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Purpose. The aim of the present study was to evaluate the correlation
between progression-free survival and different Kirsten—ras statuses in
second-line oxaliplatin-based treatment.

Patients and Methods. From January 2010 to May 2014, 144 patients
who had disease progression after treatment with irinotecan and bevaci-
zumab for unresectable metastases or relapses from non-stage IV colo-
rectal cancer were enrolled in this study. All patients received second-line
oxaliplatin-based chemotherapy alone and were followed until December
2014. Their progression-free survival rates were compared among Kirs-
ten-ras categories.

Results. Of the patients, 59 (41%) had Kirsten-ras mutation of exon 2. We
identified several similarities between the wild-type and mutation groups
in the distribution of primary cancer resection (p = 0.402), first-line iri-
notecan-based chemotherapy with bevacizumab (p = 0.273), median age
(60 vs. 61), sex (p = 0.609), and numbers of metastatic sites (p = 0.518).
The progression-free survival was longer for patients in the mutation
group than for those in the wild-type group when they received second-
line oxaliplatin (4.8 mo; 95% CI, 3.1 to 6.5 mo vs. 3.4 mo; 95% CI, 3.0 to
3.8 mo; p =0.0048). In multivariate analysis, Kirsten-ras mutation of exon
2 showed prognostic value regarding progression-free survival during se-
cond-line oxaliplatin therapy (hazard ratio, 0.585; 95% CI, 0.399-0.858; p
=0.006). Second-line oxaliplatin-based chemotherapy might cause meta-
static colorectal cancer patients with the KRAS mutation of exon 2 to have
longer progression-free survival than that of patients with the wild-type
Kirsten-ras gene.

Conclusions. Second-line oxaliplatin-based chemotherapy prolonged pro-
gression-free survival for patients with metastatic colorectal cancer in the
Kirsten-rasmutation group compared with those in the wild-type group.
Mini Abstract. The study demonstrated differences in the impact of sec-
ond-line oxaliplatin-based chemotherapy on progression-free survival in
patients with different KRAS statuses. In multivariate analysis, KRAS
mutation showed independent prognostic value.
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C olorectal cancers were the third most common
cause of cancer mortality in Taiwan in 2012. Ap-
proximately 15-20% of rectal and colon cancer pa-
tients were diagnosed with synchronous metastasis
(http://www.hpa.gov.tw). Generally, chemotherapy
can provide substantial improvements in these pa-
tients’ survival, but curing metastatic colorectal can-
cer with chemotherapy alone is rare. The median over-
all survival (OS) has been improved from 1 year with
fluorouracil monotherapy to more than 2 years with
oxaliplatin-based or irinotecan-based chemotherapy
following the addition of current biological agents." In
the last decade, a detrimental effect has been reported
in patients with Kirsten-ras (KRAS) mutation who re-
ceived cytotoxic chemotherapy combined with anti-
epidermal growth factor receptor (EGFR) agents.>”
Cetuximab is now considered efficacious only in pa-
tients with the wild—type KRAS gene, and current
guidelines on cetuximab treatment recommend testing
for KRAS mutationas a routine procedure.

In efficacy studies of anti-EGFR agents combined
with oxaliplatin, OPUS study revealed that KRAS mu-
tation maybe related to the efficacy of oxaliplatin-only
therapy in the first-line setting. A trend toward im-
proved progression-free survival (PFS) was noted, but
this trend lacked statistical significance in patients car-
rying KRAS mutation compared with patients carrying
the wild-type KRAS gene.’ Unlike anti-EGFR therapy,
there is still no effective biomarker for predicting the
efficacy of oxaliplatin-based therapy. Two cohort stud-
ies revealed that activating KRAS mutation might pre-
dict the response to oxaliplatin-based therapy for ad-
vanced colorectal cancer patients.*” Most descriptions
of the issue were focused on first-line oxaliplatin-based
treatment, possibly because no other effective thera-
peutic options were available for patients with KRAS
mutation if their chemotherapy failed in the second-
line setting. Two phase III trials (CONCUR and COR-
RECT) have shown a survival benefit of regorafenib in
patients receiving treatment for refractory metastatic
colorectal cancer.®’ As the introduction of new drugs
for treating metastatic colorectal cancer after multi-
ple-line therapies, the clinical value of KRAS mutation
as a prognostic factor in second-line oxaliplatin-based
therapy might provide new option.

We hypothesized that in metastatic colorectal can-
cer patients receiving oxaliplatin-based chemotherapy
alone, PFS might vary depending on whether the pa-
tient has KRAS mutation or the wild-typegene; our
hypothesis was primarily based on 2 prospective clin-
ical trials, PRIME and OPUS.?’ In addition, patients
with KRAS mutation may have a more positive re-
sponse than that of patients with the wild-type KRAS
gene when they receive oxaliplatin-based treatment
(FOLFOX-6) as a second-line therapy for their meta-
static colorectal cancer.

Materials and Methods

Patient population

From January 2010 to May 2014, a total of 352
patients with metastatic colorectal cancer were en-
rolled at Chang Gung Memorial Hospital, Chiayi and
Linkou Branches. They had received first-line irino-
tecan-based chemotherapy (FOLFIRI) with or with-
out bevacizumab for synchronous metastases or meta-
chronous cancer relapses from non-stage IV colo-
rectal cancer. The role of KRAS mutation of exon 2 as
a positive predictor for second-line oxaliplatin-based
chemotherapy (FOLFOX-6) was analyzed. Patients
were excluded if they had (1) no KRAS mutation
analysis, (2) metastasectomy for resectable meta-
stases after the first-line chemotherapy, (3) discontin-
uous chemotherapy due to severe sepsis or adverse ef-
fects, (4) double cancer diagnoses, (5) initial cancer
surgery and treatment at other institutions, or (6) can-
cer relapse within 1 year after adjuvant chemotherapy
with oxaliplatin for stage III colorectal cancer. This
study was approved by an institutional review board
in Chang Gung Memorial Hospital.

The primary endpoint, PFS, and the secondary
endpoint, the disease control rate (DCR), in the sec-
ond-line treatment for metastatic colorectal cancer
were analyzed in the patients’ series. PFS was defined
as duration from first-line failure until progression af-
ter second-line treatment according to computed to-
mography (CT) of the chest, abdomen, and pelvis.
The DCR concerned patients with complete response
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(CR), partial response (PR) and stable disease (SD)
after second-line therapy according to CT images. All
assessments of tumor response to chemotherapy were
based on CT of the chest, abdomen, and pelvis, either
after the patients had received oxaliplatin-based che-
motherapy every 3 months or when there was rising
carcinoembryonic Antigen (CEA) with possible can-
cer progression. The response was evaluated and clas-
sified according to the Response Evaluation Criteria
in Solid Tumors (RECIST, ver. 1.0). Each patient’s
performance was classified according to the Eastern
Cooperative Oncology Group (ECOG) score. To pre-
vent the inaccuracy of PFS calculation resulting from
delay in discontinuation of the second-line oxaliplatin
therapy due to the limitation of available drugs in
third-line chemotherapy, we did not record the inter-
val of FOLFOX-6 treatment; we defined an event
occurring during the second-line FOLFOX-6 treat-
ment if any findings about PD were noted following
CT examination.

Our study excluded 1 patient who had a rapid can-
cer relapse during adjuvant therapy with oxaliplatin
(5.1 months after adjuvant therapy), 6 patients who re-
ceived treatment at other institutions, 12 patients who
had resectable metastases before or after first-line
chemotherapy, 85 patients without KRAS analysis, 80
patients without second-line FOLFOX-6 chemother-
apy, and 24 patients who received second-line FOL-
FOX-6 less than two times because of poor perfor-
mance, severe side effects, or sepsis. All of the 144
patients who were included had ECOG 0-2; they were
treated and followed until December 2014.

Chemotherapy regimens

A first-line regimen for patients with metastatic
colorectal cancer is FOLFIRI with bevacizumab; this
regimen is based on recommendations from the Na-
tional Health Insurance (NHI) Administration in Tai-
wan. An oxaliplatin-based regimen, FOLFOX-6, is
the common second-line treatment for patients for
whom the first-line regimen has failed. The FOL-
FOX-6 regimen comprises oxaliplatin (85 mg/m?) ad-
ministered as a 2-hour infusion on day 1; leucovorin
(400 mg/m?) administered as a 2-hour infusion on day

1, a loading dose of a 5-FU (400 mg/m?) IV bolus ad-
ministered on day 1, and then 5-FU (3000 mg/m?) ad-
ministered using an ambulatory pump for 46 hours
every 2 weeks.

KRAS analysis

KRAS mutation was analyzed in our study by ex-
tracting genomic DNA from formalin-fixed, paraf-
fin-embedded tissue in the Department of Pathology
of Chang Gung Memorial Hospital. The tumors were
identified in hematoxylin- and eosin-stained sections.
DNA was extracted from 5-um sections of paraffin-
embedded tissue. Mutation of exon 2 of the KRAS
gene, including codons 12 and 13, was determined
through polymerase chain reaction.

Statistical analysis

In the present study, the chi-square and Fisher’s
tests were used to compare patients’ categorical vari-
ables between the KRAS wild-type and mutation
groups. PFS and the survival difference were esti-
mated using the Kaplan-Meier method with the log-
rank test. A Cox proportional hazards regression mo-
del was used in univariate and multivariate analyses to
identify the independent prognostic factors for PFS.
Variables with significance (p < 0.05) in univariate
analysis for PFS were evaluated in multivariate an-
alysis. All statistical analyses were performed using
SPSS version 17.

Results
Patient’s characteristics

All enrolled patients’ ECOG score were between
0 and 2 when they received the second-line chemo-
therapy. The characteristics of the patients in the study
were summarized in Table 1. We included 144 pa-
tients who had received FOLFIRI with or without
bevacizumab as the first-line treatment for metastatic
colorectal cancer (8 patients received FOLFIRI only)
and oxaliplatin-based chemotherapy (FOLFOX-6)
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Table 1. Patients’ characteristics, n = 144

KRAS* wild-type, n = 85

KRAS mutation, n = 59

Categorical variables

Number/total Percentage, % Number/total Percentage, %

Gender

Male 54/85 63.5% 35/59 59.3%

Female 31/85 36.5% 24/59 40.7%
Age, median 60 (27-79) 60 (32-82)
CRC* stage

Stage IV CRC 70/85 82.4% 44/59 74.6%

Relapse in stage I-1I 15/85 17.6% 15/59 25.4%
Primary tumor locations

Ascending colon 12/85 14.1% 15/59 25.4%

Transverse colon 3/85 3.5% 0/59 0

Descending/sigmoid colon 33/85 38.8% 13/59 22.0%

Rectum 37/85 43.5% 31/59 52.5%
Synchronous metastases

Liver 48/70 68.6% 34/44 77.3%

Lung 27/70 38.6% 24/44 54.5%

Distant lymph nodes 22/70 31.4% 6/44 13.6%

Peritoneum 14/70 20.0% 8/44 18.2%

Others* 6/70 8.6% 2/44 4.5%
Relapse in stage I-111

Liver 5/15 33.3% 2/15 13.3%

Lung 9/15 60.0% 8/15 53.3%

Distant lymph nodes 8/15 53.3% 3/15 20.0%

Local recurrence 1/15 6.7% 3/15 20.0%

Peritoneum 1/15 6.7% 2/15 13.3%

Others* 2/15 13.3% 0/15 0
Number of metastatic sites

1 41 48.2% 34 57.6%

2 32 37.6% 19 32.2%

>3 12 14.1% 6 10.2%
Primary cancer resection 61/85 71.8% 46/59 78.0%
1* line IRI*-based therapy

With Bevacizumab

Without Bevacizumab
Cycles of Bevacizumab

Complete 12 cycles 63/82 76.8% 47/54 87.0%

Not complete 19/82 23.2% 7/54 13.0%
Status in the last follow-up

Survive with cancer 46/85 54.1% 33/59 55.9%

Death due to cancer 38/85 44.7% 26/59 44.1%

Death due to other etiology 1/85 1.2% 0 0

KRAS: Kirsten-ras; CRC: colorectal cancer; Other: metastatic locations except lung/liver, distal lymph nodes, and peritoneum; IRI:

irinotecan.

without targeted agents as the second-line therapy for
their disease progression. The enrolled 144 patients
were stratified by the KRAS status (wild-type or mu-
tation on exon 2, including codons 12 and 13). Eighty-
five (59%) and 59 (41%) patients had the wild-type
KRAS gene and KRAS mutation, respectively. Sixty-
one (71.8%) patients with the wild-type KRAS gene
and 46 (78%) patients with KRAS mutation under-

went surgical resection for their primary cancer (p =
0.402). Thirty of the 144 patients had received cura-
tive surgery for their stage I-I11 colorectal cancer (3
patients with stage I disease, 2 patients with stage II
disease, and 25 patients with stage III disease). Twenty-
four of 25 patients received adjuvant chemotherapy
for their stage III disease (9 patients received oxali-
platin therapy, 9 patients received 5-FU infusion, and
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6 received oral tegafur-uracil), and their median can-
cer relapse time was 19.3 months (from 6.1 to 62.5
mo). The cancer relapses were 7 liver metastases, 17
lung metastases, 11 distant lymph node metastases, 4
local recurrences, 2 bone metastases, and 3 carcino-
matoses. Similarities in the median age (60 y), sex dis-
tribution (p = 0.609), distribution of first-line FOL-
FIRI chemotherapy with bevacizumab (p = 0.273),
and distribution of the metastatic number (p = 0.518)
were also identified.

Outcome for second-line oxaliplatin
chemotherapy

One hundred and thirty-six patients received
first-line irinotecan with bevacizumab and 8 patients
received irinotecan without bevacizumab. All patients
received the second-line oxaliplatin treatment (FOL-
FOX-6) without anti-EGFR or anti-vascular endothe-
lial growth factor (VEGF) agents after disease pro-
gression (PD). The DCR was evaluated for patients
with different KRAS statuses when they received the
second-line therapy. The overall median follow-ups
were 26.6 and 33 months respectively in the wild-type
and mutation groups. In the KRAS wild-type group,
we observed 13 patients with PR, 25 patients with SD,
and 47 patients with PD. In the KRAS mutation group,
13 patients had PR, 18 patients had SD, and 28 pa-
tients had PD in their first CT image follow-up. Among
57 patients with at least SD after the first CT fol-
low-up, 21 and 17 had PD in the KRAS wild-type and
mutation groups, respectively. The DCR and PFS dur-
ing the second-line oxaliplatin treatment were supe-
rior in the KRAS mutation group (Table 2). Median
PFS for the patients receiving second-line oxaliplatin
chemotherapy showed a significant difference be-
tween the wild-type KRAS and mutation groups (3.4
mo; 95% CI, 3.0 to 3.8 mo vs. 4.8 mo; 95% CI, 3.1 to
6.5 mo; p = 0.0048) (Fig. 1). The results of prognostic

analysis were shown in Table 3. In the univariate an-
alysis, the predictive factors related to the PFS for
second-line oxaliplatin therapy for our metastatic co-
lorectal cancer patients were pathologic differentia-
tion and the KRAS mutation status. In the multivariate
analysis, we found that KRAS mutation was an inde-
pendent predictor for PFS during second-line oxali-
platin-based chemotherapy (hazard ratio [HR], 0.585;
95% confidence interval [CI], 0.399-0.858; p = 0.006).

Discussion

In many cohort studies, increased risks of cancer
relapse and cancer-specific death have been linked to
KRAS mutation.'>!! However, different results con-
cerning the prognostic value of KRAS mutation were
noted in metastatic or advanced colorectal cancer. Al-
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Fig. 1. Kaplan-Meier progression-free survival curves of
metastatic colorectal cancer patients stratified by
KRAS mutation (mt) and wild-type (wt).

Table 2. Disease control rate (DCR) in the 1% and the 2™ image evaluation for the 2"-line oxaliplatin-based chemotherapy

DCR in the 1%i DCR in the 2" i
KRAS status, (number) nlljlmb:r (%i ;nage p value KRAS status, (number) nll.I:mer (%1 )m age p value
KRAS wild-type (85) 38 (44.7%) 0.355 KRAS wild-type (26) 5(19.2%) 0.039
KRAS mutation (59) 31 (52.5%) KRAS mutation (31) 14 (45.2%)
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Table 3. Uni- and multivariable survival analysis (PFS) with proportional hazard regression in patients with metastatic CRC who

received the 2™-line oxaliplatin-based chemotherapy

Univariable analysis

Multivariable analysis (Wald test)

Categorical variables

HR 95% CI p-value HR 95% CI p-value

Age

> 65 vs. <65 1.196 0.830-1.722 0.336 0.810
Gender

Male vs. female 1.020 0.707-1.471 0916 0.921
Pathologic grade*

WD vs. PD 0.413 0.181-0.942 0.036 0.405

MD vs. PD 0.531 0.280-1.009 0.053 0.729
Number of Mets*

2vs. 1 1.118 0.755-1.656 0.578 0.893

>3vs. 1 1.276 0.730-2.229 0.392 0.624
KRAS

Mutant vs. wild type 0.592 0.406-0.864 0.006 0.585 0.399-0.858 0.006
Primary tumor resection

Yes vs. No 0.806 0.545-1.194 0.283 0.433

Number of Mets: metastatic organ in cancer relapse from stage I-11I colorectal cancer or synchronous stage IV colorectal cancer.
Pathologic grade: WD, well differentiated; MD, moderate differentiated; PD, poorly differentiated.

though poor prognoses were noted in the KRAS muta-
tion group, KRAS mutation did not seem to be a pre-
dictive biomarker for backbone chemotherapy with
irinotecan or oxaliplatin. There was no evidence prov-
ing that colorectal cancer patients with KRAS muta-
tion had less benefit from these standard chemother-
apy agents.'? There was also no significant difference
in PFS and OS when patients carrying either KRAS
mutation or the wild-type KRAS gene received first-
line oxaliplatin- or second-line irinotecan-based che-
motherapy.'® The correlation between a commonly
used biomarker, KRAS, and the traditional cytotoxic
agents seems controversial to date.

Richman et al. indicated that KRAS mutation was
not a predictive marker for the PFS or OS achieved
using oxaliplatin or irinotecan.'> However, patients in
their post hoc study received many cytotoxic agents
and post study treatments that might have influenced
their survival. Therefore, the OS, as a primary end-
point, seemed inappropriate for efficacy analysis of
oxaliplatin-based treatment for patients with different
KRAS statuses. The PFS in our present study was an
acceptable endpoint for evaluating the impact of
FOLFOX-6 on patients with different KRAS statuses.

Several studies were published for researching the
mechanism of platinum resistance. The repair of DNA

damage played a critical role in resistance to platinum
drugs. The over expression of excision repair cross-
complementation group 1 (ERCC1) was a mechanism
association between resistance and platinum-based
chemotherapy for other malignancies.'*!* In other in
vitro study, Lin et al. suggested that KRAS mutation
was a predictor of oxaliplatin sensitivity, and ERCC 1
down-regulation in colon cancer cells with KRAS over
expression following mutant vector transfection was
the mechanism underlying this relationship.'

A meta-analysis of anti-EGFR in metastatic co-
lorectal cancer revealed that patients with wild-type
KRAS metastatic colorectal cancer seemed to gain-
limited benefit from oxaliplatin-based chemotherapy.'’
Our study demonstrated that unresectable metastatic
colorectal cancer patients with KRAS mutation had
significantly longer PFS and greater disease control
than those of patients with the wild-type KRAS gene
during second-line chemotherapy with FOLFOX-6.
Notably, our result was similar to those of other cohort
studies that evaluated differences in the response to
oxaliplatinin first-line therapy between KRAS muta-
tion and wild-type groups. Basso et al. suggested that
the benefit was more significant in patients receiving
FOLFOX-6 as first-line chemotherapy than in patients
who received it as second-line therapy. PFS was lon-
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ger in patients with KRAS mutation than in patients
with the wild-type gene during FOLFOX-6 treatment
(10 vs. 8 mo, respectively; p = 0.0069).° Lin et al. also
reported that the median PFS was 8.5 months in pa-
tients with KRAS mutation versus 5.8 months in those
with the wild-type gene for first-line oxaliplatin-
based therapy (p = 0.008).” In the first- and second-
line setting, Basso’s study was the first to analyze the
activity of FOLFOX-6 in relation to the KRAS status.
Their study indicated less benefit on disease control
when second-line FOLFOX was used for patients
with KRAS mutation. To observe the statistically sig-
nificant difference in PFS between the patients in the
mutation and wild-type groups during second-line
FOLFOX-6 therapy, we analyzed a larger series of pa-
tients than that in Basso’s study. To the best of our
knowledge, our present study was the second to eval-
uate the response of second-line FOLFOX-6 in rela-
tion to KRAS mutation or the wild-type gene. The
benefit of oxaliplatin-based treatment was statistically
significant in univariate and multivariate analyses.

In clinical practice, the choices of second- and
first-line regimens may be correlated. Guglielmi and
Sobrero ever reviewed the available evidence from
randomized control trials regarding the correlation be-
tween first- and second-line chemotherapy regimens.'®
They concluded that (1) active regimens included
irinotecan, oxaliplatin, and IROX (irinotecan with
oxaliplatin) following 5-FU failure; (2) oxaliplatin
was in general the most favorable choice, but the com-
bination of oxaliplatin and bevacizumab could be
used after irinotecan-based first-line failure; and (3)
irinotecan-based chemotherapy was currently the most
appropriate regimen following first-line oxaliplatin-
based therapy. During our cohort study, between 2010
and 2014, the NHI system in Taiwan has provided the
anti-VEGF agent, bevacizumab, for metastatic colo-
rectal cancer patients with FOLFIRI as a first-line
therapy. The FOLFOX-6 regimen alone has also com-
monly been applied in the second-line setting after
failure of first-line palliative therapy in Taiwan. Data
from the cohort of the present study could be used to
evaluate the impact of the KRAS status on second-
line oxaliplatin treatment without targeted agents.

For most cases with unresectable metastatic colon

cancer, PFS during second-line palliative chemother-
apy is usually shorter than it during first-line therapy.
In previous first-line and our second-line therapy, the
PFS for oxaliplatin therapy was 8.5-10 months in
first-line treatment and shortened to 4.8 months in
second-line setting. The benefit and response of FOL-
FOX-6 for patients with KRAS mutation would de-
crease in later lines. This finding demonstrates that
determining the mutation status of KRAS is not only
useful for selecting patients who are suitable for treat-
ment using anti-EGFR agents but also for personaliz-
ing chemotherapy for metastatic colorectal cancer.
When patients have metastatic colorectal cancer with
KRAS mutation, first-line oxaliplatin is more efficient
than it is second-line.

Our study had some limitations. First, our series
was analyzed retrospectively. Although the sample size
was larger than those of previous studies on the correla-
tion of KRAS mutation with the efficacy of oxaliplatin
therapy, a prospective study with alarger sample size
maybe required to confirm the positive impact of sec-
ond-line oxaliplatin treatment on patients with KRAS
mutation. Second, selection bias was difficult to avoid
in a retrospective study, because PFS could not be eval-
uated independently by researchers blind to the KRAS
status. Third, we had no data about all RAS mutations
in this retrospective study. Different KRAS mutation
subtypes and other RAS mutations may have different
presentations and outcomes.'**

In conclusion, our retrospective data suggested
that second-line oxaliplatin regimen might cause me-
tastatic colorectal cancer patients with the KRAS mu-
tation of exon 2 to have longer PFS than that of pa-
tients with the wild-type KRAS gene. According to
the literature review, the benefit of first-line oxali-
platinis more significant. These findings might facili-
tate selecting patients for optimized personal chemo-
therapy.
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