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Abstract

Purpose: The preplanned exploratory analysis of the BERIL-1
trial presented here aimed to identify biomarkers of response to
the combination of buparlisib and paclitaxel.

Patients and Methods: BERIL-1 was a multicenter, random-
ized, double-blind, placebo-controlled phase II study. Patients
with recurrent or metastatic squamous cell carcinoma of the head
and neck (SCCHN) progressing on/after one previous platinum-
based chemotherapy regimen in the recurrent ormetastatic setting
were treated with either buparlisib plus paclitaxel or placebo plus
paclitaxel. Archival tumor tissue and ctDNA samples were ana-
lyzed for molecular alterations and immune infiltration using
next-generation sequencing or immunohistochemistry.

Results: Biomarker analyses were performed in randomized pati-
ents (n¼ 158) with available biomarker data. Themost frequently
(>5%) mutated genes were TP53, FAT1, TET2, KMT2D, PIK3CA,
NOTCH1, NFE2L2, NOTCH2, CCND1, and CDKN2A. Patients

with SCCHN tumors (from various primary sites) having
HPV-negative status (HR ¼ 0.51), TP53 alterations (HR ¼
0.55) or lowmutational load (HR¼ 0.57) derived overall survival
(OS) benefit with the combination of buparlisib and paclitaxel.
OS benefit with this combination was also increased in patients
with presence of intratumoral TILs "10% (HR ¼ 0.51), stromal
TILs "15% (HR ¼ 0.53), intratumoral CD8-positive cells "5%
(HR ¼ 0.45), stromal CD8-positive cells "10% (HR ¼ 0.47), or
CD8-positive cells in invasivemargins >25% (HR¼ 0.37). A trend
for improved progression-free survival with the combination of
buparlisib and paclitaxel was also observed in these patients.

Conclusions: The BERIL-1 biomarker analyses showed that
patients with TP53 alterations, HPV-negative status, low muta-
tional load, or high infiltration of TILs or CD8-positive cells
derived survival benefit with the combination of buparlisib and
paclitaxel. Clin Cancer Res; 24(11); 2505–16. !2018 AACR.

Introduction
Squamous cell carcinoma of the head and neck (SCCHN) is a

heterogeneous disease with a high mortality rate at advanced
stages (1–3). Substantial efforts have been devoted to under-

standing themolecularmechanisms contributing to the incidence
and progression of this disease as well as to identifying potential
prognostic and predictive markers (1, 4–7).

The phosphatidylinositol 3-kinase (PI3K) signaling pathway
has been identified as one of themost frequently altered pathways
in SCCHN (1, 2, 7). Alterations leading to activation of the PI3K
pathway include gain-of-function mutations and amplifications
in PIK3CA, PTEN alterations (such as loss of heterozygosity,
inactivating mutations, or loss of expression), as well as over-
expression or activation of downstream or upstream signaling
molecules (1, 2, 5, 8–10). While PIK3CA mutations (#15%–

20%) and reduced PTEN activity (identified in 6% to 82% of
patients) are themost frequently reportedmolecular alterations of
the PI3K pathway in SCCHN, overexpression of the upstream
EGFR (occurring in about 90%of patients) is also expected to lead
to PI3K pathway activation (4–7, 11–14). Activation of the PI3K
pathway is likely to affect the response of SCCHN to paclitaxel, as
PI3K activationwas shown to contribute to paclitaxel resistance in
other tumor types (15–17). In addition, inhibition of the PI3K
pathway led to an increased efficacy of paclitaxel in ovarian cancer
and malignant glioma cell lines. These observations, together
with the reported activity of the PI3K inhibitor buparlisib
(BKM120) in SCCHN preclinical models further support the key
role of PI3K pathway in SCCHN (18).

Several other molecular alterations are frequently reported
in SCCHN, including TP53 mutation (#40%–75%), or amplifi-
cation (#10%–30%), CDKN2A (p14/ARF) inactivation (#75%),
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and cyclin D1 overexpression (#80%; refs. 4–7). Specifically,
TP53 mutations are known to be associated with a poor
prognosis, as patients with TP53-altered tumors have decreased
postsurgical survival (19). Various publications have also
reported an association between TP53 mutational status and
response to platinum-based therapy in SCCHN; however, the
nature of this association remains unclear. While some authors
reported that TP53 mutations may predict improved SCCHN
cell response to cisplatin, or that TP53-mutant ovarian tumors
were sensitive to taxane-platinum–based chemotherapy, other
publications showed that functional or high-risk TP53 muta-
tions were associated with resistance to cisplatin-based thera-
pies (20, 21). These observations highlight the importance of
understanding the p53 cellular networks and their relation to
responses to therapy (22–24).

Infection with the human papilloma virus (HPV), occurring in
up to approximately 44% of cases, has been shown to contribute
to SCCHN etiology and to influence outcomes (1, 2, 5–7, 25, 26).
HPV-negative SCCHN tumors differmarkedly fromHPV-positive
SCCHN in their clinical, immunological, and molecular char-
acteristics (1, 2, 5, 6, 25, 27, 28). HPV-negative SCCHN also
has a worse prognosis compared with HPV-positive SCCHN
(1, 2, 5, 6, 25, 27–30). In addition, a strong association was
reported between TP53 alterations and HPV-negative SCCHN
(7, 26).

The importance of immune markers in predicting outcome in
SCCHN has been highlighted in recent studies. Infiltration of
immune cells, especially CD8þ cells, was previously shown to be
associated with an improved response to chemoradiotherapy
(31, 32). In addition, data suggest that expression of the pro-
grammed cell death ligand-1 (PD-L1) correlateswith an improved
clinical outcome under treatment with programmed cell death
receptor-1 (PD-1) inhibitors (33, 34). Mutational load, identified
by the total number ofmutations present in a tumor specimen, is a
potential biomarker for response to immunotherapy, as highly
mutated tumors are more likely to harbor neoantigens, which
make them targets of activated immune cells (35–37). Recent
evidence suggests that high mutational load correlates with
response to immune treatment in a variety of cancers (35–37).

These data highlight the potential of immune markers and muta-
tional load as prognostic and predictive markers in SCCHN and
warrant further exploration.

Despite significant advances toward identifying biomarkers of
response in SSCHN,data on the clinical utility of thesebiomarkers
are limited, necessitating an investigation into finding additional
biomarkers, specifically clonal events leading to oncogenic addic-
tion or which could act as targets (38). Based on this observation,
exploratory biomarker analyses were planned in the phase II
BERIL-1 clinical trial in order to evaluate the impact on clinical
outcome of molecular alterations relevant to SCCHN (such as
PI3K activation orHPV infection), and to identify othermolecular
features potentially associated with response, through a broader
analysis in tumor or ctDNA.

The clinical results of the phase II BERIL-1 trial have been
reported in detail previously (18). Briefly, the BERIL-1 trial dem-
onstrated that buparlisib (BKM120), an oral pan-PI3K inhibitor,
in combination with paclitaxel improved clinical outcome with a
manageable safety profile in patients with recurrent/metastatic
SCCHNprogressing on prior platinum-based therapy (18).Medi-
an progression-free survival (PFS) with buparlisib plus paclitaxel
versus placebo plus paclitaxel was 4.6 months versus 3.5 months
[hazard ratio 0.65 (95% CI, 0.45–0.95); P ¼ 0.011; ref. 18].
Median overall survival (OS) with buparlisib plus paclitaxel
versus placebo plus paclitaxel was 10.4months versus 6.5months
(hazard ratio 0.72 (95% CI, 0.49–1.04; P ¼ 0.041; ref. 18]. The
purpose of the present publication is to describe the results of the
BERIL-1 biomarker analyses. As this trial was not designed to
address biomarker-related hypotheses, the analyses reported here
should be considered exploratory and hypothesis generating.

Materials and Methods
Trial, patients, and tumor samples

BERIL-1 (NCT01852292) was a multicenter, randomized,
double-blind, placebo-controlled phase II study (18). Trial and
patient population have been described in detail previously (18).
Briefly, adult patients with histologically or cytologically con-
firmed recurrent or metastatic SCCHN progressing on/after one
previous platinum-based chemotherapy regimen in the recurrent
or metastatic setting were stratified by prior lines of treatment
(1 vs. 2) and study site (North America vs. rest of the world), and
were treated with either buparlisib plus paclitaxel or placebo plus
paclitaxel. The primary endpoint was PFS per RECIST v1.1.
Secondary endpoints included OS, overall response rate (ORR),
and safety. Formalin-fixed, paraffin-embedded (FFPE) archival
tumor samples and plasma samples were obtained at screening.
Appropriate patient consent was obtained before conducting the
biomarker analyses on archival tumor and plasma sample. This
studywas conducted in accordancewith recognized ethical guide-
lines (e.g., Declaration of Helsinki) and was approved by an
institutional review board.

Analysis of molecular markers
Extraction and processing of tumor DNA from FFPE archival

tissue and ctDNA from plasma samples was performed using
standard procedures as described previously (39, 40). Sample
analyses were conducted by sponsor laboratories, except HPV
testing in archival tumor, which was conducted by HistoGeneX.
Archival tumor and ctDNA samples were analyzed by next-gen-
eration sequencing (NGS) using a 44-gene panel and a 542-

Translational Relevance
Squamous cell carcinoma of the head and neck (SCCHN) is

a heterogeneous disease with a highmortality rate at advanced
stages. Although significant advances have been made toward
identifying biomarkers of response, data on the clinical utility
of these biomarkers are limited. The exploratory analysis of the
BERIL-1 trial presented here aimed to identify biomarkers of
response to the combination of buparlisib and paclitaxel,
including biomarkers relevant to immune response. To our
knowledge, this is one of the largest genetic landscape analyses
focusing on recurrent or metastatic SCCHN (112 samples).
Based on analysis of archival tumor tissue and ctDNA samples,
we report that patients with TP53 alterations, HPV-negative
status, lowmutational load, or high infiltrationof TILs orCD8-
positive cells derive survival benefit with the combination of
buparlisib and paclitaxel. The current analysis also demon-
strates the feasibility of using ctDNA for the assessment ofHPV
status and mutational load.
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gene panel, respectively (additional details in supplementary
materials). PIK3CA mutations in archival tumor tissue were
analyzed using polymerase chain reaction (PCR) or NGS. PTEN
expression in archival tumor samples was assessed by immuno-
histochemistry (IHC) using the Cell Signaling Technology anti-
body (#9559). PTEN loss was defined as less than 10% cells
expressing PTEN at a low level and no cell expressing PTEN at a
medium or high level. HPV status was assessed by IHC (using
the p16INK4a CINtec histology kit according to the manufac-
turer's instructions) in archival tumor tissue and by NGS in
ctDNA samples. PD-L1 expression (Clone 22C3 PharmDx
antibody; Dako #SK006), intratumoral and stromal CD8
expression (C8/144B antibody) and presence of TILs were
determined by IHC. CD8 expression was also analyzed by IHC
in invasive margins, when present in submitted tumor tissues.
Mutational load was calculated as the number of nonsynon-
ymous mutations detected per patient based on NGS analysis
of ctDNA samples.

Only samples with adequate quantity, quality, and appropriate
consent were included in the analysis. This resulted in 9.5% to
62% of unknown/missing data, depending on the biomarker
tested, for analyses conducted in archival tumor (Table 1). Data
obtained from ctDNA (HPV, TP53, and mutational load) were
unknown/missing for 29.1% of patients, mostly because of con-
sent unavailability.

Statistical analysis
Potential markers of response or resistance to treatment were

evaluated in the current analysis. Overall survival (OS), PFS,
and overall response rate (ORR) were estimated as described
previously (18). OS, PFS, and ORR in patients having differ-
ential biomarker status were compared between treatment
arms. The distribution and number of patients included in the
analyses evaluating a potential association between biomarker
status and OS, PFS, or ORR are described in Table 1. Cox
proportional hazards models were used to compute HR and
associated 95% CI for OS and PFS in the subpopulations
defined by the individual or combined biomarkers. The thresh-
olds selected for mutation load, CD8 expression, and presence
of TILs were data driven, in the absence of validated thresholds
for these in SCCHN. The thresholds selection was driven by the
need to ensure an optimal separation of HR on OS, as well as by
the need to obtain an easily measurable cutoff (e.g., 10%, 25%)
while maintaining a meaningful balance between the number
of patients included in the resulting biomarker subgroups. The
median expression of CD8 was not used as the threshold in
order to provide a clear determinant that could be easily used
clinically. The CI for ORR was computed using the Clopper–
Pearson exact method. Spearman correlation test was used to
assess the relationship between continuous versus continuous/
ordinal variables. Fisher exact test was used to assess the
relationship between binary versus binary/ordinary variables.
Wilcoxon rank-sum test was used to assess the relationship
between continuous versus binary variables. No adjustment for
multiple comparisons was performed.

Role of the funding source
The biomarker study design and plan for analysis was estab-

lished in collaboration with the steering committee of the
BERIL-1 study. The sponsor provided study drugs and partic-
ipated in regulatory and ethics approvals, safety monitoring,

data collection, and statistical analyses of the trial. All authors
had full access to data for interpretation and analysis, were
involved in development and approval of the manuscript, and
had the final responsibility for the decision to submit for
publication.

Results
Baseline biomarker status

A total of 158 patients were randomly assigned to either the
buparlisib arm (n ¼ 79) or placebo arm (n ¼ 79). Biomarker
analyses were performed in randomized patients with available
biomarker data (Fig. 1). The baseline biomarker status in the
buparlisib and placebo arms based on analyses of archival
tumor tissue and ctDNA is summarized in Table 1. For each
marker, frequencies of molecular alterations were calculated
based on patients with a valid biomarker result. PI3K pathway
was activated in 13.8% versus 16.1% of patients in the bupar-
lisib versus placebo arms. The proportion of HPV-negative
patients in the buparlisib versus placebo arm was 75.7% versus
84.9% based on archival tumor analysis and 77.4% versus
81.4% based on ctDNA analysis. TP53 was altered in 57.8%
versus 66.7% and 34.0% versus 42.4% of patients in the
buparlisib versus placebo arms, based on analysis of archival
tumor and ctDNA, respectively. In archival tumor, a higher
frequency of TP53 alterations and a lower frequency of PIK3CA
alterations were observed among HPV-negative patients com-
pared with HPV-positive patients (TP53, 70% vs. 21%; PIK3CA,
11% vs. 36%). Mutational load was low (<13 variants) in
75.6% vs. 79.7% of patients in the buparlisib versus placebo
arm, based on ctDNA analysis. In addition, the proportion of
patients with high immune markers expression (based on
defined thresholds for PD-L1, TILs, and CD8) was numerically
higher in the buparlisib arm, as compared with the placebo arm
(Table 1).

Molecular landscape of SCCHN
ctDNA analyses of baseline plasma samples from 112 patients

identified 10 genes mutated in more than 5% of patients with
SCCHN(Fig. 2). These frequentlymutated geneswere (in decreas-
ing order of frequency of mutations) TP53, FAT1, TET2, KMT2D,
PIK3CA, NOTCH1, NFE2L2, NOTCH2, CCND1, and CDKN2A.
TP53 and PIK3CA were altered in 38% and 9% of patients
respectively, with many of the identified mutations previously
described in the literature or in the COSMIC database (41). These
genes with frequency >5%were used to evaluate differences in the
mutational profile of HPV-negative and HPV-positive patients.
This analysis revealed a higher frequency of TP53 alterations and a
lower frequency of PIK3CA alterations in HPV-negative patients
compared with HPV-positive patients (TP53, 44% vs. 17%;
PIK3CA, 6% vs. 22%; Supplementary Table S1). Alterations
in the gene encoding the p16/cyclin-dependent kinase inhib-
itor 2A (CDKN2A) were exclusively detected in patients with
HPV-negative status.

Relationship between molecular alterations and response to
the combination of buparlisib and paclitaxel

The PI3K activation status was defined, per protocol, as the
presence of a PIK3CA mutation and/or a loss of PTEN expres-
sion. Among the patients with an evaluable PI3K activation
status, the number of patients with PI3K pathway activation

Biomarker Analysis from the BERIL-1 Study
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Table 1. Baseline biomarker status by treatment arm

Buparlisib þ paclitaxel,
N ¼ 79

Placebo þ paclitaxel,
N ¼ 79

All patients,
N ¼ 158

Biomarkera n (%) n (%) n (%)
Based on archival tumor tissue analysis
PIK3CA alteration
Yes 7 (11.7) 9 (14.5) 16 (13.1)
No 53 (88.3) 53 (85.5) 106 (86.9)
Unknown/missing 19 17 36

PTEN loss of expression
Yes 1 (1.3) 1 (1.3) 2 (1.3)
No 74 (98.7) 77 (98.7) 151 (98.7)
Unknown/missing 4 1 5

PI3K pathway activation statusb

Activated 8 (13.8) 10 (16.1) 18 (15.0)
Nonactivated 50 (86.2) 52 (83.9) 102 (85.0)
Unknown/missing 21 17 38

HPV status
Positive 17 (24.3) 11 (15.1) 28 (19.6)
Negative 53 (75.7) 62 (84.9) 115 (80.4)
Unknown/missing 9 6 15

TP53 alteration
TP53 altered 26 (57.8) 26 (66.7) 52 (61.9)
TP53 nonaltered 19 (42.2) 13 (33.3) 32 (38.1)
Unknown/missing 34 40 74

PD-L1 expression status
<1% 9 (28.1) 15 (53.6) 24 (40.0)
"1% 23 (71.9) 13 (46.4) 36 (60.0)
Unknown/missing 47 51 98

Intratumoral TILs
<10% 41 (58.6) 52 (71.2) 93 (65.0)
"10% 29 (41.4) 21 (28.8) 50 (35.0)
Unknown/missing 9 6 15

Stromal TILs
<15% 21 (30.4) 31 (43.1) 52 (36.9)
"15% 48 (69.6) 41 (56.9) 89 (63.1)
Unknown/missing 10 7 17

Intratumoral CD8 expression
<5% 36 (58.1) 41 (66.1) 77 (62.1)
"5% 26 (41.9) 21 (33.9) 47 (37.9)
Unknown/missing 17 17 34

Stromal CD8 expression
<10% 19 (31.1) 26 (42.6) 45 (36.9)
"10% 42 (68.9) 35 (57.4) 77 (63.1)
Unknown/missing 18 18 36

CD8 expression in invasive margins
<25% 38 (69.1) 38 (82.6) 76 (75.2)
"25% 17 (30.9) 8 (17.4) 25 (24.8)
Unknown/missing 24 33 57

Based on ctDNA analysis
HPV status
Positive 12 (22.6) 11 (18.6) 23 (20.5)
Negative 41 (77.4) 48 (81.4) 89 (79.5)
Unknown/missing 26 20 46

TP53 alteration
TP53 altered 18 (34.0) 25 (42.4) 43 (38.4)
TP53 nonaltered 35 (66.0) 34 (57.6) 69 (61.6)
Unknown/missing 26 20 46

Mutational load
Low mutational load (<13 variants 39 (75.6) 47 (79.7) 86 (76.8)
High mutational load ("13 variants) 14 (26.4) 12 (20.3) 26 (23.2)
Unknown/missing 26 20 46

Abbreviations: CD8, cluster of differentiation 8; PD-L1, programmeddeath ligand 1;PIK3CA, phosphatidylinositol 3-kinase catalytic subunit alpha; PTEN, phosphatase
and tensin homolog; and TILs, tumor-infiltrating lymphocytes.
aFor each marker, frequencies of reported alterations were calculated based on patients with a valid biomarker data. The proportions of patients with unknown/
missing status (excluded from the frequency calculation) are as follows: PIK3CA 22.8%; PTEN loss 3.2%; PI3K activation 24.1%; HPV in archival tumor 9.5%; TP53
alteration in archival tumor 46.8%; PD-L1 62%; intratumoral TILS 9.5%; stromal TILS 10.8%; intratumoral CD8 21.5%; stromal CD8 22.8%; CD8 in invasivemargins 36.1%;
HPV, TP53, and mutational load in ctDNA 29.1%.
bPI3K activation status was derived from PIK3CAmutation status and PTEN expression status. The PI3K status was considered activated if a PIK3CA alteration was
identified and/or if PTEN expression was lost.
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was small (18 out of 120; Table 1), which weakened the
statistical analyses performed to evaluate a possible relation-
ship between the PI3K activation status and the clinical out-
come. These analyses did not suggest a difference in OS
between the buparlisib and placebo arms in the PI3K-activated
subgroup (Fig. 3). A trend for improved PFS and ORR with
buparlisib and paclitaxel was observed in the PI3K-activated
subgroup (Table 2), but this trend was similar to the improved
PFS and ORR observed in the PI3K-nonactivated subgroup and
in the full population. As mentioned, these observations
should be taken with caution, as the small number of patients
with PI3K activation resulted in noninformative statistical
results in this subgroup. It was not possible to perform an

equivalent analysis in ctDNA because loss of PTEN expression
cannot be obtained from ctDNA.

The sets of patients included in the analyses based on HPV or
TP53 status in archival tumor or ctDNAwere driven by biomarker
data availability. The HPV status was obtained from 143 patients
on archival tumor and from 112 patients on ctDNA, with 105
patients having anHPV status obtained onboth sample types. The
TP53 status was obtained from 84 patients on archival tumor and
from 112 patients on ctDNA, with 63 patients having a TP53
status obtained from both sample types. Based on patients with
data available in the two sample types, the concordance between
data obtained on archival or ctDNA was of 89% for HPV status
and of 63% for TP53 status.

84 Excluded
71 did not meet inclusion criteria
8 declined to participate
3 deaths
1 lost to follow-up
1 physician decision 

158 Patients randomly assigned

79 Randomly assigned to placebo 
and paclitaxel 

78 received allocated 
intervention
1 did not receive allocated 
intervention 

76 Discontinued treatment
51 disease progression
11 adverse event
8 death
2 patient decision
4 physician decision 

79 Randomly assigned to buparlisib 
and paclitaxel

76 received allocated 
intervention
3 did not receive allocated 
intervention 

242 Patients assessed for eligibility

72 Discontinued treatment
39 disease progression
8 adverse event
9 death
6 patient decision
7 physician decision
3 protocol deviation, non-compliance

Included in biomarker analyses based on 
sample quality/quantity

Included in biomarker analyses based on 
sample quality/quantity 

Archival tumor analyses:
60 with PIK3CA data
75 with PTEN expression data    
70 with HPV data
45 with TP53 data
32 with PD-L1 expression data    
70 with intratumoral TILs data
69 with stromal TILs data
62 with intratumoral CD8 data    
61 with stromal CD8 data
55 with invasive margins CD8 data 

ctDNA analyses:
53 with HPV data 
53 with TP53 data
53 with mutational load data 

Archival tumor analyses:
62 with PIK3CA data
78 with PTEN expression data
73 with HPV data
39 with TP53 data
28 with PD-L1 expression data
73 with intratumoral TILs data
72 with stromal TILs data
62 with intratumoral CD8 data
61 with stromal CD8 data
46 with invasive margins CD8 data  

ctDNA analyses:
59 with HPV data
59 with TP53 data
59 with mutational load data 

Figure 1.
CONSORT flow diagram.
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Patients with tumors having HPV-negative status, TP53 altera-
tions or low mutational load derived clinical benefit with
the combination of buparlisib and paclitaxel. In patients with
HPV-negative tumors, themedianOSwas longer in the buparlisib
arm based on both archival tumor [HR ¼ 0.61 (95% CI, 0.4–
0.92)] and ctDNA analysis [HR¼ 0.51 (95% CI, 0.31–0.84)]. OS
benefit with the combination of buparlisib andpaclitaxelwas also
observed in patients with TP53 alterations [archival tumor anal-
ysis HR ¼ 0.52 (95% CI, 0.28–0.99) and ctDNA analysis HR ¼
0.55 (95% CI, 0.27–1.12)] and in patients with low mutational
load [HR ¼ 0.57 (95% CI, 0.34–0.97); Fig. 3].

Buparlisib combined with paclitaxel prolonged PFS in
patients having tumors with HPV-negative status [HR ¼ 0.58
(95% CI, 0.38–0.89)] or TP53 alterations [HR ¼ 0.45 (95% CI,
0.23–0.89)] based on archival tumor analysis. A similar non-
significant trend of improved PFS with the combination of
buparlisib and paclitaxel was observed in ctDNA analyses for
HPV-negative patients [HR ¼ 0.62 (95% CI, 0.37–1.02)] and
for patients with a low mutational load [HR ¼ 0.63 (95% CI,
0.37–1.08)] (Table 2).

ORR was numerically greater in patients in the buparlisib arm
compared with the placebo arm irrespective of molecular status.
However, the magnitude of benefit with the combination of
buparlisib and paclitaxel tended to be greater in patients with
HPV-negative status, based on archival tissue analysis (Table 2).

Relationship between immune infiltration and response to the
combination of buparlisib and paclitaxel

A potential relationship between PD-L1 expression and treat-
ment benefit was explored, using the 1% expression cutoff pre-
viously described in the literature (33). However, due to the small
number of samples in the PD-L1 expression analysis (n¼ 60), no
definite conclusion could be drawn regarding the association
between PD-L1 expression and treatment benefit (Fig. 4; Table 2).

An improved OS benefit with the combination of buparlisib
and paclitaxel was observed in patients showing immune cell
infiltration, regardless of the compartment where this infiltration
occurred. OS benefit with this combination was increased in
patients with the presence of intratumoral TILs "10% [HR ¼
0.51 (95%CI, 0.26–1.00)], stromal TILs"15% [HR¼ 0.53, (95%

HPV
TP53
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Figure 2.
Most frequent gene alterations in ctDNA at screening.
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HPV Status by archival tumor DNA analysis
 n/N Median OS,  HR

  months (95% CI)
HPV negative 
Buparlisib + Paclitaxel 39/53 10.05 0.61
Placebo + Paclitaxel 51/62 5.85 (0.4–0.92)
HPV positive
Buparlisib + Paclitaxel 10/17 11.56 1.63
Placebo + Paclitaxel 6/11 14.95 (0.58–4.59)
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 n/N Median OS,  HR

  months (95% CI)
TP53 non-altered
Buparlisib + Paclitaxel 13/19 9.03 1.07
Placebo + Paclitaxel 8/13 6.47 (0.44–2.59)
TP53-altered
Buparlisib + Paclitaxel 19/26 10.87 0.52
Placebo + Paclitaxel 21/26 5.85 (0.28–0.99)
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 n/N Median OS,  HR

  months (95% CI)
Low mutational load (<13 variants)
Buparlisib + Paclitaxel 23/39 12.55 0.57
Placebo + Paclitaxel 38/47 6.54 (0.34–0.97)
High mutational load (≥13 variants)
Buparlisib + Paclitaxel 10/14 6.97 1.11
Placebo + Paclitaxel 8/12 7.20 (0.42–2.91)
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 n/N Median OS,  HR
  months (95% CI)

PI3Kpathway non-activated
Buparlisib + Paclitaxel 36/50 10.41 0.7
Placebo + Paclitaxel 41/52 6.47 (0.45–1.10)
PI3Kpathway activated
Buparlisib + Paclitaxel 5/8 14.16 0.9
Placebo + Paclitaxel 6/10 13.31 (0.27–3.03)

 n/N Median OS,  HR
  months (95% CI)

HPV negative
Buparlisib + Paclitaxel 25/41 11.56 0.51
Placebo + Paclitaxel 41/48 6.47 (0.31–0.84)
HPV positive
Buparlisib + Paclitaxel 8/12 8.16 1.63
Placebo + Paclitaxel 5/11 NA (0.53–5.03)

 n/N Median OS,  HR
  months (95% CI)

TP53 non-altered 
Buparlisib + Paclitaxel 20/35 11.56 0.72
Placebo + Paclitaxel 25/34 8.99 (0.4–1.3)
TP53 altered
Buparlisib + Paclitaxel 13/18 10.05 0.55
Placebo + Paclitaxel 21/25 5.75 (0.27–1.12)

Figure 3.
Kaplan–Meier curves for overall survival by HPV, TP53, and mutational load status. A, PI3K pathway activation in tumor. B, HPV status by ctDNA
analysis. C, HPV status by archival tumor DNA analysis. D, TP53 status by ctDNA analysis. E, TP53 status by archival tumor DNA analysis. F, Mutational
load by ctDNA analysis.
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CI, 0.33–0.85)], intratumoral CD8-positive cells"5% [HR¼0.45
(95% CI, 0.23–0.86)], stromal CD8-positive cells "10% [HR ¼
0.47, (95% CI, 0.28–0.79)] or CD8-positive cells in invasive
margins >25% [HR ¼ 0.37 (95% CI, 0.14–0.94)] (Fig. 4). Bupar-
lisib combined with paclitaxel also prolonged PFS in patients
showing presence of intratumoral TILs "10% [HR ¼ 0.53
(95% CI, 0.26–1.07)], stromal TILs "15% [HR ¼ 0.51 (95% CI,
0.31–0.84)], intratumoral CD8-positive cells "5% [HR ¼ 0.42
(95%CI, 0.21–0.86)] or stromal CD8-positive cells"10% [HR¼
0.46 (95% CI, 0.27–0.80)]. Patients in the buparlisib arm had
numerically higher ORR, irrespective of immune infiltration
status (Table 2).

Relationship betweenmolecular alterations and immune status
An analysis was conducted to explore the relationship between

the different markers shown to be associated with improved
outcome with the combination of buparlisib and paclitaxel
(Supplementary Fig. S1). A clear association was observed
between the presence of TP53 alterations andHPV-negative status
in both tumor and ctDNAanalyses. Signs of a possible association
between high mutational load and an HPV-negative status or the

presence of TP53 alteration were observed, which would require
further exploration before drawing any conclusion.

A clear relationship was also observed across the different
markers of immune infiltration. Associations were observed
between the proportion of CD8-positive cells and the proportion
of TILs across the different compartments. There was, however, no
clear relationship between the molecular alterations and the
markers of immune infiltration, with only anecdotal associations
observed between these two groups.

Discussion
The current analysis explored the genetic landscape of SCCHN

and the correlation of treatment efficacy with various biomarkers.
To our knowledge, this is one of the largest genetic landscape
analyses focusing on recurrent or metastatic SCCHN (112 sam-
ples). The genetic profile obtained from SCCHN samples in this
analysis was consistent with previous publications (1, 7, 26, 42).
Genes previously reported as frequently mutated in SCHNN,
such as TP53, FAT1, CDKN2A, PIK3CA, or NOTCH1, were also
among themost frequently altered genes in this study. In linewith

Table 2. Progression-free survival and overall response rate by biomarker status based on archival tissue and ctDNA analyses

PFS ORR% (95% CI)

Biomarkera Sample

Buparlisib þ
paclitaxel
(PFS in months)

Placebo þ
paclitaxel
(PFS in months)

HR
(95% CI)

Buparlisib þ
paclitaxel

Placebo þ
paclitaxel

HPV status Archival tumor
Positive 4.99 5.13 1.06 (0.40–2.79) 35.3 (14.2–61.7) 27.3 (6.0–61.0)
Negative 3.71 2.33 0.58 (0.38–0.89) 39.6 (26.5–54.0) 11.3 (4.7–21.9)

HPV status ctDNA
Positive 3.66 3.68 1.23 (0.44–3.41) 25.0 (5.5–57.2) 18.2 (2.3–51.8)
Negative 4.63 3.61 0.62 (0.37–1.02) 43.9 (28.5–60.3) 18.8 (8.9–32.6)

TP53 alteration Archival tumor
TP53 altered 5.03 2.17 0.45 (0.23–0.89) 38.5 (20.2–59.4) 7.7 (0.9–25.1)
TP53 nonaltered 3.78 3.61 0.74 (0.33–1.64) 42.1 (20.3–66.5) 23.1 (5.0–53.8)

TP53 alteration ctDNA
TP53 altered 3.48 2.17 0.76 (0.37–1.53) 33.3 (13.3–59.0) 8.0 (1.0–26.0)
TP53 nonaltered 5.03 3.71 0.81 (0.46–1.43) 42.9 (26.3–60.6) 26.5 (12.9–44.4)

Mutational load ctDNA
Low mutational load (<13 variants) 4.90 3.61 0.63 (0.37–1.08) 43.6 (27.8–60.4) 19.1 (9.1–33.3)
High mutational load ("13 variants) 2.94 3.71 1.23 (0.51–2.97) 28.6 (8.4–58.1) 16.7 (2.1–48.4)

PI3K pathway activation status Archival tumor
Activated 5.32 3.73 0.67 (0.21–2.14) 50.0 (15.7–84.3) 10.0 (0.3–44.5)
Nonactivated 4.9 3.45 0.63 (0.4–0.99) 38.0 (24.7–52.8) 13.5 (5.6–25.8)

PD-L1 expression status Archival tumor
<1 3.68 3.94 0.64 (0.24–1.68) 77.8 (40.0–97.2) 13.3 (1.7–40.5)
"1 4.90 3.45 0.77 (0.34–1.77) 39.1 (19.7–61.5) 15.4 (1.9–45.4)

Intratumoral TILs Archival tumor
<10% 3.71 3.52 0.81 (0.51–1.29) 39.0 (24.2–55.5) 15.4 (6.9–28.1)
"10% 4.99 2.20 0.53 (0.26–1.07) 41.4 (23.5–61.1) 9.5 (1.2–30.4)

Stromal TILs Archival tumor
<15% 3.71 3.55 0.91 (0.47–1.74) 33.3 (14.6–57.0) 16.1 (5.5–33.7)
"15% 4.90 2.20 0.51 (0.31–0.84) 43.8 (29.5–58.8) 9.8 (2.7–23.1)

Intratumoral CD8 expression Archival tumor
<5% 3.52 3.52 0.78 (0.46–1.31) 30.6 (16.3–48.1) 14.6 (5.6–29.2)
"5% 5.32 2.20 0.42 (0.21–0.86) 50.0 (29.9–70.1) 14.3 (3.0–36.3)

Stromal CD8 expression Archival tumor
<10% 3.04 2.37 0.72 (0.35–1.46) 31.6 (12.6–56.6) 11.5 (2.4–30.2)
"10% 5.32 2.37 0.46 (0.27–0.80) 42.9 (27.7–59.0) 14.3 (4.8–30.3)

CD8 expression in invasive margins Archival tumor
%25% 3.61 2.33 0.63 (0.38–1.05) 39.5 (24.0–56.6) 7.9 (1.7–21.4)
>25%a 7.82 5.54 0.42 (0.14–1.24) 41.2 (18.4–67.1) 12.5 (0.3–52.7)

Abbreviations: CD8, cluster of differentiation 8; ctDNA, circulating tumor DNA; HPV, human papilloma virus; PD-L1, programmed death ligand 1; TILs, tumor
infiltrating lymphocytes.
aRefer to Table 1 for the number of patients (n) included in each biomarker/treatment subgroup.
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Placebo + Paclitaxel 21/31 6.93 (0.56–2.00)
Stromal TILs  ≥15%
Buparlisib + Paclitaxel 33/48 10.25 0.53
Placebo + Paclitaxel 36/41 5.75 (0.33–0.85)
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Buparlisib + Paclitaxel 17/19 6.24 1.34
Placebo + Paclitaxel 17/26 6.93 (0.68–2.63)
Stromal CD8 expression ≥10%
Buparlisib + Paclitaxel 29/42 10.33 0.47
Placebo + Paclitaxel 32/35 5.32 (0.28–0.79)
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Buparlisib + Paclitaxel 18/26 10.25 0.45
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 n/N Median OS,  HR
  months (95% CI)
PD-L1 expression <1%
Buparlisib + Paclitaxel 6/9 14.65 0.66
Placebo + Paclitaxel 13/15 8.71 (0.24–1.77)
PD-L1 expression ≥1%
Buparlisib + Paclitaxel 18/23 10.25 0.9
Placebo + Paclitaxel 9/13 6.57 (0.40–2.00)
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 n/N Median OS,  HR
  months (95% CI)
CD8 expression in invasive margins ≤25%
Buparlisib + Paclitaxel 29/38 10.00 0.87
Placebo + Paclitaxel 27/38 6.57 (0.51–1.48)
CD8 expression in invasive margins >25%
Buparlisib + Paclitaxel 12/17 10.25 0.37
Placebo + Paclitaxel 8/8 6.11 (0.14–0.94)
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Figure 4.
Kaplan–Meier curves for overall survival by status of immune markers. A, PD-L1 expression in tumor. B, Intratumoral TILs. C, Stromal TILs. D,
Intratumoral CD8 expression. E, Stromal CD8 expression. F, CD8 expression in invasive margins.
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those previous reports, we also observed a higher frequency
of TP53 alterations and a lower frequency of PIK3CA alterations
in HPV-negative patients compared with HPV-positive
patients, and we identified CDKN2A alterations exclusively in
HPV-negative patients.

The prognostic nature of TP53 alterations and HPV status in
SCCHN is well documented with poor outcomes reported for
patients with TP53-altered tumors and patients with HPV-
negative SCCHN (1, 2, 5, 6, 19, 25, 27, 28). In BERIL-1, HPV
infection was also identified as a positive prognostic factor in
the placebo arm (OS in patients with HPV-positive vs. HPV-
negative status was 14.95 months vs. 5.85 months). However,
patients with tumors having TP53 alterations or HPV-negative
status derived survival benefit with the combination of bupar-
lisib and paclitaxel, suggesting that PI3K inhibition may
improve outcome in this subset of patients historically char-
acterized by a poor clinical outcome. The improved outcome in
this population may be partly explained by the fact that
alterations in p53 are expected to disrupt the ability of p53 to
downregulate the PI3K pathway. As nonaltered p53 was shown
to increase PTEN expression and to reduce PI3Ka expression, it
is likely that alterations in p53 may contribute to PI3K activa-
tion, hence potentially increasing the sensitivity of the p53-
altered cells to PI3K inhibitors (43).

While analyses on archival tumor and ctDNA provided
similar trends for the associations of biomarkers with clinical
outcome, some variations were observed in the magnitude and
significance of these observations. This can be explained by (i)
the fact that patient sets included in archival tumor and ctDNA
analyses are different and (ii) the concordance rate between the
biomarker status identified in archival tumor and ctDNA. In
this study, we observed an 89% concordance between the HPV
status obtained from archival tumor or ctDNA. This concor-
dance rate would, however, need to be confirmed on an
independent set of samples, because the cutoff for determining
HPV status was chosen to optimize sensitivity and specificity vs.
HPV status in archival tumor, which may lead to overestimating
the current concordance rate. For TP53, a 63% concordance was
observed between the status obtained from archival tumor and
ctDNA. This concordance rate was mainly driven by the fact that
among the patients with a TP53 alteration identified in archival
tumor, only 50% (18/36) also had a TP53 alteration identified
in ctDNA, likely due to a low tumor contribution to plasma. In
addition, the TP53 concordance rate was also affected by TP53
mutations detected in ctDNA, but not in archival tumor, for five
patients, potentially due to the occurrence or expansion of new
clones between the initial archival tumor collection and the
collection of ctDNA.

The current analysis also demonstrated the feasibility of using
ctDNA for the assessment of HPV status and mutational load.
While mutational load should ideally be estimated from whole
exome sequencing, Chalmers and colleagues showed that muta-
tional load can be reasonably estimated using smaller targeted
NGSpanels ("1.1MB coding region; ref. 44). TheNGSpanel used
in our study targets approximately 1.5 MB of coding region and
was thus considered as an acceptable approach to estimate muta-
tional load on ctDNA. In this BERIL-1 study, we observed a
relationship between a low mutational load in ctDNA and an
improved response to the combination of buparlisib and pacli-
taxel compared with the response to the combination of placebo
and paclitaxel. Although recent evidence suggests that a high

mutational load could be associated with better response to
treatment with checkpoint inhibitors in a variety of cancers, this
is, to our knowledge, the first study showing an association
between mutational load and response to a PI3K inhibitor
(35–37).

Emerging evidence suggests that the immune system plays a
critical role in the development and evolution of SCCHN. In
recent analyses, higher TIL levels, especially CD8þ TILs, have been
shown to be associated with improved outcomes (31, 45–47).
Recent evidence also highlights the importance of a comprehen-
sive evaluationof tumor cells and tumor-infiltrating immune cells
when determining the prognostic relevance of immune markers
such as PD-L1 (48, 49). In BERIL-1, patients with above-threshold
levels of TILs and CD8þ cells tended to derive superior survival
benefit from the combination of buparlisib and paclitaxel, com-
pared with the combination of placebo and paclitaxel. This
relationship between response to treatment and immune infil-
tration status may be linked to the potential ability of PI3K
inhibition to prime the immune system. PI3Kd inhibition was
previously suggested to promote immune-mediated elimination
of cancer. In addition, inactivation of PI3Kg in host mice was
shown to be associated with an increased tumor infiltration of
CD4þ and CD8þ T lymphocytes (50, 51). Buparlisib, which was
recently suggested to alleviate tumor immune suppression by
promoting IFNg secreting, antitumor T cells, could potentially act
on immune tumor response through inhibition of PI3Kg and/or
PI3Kd (45).

Although the current analysis provides valuable insights into
the potential biomarkers associated with response to the com-
bination of buparlisib and paclitaxel in SCCHN, some limita-
tions of the analysis need to be considered when interpreting
this data. The key limitations of the current study include the
small number of patients with alterations in the PI3K pathway,
as well as the high proportion of unknown/missing in some
biomarker subgroups. Additionally, the biomarker data were
generated retrospectively in patient subgroups with valid bio-
marker data and the patients were thus not stratified based
upon biomarkers. Furthermore, the thresholds selected for
mutational load and some of the immune marker analyses
were data driven and established after exploratory analyses of
different thresholds. This could lead to overoptimized estimate
of treatment effect in the biomarker subgroup. Validation of the
association between the biomarker subgroups and efficacy in
an independent cohort is warranted.

In conclusion, the BERIL-1 biomarker analyses showed that
patients with TP53 alterations, HPV-negative status, low muta-
tional load or above-threshold infiltration of TILs or CD8-positive
cells derived survival benefit with the combination of buparlisib
and paclitaxel. Further investigations are warranted to explore the
clinical value of these biomarkers in SCCHN. These results also
warrant further investigation in understanding if these potential
markers of efficacy are strictly related to PI3K inhibitors or might
also apply for other therapies.
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