), of whom 2159 (30%) were low risk, 2358 (33%)
were intermediate risk, and 2585 (36%) were high risk.

Disease progression or relapse occurred in
4911 patients (61%), with confirmation by biopsy in 1012:
509 received a diagnosis of histological transformation
(490[96%] diffuse large B-cell lymphoma; 16 [3%)] follicular
lymphoma grade 3b; two [<1%] lymphoblastic lymphoma,
and one [<1%] Burkitt lymphoma) and 503 were
diagnosed with relapsed follicular lymphoma.

Details on treatment were available for 8097 patients. A
watch-and-wait strategy before an active treatment for
follicular lymphoma was reported in 1127 (14%) patients,
whereas the remaining 6970 (86%) received an active
treatment at time of initial diagnosis (table 1). 5331 (76%)
of these 6970 patients were treated with rituximab: as a
monotherapy in 408 and in combination with chemo-
therapy in 4923. With respect to chemotherapy,
2745 (51%) of 5331 were given CHOP (cyclophosphamide,
doxo-rubicin, vincristine, and prednisone or predni-
solone) or CHOP-like therapy, 1320 (25%) received CVP
(cyclophosphamide, vincristine, and prednisone) or
chorambucil, 628 (12%) received fludarabine-containing
regimens, and 230 (4%) were treated with other
regimens. 1028 (19%) of 5331 patients received
maintenance treatment with rituximab after induction
therapy.

The cumulative hazard of histological transformation
was assessed in 483 cases (26 of the 509 patients with
transformation had incomplete data and were excluded)
and was 5-8% (95% CI 5-3-6-4) at 5 years and
7-7% (6-9-8-5) at 10 years (figure 2). Among patients
with transformation, the median time from initial
diagnosis to histological transformation was 19 months
(2-5-97-5th percentile 2-110 months), whereas the
median time to relapse or progression was 36 months
(2-5-97- 5th percentile 3-143 months).

After a median follow-up of 87 months (range 1-221;
2-5-97-5th percentile 5-160), 2065 deaths were recorded,;
overall survival for the whole cohort was 82% (95% CI
81-83) at 5 years and 68% (95% CI 67-70) at 10 years.
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Transformation risk differed significantly between
patients who received an active treatment upfront and
those who were treated after an initial period of watch and
wait. In the 6970 patients who received active treatment at
diagnosis, 397 (6%) experienced transformation, whereas
84 (7%) of 1127 patients in the initial watch-and-wait group
had histological transformation. Treatment information
was not available for two cases with histological trans-
formation. The overall cumulative hazard of histological
transformation was 5-6% (95% CI 5-0-6-2) at 5 years
and 7-0% (6-4-7-9) at 10 years for the initially treated
group and 7-1% (5-6-9-1) at 5 years and 11-5% (9-0-14-7)
at 10 years for the initial watch-and-wait group (hazard
ratio [HR] 1-36, 95% CI 1-07-1-72).

A significant difference in the cumulative hazard of
histological transformation was noted between patients
treated with rituximab in induction or maintenance, or
both, and those treated without rituximab: the cumulative
hazard was 4-4% (95% CI 3-7-5-1) at 5 years and
5-2% (4-5-6-2) at 10 years in patients who received rituxi-
mab, and 6-9% (5-7-8-4) at 5 years and 8-7% (7-2-10-6)
at 10 years in those who did not (HR 0-73, 95% CI
0-58-0-90; p=0-004; figure 3A). 54 patients without
rituximab and 31 patients with rituximab were not
evaluable for risk calculation.

Information on the use of rituximab for induction and
maintenance was available for 5382 patients. In these
patients, the cumulative hazard of transformation was
5-1% (95% CI 4-3-6-0) at 5 years and 5-9% (5-0-7-0) at
10 years for patients who received rituximab in induction
only, and 2-6% (1-8-3-8) at 5 years and 3-6% (2-3-5-5) at
10 years for those who received it for both induction and
maintenance (figure 3B). Compared with patients not
exposed to rituximab, the HRs for histological trans-
formation were 0-69 (95% CI 0-54-0-89; p=0-003) for
rituximab in induction only and 0-38 (0-25-0-57;
p<0-0001) for rituximab in induction and maintenance
(table 2). Finally, the HR for transformation in the
rituximab in induction and maintenance versus rituximab
in induction only group was 0-55 (95% CI 0-37-0-81;
p=0-003). In wunivariate and multivariate analyses,
rituximab use in induction, maintenance, or both was
associated with improved risk of transformation (table 2).

In addition to rituximab use, other factors that were
significantly associated with the risk of transformation by
univariate analysis were histological grade 3a follicular
lymphoma, age older than 60 years at diagnosis, and
FLIPI score of atleast 2 (table 2). Conversely, in our dataset
the type of chemotherapy did not affect the cumulative
hazard of transformation (p=0-90; appendix p 4). A
multivariable analysis using Cox regression was done
after adjusting for FLIPI score 3-5 and follicular
lymphoma grade 3a. In the 3866 patients with a complete
dataset, the reduced risk of transformation for patients
treated with rituximab-containing regimens was retained.
Using patients not exposed to rituximab as reference, the
HR for transformation was 0-59 (95% CI 0-42-0-85;
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Lymphoma Clinical trials
registries (n=2360) registries
(n=2954) (n=2802)

Population-based Total (n=8116)

(Continued from previous page)

Proportion of responders to first-line therapy (95% Cl)
92% (90-93)

67% (66-69)

Overall response ratet 92% (91-93)

Complete remission 64% (62-66)
Overall survival (95% Cl)
82% (81-84)

69% (66-71)

5 years 87% (86-38)

10years 68% (57-76)

85% (83-86)
56% (54-59)

78% (76-79)
64% (62-66)

90% (89-91)
63% (62-64)

82% (81-83)
68% (67-70)

Data are median (2-5-97-5th percentile), number (%), or n/N (%), unless otherwise specified. Some percentages do not
add up to 100 because of rounding. FLIPI=Follicular Lymphoma International Prognostic Index
CHOP=cyclophosphamide, doxorubicin, vincristine, and prednisone or prednisolone. CVP=cyclophosphamide,
vincristine, and prednisone. *In those exposed to rituximab in induction. fComplete and partial remission.

Table 1: Demographics and baseline characteristics

100J/

14+
12

10+

Cumulative risk (%)
[e<]
1

0 1 5 3 4 5 6
Follow-up (years)

Numberatrisk 8045 7496 7040 6610 6076 5474 4480

3224

oo

2271

1523 1074

Figure 2: Cumulative hazard of histological transformation as a first event in patients with follicular lymphoma
The shaded area shows the 95% Cl. 71 patients were excluded from this analysis because of they were not evaluable

for risk calculation.

p=0-004) for the induction rituximab only group and
0-33 (0-19-0-56; p<0-0001) for the induction and
maintenance rituximab group (table 2). FLIPI score, but
not follicular lymphoma grade, retained its prognostic
value in multivariate analyses (table 2).

In the whole cohort of 8116 patients with follicular
lymphoma, 2065 deaths were recorded. 287 deaths were
recorded among the 509 patients with histological trans-
formation, of which 155 (54%) were due to lymphoma
progression, 15 (5%) infections, three (1%) second
malignancies, and 18 (6%) other causes. In 96 (33%) of
these histological transformation cases, the cause of
death was unknown.

After a median follow-up of 59 months (range 1-167;
2-5-97-5th percentile 3-136) from histological trans-
formation, survival after transformation was 43% (95% CI
38-48) at 5 years and 32% (26-38) at 10 years (figure 4A).
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Cumulative risk (%)

A
100 —— Without rituximab
J/ — With rituximab
14+
124
g 104
3
2 8
£
=)
4
2 HR 0-73 (95% Cl 0-58-0-90)
Log-rank p=0-004
(0]
0 1 2 3 4 5 6 7 8 9 10
Number at risk
Without rituximab 1616 1474 1365 1275 1177 1056 896 769 627 434 347
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By contrast, 913 deaths (466 due to disease progression)
were reported among the 4402 patients who experienced
follicular lymphoma progression or relapse and either
were not re-biopsied, or were re-biopsied and found to
have recurrence rather than transformation. After a
median follow-up of 64 months (2-5-97-5th percentile
2-142) from progression or relapse, survival after relapse
for patients with progression or relapse (ie, recurrence)
confirmed by biopsy was 71% (95% CI 70-73) at 5 years

and 56% (53-59%) at 10 years (HR 2-82, 95% CI
2-47-3.22; p<0-0001; figure 4A). With regard to time to
histological transformation, the 5-year survival after
transformation was 34% (95% CI 26—41) for patients
experiencing early (<1 year) histological transformation
and 48% (42-54) for those with late histological
transformation (p<0-0001).

We also investigated the effect of previous rituximab
exposure on outcome after transformation, and found no
differences among patients who received induction
rituximab (n=146), induction and maintenance rituximab
(n=31), or who were never exposed to rituximab before
transformation (n=126). Survival after transformation at
5 years was 38% (95% CI 28—46) for patients not exposed
to rituximab, 42% (33-50) for those who received
rituximab in induction only, and 43% (95% CI 24-60) for
those who received rituximab in induction and
maintenance, with no difference between the three
groups (p=0-92; figure 4B).

Median time to histological transformation was
18 months (2-5-97-5th percentile 2-111), with a median
of 19 months (2-142) for patients treated without and
17 months (1-101) for those treated with rituximab
(p=0-16). Overall survival, progression-free survival, and
event-free survival after transformation were not
calculable owing to insufficient data.

Discussion

In our opinion, the most relevant information arising
from the Aristotle study thus far is the protective role
against histological transformation of rituximab as a
component of a first-line therapy for follicular lymphoma.
We found that patients initially treated with rituximab
(alone or in combination with chemotherapy) had a
lower cumulative hazard of histological transformation
than patients who did not receive this treatment. To
better understand the role of initial therapy as a risk
factor for transformation, the present study focused on
cases of histological transformation after first-line
therapy as a first event only. Moreover, in an effort to
reduce possible selection biases linked to the retrospective
and multicentre nature of the study, only cases with
biopsy-proven histological transformation were eligible
for the analysis.

In addition to its retrospective nature, one possible
weakness of our study was the absence of a centralised
pathology review. However, we believe that this potential
selection bias was overcome at least partly by the
substantial experience of the haematopathologists of the
participating centres, and the low level of disagreement
after centralised revision of follicular lymphoma cases in
a previous study.* Only 20% of patients with follicular
lymphoma were re-biopsied at the time of the first event,
whereas disease status was defined by clinical features in
the remaining cases. This low proportion of re-biopsies
was a result of the different practices of performing a
re-biopsy at relapse or progression by the different
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confirmation), and follow-up durations, and variabilities Watch and wait vs treated 136 (1:07-1-72) 0-011
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biopsy-proven transformation as a first event after first-
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19 ng i © larg lymphoma
reported (appendix p 5). Most previous studies have

reported not only histological transformation as first
event, butalso cumulative risk of transformation. *257-192
Furthermore, several studies included cases with
transformation diagnosed on clinical characteristics only.
Thus, these issues make comparison of the absolute
cumulative risk of transformation between studies
difficult, which is a limitation for the specialty.

The proportion of patients with transformation that we
observed in our cohort confirm some of the findings
reported by others.”"*"* Specifically, in a previous study
done using the Molecular Epidemiology Resource of the
University of Iowa/Mayo Clinic Lymphoma Specialized
Program of Research Excellence,” the proportion of
patients with transformation at 5 years was 3-2% in
patients with follicular lymphoma who initially received
rituximab monotherapy. In the PRIMA trial,” the
cumulative hazard of documented histological trans-
formation was 4-1% at 6 years after induction in patients
with follicular lymphoma. In the FOLLOS5 trial,” histo-
logical transformation was documented in 11 patients
with follicular lymphoma, with a cumulative hazard of
transformation of 2.-9% at 8 years from diagnosis.
Finally, a retrospective multicentre study from the
GELTAMO group in Spain reported the proportion of
patients with transformation to be 7-2% at 10 years in
patients with follicular lymphoma.*® By contrast, the
reported proportions of patients with transformation at
5 years and 8 years were 12-8% and 19-4%, respectively,
in the National LymphoCare Study (NLCS)* in patients
with follicular lymphoma, suggesting that the risk of
transformation might not have been modified by the
introduction of chemoimmunotherapy in recent years.

www.thelancet.com/haematology Vol 5 August 2018

However, in the NLCS, patients with clinically diagnosed
transformation (ie, not confirmed by biopsy) were also
eligible for inclusion, and, most importantly, the role of
rituximab in reducing the risk of transformation could
not be ruled out because in their cohort only 71 (3%) of
2652 patients were treated without rituximab.

In our study, a high FLIPI score, grade 3a follicular
lymphoma, and a previous watch-and-wait approach
were associated with increased cumulative hazards of
histological transformation, whereas in the PRIMA
study” the risk factors for histological transformation
were an altered performance status, anaemia, high
lactate dehydrogenase concentrations, systemic symp-
toms, and grade 3a follicular lymphoma. Additionally,
our results on transformation risk between patients who
received upfront treatment and those for whom an initial
watch-and-wait strategy was chosen suggest that
progression after watch and wait might increase the risk
of subsequent transformation. However, our population
of patients who were initially on watch and wait did not
represent all cases, but only those who subsequently
started systemic therapy owing to lymphoma progression
in the absence of transformation.

We found that rituximab maintenance was associated
with a statistically significant and clinically relevant
reduction in transformation risk. In 2016, Sarkozy and
colleagues” published an analysis on transformation risk in
patients with follicular lymphoma enrolled in the PRIMA
study, showing a reduced risk of biopsy-proven
transformation (p=0-008) in patients in the rituximab
maintenance group compared with those who did not
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receive maintenance with rituximab. However, the
investigators concluded that the small sample size (among
the 40 patients with histological transformation, only 16 had
received rituximab maintenance) represented a limitation
that prevented definitive conclusions from being made.
Nevertheless, in the Aristotle study, the large sample size
has allowed us to definitively confirm the PRIMA findings.

Regarding the outcome after histological transfor-
mation, we observed overall survival to be 32% at
10 years, consistent with other published reports showing
improved overall survival®>®”* compared with the
pre-rituximab regimens.”"* However, survival after

transformation remained significantly lower than that of
patients with a biopsy-proven diagnosis of recurrent
follicular lymphoma, confirming the adverse prognostic
role of transformation. Finally, we observed a shorter
median survival for patients with transformation within
1 year from diagnosis in our current investigation,
confirming the negative effect of early transformation, as
already reported by the NLCS.”

In summary, despite the intrinsic limitations related to
the retrospective nature of our study, we confirmed that
the cumulative hazard of histological transformation as a
first event in follicular lymphoma can be reduced
significantly by introducing rituximab to a backbone
therapy. Moreover, our data also confirm that histological
transformation still has an adverse effect on patient
outcome, although it is less catastrophic than the pre-
rituximab regimens. The challenge is to identify both
clinical and biological risk factors associated with
transformation, with the aim of establishing a diagnostic
and therapeutic risk-adapted strategy. More compre-
hensive knowledge of the biological risk factors for
follicular lymphoma transformation and the molecular
pathways involved is likely to help clinicians make more
accurate prognostic assessments and also inform the
potential usefulness of novel drugs for the treatment of
follicular lymphoma.
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