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Abstract
BACKGROUND—Because low grade serous carcinoma of the ovary is relatively chemo
resistant disease, this study evaluated Selumetinib (AZD6244), an inhibitor of mitogen-activated
protein kinase kinase (MEK-1/2), and explored associations between RAS, and RAF family
mutations with clinical outcome.

METHODS—Women with recurrent low-grade serous ovarian or peritoneal carcinoma were
eligible and received Selumetinib at 100 mg. orally b.i.d. until progression or toxicity were
enrolled in Gynecologic Oncology protocol 239(NCT00551070). This trial has been completed
and we are reporting the results. The primary endpoint of this trial was to examine tumor response
rate to Selumetinib. The study used all-treated patients to determine response rate and overall
survival.

FINDINGS—Fifty-two patients were enrolled over two years. Eight patients (15.4%) had
complete (1) or partial (7) responses, and 34 (65%) had stable disease. There were no treatment-
related deaths. There were three observed grade 4 toxicities and 46 grade 3 toxicities that occurred
in more than one patient. Observed grade 4 toxicities were cardiac (1), pain (1), and pulmonary
(1). Grade 3 toxicities that occurred included gastrointestinal (13), dermatologic (9), and metabolic
(7).

CONCLUSIONS—Selumetinib is well tolerated, and is active in the treatment of recurrent low-
grade serous carcinoma. In exploratory analyses, response to Selumetinib did not appear to be
related to RAS/RAF mutational status. The 63% disease control is encouraging and worthy of
further evaluation of MEK inhibitors in this population. This study was supported by National
Cancer Institute grants to the Gynecologic Oncology Group.

Keywords
Selumetinib; cancer; serous; ovarian; low-grade

INTRODUCTION
Low-grade serous carcinoma (LGSC) of the ovary is a unique tumor that is distinguished
from high-grade serous carcinoma (HGSC) by differences in its pathological features,
associated molecular changes, and its natural clinical course, Table 1.1–4 Serous ovarian
tumors of low malignant potential (LMP), and low-grade serous carcinomas of the ovary
have a higher frequency of KRAS and BRAF mutations, a higher frequency of expression of
active mitogen-activated protein kinase (MAPK), and a lower frequency of p53 mutations
than do high-grade serous carcinomas1,2,5–8 In addition, gene expression profiles of LGSC
and serous tumors of LMP are similar and very distinct from the expression profiles of
HGSCs.6,7,9

Clinical observations that appear to link serous tumors of LMP and LGSC and contrast them
to HGSCs are equally compelling.10 These patients are diagnosed at a younger age and have
a longer overall survival (OS) compared to women with HGSC. LGSC is relatively chemo
resistant, not only to upfront agents, but also in the setting of recurrent disease.11,12 The
response rates (RR) for both platinum resistant and sensitive disease only approach 2%–4%,
respectively.12 It therefore is important to continue the search for active targeted agents for
these tumors, capitalizing on our better understanding of the molecular orgins of the tumors.
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Selumetinib (AZD6244, ARRY-142886) is a potent, selective, orally-available, and non-
ATP competitive small molecule inhibitor of the mitogen-activated protein (MAP) kinase,
mitogen-activated protein kinase kinase (MEK-1/2).13 Given the high frequency of
mutational alterations in the MAPK pathway found in low-grade serous ovarian cancers,
molecular inhibitors of pathway activation could offer a targeted strategy to control tumor
growth. Based on this preliminary information, the Gynecologic Oncology Group (GOG)
proposed to test Selumetinib in a phase II clinical trial for patients with recurrent low-grade
serous carcinoma of the ovary or peritoneum. The primary objective of this trial was to
examine tumor RR to Selumetinib.

MATERIALS and METHODS
Study Design

This open-label phase II study was approved by the local institutional review board at each
participating institution within the GOG. Eligible participants included women with an
initial primary diagnoses of serous borderline, low-grade serous ovarian or peritoneal
carcinoma that had biopsy proven recurrent LGSC (invasive micropapillary serous
carcinoma, or invasive grade I serous carcinoma) confirmed by blinded pathologic review of
recurrent tumor. Eligible women were at least 18 years of age, had a GOG performance
status of 0, 1, or 2, had disease measurable by physical exam or medical imaging according
to GOG Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1, and had
adequate hematologic, renal, hepatic, pulmonary, and cardiac function with no active
infections. Diagnosis of LGSC was confirmed prospectively by pathologic review of
recurrent tissue only prior to enrollment in protocol. This pathologic review was conducted
by a subcommittee of five GOG pathologists. Women were ineligible if they had a
concomitant or prior malignancy (other than a non melanoma skin cancer) within the
preceding five years, had prior chemotherapy within the past four weeks, or had a history of
prior MEK inhibitor use. Patients provided written informed consent consistent with federal,
state, and local requirements and gave authorization permitting the release of personal health
information.

Assessments
Patients were assessed prior to each cycle of treatment. Radiographic disease measurements
were required every other cycle using standard RECISTv 1.1 response criteria.14 OS was
defined as length of time from date of study entry to death, or the date of last contact.
Progression-free survival (PFS) was defined as the period from study entry until disease
progression, death, or the last date of contact. Patients who received any drug were
evaluable for efficacy and toxicity.

Treatment
Treatment consisted of Selumetinib hydrogen sulfate administered at a dose of 50 mg. twice
daily (b.i.d.), approximately 12 hours apart. Four weeks constituted a cycle. A cycle of
therapy was not administered unless the absolute neutrophil count was ≥1500 and platelets
were ≥100,000 ul. Creatinine was required to be <1·5X institutional upper limit of normal
(ULN). Bilirubin was required to be ≤1·5× ULN (Common Terminology Criteria for
Adverse Events - CTCAE v3.0 grade 1). Serum glutamic-oxalocetic transaminase (SGOT)
and alkaline phosphatase were required to be ≤2·5 x ULN (CTCAE v3.0 grade 1). Sensory
and motor neuropathy for each patient was required to be < grade 2.

Selumetinib dose adjustments were based on the hematologic, dermatologic, and
gastrointestinal (diarrhea, transaminases) toxicity. Treatment delays of up to 21 days were
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permitted. Subjects who failed to recover adequate counts within a three-week delay were
removed from study.

Study Endpoints
The primary objectives were to: examine the tumor RR of patients on Selumetinib, examine
the acute toxicity of Selumetinib using CTCAE version 3.0, and define the pharmacokinetic
profile for Selumetinib, at a dose of 50 mg. twice daily (b.i.d.), approximately 12 hours
apart. Response was determined as best response at any time The secondary objectives were
to: examine the acute and chronic toxicity of Selumetinib using the 21 major categories of
the CTCAE version 3.0.1.22, examine the dose and number of courses of Selumetinib given,
and estimate the PFS, and OS of women receiving Selumetinib. The translational research
objectives were to: examine DNA isolation with sequencing of BRAF, and KRAS mutation
analysis and explore their relationship with tumor response in patients treated with
Selumetinib. In post hoc data exploration, we examined CA-125 responses (at least a 50%
reduction from baseline CA-125) in patients with baseline CA-125 >=2×ULN.

Mutational Analysis of KRAS and BRAF Genes
Formalin-fixed, paraffin-embedded tissue samples from 40 patients enrolled into the study
were obtained. Genomic DNA was purified from the tumor component, with 34 patients
having sufficient DNA, 20 ng, for mutational analysis. All specimens used were reviewed
for tumor/stromal content and were greater than 50% tumor cells. The molecular platform
utilized in this study has a sensitivity of approximately 90% for FFPE. However, if
significant tumor heterogeneity exists and the mutation containing cells account for less than
10% of the specimen it is possible that a mutation was not detected. The ovarian tumors
were analyzed for a codon 599 mutation in BRAF, and codon 12 and 13 mutations in
KRAS. Analysis of the 1796T/A status in BRAF was performed using a polymerase chain
reaction (PCR)-based restriction fragment length polymorphism (RFLP) technique or direct
sequencing. For RFLP method, the BRAF PCR product of exon 15, which contains
nucleotide position 1796, was digested with TspR1 (New England Biolabs, Inc., Beverly,
MA) at 65°C for 3 hours. The PCR products were electrophoresed on a 10% polyacrylamide
gel and were also sequenced to validate the RFLP results. KRAS mutational status at codon
12 or 13 was analyzed either by digital PCR or direct sequencing.

Mass-spectrometric genotyping
Genomic DNA from all tumor samples was purified and subjected to phi29 polymerase
multiple strand-displacement whole-genome amplification. After quantification and dilution
of genome-amplified DNA, multiplexed PCR was performed in 5-ml volumes containing
0·1 units of Taq polymerase, 5 ng of genome-amplified genomic DNA, 2·5 pmol of each
PCR primer and 2·5 mmol of dNTP. Thermocycling was at 95 1C for 15 minutes followed
by 45 cycles of 95 1C for 20 s, 56 1C for 30 s and 72 1C for 30s. Unincorporated dNTPs
were deactivated using 0·3 U of shrimp alkaline phosphatase, and primer extension was
carried out using 5·4 pmol of each primer extension probe, 50 mmol of the appropriate
dNTP/ddNTP combination and 0·5 units of Thermosequenase DNA polymerase. Reactions
were cycled at 94 1C for 2 minutes, followed by 40 cycles of 94 1C for 5 s, 50 1C for 5 s
and 72 1C for 5 s. After the addition of a cation exchange resin to remove residual salt from
the reactions, 7 nl of the purified primer extension reaction was loaded onto a matrix pad (3-
hydroxypicoloinic acid) of a SpectroCHIP (Sequenom). SpectroCHIPs were analyzed using
a Bruker Biflex III matrix-assisted laser desorption/ionization–time of flight (MALDI-TOF)
mass spectrometer (SpectroREADER, Sequenom). Mutation calls for each sample were
determined using the default settings of MassArray Typer 3.4 Analyzer (Sequenom).
Successful genotyping assays were defined as those in which 75% of all genotyping calls
were obtained.
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Statistical Analysis
We tested the null hypothesis (H0) that the objective RR is 10% or less against the
alternative (H1) that it is greater than 10% assuming the true RR for the agent is 25%. The
study used a flexible, 2-stage accrual design that allowed stopping early for lack treatment
activity.23 During the first stage of accrual, with 27 eligible patients, ≥4 patients were
required to have a complete (CR) or partial response (PR) in order to open the second phase
of accrual. At the end of the second stage, with 52 eligible patients, the regimen would be
considered active if at ≥8 patients had a PR or CR. If the true response rate were 10%, the
average probability of designating the treatment as active would be limited to 10%; on the
other hand, if the true response rate were 25%, the probability of correctly classifying the
treatment as active would be 90%. There were no historical data available on what the
response rate is for treatments in this patient population; therefore a threshold of 10% for the
null was used as indicator of no activity. Secondary and exploratory analyses were
conducted to assess associations between patient demographics, clinical outcomes, and
biological characteristics. The purpose was to characterize and screen in a hypothesis
generating fashion. Tests with p-values less than 0.05 were deemed suggestive, and expected
relationships with p-values between 5% and 10% could be noted as a trend. Fisher’s Exact
test was used to compare response rates by mutational status.. Survival curves were
generated using the Kaplan-Meier method. SAS® version 9.3 was used for all statistical
analyses. This study is registered with ClinicalTrials.gov, NCT00551070. The funding
source, The National Cancer Institute, provided the study drug, Selumetinib, used in this
study. The corresponding author had full access to all of the data and the final responsibility
to submit for publication.

RESULTS
Patient Characteristics

Fifty-two patients were accrued between December 17, 2007 and November 23, 2009, and
the data were locked on May 16, 2011. All 52 patients enrolled were eligible, treated, and
evaluable. The patient characteristics are presented in Table 2. Median age was 51 years
(range 24–77). The majority of patients were white, had GOG performance status of 0, and
ovarian site of disease. Thirty (57%) patients had received three or more prior
chemotherapeutic regimens; of the 126 total regimens received, 82 (65%) contained
platinum, including 20 patients who received two platinum regimens, and 5 who received
three platinum regimens. Only one of the 126 regimens was a horomonal therapy (Lupron).

Clinical Outcomes
Twenty-seven patients were accrued and eligible in stage 1 of the study: four patients had
partial responses, response was determined as best response at any time. At the end of the
study, with 52 evaluable patients, eight patients (15.4%) had a partial or complete response
(90% confidence interval [CI]: 7.9%, 26.1%) (Table 3). For patients who had partial or
complete responses, the median (25th – 75th percentiles) time to response was 4.8 (2.7 – 8.9)
months, and the duration of response was 10.5 (8.2 - not estimable due to three censored
patients). The median PFS was 11 months (first and third quartiles were 3·6 and 15·9
months, respectively) (Table 3, Figure 1). Thirty-three (63%) patients experienced a PFS >6
months duration. Median overall survival has not been reached; the Kaplan-Meier estimate
(95% CI) of the percentage of people surviving at least 24 months is 55% (40%, 71%). The
median (25th and 75th percentiles) follow-up in patients who have not died is 21 (17–30)
months. The median number of cycles received was 4·5, and 33% (17/52) of patients
received at least 12 cycles of treatment. Of the 438 cycles received, 30 (7%) were delayed:
12 due to protocol-related AEs, 5 due to non-protocol illnesses, 5 due to personal reasons,
and 8 due to scheduling. In post hoc data exploration, of 31 patients with CA-125 >=2 x
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ULN, 6 patients (19%) CA-125 responses; three of the 31 had tumor responses, and 1 had
both.

Toxicity
There were no treatment-related deaths (Table 4). Observed grade 4 toxicities were cardiac
(1), pain (1), and pulmonary (1). Grade 3 toxicities that occurred in more than one patient
included gastrointestinal (13), dermatologic (9), metabolic (7), fatigue (6), anemia (4), pain
(4), constitutional (3), and cardiac (2). Twenty-two (42%) of the 52 patients had dose
reductions. Thirteen (25%) of the 52 patients came off study due to toxicity. No patients
died due to treatment.

Mutational Analysis
Forty of the 52 patients provided FFPE tumor, and, of these, 34 had sufficient DNA for the
BRAF, and KRAS mutation assays to be performed (Table 2). Of the 34 patients who had
the mutation analyses done: 28 (82%) were tissue from primary tumor, 2 (6%) were tissue
from metastatic tumor, and 4 (12%) were tissue from recurrent/persistent tumor.. Clinical
characteristics for patients in the mutation subset are also presented in Table 1. Two of 34
(6%) patients had BRAF mutations, 14/34 (41%) had KRAS mutations, seven of 34 (21%)
had other RAS mutations, and 12/34 (35%) had none of these mutations (Table 5A). Tumor
response by mutation status is shown (Table 5B). There were no statistically significant
differences in the proportion of patients with complete or partial responses (CR or PR) for
any mutation.

DISCUSSION
Selumetinib is well tolerated, and is active in the treatment of recurrent low-grade serous
carcinoma. The median PFS was 11 months, with PFS >6 months in 63% of patients. In
exploratory analyses, response to Selumetinib did not appear to be related to RAS/RAF
mutational status. These results are appealing because LGSC have been increasingly
recognized as more chemoresistant than HGSC, with the majority of patients (88%) having
positive second-look surgery.10,12,15–17. Persistent disease after primary chemotherapy was
the only factor associated with shorter OS time.10 Primary peritoneal carcinoma (PPC) is
histologically indistinguishable from epithelial ovarian cancer, and has similar clinical
characteristics, patterns of spread, response to treatment, and survival rates.16,18 Low-grade
serous PPC also appears to have similar clinical characteristics as low-grade serous ovarian
cancer. At the completion of primary treatment consisting of maximal surgical cytoreductive
effort followed by adjuvant chemotherapy, 66·7% of low-grade serous PPC patients were
noted to have persistent or progressive disease. The 5-year PFS was 16%, yet the five-year
OS was 69%.16 In the recurrent setting, the chemo resistance of LGSC is even more
profound. An evaluation of 58 patients from the University of Texas MD Anderson Cancer
Center with recurrent LGSC who received 108 separate chemotherapy regimens (“patient-
regimens”), revealed four responses—(one complete and three partial); for an overall RR
(ORR) of 3·7% (11). The median time to progression was 29 weeks.12 This is in stark
contrast with data from previous reports of ovarian cancer trials, which predominantly
involved patients with HGSC.19,20 In platinum-sensitive disease HGSC patients treated with
a taxane-platinum drug combination, RRs ranged from 66% to 90%, with median PFS
durations of nine to 19 months.21,22 In phase III studies of women with platinum-resistant/
refractory disease, reports on several chemotherapeutic agents produced RRs in the range of
15%-30%.12,23,24 PFS durations generally ranged from 2–6 months. These cytotoxic
chemotherapies carry associated toxicity. Twenty nine percent of patients experienced grade
3–4 toxicity. 12,23,24 Thirty eight percent of patients receiving gemcitabine, 71% of
topotecan patients, and 19% of pegylated liposomal doxyrubicin patients experienced grade
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3 or 4 toxicities. The majority of grade 3–4 toxicities were hematologic for topotecan and
gemcitabine 77% and 38% respectively and palmar-plantar erythrodysesthesia and stomatitis
22% and 9%, respectively, for pegylated liposomal doxyrubicin (PLD). Fatigue (grade 2, 3,
or 4) also is higher with gemcitabine and topotecan compared with PLD. This compares to
the 6% G4 toxicity overall, with one(2%) G3-4 hematologic toxicity observed in the current
study. There was a 25% grade 3 gastrointestinal toxicity and 17% grade 3 dermatologic
toxicity observed however these were tolerable and manageable.

The chemoresistant nature of recurrent LGSC to cytotoxic chemotherapy makes effective
alternative molecular therapies of paramount importance. The poor observed RR of
recurrent LGSC patients in the MD Anderson cohort was in the most favorable setting, 53%
of patients having received only one prior cycle of chemotherapy. While there was no
control group specifically in the current trial and cross trial comparisons can be fraught with
statistical imprecision, in the current trial the majority of patients (57%) had three or more
prior chemotherapy regimens compared to 25% in the MD Anderson cohort.12 Despite this
heavily pretreated condition, the disease stability rate of 65% and median PFS of 11 months
is substantially improved over that observed with the MD Anderson cohort of 60% and 7.3
months, respectively. The activity of Selumetinib in recurrent LGSCs confirms the
importance of targeting the MAPK pathway in this subset of patients.

At the time this study was planned, a high frequency of BRAF and KRAS mutations in
LGSCs had been observed, and our hypothesis that MAPK inhibition would be a potentially
active therapeutic intervention was based on this observation. Our results suggest that
Selumetinib is an active agent, but not necessarily because of BRAF or KRAS mutational
activation per se, as determined by limited archival specimen analysis. Given the current
regulatory trends and recommendations for clinical trial design that are moving in a more
restrictive direction this was an important and potentially provocative decision. The decision
to allow patients with and without BRAF or KRAS mutational activation proved to be
appropriate. Unless the evidence for limiting eligible patient populations is compelling, trial
design must allow the hypothesis to be adequately tested clinically. A limitation of our
correlative study is that the concordance of BRAF or KRAS mutational activation between
primary and recurrent/metastatic disease has not been adequately studied. Additionally, if
significant tumor heterogeneity exists and the mutation containing cells account for less than
10% of the specimen it is possible that a mutation was not detected.

Given the robust activation of the MAPK pathway in LGSCs, molecular targeting of this
pathway provides a logical treatment option for patients with this disease. Additionally, both
the angiogenesis pathway and the IGF/insulin axis are attractive molecular targets also
worth exploring in LGSC in combination with MAPK inhibitors. In the current study
Selumetinib exhibits considerable activity in recurrent low-grade serous tumors. The 15%
RR is 4X that observed for cytotoxic chemotherapy in the setting of recurrent low-grade
serous tumors. The regimen also has considerable less toxicity when compared to cytotoxic
regimens with a 6% incidence of grade 4 toxicities which is substantially less than the 18%–
71% rate observed for cytotoxic agents. Additionally, Selumetinib displayed a robust disease
stability rate with a median PFS of 11 months, and 63% of patients experiencing a PFS >6
months duration. These results warrant further evaluation of inhibitors of the MAPK
pathway in LGSCs.
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Research in Context

A systematic review was conducted as a part of planning this trial. The NCI Pub Med
database was searched with mesh terms: serous ovarian cancer, MAPK, and mutation
rate. Only studies conducted or evaluating low-grade serous carcinomas were included.
This review revealed evidence of alterations in the MAPK pathway being prominent in
LGSC when compared to high grade ovarian cancers. The relative chemorefractory
nature of LGSC was confirmed. This highlighted a disease which was systemically
progressive without any current effective cytotoxic chemotherapy for recurrent
progressive disease that did not harbor increased toxicity with minimal clinical gains.
The present trial confirms the activity of the MAPK in low-grade serous ovarian cancer
and the potential for MEK inhibitors in treating this malignancy.
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Figure 1.
Progression Free Survival and Overall Survival of study
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TABLE 1

Characteristics of Low Grade and High Grade Serous Carcinomas

Low Grade High Grade

Age 56 63

Mean OS (months) 99 57

RR to platinum/taxane 2%–4% 80%

KRAS,BRAF+ 30%–50% 2%–3%

P53+ 55% 25%

BRCA+ 4% 22%
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TABLE 2

Patient Characteristics in Entire Cohort and Mutation (BRAF, KRAS,) Subset

Characteristic Category In Entire Cohort (N=52) In Mutation Subset (N=34)

Age 20–29 3 (5.8) 1 (2.9)

30–39 11 (21.2) 7 (20.6)

40–49 8 (15.4) 6 (17.6)

50–59 17 (32.7) 11 (32.4)

60–69 9 (17.3) 8 (23.5)

70–79 4 (7.7) 1 (2.9)

Race Unspecified 2 (3.8) 0 (0.0)

Asian 2 (3.8) 0 (0.0)

African American 2 (3.8) 2 (5.9)

White 46 (88.5) 32 (94.1)

Ethnicity Hispanic or Latino 7 (13.5) 3 (8.8)

Non-Hispanic 42 (80.8) 29 (85.3)

Unknown/Not specified 3 (5.8) 2 (5.9)

GOG Performance Status 0 32 (61.5) 23 (67.6)

1 20 (38.5) 11 (32.4)

Site of Disease Ovary 47 (90.4) 30 (88.2)

Peritoneum 5 (9.6) 4 (11.8)

Cell Type Serous Adenocarcinoma 52 (100.0) 34 (100.0)

Number of Previous 1 10 (19.2) 6 (17.6%)

Regimens 2 12 (23.1) 8 (23.5%)

3 28 (53.8) 19 (55.9%)

4 2 (3.8) 1 (2.9%)

Prior Radiation No 44 (84.6) 29 (85.3)

Yes 8 (15.4) 5 (14.7)

Prior Immunotherapy No 50 (96.2) 33 (97.1)

Yes 2 (3.8) 1 (2.9)

Prior Surgery No 3 (5.8) 2 (5.9)

Yes 49 (94.2) 32 (94.1)
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TABLE 3

Response Rate and Progression Free Survival

Characteristic Category No. of Cases % of Cases

Response Complete Response 1 1.9

Partial Response 7 13.5

Stable Disease 34 65.4

Increasing Disease 8 15.4

Indeterminate 2 3.8

Cycles of Treatment 1 7 13.5

2 8 15.4

3 6 11.5

4 5 9.6

5 1 1.9

6 2 3.8

7 2 3.8

10 4 7.7

12 2 3.8

13 1 1.9

14 3 5.8

15 2 3.8

>15† 9 17.3

Alive‡ Without progression 10 19.2

With progression 22 42.3

Dead‡ From disease 17 32.7

From neither Rx nor disease 1 1.9

From undetermined cause 1 1.9

Pending 1 1.9

†
Three patients remain on study therapy (after receiving 20, 33, and 35 cycles).

‡
As of database lock, May 16, 2011.
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TABLE 5

A: Type of Mutation

Presence of activating mutation N=34

n (%)

 No 12 (35%)

KRAS/BRAF

 BRAF 2 (6%)

 KRAS 14 (41%)

B: Tumor Response (CR, PR) by BRAF, KRAS, Mutation

Response (CR,PR)

N
No
n (%)

Yes
n (%) p-value†

Total

34 27 (79.4%) 7 (20.6%)

BRAF Mutation

No 32 25 (78.1%) 7 (21.9%) 1.000

Yes 2 2 (100.0%) 0 (0.0%)

KRAS Mutation

No 20 15 (75.0%) 5 (25.0%) 0.672

Yes 14 12 (85.7%) 2 (14.3%)

BRAF or KRAS Mutation

No 18 13 (72.2%) 5 (27.8%) 0.405

Yes 16 14 (87.5%) 2 (12.5%)

†
 p-value from Fisher’s Exact test.

Note: Percentages are row percentages.

Lancet Oncol. Author manuscript; available in PMC 2014 February 01.


