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ABSTRACT

There is no established standard treatment for relapsed/refractory (R/R) diffuse large B-cell
lymphoma (DLBCL) in patients who are not eligible to receive an intensive treatment. The com-
bination of rituximab gemcitabine and oxaliplatin (R-GemOx) is widely used in this population
but data are scarce. We retrospectively collected the data of 196 patients with R/R DLBCL
treated with R-GemOx in two French centers over a period of 15years. The median age of the
population was 72years (range, 24-89), 63% of the patients had an international prognostic
index of 3 or higher and 57% were refractory to the last treatment. At the end of R-GemOx
treatment, 33% of the patients obtained a complete response. The median progression-free sur-
vival (PFS) of the population was 5 months and the median overall survival (OS) was 10 months.
Several factors were predictors of unfavorable survival: age over 75 years, international prognos-
tic index of 2 or higher, refractory disease and de novo DLBCL. The median PFS and OS of the
patients who obtained a complete response were 22 months and 40 months, respectively. The
most significant toxicities were grade 3-4 hematological toxicities (31% of patients). Given its
efficacy and tolerability, R-GemOx can be used in patients ineligible for intensive treatment and
serve as a basis for new regimen combinations.
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Introduction In relapsed or refractory (R/R) patients, the standard
treatment consists of salvage immunochemotherapy
followed by, for those who respond, intensive treat-
ment with autologous stem cell transplantation (ASCT)
[4,5]. However, a large proportion of R/R DLBCL
patients are not eligible to receive this treatment due
to age, comorbidities or because they have already
received an ASCT [6]. A large number of combinations
have been proposed in this patient population but

none of them are recognized as a therapeutic stand-

Diffuse large B-cell lymphoma (DLBCL) is the most fre-
quently occurring subtype of non-Hodgkin’s lymph-
oma, accounting for approximately 30 to 40% of new
cases [1]. The incidence is especially high in patients
aged 60 to 70years [1,2]. The addition of rituximab to
CHOP chemotherapy (R-CHOP) has improved the out-
come of patients with DLBCL [3]. However, depending
on their specific adverse prognostic factors, patients

who relapse or are refractory to this frontline treat-
ment, approximately 30 to 40% of the population,
have a poor prognosis. Thus, improving the outcome
of these patients represents an unmet medical need.

ard [7]. The R-GemOX (rituximab, gemcitabine, and
oxaliplatin) combination is one of the most widely
used since the publication of a prospective study
showing its efficacy and acceptable tolerability [8,9].
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However, since this publication, very few data have
confirmed these results in patients with R/R
DLBCL [10-12].

Here, we report the results of a large retrospective
analysis of a cohort of R/R DLBCL patients not eligible
for ASCT, all previously exposed to rituximab and
doxorubicin, treated with R-GemOX in two academic
centers in France. The main objective was to evaluate
the efficacy and safety of this regimen in a large series
of patients in a real-life setting.

Patients and methods

From May 2002 to May 2017, 196 patients with de
novo or transformed R/R DLBCL were treated with R-
GemOX at the Henri Mondor Hospital in Creteil or at
the Henri Becquerel Center in Rouen, both academic
university hospitals in France. All selected patients
were previously treated with doxorubicin-based
chemotherapy combined with rituximab and were
considered to be ineligible for intensive treatment and
ASCT by their treating physician, mainly because of
age, comorbidities, or treatment failure after previous
transplantation. Patients with a primary central ner-
vous system lymphoma or immunosuppression-related
lymphoma were excluded from this analysis.
Refractory disease was defined as progressive or stable
disease during previous treatment or relapse or pro-
gression within one year after the initiation of last
treatment, regardless of the treatment line. Clinical
characteristics (sex, age, Ann Arbor stage, performance
status [PS], lactate dehydrogenase [LDH] level, and the
International Prognostic Index [IPl] were collected at
the time of the initiation of R-GemOx from the patient
medical records. The study was conducted in accord-
ance with the Declaration of Helsinki and with the
approval of the Henri Becquerel Center Institutional
Review Board (n°1905B).

Treatment, evaluation of response, and
toxicity assessment

Treatment was administered as previously described®.
Briefly, rituximab (375 mg/mz) was delivered intraven-
ously on day 1, and gemcitabine (1,000 mg/m?) and
oxaliplatin (100 mg/mz) were administrated intraven-
ously on day 2, every two weeks and continued for up
to eight cycles if at least a PR was obtained after four
cycles. No dose adjustment was planned in the event
of hematological toxicity, but cycles were postponed
until the absolute neutrophil count reached 1.0 x 10°/
L and the platelet count reached 100 x 10°/L. The

dose of oxaliplatin was adjusted in the event of per-
ipheral  neuropathy, as previously described®.
Responses were evaluated after four cycles (induction
phase) and at the end of treatment (after consolida-
tion phase) by computed tomography (CT) or [18F]
fluorodeoxyglucose positron emission tomography
(PET), according to the availability of PET-CT.

Statistical analysis

The endpoints were overall response rate (ORR), com-
plete response rate (CRR), PFS and OS. Responses
were evaluated according to the International
Workshop Group on Response Criteria [13]. Survival
curves were estimated using the product-limit
Kaplan-Meier method and compared using the log-
rank test. All statistical analyses were performed using
SEM software (Jean Perrin Center, France). The relative
dose intensity (RDI), calculated per unit time, for gem-
citabine and oxaliplatin was calculated according to
the method of Hryniuk and Goodyear [14].

Results
Clinical characteristics

In total, 196 DLBCL patients were analyzed. The char-
acteristics of the patients at initiation of R-GemOx are
described in Table 1. The median age was 72years
(range, 24-89), and 123 (63%) patients had an IPI of 3
or higher. Thirty-two patients (16%) previously
received an ASCT during the first-line treatment
(n=4) or after a previous relapse (n=28). Eighty-eight
patients (45%) had a history of indolent lymphoma,
including simultaneous transformation at initial diag-
nosis for 31 patients. Previous indolent lymphoma
consisted of follicular lymphoma in 57% of these
patients. DLBCL subtypes were ascertained by immu-
nohistochemistry based on the Hans algorithm [15] for
169 patients, with 77 patients (46%) identified to have
the germinal center B-cell-like (GCB) subtype and 92
patients (54%) determine to have the non-germinal
center B-cell like subtype. Three cases were classified
as primary mediastinal B-cell lymphoma.

The median number of previous lines before R-
GemOx was one (range 1-7). One hundred thirteen
patients (58%) received R-GemOx as second line ther-
apy, 45 (23%) as third line therapy, and 38 (19%) as
fourth line therapy or more. One hundred and eleven
patients were refractory to the last treatment before
R-GemOx. The median time between initial diagnosis
and the first cycle of R-GemOx was 13 months (range
2-134). Among patients treated in the second line



Table 1. Patient characteristics at initiation of R-GemOx.
Patients (%)

Total 196 (100)
Sex (male) 107 (55)
Age groups, years

e median (range) 72.0 (24-89)
o <65 34 (17)
e >65 162 (83)
Performance status:

e 0-1 129 (66)
e 2 or more 66 (34)
e not available 1
Ann Arbor stage:

o |-l 29 (15)
o lI-IV 166 (85)
e not available 1
LDH:

e within normal limits 83 (42)
o elevated 112 (57)
e not available 1

IPI risk groups :

0 5@3)

1 14 (7)

2 53 (27)

3 63 (32)

4 53 (27)

5 7 (4)

not available 1
Pathology:
e DLBCL NOS 172 (88)
e Unclassifiable 20 (10)
e PMBL 3(M)
e PTLD 1
Immunophenotype 169
Germinal center 77 (46)
Non germinal center 92 (54)
Previous history of indolent lymphoma

No 108 (55)

Yes 88 (45)
Refractory disease to previous line

Yes 82 (42)

No 111 (57)
Not known 3
Lines of prior anti-lymphoma therapies

1 113 (58)

2 or more 83(42)
Previous ASCT

Yes 32 (16)

No 164 (83)

LDH: lactate dehydrogenase; IPI: International Prognosis Index; NOS: not
otherwise specified.

setting, the median duration between the initial diag-
nosis and the initiation of R-GemOx was 11 months
(range 2-86).

Treatment delivery

As shown in Figure 1, 136 patients received at least
four cycles and 61 patients completed the eight
planned cycles. The disease progressed in 85 patients
(43%) on therapy. Treatment was discontinued due to
toxicity in 20 patients (10%). Upon the decision of
their physicians, treatment was discontinued after six
cycles in 13 CR patients.

The overall number of cycles administered was 979.
The median number of cycles delivered per patient
was five (range 1-8). Based on data collected from the

R-GEMOX IN REFRACTORY/RELAPSED DLBCL 3

Study population
N=196

Progression = 44
Toxicity =9
Unknown=7

Completed 4 cycles
N=136

Only 6 cycles delivered in CR = 13
Progression = 43

Toxicity = 11

Patient’s decision = 3
Unknown=5

Completed 8 cycles
N=61

Figure 1. Patient disposition.

population that received the first four cycles (136
patients and 848 cycles), the median received dose
intensities of oxaliplatin and gemcitabine were 73%
and 76% of the theoretical dose, respectively. No dose
intensity reduction was observed for rituximab.

Response to treatment and survival

After four cycles, 105 (54%) patients achieved a
response and 45 (23%) achieved a CR. At the end of
treatment, the ORR and CRR were 38% (75 patients)
and 33% (64 patients), respectively (Table 2). The CRR
was significantly higher for patients with a non-refrac-
tory status (50% vs 10%, p <.001). The CRR was also
significantly higher for patients younger than 75 years
(39% vs 23%, p=.02) and those with a low IPI (0-1:
47% vs 2-3: 39% vs 4-5 17%, p =.005). The CRR was
similar when R-GemOx was delivered in the second
line setting (32%) or in subsequent lines (34%).

With a median follow-up of 22 months, the median
PFS and OS for the entire cohort were 5 and
10 months, respectively. The two-year PFS and two-
year OS were 18% (95% Cl: 13-25) and 32% (95% Cl:
26-40), respectively (Figure 2). OS was significantly
longer in patients who had a prior history of indolent
lymphoma (median 21 vs 8months, p<.001), non-
refractory status (median 18 vs 7 months, p <.001),
age younger than 75years (median 16 vs 7 months,
p <.001), or an IPI less than 3 (median 21 vs 8 months,
p <.001) (Table 2, Figure 3). The number of previous
lines of treatment (one or more) did not significantly
affect PFS or OS. Having a GC or non-GC phenotype
did not affect the outcome. The median PFS and OS
of the 64 patients who achieved a CR were 22 months
and 40 months respectively, their PFS and OS at
2years being 50% (95% Cl: 36-63) and 66% (95% Cl:
53-77) respectively (Figure 3(D)).

Among patients who were treated with R-GemOx
as second line therapy, the median PFS and OS were
4 and 10months, respectively, which were not
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Table 2. Response after completion of R-GemOx, progression free survival (PFS) and overall survival (OS) according to patient

characteristics.

N CR (%) p PFS (median) p 0OS (median) p
All patients 196 33 5 10
Previous indolent lymphoma
Yes 88 42 57 6 <.001 21 <.001
No 108 26 3
Refractory to previous therapy
Yes 82 10 <.001 2 <.001 7 <.001
No 1 50 6 18
Not available 3
R-GemOx
In 2" line 113 32 81 4 75 10 49
In 3" line or more 83 34 5 12
Age (years)
<75 124 39 .02 6 .02 16 <.001
>75 72 23 3 7
International prognostic index
0-1 19 47 .005 1 .007 27 <.001
2-3 116 38 5 15
4-5 60 17 2 5
Immunophenotype
Germinal center 77 30 .86 4 .81 10 .52
Non germinal center 92 32 5 1
(A) (B)
100 1001
75 75 1
50 50 1
25 25 1
0 0
0 12 24 36 48 0 12 24 36 48

Time (Months)
Number at risk
196 46 22 16 8

Time (Months)

Number at risk
196 86 48 34 24

Figure 2. Outcome of the population. (A) PFS; median: 5 months. (B) OS; median: 10 months.

different from those values seen in patients who
received R-GemOx in subsequent lines (Table 2). In
this population, OS was also significantly longer in
patients who had a non-refractory status, a response
to first treatment longer than 12 months, a history of
previous indolent lymphoma, an IPI less than 3 and
age younger than 75 years.

Thirty-six patients have been previously treated
(before R-GemOx) with platinum containing regimen,
which count for 18% of the entire population. Ten out
of these 36 (28%) patients achieved CR. This response
rate is similar to the rate observed in the entire popu-
lation. Thirty-two patients had previously received an

ASCT. Thirteen of them (40%) achieved a CR with R-
GEMOX. The median PFS and OS of these patients
were 5 and 22 months, respectively.

Treatment toxicities

Grade 3-4 toxicities were observed for 31% of the
patients and were mainly hematological. Thirty-five
percent of patients required at least one red blood
cell transfusion and 27% required at least one platelet
transfusion during treatment. Sixty-eight hospitaliza-
tions or prolongations of hospitalization (7% of the
979 cycles) were observed during treatment, including



(A)
100
P<.001
75 1
w -
25 1
Age 275y
0
0 12 24 36 48
Time (Months)
Number at risk
—_— 124 70 42 31 21
— 72 16 7 - 3

(©)
1040
P<.001
75
MNon refractory
=]
25
Refractory
0
0 12 24 36 a8
Time (Months)
MWumber at risk
— 111 64 a7 28 20
—_— Ed £d 12 B 4
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(B)
100
P<.001
75
Prior indolent lymphoma
50
25
0
0 12 24 36 48
Time (Months)
Number at risk
— 88 54 34 24 18
— 108 32 15 10 6

(D)
100
P<.001
- CR to R-GEMOX
1]
25
0 -
0 12 4 36 45
Time [Months)
Number at risk
—_ 54 48 32 24 18
-_ 131 38 18 10 &

Figure 3. Overall survival according to select patient characteristics. (A) Age, <75 years; median: 16 months; mean: 75 years;
median: 7 months. (B) Prior history of indolent disease, Yes; median: 21 months, No; median: 8 months. (C) Refractory to previous
therapy, No; median: 7 months, Yes; median: 18 months. (D) Response to R-GemOx, Complete response; median: 40 months, Less

than complete response; median: 7 months.

at least one hospitalization for febrile neutropenia for
22 patients, which was lethal for seven patients. Grade
1-2 peripheral sensory neuropathy was reported in 51
patients (26%) and grade 3 peripheral sensory neur-
opathy was reported in two patients. Neurotoxicity led
to oxaliplatin discontinuation in 16 (8%) patients. No
grade 3 or higher renal toxicity was observed.

Discussion

The R-GemOx regimen is a frequently used treatment
for R/R DLBCL and is listed in the NCCN and ESMO
guidelines based on results from phase Il clinical

trials [16]. However, there is a paucity of observa-
tional data in a real-life setting showing the efficacy
of R-GemOx.

We conducted a retrospective analysis of the use of
this regimen in 196 patients with R/R DLBCL treated
at two university hospitals over a period of 15 years.
Our primary objective was to evaluate the activity of
this regimen as measured by response and outcome.
Given the limitations of retrospective studies, it was
difficult to collect accurate data on toxicities. R-GemOx
is usually offered to patients who are not eligible for
intensive treatment and transplantation. This explains
the median age of 72 years for this cohort.
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With a CR rate of 33%, a median PFS of 5months
and a median OS of 10months, the results of this
retrospective study are very close to those described
in the only published prospective phase 2 study in 49
patients in a similar population of R/R DLBCL patients.
The usual adverse prognostic factors for R/R DLBCL
were found in this cohort: older age of patients,
refractory nature of the disease, short first remission
duration and advanced stage. On the other hand, the
number of previous lines of treatment and the pheno-
typically defined cell of origin did not seem to influ-
ence the clinical course. As has already been shown,
patients with a complete response to R-GemOx can
achieve a long-term survival.

As previously described [9], the most predominant
side effect was hematological toxicity, which was
responsible for febrile neutropenia episodes and hos-
pitalizations. Peripheral sensory neuropathy, consid-
ered to be related to oxaliplatin treatment, occurred
in 26% of the patients but was, in the vast majority of
cases, of mild intensity and reversible. The lack of
severe renal toxicity observed here confirms previous
observations and is particularly advantageous when
treatment is considered in heavily pretreated patients
or elderly patients with comorbidities.

There is no established standard treatment for R/R
DLBCL patients who are not eligible for ASCT. The
results observed with R-GemOx compare favorably
with those of other combinations of rituximab and
chemotherapy in the R/R setting for patients previ-
ously exposed to rituximab such as rituximab-ifosfa-
mide-etoposide [17], rituximab-bendamustine [18], or
rituximab-vinorelbine-ifosfamide-mitoxantrone-prednis-
one [19] regimens, mainly because of the better toler-
ability of R-GemOx.

The combination of lenalidomide and rituximab (R2
regimen) has demonstrated promising efficacy in R/R
DLBCL [20]. A combination of obinutuzumab and lena-
lidomide was considered to be more efficient than the
R2 regimen, while showing a good safety profile [21].
However, the outcome in a phase Il study of this regi-
men, in a population of R/R DLBCL patients was unsat-
isfactory, with an ORR at the end of induction
treatment of 35% and a median PFS of 4.1 months,
suggesting that it is not superior to the R2 regi-
men [22].

More recently, a randomized phase 2 trial studied
the combination of polatuzumab vedotin (PV) in com-
bination with bendamustine and rituximab (BR) com-
pared with BR in patients ineligible for ASCT [23]. In
this trial, the PV-BR combination had a higher CR rate,
a longer PFS and OS than the BR regimen. All

subgroups examined appeared to benefit from the
combination, including refractory patients and those
who received multiple prior lines of therapy. The trial
design and modest sample size were potential limita-
tions of the study but following these results the FDA
and EMA approved PV in combination with BR in R/
R DLBCL.

CAR T cells therapy has become an important
option for patients with R/R DLBCL, and today, many
of the patients in this cohort would have been treated
this way. It is interesting to compare the outcome of
patients who achieved a complete response with R-
GemOx and those who received treatment with axi-
cabtagene ciloleucel [24,25]. Furthermore, the proper-
ties of R-GemOx could make it a good candidate in
cases where a bridging therapy for CAR T cells
is needed.

Due to its wide use in the clinic, R-GemOx is cur-
rently being used as a comparator arm in two
ongoing phase 3 in populations of R/R DLBCL patients
who are not eligible for ASCT. These two studies are
investigating the potential benefit of combining a tar-
geted drug with R-GemOx. The NIVEAU trial
(NCT03366272) is evaluating the use of the human
anti-PD1 antibody nivolumab, which has the potential
to increase rituximab-mediated effector mechanism
and target the microenvironment. The POLARGO trial
(NCT03274492) is studying PV in combination with R-
GemO¥x, in the same setting. Moreover, GemOx is also
being evaluated in combination with two CD20-CD3
bispecific antibodies, glofitamab or mosunetuzumab,
in a Phase Ib trial in R/R DLBCL (NCT04313608).

Furthermore, R-GemOx has been studied as a front-
line treatment for elderly patients with DLBCL [26]. In
this setting, the efficacy and safety of the combination
encouraged the initiation of a phase 3 trial comparing
R-GemOx and the standard R-miniCHOP in patients
older than 80 years (NCT02767674).

This study provides real life data related to R-
GemOx efficacy and safety in a sizable cohort of R/R
DLBCL patients ineligible for transplant. It could
improve sample size calculation for upcoming trials,
and could provide a useful comparison with real life
series of patients treated with more recent therapeu-
tics, such as CAR-T cells.
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