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Abstract: Background: In colorectal cancer, there are significant differences between synchronous and metachro-
nous distant metastases. However in recent studies, synchronous and metachronous metastases were always
lumped together, neglecting their clinical and molecular differences. The mechanism of the latency of metachro-
nous metastases is still unclear. We conducted this study to reveal the relationship between EGFR pathways and
metachronous metastases, and try to find efficient predictors. Methods: PCRs and pyrosequencing were used to
detect KRAS, BRAF, PIK3CA and PTEN mutations in primary tumor tissues in a total of 281 patients from 2002 to
2008. Patients were identified into three groups: no-metastases group, synchronous-metastases group and meta-
chronous-metastases group. Clinical and survival data were collected from a prospective database. Results: KRAS
codon 13 mutation was an independent predictor only for metachronous distant metastases (OR = 11.857, P <
0.001), but not for synchronous metastases. Male gender (OR = 2.233, P = 0.024), primary tumor located at rectum
(OR =0.404, P =0.041), and primary pN2 stage (OR = 3.361, P = 0.01) were also independent predictors for meta-
chronous distant metastases. Different SNPs in KRAS worked significantly different in determining synchronous or
metachronous metastases. BRAF mutation (Univariate, OR = 11.5, P = 0.039) and > 200 ng/ml preoperative CEA
(Univariate, OR = 41, P = 0.011) potentially predicted metastases within 6 months after primary tumor resection.
After metachronous metastases, radical resection (HR = 0.280, P = 0.002) was the most important protective factor
for long-term survival. Conclusion: There were significant clinical and molecular differences between synchronous
and metachronous metastases. As an independent predictor, KRAS codon 13 mutation might be the key to explain
the mechanism of colorectal cancer metachronous distant metastases. Together with clinical characteristics, it
could aid in the early detection of metachronous metastases.
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Introduction detect. Lack of clinical symptoms makes meta-
chronous metastases easily ignored. Such a
long latency before the occurrence of metasta-

ses also makes follow-up hard, demanding high

Colorectal cancer are common throughout the
world [1]. And distant metastases are the major

cause of death in colorectal cancer patients.
About 20% patients present with synchronous
distant metastases at the time of diagnosis or
within 6 months after primary tumor resec-
tions. Another 30% will develop clinically detect-
able metastases afterwards, metachronous
distant metastases [2, 3]. Compared with syn-
chronous metastases, patients with metachro-
nous metastases have better prognosis after
metastases resections [4-6]. However, meta-
chronous metastases are more difficult to

cost. Therefore, it's necessary to find efficient
predictors for metachronous distant metasta-
ses.

The epidermal growth factor receptor (EGFR)
has been proved crucial in determining the
development of colorectal cancer. It has also
become a major molecular target for anticancer
therapies. As a transmembrane tyrosine kinase
receptor, it triggers two main signaling path-
ways, the RAS-RAF-MAPK pathway and the
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PIBK-PTEN-AKT pathway [7]. Mutations in
KRAS, BRAF, PIK3CA or PTEN genes in the two
pathways result in continuous activation of the
downstream signal transduction, regardless of
whether the EGFRs activated. Present studies
have showed KRAS to be pivotal in predicting
the efficacy of anti-EGFR therapy [8, 9]. BRAF,
PIK3CA and PTEN are also prognosis factors for
colorectal cancer [10-14]. However in these
studies reported, synchronous and metachro-
nous metastases are lumped together, neglect-
ing their clinical and molecular differences.
Thus, it's unable to explain the key mechanism
of metachronous metastases: how could meta-
chronous metastases have such a long laten-
cy?

Therefore, we conducted this study, including
patients with no metastases, with synchronous
metastases, and with metachronous metasta-
ses as three groups respectively. We aimed to
investigate gene mutations in EGFR pathway
(KRAS, BRAF, PIK3CA and PTEN) in these three
different groups and to reveal the possible
mechanisms of metachronous metastases. We
also expected to find some predictors for meta-
chronous distant metastases after primary
tumor resections.

Patients and methods
Study population

Patients diagnosed with colorectal cancer dur-
ing January 2002 to December 2008 were ran-
domly identified from the colorectal cancer
database of the General Surgery Department
of Zhongshan Hospital, Fudan University (Sh-
anghai, China). The inclusion criteria were as
follows: colorectal carcinoma determined by
pathological evidence; primary tumor resec-
tions (only RO resections permitted); no chemo-
therapy, radiotherapy or interventional therapy
before primary tumor resections; and no tar-
geted therapy during the course of the disease.
Distant metastases were defined as metasta-
ses to organs far from the primary tumor sites
(such as the liver, lungs, bones, brain, adrenal
glands, or other distant sites). Abdominal or ret-
roperitoneal lymph node metastases, perito-
neal dissemination or pelvic recurrence were
not included as distant metastases. Adjuvant
chemotherapy after primary tumor resection
was permitted. Transcatheter arterial chemo-
embolization (TACE) and transcatheter arterial
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infusion (TAl) were permitted only after the
occurrence of metastases.

Three groups were established in this study:
the no-metastases group, the synchronous-
metastases group and the metachronous-
metastases group. Primary tumor recurrences
were permitted in the no-metastases group.
The synchronous-metastases group was de-
fined as a diagnosis of distant metastases
together with or within a six-month interval of
the diagnosis of the primary colorectal cancer.
The metachronous-metastases group was de-
fined as diagnosis of distant metastases more
than six months after primary tumor resection.
If patients in the metachronous-metastases
group had both primary recurrences and dis-
tant metastases, the metastases must occur
together or before the primary recurrence. This
study was approved by the institutional review
board of Zhongshan Hospital, Fudan University.
And the investigators obtained informed con-
sent from each patient.

DNA extraction and mutation detection

DNA was extracted from formalin-fixed paraffin-
embedded (FFPE) primary tumor samples using
the GTpure DNA FFPE Tissue Kit (Gene Tech
(Shanghai) Co. Ltd., Shanghai, China). The DNA
concentration and purity were tested using
spectrophotometry. DNA was amplified with
specific primers for exons where “hot-spot”
mutations were located. The mutation status of
KRAS (exon 2), BRAF (exon 15), PIK3CA (exon 9
and 20), and PTEN (exon 5, 7 and 8) were inves-
tigated by polymerase chain reaction (PCR)
amplification (Primers were designed and syn-
thesized by Gene Tech (Shanghai) Co. Ltd.,
Shanghai, China). A total 50 pl PCR system con-
tained: template DNA 50 ng, forward primer (10
mM) 0.5 ul, reverse primer (10 mM) 0.5 ul,
dNTP (2.5 mM) 4 ul, Hotstart Taq (2.5 U/ul, DBI
Bioscience, German) 1 pl, 10 x Hotstart PCR
Buffer 5 pl, MgCl, (25 mM) 4 pl.

PCRs for KRAS, BRAF and PIK3CA were run at
95°C 5 min for initial denaturation, then 56°C
20 sec, 72°C 30 sec, 95°C 20 sec for 45
cycles, and 72°C 5 min for last elongation.
Primers used:

For KRAS exon 2 (110 bp)

Forward 5-TGTAAAACGACGGCCAGTTTATAAG-
GCCTGCTGAAAATGACTGAA-3'.
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Reverse 5-TGAATTAGCTGTATCGTCAAGGCACT-
3.

For BRAF exon 15 (120 bp)

Forward 5-TGTAAAACGACGGCCAGTGAAGACC-
TCACAGTAAAAATAGGTGA-3'.

Reverse 5’-CCACAAAATGGATCCAGACA-3'.
For PIK3CA exon 9 (346 bp)

Forward 5-TGTAAAACGACGGCCAGTATTATGTC-
TTAGATTGGTTC-3".

Reverse 5’-AATCTCCATTTTAGCACT-3".
For PIK3CA exon 20 (388 bp)

Forward 5 -TGTAAAACGACGGCCAGTGGAATGC-
CAGAACTACAA-3'.

Reverse 5’-AGTGCTATCAAACCCTGT-3'.

PCRs for PTEN was run at 95°C 5 min for initial
denaturation, then 56°C 30 sec, 72°C 1 min,
95°C 30 sec for 45 cycles, and 72°C 5 min for
last elongation. Primers used:

For PTEN exon 5 to 8 (638 bp)

Forward 5-TGTAAAACGACGGCCAGTATCAAAC-
CCTTTTGTGAAGA-3..

Reverse 5-TCTATACTGCAAATGCTATC-3'.

All forward primers were M13-tagged (5-TGT-
AAAACGACGGCCAGT-3’) to receive a more
specific PCR product during the sequencing
reaction. The subsequent pyrosequencing was
conducted using M13/UC forward sequencing
primer (5-TGTAAAACGACGGCCAGT-3’) in Pyro-
Mark ID system (PSQ 96 MA, Biotage AB,
Sweden).

Clinical data collection

This investigation was performed as a retro-
spective analysis. Contrast CTs/MRIs were
used to clarify whether there were distant
metastases before the primary tumor resec-
tions. The pathological tumor stage was docu-
mented according to the AJCC TNM classifica-
tion (version 7, 2010). Follow-up principles were
based on the Chinese guidelines for the diag-
nosis and comprehensive treatment of hepatic
metastasis of colorectal cancer [15]: history,
physical, carcinoembryonic antigen (CEA) and
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abdominal ultrasound every 3 months for 2
years, then every 6 months for 3 to 5 years,
then every year after 5 years; chest/abdomi-
nal/pelvic CT scan every 6 months for 2 years,
then every year after 2 years; colonoscopy 6
months after the primary tumor resection, then
every year for 5 years. Once distant metasta-
ses were confirmed, the previous examinations
were backtracked to identify the time at which
the metastases first appeared. The data of
metastases-free survival time and overall sur-
vival time were collected.

Statistical methods

For categorical parameters, correlation test
and univariate analyses were conducted using
two-sided Pearson’s x? tests or Fisher’'s exact
tests for samples with expected frequency < 5.
For multivariate analyses of distant metasta-
ses, logistic regression was used. Odds ratios
(ORs) were calculated to represent the weights
of factors; an OR < 1 represents a protective
factor, and an OR > 1 represents a risk factor.
All summary statistics on survival data were
calculated according to the Kaplan-Meier meth-
od and compared by the medians of the log-
rank test. The median follow-up time was calcu-
lated using the reverse Kaplan-Meier method
[16]. Cox regression was used to adjust the sur-
vival data. SPSS software (version 16.0; SPSS,
Chicago, IL) was used for statistical analyses.
For the correlation analyses, a P value of < 0.01
was considered to be significant. For other situ-
ations, a P value of < 0.05 was considered to
be significant.

Results
Patients follow-up

A total of 281 patients were finally included in
this study: 96 patients in no-metastases group,
92 patients in synchronous-metastases group,
and 93 patients in metachronous-metastases
group. The median follow-up time of all patients
was 84 months (interquartile range, IQR = [78-
89]). In no-metastases group, the median fol-
low-up time was 86 months (IQR = [80-92]),
and 80 patients (83%) had a survival time of
more than 60 months. In synchronous-metas-
tases group, the median follow-up time was 78
months (IQR = [73-89]). In metachronous-
metastases group, the median follow-up time
was 87 months (IQR =[71-103]). In no-metasta-
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Table 1. Results of mutation detection

ally exclusive. However

Synchronous ~ Metachronous in PIBK-PTEN-AKT path-
metastases metastases metastases way, both PIK3CA and
Number %  Number %  Number % PTEN mutations could
Total patients (n) 96 - 92 - 93 - be detected in a same
AllWT 46 479 27 203 30 323  sample, seemed inde-
Total KRAS MT 28 292 43 467 44 473 pendent from each
Total KRAS 12 MT 24 250 36 391 23 247 other, with no significant
correlation (P = 0.952).
Total KRAS 13 MT 4 4.2 7 7.6 21 226 The activation of two sig.
Total BRAF MT 4 4.2 12 130 2 2.2 naling pathways also
RAS-RAF-MAPK MT 32 333 55 59.8 46 495 seemed  independent.
Total PIK3CA MT 13 13.5 20 21.7 15 16.1 KRAS/BRAF and PIK3-
Total PTEN MT 15 156 14 152 17 183 CA/PTEN mutations co-
PI3K-PTEN-AKT MT 26 271 33 35.9 28 301 uld occur in one sample,
Only KRAS 12 MT 19 19.8 20 21.7 15 16.1 with no significant corre-
Only KRAS 13 MT 2 2.1 4 4.3 18 194 lation (P = 0.762).
Only BRAF MT 3 31 11 120 2 2.2 )
Only PIK3CA MT 7 7.3 5 5.4 7 75 Correlation between
mutation status and
Only PTEN MT 10 104 5 5.4 7 75 clinicopathological char-
Only KRAS + PIK3CA MT 3 31 12 13.0 4 4.3 acteristics
Only KRAS 12 + PIK3CAMT 2 2.1 8 8.7 2 2.2
Only KRAS 13 + PIK3CA MT 1 1.0 2 2.2 2 2.2 Our analyses identified
Only KRAS + PTEN MT 3 3.1 6 6.5 6 6.5 3 significant correlations
Only KRAS 12 + PTEN MT 2 21 6 6.5 6 6.5 (P < 0.01) between
Only KRAS 13 + PTEN MT 1 1.0 0 0.0 0 0.0 mutation  status and
KRAS + PIK3CA + PTEN MT 1 10 2 2.2 1 11 clinicopathological char-
Only BRAF + PIK3CA MT 1 10 1 11 o0 oo Aacteristics, as follows:
Only BRAF + PTEN MT 0 00 0 00 0 00 “primary tumor location”
Only PIK3CA + PTEN MT 1 1.0 0 0.0 3 3.2 significantly ‘associated

WT: wild type; MT: mutant type; Total: patients with at least one gene mutation; Only:
patients without other gene mutations. RAS-RAF-MAPK MT: patients with any of KRAS or
BRAF mutation. PI3K-PTEN-AKT MT: patients with any of PIK3CA or PTEN mutation.

ses group, nine patients (9.4%) had local recur-
rences. In metachronous-metastases group,
79 (84.9%) patients had first metastases to the
liver, 12 (12.9%) patients had first metastases
to the lungs, and 2 (2.2%) patients had first
metastases to the bones.

Mutation detection

KRAS, BRAF, PIK3CA and PTEN mutations were
detected for all 281 patients. The mutation sta-
tuses are listed in Table 1. In RAS-RAF-MAPK
signaling pathway, there was no overlap
between the KRAS and BRAF mutations, with
significant correlation (P < 0.001). In KRAS
mutations, there was also no overlap between
codon 12 and 13 mutations, with significant
correlation (P < 0.001). It seemed that in RAS-
RAF-MAPK pathway, gene mutations were mut
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with PIK3CA mutations
(P = 0.009), and pres-
ence of “distant metas-
tases” associated with
KRAS (P < 0.001) and
BRAF (P = 0.006) mutations. The other 9 poten-
tial correlation factors (P < 0.10) were also as
follows: “age” associated with PIK3CA muta-
tion; “primary tumor location” associated with
BRAF and PTEN mutations; “primary pT stage”
associated with PTEN mutations; “primary pN
stage” associated with KRAS and BRAF muta-
tions; “primary histological type” associated
with BRAF and PIK3CA mutations; and “CEA
before primary tumor resection” associated
with KRAS mutations. Details are provided in
Table 2.

Analyses of the factors relevant to distant
metastases

Univariate and multivariate analyses were con-
ducted to find predictors for distant metasta-
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Table 2. Correlation between gene mutations and clinicopathological factors

KRAS BRAF PIK3CA PTEN
WT 12 MT 13 MT Pvalue WT MT Pvalue WT MT Pvalue WT MT Pvalue
Total patients (n) 166 83 32 263 18 233 48 235 46
Age (year) 0.140 0.958 0.090 0.117
<55 68 22 8 92 6 86 12 76 22
55-69 60 39 14 106 7 87 26 97 16
> 69 38 22 10 65 60 10 62 8
Sex 0.278 0.942 0.677 0.615
Male 109 46 19 163 11 143 31 144 30
Female 57 37 13 100 7 90 17 91 16
Primary tumor location 0.357 0.016 0.009 0.054
Right-sided 51 28 10 78 11 66 23 77 12
Left-sided 50 16 11 73 4 63 14 69 8
Rectum 65 39 11 112 3 104 11 89 26
Primary pT Stage 0.591 0.384 0.659 0.073
1-2 22 12 2 3B 1 28 8 30 6
3 48 23 13 80 4 71 13 64 20
4 96 48 17 148 13 134 27 141 20
Primary pN Stage 0.053 0.091 0.460 0.731
0 61 39 9 101 88 21 93 16
1 52 24 17 91 2 76 17 78 15
2 53 20 6 71 69 10 64 15
Primary differentiation 0.498 0.252 0.759 0.288
Well to moderate 103 50 23 167 9 145 31 144 32
Poor 63 33 9 96 9 88 17 91 14
Primary histological type 0.376 0.084 0.078 0.326
Non-mucinous 140 64 26 218 12 195 35 190 40
Mucinous 26 19 6 45 6 38 13 45 6
Pre-primary resection CEA 0.076 0.194 0.562 0.954
<5 ng/ml 81 24 14 115 4 99 20 101 18
5-200 ng/ml 59 38 12 98 11 92 17 90 19
> 200 ng/ml 11 13 3 26 23 4 22 5
Unknown 15 8 3 24 2 19 7 22 4
Distant metastases <0.001 0.006 0.314 0.829
No 68 24 92 4 83 13 81 15
Synchronous 49 36 7 80 12 72 20 78 14
Metachronous 49 23 21 91 2 78 15 76 17

Pearson x? test was used in this analysis. WT: wild type; MT: mutant type; CEA: carcinoembryonic antigen. P value of < 0.01 was considered

significant.

ses. The results showed that for synchronous
distant metastases, male gender (OR = 2.457,
P =0.038), primary pN2 stage (OR =4.579, P =
0.006), BRAF mutations (OR = 4.419, P =
0.047)and > 5 ng/ml CEA before primary tumor
resection (CEA = 5-200, OR=4.789, P < 0.001;
CEA > 200, OR =80.799, P < 0.001) were inde-
pendent risk factors; age > 69 (OR = 0.187, P =
0.003) was an independent protective factor.
For metachronous distant metastases, male
gender (OR = 2.233, P = 0.024), primary pN2
stage (OR = 3.361, P = 0.01) and KRAS codon
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13 mutations (OR = 11.857, P < 0.001) were
independent risk factors; the primary tumor
located at rectum (OR = 0.404, P = 0.041) was
an independent protective factor. The univari-
ate analyses considered KRAS codon 12 muta-
tion as a risk factor for synchronous metasta-
ses (OR =2.082, P = 0.023). However after the
multivariate correction, it was only potentially
significant (OR = 2.271, P = 0.086). For PIK3CA
and PTEN mutations, no statistically significant
differences were detected in univariate or mul-
tivariate analyses.
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Table 3. Univariate and multivariate analyses of clinicopathological factors and gene mutations in distant metastases

Me;[?;tjses No vs. Synchronous No vs. Metachronous Synchronous vs. Metachronous
Univariate Multivariate Univariate Multivariate Univariate Multivariate
No Syn. Meta.
OR P value OR P value OR P value OR P value OR P value OR P value

Total patients (n) 96 92 93
Sex

Male 51 63 60 1.917 0.032 2.457 0.038 1.604 0.113 2233 0.024 0.837 0.568 0.757 0.512

Female 45 29 33 1 - 1 - 1 - 1 - 1 - 1 -
Age

<55 31 37 30 1 - 1 - 1 - 1 - 1 - 1 -

55-69 34 40 39 0.986 0.966 1.030 0.951 1185 0.625 1151 0.735 1.203 0.580 1.534 0.351

> 69 31 15 24 0.405 0.023 0.187 0.003 0.800 0.550 0.627 0.340 1973 0.098 3.585 0.032
Primary tumor location

Right-sided 24 34 31 1 - 1 - 1 - 1 - 1 - 1 -

Left-sided 26 27 24 0.733  0.417 0.671 0.446 0.715 0.392 0.556 0.202 0.975 0.946 0.922 0.879

Rectum 46 31 38 0.476 0.036 0.400 0.070 0.640 0.201 0.404 0.041 1.344 0.393 1467 0.430
Primary pT Stage

1/2 16 11 9 1 - 1 - 1 - 1 - 1 - 1 -

3 31 18 35 0.845 0.731 0.673 0.561 2.007 0.150 1402 0.562 2377 0.106 4.478 0.046

4 49 63 49 1.870 0.151 1161 0.811 1.778 0.214 1.243 0.692 0.951 0917 1.240 0.751
Primary pN Stage

0 45 30 34 1 - 1 - 1 - 1 - 1 - 1 -

1 35 26 32 1.114 0.757 1.338 0.551 1.210 0.568 1.369 0.439 1.086 0.821 1.142 0.792

2 16 36 27 3.375 0.001 4579 0.006 2.233 0.039 3361 0.010 0.662 0.248 0.863 0.773
Primary differentiation

G1-G2 64 53 59 1 - 1 - 1 - 1 - 1 - 1 -

G3-G4 32 39 34 1.472 0.201 1.336 0.335 1153 0.642 1.042 0.912 0.783 0.417 0.967 0.934
Primary histological type

Non-mucinous 76 74 80 1 - 1 - 1 - 1 - 1 - 1 -

Mucinous 20 18 13 0.924 0.829 0.738 0.532 0.618 0.217 0.396 0.056 0.668 0.311 0.639 0.412
KRAS

WT 68 49 49 1 - 1 - 1 - 1 - 1 - 1 -

Codon 12 MT 24 36 23 2.082 0.023 2.271 0.086 1.330 0.411 2.278 0.054 0.639 0.181 0.709 0.472

Codon 13 MT 4 7 21 2.429 0.175 2.085 0.407 7286 0.001 11.857 <0.001 3.000 0.022 3.764 0.049
BRAF
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WT 92 80 91 1 - 1 - 1 - 1 - 1 - 1 -

MT 4 12 2 3.450 0.038 4.419 0.047 0.505 0.437 0.758 0.785 0.147 0.014 0.099 0.019
PIK3CA

WT 83 72 78 1 - 1 - 1 - 1 - 1 - 1 -

MT 13 20 15 1.774  0.143 1.977 0.204 1.228 0.617 1195 0.720 0.692 0.331 0.458 0.133
PTEN

WT 81 78 76 1 - 1 - 1 - 1 - 1 - 1 -

MT 15 14 17 0.969 0.938 0.960 0.944 1.208 0.627 1.219 0.667 1.246 0.578 1.764 0.304
Pre-primary resection CEA

<5 ng/ml 51 18 50 1 - 1 - 1 - 1 - 1 - 1 -

5-200 ng/ml 31 45 33 4113 <0.001 4789 <0.001 1.086 0.797 1.046 0.902 0.264 <0.001 0.164 <0.001

> 200 ng/ml 1 25 1 70.833 <0.001 80.799 <0.001 1.020 0.989 0.756 0.862 0.140 <0.001 0.005 <0.001

Unknow 13 4 9 0.872 0.829 0.772 0.735 0.706 0.466 0.834 0.749 0.810 0.750 0.619 0.547
Adjuvant CT

Oral Fu 11 - 8 - - - - 1 - 1 - - - - -

FOLFOX 772 - 71 - - - - 1.356 0.538 1.274 0.711 - - - -

XELOX 7 - 11 - - - - 2161 0.251 1.875 0.440 - - - -

Unknow 6 - 3 - - - - 0.688 0.658 0.531 0.551 - - - -

Logistic regression model was used in the analyses. Syn.: synchronous; Meta.: metachronous; OR: odds ratio; WT: wild type; MT: mutant type; CEA: carcino-embryonic antigen; Adju-
vant CT: adjuvant chemotherapy after primary tumor resection; Fu: fluorouracil; FOLFOX: fluorouracil, leucovorin, and oxaliplatin; XELOX: capecitabine and oxaliplatin.
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Table 4. Multivariate analyses of common single nucleotide polymorphisms in KRAS mutations

Metastases status No vs. Syn. No vs. meta. Syn. vs. meta.
KRAS gene type

No Syn. Meta. OR P value OR P value OR P value
Total patients (n) 96 92 93
Wild type 68 49 49 1 - 1 - 1 -
¢.35G > A, p.G12D 14 18 9 2.006 0.235 1.147 0.798 0.548 0.331
¢.35G > T, p.G12V 7 6 9 0.343 0.280 3.489 0.062 6.424 0.049
¢.34G > T, p.G12C 2 8 1 11.667  0.026 2.675 0.483 0.057 0.043
¢.35G > C, p.G12A 0 1 2 NE 1.000 NE 0.999 1.382 0.838
¢.34G > A, p.G12S 0 2 2 NE 0.999 NE 0.999 1.243 0.869
¢.34G > C, p.G12R 1 1 0 5.655 0.407 NE 1.000 NE 1.000
¢.38G > A, p.G13D 4 7 21 1.822 0.510 13.686 <0.001  3.930 0.047

Multivariate analysis included all other clinical and pathological characteristics in Table 3, and logistic regression was used.
Duplicate results were omitted in this table. OR: odds ratio; Syn.: synchronous; Meta.: metachronous; NE: not evaluable.

Table 5. Univariate analyses of synchronous metastases within 6 months
after primary tumor resection

Metastases status

Syn. p p p
No Within6 Firstdi- Meta. * 2 °
months agnosis

Total patients (n) 96 6 86 93

Sex 0.684 0.722 0.738
Male 51 4 59 60
Female 45 2 27 33

Age 0.368 0.392 0.567
<55 31 1 36 30
55-69 34 4 36 39
> 69 31 1 14 24

Primary tumor location 0.548 0.872 0.759
Right-sided 24 3 31 31
Left-sided 26 1 26 24
Rectum 46 2 29 38

Primary pT Stage 0.853 0.823 0.554
1/2 16 1 10 9
3 31 1 17 35
4 49 4 59 49

Primary pN Stage 0.473 1.000 1.000
0 45 2 28 34
1 35 2 24 32
2 16 2 34 27

Primary differentiation 1.000 0.700 1.000
G1-G2 64 4 49 59
G3-G4 32 2 37 34

Primary histological type 0.126 0.087 0.052
Non-mucinous 76 3 71 80
Mucinous 20 3 15 13

KRAS 0.730 0.699 1.000
Wild type 68 4 45 49
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At the same time,
there were four fac-
tors playing signifi-
cantly different rolls
in predicting synchro-
nous or metachrono-
us metastases: age >
69 (P = 0.032), BRAF
mutation status (P =
0.019), and > 5 ng/
ml CEA before prima-
ry tumor resection (P
< 0.001) were inde-
pendent factors for
synchronous metas-
tases but not for
metachronous meta-
stases, and KRAS
codon 13 mutations
(P = 0.049) were in-
dependent factors for
metachronous meta-
stases but not for
synchronous meta-
stases. Details are
provided in Table 3.

We next conducted
subgroup  analyses
for single nucleotide
polymorphisms (SN-
Ps) in KRAS exon 2.
The 7 common muta-
tion sites are listed in
Table 4. The results
of multivariate analy-
ses showed that one
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Codon 12 Mutanttype 24 2 34

Codon 13 Mutant type 4 0 7
BRAF

Wild type 92 4 76

Mutant type 4 2 10
PIK3CA

Wild type 83 5 67

Mutant type 13 1 19
PTEN

Wild type 81 5 73

Mutant type 15 1 13
Pre-primary resection CEA

<200 ng/ml 82 4 59

> 200 ng/ml 1 2 23

Unknown 13 0 4

23
21

91

78

15

76
17

83
1
9

months were more in
line with synchronous
metastases detected
at first diagnosis ra-
ther than metachro-
nous metastases. Th-
e comparison bet-
ween metastases wi-
thin 6 months and
no-metastases also
showed that these
short-term metasta-
ses could be predict-
ed by BRAF muta-
tions (OR=11.5,P =
0.039) and > 200

0.039 0.174 0.018

0.829 0.755 0.972

0.946 0.919 0.921

0.011 1.000 0.011

P1: synchronous metastases within 6 months after primary tumor resection vs. no me-
tastases. P2: synchronous metastases within 6 months after primary tumor resection vs.
synchronous metastases at first diagnosis. P3: synchronous metastases within 6 months
after primary tumor resection vs. metachronous metastases. Syn.: synchronous; Meta.:
metachronous Within 6 months: metastases were diagnosed within 6 months after primary
tumor resections. First diagnosis: metastases were detected before or during the primary

ng/ml CEA before pri-
mary tumor resection
(OR =41, P=0.011).
Additional details are
provided in Table 5.

tumor resection. Fisher’s exact test was used for samples with expected frequency < 5. CEA:

carcinoembryonic antigen.

KRAS codon 12 mutation (¢.34G > T, p.G12C)
was an independent risk factor for synchronous
metastases (OR = 11.667, P = 0.026) but not
for metachronous metastases (i.e., there was a
significant difference between synchronous
and metachronous metastases, P = 0.043).
Another KRAS codon 12 mutation (c.35G > T,
p.G12V) was a potential risk factor only for
metachronous metastases (OR = 3.489, P =
0.062) but not for synchronous metastases
(i.e., there was a significant difference between
synchronous and metachronous metastases, P
= 0.049). Different SNPs in KRAS played differ-
ent roles in determining synchronous or meta-
chronous metastases.

Moreover, in synchronous-metastases group, 6
patients (6.5%) had distant metastases within
6 months after primary tumor resections, not at
first diagnosis. The univariate pairwise compar-
ison showed there were no significant differ-
ence between metastases within 6 months
and metastases detected at first diagnosis.
However, significantly more patients with BRAF
mutations (P = 0.018) and > 200 ng/ml CEA
before primary tumor resection (P = 0.011)
were detected having metastases within 6
months rather than metachronous metasta-
ses. It seemed that metastases within 6
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KRAS mutation and
long-term survival

The latency of metachronous distant metasta-
ses is showed in Figure 1. Half of all metachro-
nous metastases occurred within 16 months,
75% occurred within 28 months, and 95% with-
in 56 months. For patients with metachronous
metastases, KRAS codon 13 mutations poten-
tially resulted in shorter latency than KRAS wild
type (median, 13 vs. 18 months, P = 0.066).
But KRAS codon 12 mutations had no signifi-
cant effect on the latency (Wild type vs. codon
12 mutation, 18 vs. 16 months, P = 0.775;
codon 12 mutation vs. codon 13 mutation, 16
vs. 13 months, P = 0.277). Additional details
are provided in Figure 2.

After resections of metastases, patients ori-
gionally diagnosed with metachronous metas-
tases had longer overall survival time than syn-
chronous metastases (median, 43 vs. 23
months, P = 0.050, details in Figure 3). The
overall survival after occurrence of metachro-
nous metastases is also showed in Figure 4.
The survival curve showed no significant differ-
ences between patients with wild-type KRAS,
codon 12 mutations and codon 13 mutations.
Multivariate Cox regression in Table 6 showed
that radical resection of metachronous metas-
tases was a significant protective factor for
long time survival (HR = 0.280, P = 0.002).
Chemotherapy and TACE/TAl had similar
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Figure 1. Timing of metachronous distant metastases. 50% of metachro-
nous metastases occurred within 16 months, 75% occurred within 28
months, and 95% within 56 months after primary tumor resection.
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Figure 2. KRAS codon 12 and codon 13 mutations affected the latency of
metachronous distant metastases after primary tumor resection. There
were potential significant difference between patients with KRAS wild type
and codon 13 mutation (P = 0.066). Median: median of the latency to meta-
chronous distant metastases.

also shows that radical resec-
tion of metastases resulted in
a subsequent median survival
of 43 months, significantly
longer than chemotherapy
alone (median 6 months, P <
0.001) or chemotherapy plus
TACE/TAI (median 5 months, P
< 0.001).

Discussion

In this study, we selected 3
groups of patients: patients
without distant metastases,
with synchronous distant me-
tastases and with metachro-
nous distant metastases. The
detection and analysis of gen-
otype and clinicopathological
characteristics showed that
age, sex, primary N stage,
BRAF mutations and CEA lev-
els before primary tumor re-
section were independent fac-
tors for synchronous metasta-
ses; sex, primary tumor loca-
tion, primary N stage and
KRAS codon 13 mutations
were independent factors for
metachronous distant metas-
tases. The metastases occ-
urred within 6 months after
primary tumor resections see-
med more in line with synchro-
nous metastases detected at
first diagnosis rather than me-
tachronous metastases, and
were potentially predicted by
BRAF mutations and > 200
ng/ml CEA before primary tu-
mor resection. Different SNPs
of KRAS mutations played dif-
ferent roles in determining the
timing of metastases. More-
over, we found that compared
to KRAS wild type, KRAS
codon 13 mutations potential-
ly resulted in shorter latency
of metastases. After the
occurrence of metachronous
distant metastases, treat-

effects, but were both far less effective than ment was the most important factor in deter-
radical surgery. The survival curve in Figure 5 mining the long-term survival of the patient.
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Figure 3. Overall survival after metastases resections between synchronous
and metachronous metastases. Patients with metachronous metastases
had longer survival time than patients with synchronous metastases after
resections of metastases (median, 43 vs. 23 months, P = 0.050). Median:
median of overall survival after resection of distant metastases.
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Figure 4. KRAS codon 12 and codon 13 mutations affected the overall sur-
vival after the occurrence of metachronous distant metastases. There was
no significant difference among the three groups. Median: median of overall
survival after occurrence of metachronous distant metastases.

The KRAS oncogene has a well-established role
in tumor growth and regulation, and plays an
important role in individualized molecular treat-
ment of colorectal cancer. Since the multi-

center “RASCAL” and “RASCAL
II” studies [14, 17], numerous
studies have confirmed KRAS
mutation as prognostic factor
of colorectal cancer [18].
Along with the application of
targeted therapy, KRAS muta-
tion was also proved predictor
for ineffective anti-EGFR treat-
ment [8, 9]. However, the dif-
ference between KRAS codon
12 and codon 13 mutations
are still controversial. Expe-
rimental studies have demon-
strated a reduced transform-
ing activity of the codon 13
mutation compared with the
codon 12 mutation in vitro
systems [19-21]. Compared
with KRAS codon 12 mutant
cell lines, KRAS codon 13 mu-
tation showed decreased an-
chorage-independent growth
and higher levels of apopto-
sis, which suggested lower
malignancy and better prog-
nosis. Furthermore, recent
computational molecular dy-
namics simulations demon-
strated that KRAS codon 13
mutation had similar behavior
as wild-type KRAS [22]. Pa-
tients who harbored KRAS 13
mutations might therefore be-
nefit from treatment with anti-
EGFR antibodies [23-25]. But
clinical studies have opposite
conclusions. Samowitz et al
[26] retrospectively analyzed
1413 patients with colon can-
cer, showed that KRAS codon
13 mutation was associated
with more risk (HR = 1.4, 95%
Cl = [0.95, 2.0]) than codon
12 mutation (HR = 1.0, 95%
Cl = [0.8, 1.2]) in survival.
Bazan et al [27] demonstrat-
ed that KRAS codon 13 muta-
tion was independently relat-
ed to risk of relapse (HR =
1.79, P < 0.05) and death (HR

= 1.93, P < 0.05), but not KRAS codon 12
mutation. Some other clinical studies also con-
firmed that KRAS codon 13 mutations were
associated with more distant metastases and
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Table 6. Multivariate analyses of overall survival after
metachronous metastases

Number HR P value

Total patients (n) 93
Sex

Male 60 0.873 0.623

Female 33 1 -
Age at metastases

<55 26 1 -

55-69 38 1.130 0.718

> 69 29 0.976 0.945
Primary differentiation

G1-G2 59 1 -

G3-G4 34 1.017 0.955
Primary histological type

Non-mucinous 80 1 -

Mucinous 13 0.806 0.626
KRAS

Wild type 49 1 -

Codon 12 Mutant type 23 1.046 0.901

Codon 13 Mutant type 21 1.150 0.704
BRAF

Wild type 91 1 -

Mutant type 2 2.255 0.381
PIK3CA

Wild type 78 1 -

Mutant type 15 0.818 0.674
PTEN

Wild type 76 1 -

Mutant type 17 0.518 0.101
CEA at diagnosis of metastases

<5 ng/ml 25 1 -

5-200 ng/ml a7 0.682 0.346

> 200 ng/ml 11 0.935 0.902

Unknown 10 1.074 0.897
Treatment of metastases

Chemotherapy only 21 1 -

Chemotherapy + TACE/TAI 31 1.479 0.284

Radical surgery 41 0.280 0.002

Gene type was detected based on the primary tumor. Age at metas-
tases was based on the time metastases diagnosed. Cox-regression
model was used in the multivariate analysis. HR: hazard ratio; CEA:
carcinoembryonic antigen; TACE: transcatheter arterial chemoem-
bolization; TAl: Transcatheter arterial infusion.

poorer prognosis than codon 12 mutations
[27-30].

These contradictions between experimental
and clinical studies might be explained by our
study: KRAS codon 12 mutations were poten-
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tial risk factor for both synchronous and
metachronous metastases; but KRAS 13
mutations were risk factor only for meta-
chronous metastases. Present experimen-
tal studies were always based on cell lines
with short observation period, which was
conducive to the expression of synchro-
nous metastases, not associated with
KRAS codon 13 mutations. However in
clinical studies, observation period was
long enough to fully reveal the traits of
metachronous metastases, significantly
associated with KRAS codon 13 muta-
tions. Thus, the contradictions came from
neglecting the differences between syn-
chronous and metachronous metastases.
It would be better making a distinction
between synchronous and metachronous
metastases in future researches.

The specific KRAS codon 13 mutation
could also partially explain the long latency
from primary tumor resection to occur-
rence of metachronous metastases.
Different from KRAS codon 12 mutation,
codon 13 mutation was more similar to
wild type in molecular structure and func-
tion [22]. This meant a reduced activity of
RAS-RAF-MAPK signaling pathway [19-21].
It could be suspected that the effect of
KRAS codon 13 mutations was more mod-
erate than codon 12 mutations, requiring
a long-term accumulating process for the
occurrence of detectable metastases.
Moreover, KRAS codon 13 mutations were
associated with lower levels of tumor-infil-
trating mature dendritic cells [31]. This
change of microenvironment might also
help tumor cells hide for a long time, avoid
being detected or destroyed by the immu-
ne system.

In addition, different SNPs in the KRAS
gene had different effects on prognosis. In
our study, one KRAS codon 12 mutation
type (¢.34G > T, p.G12C) showed more pre-
dictive capability of synchronous metasta-
ses, but another KRAS codon 12 mutation
type (¢.35G > T, p.G12V) tended to predict

metachronous metastases. The other common
KRAS codon 12 mutation type (c.35G > A, p.
G12D) seemed meaningless in predicting
metastases. This suggested that change of a
single amino acid at a same site may result in
different outcomes. Not only KRAS codon 13
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Median 5 months
Median 43 months

reduce the risk of missed
diagnosis.

For patients with metachro-
nous distant metastases, re-
section of metastases was
the major factor for long-term
survival. Compared with sur-
gery, chemotherapy or chemo-
therapy combined with TACE/
TAI did not obtain satisfactory
prognosis. Moreover, early de-
tection was important for the
radical resection of metasta-
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Figure 5. Different therapies affected overall survival after the occurrence
of metachronous distant metastases. Radical resections of metastases had
significant advantage over chemotherapy and TACE/TAIl. Median: median of
overall survival after occurrence of metachronous distant metastases; TACE:
transcatheter arterial chemoembolization; TAl: transcatheter arterial infu-

sion.

mutations, but also different SNPs of KRAS
codon 12 mutations should be paid more atten-
tion. As KRAS codon 13 mutations have been
considered benefiting from anti-EGFR antibod-
ies [24, 25, 32], specific SNPs in KRAS codon
12 should also be tested. And in individualized
treatment, classification based on protein func-
tion might be better than simply based on the
mutation site.

We also analyzed synchronous distant metas-
tases occurred within 6 months after primary
tumor resections. For these short-term metas-
tases, the results of univariate analyses
showed conformity with the synchronous
metastases detected at first diagnosis, and
could be predicted by BRAF mutations and >
200 ng/ml CEA before primary tumor resec-
tion. CEA is a traditional prognostic marker for
colorectal cancer. BRAF mutation was also con-
sistently associated with a worse prognosis in
patients with metastatic disease in both retro-
spective clinical series and therapeutic trials
[33, 34]. For newly diagnosed patients with the
two high-risk factors, if synchronous metasta-
ses were not detected, more detailed preopera-
tive examinations should be carried out to
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patients with high-risk of
metachronous metastases in
a simple way. The median
metastatic time was approxi-
mately 16 months for all KRAS
genotypes and earlier (approx-
imately 13 months) for codon
13 mutations. During this
period, intensive follow-ups
could be conducted for high-
risk patients, which may aid in
early detection and treatment of metachronous
distant metastases.
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