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Rituximab has significantly improved the treatment of aggressive B-cell non-Hodgkin lymphoma (B-
NHL) across all risk groups.” Besides complement-dependent cytotoxicity (CDC),** its effect is
primarily mediated by antibody-dependent cellular cytotoxicity (ADCC) involving neutrophils, macro-
phages,”® and, in particular, natural killer (NK) and CD16" T cells as effector cells.”® ADCC can be
influenced by variables including the abundance and binding capacity of Fc gamma receptor (FcyR),>°
specific constellations of killer cell immunoglobulin-like receptors (KIRs),"® and vitamin D deficiency,"
which contributes to NK-cell anergy.'?

NK and cytotoxic T-cell (CTL) cytotoxicity is mediated by the release of lytic perforin/granzyme—con-
taining granules, direct secretion of cytotoxic effector cytokines such as interferon gamma, and the
expression of death receptor ligands such as tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) or Fas ligand (FASL)."®

To date, several genetic predispositions to ineffective NK cell and CTL killing are known, including
variations in genes contributing to susceptibility to familial forms of hemophagocytic lymphohistiocy-
tosis (fHLH), which can result in inefficient viral clearance and potentially fatal cytokine storm condi-
tions. In this context, mutations affecting perforin 1 (PRF1), with A91V as the most frequent variant
associated with fHLH, can be associated with presynaptic and postsynaptic NK/CTL dysfunction.
Importantly, perforinopathies have also been reported as a risk factor for lymphoma development.'*'®

In this post hoc analysis, we aimed to investigate the potential influence of the PRF1 A91V variant,
associated with impaired cytotoxic immune function, on outcome and rituximab-mediated cellular
cytotoxicity in patients treated with (immuno-) chemotherapy for aggressive B-NHL.

Blood samples from patients included in the RICOVER-60 trial (NCT0052936/EU-20243) were
genotyped for a single nucleotide polymorphism (rs35947132) resulting in the PRF1 A91V variant.
RICOVER-60 randomized older patients (aged 61-80 years) with aggressive B-cell lymphoma in a 2 x
2 factorial design to 6 vs 8 cycles of cyclophosphamide, doxorubicin, vincristine, plus oral prednisone
or prednisolone-14 (CHOP-14), with or without rituximab.'® Blood samples from the NHL-B2 (CHOP
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Figure 1. Kaplan-Meier survival curves for 501 patients in the RICOVER-60 trial. Survival outcomes according to PRF1 wild-type (left) or PRF1 A91V (right) status are
shown for EFS (A), PFS (B), and OS (C) treated with CHOP alone (blue) or R-CHOP (red).
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only treatment) and OPTIMAL >60 trials (CHOP with rituximab)
served as independent validation cohorts (supplemental
Figure 1)."”"'® Throughout, genomic DNA was isolated from
whole blood using the QlAamp DNA Blood Kit (Qiagen). Variant
tests were performed using TagMan (Applied Biosystems) single
nuclear polymorphism genotyping assays (C_25600964).

Of 1222 older patients (aged 61-80 years) enrolled in the
RICOVER-60 trial, blood samples were available from 501 patients
(rituximab, cyclophosphamide, doxorubicin, vincristine, plus oral
prednisone or prednisolone [R-CHOP], n = 259; CHOP, n = 242),
who were representative of the full trial cohort (supplemental
Table 1). Among those, 60 (12%) were heterozygous (G/A) and 3
(0.6%) homozygous (A/A) for the PRF1 A91V risk allele, whereas
438 patients (87%) represented the wild type (G/G) with no amino
acid exchange in position 91. This distribution matched Hardy-
Weinberg equilibrium expectations (P = .952). Compared to the
general European population, there was a slight overrepresentation
of heterozygous (G/A) and homozygous (A/A) carriers for the PRF1
A91V variant. Baseline clinical characteristics did not differ signifi-
cantly between carriers and wild type (supplemental Tables 2 and 3).

In patients treated with CHOP only, PRF1 A91V carriers showed a
favorable prognostic trend in event-free survival (EFS; P = .051),
progression-free survival (PFS; P = .053), and a significantly
improved overall survival (OS; P = .033), with 36-month EFS at
61% vs 48%, PFS at 65% vs 52%, and OS at 81% vs 64% for
carriers vs wild type (Figure 1). These effects were confirmed in
multivariate analyses, with significant differences for all outcomes
(EFS hazard ratio [HR], 0.6 [P =.031]; PFS HR, 0.5 [P =.031];
OS HR, 0.5 [P =.033]; supplemental Table 4).

In contrast, PRF1 A91V carriers did not show additional benefit
from rituximab, which was however strongly evident in patients
with PRF1 wild type. In PRF1 A91V carriers, the 36-month EFS
was 61% with CHOP vs 63% with R-CHOP, PFS was 65% vs
66%, and OS was 81% vs 73% (Figure 1; supplemental Table 5).
Multivariate interaction analyses confirmed a significant interaction
between PRF1 A91V status and rituximab for PFS (HR, 2.3;
P = .038) and OS (HR, 3.1; P = .013), supporting a negative
predictive impact of PRF7 A91V on rituximab efficacy
(supplemental Table 6). Patients with PRF1 wild type, represent-
ing the majority (87%), however, benefited highly significant from
addition of rituximab. Here, the 36-month EFS rose from 48%
to 71%, PFS from 52% to 76%, and OS from 64% to 79% (all
P < .001). This benefit was consistent regardless of the interna-
tional prognostic index, sex, or age (EFS HR, 0.5; PFS HR, 0.5;
OS HR, 0.6; all P <.001; supplemental Table 5).

In the NHL-B2 validation cohort of 300 patients with diffuse large
B-cell lymphoma, 22 (7%) were heterozygous and 1 (0.3%)
homozygous for variants resulting in PRF1 A91V. No clinical
baseline differences were noted, and genotype frequencies
aligned with Hardy-Weinberg expectations (supplemental
Table 7). A favorable trend for PRF1 A91V carriers treated with
CHOP or cyclophosphamide, doxorubicin, vincristine, etoposide

and prednisone or prednisolone 14/21 was observed, with a 36-
month EFS of 68% vs 50% (P = .058) and significantly higher
OS at 87% vs 60% (P = .030; Figure 2). Multivariate analysis
supported the findings from the CHOP-only arm of the RICOVER-
60 trial (supplemental Table 4).

To further validate PRF1 A91V as a potential predictor for the
benefit due to rituximab in patients with aggressive B-NHL, interim
data from the OPTIMAL >60 trial (all treated with rituximab) were
analyzed, including 411 patients with available blood samples.
Among those, 45 (11%) were PRF1 A91V carriers. Patient char-
acteristics were balanced, except for a poorer performance status
among carriers (Eastern Cooperative Oncology Group perfor-
mance status >1, 13% vs 5%; supplemental Table 9). No signif-
icant differences were seen in PFS (HR, 0.8; P=.635) or OS (HR,
0.7; P = .526) for carriers of PRF1 A91V or wild type, replicating
the observation of RICOVER-60 that carriers of PRF1 A91V
treated with R-CHOP have not a better outcome than those with
wild-type PRF1 (Figure 2; supplemental Table 4).

In the CLL-8 trial, the predictive role of PRF1 A91V for rituximab
was not validated in multivariate interaction analysis, although
trends similar to those in aggressive B-NHL were observed
(supplemental Figures 2 and 3; supplemental Tables 10-11). The
allele frequency of PRF1 A91V (rs35947132) is ~4% in the White
population (~8% heterozygosity), with lower frequencies in Asians.
Interestingly, CLL-8 had a higher proportion of heterozygous car-
riers (119/589 [20%]) than aggressive lymphoma cohorts or the
general population, indicating a potential contribution in CLL
pathogenesis (supplemental Table 12).

In summary, this retrospective analysis showed that carriers of the
PRF1 A91V variant in the context of aggressive B-NHL had favorable
outcomes with sole CHOP chemotherapy but did not benefit from the
addition of rituximab, suggesting PRF7 A91V as a possible predictive
biomarker for impaired ADCC, which may relate to impaired cytotoxic
immune function. Despite impaired perforin-mediated cytotoxicity,
compensatory mechanisms such as FASL- or TRAIL-mediated killing
or complement activity could however suffice in these patients.'®
Alternatively, our findings may be explained by PRF1 A91V carriers
presenting with inherently less aggressive disease, consistent with
findings in murine models of lymphomagenesis showing perforin to
be more critical in controlling low-grade lymphomas.?® Although OS
was significantly improved and EFS and PFS trends were favorable in
CHOP-treated PRF1 A91V carriers, the absence of a rituximab-
related benefit in this group introduces a predictive dimension not
yet fully explained, particularly given its limited replication in CLL,
which is, however, more dependent on complement-dependent
cytotoxicity compared to ADCC.

Collectively, our study is limited by the targeted nature of variant
selection. Future studies should broaden the genetic scope to
assess other known cytotoxic pathway components such as
MUNC13-4, syntaxin 11, and MUNC18-2, which are also impli-
cated in fHLH and might also influence response to rituximab.>' 2*
Considering the predictive role of PRF1 A91V alongside other

Figure 2. Survival analysis validating results from the RICOVER-60 trial with NHL-B2 and OPTIMAL >60 cohorts. Kaplan-Meier curves for patients treated with
CHOP alone in the RICOVER-60 trial (A) and the NHL-B2 trial (B) according to PRF1 wild-type (blue) or A97V carrier status (yellow) showing EFS (left) and OS (right). Kaplan-
Meier curves for patients with CHOP and rituximab in the RICOVER-60 trial (C) and of the interim analysis of OPTIMAL >60 trial (D) according to PRF1 wild-type (blue) or A91V

carrier status (yellow) with PFS (left) and OS (right).
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known modulators of rituximab efficacy, such as low FcyRllla
expression, vitamin D deficiency, and KIR2DS1-HLA-C2 interac-
tions, might refine patient stratification.®'" Exploring the relevance
of PRF1 variants across lymphoma entities and immunothera-
peutic settings appears to be worthwhile.

The study was approved by the Ethikkommission der Arztekammer
des Saarlandes (approval number N147/17).

The trials were registered at multiple clinical trials registries as
follows: NCT0052936/EU-20243; NCT01478542 NHL-B2
(Pfreundschuh et al); and NCT00281918.
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