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Abstract

Objectives To evaluate the benefit of cetuximab (Cx) addition to platinum-based and 5-fluorouracil chemotherapy (PFU) in
unselected recurrent and/or metastatic head and neck cancer patients (R/MHNC) according to KRAS-LCS6 variant status.
Methods All patients who received at least two PFU + Cx cycles from 2004 to 2014 were retrospectively included into to
two distinct study periods according to Cx implementation: patients treated by PFU alone before 2009 and those treated by
PFU + Cx from 2009. Primary objective was to evaluate the progression-free survival (PFS) between the two groups. Second-
ary objectives were to analyze the overall survival (OS) between the two groups and the prognostic impact of KRAS-LCS6
variant. Factors associated with survival were determined by a Cox multivariate analysis including age, WHO performance
status (PS), type of treatment, KRAS-LCS6 variant, Charlson’s score and p16 status.

Results Overall, 134 patients were included: 59 (44%) in PFU group and 75 (56%) in PFU + Cx group. Baseline characteris-
tics were well balanced including 30% of patients with 2-3 PS. Median PFS was significantly improved in PFU + Cx group
compared to PFU group (6.1 vs 4.4 months, respectively, HR 0.68, p=0.02) and with a trend for better OS. A KRAS-LCS6
variant was found in 27 (25%) of samples without prognostic impact neither in whole population nor according to treatment.
In multivariate analysis, addition of Cx to PFU was the only factor significantly associated with a better PFS (p=0.01, HR
0.6).

Conclusion Our results suggest that PFU + Cx combination may be effective in unselected population of R‘MHNC regard-
less the KRAS-LCS6 variant status.

Keywords Recurrent and/or metastatic head and neck cancers - Cetuximab - Unselected population - KRAS-LCS6 -
Rs61764370 - Prognosis

Introduction

Despite intensive treatment including a combination of
surgery, radiotherapy and chemotherapy (CT), patients har-
boring head and neck squamous cell carcinoma (HNSCC)
have poor prognosis. Indeed, loco-regional recurrences are
observed in approximately 30-40% of patients treated pri-
marily in curative intent and these recurrences are frequently

Part of the results has been presented at the 2017 ESMO Annual
Meeting (Abstract 1081P Bastit et al).
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challenging to treat [1, 2]. Moreover, metastatic evolution
may also occur in about 10% of cases at diagnosis and in up
to 30% during follow-up [2, 3].

To date, treatment options in inoperable recurrent or
metastatic HNSCC (R/MHNC) are based on palliative CT
and best supportive care, with a 5-year overall survival (OS)
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rate of nearly 0% [4]. Platinum plus 5'fluorouracil combi-
nation (PFU) is still considered as the backbone of CT in
that setting [5]. Due to the involvement of the EGFR path-
way in HNSCC carcinogenesis [6], a randomized phase III
study in advanced HNSCC patients showed that cetuximab
(Cx)—a monoclonal antibody against EGFR—combined to
PFU leads to a significant improvement of 3-month OS com-
pared to CT alone [4]. Although PFUCx has become the new
standard of care for R‘/MHNC, a subgroup analysis of this
pivotal phase III trial suggested that only patients with Kar-
nofsky >80 may benefit from PFUCx combination, as for
patients treated by radiation + Cx for locally advanced HNC
[4, 7]. Thus, considering that patients are highly selected
before inclusion in clinical trials, the benefit of addition of
Cx to PFU in routine practice needs to be clarified.

Besides the overall efficacy of Cx, new insights in the
biology of HNSCC may help to identify predictive biomark-
ers of response to Cx [8]. The KRAS-LCS6 variant, a single
nucleoid polymorphism (SNP) located on the micro-ARN
(miRNA) let-7-binding site, has been recently described as
a potential predictive factor of Cx sensitivity in HNSCC [9].
Let-7 is a miRNA that acts as a KRAS inhibitor. In case of
KRAS-LCS6 variant, let-7 cannot bind the 3'UTR of KRAS,
leading to an up-regulation of KRAS expression and an
oncogenic addiction to EGFR pathway [10]. To date, the
predictive value of the presence of KRAS-LCS6 variant for
Cx efficacy has not been clearly established and conflicting
results are available in R/MHNC [9, 11-13].

In this context, the primary objective of the present retro-
spective study was to evaluate the impact on the prognosis of
PFUCx combination vs PFU alone in unselected R‘/MHNC
patients. Furthermore, we also assessed the impact of treat-
ment schedules according to KRAS-LCS6 variant status.

Patients and methods
Patients

This monocentric retrospective study included patients
treated as first line by at least two cycles of PFU + Cx
from 2004 to 2014 for R/MHNC. Patient characteristics
were systematically collected into their computerized
medical file before the start of treatment including age,
sex, comorbidities, alcohol and tobacco consumption,
the WHO performance status (PS), tumor location, TNM
stage and AJCC classification, and previous oncologic
treatment. A physical examination, laboratory test and
the monitoring of treatment-related toxicities were also
systematically performed and recorded at each visit. A
chest and abdominal CT scan was performed at baseline
and every 3 months during treatment. All patients signed a
form allowing conservation and analysis of tumor samples,
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and the study was approved by the Institutional Review
Board of the Henri Becquerel Centre (registering number
1605B).

Treatment

Patients were planned to be treated by six cycles of treat-
ment. The PFU protocol was delivered every 3 weeks and
consisted of the association of cisplatin (100 mg/m?) or car-
boplatin (area under curve or AUC 5 at mg/mL/min) at day 1
with 5'fluorouracil (5FU) in continuous infusion (1000 mg/
m?/day from day 1 to day 4). Cisplatin or carboplatin was
used at the discretion of the physician. As reported, the
PFUCx protocol was based on the PFU schedule associ-
ated with Cx infusion at initial dose of 400 mg/m? followed
by weekly infusion at 250 mg/m?. Dose modifications were
performed according to physician’s choice. Patients without
progression after six cycles of PFUT + Cx received mainte-
nance by Cx monotherapy at 500 mg/m? every 2 weeks until
disease progression, unacceptable toxicity or death.

P16 and KRAS-LCS6 variant determination

Tumor expression of p16 was determined with the CINtec®
Histology kit (Roche diagnostics, Switzerland). Tumor p16
staining was considered positive if a diffuse nuclear and
cytoplasmic staining was observed on at least 75% of tumors
cells.

For KRAS-LCS6 analysis, DNA was extracted on 10-um
section of paraffin-embedded from tumor and adjacent non-
tumoral tissues. After 12 h of paraffin dissolution at 70 °C
with the Maxwell® 16 FFPE Plus LEV DNA Purification
Kit (Promega Corp, Wisconsin, USA), extraction and puri-
fication were performed automatically by a DNA/RNA
Maxwell 16° (Ref AS2000) (Promega Corp, Wisconsin,
USA). Sample quality was assessed by spectrophotometric
analysis on Thermo Scientific™ NanoDrop™ One Spec-
trophotometers (Thermo Fisher Scientific, Massachusetts,
USA). Genotyping of KRAS-LCS6 3'UTR (rs61764370) was
performed by a first step of amplification by PCR followed
by a pyrosequencing analysis restricted on 146 bp of the
region of interest. PCR was realized with the GoldStar® Mix
kit (Eurogentec®, Belgium) on Eppendorf Mastercycler®
(Eppendorf, Germany). Forward primer was 5'-[Btn]-GTC
TCGAACTCCTGACCTCA-3' and reverse 3-TGGTGA
CTGGCATCTGGTAG-5'. Specificity of PCR products was
verified on agarose gel before pyrosequencing. Sequencing
was performed on a Pyromark Q24® (QIAGEN®, Germany)
with PyroMark Q24 Gold Q24 Reagents ® (QIAGEN®, Ger-
many) and the sequencing primer: 3'-ACAGGTTTATGA
GGCCAAGG-5'.
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Statistical analysis

The main objective of the study was to assess the progres-
sion-free survival (PFS) between PFUCx and PFU alone.
Secondary objectives were to analyze the overall survival
(OS) between PFUCx and PFU alone; and the impact of
KRAS-LCS6 variant in the whole population and accord-
ing to treatment arm. For the purpose of the study, patients
were divided into two study periods according to Cx use in
routine practice. The PFU group corresponded to patients
treated from 2004 to 2009 and PFUCx group corresponded
to those treated from 2009 to 2014. Considering that the
pivotal trial [4] reported a 23% difference in 6-month PFS in
PFUCx group compared to PFU alone, at least 122 patients
needed to be included in our study to observe similar dif-
ference, assuming a 5% alpha risk and a 20% beta risk. The
PFS was defined as time between the date of first cycle of
CT and the date of progression or death, and OS was defined
as time between the date of first cycle of CT and the date
of death from any cause. Survival curves were realized by
Kaplan—Meier method and compared by log-rank test. Uni-
variate analyses tested the influence on the prognosis of Cx
addition, PS, age, Charlson’s score, p16 status, KRAS-LCS6
status and, among patients receiving cetuximab, grade 2—-3
cutaneous toxicity. Multivariate analyses were performed by
Cox/ proportional hazards regression method. Qualitative
data were compared using the chi-square test and quantita-
tive data by Student’s ¢ test. Mean values were presented as
“mean [95% confidence interval (CI95)]” and median values
as “median (lowest value — highest value)”. P value <0.05
was considered significant. Statistical analyses were carried
out using the MedCalc Software© v12.1.4.0.

Results
Patients

A total of 134 patients was included: respectively, 59 (44%)
treated by PFU between 2004 and 2009 and 75 (56%) treated
by PFUCx between 2009 and 2014. Patient characteristics
are summarized in Table 1, showing that the two groups
were well balanced except for the inclusion of older patients
with a higher Charlson’s score in PFUCx group [respec-
tively, 57.9 (56.3-59.5) vs 54.8 (52.7-56.8) p=0.02; and
7 (6.6-7.4) vs 6.3 (5.7-6.9), p=0.05]. First-line palliative
chemotherapy was mostly indicated for metastatic evolution
(80%), rather than for non-curable loco-regional evolution
(20%). Overall, 30% of the patients had a performance sta-
tus of 2 or more. There was also a non-significant trend for
more oropharyngeal cancer in PFUCx group (p =0.07). Of
note, most of the patients had an alcohol-tobacco addiction,
while a p16 tumoral expression was observed in 14 of the

110 evaluable cases (13%) with no difference between the
two groups of treatment (six patients (9.3%) in the PFUCx
arm and eight (17.4%) in the PFU arm, p=0.3). Overall
biological samples were available for 110/134 of the patients
(82%) and were equally distributed between the two treat-
ment groups [64 (84%) in PFUCx group and 46 (78%) in
PFU group (p=0.4)].

Effect of the addition of cetuximab to a PFU
chemotherapy

In univariate analysis, median PFS in the whole popula-
tion was 5 months (1.5-32.2), with a significant better PFS
in the PFUCx group compared to the PFU group (6.1 vs
4.4 months respectively, HR 0.68 CI95 (0.5-0.97), p=0.02,
Fig. 1a and Table 2). Median OS in the whole population
was 9.5 months (1.6-44). OS seems better for patients
treated by PFUCx compared to PFU alone although this
difference did not reach significativity [median OS of 11.1
months vs 9.1, respectively, HR 0.8 CI95 (0.6-1.1), p=0.2,
Fig. 1b].

A performance status of 0—1 compared to 2-3, an age
<55, a Charlson’s score <6 or a tumoral pl6 expression
was not related to a better outcome in PFS (Table 2). How-
ever, patients with PS O or 1 had a trend of better OS com-
pared to patients with PS 2 or 3 [median OS of 11.2 months
(1.6-44.1) vs 8.8 (1.8-37.3) respectively; HR 1.43 CI95
(0.9-2.2) p=0.06].

Among the patients treated by PFUCX, a grade 2-3 cuta-
neous reaction was associated with a significantly better
PFS [HR 0.6 CI95 (0.4-0.9) p=0.008; Fig. 1 c and Table 2)
and a non-significant trend over a better OS [HR 0.7 CI95
(0.4-1.1) p=0.1; Fig. 1d].

KRAS-LCS6 prevalence and relation to outcome
under PFU or PFUCx

Among the 110 cases available, 27 (25%) had a KRAS-
LCS6 variation. There was a 100% concordance between
the non-tumoral and matched tumoral samples for the
KRAS-LCS6 status, i.e. all the KRAS-LCS6 variations
were related to constitutive variants and not to somatic
mutations. Patient characteristics are summarized in sup-
plementary table. No significant difference was observed
for KRAS-LCS6 status according to patient characteristics
or tumoral p16 expression. Overall, 17/27 patients (63%)
with KRAS-LCS6 variant were treated by PFUCx while the
others were treated by PFU. In the whole population, no
difference neither in PFS nor in OS was observed between
patients with KRAS-LCS6 variant and the others (respec-
tively, 6.1 months vs 4.8 p=0.7; Table 2 for PFS and
9.3 months vs 8.1; p=0.8, for OS). Furthermore, KRAS
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Table 1 Demographic and
tumoral characteristics of

PFUCXx +56% (n=175) PFU 44% (n=59) Significance, p

patients treated by PFUCx or
PFU

Male
Age
Tobacco use
Alcoholic addiction
Initial cancer location
Oral cavity
Oropharynx
Hypopharynx
Larynx
Primitive adenopathy
Stage AJCC 1
11
I
IVa
IVb
IVc
Previous treatment received
Neoaduvant CT
Surgery
Surgery +po RT
Surgery +po RTCT
RT
RTCT
None
Indication of palliative care
Non-curable LR evolution
Metastatic evolution
Metastatic and LR evolution
Performance status
OMS: 0
OMS: 1
OMS: 2
OMS: 3
Charlson score (mean)
Albumin g/L (mean)

85% 83% n.s.
57.9 (56.3-59.5) 54.8 (52.7-56.8) 0.02
97% 97% n.s.
87% 95% n.s.
26% 31% n.s.
40% 24% 0.07
23% 35% n.s.
4% 5.08% n.s.
8% 6.78% n.s.
0 0

4% 7% n.s.
8% 8% n.s.
51% 49% n.s.
13% 15% n.s.
24% 20% n.s.
8% 3% n.s.
1% 5% n.s.
17% 24% n.s.
36% 24% n.s.
4% 5% n.s.
15% 20% n.s.
27% 22% n.s.
16% 25% n.s.
56% 49% n.s.
28% 25% n.s.
21% 20% n.s.
51% 47% n.s.
25% 27% n.s.
3% 5% n.s.
7 (6.6-7.4) 6.3 (5.7-6.9) 0.05
41.2 (40.4-42) 40 (38.8-41.2) n.s.

n.s. Non-significant, CT chemotherapy, RT radiotherapy, RTCT radio and chemotherapy, Po post-operative,

LR loco-regional

status was not related to a peculiar outcome neither for
patients exposed to PFUCx (Fig. 2c, d) nor for patients
exposed to PFU (not shown).

Multivariate analysis
In a multivariate analysis including PS > 2, addition of
Cx, KRAS status, Charlon’s score, p16 status and age >55

as variables, addition of Cx to PFU was the only factor
related to a better PFS (p=0.01, Table 2).
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Discussion

The present retrospective study was based on a historical
comparison including 134 unselected metastatic or recur-
rent HNSCC patients. Our results showed that PFUCx
combination was associated with a significant improve-
ment in PFS compared to PFU alone regardless of KRAS-
LC6 variant status. Moreover, considering the degree of
related comorbidities and that 30% of patients had a PS
2-3, these findings support that adding Cx may also be
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Table 2 ?rognostic fa'ctors of Variables Univariate analysis Multivariate analysis®
progression-free survival
HR 95% CI P value HR 95% CI P value
Addition of Cx 0.68 0.5-0.97 0.02 0.6 0.4-0.9 0.01
PS <1 1 0.7-14 0.9 1.1 0.7-1.6 0.8
Age <55 1.2 0.8-1.7 0.3 1.2 0.8-1.8 0.3
Charlson’s score <6 1.10 0.8-1.6 0.6 1.2 0.8-1.9 0.4
P16+? 0.9 0.5-1.6 0.7 0.7 0.4-1.3 0.3
KRAS-LCS6* 0.9 0.6-1.4 0.7 0.9 0.5-14 0.5
Grade 2-3 cutaneous 0.6 0.4-0.9 0.008 NI

reaction to Cx"

Cx cetuximab, PS performance status, NI not included in the model

*Analysis on the 110 cases with histological data available

®Analysis on 75 patients treated by cetuximab

considered as a relevant option in this frail population. To
our knowledge, although some retrospective studies have
already reported the effect of PFUCx regimen in unse-
lected patients (Table 3), none of them used a PFU control
arms as in our work and their sample size was also rela-
tively smaller than in our study (n=21 and 22) [14, 15].
Interestingly, results of the prospective observational study
of real-life exposure to the PFUCx regimen (ENCORE
study) were presented at the 2018 ESMO congress. Among

the 221 patients treated by a PFUCx-based regimen, com-
parable results to ours were observed (Le Tourneau et al.
Abstract 1057).

Of course, the retrospective design of our study may
induce some bias. Some very frail patients were unable to
be a candidate to chemotherapy limiting the “unselected”
character of our study; furthermore, patients who refused
chemotherapy could be a significant part of the R/M SCCHN
population [8]. This study cannot replace a prospective
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Fig.2 Survival analysis
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randomized study, but such comparative study is hardly
feasible since Vermorken’s results, especially due to ethi-
cal aspect. Thus, only an indirect comparison of historical
cohorts could assess the impact of cetuximab addition. Of
note, beside addition of cetuximab to PFU, no other major
change in R/MHNSCC management occurred between 2004
and 2014, including in supportive care treatment. Further-
more, no patient in the PFUCx was included in a clinical
trial nor received immunotherapy.

Likewise the slight differences in baseline characteris-
tics between PFU and PFUCx groups cannot explain the
PFES difference since patients who received PFUCx were
older (p =0.02) and had more comorbidities (p =0.05)
compared to patients receiving PFU. Moreover, our
results are similar to those already published by Ver-
morken et al. [4] who reported a PFS improvement from
3.3 to 5.6 months after the addition of Cx, HR =0.54
CI195(0.43-0.67), p <0.001. Regarding OS, we observed
a non-significant difference favoring PFUCX, in line with
Vermorken study. Of note, considering our sample size
and the 0.8 HR observed in Vermorken trial, our analysis
was not powered to detect a statistically significant differ-
ence in OS. Furthermore, the presence of a PS 2-3 popula-
tion can lower the OS results, but it was precisely the aim
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Overall Survival (months)

of the study to confirm the effectiveness of this protocol in
a non-selected population and, therefore, in worse general
condition.

Baseline characteristics of this cohort are similar to those
described in that setting [1]. The trend toward an increased
proportion of oropharyngeal cancer in PFUCx group vs
PFU group (40% and 24%, respectively, p=0.07) can be
explained by the worldwide increase of oropharyngeal can-
cer incidence in the meantime [1, 3]. Indeed, median year of
inclusion of the PFU group was 2007 compared to 2012 for
PFUCx group. Of note, pl16 tumoral expression was com-
parable in both groups limiting potential bias in survival
analysis.

Currently, the severity of skin reaction induced by Cx is
the only established marker of good response to this mono-
clonal antibody. Herbst et al. were the first to describe this
association in the phase II trial which tested the PFUCx
schedule [19]. In the present study, even if its retrospective
design may have generated biases for skin toxicity monitor-
ing, our results confirmed the predictive value of skin reac-
tion under Cx (p=0.008). Of note, this observation remains
useless due to the lack of pre-therapeutic test, and the iden-
tification of a predictive biomarker of Cx efficiency is still
an unmet need.
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The KRAS-LCS6 variant was first described in 2008 as
a risk factor for non-small cell lung cancer by Chin et al.
[10]. This constitutive variation is observed in 15-30%
of the population, which is comparable to the 25% found
in our cohort. Following conflicting results regarding a
possible association between KRAS-LCS6 variant and can-
cer incidence, a large study analyzed 513 HNSCC cancer
cases and 537 controls [12], and two recent meta-analy-
ses including various primary tumors (breast, colorectal,
lung, ovary, head and neck) did not find any relationship
between KRAS-LCS6 variant and cancer incidence [20,
21].

In contrast, the prognostic role of KRAS-LCS6 variant
is still debated. While Smits et al. [22] reported a better
prognosis in early colorectal cancer patients harboring the
variant (n=409), Graziano et al. [23] found a worse prog-
nostic of the variant in advanced colorectal cancer (n=134).
Among gynecologic cancers, a large study including 15,357
ovarian cancers and 37,640 breast cancers did not find any
association between KRAS-LCS6 and OS [24]. Concerning
HNSCC, de Ruyck et al. [11] found a better survival in case
of KRAS-LCS6 variant in oropharyngeal cancers (n=122),
while Christensen et al. [12] reported a worse prognosis in
oral cavity cancer patients harboring this variant and no
effect on survival in pharyngeal cancer (n=344).

More recently, a small retrospective study on 26 R/M
HNSCC patients treated by PFUCx reported a better PFS
in KRAS-LCS6 variant patients treated by Cx (p=0.03)
compared to non-variant group (p=0.57) [9]. In localized
disease, an ad hoc analysis of the RTOG 0522 study inves-
tigated response to Cx according to KRAS status in HNSCC
patients treated by radiotherapy + cisplatin + Cx (n=413).
In this study, patients treated by Cx and harboring a KRAS-
LCS6 variant had a better PFS at 1 year (p =0.04) but not
thereafter (p =0.28), and a better OS at 2 years (p =0.03)
but not thereafter (p =0.23), while there was no benefit of
Cx in non-variant group [13]. These results are hardly com-
parable to ours, since the populations were different (cur-
able HNSCC treated by multimodal therapies vs metastatic
HNSCC treated by chemotherapy only). Furthermore, Wei-
dhass et al. [13] results are positive only at early time but
not thereafter which may indicate that the influence of the
KRAS-LCS6 variant is probably low and may disappear in
R/M disease. In our study and whatever the location, KRAS-
LCS6 variant was not associated with a peculiar outcome
neither in OS (p=0.6) nor PFS (p=0.7). Although the num-
ber of patients with KRAS LCS6 remains relatively low in
our study, it is higher than that of Chung et al. [9] which pre-
sented only seven patients mutated and treated with cetuxi-
mab. Moreover, their results on these few cases have never
been confirmed or reversed in the same population. Taken
together, all these findings hardly support a potential clinical
usefulness of the KRAS-LCS6 variant in HNSCC.

@ Springer

Moreover, at a biological level, if the effects of this
genetic polymorphism are still discussed, most in vivo stud-
ies found a link between KRAS-LCS6 variant and hyper-
expression of KRAS [9, 10, 25]. Lack of binding of miR Let7
within the RNA-induced silencing complex (RISC) and the
KRAS mRNA would induce a loss of negative control over
KRAS synthesis. This lack of Let7 fixation is associated
with a decrease of Let7 level in variant cell lines [26]. There-
fore, more than KRAS amount itself, loss of Let7 and of its
other regulatory activities on mRNA (cMyc, CDK4-6, BAX2
...) could explain the abnormalities observed in KRAS-LCS6
variant cells. Thus, therapies targeting the KRAS pathway
may not be efficient in tumors harboring these alterations.
Whatever, as shown in our work, hypotheses made on bio-
logical data need to be confirmed at HNSCC patient level.

Conclusion

This retrospective study confirmed the effectiveness of the
PFUCx protocol on PFS in an unselected population of R/M
HNSCC patients and regardless of KRAS-LCS6 variant. Pre-
dictive factors of response to Cx are still awaited according
to the overall small benefit and the cost of this treatment.

Acknowledgements The authors are grateful to Dr. M Bubenheim for
his help in statistics and to Dr. T. Ducastelle for his help in collecting
histological samples.

Funding This is an academic research. Funding was provided by the
Department of Medical Oncology of the Centre Henri Becquerel.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Rettig EM, D’Souza G (2015) Epidemiology of head and neck
cancer. Surg Oncol Clin 24:379-396. https://doi.org/10.1016/j.
50¢.2015.03.001

2. Pignon J-P, Maitre A le, Maillard E, Bourhis J (2009) Meta-anal-
ysis of chemotherapy in head and neck cancer (MACH-NC): an
update on 93 randomised trials and 17,346 patients. Radiother
Oncol 92:4-14. https://doi.org/10.1016/j.radonc.2009.04.014

3. Marur S, Forastiere AA (2008) Head and neck cancer: changing
epidemiology, diagnosis, and treatment. Mayo Clin Proc 83:489—
501. https://doi.org/10.4065/83.4.489

4. Vermorken JB, Mesia R, Rivera F, Remenar E, Kawecki A, Rot-
tey S, Erfan J, Zabolotnyy D, Kienzer H-R, Cupissol D, Peyrade
F, Benasso M, Vynnychenko I, De Raucourt D, Bokemeyer C,
Schueler A, Amellal N, Hitt R (2008) Platinum-based chemo-
therapy plus cetuximab in head and neck cancer. N Engl J Med
359:1116-1127. https://doi.org/10.1056/NEJM0a0802656

5. Forastiere AA, Metch B, Schuller DE, Ensley JF, Hutchins LF,
Triozzi P, Kish JA, McClure S, VonFeldt E, Williamson SK


https://doi.org/10.1016/j.soc.2015.03.001
https://doi.org/10.1016/j.soc.2015.03.001
https://doi.org/10.1016/j.radonc.2009.04.014
https://doi.org/10.4065/83.4.489
https://doi.org/10.1056/NEJMoa0802656

European Archives of Oto-Rhino-Laryngology (2019) 276:541-550

549

10.

11.

12.

13.

14.

15.

(1992) Randomized comparison of cisplatin plus fluorouracil
and carboplatin plus fluorouracil versus methotrexate in advanced
squamous-cell carcinoma of the head and neck: a Southwest
Oncology Group study. J Clin Oncol 10:1245-1251

Feldman R, Gatalica Z, Knezetic J, Reddy S, Nathan C-A, Javadi
N, Teknos T (2016) Molecular profiling of head and neck squa-
mous cell carcinoma. Head Neck 38:E1625-E1638. https://doi.
org/10.1002/hed.24290

Bonner JA, Harari PM, Giralt J, Cohen RB, Jones CU, Sur RK,
Raben D, Baselga J, Spencer SA, Zhu J, Youssoufian H, Rowinsky
EK, Ang KK (2010) Radiotherapy plus cetuximab for locoregion-
ally advanced head and neck cancer: 5-year survival data from
a phase 3 randomised trial, and relation between cetuximab-
induced rash and survival. Lancet Oncol 11:21-28. https://doi.
org/10.1016/S1470-2045(09)70311-0

van der Linden N, Buter J, Pescott CP, Lalisang RI, de Boer JP, de
Graeff A, van Herpen CML, Baatenburg de Jong RJ, Uyl-de Groot
CA (2016) Treatments and costs for recurrent and/or metastatic
squamous cell carcinoma of the head and neck in the Netherlands.
Eur Arch Otorhinolaryngol 273:455-464. https://doi.org/10.1007/
s00405-015-3495-y

Chung CH, Lee JW, Slebos RJ, Howard JD, Perez J, Kang H, Fer-
tig EJ, Considine M, Gilbert J, Murphy BA, Nallur S, Paranjape
T, Jordan RC, Garcia J, Burtness B, Forastiere AA, Weidhaas
JB (2014) A 3’-UTR KRAS-variant is associated with cisplatin
resistance in patients with recurrent and/or metastatic head and
neck squamous cell carcinoma. Ann Oncol 25:2230-2236. https
://doi.org/10.1093/annonc/mdu367

Chin LJ, Ratner E, Leng S, Zhai R, Nallur S, Babar I, Muller
R-U, Straka E, Su L, Burki EA, Crowell RE, Patel R, Kulkarni
T, Homer R, Zelterman D, Kidd KK, Zhu Y, Christiani DC,
Belinsky SA, Slack FJ, Weidhaas JB (2008) A SNP in a let-7
microRNA complementary site in the KRAS 3'UTR increases
non-small cell lung cancer risk. Cancer Res 68:8535-8540. https
://doi.org/10.1158/0008-5472.CAN-08-2129

De Ruyck K, Duprez F, Ferdinande L, Mbah C, Rios-Velazquez E,
Hoebers F, Praet M, Deron P, Bonte K, Speel E-J, Libbrecht L, De
Neve W, Lambin P, Thierens H (2014) A let-7 microRNA poly-
morphism in the KRAS 3’-UTR is prognostic in oropharyngeal
cancer. Cancer Epidemiol 38:591-598. https://doi.org/10.1016/j.
canep.2014.07.008

Christensen BC, Moyer BJ, Avissar M, Ouellet LG, Plaza SL,
McClean MD, Marsit CJ, Kelsey KT (2009) A let-7 microRNA-
binding site polymorphism in the KRAS 3’ UTR is associated with
reduced survival in oral cancers. Carcinogenesis 30:1003—-1007.
https://doi.org/10.1093/carcin/bgp099

Weidhaas JB, Harris J, Schaue D, Chen AM, Chin R, Axelrod R,
El-Naggar AK, Singh AK, Galloway TJ, Raben D, Wang D, Mat-
thiesen C, Avizonis VN, Manon RR, Yumen O, Nguyen-Tan PF,
Trotti A, Skinner H, Zhang Q, Ferris RL, Sidransky D, Chung CH
(2017) The KRAS-variant and cetuximab response in head and
neck squamous cell cancer: a secondary analysis of a randomized
clinical trial. JAMA Oncol 3:483-491. https://doi.org/10.1001/
jamaoncol.2016.5478

Lynggaard CD, Therkildsen MH, Kristensen CA, Specht L (2015)
The EXTREME regimen for recurrent/metastatic head and neck
squamous cell carcinoma (R/M HNSCC): treatment outcome in
a single institution cohort. Acta Oncol 54:1071-1075. https://doi.
org/10.3109/0284186X.2014.964308

de Mello RA, Ger6s S, Alves MP, Moreira F, Avezedo I, Dinis J
(2014) Cetuximab plus platinum-based chemotherapy in head and
neck squamous cell carcinoma: a retrospective study in a single
comprehensive European cancer institution. PloS One 9:e86697.
https://doi.org/10.1371/journal.pone.0086697

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Chang PM-H, Hsieh Y-Y, Chen M-H, Tzeng C-H, Chu P-Y, Chang
S-Y, Chen P-M, Yang M-H (2010) Cetuximab-based therapy in
recurrent/metastatic head and neck squamous cell carcinoma:
experience from an area in which betel nut chewing is popular.
J Chin Med Assoc 73:292-299. https://doi.org/10.1016/S1726
-4901(10)70064-2

Yoshino T, Hasegawa Y, Takahashi S, Monden N, Homma A,
Okami K, Onozawa Y, Fujii M, Taguchi T, Blas B de, Beier F,
Tahara M (2013) Platinum-based chemotherapy plus cetuximab
for the first-line treatment of Japanese patients with recurrent
and/or metastatic squamous cell carcinoma of the head and neck:
results of a phase II trial. Jpn J Clin Oncol 43:524-531. https://
doi.org/10.1093/jjco/hyt034

Soulieres D, Aguilar JL, Chen E, Misiukiewicz K, Ernst S, Lee
HJ, Bryant K, He S, Obasaju CK, Chang S-C, Chin S, Adkins D
(2016) Cetuximab plus platinum-based chemotherapy in head and
neck squamous cell carcinoma: a randomized, double-blind safety
study comparing cetuximab produced from two manufacturing
processes using the EXTREME study regimen. BMC Cancer 16:.
https://doi.org/10.1186/512885-016-2064-0

Herbst RS, Arquette M, Shin DM, Dicke K, Vokes EE, Azarnia
N, Hong WK, Kies MS (2005) Phase II multicenter study of the
epidermal growth factor receptor antibody cetuximab and cisplatin
for recurrent and refractory squamous cell carcinoma of the head
and neck. J Clin Oncol 23:5578-5587. https://doi.org/10.1200/
JCO.2005.07.120

Ying H-Q, Wang F, He B-S, Pan Y-Q, Gao T-Y, Xu Y-Q, Li R,
Deng Q-W, Sun H-L, Wang S-K (2014) The involvement of Kras
gene 3’-UTR polymorphisms in risk of cancer and influence on
patient response to anti-EGFR therapy in metastatic colorectal
cancer: a meta-analysis. OncoTargets Ther 7:1487-1496. https://
doi.org/10.2147/0TT.S65496

Zhang S-Y, Shi J (2016) rs61764370 polymorphism of Kras and
risk of cancer in Caucasian population: a meta-analysis. J Cancer
Res Ther 12:699. https://doi.org/10.4103/0973-1482.147379
Smits KM, Paranjape T, Nallur S, Wouters KAD, Weijenberg MP,
Schouten LJ, van den Brandt PA, Bosman FT, Weidhaas JB, van
Engeland M (2011) A let-7 microRNA SNP in the KRAS 3'UTR
is prognostic in early-stage colorectal cancer. Clin Cancer Res
17:7723-7731. https://doi.org/10.1158/1078-0432.CCR-11-0990
Graziano F, Canestrari E, Loupakis F, Ruzzo A, Galluccio N,
Santini D, Rocchi M, Vincenzi B, Salvatore L, Cremolini C, Spoto
C, Catalano V, D’Emidio S, Giordani P, Tonini G, Falcone A,
Magnani M (2010) Genetic modulation of the Let-7 microRNA
binding to KRAS 3'-untranslated region and survival of metastatic
colorectal cancer patients treated with salvage cetuximab-iri-
notecan. Pharmacogenom J 10:458—464. https://doi.org/10.1038/
tpj.2010.9

Hollestelle A, Van Der Baan FH, Berchuck A, Johnatty SE,
Aben KK, Agnarsson BA, Aittomiki K, Alducci E, Andrulis
IL, Anton-Culver H, others (2016) No clinical utility of KRAS
variant rs61764370 for ovarian or breast cancer. Gynecol Oncol
141:386-401

Paranjape T, Heneghan H, Lindner R, Keane FK, Hoffman A,
Hollestelle A, Dorairaj J, Geyda K, Pelletier C, Nallur S, Martens
JW, Hooning MJ, Kerin M, Zelterman D, Zhu Y, Tuck D, Har-
ris L, Miller N, Slack F, Weidhaas J (2011) A 3'-untranslated
region KRAS variant and triple-negative breast cancer: a case-
control and genetic analysis. Lancet Oncol 12:377-386. https://
doi.org/10.1016/S1470-2045(11)70044-4

Crowley EH, Arena S, Lamba S, Di Nicolantonio F, Bardelli A
(2014) Targeted knock-in of the polymorphism rs61764370 does
not affect KRAS expression but reduces let-7 levels. Hum Mutat
35:208-214. https://doi.org/10.1002/humu.22487

@ Springer


https://doi.org/10.1002/hed.24290
https://doi.org/10.1002/hed.24290
https://doi.org/10.1016/S1470-2045(09)70311-0
https://doi.org/10.1016/S1470-2045(09)70311-0
https://doi.org/10.1007/s00405-015-3495-y
https://doi.org/10.1007/s00405-015-3495-y
https://doi.org/10.1093/annonc/mdu367
https://doi.org/10.1093/annonc/mdu367
https://doi.org/10.1158/0008-5472.CAN-08-2129
https://doi.org/10.1158/0008-5472.CAN-08-2129
https://doi.org/10.1016/j.canep.2014.07.008
https://doi.org/10.1016/j.canep.2014.07.008
https://doi.org/10.1093/carcin/bgp099
https://doi.org/10.1001/jamaoncol.2016.5478
https://doi.org/10.1001/jamaoncol.2016.5478
https://doi.org/10.3109/0284186X.2014.964308
https://doi.org/10.3109/0284186X.2014.964308
https://doi.org/10.1371/journal.pone.0086697
https://doi.org/10.1016/S1726-4901(10)70064-2
https://doi.org/10.1016/S1726-4901(10)70064-2
https://doi.org/10.1093/jjco/hyt034
https://doi.org/10.1093/jjco/hyt034
https://doi.org/10.1186/s12885-016-2064-0
https://doi.org/10.1200/JCO.2005.07.120
https://doi.org/10.1200/JCO.2005.07.120
https://doi.org/10.2147/OTT.S65496
https://doi.org/10.2147/OTT.S65496
https://doi.org/10.4103/0973-1482.147379
https://doi.org/10.1158/1078-0432.CCR-11-0990
https://doi.org/10.1038/tpj.2010.9
https://doi.org/10.1038/tpj.2010.9
https://doi.org/10.1016/S1470-2045(11)70044-4
https://doi.org/10.1016/S1470-2045(11)70044-4
https://doi.org/10.1002/humu.22487

550 European Archives of Oto-Rhino-Laryngology (2019) 276:541-550

Affiliations

Vianney Bastit"%?® . Nicolas Bon-Mardion? - Jean-Michel Picquenot®* - Vinciane Rainville* - Cristian Moldovan® -
Arnaud Francois® - Agnés Loeb’ - Sébastien Thureau® - Dorel Manu' - Fabrice Jardin® - Jean-Paul Marie? -
Fréderic Di Fiore** - Florian Clatot*>

Department of Head and Neck Surgery, Henri Becquerel Department of Biopathology, Rouen University Hospital, rue
Centre, rue d’Amiens, 76000 Rouen, France de Germont, 76000 Rouen, France

Department of Head and Neck Surgery, Rouen University Department of Biomedical Informatics, Henri Becquerel

Hospital, rue de Germont, 76000 Rouen, France Centre, rue d’Amiens, 76000 Rouen, France

3 Department of Biopathology, Henri Becquerel Centre, rue 8 Department of Radiation therapy, Henri Becquerel Centre,
d’Amiens, 76000 Rouen, France rue d’Amiens, 76000 Rouen, France

4 IRON Group, Normandy Centre for Genomic ®  Department of ENT and Head and Neck Surgery, Centre
and Personalized Medicine, Rouen University Hospital, Francois Baclesse, 3 rue du Général Harris, 14000 Caen,
UNIROUEN, Inserm U1245, rue de Germont, Normandie France

Université, 76000 Rouen, France

Department of Medical Oncology, Henri Becquerel Centre,
rue d’Amiens, 76000 Rouen, France

@ Springer


http://orcid.org/0000-0001-7394-1301

	Benefit of cetuximab addition to a platinum–fluorouracil-based chemotherapy according to KRAS-LCS6 variant in an unselected population of recurrent andor metastatic head and neck cancers
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Patients
	Treatment
	P16 and KRAS-LCS6 variant determination
	Statistical analysis

	Results
	Patients
	Effect of the addition of cetuximab to a PFU chemotherapy
	KRAS-LCS6 prevalence and relation to outcome under PFU or PFUCx
	Multivariate analysis

	Discussion
	Conclusion
	Acknowledgements 
	References


