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Abstract
Purpose: We investigated whether the initial CT distribution of metastatic disease is predictive of overall
survival in patients with stage IV colorectal cancer.
Materials and methods: A retrospective study of 65
patients (37 males, 28 females, mean age 56, range
28–88 years) with stage IV colorectal cancer was derived
from an institutional database. Inclusion criteria
required KRAS mutation testing and pretreatment CT
examinations to be available (65 abdomen/pelvis, 63
chest). Disease burden was jointly characterized by two
radiologists in consensus. Median follow-up was
39 months (range 8–115 months). Survival was assessed
using Cox proportional hazards models.
Results: Univariate analysis showed that stratified site(s) of
measurable disease and counts of measurable lesions ‡1 cm
in the liver, peritoneum, and retroperitoneum were statistically significant risk factors for overall mortality [univariate
HR 8.2 (CI 2.7–25.4) for isolated peritoneal disease, HR 1.11
per 5 lesions (CI 1.05–1.17) for liver lesions, HR 1.15 per
lesion (CI 1.05–1.26) for peritoneal lesions, and HR 1.11 (CI
1.03–1.19) for retroperitoneal lymph nodes ‡1 cm in short
axis]. The stratified site(s) of disease and counts of measurable liver lesions remained significant in the multivariate
model (p < 0.0001 for isolated peritoneal disease and count
of liver lesions). Thoracic metastases were not statistically
significant predictors of overall mortality in this cohort.
Conclusion: This study identified site(s) of measurable
Correspondence to: Michael H. Rosenthal; email: michael_rosenthal@
dfci.harvard.edu

metastasis and counts of measurable liver lesions as
independent predictors of overall survival. These findings
may have value for future prognostic assessments once
validated in a larger, independent, and potentially prospective cohort.
Key words: Colorectal cancer—Diagnostic
imaging—Patient outcome assessment—Prognosis

Colorectal cancer is the second most common cause of
cancer death in the United States [1]. Patients with colorectal cancer are risk stratified into stages based on the
local extent of the primary tumor, involvement of regional
lymph nodes, and the presence of metastatic disease using
the American Joint Committee on Cancer’s TNM staging
system [2]. Approximately 21% of patients have synchronous metastatic disease at presentation, up to 50% of
patients with colorectal cancers develop metastases, and
the burden of disease at some sites of metastasis is a known
prognostic factor in colorectal cancer [3, 4]. While extensive research has been performed to refine and validate the
local and regional staging for colon and rectal cancers [5],
risk stratification within stage IV disease remains unclear
to our knowledge, leading to calls for refined staging criteria for patients with advanced disease [6].
We hypothesize that some features of the initial
radiographic distribution and volume of disease in patients presenting with stage IV colorectal cancer will be
predictive of overall survival. We therefore performed a
retrospective cohort study to test this hypothesis.
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Materials and methods
Study population
Our HIPAA-compliant, retrospective study was
approved by our institutional review board and the
requirement for informed consent was waived. A cohort
of subjects with stage IV colorectal cancer was identiﬁed
using a gastrointestinal oncology clinical trials database
at our institution. This database included all of the
subjects who enrolled in one of the indexed gastrointestinal oncology clinical trials from 2004 to 2010 at our
institution, and all 65 subjects from the database that
matched our criteria were included in our study. Inclusion criteria included biopsy-proven colorectal adenocarcinoma, stage IV disease at initial diagnosis, no prior
chemotherapy at the time of baseline imaging, the presence of pre-chemotherapy CT of the abdomen and
pelvis in our radiology system, and tumor KRAS
mutation testing documented in our medical record.
Subjects were initially diagnosed between March 2003
and August 2009, and median follow-up was 39 months
(range 8–115 months). No subjects were lost to
follow-up.

Assessment of metastatic disease
All available baseline CT studies were reviewed. All
subjects had baseline pre-chemotherapy CT imaging of
the abdomen and pelvis (n = 65), and almost all had
baseline CT of the chest (n = 63). Among the 65 subjects, 13 had baseline imaging examinations performed at
outside hospitals that were imported into our PACS, and
52 patients had baseline CT performed in our institution
according to the protocol described below. No significant difference in protocol or image quality was observed
between the imported examinations and those performed
at our institution. Imaging was performed within an
average of 33 days of the start of chemotherapy.
CT scans were performed by using a 64-row MDCT
scanner (Aquilion 64; Toshiba America Medical Systems, California). Our CT protocol is as follows: (1)
64-row MDCT scanner at 0.5 mm collimation, 120 kVp,
tube current maximum of 500 mA using dose modulation with noise index of 12.5 HU, 0.5 s gantry rotation
time, and a table speed of 26.5 mm per rotation. One
hundred milliliters of iopromide (Ultravist 300; Bayer
HealthCare, San Francisco, CA) were injected intravenously at a rate of 2–3 mL/s, with a scan delay of 60 s.
Oral contrast (Gastrografin, Bracco Diagnostics,
Princeton, NJ) was administrated prior to the CT scans.
Axial images with 5-mm thickness and coronal images
with 4-mm thickness were reconstructed using standard
abdominal algorithms.
All baseline staging CT scans were evaluated in consensus by two radiologists (M.R. and K.W.K., with 7
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and 8 years of postgraduate radiology experience) for the
location and volume of metastatic disease using counts of
individual lesions. Radiologists were blinded to outcomes and ofﬁcial reports at the time of the image
review. Follow-up imaging was only reviewed to resolve
indeterminate lesions, as detailed below. Soft tissue, lung,
and bone windows were reviewed. To provide broad
assessments of the burden of disease that would not be
limited by the two lesions per organ standard of RECIST
1.1, we counted the number of discrete lesions that
measured 1 cm or greater in longest axial dimension in
each site of disease [7]. The 1 cm axial threshold was
chosen for consistency with the accepted RECIST
thresholds. We assessed for osseous metastases, but none
were present in this cohort. For retroperitoneal and
thoracic lymph nodes, we counted lesions with an axial
short axis measurement greater than 1 cm to remain
consistent with clinical practice.
If any lesion was felt to be indeterminate for metastasis on the baseline scan, then two radiologists reviewed
all available follow-up imaging and clinical information
and made an assignment decision in consensus. Disagreements in scoring and lesion conﬁrmation were resolved by consensus with a third reviewer (N.R.).
Only lesions in the lungs, liver, peritoneum, or lymph
nodes were included in the quantitative analyses due to
the small numbers of subjects with lesions at other sites.

Medical record review
Information was retrieved for each subject using the
previously described oncology database, the radiology
patient archiving and communication system, and the
electronic medical record. All data abstraction was performed by the same two radiologists who performed the
CT reviews (K.W.K. and M.R.).
The collected data include subject age at diagnosis,
sex, history of cancer diagnosis and treatment, location
of the primary colorectal tumor, clinical and pathological cancer staging, tumor histologic grade, the presence
or absence of mucinous histologic features, and the
results of tumor KRAS genotype tests. In addition, the
primary tumor was categorized as proximal or distal
(divided at the middle of the transverse colon). The
tumor differentiation was categorized as poorly differentiated vs. not poorly differentiated based on the clinical pathology report. Survival data was provided by the
oncology database, which references the Social Security
Death Master File for up-to-date mortality data. Overall
survival was calculated from diagnosis until death, or
until data were censored, as of October 15, 2012.
KRAS testing was performed in a CLIA-approved
laboratory, including 52 subjects at our institution and
13 at outside institutions with formal reports reviewed by
our oncologists. Testing at our laboratory included
analysis of codons 12 and 13 in KRAS exon 2 and was
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performed using PCR on parafﬁn-embedded tumor
tissue.
Based on our empirical clinical impression that
patients with peritoneal disease have worse outcomes
than those with liver-only disease, prior ﬁndings of peritoneal involvement as a risk factor by Shepherd et al.,
the recent assignment of peritoneal disease as M1b in the
AJCC 7th edition TNM staging, and the recent support
of this change by Kennecke et al., we also coded subjects
as having isolated liver disease, isolated peritoneal disease, liver or peritoneal disease plus at least one other site
of disease, or exclusively disease outside of the liver and
peritoneum [2, 8, 9]. Only measurable lesions, as defined
above, were considered in this categorization.

Statistical analysis
Statistical analysis was performed using SAS 9.2 (SAS
Institute Inc., Cary, NC). All tests of signiﬁcance were
performed using an alpha of 0.05. Continuous variables
were assessed for normality using the Shapiro–Wilk test.
Survival curves were drawn according to the Kaplan–
Meier method, and univariate comparisons were made
using the log-rank test. Cox proportional hazards models
were constructed using stepwise selection among the factors
that showed potential signiﬁcance in univariate analysis.
KRAS mutation status was included in the ﬁnal model due
to its relationship cetuximab treatment, which became
commonplace during the follow-up period of our study and
was a potential confounder. The proportionality of hazards
assumptions and functional forms of the continuous variables were validated for the ﬁnal models. For the analyses of
stratiﬁed site(s) of metastasis, the group with isolated liver
metastases was used as the reference.

Results
Baseline characteristics of the cohort
The characteristics of the cohort are summarized in
Table 1. Among 65 subjects with an average age of
56 years (range 8–115 months), there was a slight male
predominance. Poorly differentiated histology and
mucinous features were less common (29% and 26%,
respectively). Subjects were similarly divided between
KRAS wild type and mutant tumors (46% vs. 54%), and
codon 12 mutations were more common among the
KRAS mutant tumors (71%). Distal cancers were slightly
more common than proximal tumors (61%).

Initial distribution of disease
Table 2 shows the baseline distribution of disease. The
liver was involved in 77% of subjects and was the sole site
of disease in 34%. The peritoneum was involved in 39%
of subjects and was the sole site of disease in 8%. Lung
metastases were present in 31%, and nodal metastases

Table 1. Baseline characteristics of the cohort
Characteristic

Cohort (n = 65)
a

Age at diagnosis (years)
Sex
Male
Female
Differentiation
Well or moderate
Poor
Presence of mucin
Non-mucinous
Mucinous
KRAS mutation status
Wild type
Mutant
Codon 12
Codon 13
Unspecified
Primary tumor location
Proximal
Distal

55.7 ± 11.7
37 (57)
28 (43)
46 (71)
19 (29)
48 (74)
17 (26)
30 (46)
35 (54)
25 (71)
8 (23)
2 (6)
25 (39)
40 (61)

Unless otherwise specified, data are reported as count (percentage)
a
Age data are reported as means ± standard deviations
Table 2. Distribution of disease
Disease assessment
Sites of metastasisa
Distant nodes
Liver
Lung
Peritoneum
Stratified site(s) of metastasisa
Liver only
Peritoneum only
Liver or peritoneum plus another site
Liver and peritoneum not involved
Count of metastatic lesions ‡1cmb
Retroperitoneal lymph nodes
Thoracic lymph nodes
Liver
Lung
Peritoneum
a
b

Cohort (n = 65)
27
50
20
25

(42)
(77)
(31)
(39)

22 (34)
5 (8)
27 (42)
11 (16)
0
0
3
0
0

(1,
(0,
(7,
(0,
(1,

0–25)
0–15)
0–213)
0–43)
0–13)

Data are reported as count (percentage)
Data are reported as median (interquartile range, full range)

were present in 42%. Less common sites of metastasis
included the ovaries, brain, and adrenal glands, but the
counts were insufficient for inclusion in the analysis. No
bone metastasis was observed in this cohort.
Our stratiﬁed location analysis showed that 34% of
subjects had measurable metastases only in the liver, 8%
had metastases only in the peritoneum, 42% had metastases in the liver or peritoneum and at least one additional site, and 17% had no measurable metastases in the
liver and peritoneum.

Predictors of overall survival
Table 3 shows the results of the univariate and multivariate survival models. Among the 65 subjects, there
were 52 deaths during a median follow-up and median
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Table 3. Multivariate model of overall survival for all subjects
Variable

Univariate HR

95% CI

pe

Multivariate HR

95% CI

pf

Age (per 5 years)a
Sex
Female
Male
KRAS status
Wild type
Mutant
Stratified site(s) of metastasis
Liver only
Peritoneum only
Liver or peritoneum plus another site
Liver and peritoneum not involved
Count of liver lesions (per 5 lesions)a
Count of retroperitoneal adenopathy (per node)a
Count of peritoneal lesions (per lesion)a

0.88

0.77–1.00

0.053

0.88

0.77–1.01

0.063

1.00 (ref)
1.77

–
1.00–1.77

–
0.049

1.00 (ref)
–b

–
–

–
0.63

1.00 (ref)
0.89

–
0.52–1.54

1.00 (ref)
0.88

–
0.46–1.68

–
0.69

1.00 (ref)
8.24
3.49
1.70
1.11
1.11
1.15

–
2.67–25.39
1.69–7.22
0.67–4.32
1.05–1.17
1.03–1.19
1.05–1.26

–
0.683
0.0002c
–
0.0002d
0.0008d
0.261d
0.0003
0.008
0.0027

1.00 (ref)
18.33
3.45
1.93
1.16
1.09
–b

–
5.36–62.77
1.58–7.56
0.69–5.38
1.09–1.23
0.99–1.10
–

–
<0.0001
0.002
0.21
<0.0001
0.069
0.71

a

Hazard ratios for continuous variables are per unit change with unit listed in parentheses. The unit of change in the liver was chosen as five lesions
to better reflect the clinical scale of the effect in this organ, where larger counts were more common. The per-lesion multivariate HR for the liver was
1.02
b
Sex and count of peritoneal lesions were eliminated in stepwise selection for the multivariate model
c
Test for equality over all strata
d
Pairwise comparisons were made with respect to the reference stratum
e
Log-rank test
f
Wald Chi-square statistic from Cox proportional hazards model

overall survival of 39 months. Univariate analysis of
survival demonstrated that the stratified site(s) of
metastases and the counts of lesions in the liver, peritoneum, and retroperitoneal lymph nodes were statistically
significant risk factors for mortality (p < 0.01). Age and
sex were marginally significant (p = 0.053 and 0.049
respectively). Thoracic metastases, including pulmonary
metastases and thoracic adenopathy, tumor differentiation, mucin, and tumor location were not statistically
significant predictors of survival (p > 0.05).
After stepwise selection from among the potential
covariates, the combined multivariate Cox proportional
hazards model showed that the count of liver lesions
and the stratiﬁed site(s) of metastasis remained as statistically signiﬁcant independent risk factors for mortality (HR 1.11 per ﬁve lesions ‡1 cm in the liver, 95%
CI 1.05–1.17, p < 0.001; HR 18.3 for peritoneal
metastasis only, 95% CI 5.4–62.8, p < 0.0001; and HR
3.45 for liver or peritoneum plus any additional site,
95% CI 1.6–7.6, p = 0.002). KRAS mutation status,
age, sex, and counts of peritoneal and retroperitoneal
disease did not persist as independent risk factors for
mortality.
Figure 1 demonstrates the stratification of overall
survival by site(s) of metastasis. Survival varied significantly across sites of metastatic involvement (p = 0.0002
for equality across strata using log-rank test). Pairwise
analyses showed that isolated peritoneal metastases and
involvement of the liver or peritoneum plus at least one
other site of disease were both associated with significantly worse overall survival than subjects who presented
with liver metastases alone (p = 0.0002 and 0.0008,
respectively). Subjects without involvement of the liver

or peritoneum had equivalent outcomes to those with
isolated liver metastases (p = 0.261). Figure 2 demonstrates the imaging findings of representative examples
from this cohort.
Univariate analysis of the overall survival of subjects
with KRAS mutations showed that subjects with KRAS
mutations in codon 13 (n = 8) had a trend toward better
survival compared to those with KRAS mutations in
codon 12 (n = 25; median survival 61.4 months for codon 13 vs. 30.3 months for codon 12, p = 0.09 by logrank test). After stepwise selection, the multivariate Cox
proportional hazards model for this subgroup included
KRAS codon mutation, stratified site(s) of metastasis,
counts of liver lesions and retroperitoneal lymph nodes,
and sex. KRAS codon mutation was a statistically significant factor in the multivariate model, with codon 12
mutations conferring a mortality hazard ratio of 4.55
(p = 0.0064, CI 1.53–13.53). Counts of liver lesions,
stratified site(s) of metastasis, and sex also remained as
statistically significant risk factors [HRs 1.19 per 5 liver
lesions (CI 1.09–1.31, p = 0.0002), 11.10 for peritoneal
disease only (CI 1.60–76.83, p = 0.015), 6.42 for liver or
peritoneum plus other sites of disease (CI 1.78–23.14,
p = 0.0045), 13.96 for sites other than liver or peritoneum (CI 1.20–162.35, p = 0.035), and 2.80 for male sex
(CI 1.04–7.57, p = 0.043)].

Discussion
Imaging, primarily with CT and PET-CT where appropriate, is the mainstay of systemic cancer staging. The
National Comprehensive Cancer Network guidelines
recommend staging CT of the chest, abdomen, and pelvis
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Kaplan-Meier Plot of Overall Survival by Sites of Disease
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Fig. 1. Kaplan–Meier plot of overall survival stratified by
site(s) of metastasis. Survival varied significantly across sites
of metastatic involvement using the log-rank test (p = 0.0002
for equality across strata). Pairwise analyses showed that
isolated peritoneal metastases and involvement of the liver or
peritoneum plus at least one other site of disease were both

associated with significantly worse overall survival than subjects who presented with liver metastases alone (p = 0.0002
and 0.0008, respectively). Subjects without involvement of the
liver or peritoneum had equivalent outcomes to those with
isolated liver metastases (p = 0.261). The number of at-risk
subjects is listed at the bottom of the figure.

for all patients who present with colorectal cancer, and
the American College of Radiology Appropriateness
Criteria list CT as the best-supported diagnostic modality for pretreatment staging of colorectal cancer [10, 11].
The main objective of our study was to assess whether
the initial volume and distribution of metastatic disease,
as detected by baseline staging CT, predicts the subsequent survival of subjects with stage IV colorectal
cancer. Our analysis found two distinct independent
predictors of overall survival: counts of liver lesions
measuring at least 1 cm in size and the measurable site(s)
of disease involvement. In particular, isolated involvement of the peritoneum or involvement of the liver or
peritoneum and at least one other site of disease were
associated with significantly poorer outcomes than
involvement of the liver alone. These factors may have
utility in improving the existing risk stratification methods for stage IV colorectal cancers [2, 12], but further
research is needed to validate these factors in a larger,
independent, and potentially prospective cohort.
In 2010, the seventh edition of the American Joint
Committee on Cancer staging criteria newly divided pa-

tients with metastatic disease into two risk groups: M1a for
a single involved organ or M1b if more than one organ is
involved or if the peritoneum is involved [2]. The data
supporting this change were not specifically cited in the
published criteria, and the primary surveillance, epidemiology, and end results validation of the T and N stage
changes for this edition did not address the changes in the
M stage [5]. Our findings, which identify isolated peritoneal metastases as having the highest hazard ratio of any of
the tested distributions of metastases, would support the
classification of peritoneal disease as a high-risk feature.
Other independent efforts to validate this division
have produced conﬂicting results. An analysis of 2,049
patients from British Columbia by Kennecke et al. found
a signiﬁcant risk increase for the newly deﬁned M1b vs.
M1a disease (HR 1.38, CI 1.22–1.55, p < 0.0001), which
appears compatible with our findings [9]. In contrast,
Lan et al., in a single institution retrospective study from
Taiwan that included 421 subjects with M1 disease,
found that the new M1a and M1b distinctions in the
AJCC 7th edition criteria did not provide statistically
significant stratification of outcomes when isolated per-
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Fig. 2. Representative images from cases in this cohort. A
50-year-old male with isolated liver metastases. The subject
survived for 40.9 months. B 49-year-old male with liver and
peritoneal metastases. The subject survived for 25.2 months.
C 63-year-old male with extensive hepatic metastasis. The
subject survived for 8.0 months.

itoneal disease was defined as M1b (p = 0.16), but the
stratification became significant when isolated peritoneal
disease was redefined as M1a (p < 0.001) [13]. This
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apparent disparity with our findings could be due to
differences in the underlying patient populations, treatment strategies, or burden of disease at diagnosis.
Other authors have sought to identify factors that
would predict outcomes in stage IV colorectal cancer.
Zacharakis et al. found no multivariate association
between overall survival and the binary presence or absence of hepatic and peritoneal disease, but did identify a
number of clinical and laboratory prognostic factors [14].
The disparity between our findings and those of Zacharakis et al. may be due in part to the marked disparities
in survival between the cohorts—12.8 months for Zacharakis vs. 39 months for our cohort—which suggests a
qualitative difference in the underlying cohorts or subsequent interventions.
In 1997, Shepherd et al. found that local peritoneal
invasion by the primary tumor was a negative prognostic
factor. The authors stated that further work was necessary to conﬁrm that broader peritoneal dissemination
carries independent risk beyond the local tumor stage
designation [8]. Our findings support that assertion, but
specific analysis of isolated peritoneal metastases vs.
peritoneal invasion (T4a disease) would be necessary to
exclude confounding by locally aggressive tumor growth.
With regard to peritoneal metastases, our univariate
analyses showed that the risk factors for mortality included both the quantitative counts of peritoneal lesions
at least one centimeter in size and the qualitative presence of measurable peritoneal carcinomatosis as the
only site of metastasis (as part of the stratiﬁed site analysis). The quantitative counts of peritoneal lesions were
no longer statistically signiﬁcant in the multivariate
model, which suggests that the qualitative presence of
measurable peritoneal metastases, as captured by the
stratiﬁed site analysis, was more important than the
speciﬁc amount of tumor present in the peritoneum in
this cohort. A larger cohort will be necessary to determine if the quantitative amount of peritoneal disease can
offer any independent prognostic value beyond that of
the qualitative presence of such disease.
Recently, Imamura et al. studied the prognostic effect
of KRAS mutation in 1,261 subjects and found that
KRAS codon 13 mutations are associated with better
survival than KRAS codon 12 mutations or wild type
status [15]. The results from our cohort support this
finding and suggest the factors that were significant in
the overall analysis remained significant in this subgroup. A larger cohort will be needed to determine if the
hazard ratios associated with these factors in the KRAS
mutant group are significantly different than those in the
KRAS wild type group, which could impact the prognostic use of these measures.
Our study has several limitations. First, the sample
size of 65 patients resulted in relatively wide conﬁdence
intervals around some of our factors, including age,
KRAS mutation status, and some of the lesion counts.
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While many of these factors were not statistically signiﬁcant in the multivariate model, we have not excluded
effects that may be clinically signiﬁcant but too small to
conﬁrm in this cohort. Analysis of a larger cohort will be
necessary for conﬁrmation of our ﬁndings.
Second, we approximated the burden of disease using
counts of lesions measuring at least 1 cm in size. We
believe this to be a plausible compromise between
RECIST’s limited lesion count and the time-intensive
work of volumetric assessments, but further research is
ongoing to understand the reproducibility and interreader variability of this approach. The ongoing work of
the Quantitative Imaging Biomarkers Alliance of the
Radiological Society of North America may also establish rigorous volumetric approaches to which this method should be compared. Our use of the 1-cm threshold,
while practical and consistent with RECIST and clinical
practice, also means that we have not assessed any
potential impact that subcentimeter lesions would have
on patient outcomes.
Third, we did not speciﬁcally analyze for oligometastatic disease and the potentially curative treatments
thereof. There were only three subjects in our cohort who
had oligometastatic disease at diagnosis, so this is not
likely to affect the ﬁndings of our study, but this should
be addressed in future work. Finally, this cohort was
derived from therapeutic clinical trials that demanded
good performance status for entry into the trials. This
results in a selection bias against subjects with poor
performance status, and the magnitude of that effect is
not known in our cohort.
In conclusion, our study has shown that the site(s) of
disease involvement, most notably isolated peritoneal
disease, and the counts of liver lesions at least one centimeter in size are independent risk factors for mortality
in this cohort and could have utility in risk stratiﬁcation
of stage IV colorectal cancer. Further research is needed
to conﬁrm these ﬁndings in a larger, independent, and
potentially prospective cohort.
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