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Background: Mutations in the KRAS gene can be detected in about 70-90% of pancreatic cancer (PC) cases. Whether these
mutations have a prognostic or predictive value remains elusive. Furthermore, the clinical relevance of the extended RAS
(KRAS + NRAS) mutational status is unclear in PC.

Methods: We prospectively defined a PC patient population who received erlotinib-free chemotherapy regimens. A statistically
significant difference between KRAS wild-type and KRAS mutated tumours in at least 160 patients in this population would
support the assumption of a rather prognostic role of KRAS.

Results: One hundred and seventy-eight tumour samples were collected from prospective clinical studies and successfully
analysed for the extended RAS status: 37 tumours were KRAS wild-type (21%), whereas 141 (79%) carried a KRAS mutation; 132 of
these mutations were found in KRAS exon 2 (74%), whereas only 9 mutations (5%) were detected in KRAS exon 3. Within KRAS
exon 4 and NRAS exons 2-4, no mutations were apparent. There was no significant difference in overall survival for KRAS wild-type
vs mutant patients (9.9 vs 8.3 months, P=0.70).

Conclusions: Together with the results of the AIO-PK-0104-trial, the present analysis supports the notion that KRAS mutation
status is rather predictive than prognostic in advanced PC.

Pancreatic cancer (PC) is increasingly becoming a leading cause of FOLFIRINOX or gemcitabine plus nab-paclitaxel have improved
death from gastrointestinal malignancies (Rahib et al, 2014). therapeutic options for patients with advanced disease (Conroy
During the past years, novel chemotherapy regimens such as et al, 2011; Von Hoff et al, 2013). Despite significant efforts by
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many translational research groups, there are still no established
biomarkers that could guide individualised treatment decisions in
PC (Kruger et al, 2014).

Thus the current situation in PC represents a clear contrast to
other solid tumours such as colorectal, breast or lung cancer, where
a molecular workup of tumour specimens before the initiation of
targeted therapy has become a standard procedure already some
years ago (Amado et al, 2008; Rosell et al, 2012). The only targeted
therapy which has been approved for PC in 2007 is erlotinib, an
oral tyrosine kinase inhibitor acting at the intracellular adenoside
triphosphate-binding site of the epidermal growth factor receptor
(EGFR) (Moore et al, 2007). Up to now, there is, however, no
predictive biomarker regarding the EGFR or its downstream
targets for the use of erlotinib in PC.

In a large randomised phase III trial conducted by the
‘Arbeitsgemeinschaft Internistische Onkologie’ (AIO-PK0104),
where erlotinib was used as first-line treatment in combination
with either gemcitabine or capecitabine, Kirsten rat sarcoma
oncogene (KRAS) mutations in exon 2 were successfully
determined in 173 patients. A KRAS exon 2 wild-type status was
shown to be associated with an improved overall survival (OS) of
7.9 months compared with 5.7 months in patients with a KRAS
mutation (HR 1.68, P=0.005) (Boeck et al, 2013; Heinemann et al,
2013). All patients treated within AIO-PK0104 received erlotinib,
thus the potential predictive vs prognostic role of KRAS remained
elusive. A recent meta-analysis that pooled data from 17 studies on
KRAS reported a potential prognostic role of KRAS in PC (Tao
et al, 2016). However, as this meta-analysis included data from
patients in different clinical settings (e.g., resected patients and
advanced disease) and treatments (no chemotherapy, chemother-
apy, EGFR-containing regimens), it still remains unclear how to
interpret the relation between KRAS and OS in PC.

In the current study, the authors therefore aimed to collect
archival tumour samples from patients with advanced PC treated
with erlotinib-free chemotherapy regimens in order to investigate
whether the effect of KRAS on OS is prognostic or predictive for
the efficacy of erlotinib. Most of the already existing reports
evaluating the relevance of KRAS mutations in PC performed
KRAS analyses in exon 2 only (or partly in exon 3). To our
knowledge, no reports are so far available on the role of NRAS
mutation in PC. It is known from colorectal cancer that tumours
with mutations in the extended RAS genes (KRAS exons 2-4 and
NRAS exons 2-4) do not respond to treatment with EGFR-acting
agents (Douillard et al, 2013). We therefore decided to perform an
extended RAS analysis also in this translational multicentre study.

METHODS

Patient population. For the current pooled prospective analysis,
patients were eligible if they had histologically proven locally
advanced or metastatic adenocarcinoma of the pancreas with
available formalin-fixed paraffin-embedded (FFPE) archival
tumour samples and were treated with at least one dose of
palliative first-line chemotherapy without EGFR-acting agents,
especially erlotinib. Previous chemotherapy or chemoradiotherapy
treatment, with the exception of adjuvant therapy, was not allowed.
Neuroendocrine tumours of the pancreas were excluded. For a
better comparability of survival data, patients receiving the more
effective combination regimens FOLFIRINOX or gemcitabine +
nab-paclitaxel were excluded.

Three large randomised multicentre phase II/III trials, con-
ducted by our group in the pre-erlotinib era, were screened for
eligible patients: Heinemann et al (2006) (phase III, gemcitabine +
cisplatin vs gemcitabine), Boeck et al (2008) (phase II,
capecitabine + oxaliplatin ~ vs  capecitabine + gemcitabine  vs

gemcitabine + oxaliplatin) and Heinemann et al (2013) (AIO-
PK0104 trial preamendment: capecitabine followed by second-line
gemcitabine vs gemcitabine followed by second-line capecitabine in
a crossover design). Additional patients were identified from a
prospectively maintained tumour registry of the outpatient clinic at
the Ludwig-Maximilian-University of Munich and the Technical
University of Munich. This project was approved by the ethics
committees of both universities (project numbers 554-11 and
401-15, respectively).

Statistical analysis. For the current translational analysis, a
preplanned sample size calculation was performed based on the
translational results of the AIO-PK0104 trial (Heinemann et al,
2013): in 176 patients treated within the AIO-PK0104 trial,
patients with KRAS wild-type tumours treated with an erlotinib-
containing regimen showed a superior survival compared with
patients with KRAS mutant tumours (HR 0.60, P=0.005). To
detect the same difference (with a power of 80% by a two-sided
log-rank test with a significance level of 5%) in a patient population
treated without EGFR-targeting agents, at least 160 patients were
needed, estimating a rate of censored observations for OS of 10%
and a rate of KRAS wild-type vs mutant tumours of 30% and 70%,
respectively. A statistically significant difference between KRAS
wild-type and KRAS mutant tumours regarding OS in this patient
population not receiving erlotinib thus would support the
assumption of a prognostic role for KRAS in advanced PC.

The IBM SPSS Version 23 software package (IBM Corporation,
Armonk, NY, USA) was used for statistical analysis. For qualitative
data and quantitative data that were dichotomised at a clinically
relevant cutoff, the %> test was applied. Survival was estimated by
the Kaplan-Meier-method. Comparison of survival was conducted
by the log-rank test. Hazard ratios (HR) were obtained by Cox
Regression. A P-value of <0.05 was regarded as statistically
significant. OS was recorded as the time interval between first
application of palliative chemotherapy and death from any cause.

KRAS/NRAS mutation analysis. Archival FFPE tumour tissue
(gained by routine diagnostic procedures at the initial diagnosis or
confirmation of recurrence of PC) was obtained from the
participating study centres/pathologists for extended RAS analysis.
Cytological specimens were not included. The majority (90%) of
KRAS/NRAS mutation analyses were performed centrally at the
University of Munich, Institute of Pathology. RAS mutations in
exon 2 (codons 12, 13), exon 3 (codons 59, 61) and exon 4 (codons
117, 146) and NRAS mutations in exon 2 (codons 12, 13), exon 3
(codons 59, 61) and exon 4 (codons 117, 146) were investigated by
established routine pyrosequencing using the PyroMark Q24 and
the PyroMark Q24 2.0.6. software (Qiagen, Hilden, Germany).
DNA was extracted with the help of the QIAamp DNA FFPE
Tissue Kit on a QIAcube device (Qiagen). PCR primers were
purchased from Biomers.net GmbH (Ulm, Germany). The primer
sequences are listed in Supplementary Materials and Methods (see
Supplementary Table S1). Ten percent (n=18) of the analyses of
KRAS exons 2-3 were performed at the Institute of Pathology at
the Technical University of Munich by high-resolution melting
assay (HRMA) and Sanger sequencing, as described previously
(Schlitter et al, 2014, 2015).

RESULTS

Patients and treatments. Evaluable tumour material was success-
fully collected from 178 patients (100 males, 56%; 78 females,
44%). In total, 122 (60%) of the analysed patients were treated in
one of the three large prospective, controlled clinical trials: 59
(33%) within the trial by Heinemann et al (2006) (phase III,
gemcitabine + cisplatin vs gemcitabine), 45 (25%) within the trial
by Boeck et al (2008) (phase II, capecitabine + oxaliplatin vs
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capecitabine + gemcitabine vs gemcitabine + oxaliplatin), and 18
(10%) in the AIO-PK0104 study (preamendment) (Heinemann
et al, 2013). The remaining patients were treated at the outpatient

Table 1. RAS mutation status
Variable

KRAS exon 2 at codons 12 and 13 - no./total no. (%)

46/178 (26)
132/178 (74)

Nonmutated
Mutated

Specific mutations at KRAS exon 2 at codons 12 and 13 - no./
total no. (%)

G12D 65/132 (49)
G12v 45/132 (34)
G12R 19/132 (14)
G12C 2/132 (2)
G13D 17132 (1)

KRAS exon 3 at codon 61 - no./total no. (%)

Nonmutated 169/178 (95)
Mutated 9/178 (5)

KRAS exon 4 at codon 117 or 146-no./total no. (%)?

Nonmutated 160/160 (100)
Mutated 0/160 (0)
KRAS exons 2-3 — no./total no. (%)

Nonmutated 37/178 (21)
Mutated 141/178 (79)

NRAS exon 2 at codons 12 and 13, exon 3 at codon 61, exon 4
at codons 117 or 146 — no./total no. (%)®

Nonmutated
Mutated

160/160 (100)
0/160 (0)

Abbreviation: KRAS = Kirsten rat sarcoma oncogene.
®Analyses of KRAS exon 4 and NRAS were only carried out in the 160 samples available at
the Institute of Pathology at the LMU Munich.

clinics at the Ludwig-Maximilian-University of Munich (n= 38,
21%) or at the Technical University of Munich (n=18, 10%).
Median age was 63 years (range 36-88 years). All patients were
diagnosed with a pancreatic ductal adenocarcinoma, 158 (89%)
had metastatic tumours and 20 patients (11%) had locally
advanced disease. Most primary tumours (60%) were located in
the pancreatic head, 22% in the pancreatic body and 18% in the
pancreatic tail. The liver was the most frequent site of metastasis
(72%), followed by the lung (15%). All included patients received at
least one dose of palliative chemotherapy. Most patients received
gemcitabine-based treatments (70%), thereof 35% gemcitabine
alone, 24% gemcitabine 4 cisplatin and 10% gemcitabine +
oxaliplatin. Fluoropyrimidine-based regimens were applied in
18% of patients: 8% received capecitabine alone, 8%
capecitabine + oxaliplatin and 2% infusional 5-fluorouracil/
leucovorin + oxaliplatin (FOLFOX). Combinations of gemcitabine
and capecitabine were given in 12%.

Tumour RAS status. Considering KRAS exon 2 mutations
(codons 12 and 13), 132 (74%) of the analysed tumours were
mutated (see Table 1). KRAS exon 3 (codon 61) mutations were
found in 9 cases (5%). Within the 160 tumours evaluated for KRAS
exon 4 and in all exons of NRAS, only wild-type status was
detected. Overall, in KRAS exons 2-3, a mutation rate of 79% was
determined. The most common specific mutation in exon 2 was
GI12D (49%), followed by G12V (34%) and G12R (14%).

There were no differences in baseline patient characteristics,
such as gender, age, KPS, tumour stage (locally advanced vs
metastatic) and treatment (gemcitabine-based, fluoropyrimidine-
based or gemcitabine + fluoropyrimidine combinations) for KRAS
wild-type vs mutant tumours when all KRAS mutations were
combined (exons 2 and 3) or for exon 3 only (see Table 2).
Splitting the patients into subgroups by the median pretreatment
CA 19-9 value (586 Uml ") revealed a higher proportion of

Table 2. KRAS mutation status according to baseline patient characteristics

Variable [ KRAS exons 2-3 ‘ I KRAS exon 3 (codon 61) |
‘ Mutated ‘ Non-mutated ‘ P-value ‘ Mutated ‘ Non-mutated ‘ P-value
Gender
Male 79 21 0.937 5 95 0.969
Female 62 16 4 74
Age (years)
<63 69 14 0.228 6 77 0.216
>63 72 23 3 92
KPS (%)
=90 77 55 0.382 ) 93 0.375
<90 22 11 2 64
Missing 13 13
Tumour stage
Locally advanced 15 5 0.622 2 18 0.284
Metastatic 126 32 7 151
Chemotherapy treatment
Gemcitabine based 93 31 0.057 6 118 0.958
Fluoropyrimidine based 31 2 31
Gemcitabine + fluoropyrimidine 17 4 1 20
CA 19-9 at baseline
<586Uml 53 22 0.017 4 71 0.699
>586Uml~" 65 10 3 72
Missing 28 28
Origin of tumour material
Primary tumour 69 22 0.326 4 87 0.628
Metastasis 68 15 5 78
Missing 4 4
Abbreviations: CA 19-9 = cancer antigen 19-9; KPS = Karnofsky Performance Status; KRAS = Kirsten rat sarcoma oncogene.

1464

www.bjcancer.com | DOI:10.1038/bjc.2017.115


http://www.bjcancer.com

Extended RAS analysis in pancreatic cancer

BRITISH JOURNAL OF CANCER

patients with KRAS mutant tumours in exons 2 and 3 in the CA
19-9 high subgroup (87% vs 71%, P=0.016). The origin of the
tumour specimen (metastasis vs primary tumour) had no impact
on the rate of RAS mutations (P =0.326).

Survival analyses according to tumour RAS status. Considering
KRAS exon 2 mutations, there was no difference in survival
between wild-type (9.56 months; 95% CIL: 4.83-14.29) and
mutant tumours (8.28 months; 95% CI: 7.35-9.20; HR: 1.13, 95%
CL: 0.79-1.61, P=0.51). Adding the 9 cases with mutations in
KRAS exon 3 did not change these results: 9.89 months (95% CI:
5.24-14.54) vs 8.28 months (95% CI: 7.32-9.24; HR 1.08, 95% CIL:
0.73-1.59, P =0.70; see Table 3 and Figure 1). The 9 patients with
KRAS mutations in exon 3 had a median OS of 5.75 months (95%
CI: 2.87-8.63). Considering the specific KRAS mutations in codon
12, patients with a G12R mutation had the longest median OS
(11.93 months), followed by G12D (8.28 months) and G12V (7.92
months); differences in OS between those subgroups were
statistically not significant (P =0.86; see Table 3).

Table 3. Efficacy results according to KRAS mutation status

. OS (months) Hazard ratio
Variable (95% CI) (95% CI) P-value
KRAS in exon 2 - no.
Nonmutated (46) 9.56 (4.83-14.29)
Mutated (132) 8.28 (7.35-9.20) 1.13 (0.79-1.61) 0.51

No KRAS mutation in exon 2, other RAS-mutation (exons 3,4)

Exon 3 (9) \ 5.75 (2.87-8.63) \ \
KRAS (exons 2-3) — no.

Nonmutated (37) 9.89 (5.24-14.54)

Mutated (141) 8.28 (7.32-9.24) 1.08 (0.73-1.59) 0.70
Specific KRAS mutation in exon 2, codon 12 - no.

G12D (65) 8.28 (6.53-10.03)

G12V (45) 7.92 (6.76-9.08)

G12R (19) 11.93 (0.20-23.66) 0.86

Abbreviations: Cl = confidence interval; KRAS = Kirsten rat sarcoma oncogene; OS = overall
survival.

Survival analyses according to tumour RAS status in specific
subgroups. As expected, patients with locally advanced disease
had a longer median OS (13.63 months) compared with patients
with metastatic disease (8.28 months; HR 0.54, 95% CI 0.32-0.92,
P=0.022). In locally advanced tumours, KRAS wild-type patients
(n=>5) had a median OS of 22.18 months, whereas KRAS mutant
patients (n=15) had a median OS of 13.63 months (HR 0.55, 95%
CI 0.15-1.95, P=0.34). In metastatic patients (n=158), OS for
KRAS wild type (n=32) was estimated with 9.10 months vs 8.15
months for patients with a KRAS mutant tumour (HR 0.96, 95%
CI 0.64-1.45, P=0.86).

CA 19-9 levels (that were determined locally at the participating
centres) at baseline were available from 149 patients; the median
CA 19-9 value was 586 Uml ™' (range 0.60-740000). Twenty-
three patients (15%) had a CA 19-9 value below the upper limit of
normal of 37Uml ™" with an OS of 13.18 months, 59 patients
(40%) had a CA 19-9 level between 38 and 1000 Uml " with a
survival of 9.23 months and 67 patients (45%) had CA 19-9 values
>1000 Uml ™' with a median OS of 7.60 months. The differences
in survival between the subgroups were not statistically significant
(P=10.24). Survival according to CA 19-9 and RAS status was as
follows: in the subgroup with CA 19-9 values <37 Uml ™', OS for
KRAS wild type (n=5) was 20.30 months vs 9.63 months for 18
KRAS mutant patients (HR 0.82, 95% CI 0.26-2.57, P=0.73).
Considering the second group with CA 19-9 levels between 38 and
1000 Uml ', KRAS wild-type patients (n=17) had a median OS
of 16.14 months compared with 42 KRAS mutant patients with an
OS of 8.58 months. This difference again was statistically not
significant (HR 0.98, 95% CI 0.54-1.77, P=0.934). In the largest
group with CA 19-9 values > 1000 Uml ™', 10 patients were KRAS
wild type and 57 were KRAS mutant. There was no difference in
median OS between both subgroups: 7.49 months vs 7.92 months
(HR 0.85, 95% CI 0.40-1.79, P=0.67).

In 124 patients (70%) who received gemcitabine or gemcitabine-
based regimens, median OS was 8.31 months; the 33 patients
(19%) who were treated with a fluoropyrimidine-based regimen
(capecitabine, capecitabine 4 oxaliplatin or FOLFOX) had a
median OS of 8.81 months. In 21 patients (11%), a combination
of gemcitabine + capecitabine was applied resulting in a median
OS of 10.97 months. The differences between the groups were not

100 =
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- 17 Mutant
80 - —}— Wild type — censored
= Mutant — censored
S
=~ 60+ .
] n=178; KRAS wild type: 37, KRAS mutant: 141;
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©
5 40 =
>
(©)
20 =
I
n g
0=
T T T T T T T
0 10 20 30 40 50 60
Months

Figure 1. OS by KRAS exons 2 and 3 mutational status.

www.bjcancer.com | DOI:10.1038/bjc.2017.115

1465


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER

Extended RAS analysis in pancreatic cancer

significant (P =0.30). Within the gemcitabine subgroup, OS for
KRAS wild-type patients (n =31) was 9.89 months compared with
8.31 months for 93 KRAS mutant patients (HR 0.95, 95% CI 0.62—
1.46, P=0.80). In the subgroup receiving fluoropyrimidine-
containing chemotherapy, only two patients were KRAS wild type
(OS 20.33 months), whereas 31 patients had a KRAS mutant
tumour (OS 7.92 months; HR 0.33, 95% CI 0.04-2.45, P=0.25).
Considering patients who received gemcitabine and capecitabine, 4
patients were classified as KRAS wild type (OS 6.57 months) and
17 patients had a tumour harbouring a KRAS mutation (OS 12.52
months; HR 2.89, 95% CI 0.86-9.75, P=0.074).

DISCUSSION

Based on extended RAS testing (KRAS and NRAS) in advanced
PC, we observed an overall mutation rate of 79%. Seventy-four
percent of the mutations were detected in KRAS exon 2. The
number of KRAS mutations in PC reported by other investigators
varies widely between 47% and 95% (see Table 4). However, these
reports also differ substantially in several patient characteristics
(e.g., inclusion of resected patients, palliative and adjuvant
treatment settings, Asian vs Caucasian patients) and the extent of
RAS testing. KRAS mutations are described as nearly ubiquitous in
PC (Waddell et al, 2015). Differences in the mutation rate may also
be related to technical aspects. However, the methods used for the
current analysis (pyrosequencing, Sanger sequencing and HRMA)
are highly sensitive with a limit of detection (share of tumour DNA
in the whole DNA extracted) of 10%, 15-20% and 10%,
respectively (Ogino et al, 2005; Tsiatis et al, 2010).

Screening for additional mutated loci revealed an incidence of
5% in exon 3 (codons 59 and 61), while no mutations were found
in KRAS exon 4 and in NRAS exons 2-4. Previous reports
indicated a mutation frequency of 1-3% in KRAS exon 3 (codon
61) in PC (Lee et al, 2007; Kim et al, 2011; Shin et al, 2013; Wang
et al, 2015). Compared with colorectal cancer, where other RAS-
mutations amount to approximately 17% of mutations in KRAS
exon 2 wild-type patients (Douillard et al, 2013), these more rare
mutations seem to have a secondary role in PC. To our knowledge,
the current report is the first to also investigate NRAS mutations in
PC, and interestingly, these mutations do not appear to have a
substantial role in pancreatic ductal adenocarcinoma.

Considering the frequency of specific KRAS mutations within
exon 2 (49% G12D, 34% G12V and 14% GI12R), our results are
well comparable with data recently reported by Bournet et al
(2016) (49.5%, 36% and 14.5%) or Ogura et al (2013) (42.9%,
39.7% and 7.0%), respectively. We could also observe a trend for
different outcomes of the specific subgroups, which were -
however — not statistically significant and differed substantially
from the recently described data by Bournet et al (2016). In their
analysis, patients with a G12D mutation had a significantly worse
median OS (6 months) than KRAS wild-type patients (9 months),
G12V (9 months) or GI12R mutations (14 months). In our
population, we observed the worst survival for the G12V mutation
(7.9 months), followed by G12D (8.3 months) and G12R (11.9
months). Based on the limited patient numbers and the post hoc
nature of the analysis, it is not possible to derive clear prognostic
information from any of the subgroups. Interestingly, we could
observe a higher rate of KRAS mutations in patients with CA 19-9
levels above the median value of 586 Uml ! 87% vs 71%,
P=0.017). Ogura et al (2013) also reported a higher - however,
statistically not significantly different — CA 19-9 expression in
KRAS-mutated tumours. The potential association between higher
CA 19-9 values and KRAS mutant tumours might reflect an
unfavourable tumour biology. However, this issue is controversial
as Bournet et al (2016) did not observe this effect using the upper

limit of normal of 37 Uml ~ ' as a cutoff value for CA 19-9. In our
subgroup analyses, there was no difference according to KRAS
status if patients were allocated to groups with CA 19-9 values
<37Uml "', 38-1000Uml ™' or >1000Uml ™ ".

When the RAS mutational status was correlated with OS, there
were no significant differences between wild-type and mutant
tumours. This applied for the analysis of exon 2 as well as for the
extended RAS analysis, taking into account the additional nine
mutations found in KRAS exon 3. These results are in line with
data recently reported by Bournet et al (2016) In 162 PC patients
treated with palliative chemotherapy without the use of anti-EGFR
agents, no OS difference between RAS wild-type and mutant
tumours was observed (10.0 months vs 9.5 months; HR 1.02,
P =10.88). Based on the observation that the RAS mutation status
has no influence on outcome in PC patients receiving anti-EGFR-
free treatment and given the survival benefit observed in erlotinib-
treated patients with KRAS wild-type tumours, it might be
concluded that a KRAS wild-type status may rather be predictive
for the efficacy of erlotinib. Considering the current literature on
KRAS in PC (summarised within Table 4), the available reports are
controversial. However, most of the work so far consists of
retrospective analyses missing a clear prospective design and
sample size calculation to further elucidate this question.

There are only two randomised studies with data on KRAS
status with different treatment arms for gemcitabine alone and
gemcitabine and erlotinib (da Cunha Santos et al, 2010; Wang et al,
2015). Wang et al (2015) performed an analysis on the effect of
KRAS on all patients only, finding no effect on efficacy; however,
the authors did not report the outcome for the different treatment
arms. This study furthermore had a low rate of KRAS wild-type
patients (5.7%, 5 out of 88 patients), thus the power to detect a
predictive role of KRAS in this randomised trial was too low and
was consequently not further followed by the authors. In a small
molecular subset analysis (n=117 out of 569) from the pivotal
PA.3 study, no (statistically significant) survival difference was
observed for KRAS wild-type patients between the two treatment
arms (gemcitabine + erlotinib vs gemcitabine + placebo): 6.1 vs 4.5
months, HR 0.66, 95% CI 0.28-1.7, P=0.34 (da Cunha Santos
et al, 2010). There furthermore was no significant difference for
KRAS wild-type vs mutant tumours in the gemcitabine + placebo
arm (4.46 vs 7.36 months, HR 0.68, 95% CI 0.33-12.42, P=0.30).
This analysis is, however, limited by its retrospective nature and
the rather small patient number.

Three other groups chose a similar approach as ours analysing
patients with erlotinib-free regimens in palliative first-line treat-
ment: Bournet et al (2016), Ogura et al (2013), and Lee et al (2007).
Of note, the findings of Bournet ef al (2016) as well as our results
are in contrast to the Asian reports: Ogura et al (2013) performed
KRAS testing within exon 2 in 242 patients and found a significant
advantage in OS for KRAS wild-type patients (479 vs 255 days,
P =0.03). However, their analysis included also patients with best
supportive care only and accepted also radiation therapy as
treatment option, thus the possibility to compare these results
directly to those of Bournet ef al (2016 and ours is limited. The
second analysis by Lee et al (2007) showed an improved OS for
patients with KRAS wild-type tumours (13.4 vs 9.1 months,
P=0.03), however, was already carried out in 2007, consisted of
only 66 Asian patients and had a rather low proportion of KRAS-
mutated tumours (64%).

Other reports on KRAS in patients with resectable PC are hardly
comparable to our analysis as they cover a completely different
therapeutic situation. Furthermore, the studies by Kwon et al
(2015), Sinn et al (2014), Shin et al (2013) and Oliveira-Cunha et al
(2012) do not deliver information on systemic treatment
(especially with EGFR-directed agents; for details, see Table 4).
Also the latest meta-analysis reported by Tao et al (2016) is not
appropriate for this issue as patients in different clinical settings
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Table 4. Studies on KRAS mutations and survival in PC

KRAS . . . . Predictive
Author No. | Treatment mutated Dtlf\:erence in median OS according to KRAS Prognostic | for
(No./%) status erlotinib
Erlotinib-containing palliative first-line treatment
Wang 88 Palliative; randomised: Overall: NS (data not shown) (erlotinib-containing and erlotinib- - -
et al, gemcitabine + erlotinib vs 83/94.3% free treatment arms not analysed separately)
2015 gemcitabine alone Exon 2:
81/92.0%
Exon 3: 9/
10.2%
Exons
2+3:7/
8.0%
Boeck 173 | Palliative; randomised: Overall: 7.9 months (wt) vs 5.7 months (mut), P=0.005 + (?) + (?)
et al, gemcitabine + erlotinib vs 121/70.0%
2013 capecitabine + erlotinib (all exon 2)
Exon 3:
NA
Kim 136 | Palliative; nonrandomised: Overall: 9.7 months (wt) vs 5.2 months (mut), P=0.002 (patients — +
et al, gemcitabine alone 71/52.2% treated with erlotinib, n=70), NS for patients treated
2011 gemcitabine + erlotinib Exon 2: with gemcitabine only
fluoropyrimidine + erlotinib 70/51.5%
Exon 3: 1/
0.7%
da 117 | Palliative; randomised: Overall: ‘prognostic’: gemcitabine + placebo: 4.46 months (wt) vs | — —
Cunha gemcitabine + erlotinib vs 92/78.6% 7.36 months (mut), P=0.30; ‘predictive’: wt: 6.1 months
Santos gemcitabine + placebo (all exon 2) | (gemcitabine + erlotinib) vs 4.5 months
et al, Exon 3: (gemcitabine + placebo), P=0.34; mut: 6.0 months
2010 NA (gemcitabine + erlotinib) vs 7.4 months
(gemcitabine + placebo), P=0.78
Erlotinib-free palliative first-line treatment
Bournet 219 | Palliative; nonrandomised: Overall: 9 months (wt) vs 8 months (mut), P=0.82 - NA
et al, gemcitabine, 147/67.1%
2016 gemcitabine + oxaliplatin, (all exon 2)
FOLFIRINOX or BSC Exon 3:
NA
Ogura 242 | Palliative; nonrandomised: Overall: 16.0 months (wt) vs 8.5 months (mut), P=0.03 + NA
et al, gemcitabine/(TS)-1 (5- 214/88.4%
2013 FU + radiation) or BSC (all exon 2)
Exon 3:
NA
Lee et al, 65 Palliative; nonrandomised: Overall: 13.4 months (wt) vs 9.1 months (mut), P=0.03 + NA
2007 gemcitabine or 32/49.2%
gemcitabine + capecitabine, uracil/ | (all exon 2)
tegafur or cisplatin Exon 3:
NA
Resected patients or no information on systemic treatment
Kwon 72 Resection; no information on Overall: No numbers for OS, P=0.167 NA NA
et al, potential further systemic treatment | 34/47.2%
2015 Exon 2:
34/47.2%
Exon 3: 0/
0%
Sinn 153 | Resection; no information on Overall: 20.7 months (wt) vs 12.7 months (mut), P=0.03 NA NA
et al, potential further systemic treatment | 105/68.6%
2014 Exon 2:
105/68.6%
Exon 3:
NA
Shin 234 | Resection; no information on Overall: S-year survival rate: 33.3% (wt) vs 14.7% (mut), P=0.001 | NA NA
et al, potential further systemic treatment | 126/53.8%
2013 Exon 2:
126/53.8%
Exon 3:
NA
Oliveira- 68 Resection; no information on Overall: NS NA NA
Cunha potential further systemic treatment | 28/41.2%
et al, Exon 2:
2012 28/41.2%
Exon 3:
NA
Abbreviations: BSC=best supportive care; FOLFIRINOX="folinic acid, fluorouracil, irinotecan, oxaliplatin; KRAS =Kirsten rat sarcoma oncogene; mut=mutated; NA=not available;
NS = non-significant; OS = overall survival; PC = pancreatic cancer; TS = thymidylate synthase; wt=wild type; 5-FU = 5-fluorouracil.
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(surgical treatment, no treatment, chemotherapy treatment, etc.)
were mixed up. Their subgroup analysis with chemotherapy-only
patients furthermore did not distinguish between anti-EGFR-free
and anti-EGFR-containing treatment regimens.

CONCLUSION

In conclusion, the potential prognostic or predictive role of KRAS
mutations in PC currently remains a matter of debate. However,
the current study - at least to our knowledge - represents the
largest analysis in a homogeneous patient population with an
upfront statistical design in this setting, showing no statistically
significant impact of KRAS mutation status on OS in an erlotinib-
free patient population. Considering the differences in the outcome
observed by the AIO-PK0104 study in patients receiving erlotinib
(Boeck et al, 2013), one might support the hypothesis for a
predictive role of KRAS for the efficacy of erlotinib (or other anti-
EGFR-targeting agents). A main limitation of the current data set is
based on the fact that we included patients from three different
trials and two tumour registries. However, the conclusion that we
were not able to find evidence (also within different subgroup
analyses) for a prognostic role of RAS in the analysed patient
population is — at least in our opinion - robust. The subsequent
‘cross-trial’ comparison to AIO-PK0104 should of course be
regarded with caution, as the role of RAS as a prognostic vs
predictive biomarker in advanced PC could only be defined within
a solely prospective, randomised biomarker trial.
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