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Abstract

Rituximab maintenance (RM) after autologous stem cell transplantation (ASCT) is standard-of-care for young patients
with mantle cell lymphoma (MCL). RM may enhance post-transplantation immune depression and risk of infections. We
compared infection incidence and immune consequences of RM versus observation in transplanted MCL patients. All
randomized patients included in the LyMa trial were eligible. The following parameters were collected prospectively:
occurrence of fever, infection, hospitalization, neutropenia, hypogammaglobulinemia, CD4 lymphopenia and y globulin (Ig)
substitution. The post-ASCT period was divided into four periods in order to assess the possible effects of RM or ASCT
on immune status. Each arm included 120 patients. Concerning infection incidence and all biological parameters, there
was no difference between the two arms during the first year post ASCT. After this period, RM patients were more
exposed to fever (P=0.03), infections (P=0.001), hypogammaglobulinemia (P=0.0001) and Ig substitution (P<0.0001).
Incidences of hospitalization, neutropenia and CD4 lymphopenia were not different between the two arms. The number
of rituximab injections was correlated with infections and hypogammaglobulinemia, P<0.0001 and P=0.001; but was not
correlated with neutropenia and CD4 lymphopenia. Ig substitution did not modify infection incidence. Patients who
presented hypogammaglobulinemia <6 g/L or <4 g/L had longer 3-years progression-free survival (PFS), this applies to RM
patients (P=0.012 and P=0.03) and to the global cohort (P=0.008 and P=0.003). Hypogammaglobulinemia did not influence
overall survival. Occurrence of infectious event, neutropenia and CD4 lymphopenia did neither influence PFS nor overall
survival. Post-ASCT RM in MCL patients causes sustained hypogammaglobulinemia, which is independently correlated
with improved PFS.

Introduction

Mantle cell lymphoma (MCL) is a B-cell non-Hodgkin lym-
phoma (NHL) which accounts for approximately 6% of
NHL among adults.! Standard-of-care for young and fit pa-
tients consists in induction with high-dose cytarabine
plus rituximab containing chemotherapy, followed by
autologous stem cell transplantation (ASCT).? It has been
demonstrated that a 3-year rituximab maintenance (RM)
with one injection every 2 months following ASCT im-

proved event-free, progression-free and overall survivals
(EFS, PFS and OS respectively).

Rituximab is a chimeric IgG1 monoclonal antibody target-
ing CD20, with high efficiency in patients with B-cell lym-
phomas.* Data on infectious toxicity caused by RM in MCL
are sparse, and sometimes collected from heterogeneous
or retrospective cohorts which contain different types of
B-cell disorders, chemotherapy associations and treat-
ment schedules.® For patients with follicular lymphoma
receiving RM, prospective studies reported an increased
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infection incidence,®"® but no additional infection-related
deaths.® It has been shown that prolonged rituximab ad-
ministration induces hypogammaglobulinemia,® while
some authors have also reported rituximab-induced neu-
tropenia episodes.'™?” Rituximab, when combined with
chemotherapy, was also associated with increased inci-
dence of opportunistic infections such as Pneumocystis
Jiroveci pneumonia™ and progressive multifocal leukoen-
cephalopathy due to JC virus.” The common condition for
these infections might be T CD4 lymphopenia and ab-
sence of prophylaxis for Pneumocystis infections.

RM is the cornerstone of MCL treatment, but there is li-
mited reporting on its infectious and immune con-
sequences on a homogeneous population undergoing a
myeloablative procedure. Therefore, we conducted a pre-
planned ancillary study including patients from the LyMa
trial, a phase lll prospective trial in which patients were
randomized between RM and observation. The primary
objective was to investigate infectious and immune con-
sequences of RM after ASCT. Secondary objectives were
to describe infection sites reported, use of y globulin sub-
stitution as well as to analyze the impact of RM-induced
immunodeficiency on patients’ outcome.

Methods

Patient selection

All patients included, transplanted and randomized in the
LyMa trial (clinicaltrials gov. Identifier: NCT 00921414) were
considered eligible (n=240). All patients provided informed
consent in writing. The trial’s final results have been pub-
lished. In brief, 299 patients were included in LyMa trial.
Two hundred and seventy-nine patients completed all
four courses of R-DHAP (rituximab, dexamethasone, cy-
tarabine and platinum derivative) induction, among whom
20 received four additional courses of RCHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine and predniso-
lone) because of an insufficient response to R-DHAP. Only
those patients considered as in response, i.e.,, complete
response (certain or uncertain) or partial response with a
minimum of 75% decrease in tumor burden, were eligible
for ASCT. Two hundred and fifty-seven patients received
intensification with R-BEAM (rituximab, carmustine, eto-
poside, cytarabine and melphalan). A total of 240 were
randomized between observation arm (Obs arm) and ri-
tuximab arm (RM arm). Each treatment arm included 120
patients. There was no difference in patients’ character-
istics, and EFS, PFS and OS were statistically better in the
RM arm.® Patients in the RM arm were planned to receive
an injection of rituximab every 2 months for 3 years, for a
total of 18 injections.

This study is a preplanned ancillary study of the random-
ized phase Il trial LyMa (clinicaltrials gov. Identifier: NCT
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00921414), which was approved by a formally constituted
Ethics Review Board.

Monitoring and end points

Clinical examination was performed by local investigators
every 2 months, before rituximab injection or during
medical consultation. The following data collected pros-
pectively were analyzed: occurrence of febrile event (de-
fined as body temperature above 38°C), occurrence of
clinically documented infection (possibly non-exclusive
with febrile event), hospitalization for infectious reason
and Ig substitution. Occurrences of neutropenia
<0.5x10°/L, T CD4 lymphopenia <0.2x10°/L and hypogam-
maglobulinemia <6 g/L and <4 g/L were measured at
points in time as defined by the protocol: neutrophils
counts and Ig rates were collected every 2 months from
month (M) 2 to M36. CD4 lymphocytes rates were
measured at M2, M4, M8, M12, M24 and M36. In order to
evaluate the respective impacts of ASCT and RM on in-
fectious risk and/or impaired immune restoration, follow-
up periods were prospectively divided into four: from
randomization to 6 months (period 1), from 6 to 12 months
(period 2), from 12 to 24 months (period 3) and from 24
months to 36 months (period 4). The division was pre-
planned before analysis.

Statistical analysis

The number of patients with clinical or biological events in
the two arms were compared with a chi-square test or
Fischer test if numbers were inferior to five. These tests are
bilateral with a significance threshold of 5%. For each period,
the number of patients affected was compared to the
number of patients not excluded from the trial (Online Sup-
plementary Table S2). Survival data were analyzed according
to the occurrence of the five following events: infectious
episode, neutropenia <0.5x10°%/L, hypogammaglobulinemia
<6 g/L and <4 g/L and CD4 lymphopenia <0.2x10°%/L. A Ka-
plan Meier survival analysis and log-rank test were con-
ducted. Patients were set as « yes » for the occurrence of
an event if it had occurred at least once at the time of
analysis. Treatment-effect was estimated by hazard ratio
and the confidence interval were obtained by Cox regres-
sion model. Correlation analysis and substitution by y glo-
bulins were compared by using the Wilcoxon test for
paired data. In order to identify patients with an increased
infectious risk and/or delayed immune restoration, we
conducted univariate and multivariate analysis of the fol-
lowing variables (defined as occurrence of biological
event: PNN <0.5x10%/L; Ig levels <6 g/L or 4 g/L and T CD4
lymphopenia <0.2x10°%/L). We selected epidemiologic and
disease diagnostic characteristics such as sex, age, per-
formance status, Ann Arbor stage, mantle cell lymphoma
international prognostic index (MIPI) score, morphologic
variant or bone marrow involvement. Morphologic, meta-
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bolic and bone marrow responses, as well as the use of
salvage therapy, were also taken into account to analyze
patients’ response to induction. Delay between ASCT
and first rituximab injection was selected to report
post-ASCT hematopoietic restoration. We also analyzed
the impact of the number of CD34 stem cells injected.
We analyzed the number of rituximab injections in order
to determine its dose effect involvement in infectious
risk.

For univariate analysis, variables were compared with a
Fischer test. Multivariate analysis is based on logistic re-
gression, and includes data from the univariate analysis
with a P-value <0.20.

Results

Patient characteristics, occurrence of clinical events
and infections sites

The Obs and RM arms included 120 patients each. Patient
characteristics and distribution are reported in the On-
line Supplementary Appendix. No significant difference
was observed between the two arms as previously pub-
lished. Concerning febrile events, the difference between
the two arms was only statistically significant after 1 year
post ASCT (periods 3 and 4, Table 1), with 1 of 107 pa-
tients (0,9%) in the Obs arm versus seven of 99 patients
(71%) in the RM arm; and two of 89 patients (2,3%) in the
Obs arm versus ten of 97 patients (10,3%) in the RM arm,
P=0.03 and P=0.02; respectively. Median duration of fever
episode was not different between the two arms: 1 day
(range, 1-3) in the Obs arm versus 2 days (range, 1-15) in
the RM arm, P=0.20. Concerning infectious events, there
were significantly more infections reported in the RM
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arm during period 3: 28 of 99 patients (28.3%) experi-
enced an infection versus 11 of 107 patients (10.3%) in the
Obs arm, P=0.001 (Table 1). More than 50% of infectious
episodes were located in the upper or lower respiratory
tracts, regardless of the arm treatment or period. In the
RM arm, infections sites revealing a significantly in-
creased incidence were: upper and lower respiratory
tracts; respectively P=0.0025 and P=0.008, digestive in-
fections; P=0.0003 and bacteriemia; P=0.04; Figure 1. It
should be noted that there were four and five acute
pneumonia in the Obs and RM arms, respectively. In the
RM arm, 13 episodes of bacterial diarrheas were re-
ported: six Clostridium dificile colitis, five Campylobacter
Jjejuni documentations, one Salmonella enterica docu-
mentation and one Escherichia coli documentation. The
digestive tract was the only infection site with a larger
proportion of total infectious episodes in the RM arm,
compared to the Obs arm, 14.2% versus 3.8% respect-
ively, P=0.05. Other infection sites showing similar inci-
dences and proportions in both arms, are reported in
Figure 1. Of note, there was no infections due to Pneu-
mocystis jiroveci or LEMP due to JC virus in any arm.

In total 55 hospitalizations due to infections were re-
ported, involving 45 of 239 patients (18.8%, Table 1).
There were no differences between the two arms in any
period, P=0.61, P=1.0, P=0.09 and P=0.10 for periods 1, 2,
3 and 4, respectively. Median hospitalization duration
was not different: 6 days (range, 1-25) in the Obs arm
versus 6 days (range, 1-27) in RM arm, P=0.78.

There was no death related to infectious complications.

Immune restoration and biologic parameters
The data available for each parameter is reported in the
Online Supplementary Table S2.

Table 1. Number of patients concerned by febrile events, infectious events hospitalizations due to infections and y globulin

substitution in the two arms according to post autograft.

< 6 months 6-12 months 12-24 months 24-36 months
Obs RM p Obs RM p Obs RM p Obs RM p
N=120 N=119 N=116 N=104 N=107 N=99 N=89 N=97
Fever episodes
N patients (%) 7 (5,8) 10(8,4) 0,440 1(0,9) 5(4,8) 0,103 1(0,9) 7(7,1) 0,030 2(2,2) 10 (10,3) 0,025
N events 7 11 1 5 1 8 3 14
Infectious episodes
N patients (%) 11 (9,2) 16(13,4) 0,296 9(7,8) 16(15,4) 0,075 11 (10,3) 28 (28,3) 0,001 13 (14,6) 22 (22,7) 0,159
N events 12 19 11 22 15 45 13 41
Hospitalizations
N patients (%) 8 (6,7) 10(8,4) 0,611 5 (4,3) 4(3,8) 1,000 3(2,8) 8(8,1) 0,092 3(3,4) 9(9,3) 0,101
N events 8 11 5 5 3 9 4 10
vy globulin
substitution
N patients (%) 2 (2) 6(6,2) 0,171 2 (2 5(5,2) 0,259 5 (5) 11 (11,3) 0,0075 1 (1) 19 (19,6) <.0001
N events 9 19 10 41 23 48 3 165

Obs: observation arm; RM: rituximab maintenance arm.
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Figure 1. Infection sites. (A) Graphical repartition of infections sites. (B) Number of infections per infection sites presented with

median time of occurrence.

Neutropenia

Concerning neutropenia <0,5x10°/L, there was no differ-
ence between the two arms for any period, P=0.26, P=0.10,
P=0.61 and P=NA, respectively, in chronological order
(Table 2). For all patients, the median time of occurrence
of neutropenia was located in period 1: 2.40 months
(range, 0-30.8 months). However, the median time of oc-
currence was significantly delayed in the RM arm: 4.35
months (range, 0.6-19.8 months) versus 1.86 months
(range, 0.0-16.1 months) in the Obs arm, P=0.048.

Y globulin levels

Using a 6 g/L cutoff, the difference between the two
groups with regards to hypogammaglobulinemia was
statistically significant only after 1 year post ASCT,
P<0.0001 (Table 2). During period 3, 56 of 107 patients
(52.3%) in the Obs arm versus 77 of 99 patients (77.8%) in

RM arm presented at least one event of hypogammaglob-
ulinemia, P<0.0001. During period 4, 38 of 89 patients
(42.7%) in the Obs arm versus 82 of 97 patients (84.5%) in
the RM arm presented at least one event of hypogamma-
globulinemia, P<0.0001. Using a 4 g/L cutoff, the difference
was statistically significant as from 6 months post ASCT.
During period 2, 20 of 116 patients (17.2%) presented hy-
pogammaglobulinemia in the Obs arm versus 34 of 104 pa-
tients (32.7%) in the RM arm, P=0.0078. During period 3,
16 of 107 patients (15.0%) presented events of hypogam-
maglobulinemia in the Obs arm versus 38 of 99 patients
(38.4%) in the RM arm, P=0.0001. During period 4, 15 of 89
patients (16.9%) presented events of hypogammaglob-
ulinemia in the Obs arm versus 46 of 97 patients (47.4%)
and 114 events in the RM arm, P<0.0001. In the Obs and
RM arms, Ig median rate changed from 5.11 g/L (range, 2.1-
11.1) to 6.41 g/L (range, 0.6-11.7) and from 4.68 g/L (range,
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Table 2. Number of patients concerned by neutropenia, hypogammaglobulinemia and T CD4 lymphopenia in the two arms

according to post autograft periods.

< 6 months 6-12 months 12-24 months 24-36 month
Obs RM p Obs RM p Obs RM p Obs RM p
N=120 N=119 N=116 N=104 N=107 N=99 N=89 N=97
Neutropenia <0,5x10°/L
N patients (%) 13 (10,8) 8 (6,7) 0,26 0 (0) 3(2,9) 0,10 1(0,9) 2 (2,0) 0,61 0 (0) 0 (0) NA
N events 15 8 0 1 2 0 0
Hypogamma
globulinemia <6 g/L
N patients (%) 80 (66,7) 85(71,4) 0,43 67(57,8) 63(60,6) 0,67 56 (52,3) 77 (77,8) 0,0001 38 (42,7) 82 (84,5) 0.001
N events 163 154 131 127 169 243 126 266
Hypogamma
globulinemia <4 g/L
N patients (%) 30 (25,00 38(31,9) 024 20(17,2) 34(32,7) 0,008 16 (15,0) 38(38,4) 0,0001 15(16,9) 46 (47,4) <0,001
N events 57 56 39 53 35 104 38 114
T CD4 lymphopenia
<0,2x10°%/L
N patients (%) 17 (14,2) 19(16,0) 0,70 14 (12,1) 11(10,6) 0,73 0 (0) 2(2) 0,23 1(1,1) 1(1,0) 1,00
N events 18 20 17 14 0 2 1 1

Obs: observation arm; RM: rituximab maintenance arm.

1.6-10.3) to 4.68 g/L (range, 1.0-9.5), from period 1 to
period 4, respectively. Median rates of Ig significantly dif-
fered between the two arms in periods 3 and 4: 6.11 g/L
(range, 1.2-12.9) versus 4.70 g/L (range, 1.2-9.1), P<0.0001
and 6.41 g/L (range, 0.6-11.7) versus 4.68 (range, 1.0-9.5),
P<0.0001, for the Obs and RM arms, respectively.

T CD4 lymphopenia

Concerning T CD4 lymphopenia, there was no difference
between the two arms for any of the periods, P=0.70,
P=0.73, P=0.23 and P=1.0, in chronological order respect-
ively (Table 2). In the Obs arm, median rates of T CD4 lym-
phocytes increased from 0.320x10°%/L (range, 0.0-0.980) to
0.670x10°/L (range, 0.100-1.312) in periods 1 to 4. These
values were respectively 0.300x10°%/L (range, 0.0-1.021) and
0.630x10°/L (range, 0.200-0.885) the in RM arm. Median
rate did not differ between the two arms during any of the
periods: P=0.83, P=0.44, P=0.08 and P=0.45, in chronologi-
cal order respectively.

Biological events are reported in Figure 2.

Y globulin substitution

In the Obs arm, five of 120 patients (4.2%) received 45
substitutions, while in the RM arm, 23 of 119 patients
(19.3%) received 273 substitutions, P=0.0002. In period 4,
one patient of 89 (1.1%) received three substitutions in the
Obs arm while 19 of 97 (19.6%) received 165 substitutions
in the RM arm, P<0.0001, Table 1. For those patients sub-
stituted, median number of substitutions was 8 (range, 1-
19) in the Obs arm versus 6 (range, 1-82) in the RM arm,
which was not different, P=0.93. Correlation analysis
showed that Ig substitution was correlated with hypo-
gammaglobulinemia <6 g/L and <4 g/L (P=0.035 and

P<0.001, respectively) and occurrence of infectious epi-
sodes (P=0.002). As of the first substitutive injection, the
number of hypogammaglobulinemia <6 g/L and <4 g/L
events was significantly reduced, the median difference
(before-after) being 3.5 events, P=0.037. However, the
median number of infectious episodes within patient (be-
fore-after) was not reduced with Ig substitution, even
after a dozen of injections, P=0.09.

Impact of immune restoration and occurrence of
infectious events on progression-free survival and
overall survival

Occurrence of infectious events did not impact PFS or OS
in either arm (Obs arm, PFS P=0.31 and OS P=0.55; RM arm
PFS P=0.13 and OS P=0.09) nor did it impact PFS or OS in
the whole cohort (PFS P=0.08 and OS P=0.16). This was
also noted for the occurrence of neutropenia (Obs arm,
PFS P=0.16 and OS P=0.26; RM arm PFS P=0.96 and OS
P=0.21; whole cohort PFS, P=0.28 and OS P=0.10). In
contrast, occurrence of hypogammaglobulinemia <6 g/L
(n=86/120; 71.6% in the Obs arm and n=103/119, 86.3% in
the RM arm, n=189/239; 79.1% in the whole cohort) was
correlated with an improved 36 months PFS in the whole
cohort (85.6% vs. 63.6%, P=0.0005; Figure 3A), with a
treatment arm adjusted hazard ratio (HR)=0.488 (95% ClI:
0.287-0.830; P=0.008). In the RM arm, 36 months PFS was
also improved in patients with hypogammaglobulinemia
(93.2% vs. 63.5%, P=0.008; Figure 3B, HR=0.294; 95%ClI:
0.113-0.767). In the Obs arm, this was not significant,
P=0.09. For a hypogammaglobulinemia cutoff at 4 g/L
(n=40/120, 33.3% in the Obs arm; n=71/119, 59.7% in RM
arm and n=111/239, 46.4% in the whole cohort), PFS also
correlated with occurrence of hypogammaglobulinemia,
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with a 36 months PFS of 90% versus 73.2%, P=0.003 in the
whole cohort (HR adjusted on treatment arm =0.562, 95%
Cl: 0.324-0.975, P=0.003; Figure 3C) and a 36 months PFS
of 95.7% versus 79.5%, P=0.03 in the RM arm (HR=0.384;
95% CI: 0.157-0.941; Figure 3D). In the Obs arm, this was
not significant, P=0.36. When adjusted on number of ri-
tuximab injections, impact of hypogammaglobulinemia on
PFS was still significant, with a HR=0,565; 95% ClI: 0,334-
0,955; P=0,033. There was no impact of hypogammaglob-
ulinemia (<6g/L or <4g/L) on OS in the whole cohort
(P=0.45 and P=0.48) or in any arm (Obs arm, P=0.75 and
P=0.38 ; RM arm, P=0.22 and P=0.22). Occurrence of CD4
lymphopenia did not impact PFS or OS in the whole co-
hort (PFS, P=0.10 and OS P=0.95) nor did it impact PFS or
OS in either arm (Obs arm : PFS, P=0.16 and OS P=0.98 ;
RM arm : PFS, P=0.38 and OS P=0.98).

Statistical analyses regarding risk of infections and
delayed immune restoration

Univariate analysis

Univariate analysis demonstrated that performance
status O at diagnosis was associated with lower risk of
CD4 lymphopenia, P=0.02. Receiving more than half of
the maintenance program (nine rituximab injections)
was associated with an increased risk of infectious epi-
sode, P<0.001 as well as hypogammaglobulinemia <
6g/L, P=0.02 and < 4g/L, P=0.03. Neutropenia was not
associated with any variable. Univariate analysis is re-
ported in Table 3.

L. Bouard et al.
B

75

7.0

6.5

6.0

y globulins (g/L)

5.5

50

45 i l m 137 132 136 122 141 108 116 124 104 112 143 95 103 125 1 104 135 I

%o B B B M s M, Vi s T %0 "0, T e Mo s P, P

Time (months)
® OBSERVATION @ RITUXIMAB

Figure 2. Rates of polynuclear neutrophils, y globulins and CD4
lymphocytes according to treatment arms. (A) Polynuclear
neutrophils (PNN), (B) y globulins and (C) CD4 lymphocytes.

Multivariate analysis

In multivariate analysis, patients presenting with a classic
morphologic variant at diagnosis had less risk of hypo-
gammaglobulinemia < 6g/L (odds ratio [OR]=0.278, 95% CI:
0.086-0.899, P=0.033). Performance status 0 at diagnosis
appeared to be a protective factor for occurrence of CD4
lymphopenia (OR=0.423, 95% CI: 0.220-0.812, P=0.01).
Complete response after induction increased the risk fac-
tor of hypogammaglobulinemia <6 g/L, (OR=2.972, 95% ClI:
1.263-6.994, P=0.013). Patients who received more than
nine rituximab injections had more infectious episodes;
(OR=1117, 95% CI: 2.482-50.263, P=0.002) and increased
occurrence of hypogammaglobulinemia <6 g/L; (OR=4.278,
95% ClI: 1.393-13.141, P=0.01) and <4 g/L, (OR=2.882, 95%
Cl:1131-73.45, P=0.03). No risk or protective factor was
identified for neutropenia occurrence. Multivariate analy-
sis is represented in Table 4.

Discussion

Our study shows that RM after ASCT increases infectious
risk but only as from 12 months post ASCT. This suggests
that during the first year post ASCT, infectious risk is re-
lated to the ASCT conditioning regimen and not to RM.
The most reported infection sites were upper and lower
respiratory tracts with a significantly higher proportion
of bacterial colitis episodes in RM. Among the biological
parameters tested, only 1-year post-ASCT hypogamma-
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Figure 3. Progression-free survival from randomization according to occurrence of hypogammaglobulinemia <6 g/L and hypo-
gammaglobulinemia <4 g/L. Representation of progression-free survival (PFS) in (A) the whole cohort and in (B) the rituximab
maintenance (RM) arm according to y globulin status <6 g/L and PFS in (C ) the whole cohort and in (D) the RM arm according
to occurrence of hypogammaglobulinemia <4 g/L. GAMMAG: y globulin rate.

globulinemia was statistically more frequent in RM. This
highlights the side effect of RM on humoral immunity.
Multivariate analysis shows that patients who received
at least nine rituximab injections, which amounts to half
the maintenance program, are more exposed to infec-
tious events and hypogammaglobulinemia. Our work cor-
roborates previously reported findings on the cumulative
effect of RM on infectious risk.'

Although data were collected and monitored prospec-
tively, our study has its limits: microbiological documen-
tations are frequently missing mainly because the vast
majority of infections were of low grade in upper and
lower respiratory tracts which are not routinely explored
by physicians in practice. In addition, the LyMa trial elec-
tronic case report form (e-CRF) did not report treatment
prophylaxis and use of granulocyte colony-stimulating
factor (G-CSF) support but we can presume that, ac-
cording to international guidelines™ in this post-ASCT

setting, the patients did receive at least Pjiroveci and
herpes simplex virus prophylaxis and probably G-CSF
support when needed. Thus, we can not conclude about
these associated measures and treatments. Unfor-
tunately, LyMa e-CRF did not report the vaccination
strategy used for patients and thus patients were vacci-
nated according to local vaccination strategy in each
center. We believe that European Society for Blood and
Marrow Transplantation recommendations’ were ap-
plied. We also did not investigate the impact of recurring
low grade infection consequences on quality of life.
However, the higher incidence of infections in the RM
arm is offset by its benefits in terms of EFS, PFS and OS.
This higher incidence could be explained, to a large ex-
tent, by the occurrence of hypogammaglobulinemia after
1 year post transplant, and not by neutropenia or T CD4
depletion. Ig substitution was not recommended in the
LyMa trial and was left to the choice of investigator in
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Table 3. Univariate analysis for infectious episode, neutropenia, hypogammaglobulinemia and CD4 lymphopenia.

Hypogamma-

Infectious episode Neutropenia globulinemia

CD4 lymphopenia

o, () 0,
(%) (%) < 6X10°/L (%) (%)
Sex
Male N=189 32.3 0.25 11.1 1.0 78.8 0.70 21.2 0.70
Female N=51 41.2 9.8 82.4 17.6
Age
<60y N=172 34.9 0.76 8.7 0.11 78.5 0.60 22.7 0.21
>60 y N=68 32.4 16.2 82.4 14.7
PS 9.6
0 N=156 35.9 . 81.4 16.0
1 N=74 33.8 0.27 138 0.60 770 0.47 311 0.02
2N=10 10.0 ' 70.0 10.0
Ann arbor
[ N=12 50.0 8.3 100 8.3
[l N=31 25.8 Ul 9.7 L8 77.4 s 25.8 Bk
IV N=196 34.2 11.2 78.6 20.4
MIPI score
Low N=133 33.8 9.8 80.5 21.1
Int N=65 41.5 0.17 12.3 0.81 73.8 0.33 18.5 0.91
High N=42 23.8 11.9 85.7 21.4
Morphologic variant
Classic N=134 31.3 0.84 8.2 0.34 76.1 0.1 20.1 0.50
Others N=36 33.3 13.9 88.9 25.0
Bone marrow involvement
Yes N=149 36.2 0.46 12.8 0.44 79.9 0.90 20.8 0.87
No N=72 27.8 6.9 79.2 19.4
PS post R-DHAC
0 N=163 32.5 141 78.5 19.6
1 N=67 34.3 L 4.5 el 80.6 B 23.9 L
2 N=4 25.0 0.0 100 25.0
PET post R-DHAC
Pos. N=51 37.3 0.87 9.8 1.0 80.4 1.0 23.5 0.55
Neg. N=175 35.4 11.4 78.9 18.9
Medullar response post R-DHAC
Yes N=179 33.0 0.18 10.1 0.42 78.8 0.59 21.2 0.59
No N=5 0.0 20.0 100 0.0
CT scanner post R-DHAC
Cr N=115 33.0 10.4 83.5 18.3
Pr>75% N=97 33.0 0.51 11.3 0.95 73.2 0.07 22.7 0.52
Pr<75% N=22 45.5 9.1 90.0 27.3
RCHOP salvage
Yes N=11 36.4 1.0 18.2 0.34 100 0.13 18.2 1.0
No N=229 34.1 10.5 78.6 20.5
Asct-maintenance delay
<=2 mth N=91 38.5 0.33 12.1 0.67 82.4 0.42 23.1 0.51
>2 mth N=149 31.5 10.1 77.9 18.8
Number of CD 34/kg
<5.106 N=73 35.6 8.2 78.1 17.8
5-8.106 N=76 263 017 45 042 g4p 045 5y 086
>8.106 N=90 40.0 8.9 76.7 21.1
Number of RM injections (in RM group only)
<=9 inj N=23 8.7 <.001 11.9 0.67 69.6 0.014 19.6 0.75
>9 inj N=97 51.5 9.3 90.7 21.6

PS: performance status; PET: positron emission tomography; CT: computerized tomography; inj: injections; R-DHAC: rituximab, dexamethasone,
cytarabine and platinum derivative; RCHOP: rituximab, cyclophosphamide, doxorubicin, vincristine and prednisolone; RM: rituximab mainten-
ance; ASCT: autologous stem cell transplantation; MIPI: mantle cell lymphoma international prognostic index; mth: months.
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Table 4. Multivariate analysis for infectious episode, neutropenia, hypogammaglobulinemia and CD4 lymphopenia.

Modality
Infectous episode >9 ritux inj

Neutropenia -

Classical morphologic variant

Hypogammaglobulinemia <6x10°%/L Morphologic CR
>9 ritux inj
Hypogammaglobulinemia <4x10°/L >0 ritux inj

CD4 lymphopenia PS 0 at diagnosis

OR 95% CI P
11.17 2.482-50.263 0.0017
0.278 0.086-0.899 0.033
2.972 1.263-6.994 0.013
4.278 1.393-13.141 0.011
2.882 1.131-73.450 0.027
0.423 0.220-0.812 0.010

Inj: injection; CR: complete response; PS: performance status; int: interval; OR: odds ratio; Cl: confidence interval; ritux: rituxi-

malb.

each center. Lack of efficacy of the Ig substitution might
suggest that other factors could also be involved or that
Ig substitution fails to restore an active humoral immun-
ity. Therefore, our study questions the relevance of Ig
substitution which has an added financial cost. In the
absence of a prospective randomized study, our study
does not call for a systematic use of Ig substitution, in-
cluding for patients with recurrent infections. Another
interesting finding of our work is the relationship between
hypogammaglobulinemia and complete response, as well
as prolonged duration of response. Although there is a
guaranteed time bias as hypogammaglobulinemia can de-
velop only late post transplant, very few patients presented
an hypogammaglobulinemia after having recovered an Ig
level superior of 6 g/L and the relationship between hypo-
gammaglobulinemia and PFS was still significant when ad-
justed on the number of rituximab injections. Moreover, we
conducted a landmark methodology (every 2 months from
M2 to M36) which did not highlight the appropriate and
precise time point for monitoring Ig level. This might sug-
gest that rituximab-induced B-cell depletion indirectly re-
flect the rituximab anti-MCL effect. This hypothesis is
supported by the multivariate analysis showing a dose ef-
fect relationship between rituximab and hypogammaglob-
ulinemia. However, improved PFS for
hypogammaglobulinemic patients does nor only reflect a
rituximab dose effect, as it is still significant when adjusted
on number of rituximab injections. Other parameters such
as FCGR3A gene polymorphism could also explain discrep-
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fect.’®®
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