
Contents lists available at ScienceDirect

Oral Oncology

journal homepage: www.elsevier.com/locate/oraloncology

PTEN loss is associated with resistance to cetuximab in patients with head
and neck squamous cell carcinoma

Nnamdi Ezea,1, Ju-Whei Leeb, Dong-Hua Yangc,2, Fang Zhud, Veronique Neumeistere,4,
Teresa Sandoval-Schaefera, Ranee Mehraf,3, John A. Ridgeg, Arlene Forastiereh,
Christine H. Chungi, Barbara Burtnessa,⁎

a Department of Medicine, Yale University School of Medicine and Yale Cancer Center, United States
bDepartment of Biostatistics and Computational Biology, Dana-Farber Cancer Institute, ECOG-ACRIN Biostatistics Center, United States
c Biosample Repository, Fox Chase Cancer Center, United States
dDepartment of Biostatistics, Fox Chase Cancer Center, United States
e Department of Pathology, Yale University School of Medicine, United States
fDepartment of Medical Oncology, Fox Chase Cancer Center, United States
g Department of Surgical Oncology, Fox Chase Cancer Center, United States
hDepartments of Medicine, Radiation Oncology and Otolaryngology, Sidney Kimmel Cancer Center, Johns Hopkins University, United States
iDepartment of Head and Neck-Endocrine Oncology, Moffitt Cancer Center, United States

A R T I C L E I N F O

Keywords:
Head and neck cancer
Cetuximab
PTEN
Biomarkers

A B S T R A C T

Introduction: Cetuximab, a monoclonal antibody to the epidermal growth factor receptor (EGFR), extends sur-
vival in combination with standard therapy in head and neck squamous cell carcinoma (HNSCC). However, as
effects are modest, and patients experience side effects, a biomarker to predict resistance and personalize
therapy is needed. Activation of signaling pathways downstream from receptor tyrosine kinases predicts re-
sistance to such therapies in other cancers. The most common abnormalities downstream from EGFR in HNSCC
are in the PI3K pathway, activated via loss of expression of the regulator PTEN, or via PI3K mutation. We studied
whether PTEN and/or PI3K abnormalities predict resistance to cetuximab.
Methods: Tumor PTEN and PIK3CA/PI3K p110α were analyzed in samples from subjects treated on two trials of
cetuximab-based therapy for patients with metastatic or recurrent HNSCC: E5397, a randomized trial of cisplatin
plus placebo versus cisplatin plus cetuximab; and NCI-8070, a randomized trial of cetuximab plus sorafenib
versus cetuximab. In situ quantification of PTEN and PI3K p110 α was performed using the AQUA™ method of
quantitative immunofluorescence. PI3KCA hot spot mutations were determined with BEAMing.
Results: For E5397, in multivariable analysis, PTEN expressing/PIK3CA WT patients tended to improve PFS with
cetuximab compared to placebo (N=48; HR=0.54, Wald p= 0.0502). High PTEN expression was significantly
associated with superior PFS among patients treated on NCI-8070 (N=37; HR=0.35, p=0.008).
Conclusion: Loss of PTEN expression may be associated with lack of benefit from cetuximab. This analysis is
limited by small sample size, and PTEN as a potential predictive biomarker merits validation in larger sample
sets.

Introduction

The epidermal growth factor receptor (EGFR) is overexpressed in
head and neck squamous cell carcinoma (HNSCC); such overexpression

is associated with advanced disease and reduced survival [1,2]. Dys-
regulation of EGFR signaling has been shown to stimulate tumor cell
proliferation, inhibit apoptosis, and promote angiogenesis and meta-
static spread [3]. Cetuximab, a chimeric immunoglobulin G1
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monoclonal antibody that competitively inhibits ligand binding to the
extra-cellular domain of the EGFR receptor, increases response and
survival in patients with recurrent and/or metastatic HNSCC when used
in combination with platinum-based chemotherapy [4–6]. In combi-
nation with radiotherapy, cetuximab also prolongs survival in patients
with locally advanced HNSCC, compared to radiotherapy alone [7]. The
clinical effects are modest, the agent is costly, and patients experience a
variety of side effects. Efficacy has also been demonstrated for tyrosine
kinase inhibitors which target either EGFR alone, or which have ac-
tivity across the HER family: these agents have however not been de-
monstrated to improve overall survival in unselected populations, and
are also associated with toxicity [8–11]. Thus, a biomarker which could
predict de novo resistance would be useful in personalizing therapy.

Although no biomarker has been demonstrated to predict resistance
to EGFR inhibition in HNSCC, successful strategies to identify sources of
resistance to receptor tyrosine kinase (RTK) inhibition in other solid
tumors have focused on activation of the signal transduction pathways
through which the target RTKs exert their effects. Cetuximab, in addi-
tion to its activity in HNSCC, is effective in metastatic colorectal cancer
[12]. In colorectal cancer, mutation in the downstream effectors of
EGFR signaling, K-ras and B-raf, has been shown to predict cetuximab
resistance [13–15]. Testing of these genomic markers is now standard
of care in metastatic colorectal cancer, and the 58% of colorectal cancer
patients who bear these mutations are not treated with cetuximab or
the EGFR-directed monoclonal antibody, panitumumab [16]. Activa-
tion of signaling streams downstream to targetable RTKs has been
shown to predict resistance in breast cancer as well [17]. Ras mutations
are uncommon in HNSCC and translation of these findings to head and
neck cancer has lagged [18,19]. Abnormalities in EGFR signaling which
are predicted to activate the PI3K/Akt/mTOR pathway have been re-
cognized, and are dominated by PTEN loss of expression/function and
by activating mutations in PIK3CA [20]. Phosphorylated Akt content is
inversely correlated with nuclear PTEN expression and approximately a
third of HNSCC exhibit loss of PTEN expression [21,22]. We reasoned
that a signature which reflected aberrancies in PTEN and PIK3CA ex-
pected to result in PI3K/Akt/mTOR pathway activation would predict
resistance to cetuximab, and wished to test this in tumor samples from
patients treated with or without cetuximab.

Methods

We analyzed tumor PTEN and PIK3CA/PI3K p110α in samples from
subjects treated on two trials of cetuximab-based therapy for patients
with metastatic/recurrent HNSCC.

Study population

The first cohort was drawn from patients enrolled on E5397, a co-
operative group, phase III randomized trial of cisplatin plus placebo
versus cisplatin plus cetuximab in recurrent or metastatic HNSCC; the
results have been previously reported [12]. E5397 enrolled 117 eligible
and evaluable patients from June 1999 to June 2001, of whom 57 were
randomized to the cetuximab-containing arm. Seventy patients in total
received cetuximab after 13 eligible placebo patients received cetux-
imab on progression. Quantitative immunohistochemistry was used to
analyze PTEN expression on specimens from 67 patients from this trial.
Additionally, 3 PIK3CA mutations (E542K and E545K in exon 9 and
H1047R in exon 20) were determined by BEAMing (Inostics, Heidel-
berg, Germany) on 52 patients in the E5397 cohort.

The second cohort was drawn from NCI-8070, a phase II rando-
mized trial of cetuximab plus sorafenib versus single agent cetuximab in
R/M HNSCC carried out at the Moffitt Cancer Center [23]. Fifty-six
patients were enrolled between July 2009 and October 2011, 52 of
whom received cetuximab, all at the standard dosing schedule of
400mg/m2 IV on day 1 followed by 250mg/m2 IV weekly. Expression
of PTEN and of the p110α catalytic subunit of PI3Kwere analyzed with

quantitative immunohistochemistry for 37 of these patients, on tumor
samples obtained, with Institutional Review Board approval, from the
Moffitt Cancer Center biosample repository.

Quantitative determination of immunofluorescence for PTEN expression in
the E5397 cohort

PTEN expression was determined by automated quantitative ana-
lysis (AQUA) on the PM-2000 (HistoRx, New Haven) as described
previously [24]. The PTEN antibody was selected from Cell Signaling
Technology (CST) based on published comparison of five optimized
antibodies for PTEN detection [25]. Additionally, all but CST exhibited
non-specific nuclear staining in negative controls. We derived a cut-
point generated in five HNSCC tissue microarrays, consisting of 371
HNSCC as well as 10 positive (small intestine, median AQUA score
2833.2) and 10 negative (breast and colon carcinoma, median AQUA
score 205.5) controls. A cut-point of 570 provided 100% specificity,
100% sensitivity, and identified 30% of the HNSCCs as PTEN null,
consonant with the literature. Slides were deparaffinized and blocked
for endogenous peroxidases; antigen retrieval was performed using
EDTA buffer at pH8. All potential non-specific binding sites were
blocked using bovine serum albumin. Slides were then incubated
overnight with primary antibodies against PTEN (1:100, CST, Cat.
9559) and cytokeratin in Da Vinci Green (Biocare Medical, PD900).
Counter-staining was performed with a secondary antibody (Alexa
Fluor 555 anti-mouse and Cy5 anti-rabbit), after which slides were
cover-slipped with nuclear visualization media (ProLong Gold Antifade
with DAPI-Invitrogen, Cat. P36931). Automated image capture was
performed with the HistoRx PM-2000 epifluorescent microscope using
the AQUAsition software package.

Quantitative determination of immunofluorescence for PTEN expression in
the NCI-8070 cohort

PTEN expression was determined using fluorescent IHC and auto-
mated quantitative analysis (AQUA) as described above. The con-
centration of primary antibody was 1:200 (CST, Cat. 9559). Thirty-
eight slides from 37 patients were analyzed with two control slides. The
AQUA score cut-point was 1177, representing the boundary between
the lowest and middle tertiles, consistent with our prior cut-point, to
permit translation to the wider dynamic range of the next-generation
PM2000 microscopy platform.

Table 1
PTEN/PIK3CA status by treatment arm, E5397 (among patients with specimens
available for marker analysis).

Treatment Arm Total

Cetuximab Placebo

N % N % N %

PIK3CA*

Mutant 1 4 1 4 2 4
Wild-type 25 96 25 96 50 96
Unknown 1 – 1 – 2 –

PTEN+

Null 11 35 12 33 23 34
Positive 20 65 24 67 44 66

PTEN/PIK3CA&

PTEN null/PIK3CA mut 12 35 13 33 25 34
PTEN pos/PIK3CA WT 22 65 26 67 48 66

* Fifty four specimens analyzed for PIK3CA.
+ Sixty-seven specimens analyzed for PTEN.
& Seventy-four specimens in total across PIK3Ca and PTEN analysis.
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Quantitative immunofluorescent determination of PI3 kinase p110α
expression in the NCI8070 cohort

PI3 kinase p110α expression was determined by AQUA in 37 ana-
lyzable patients, and in a cell line microarray. The slides were in-
cubated with primary antibodies against PI3 kinase p110α (1:100, CST,
Cat. 4249) and cytokeratin-diluted in Da Vinci Green (Biocare Medical,
PD900) over 24 h. Secondary antibody staining was performed and 2
control slides were stained alongside slides. Slides were cover-slipped
with nuclear visualization media, which was ProLong Gold Antifade
with DAPI (Invitrogen, Cat. P36931). Automated image capture was
performed with the HistoRx PM-2000 using the AQUAsition software
package. Images were validated for the presence of tumor (cores
showing<5% tumor area per field were excluded), before scoring and
analysis. An AQUA cut-point of 882 was chosen, reflecting the median
among the 37 patients on the NCI-8070 trial.

Identification of PIK3CA mutation in the ECOG 5397 cohort by BEAMing

BEAMing (Beads, Emulsification, Amplification, and Magnetics) is a
novel reliable technique for identifying mutant DNA [25]. Three hot-
spot PIK3CA mutations (E542K and E545K in exon 9 and H1047R in
exon 20) were determined by BEAMing (Inostics, Heidelberg, Germany)
on fifty-four patients in the E5397 cohort.

PIK3CA mutant cell line microarray construction

To generate HNSCC-specific controls, we analyzed PI3K expression

in HNSCC cell lines of known PIK3CA mutation status. Cell lines were
grown to confluency to reach>2×108 total cell number, then fixed in
10% neutral buffer formalin overnight, and washed repeatedly in PBS
and 80% ethanol to remove excess formalin. Cells were centrifuged to
form a pellet, embedded in 2% low melting agarose, and stored in 70%
ethanol for at least 24 h before being embedded in paraffin for long
term storage. 0.6mm cores from each cell line pellet were placed on the
recipient microarray block using a Tissue Microarrayer (Beecher
Instrument, Silver Spring, MD) with two-fold redundancy. HSC-2
(purchased from JCRB Cell Bank), SCC61 (a gift from Dr. Ralph
Weichselbaum at the University of Chicago) and SCC90 (a gift from Dr.
Wendell Yarbrough at Yale Cancer Center) were pelleted, formalin-
fixed and paraffin-embedded. The PIK3CA mutational status of these
cell lines is as follows: Wild-type: UPCI SCC090 and SCC25; Mutant
(substitution missense): SCC61 (E542K), HSC2 (H1047R), and SQ9G
(E545Q).

Statistical analyses

For both studies, the primary endpoint was progression-free survival
(PFS) and the secondary endpoint was overall survival (OS). PFS is
defined as the time between study entry date and date of progression or
death from any cause, censored at date of last known alive. OS is de-
fined as the time between study entry date and date of death, censored
at date of last known alive. Descriptive statistics were used to char-
acterize patient characteristics and marker expression. Patients with
marker data available were dichotomized into low and high expression
groups, with cut-points as described. The Wilcoxon rank sum test and

Table 2
Hazard ratios and median PFS and OS by PTEN status and treatment arm, E5397.

Event-Time Arm PTEN Status* # of Events/N Median (Months) HR (pos/null) (95% CI) Wald p+

PFS Cetuximab Positive 20/20 5.1 (2.6, 6.2) 1.07 (0.50, 2.30) 0.86
Null 10/11 4.5 (2.3, 8.2)

Placebo Positive 23/24 3.5 (1.6, 4.8) 1.12 (0.55, 2.27) 0.75
Null 12/12 3.4 (1.9, 7.5)

Overall Positive 43/44 4.1 (2.6, 5.6) 1.14 (0.68, 1.91) 0.63
Null 22/23 3.9 (2.3, 4.8)

OS Cetuximab Positive 20/20 8.8 (5.9, 14.4) 1.52 (0.68, 3.41) 0.31
Null 9/11 9.2 (4.5, 25.9)

Placebo Positive 22/24 8.2 (3.4, 12.2) 0.91 (0.44, 1.88) 0.79
Null 11/12 7.8 (3.5, 12.3)

Overall Positive 42/44 8.2 (6.3, 12.2) 1.11 (0.65, 1.90) 0.69
Null 20/23 9.1 (5.4, 11.7)

* The PTEN status was dichotomized at 570 based on the PTEN AQUA epithelial score.
+ Univariate Cox PH analysis.

Fig. 1. Representative immunofluorescent
staining images of PTEN (Red), cytokeratin
(Green) and DAPI (blue) showing a specimen
with high (A: PTEN in Tumor Mask Normal
AQUA score= 9603.22) and low PTEN expres-
sion (B: PTEN in Tumor Mask Normal AQUA
score= 405.25) based on a cutoff AQUA
score= 570. Scale bar: 100 μm (large images).
(For interpretation of the references to colour in
this figure legend, the reader is referred to the
web version of this article.)
E5397 survival by treatment arm and signature.
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the Fisher’s exact test were used to make comparisons between groups
when appropriate. Event-time distributions were estimated by Kaplan-
Meier estimates. Cox proportional hazards (PH) models were used to
estimate hazard ratios (HR) and test for significance for OS and PFS,
adjusting for potential covariates when appropriate. All p-values are
two-sided. A level of p < 0.05 is considered statistically significant.

Results

PTEN and PIK3CA analysis in ECOG 5397 cohort

Twenty-three of sixty-seven (34%) tumors were PTEN null and two
of fifty-two analyzable tumors (4%) had a PIK3CA mutation at hotspot
E542K or E545K (Table 1). Neither tumor with PIK3CA mutation had

a: PFS by Treatment Arm and Joint Signature of PTEN and PIK3CA, E5397 

b: OS by Treatment Arm and Joint Signature of PTEN and PIK3CA, E5397 

Fig. 2. E5397 survival by treatment arm and signature.
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lost PTEN expression. Table 2 summarizes hazard ratios and median
PFS and OS by PTEN status, with respect to treatment arm and across
arms. No statistically significant difference in PFS or OS was observed
in these samples between patients with PTEN expression and those with
PTEN null tumors, either with treatment arms analyzed separately or
combined (given no statistically significant 2-way interaction effect of
treatment and PTEN status on PFS (p=0.98) and OS (p=0.36)).
Fig. 2a and b display, respectively, the PFS and OS curves by treatment
arm and the joint signature of PTEN and PIK3CA disruption (i.e., PTEN
null/PIK3CA mutated and PTEN expressing/PIK3CA WT). There was no
statistically significant treatment effect noted in univariate analysis on
PFS or OS for either joint gene abnormality in the E5397 cohort.
However, in multivariable analysis, PTEN expressing/PIK3CA WT pa-
tients had a strong tendency to improve PFS with cetuximab compared
to placebo (HR=0.54 (95% CI 0.29–1.00), Wald p=0.0502), an effect
not observed in the PTEN null/PIK3CA mutant group (Table 3).

PTEN and PI3K analysis in NC1-8070 cohort

In view of the small sample size and the low yield of PIK3CA mu-
tations in our analysis of E5397, we examined markers of PI3K pathway
activation in a second group of patients with metastatic/recurrent
HNSCC treated with cetuximab with or without sorafenib. Clinical data
were provided for 52 patients on NCI-8070. PTEN and PI3 p110α
analysis by AQUA™ were performed in 37 patients who had tumor
samples available for testing. Table 4 lists patient characteristics at
study entry for all 52 patients and for those with results for PTEN and
PI3K expression (n=37). The two cohorts are similar, with the ex-
ception of a statistically significant difference in ethnicity (p=0.04).
Table 5 summarizes median and range statistics for PTEN and PI3K
p110α expression, by arm and overall. There is no significant difference
in the distribution of the PTEN expression (p= 0.07) or PI3K p110α
expression (p=0.39) between the two arms. No association was ob-
served between PTEN status and PI3K p110α status (PTEN high ex-
pression 11/18 vs. 14/19 for PI3K p110α low and high expression,
respectively, p= 0.50).

Table 6 presents hazard ratio and median PFS and OS by marker
status (high vs. low) with respect to treatment arm and across arms.
Because no significant 2-way interaction effect of treatment and marker
status and no main treatment effect were noted (all p > 0.11), the
following results were analyzed and reported with treatment arms
combined. High PTEN expression was significantly associated with su-
perior PFS among patients treated on NCI-8070 (HR=0.35, p=0.008;
Fig. 3a). This finding remained significant after adjusting for age (< 65
vs. ≥65), sex, race (White vs. Other), and ethnicity (non-Hispanic vs.
Hispanic/Latino) (HR=0.32, 95% CI= (0.14, 0.74), P=0.008). No
PTEN effect was noted for OS (HR=0.96, p= 0.91; Fig. 4a). The PI3K
p110α expression levels revealed no effect on PFS [HR(high/
low)=0.80, p=0.50; Fig. 3b] or OS [HR(high/low)= 0.94, p=0.85;
Fig. 4b]. There was no statistically significant 2-way interaction effect
between PTEN and PI3K p110α on OS (p= 0.96) or on PFS (p= 0.88)
(see Fig. 1).

Discussion

Previous studies have failed to identify EGFR-based biomarkers for
cetuximab activity in HNSCC [6,18,26–29]. The work presented here

Table 3
Survival in CDDP+ cetuximab vs. CDDP+placebo in PTEN null/PIK3CA mutant vs. other, E5397.

PTEN/PIK3CA Status Time-to-Event Endpoint Cox Regression Analysis* # of Events/N HR (95% CI) (C225 vs Placebo) Wald P

PTEN null/ PFS Univariate 24/25 0.76 (0.34–1.70) 0.50
PIK3CA mut Multivariable 23/24 0.76 (0.32–1.83) 0.54

OS Univariate 22/25 0.69 (0.30, 1.60) 0.39
Multivariable 22/24 0.39 (0.12–1.26) 0.11

PTEN pos/ PFS Univariate 47/48 0.70 (0.39–1.25) 0.23
PIK3CA WT Multivariable 44/44 0.54 (0.29–1.00) 0.05

OS Univariate 46/48 1.21 (0.67–2.19) 0.53
Multivariable 41/43 0.91 (0.45–1.83) 0.79

* For PFS, cell differentiation (well/moderately differentiated vs. poorly differentiated) was fitted into the multivariable model. For OS, ECOG PS (0 vs. 1), weight
loss in previous 6months (< 5% vs. ≥5%), and age (< 65 vs. ≥65) were fitted into the multivariable model.

Table 4
Patient characteristics by PTEN data availability (n= 52), NCI-8070.

PTEN Data Availability Total
(n= 52)

P*

No
(n= 15)

Yes
(n=37)

N % N % N %

Age (Median, Range) 59 [26, 74] 59 [40, 73] 59 [26, 74] 0.89

Sex
Male 13 87 32 86 45 87 1.00
Female 2 13 5 14 7 13

Race
White 13 100 33 92 46 94 1.00
Black 0 0 1 3 1 2
Other 0 0 2 5 2 4
Unknown 2 – 1 – 3 –

Ethnicity
Non-Hispanic 10 71 35 95 45 88 0.04
Hispanic or Latino 4 29 2 5 6 12
Unknown 1 – 0 – 1 –

* Wilcoxon rank sum test and Fisher’s exact test when appropriate.

Table 5
Descriptive statistics of marker expression, NCI-8070.

Marker Treatment Arm N Minimum 1st Tertile Median 2nd Tertile Maximum

PTEN Cetuximab 16 481.0 1568.4 2237.5 2857.4 5307.1
Cetuximab+Sorafenib 21 441.7 851.8 1293.0 2091.5 6263.3
Total 37 441.7 1177.3 1568.4 2385.9 6263.3

PI3 p110 Cetuximab 16 311.4 882.1 986.5 1206.1 3101.4
Cetuximab+Sorafenib 21 370.6 790.2 853.6 1049.3 2777.1
Total 37 311.4 801.0 882.1 1142.8 3101.4
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demonstrates for the first time that loss of PTEN expression in HNSCC is
associated with absence of benefit from cetuximab. Our initial analysis
of PTEN expression in cetuximab-treated or -untreated patients sug-
gested improved outcome in patients with preserved PTEN expression
and no mutation of PIK3CA, with an adjusted HR for progression of
0.54 (p= 0.0502). As interpretation of the data from the ECOG trial
was limited by sample size and as well as potentially by the age of the
tissue samples, we pursued analysis of PTEN expression as a marker of
cetuximab resistance or sensitivity in a larger cohort of patients treated
with cetuximab (drawn from a multi-institutional trial of cetuximab
with or without sorafenib in which sorafenib appeared to have no ac-
tivity). We analyzed PTEN in the tumor samples and correlated this
with PFS on cetuximab therapy; this analysis demonstrated that pa-
tients with PTEN high-expressing tumors had an improved PFS in re-
sponse to cetuximab therapy compared to patients with PTEN low-ex-
pressing tumors.

PTEN loss is a relatively common abnormality downstream of EGFR,
described in up to 30% of HNSCC, and may be associated with acti-
vation of the EGFR pathway in HNSCC [21,30,31]. In a study of HPV-
associated oropharynx cancer, PTEN loss (assessed by FISH) was iden-
tified in seven out of twenty-one (33%) cases [32]. Chiosea et al. ana-
lyzed DNA samples obtained from 252 formalin-fixed paraffin-em-
bedded (FFPE) HNSCC tumor samples using next-generation
sequencing. They demonstrated PTEN genomic alterations (PTEN mu-
tation or loss) in 15% of HPV-mediated and 5% of HPV-negative tumors
[33]. In another study, protein expression of PTEN, p53, PI3K3, Akt and
mTOR (all evaluated by IHC) were investigated according to HPV status
(evaluated by ISH) in 65 tonsillar tumors [34]. This study revealed that
preserved PTEN (nuclear and cytoplasmic) expression was more fre-
quently observed in HPV-mediated compared to HPV-negative tonsillar
SCC cases (P=0.037), with predominant PTEN distribution in the
nucleus. Overall, PTEN expression was lost in 47% of tumors. PTEN was
absent in 27% of HPV-associated compared to 57% of HPV-negative
tumors. The study also showed a significant correlation between nu-
clear PTEN expression and disease-free survival (P=0.27) [34]. No-
tably, in preclinical models of breast, prostate and non-small cell lung

cancer, PTEN loss has been shown to be associated with cetuximab
resistance [35].

Genetic abnormalities of the PI3K pathway are also relatively
common in HNSCC [35]. It was shown in protein expression correlative
studies from the E2303 trial of cetuximab-based induction and chemo-
radiotherapy in locally advanced HNSCC that PI3K/AKT pathway ac-
tivation is associated with inferior PFS and OS and may predict re-
sistance to EGFR-targeted therapy [36]. Previous data suggested
PIK3CA mutations in approximately 8% of HNSCC samples [18], but
more recent data from TCGA study identified PIK3CA mutations in 21%
of HNSCC samples, with 73% of the PIK3CA mutations localized to
hotspots that promote activation [20].

The BEAMing methodology we employed to ascertain PIK3CA mu-
tation status was centered on a small number of hotspot mutations
which are more frequently detected among HPV-associated HNSCC.
This type of HNSCC may have constituted only a small proportion of
metastatic/recurrent HNSCCs during the E5397 accrual period E5397,
explaining the low frequency with which we detected PIK3CA muta-
tions. We also studied expression of the p110a catalytic subunit of PI3K
in an exploratory analysis in this cohort, and this was unrevealing.
Although our limited hotspot PIK3CA mutational and PI3K p110a ex-
pression analysis did not confirm a role for interrogation of PI3K as part
of a cetuximab resistance signature, our sample sizes were small and
our methods did not encompass all PIK3CA abnormalities. Our data do
not provide definitive evidence that PIK3CA abnormalities do not pre-
dict cetuximab resistance; rather, in light of the known prevalence of
PIK3CA mutations in HNSCC, further examination of PIK3CA mutation
status is merited.

Combination strategies targeting the PI3K pathway can be a po-
tential therapeutic option to overcome resistance and enhance the ef-
ficacy of EGFR inhibition in HNSCC. Trials of the EGFR kinase in-
hibitors dacomitinib and afatinib demonstrate shorter PFS when PTEN
is lost [37,38]. RAS mutations are rare in HNSCC. A recent study ana-
lyzed the activating RAS mutations in tumors from cetuximab-naive
HNSCC patients by NGS and compared this with liquid biopsies taken
during and after cetuximab/platinum/5-fluorouracil treatment [39].

Table 6
Hazard ratios and median OS and PFS by PTEN and PI3 p110 status, NCI-8070.

Marker Event-Time Arm PTEN Status1 # of Events/N Median (Months) HR (High vs. Low) (95% CI) Wald P&

PTEN* PFS Cetuximab High 13/13 3.7 (1.9, 6.7) 0.49 (0.13, 1.85) 0.29
Low 3/3 2.8 (1.3, 5.0)

Cetuximab+ Sorafenib High 11/12 4.2 (0.9, 6.9) 0.24 (0.08, 0.75) 0.01
Low 9/9 2.0 (0.9, 3.2)

Overall High 24/25 4.2 (2.2, 5.3) 0.35 (0.16, 0.76) 0.008
Low 12/12 2.4 (1.3, 3.2)

OS Cetuximab High 12/13 5.5 (3.3, 12.9) 0.88 (0.24, 3.19) 0.84
Low 3/3 8.8 (3.5, 12.9)

Cetuximab+ Sorafenib High 11/12 4.8 (1.1, 15.4) 1.07 (0.43, 2.67) 0.89
Low 8/9 5.4 (0.9, 10.8)

Overall High 23/25 5.2 (4.2, 9.6) 0.96 (0.47, 1.98) 0.91
Low 11/12 7.1 (3.1, 10.8)

PI3 p110+ PFS Cetuximab High 11/11 3.7 (1.6, 5.3) 2.22 (0.61, 8.20) 0.23
Low 5/5 3.6 (1.8, 10.1)

Cetuximab+ Sorafenib High 7/8 3.5 (0.7, 17.1) 0.60 (0.22, 1.59) 0.30
Low 13/13 2.9 (1.6, 4.1)

Overall High 18/19 3.7 (1.8, 5.0) 0.80 (0.41, 1.55) 0.50
Low 18/18 3.0 (1.8, 4.1)

OS Cetuximab High 10/11 5.2 (2.3, 12.9) 1.29 (0.44, 3.80) 0.65
Low 5/5 0.94 (3.5, 22.9)

Cetuximab+ Sorafenib High 7/8 7.6 (0.9, 17.1) 0.70 (0.27, 1.79) 0.46
Low 12/13 4.3 (3.1, 9.6)

Overall High 17/19 5.9 (3.6, 10.8) 0.94 (0.48, 1.84) 0.85
Low 17/18 4.9 (3.5, 9.6)

* PTEN low defined as PTEN expression in the first vs. second and third tertile.
+ PI3 p110 low defined as PI3 p110 expression ≤882 and high as> 882, which is the median based on the 37 patients on the Moffitt trial.
& Univariate Cox PH analysis.
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The majority of cetuximab-naïve tumors did not carry RAS mutations,
with the exception of 4.3% with HRAS mutations. Liquid biopsies re-
vealed acquired KRAS, NRAS or HRAS mutations in more than one-
third of patients after cetuximab exposure. Almost half of patients with
on-treatment disease progression showed acquired RAS mutations,

while no RAS mutations were found in the non-progressive subset of
patients, indicating that acquisition of RAS mutant clones correlated
significantly with clinical resistance to EGFR inhibition.

Cetuximab is an IgG1 monoclonal antibody, and its potential role in
immune modulation has been intensively studied. Cetuximab has been

a: PFS by PTEN Status, NCI-8070

b: PFS by PI3K p110 Status, NCI-8070

Fig. 3. NCI-8070 survival by PTEN status.
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shown to augment dendritic cell (DC)-mediated phagocytosis of colon
carcinoma cells [40]. Cetuximab-induced DC maturation, likely medi-
ated by effects on NK cells, influences tumor antigen presentation [41].
Most recently, broad effects of cetuximab on T cell repertoire, as
measured by T cell receptor sequence diversity, have been demon-
strated by Kansy, et al. and correlate with therapeutic response [42].

Cetuximab effects on immune cells are likely independent of direct
signaling mediated effects on tumor cells, and the relative contributions
of these mechanisms likely differ across patients and across the dura-
tion of therapy. Investigators are currently exploring the combination of
cetuximab with immune checkpoint inhibition [NCT01860430], and
further characterization of resistance arising from abnormalities in the

a: OS by PTEN Status, NCI-8070

b: OS by PI3K p110 Status, NCI-8070

Fig. 4. Survival by PTEN and PI3K status, NCI-8070.
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signaling pathway will be necessary to fully interpret such studies.
Since constitutive activation of the EGFR signaling stream appears

to lead to resistance across tumor types and across activating mutations,
it is unsurprising that this principle is now borne out in HNSCC. We
believe that our findings justify analysis of PTEN loss in larger cetux-
imab-based randomized trials. Further development of a highly re-
producible quantitative assay to appropriately identify this population
is needed. We recommend that in future studies with cetuximab and
possibly other EGFR inhibitors, PTEN be considered as a predictive
biomarker. Validation of our findings would support stratification by
PTEN status in future trials of EGFR or HER family inhibitors in HNSCC.
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