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ABSTRACT

Background: We developed a prediction tool for
recurrence and survival in patients with stage IV
colorectal cancer (CRC) following surgically curative
resection.

Patients and methods: From January 1983 to
December 2012, 113 patients with CRC and
synchronous liver and/or lung metastatic CRC were
investigated at the Osaka Medical Center for Cancer
and Cardiovascular Diseases. All patients underwent
curative resection of primary and metastatic lesions.
In the group of patients who underwent surgery from
1983 to 2008, a Gox regression model was used to
develop prediction models for 1-year, 3-year and 5-
year cancer-specific survival (CSS) and relapse-free
survival (RFS). In the other group of patients who
underwent surgery from 2009 to 2012, the developed
prediction model was validated.

Results: Univariate analysis of clinicopathological
factors showed that the following factors were
significantly correlated with CSS and RFS: preoperative
serum carcinoembryonic antigen level, tumour
location, pathologically defined tumour invasion and
lymph node metastasis, and synchronous metastatic
lesions. Using these variables, novel prediction models
predicting CSS and RFS were constructed using the
Cox regression model with concordance indexes of
0.802 for CSS and 0.631 for RFS. The prediction
models were validated by external data sets in an
independent patient group.

Conclusions: We developed novel and reliable
personalised prognostic models, integrating tumour,
node, metastasis (TNM) factors as well as the
preoperative serum carcinoembryonic antigen level,
tumour location and metastatic lesions, to predict
patients’ prognosis following surgically curative
resection. This individualised prediction model may
help clinicians in the treatment of postoperative stage
IV CRC following surgically curative resection.

INTRODUCTION

In developed countries with increasingly
ageing populations, cancer is one of the
most prominent illnesses in terms of public
welfare and health measures. Colorectal

Key questions

What is already known about this subject?
Many cases of metastatic colorectal cancer (CRC)
are difficult to cure. Some previous studies have
found that a subset of liver-isolated or lung-isolated
metastatic CRC is potentially curable with surgery.
Although we would like to know the provability of
the relapse and cancer death, there is no reliable
prediction tool.

What does this study add?

We developed novel reliable prediction models for
stage IV CRC after surgically curative resection of
primary and metastatic lesions. It was constructed
with concordance indexes of 0.802 and 0.631 for
cancer-specific survival and relapse-free survival
after curative surgical resection, respectively. This is
the first report representing the prediction models
for stage IV CRC after concurrent curative surgical
resection.

How might this impact on clinical practice?
The models we have generated will provide a valu-
able tool to help physicians manage patients with
stage IV CRC after curative surgical resection. In
addition to the recent advances in chemotherapy
treatment, this model will contribute to selecting
high-risk patients with stage IV CRC who will
require postoperative treatments following curative
surgical resection, resulting in better outcomes.

cancer (CRC) is a frequent malignancy and
one of the leading causes of cancer-related
death.! Approximately one in five patients
with CRC has a distant metastatic disease at
the time of presentation. Metastatic dissemin-
ation of the primary tumour is directly
related to patient survival, and distant metas-
tases are a major cause of death in patients
with CRC. Systemic chemotherapy is the
standard approach to treat metastatic CRC,
and the past decade has shown remarkable
progress in therapies for CRC. Many new
drugs are currently in use for metastatic
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CRC, and the average median survival duration has
increased in recent years largely because of the availabil-
ity of new active agents such as irinotecan, oxaliplatin,
cetuximab and bevacizumab.”* Although many cases of
metastatic CRC are difficult to cure, previous studies
have found that a subset of liver-isolated or lung-isolated
metastatic CRC is potentially curable with surgery.” °
The role of synchronous curative resection for CRC with
lung and/or liver metastases has been restricted.
Previous studies on this treatment were retrospective and
had small sample sizes with shortterm follow-up
periods.® 7 We also reported clinicopathological
characteristics of stage IV CRC.® However, it is difficult
to determine the benefits of concurrent curative resec-
tion for primary and metastatic sites, and predict the
prognosis.

Development of a prognostic prediction model is
important to determine the necessity of intensive
follow-up and adjuvant therapy. By predicting recur-
rence and metastasis, such a model could lead to
adequate treatment of CRC after curative surgical resec-
tion.” 1% The tumour, node, metastasis (TNM) staging
system of the International Union Against Cancer
(Union for International Cancer Control; UICC) is a
reliable prognostic system for patients with CRC of all
sl;ages.11 However, even TNM staging does not consoli-
date demographic features, tumour characteristics and
other histopathological features to predict recurrence
and survival. Therefore, development of a model for the
prediction of individual outcomes would be a useful tool
in this age of personalised medicine.

To develop such a model for the prediction of cancer
relapse and survival, we constructed a prediction tool for
patients with stage IV CRC after concurrent surgically
curative resection of primary and metastatic lesions.
Development of the tool is based on a statistically calcu-
lated formula constructed from potential prognostic
factors and thus provides a prediction probability for
individual outcomes that will benefit patients in select-
ing treatment choices after having undergone surgically
curative resection.

PATIENTS AND METHODS

One hundred and thirteen patients were identified as
having a diagnosis of stage IV CRC with liver and/or
lung metastases at Osaka Medical Center for Cancer and
Cardiovascular Diseases from 1983 to 2012. All patients
had histologically confirmed CRC with distant metastasis
and underwent curative resection for primary and meta-
static lesions. This study was approved by the
Institutional Review Board of Osaka Medical Center for
Cancer and Cardiovascular Diseases. The patient
records were anonymised prior to the analysis.

Surgical specimens were fixed in formalin, processed
through a graded ethanol series, and embedded in par-
affin. The sections were stained with H&E and Elastica
van Gieson stain, and the histological grade, degree of

lymphatic invasion and degree of venous invasion were
examined. Data on age, sex, the serum level of the
tumour marker carcinoembryonic antigen (CEA),
primary tumour site (rectum or colon), pathological
finding (histological grade, tumour invasiveness, lymph
node metastases, lymphatic invasion and venous inva-
sion) and perioperative chemotherapy were retrieved
from the patients’ medical records for evaluation.
Preoperative determination of the extent of tumour
spread was performed using X-ray, CT, MRI and/or posi-
tron emission tomography. Intraoperative findings con-
tributed to the determination of metastatic tumour
involvement. After surgery, all patients underwent
follow-up blood examinations to assess the serum levels
of the tumour markers CEA and carbohydrate antigen
19-9, and further imaging with abdominal ultrasonog-
raphy, CT, chest X-ray and/or positron emission tomog-
raphy every 3-6months following the Japanese
guidelines.'® Postoperatively, patients received chemo-
therapy (oxaliplatin, irinotecan and 5-fluorouracil-based
drugs) following informed consent. Clinicopathological
factors were assessed according to the TNM classification
of the UICC."" The primary and secondary end points
of the study were the cancer-specific survival (CSS) time
and relapse-free survival (RFS).

Kaplan-Meier survival curves were plotted and com-
pared with the generalised log-rank test. Univariate ana-
lysis was performed using a proportional hazards model
for RFS and CSS after primary curative resection to iden-
tify independent factors. Two-sided p values of <0.1 were
considered statistically significant.

In 83 patients who underwent concurrent curative
operations (R0) from January 1983 to December 2008, a
Cox proportional hazards regression model for primary
and metastatic sites was used as a learning set to develop
the prediction model for CSS and RFS. As a validation
set, an independent group of 30 patients who under-
went curative operations for CRC from January 2009 to
December 2012 was used to validate the prediction
model. Each prediction model was validated by the fol-
lowing two procedures: internal validation using the
study patients from which the model was developed, and
external validation using these independent validation
patients. Harrell et al s'? concordance index was calcu-
lated for each prediction model as a nomogram. All stat-
istical analyses were performed using R 3.1.2.

RESULTS

The characteristics of all 113 patients are listed in
table 1. The patients’ ages ranged from 16 to 81 years,
and 69 patients (61.1%) were male. Primary tumours
were located in the rectum (40 patients, 35.4%) or
colon (73 patients, 64.6%). The most common site of
metastases at presentation was the liver (97 patients,
85.8%), followed by the lung (11 patients, 9.7%). The
median number of liver or lung metastatic sites was 2
(range 1-7) and 1 (range 1-3), respectively.
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Table 1 Clinicopathological factors in 113 patients with
stage IV colorectal cancer

Factors N=113
Age (years) 62 (16-81)
Sex
Male 9 (61.1)
Female 4 (38.9)
Primary colorectal tumour
Rectum group 40 (35.4)
Rectosigmoid 11
Upper rectum 17
Lower rectum 11
Anal canal 1
Colon group 73 (64.6)
Caecum 8
Ascending 18
Transverse 10
Descending 4
Sigmoid 33
Histological grade
Well 26 (23.0)
Moderate 84 (74.3)
Others 3(2.7)
Tumour invasion
T3 75 (66.4)
T4a 33 (29.2)
T4b 5 (4.4)
Lymph node metastasis
NO 5 (31.0)
N1 4 (30.1)
N2a 30 (26.5)
N2b 4 (12.4)
Lymphatic invasion
Absent 5(6.2)
Present 106 (93.8)
NA 2 (0.0)
Venous invasion
Absent 13 (11.5)
Present 98 (86.7)
NA 2(1.8)
Synchronous liver metastases 97
Solitary 47
>2 50
Synchronous lung metastases 11
Solitary 6
>2 5
Synchronous liver and lung metastases 7

Data are presented as mean+SD, n (%), or n.

Well: well-differentiated adenocarcinoma; moderate: moderately
differentiated adenocarcinoma; others: poorly differentiated,
mucinous adenocarcinoma, or squamous cell carcinoma.

NA, not available.

The cohort of 83 patients in the learning set was
examined to develop prediction models for CSS and
RFS. The median CSS and RFS were 4.27 and 1.21 years,
respectively (figures 1 and 2). The median follow-up
time was 3.34years (range 0.39-21.73years). After
concurrent surgically curative resection of both primary
and metastatic lesions, 29 patients (25.7%) had no
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Figure 1 Cancer-specific survival curve after surgically
curative resection for stage IV colorectal cancer (CRC).
Kaplan-Meier plots show the cancer-specific survival curve
after curative surgical resection in 113 patients with stage IV
CRC.

recurrence (median follow-up time, 5.53 years; range
2.17-21.73 years).

Table 2 provides the results of the univariate analysis
of factors related to CSS. The preoperative serum CEA
level (>40 ng/mL, HR=2.750, p=0.002), tumour location
(upper and lower rectum and anal canal, HR=2.524,
p=0.003), pathologically defined tumour invasion
(T4, HR=2.390, p=0.004) and lymph node metastasis
(N2, HR=2.089, p=0.013), and synchronous metastasis
(liver and lung, HR=3.315, p=0.031) were significantly
correlated with CSS.

Table 3 provides the results of the univariate analysis of
clinicopathological factors related to RFS. In the univari-
ate analysis, preoperative serum CEA level (>40 ng/mL,
HR=1.824, p=0.032), pathologically defined lymph
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Figure 2 Relapse-free survival curve after surgically
curative resection for stage IV colorectal cancer (CRC).
Kaplan-Meier plots show the relapse-free survival curve after
curative surgical resection in 113 patients with stage IV
CRC.
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Table 2 Univariate analysis for cancer-specific survival
(Cox proportional hazards regression model)

Factors HR 95% CI p Value
Age (<61/>62) 1.106 0.621to 1.952 0.728
Sex (male/female) 1.230 0.6891t02.273 0.489
Primary colorectal 2524 1.3731t04.554 0.003
tumour (rectum/others)

CEA level (>40/<40) 2.750 1.457 t0 5.001 0.002
Tumour invasion 2.390 1.338104.251 0.004
(T4a-b/T3)

Lymph node metastasis 2.089 1.1721t0 3.692 0.013
(N2/NO-1)

Lymphatic invasion 0.879 0.419t02.149 0.758
(present/absent)

Venous invasion 1.290 0.5221t04.290 0.614
(present/absent)

Synchronous liverand  3.315 1.133t07.778 0.031

lung metastases
(both/alternative)
Underlined values indicate p values of <0.1.

Rectum includes upper and lower rectum and anal canal.
CEA, carcinoembryonic antigen.

node metastasis according to the TNM classification
(N2, HR=1.753, p=0.032) and synchronous metastasis
(both liver and lung/lung, HR=4.332, p=0.020; liver/
lung, HR=2.010, p=0.034) were significantly correlated
with RFS.

Of the 113 patients, 88 (77.9%) received adjuvant
chemotherapy (oxaliplatin-based, irinotecan-based and/
or 5-fluorouracil-based drugs) after curative resection. In
this study, the chemotherapy choice was not significantly
related to patient outcome (table 4).

Table 3 Univariate analysis for relapse-free survival (Cox
proportional hazards regression model)

Factors HR 95% ClI p Value
Age (<61/>62 years) 1.125 0.6771t0 1.854 0.645
Sex (male/female) 1.073 0.641t01.772 0.786
Primary colorectal 1.237 0.704t0 2.094 0.448
tumour (rectum/

others)

CEA level (>40/<40) 1.824 1.054t03.042 0.032
Tumour invasion 1.229 0.728t02.035 0.433
(T4a—b/T3)

Lymph node 1.753 1.0511t02.892 0.032
metastasis (N2/N0O-1)

Lymphatic invasion 0.718 0.371to 1.564 0.380
(present/absent)

Venous invasion 1.025 0.4521t02.943 0.958
(present/absent)

Synchronous 4332 1.2841t0 13.148 0.020
metastasis (both/lung) 2.010 1.049t0 4.353 0.034
(liver/lung)

Underlined values indicate p values of <0.1.

Rectum includes upper and lower rectum and anal canal.
Both: synchronous liver and lung metastases.

CEA, carcinoembryonic antigen.

8

Table 4 Univariate analysis for cancer-specific survival
regarding chemotherapy after concurrent surgical resection
(Cox proportional hazards regression model)

Chemotherapy HR 95% CI
1.093 0.585t02.229 0.790

p Value

Adjuvant chemotherapy
(any/none)
Underlined values indicate statistical significance.

Any chemotherapies include oxaliplatin, irinotecan and
5-fluorouracil based drugs.

These statistically significant clinicopathological
factors were used to develop prediction models for
l-year, 3-year and 5-year CSS and RFS after concurrent
surgical resection of both primary and metastatic
lesions. Nomograms of 1-year, 3-year and 5-year CSS and
RFS were developed (figures 3 and 4). The events in the
prediction models depended on identification of cancer-
related death and recurrence, respectively.

Factors associated with prediction of CSS included pre-
operative serum CEA level, tumour location, pathologic-
ally defined tumour invasion and Ilymph node
metastasis, and synchronous metastatic lesions. Factors
associated with prediction of RFS included preoperative
serum CEA level, pathologically defined lymph node
metastasis and synchronous metastatic lesions. The pre-
dictive performance was evaluated by measuring the cali-
bration comparing the prediction probability with the
CSS and REFS after curative surgical resection. The pre-
diction models were validated using the external data set
as an independent patient group (n=30). The concord-
ance indexes (C-indexes) for the CSS and RFS after con-
current surgical resection were 0.802 and 0.631,
respectively. The C-indexes in the external validation
were 0.702 and 0.599.

DISCUSSION
CRC with distant metastases has a poor prognosis,
although several recent chemotherapeutic advances
have improved the overall outcomes of advanced meta-
static CRC.''" Patients with localised metastases, such
as liver or lung metastases, can achieve long-term sur-
vival through curative resection of the metastatic
lesions.'” ' As such, models to predict the prognosis
after curative surgical resection would be useful to deter-
mine the necessity of intensive follow-up to select adju-
vant therapy. In the present study, clinicopathological
analysis revealed that primary tumour location, pre-
operative serum CEA level, pathologically defined T and
N factors according to the TNM classification of the
UICC, and synchronous metastatic lesions were asso-
ciated with a poor prognosis for CSS. In terms of loca-
tion, tumours located in the lower rectum and anal
canal showed a worse prognosis than those located in
other locations.

Prevention of relapse is essential in CRC treatment fol-
lowing curative surgical resection. Although b5-
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Figure 3 Nomogram to predict cancer-specific survival (CSS) after curative surgical resection for stage IV colorectal cancer.
The prediction model of 1-year, 3-year and 5-year CSS after concurrent surgical resection of both primary and metastatic
lesions was constructed using the Cox regression model. Clinicopathological factors used were the preoperative serum
carcinoembryonic antigen (CEA) level, tumour location, pathologically defined tumour invasion and lymph node metastasis, and
synchronous metastatic lesions.
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was constructed using the Cox regression model. Clinicopathological factors used were the preoperative serum
carcinoembryonic antigen (CEA) level, pathologically defined lymph node metastasis and synchronous metastatic lesions.
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fluorouracil was the only effective chemotherapeutic
drug for treatment until the mid-1990s, active agents
such as irinotecan, oxaliplatin, cetuximab and bevacizu-
mab have been used for treatment of distant-metastatic
CRC.? * 18720 A significant benefit of adjuvant chemo-
therapy has been demonstrated, and its administration
has since become standard for stage III and high-risk
stage II CRC.2"™ Although the benefit after curative
surgical resection for stage IV CRC remains to be evalu-
ated in several ongoing clinical trials, adjuvant chemo-
therapy would be promising for CRC that is highly
suspicious for relapse after curative surgical resection.

One prognostic model reportedly integrated demo-
graphic and clinicopathological factors to provide for
postoperative treatment in patients with rectal cancer.”*
In this study, our novel and reliable personalised prog-
nostic models integrated TNM factors, as well as the pre-
operative serum CEA level, tumour location and
synchronous metastatic lesions to predict RFS and CSS
of postoperative patients with stage IV CRC.

In this study, patients with stage IV CRC who under-
went curative surgical resection of both primary and
metastatic lesions were investigated to develop predic-
tion models regarding CSS and RFS. Although there
are limitations, such as the fact that perioperative treat-
ments have changed over the past two decades and
that a limited number of patients were included in a
retrospective analysis, we believe that the models we
have generated will provide a valuable tool to help
physicians manage patients with stage IV CRC after
curative surgical resection. In addition to the recent
advances in chemotherapy treatment, this model will
contribute to selecting high-risk patients with stage IV
CRC who will require postoperative treatments follow-
ing curative surgical resection, resulting in better
outcomes.

In summary, surgical resection provides a potentially
curative option even for selected patients with stage IV
CRC with liver or lung metastasis. If the synchronous
metastases are determined to be potentially resectable
and the patient’s performance status is good, surgical
resection of the primary and metastatic lesions would be
a good treatment option.

CONCLUSIONS

We have developed novel prognostic prediction models
using multiple clinicopathological factors beyond TNM
factors to provide individualised prognostic outcomes in
patients with stage IV CRC after curative surgical resec-
tion. This model should help clinicians counsel patients
on personalised treatments and follow-up.
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