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Background: The aim of the RESGEX study was to compare the efficacy and safety of the anti-epidermal growth factor
receptor (anti-EGFR) antibody tomuzotuximab against cetuximab both in combination with chemotherapy in patients
with recurrent and/or metastatic squamous cell cancer of the head and neck in the first-line treatment.
Patients and methods: In this phase II trial 240 patients were equally randomized for six cycles to receive either
tomuzotuximab (initial dose 990 mg then 720 mg) weekly and cisplatin 100 mg/m2 and fluorouracil (5-FU; 1000
mg/m2/day, days 1-4) every 3 weeks or cetuximab (400 mg/m2 subsequent 250 mg/m2) weekly with the same
chemotherapeutic backbone followed by antibody maintenance treatment. The primary endpoint was progression-
free survival.
Results: Median progression-free survival was 6.5 months [95% confidence interval (CI) 5.9-7.9 months] in the
tomuzotuximab group and 6.2 months (95% CI 5.8-7.3 months) in the cetuximab group (P ¼ 0.86). The median overall
survival (OS) estimate was 11.6 months (95% CI 9.5-17.2 months) in the tomuzotuximab group and 13.8 months (95%
CI 12.3-16.4 months) in the cetuximab group (P ¼ 0.96). In an exploratory analysis a small subgroup of p16-positive
patients had a significantly longer OS compared with p16-negative patients (hazard ratio 1.860, 95% CI 1.09-3.16, P¼ 0.02).
Conclusions: The glyco-engineered antibody tomuzotuximab failed to demonstrate improved efficacy with a
chemotherapeutic backbone in the first-line treatment of recurrent or metastatic head and neck squamous cell
carcinoma. It remains a so far unanswered question whether such antibody would partner better with different
drugs such as checkpoint inhibitors.
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INTRODUCTION

Head and neck squamous cell carcinomas (HNSCCs)
comprise tumors of the upper aerodigestive tract arising
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from the mucosal epithelia. Smoking, the excessive con-
sumption of alcohol, and human papillomavirus infection in
oropharyngeal tumors have been defined as common risk
factors.1 Whereas surgery and concomitant radio-
chemotherapy are the standard approach in the curative
setting, systemic treatment is the main pillar for recurrent
or metastatic disease.2 In 2008, a new reference treatment
termed EXTREME was reported, introducing the addition of
the epidermal growth factor receptor (EGFR) antibody
cetuximab to a cisplatin and 5-flourouracil chemothera-
peutic backbone regimen, resulting in a significant and
clinically meaningful prolongation of overall survival (OS).3

Various attempts to improve efficacy and toxicity of this
reference treatment had little success.4 Therefore the
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EXTREME regimen remained the standard of care for pa-
tients with sufficient performance status, when patients for
this trial were recruited. The recently introduced checkpoint
inhibitors have added a new modality to the treatment of
HNSCC. However, for patients without PD-L1 expression in
the tumor tissue, chemotherapy remains the treatment of
choice for the majority of patients.5,6

Optimization of the glycosylation of monoclonal anti-
bodies has resulted in increased antigen-dependent cellular
toxicities, a mode of action that has been described for
cetuximab.7 Tomuzotuximab is an improved second-
generation antibody, designed to fully retain the antigen-
binding properties of cetuximab, with fully human
glycosylation and reduced fucosylation.8 In the dose esca-
lation single-agent study of tomuzotuximab in patients with
advanced cancers, infusion-related reactions (IRRs) linked to
cytokine release were observed in the majority of patients
(75%) at the first infusion, demonstrating an increased im-
mune activation.9

Fc-gamma receptor IIIa (FcgRIIIa) polymorphism has
been associated with differential antibody-dependent cell
cytotoxicity (ADCC) in various antibodies. Two allotypes of
this receptor are known, which have different affinities to
human IgG1 depending on the glycosylation of the Fc tail of
IgG1. While antibodies with core fucose such as rituximab,
trastuzumab, and cetuximab bind to the V allotype inducing
some ADCC activity in homozygous patients, they show a
strongly reduced binding to the F allotype with little or no
ADCC activity in homozygous (FF) or heterozygous (FV)
patients.10,11 In vitro assays showed that glyco-optimization
of tomuzotuximab leads to a higher binding affinity of the
molecule to the FcgRIIIa on natural killer cells, thereby
enhancing ADCC activity.

Clinical data for the role of FcgRIIIa and the association of
treatment response with cetuximab in colorectal cancer
have been conflicting. Analysis of FcgRIIIa has therefore not
been introduced into clinical routine testing to stratify for
EGFR-directed treatment.12-15

Based on improved antitumor potency of tomuzotuximab
in preclinical evaluation and promising activity in early
clinical application,9 the randomized phase II RESGEX study
was designed to evaluate tomuzotuximab with chemo-
therapy against the standard EXTREME regimen in patients
with recurrent and/or metastatic squamous cell carcinoma
of the head and neck.

METHODS

Study design and participants

The RESGEX study was a phase II, randomized, controlled,
open-label, multicenter study of first-line treatment in
recurrent and/or metastatic squamous cell carcinoma of the
head and neck. Treatment consisted of fluorouracil (5-FU;
1000 mg/m2/day, days 1-4) and cisplatin (100 mg/m2, on
day 1) in combination with tomuzotuximab (initially 990
mg, subsequently 720 mg weekly) in arm A versus the
identical 5-FU/cisplatin regimen in combination with stan-
dard cetuximab regimen (initially 400 mg/m2, subsequently
2 https://doi.org/10.1016/j.esmoop.2021.100242
250 mg/m2 weekly) in arm B. Patients aged at least 18 years
with histologically confirmed recurrent and/or metastatic
HNSCC not eligible for curative treatment were enrolled in
this study. Additional inclusion criteria included measurable
disease and an Eastern Cooperative Oncology Group per-
formance status (ECOG PS) of 0 or 1. Patients with prior
systemic chemotherapy were excluded, except if given as
part of a multimodal treatment for locally advanced disease
which was completed >6 months prior to randomization.
Exclusion criteria included prior treatment with cetuximab
or another EGFR targeting agent, surgery within 30 days,
concomitant antitumor therapy, immunotherapy or live
vaccines, and renal or hepatic impairment. Treatment cycles
were scheduled to be repeated every 3 weeks in the
absence of prohibiting toxicity or tumor progression for a
maximum of six cycles, and followed by a weekly single-
agent maintenance therapy of tomuzotuximab (720 mg,
weekly) or cetuximab (250 mg/m2, weekly), respectively.
Evaluation of tumor size by computed tomography or
magnetic resonance imaging was scheduled every 6 weeks
after randomization. Toxicity was graded and recorded
following National Cancer Institute-Common Terminology
Criteria for Adverse Events (NCI-CTCAE version 4). In case of
relevant cisplatin-related toxicity switch to carboplatin was
possible. The study was conducted at 43 centers in Ger-
many, Belgium, France, Italy, Poland, Romania, Spain, and
the United States. The study protocol and all amendments
were approved by the appropriate ethics committee at each
center. The study was conducted in accordance with the
protocol, its amendments, and standards of good clinical
practice. All participants provided written informed consent
before enrollment.
Objectives, statistical considerations, and randomization

The primary objective of the study was to evaluate the ef-
ficacy and safety of tomuzotuximab as compared with
cetuximab, both in combination with platinum-based
chemotherapy in terms of progression-free survival (PFS).
Analysis was planned after 192 events to demonstrate an
increase in PFS from 5.6 to 8.4 months in the experimental
arm, corresponding to a hazard ratio of 0.67. Based on this
assumption 240 patients had to be randomized. Secondary
objectives were to evaluate further efficacy criteria, which
were best overall response rate, objective response rate,
clinical benefit rate, duration of response, OS, time to
treatment failure, safety, and quality of life (QoL) assessed
by EORTC-QLQ-C30 and EORTC-QLQ-H&N35. QoL was
assessed on day 1 of cycle 1, as well as on day 1 of cycles 3
and 5, 18 weeks after randomization and 28 days after last
treatment administration (safety visit). Further objectives
were to evaluate pharmacokinetic parameters and profiles
of tomuzotuximab and to assess efficacy and safety based
on genetic markers for immune response (FcgR allotypes).

The primary efficacy analysis for PFS as assessed by the
investigator was based on the intent-to-treat (ITT) popula-
tion. A 2-sided log-rank test was used to test the null hy-
pothesis of equal treatment effects at an overall significance
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Table 1. Patient characteristics

Arm A
(tomuzotuximab),
n [ 117

Arm B
(cetuximab),
n [ 123

Age, years 59.8 59.8
Sex, n (%)
Female 18 (15.4) 17 (13.8)
Male 99 (84.6) 106 (86.2)

K. Klinghammer et al. ESMO Open
level of .05. The KaplaneMeier method was used to esti-
mate the survival functions.

Randomization to tomuzotuximab versus cetuximab was
performed using a 1 : 1 ratio and was stratified by FcgRIIIa
status (FF or FV or VV), oral cavity and oropharynx versus
other locations, locally recurrent versus metastatic disease,
and EGFR treatment naïve versus EGFR treatment as part of
multimodal therapy.
Eastern Cooperative
Oncology Group, n (%)
0 22 (18.8) 26 (22)
1 95 (81.2) 96 (78)

Smoking status, n (%)
Nonsmoker 20 (17.1) 19 (15.4)
Former smoker 71 (60.7) 77 (62.6)
Active smoker 26 (22.2) 27 (22)

Primary tumor
localization, n (%)
Oral cavity 37 (31.6) 38 (30.9)
Oropharynx 41 (35) 46 (37.4)
Hypopharynx 13 (11.1) 15 (12.2)
Larynx 18 (15.4) 17 (13.8)
Other 8 (6.8) 7 (5.7)

Disease status, n (%)
Locally recurrent 52 (44.4) 57 (46.3)
Metastatic 65 (55.6) 66 (53.7)

p16 status, n (%)
Positive 17 (14.5) 15 (12.2)
Negative 91 (77.8) 104 (84.6)
Missing 9 (7.7) 4 (3.2)

FcgRIII allotype, n (%)
FF 44 (37.6) 48 (39)
FV 55 (47) 56 (45.5)
VV 18 (15.4) 19 (15.4)

Epidermal growth
factor receptor, n (%)
Treatment naïve 106 (90.6) 114 (92.7)
Pretreated as part of
multimodality treatment

11 (9.4) 9 (7.3)
RESULTS

Between 27 February 2014 and 25 January 2016, a total of
321 patients were screened, of whom 81 (25.2%) failed
screening. A total of 240 patients were randomly allocated
to either arm A (tomuzotuximab 117 patients) or arm B
(cetuximab 123 patients), which constituted the ITT popu-
lation. Patient characteristics are summarized in Table 1.

Overall, there were slightly more patients with metastatic
disease than locally recurrent disease (54.6% versus 45.4%),
and more than two-thirds of the population had their pri-
mary tumor in the oral cavity or oropharynx (67.9%) rather
than other locations (32.1%). The majority of patients were
EGFR treatment naïve (91.7%). The most frequently
observed FcgRIIIa allotypes were the FV (46.3%) and FF
(38.3%), with relatively few patients having the VV allotype
(15.4%).

Overall, 169 patients (78 in arm A and 91 in arm B)
experienced disease progression during the study (Figure 1).
In both treatment groups, the most frequently reported
reason for discontinuation other than progressive disease
was an adverse event (AE): 19 and 17 patients in arms A
and B, respectively. Furthermore, no statistical difference
between the two arms was observed with regard to cu-
mulative platinum dosage or percentage of patients
switched to carboplatin.

Comparison of the two treatment groups with regard to
PFS showed no statistically significant difference between
treatments (P ¼ 0.86). Median PFS was 6.5 months [95%
confidence interval (CI) 5.9-7.9 months] in arm A and 6.2
months (95% CI 5.8-7.3 months) in arm B (Figure 2A).

Based on the investigator assessment of response, an
objective response was observed in 44.4% of patients (95%
CI 35.4%-53.4%) in the tomuzotuximab group and 46.3% of
patients (95% CI 37.5%-55.5%) in the cetuximab group (P ¼
0.77). Furthermore, no statistical difference was observed
for clinical benefit rates [75.2% (95% CI 67.4%-83.0%) versus
76.4% (95% CI 68.9%-83.9%)] or duration of response [26.1
weeks (arm A) compared with 30.1 weeks (arm B)] nor for
best overall response rate. The median OS estimate was
11.6 months (95% CI 9.5-17.2 months) in the tomuzotux-
imab group, numerically lower than in the cetuximab group
(13.8 months; 95% CI 12.3-16.4 months; P ¼ 0.96;
Figure 2B).

Interestingly the subgroup of 32 (13.3%) p16-positive
patients showed a significantly longer OS compared with
195 (81.3%) p16-negative patients (hazard ratio 1.86; 95%
CI 1.09-3.16; P ¼ 0.02), a difference which, although not
formally analyzed, appeared to remain in the 17 patients
Volume 6 - Issue 5 - 2021
under treatment with tomuzotuximab but not in the 15
patients under treatment with cetuximab. For patients who
were p16 positive, the median OS was 23.2 months in the
tomuzotuximab group, compared with 16.4 months in the
cetuximab group. By contrast, for p16-negative patients,
median OS was 9.8 months in the tomuzotuximab and 13.0
months in the cetuximab group (Figure 3).

The study stratified for FcgRIIIa allotypes based on pre-
clinical data showing an increased ADCC for the V allotype.
No difference in efficacy based on the different FcgRIIIa
allotypes has been observed (data not shown). As seen with
efficacy data no differences were detected for QoL between
the two treatment arms (Supplementary material, available
at https://doi.org/10.1016/j.esmoop.2021.100242). Con-
cerning safety, no new safety signals were detected. Almost
all patients experienced an AE during study treatment
(99.2%). An overall summary of the serious adverse events
(SAEs) detected in more than three study participants is
given in Table 2. Serious AEs were reported in 148 patients
overall (62.4%); a total of 164 SAEs were reported in 70
patients (60.9%) in arm A, with 181 SAEs in 78 patients
(63.9%) in arm B. Among these, 20 patients (17.4%) in the
tomuzotuximab group and 14 patients (11.5%) in the
https://doi.org/10.1016/j.esmoop.2021.100242 3
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Still on Treatment
(n = 4)

Screened
(n = 321)

Randomized
(n = 240)

Screening failed
(n = 81)

Treated
(n = 115)

Progressed
(n = 78)

Tomuzotuximab
(n = 117)

Treated
(n = 122)

Progressed
(n = 91)

Cetuximab
(n = 123)

Still on Treatment
(n = 3)

Figure 1. Patients’ distribution.
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cetuximab group died due to treatment-emergent AE. These
were mainly infectious, including sepsis (n ¼ 10), cardiac or
vascular events (n ¼ 9), or hemorrhage (n ¼ 8) next to less
frequent causes. While the incidence of AEs was generally
comparable between the two treatment groups, there was
a marked disparity in the incidence of IRRs. The most
frequently reported IRR in arm A was chills, reported in 25
patients (21.7%), compared with two patients (1.6%) in arm
B. The incidence of patients who remained on cisplatin
treatment rather than switching to carboplatin was com-
parable in arm A (80.0%) and the cetuximab group (81.1%).

DISCUSSION

In the RESGEX study, a randomized phase II study, the glyco-
optimized monoclonal antibody did not improve PFS
compared with cetuximab with a common chemothera-
peutic backbone. Furthermore, other parameters of efficacy
and subgroup analyses showed no differences between the
two treatment arms. Remarkable were the relatively high
response and OS rates compared with the previously pub-
lished data in the EXTREME trial.3 This phenomenon is in line
with the results of the recent TPEx trial, where also unex-
pectedly high response and survival data were observed in
both study arms.6 It remains elusive whether this is a phe-
nomenon by chance, as we did not observe any differences
in the KEYNOTE-048 trial control group compared with the
EXTREME study population, or whether improved manage-
ment of comorbidities and toxicities has led to improved
outcome.5 An additional explanation for the favorable results
might be the prerequisite of cisplatin eligibility in the TPEx
study, which might have excluded patients with relevant
comorbidities. Furthermore, the patient population of the
original EXTREME trial was slightly different from the RESGEX
study, especially with regard to inclusion of patients with
ECOG status 2 in the former trial, which accounted for 12%.
4 https://doi.org/10.1016/j.esmoop.2021.100242
Those factors need to be taken into consideration for data
interpretation and future trial planning.

p16 positivity has been established as a prognostic
marker in the curative setting. In the metastatic setting this
role remains less clear.16 Within the RESGEX study an
exploratory analysis showed that the small subgroup of
p16-positive patients had a significantly longer OS
compared with p16-negative patients.

The study stratified for FcgRIIIa allotypes based on pre-
clinical data of increased ADCC for the V allotype. However,
there was no difference in efficacy based on the different
FcgRIIIa allotypes. Possible reasons are the amelioration of
ADCC due to the combination with chemotherapy.
Furthermore, diminished immune reactivity in the advanced
course of disease might be another possible reason for the
lack of expected activity.17

The safety and tolerability of tomuzotuximab in combi-
nation with chemotherapy (5-FU and cisplatin) were similar
to those of cetuximab in this study, although an expected
increase in the incidence of IRRs was observed relative to
cetuximab treatment, driven largely by the incidence of
chills. No new safety signals or trends were noted.

The RESGEX study therefore failed to demonstrate an
improved efficacy with tomuzotuximab. It remains an
interesting so far unanswered question whether the
chemotherapeutic backbone diminished the suggested
accelerated immune response and a glyco-optimized
monoclonal antibody will partner better with agents such
as a checkpoint inhibitor in an earlier course of the disease.

FUNDING

The study had been designed by senior author of this report
together with the sponsor Glycotope, who also provided
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data analysis, data interpretation, and writing of the report.
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Figure 2. KaplaneMeier curves according to anti-EGFR treatments (ITT population).
(A) Progression-free survival (PFS): a multivariate Cox proportional hazards model, adjusted for the stratification factors, showed a hazard ratio of 1.000 (95% CI 0.736-
1.359) for the comparison of PFS between the tomuzotuximab and cetuximab groups. (B) Overall survival: a multivariate Cox proportional hazards model, adjusted for
the stratification factors, showed a hazard ratio of 1.012 (95% CI 0.734-1.396) for the comparison of OS.
CI, confidence interval; EGFR, epidermal growth factor receptor; ITT, intent to treat.
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Figure 3. KaplaneMeier plot of overall survival by p16 status subgroup (ITT population).
For patients who were p16 positive, the median overall survival (OS) was 23.2 months in the tomuzotuximab group, compared with 16.4 months in the cetuximab group.
By contrast, for p16-negative patients, median OS was 9.8 months in the tomuzotuximab group and 13.0 months in the cetuximab group. The Cox regression model
showed a statistically significant difference in OS between the p16-negative patients and the p16-positive patients (hazard ratio 1.86, 95% confidence interval 1.09-3.16,
P ¼ 0.022).
ITT, intent to treat.

Table 2. Summary of the most frequently reported serious adverse events during the study (in ‡3 of the total patients)

System organ class/preferred term Tomuzotuximab
(N [ 115), n (%)

Cetuximab (N [ 122), n (%) Total (N [ 237), n (%)

Any serious adverse event 70 (60.9) 78 (63.9) 148 (62.4)
Infections and infestations 22 (19.1) 26 (21.3) 48 (20.3)
Pneumonia 12 (10.4) 9 (7.4) 21 (8.9)
Sepsis 3 (2.6) 7 (5.7) 10 (4.2)
Device-related infection 5 (4.3) 4 (3.3) 9 (3.8)
Lung abscess 0 3 (2.5) 3 (1.3)

Blood and lymphatic system disorders 20 (17.4) 17 (13.9) 37 (15.6)
Anemia 9 (7.8) 9 (7.4) 18 (7.6)
Neutropenia 8 (7.0) 7 (5.7) 15 (6.3)
Thrombocytopenia 2 (1.7) 4 (3.3) 6 (2.5)
Febrile neutropenia 3 (2.6) 2 (1.6) 5 (2.1)
Leukopenia 1 (0.9) 4 (3.3) 5 (2.1)

Metabolism and nutrition disorders 14 (12.2) 18 (14.8) 32 (13.5)
Dehydration 4 (3.5) 5 (4.1) 9 (3.8)
Hypomagnesaemia 4 (3.5) 5 (4.1) 9 (3.8)
Hypokalemia 3 (2.6) 4 (3.3) 7 (3.0)
Decreased appetite 2 (1.7) 3 (2.5) 5 (2.1)

General disorders and administration site conditions 13 (11.3) 14 (11.5) 27 (11.4)
General physical health deterioration 2 (1.7) 2 (1.6) 4 (1.7)
Device dislocation 1 (0.9) 2 (1.6) 3 (1.3)
Fatigue 2 (1.7) 1 (0.8) 3 (1.3)
Mucosal inflammation 3 (2.6) 0 3 (1.3)

Gastrointestinal disorders 11 (9.6) 9 (7.4) 20 (8.4)
Diarrhea 3 (2.6) 2 (1.6) 5 (2.1)
Nausea 3 (2.6) 2 (1.6) 5 (2.1)
Vomiting 2 (1.7) 2 (1.6) 4 (1.7)

Respiratory, thoracic, and mediastinal disorders 9 (7.8) 10 (8.2) 19 (8.0)
Pulmonary embolism 2 (1.7) 3 (2.5) 5 (2.1)
Nervous system disorders 5 (4.3) 8 (6.6) 13 (5.5)
Cerebrovascular accident 2 (1.7) 1 (0.8) 3 (1.3)
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