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Single-nucleotide Fcy receptor polymorphisms do not impact
obinutuzumab/rituximab outcome in patients with lymphoma
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» FcyR genotype is not
associated with
response to
obinutuzumab/rituxi-
mab combined with
chemotherapy in
untreated patients
with FL or DLBCL.

Single-nucleotide polymorphisms (SNPs) have been shown to influence Fcy receptor
(FcyR) affinity and activity, but their effect on treatment response is unclear. We
assessed their importance in the efficacy of obinutuzumab or rituximab combined with
chemotherapy in untreated advanced follicular lymphoma (FL) and diffuse large B-cell
lymphoma (DLBCL) in the GALLIUM (www.clinicaltrials.gov #NCT01332968) and GOYA
(#NCT01287741) trials, respectively. Genomic DNA was extracted from patients enrolled
in GALLIUM (n = 1202) and GOYA (n = 1418). Key germline SNPs, FCGR2A R131H
(rs1801274), FCGR3A F158V (rs396991), and FCGR2B 1232T (rs1050501), were genotyped
and assessed for their impact on investigator-assessed progression-free survival (PFS). In
both cohorts there was no prognostic effect of FCGR2A or FCGR3A. In FL, FCGR2B was
associated with favorable PFS in univariate and multivariate analyses comparing 1232T
with 12321, with a more modest association for rituximab-treated (univariate: hazard
ratio [HR], 0.78; 95% confidence interval [CI], 0.54-1.14; P = .21) vs obinutuzumab-treated
patients (HR, 0.56; 95% CI, 0.34-0.91; P = .02). Comparing T232T with 1232], an association
was found for obinutuzumab (univariate: HR, 2.76; 95% CI, 1.02-7.5; P = .0459). Neither
observation retained significance after multiple-test adjustment. FCGR2B was associated
with poorer PFS in multivariate analyses comparing T232T with 12321 in rituximab- but
not obinutuzumab-treated patients with DLBCL (HR, 4.40; 95% CI, 1.71-11.32; P = .002;
multiple-test-adjusted P = .03); however, this genotype was rare (n = 13). This study
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shows that FcyR genotype is not associated with response to rituximab/obinutuzumab plus
chemotherapy in treatment-naive patients with advanced FL or DLBCL.

Introduction

Obinutuzumab is a humanized, glycoengineered, type Il anti-CD20
antibody with enhanced direct cell killing and antibody-dependent
cellular phagocytosis and cytotoxicity (ADCC) compared with type |
anti-CD20 antibodies, such as rituximab.'® Obinutuzumab has been
approved for the first-line treatment of chronic lymphocytic leukemia,
in combination with chlorambucil; follicular lymphoma (FL), in combi-
nation with chemotherapy followed by obinutuzumab maintenance,
and in combination with bendamustine followed by obinutuzumab
maintenance for relapsed/rituximab-refractory FL.6®

Fcy receptors (FcyRs), of which there are 6 in humans, encoded by
the FCGR1A, FCGR2A, FCGR2B, FCGR2C, FCGR3A, and
FCGR3B genes, are critical mediators of anti-CD20 monoclonal
antibody (mAb)-mediated cell killing.° Activating FcyR (FcyR,
FcyRlla, FcyRllc, and FcyRllla) deliver immunoreceptor tyrosine-
based activation motif-mediated active signaling, capable of driving
cytotoxic granule release (leading to ADCC) and/or antibody-
dependent cellular phagocytosis from various cellular effectors,
including natural killer cells, macrophages, monocytes, and neutro-
phils. In contrast, FcyRllb, the sole inhibitory FcyR, impairs this sig-
naling through Src homology 2 domain—containing inositol
phosphatase- and Src  homology 2-containing tyrosine
phosphatase-1-mediated phosphatase activation.'®

Importantly, the FcyR genes are highly polymorphic, exhibiting multi-
ple single-nucleotide polymorphism (SNP) and copy number varia-
tion events (reviewed in Hargreaves et al''). The R131H and
F158V SNPs in FCGR2A and FCGR3A, respectively, have been
shown to alter affinity for different subclasses of immunoglobulin
G,">"® which, in the case of the high-affinity FCGR3A 158V allele,
leads to clear enhancement of natural killer cell-mediated ADCC at
lower mAb concentrations.'* Other SNPs, such as FCGR2B 1232T
appear to affect receptor activity by impairing inhibitory signaling,'®
but have yet to be definitively assessed in the context of anticancer
mAb activity, due to their low prevalence.’

Although the impact of these SNPs on FcyR function has been
demonstrated in vitro,'® their influence on overall patient response is
less clear. Initial retrospective studies, based on low numbers of
patients, suggested that the FCGR3A and FCGR2A genotypes
affect the efficacy of rituximab. Cartron et al showed inferior
response rates for the FCGR3A 158F genotype compared with
158V carriers in 49 patients with FL treated with rituximab.'” In a
retrospective cohort, Weng and Levy demonstrated improved
response rates and more durable remissions in 87 rituximab-treated
patients with FL with the FCGR3A V158V and FCGR2A H131H
genotypes, compared with F and R carriers, respectively.'® Finally,
in a small cohort of rituximab-treated patients with FL or mantle cell
lymphoma, Ghielmini et al reported that patients with FCGR3A
V158V exhibited superior event-free survival among patients with
FL."® More recent analyses have failed to identify an impact of
FCGR2A and FCGR3A genotypes in rituximab-treated patients
with FL. The RESORT (www.clinicaltrials.gov; #NCT00075946)
and PRIMA (#NCT00140582) trials and a retrospective cohort of
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newly diagnosed patients all failed to show an influence of the
FCGR2A R131H and FCGR3A F158V genotypes on patient out-
come after rituximab and chemotherapy.?°2? Similarly, data from
previously published studies demonstrated that FCGR2A and
FCGR3A genotype status did not correlate with treatment response
in patients with diffuse large B-cell lymphoma (DLBCL).?*2® The
inconsistent effects reported by these multiple cohort studies are
likely due to their limited size, the heterogeneity of the cohorts,
and the variation in the use of rituximab (monotherapy vs com-

bination therapy, first vs second/subsequent line, among
others) 17,19-22,26-30

To overcome these limitations and to provide definitive results of the
impact of these SNPs on anti-CD20 mAb therapy, large, prospec-
tive, uniform studies using carefully designed SNP assays are
needed. Accordingly, we retrospectively analyzed data from 2
recently completed, large (>1000-patient) phase 3 studies, to
assess the potential impact of these FcyR genotypes on the effi-
cacy of obinutuzumab or rituximab in combination with chemother-
apy in patients with previously untreated advanced FL (GALLIUM;
www.clinicaltrials.gov/ #NCT01332968)° or DLBCL (GOYA;
#NCT01287741).%

Methods

Study design, patients, and treatments

GALLIUM and GOYA were phase 3, multicenter, open-label, ran-
domized studies. Full details of their design and primary end points
have been published.®®' In GALLIUM, patients with previously
untreated advanced-stage FL were randomized to receive either obi-
nutuzumab- or rituximab-based immunochemotherapy, followed by
maintenance with the same antibody in the responders.® The che-
motherapy arm (cyclophosphamide, doxorubicin, vincristine, and
prednisone [CHOP]; cyclophosphamide, vincristine, and prednisone
[CVP], or bendamustine) was selected by each study center
(83.2%, 9.7%, and 57.1%, respectively). In GOYA, previously
untreated patients with DLBCL were randomly assigned to receive
eight 21-day cycles of obinutuzumab or rituximab plus 6 or 8 cycles
of CHOP.2'" The number of CHOP cycles for both arms was
agreed on in advance with each study site. If only 6 CHOP cycles
were administered, the antibody was administered as monotherapy
during cycles 7 and 8. The primary end point for both studies was
investigator-assessed progression-free survival (PFS).%' Both stud-
ies were conducted in accordance with the Declaration of Helsinki,
Good Clinical Practice guidelines, and all applicable local laws and
regulations. The study protocols and amendments and other
study-related materials were approved by institutional review boards
or ethics committees at the participating centers. Written informed
consent was provided by all patients.

A total of 1202 and 1418 patients enrolled in the GALLIUM and
GOYA studies, respectively, were included in this study, with
updated clinical data available for 1202 and 1414 patients, respec-
tively.%23% Of these, 55 and 97 patients could not be genotyped
because of lack of consent, lack of blood samples, or DNA extrac-
tion failure (Figure 1). Median duration of follow-up was 57.4
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Figure 1. CONSORT diagrams. (A) Patients with FL in the GALLIUM trial and (B) patients with DLBCL in the GOYA trial. Q2S, Q2Solutions.

months (range, 0.0-77.4 months) in GALLIUM and 47.7 months
(range, 0.1-78.2 months) in GOYA.

Sample preparation, FcyR genotyping, and
molecular confirmation

Genomic DNA was extracted from whole blood from 2222 trial
patients by UK Q2Solutions with Autopure, using Gentra
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Purgene Kits (Qiagen). Nucleic acid extraction and genotyping
were performed as previously described.®* DNA was quantified
with UV absorbance and quality was controlled with 260/280
optical density ratio measurements prior to dilution to the appro-
priate concentration in distilled water. For genotyping, sample
triplicates were prepared using the CAS-1200 polymerase chain
reaction (PCR) setup robot (Corbett Life Science, Qiagen);
amplification and allelic discrimination were performed with a
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Table 1. Baseline demographics and disease characteristics of
patients randomized to the GALLIUM and GOYA trials

Table 2. Prevalence of key FcyR genotypes in the GALLIUM and
GOYA trials

GALLIUM
(n = 1202)

GOYA

Characteristic (n = 1414)

Treatment: R/G 601 (50.0)/601 (50.0) 710 (50.2)/704 (49.8)

Median age, y (range) 59 (23-88) 62 (18-86)
Sex, male 563 (46.8) 750 (53.0)
Ann Arbor stage IIl/IV¥t 1092 (90.8) 1073 (75.9)
Geographic region
Asia 185 (15.4) 514 (36.4)
Eastern Europe 157 (13.1) 196 (13.9)
Western Europe 581 (48.3) 426 (30.1)
North America 152 (12.7) 216 (15.3)
Other 127 (10.6) 62 (4.4)
Number of chemotherapy cycles
6 - 1045 (73.9)
8 = 369 (26.1)
Chemotherapy
Bendamustine 686 (57.1) -
CHOP 399 (33.2) -
CVP 117 (9.7) =
FLIPI score}
Low 106 (9.1) =
Intermediate 584 (50.1) -
High 475 (40.8) -
IPI category
Low = 282 (19.9)
Low-intermediate - 500 (35.4)
High-intermediate - 412 (29.1)
High - 220 (15.6)
CO0s
GCB - 540 (57.9)
ABC - 243 (26.1)
Unclassified - 150 (16.1)
BCL2 by IHC||
Negative - 392 (51.9)
Positive = 363 (48.1)

Data are number of patients (percentage of the total study group) unless otherwise
specified.

ABC, activated B-cell; CVP, cyclophosphamide, vincristine, and prednisone; FLIPI, FL
International Prognostic Index; G, obinutuzumab; GCB, germinal center B-cell; IHC, immu-
nohistochemistry; IPI, International Prognostic Index; R, rituximab.

*Data missing for 7 patients (GALLIUM).

tData missing for 1 patient (GOYA).

$Data missing for 37 patients (GALLIUM).

§Data missing for 481 patients (GOYA).

|| Data missing for 659 patients (GOYA).

Corbett Rotor-Gene 6000 (Corbett Life Science) and
Rotor-Gene Q series Software 2.0.2 (Build 4), respectively.
The SNPs, FCGR2A R131H (rs1801274), FCGR3A
F158V (rs396991), and FCGR2B 1232T (rs1050501), were
genotyped with commercially available (C_9077561_20 and
C_25815666_10) and custom-designed TagMan discrimination
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GALLIUM* GOYAt

Genotype Total R G Total R G

FCGR2A
R131R

n = 1144 n = 658
231 (20.2) 117 (20.5) 114 (19.9) 291 (22.1) 138 (21.0) 153 (23.3)
547 (47.8) 270 (47.3) 277 (48.3) 595 (45.2) 282 (42.9) 313 (47.6)
H131H 366 (32.0) 184 (32.2) 182 (31.8) 430 (32.7) 238 (36.2) 192 (29.2)
FCGR2B
12321 823 (77.5) 406 (76.3) 417 (78.7) 773 (71.6) 396 (72.5) 377 (70.6)

1232T 220 (20.7) 116 (21.8) 104 (19.6) 282 (26.1) 137 (25.1) 145 (27.2)

n =571 n=573 n=1316 n = 658

R131H

n= 1062 n = 532 n=530 n=1080 n = 546 n = 534

T232T 19 (1.8) 10 (1.9) 9(1.7) 25 (2.3) 13 (2.4) 12 (2.3)
FCGR3A n = 1144 n =571 n=573 n=1313 n=656 n =657
F158F 479 (41.9) 256 (44.8) 223 (38.9) 591 (45.0) 285 (43.5) 306 (46.6)
F158V 521 (45.5) 238 (41.7) 283 (49.4) 574 (43.7) 296 (45.1) 278 (42.3)
V158V 144 (12.6) 77 (135) 67 (11.7) 148 (11.3) 75 (11.4) 73 (11.1)

Data are number of patients (percentage of the subgroup).

G, obinutuzumab; R, rituximab.

*Data missing for GALLIUM (n): FCGR2A, 58 (total), 30 (R), and 28 (G); FCGR2B,
140 (total), 69 (R), 71 (G); FCGR3A, 58 (total), 30 (R), 28 (G).

tData missing for GOYA (n): FCGR2A, 98 (total), 52 (R), 46 (G); FCGR2B, 334
(total), 164 (R), 170 (G); FCGR3A, 101 (total), 54 (R), 47 (G).

assays (Life Technologies, Paisley, United Kingdom), according
to the manufacturer’s instructions. Quality control samples were
included in each batch as follows: known FCGR2A, FCGR3A
and FCGR2B wild-type homozygotes, heterozygotes, homozy-
gote variants (Coriell Cell Repository, Camden, NJ), and nontem-
plate negative control. For a small number of Chinese patients
(n = 242), DNA extraction and subsequent FCG2A and
FCGR3A genotyping were performed by Q2Solutions in China
(ViiA 7 Real-Time PCR System; Applied Biosystems-Life Tech-
nologies, Carlsbad, CA).

Sanger sequencing using the FcyR-gene-specific PCR primers
(supplemental Table 1) was performed for samples that failed
TagMan assays or as a confirmatory step. PCR products were
purified using the MinElute 96 UF PCR purification kit (Qiagen)
or the ExoSAP method (ExoSAP-IT protocol 2000; USB Corpo-
ration, Cleveland, OH), and SNPs were confirmed by Sanger
sequencing (Source BioScience, Cambridge, United Kingdom),
as previously described.®* Approximately 10% of the samples
were randomly selected for confirmatory sequencing. As they
can be technically challenging to identify, we also confirmed all
FCGR2B non-ll genotypes using the same Sanger approach.
Genotyping by Tagman assay for FCGR2A, FCGR2B, and
FCGRS3A failed in 1% to 2%, 4% to 5%, and 13% to 16% of
samples, respectively. FCGR2A and FCGR3A genotypes by
TagMan assay were confirmed in 100% and 99% of cases by
Sanger sequencing, respectively. For FCGR2B, the Il genotype
was confirmed in 100% of cases, and the non-ll genotypes were
confirmed in 85% to 89% of cases. The final FCGR2A and
FCGR3A genotypes were reported as per the TagMan assay
result, except for those cases that failed genotyping, where the
Sanger result was utilized. The final FCGR2B genotype was
reported as the TagMan assay result where cases were discor-
dant with Sanger sequencing.®*
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Figure 2. PFS. Data show PFS in patients with the FCGR2A 131 (A), FCGR2B 232 (B), or FCGR3A 158 (C) SNP genotype with FL treated with rituximab (R) or
obinutuzumab (G) plus chemotherapy in the GALLIUM trial.

Statistical analysis arms. The SNP effect, expressed as a hazard ratio (HR) with 95%

confidence interval (Cl), was estimated in a univariate Cox propor-
tional hazards regression analysis adjusted for treatment arm and a

For both trials, the effect of SNP genotype on investigator-assessed
PFS was evaluated per treatment arm and for the pooled treatment
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A Cox regression (univariate analysis)

Biomarker Effect Treatment Total (N) Subgroup (n) HR 95% CI P=value Adj. P-value

FCGR2A R131H vs R131R R 571 270vs 117 1.08 (0.74-1.57) .7050 .8874 —_——

FCGR2A H131H vs R131R R 571 184vs 117 0.95 (0.63-1.43) .8155 .8874 —_—

FCGR2A R131H vs R131R G 573 277 vs 114 1.08 (0.70-1.65) .7361 .8874 —_—

FCGR2A H131H vs R131R G 573 182vs 114 0.91 (0.57-1.46) .6895 .8874 -

FCGR2B 1232T vs 1232] R 532 116 vs 406 0.78 (0.54-1.14) .2068 .6945 e

FCGR2B T232T vs 12321 R 532 10vs 406 0.49 (0.12-1.99) .3207 .6945 ——

FCGR2B 1232T vs 1232] G 530 104vs 417 0.56 (0.34-0.91) .0199 .2386 i

FCGR2B T232T vs 12321 G 530 9vs 417 2.76 (1.02-7.50) .0459 .2755 >

FCGR3A F158V vs F158F R 571 238vs 256 1.08 (0.76-1.40) .8509 .8874 i

FCGR3A V158V vs F158F R 571 77 vs 256  1.03 (0.67-1.59) .8874 .8874 ——

FCGR3A F158V vs F158F G 573 283 vs 223 1.18 (0.83-1.68) 3472 .6945 a—

FCGR3A V158V vs F158F G 573 67vs 223 0.71 (0.38-1.34) .2937 .6945 ]
I 1 1 1 1 1 1 1 1 1
0 0510 15 20 25 30 35 40 45 50

Hazard ratio
B Cox regression (univariate analysis)
Biomarker Effect Treatment Total (N) Subgroup(n) HR 95% CI P-value Adj. P-value

FCGR2A R131H vs R131R R 658 282vs 138 0.89 (0.63-1.27) 5291 .8544 b

FCGR2A H131H vs R131R R 658 238vs 138 0.86 (0.60-1.23) .4088 .8544 i

FCGR2A R131H vs R131R G 658 313vs 1563 1.12 (0.79-1.58) 5241 .8544 —re—

FCGR2A H131H vs R131R G 658 192vs 153 0.95 (0.64-1.39) 7811 .8544 ——

FCGR2B 1232T vs 1232] R 546 137 vs 396 0.94 (0.66-1.33) 7101 .8544 ——

FCGR2B T232T vs 12321 R 546 13vs 396 1.56 (0.69-3.55) .2852 .8544

FCGR2B 1232T vs 1232] G 534 145vs 377 1.05 (0.75-1.47) .7832 .8544 ——

FCGR2B T232T vs 12321 G 534 12vs 377 1.01 (0.32-3.20) .9799 .9799

FCGR3A F158V vs F158F R 656 296 vs 285 1.05 (0.79-1.40) 7475 .8544 ——

FCGR3A V158V vs F158F R 656 75vs 285 1.09 (0.70-1.69) .7013 .8544 ——

FCGR3A F158V vs F158F G 657 278 vs 306 0.95 (0.71-1.27) 7454 .8544 ——

FCGR3A V158V vs F158F G 657 73vs 306 0.82 (0.51-1.31) 14019 .8544 L

I 1 1 1 1 1
05 10 15 20 25 30 35
Hazard ratio

Figure 3. Forest plot representing survival analysis and the impact of the Fcy receptor genotypes on PFS per treatment arm. (A) Patients with FL in the
GALLIUM trial; (B) patients with DLBCL in the GOYA trial. Time to event was defined by PFS (in days). All analyses were unadjusted and unstratified. Variables for the

univariate analysis included biomarker and treatment arm. P-value (for hypothesis testing of whether the biomarker effect was equal to 0) was calculated with the Wald test.

Adjusted P-values were corrected for multiple comparisons by the Benjamini and Hochberg method. Adj, adjusted; G, obinutuzumab; R, rituximab.

multivariate Cox regression analysis adjusted for stratification factors
(GALLIUM: follicular lymphoma (FL) International Prognostic Index
[FLIPI], chemotherapy regimen; GOYA: geographic region, Interna-
tional Prognostic Index [IPI], number of CHOP cycles). In GOYA,
adjustments were also made for cell of origin (COO) and BCL2
protein expression, which have been shown to be prognostically sig-
nificant in DLBCL.®"*® The analysis of pooled data additionally
accounted for the treatment arm. SNP effect in the prognostic analy-
sis was assessed by using the Wald test at a 5% level. Multiple
test correction was performed with the Benjamini and Hochberg
methodology. The Kaplan-Meier method was used to estimate PFS
distribution for genotypes in each treatment arm.

Results
Patients and genotyping results

Patient demographic and disease characteristics for the FL and
DLBCL patient populations in the GALLIUM and GOYA trials,
respectively, are summarized in Table 1. These characteristics,
including the prevalence of each FcyR genotype (Table 2), were
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comparable across trials and across treatment arms. The prevalence
of FcyR genotypes by ethnicity in GALLIUM and GOYA are pre-
sented in supplemental Table 2. A higher frequency of patients with
the FCGR2B 232T allele were observed in the Asian populations of
both GALLIUM and GOYA, compared with the White population
(supplemental Table 2). Of note, because of missing data for COO
and BCL2, the number of samples included in the multivariate Cox
regression analyses were ~50% and 97% of those included in the
univariate analyses in GOYA and GALLIUM, respectively.

Prognostic effect of FcyR genotype in patients with
FL from the GALLIUM trial

In FL, no significant association was found between PFS and geno-
types of either FCGR2A or FCGR3A (Figures 2 and 3; supplemen-
tal Figure 1). For obinutuzumab, the PFS curve for patients with
FCGR3A V158V was above that for those with F158V and F158F,
but this finding is attributable to the statistical variation caused by
the lower number of patients with V158V. Only FCGR2B was asso-
ciated with superior PFS in univariate analyses of pooled treatment
arms comparing the 1232T with the 1232 genotype (HR, 0.69; 95%
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Figure 4. PFS. Data show PFS according to FCGR2A 131 (A), FCGR2B 232 (B), and FCGR3A 158 (C) SNP genotype for patients with DLBCL treated with rituximab
(R) or obinutuzumab (G) plus chemotherapy in the GOYA trial.
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Cl, 0.51-0.93; P = .01), with a more modest association for
rituximab-treated patients (HR, 0.78; 95% Cl, 0.54-1.14; P = .21)
compared with obinutuzumab-treated patients (HR, 0.56; 95% CI,
0.34-0.91; P = .02; Figure 3; supplemental Figure 1). A similar
effect was observed in the multivariate analyses (supplemental Fig-
ure 1). When comparing the T232T and 1232| genotypes, obinutu-
zumab was associated with a worse prognosis in the univariate
analysis (HR, 2.76; 95% Cl, 1.02-7.5; P = .0459). However, the
sample size and number of events for the T232T genotype were
very low at 9 and 4, respectively. Neither observation retained statis-
tical significance after P-value adjustment for multiple comparison.

Prognostic effect of FcyR genotype in patients with
DLBCL enrolled in the GOYA trial

In the patients with DLBCL enrolled in GOYA, PFS results similar
to those of patients enrolled in GALLIUM were observed (Figure 4).
There was no evidence of a univariate prognostic effect for any
FcyR genotype (Figures 3 and 4; supplemental Figure 2). However,
in the multivariate analysis, there was an association in the rituximab
treatment arm with the FCGR2B T232T SNP (HR, 4.40; 95% CI,
1.71-11.32; P = .002; multiple-test adjusted P = .03) compared
with the FCGR2B 12321 SNP. However, this observation should be
interpreted with caution, given the low prevalence of this genotype
(h = 6; supplemental Figure 2). The multivariate analysis also
showed an initial association in the rituximab treatment arm with the
FCGR2A R131H SNP (HR, 0.57; 95% Cl, 0.33-0.99; P = .047)
compared with the FCGR2A R131R SNP; however, this was not
significant after P-value adjustment for multiple tests (adjusted P =
.282). There was no association between any of the FCGR geno-
types and COO in the GOYA trial (supplemental Table 3), and no
significant association of the FcyR genotypes with PFS was
observed when stratified by COO (supplemental Table 4).

Discussion

We explored the clinical significance of the 3 well-described FcyR
SNPs, FCGR2A R131H (rs1801274), FCGR3A F158V
(rs396991), and FCGR2B 1232T (rs1050501), in 2 large, interna-
tional trials (GALLIUM® and GOYA3") comparing the efficacy and
safety of obinutuzumab and rituximab in combination with chemo-
therapy in treatment-naive patients with FL and DLBCL. As our
cohort included many more patients than previously published stud-
ies, our analyses provided greater statistical power to establish the
clinical importance of these FcyR genotypes. After analyzing the
FcyR genotype status in 2464 patients with indolent and aggres-
sive lymphoma and available DNA, we identified no clear prognostic
impact for any of these FcyR SNPs in patients treated with
immunochemotherapy.

As considerable inconsistency remains in the literature regarding the
prognostic importance of FcyR SNPs, we performed our analysis on
2464 clinical trial patients. The analysis of GALLIUM and GOYA pro-
vided the ideal opportunity to (1) evaluate the importance of the 3
best-understood functional FcyR SNPs in a homogeneous cohort of
rituximab-treated patients, and (2) to perform a novel assessment of
the impact of FcyR SNPs on obinutuzumab-treated patients with FL
or DLBCL. Our findings are definitive in this context and further dem-
onstrate the importance of prospective clinical trials for the accurate
evaluation of putative biomarkers. The main strengths of the present
study were (1) the cost-effective genotyping approach, which
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permitted the analysis of a number of candidate SNPs at high sensitiv-
ity; (2) the size and homogeneous nature of both cohorts, enabling us
to overcome many of the limitations befalling previous studies (eg,
inadequate statistical power and heterogeneous study cohorts); and
(8) the prospective nature of the patient cohorts, permitting assess-
ment of the impact of FcyR SNPs on disease pathophysiology at mul-
tiple survival end points. The main limitation of our study was the
targeted nature of our analysis, focusing on only the 3 most well-
characterized FcyR SNPs. As such, we did not evaluate the impor-
tance of other functionally relevant FcyR SNPs (eg, those in pro-
moters regulating gene expression), nor did we assess the importance
of germline CNV, which is known to target key FcyR genes.'" Further-
more, our analysis of nontumoral DNA precluded the detection of
somatic FcyR gene alterations. For example, it has been demon-
strated that the FCGR2B locus is targeted by focal somatic duplica-
tions in DLBCL, which are associated with increased gene
transcription and poor patient survival.>® We also failed to assess the
integrated nature of these various FcyR changes (eg, assessing the
combined impact of the 3 FcyR SNPs), largely due to insufficient
sample size, even in these large trials (the largest of their kind to date
designed to assess the efficacy of obinutuzumab and rituximab treat-
ment in combination with chemotherapy). A similar limitation concerns
the definitive interpretation of the FCGR2B 1232T SNP results, given
that the T-genotype is so rare, with only ~1% to 2% of patients carry-
ing the TT genotype, it is difficult to make firm conclusions with regard
to their impact. This small sample size may explain the apparent reduc-
tion in PFS for obinutuzumab- and rituximab-treated T232T patients in
GALLIUM and GOYA, respectively. In previous studies, the FCGR2B
232T allele was found at a 1% frequency in European populations
and varied between a 5% and 11% frequency in African and South
East Asian populations.®”®® The impact of these differences on
patient outcomes in ethnically diverse lymphoma cohorts is worthy of
further research, particularly in centers across Asia and Africa, where
the prevalence of the 232T genotype is higher than in European pop-
ulations.3”*® Indeed, our results should be interpreted in the context
of the ethnic composition of our cohorts, as our study was not
designed to investigate the clinical impact of FcyR SNPs in all
ethnicities.

In conclusion, our study, the largest of its type performed to date,
provides clear evidence that the FcyR SNPs (FCGR2A R131H,
FCGR3A F158V, and FCGR2B 1232T) do not confer differential
responsiveness to obinutuzumab or rituximab in combination with
chemotherapy in treatment-naive patients with advanced FL or
aggressive DLBCL.
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