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depressed component and aggressive malignant potential

proposal of an alternative pathway of de novo colon carci-
type and ﬁuick infiltration of neighbouring tissue and

cervical lymph node swelling.
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Colorectal cancer is the second leading cause of cancer
[2]. The current practice of removing adenomatous

its incidence is gradually increasing in Japan as well. The
this will prevent colorectal cancer [3]. However, recent

is thought to be the adenoma
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swelling. Malignant lymphoma (ML) was first suspected,
but aspiration cytology and biopsy of the iymph node
suggested metastatic adenocarcinoma resulting from
was found on ultrasonography and mammography
examinations. Whole-body computed tomography {CT)
showed systemic lymph node swellings (left supraclavi-
cular and muitiple para-aortic iymph nodes) but no pri-
mary (Figure 1). Upper Gastrointestinal
endoscopy revealed no evidence of malignancy. The
patient was diagnosed with unknown primary cancer
and referred to our hospitai for further examination in
November 2009.

lesion
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We reevaluated the lymph node biopsy specimen
obtained by the referring hospitai. The tumour ceiis
with oval to round nuclei with prominent nucleoli were
found to be showing partiai ductal structures, ieading us
to suspect poorly differentiated adenocarcinoma. Addi-
tionally, immunohistochemistry (IHC) studies showed
the biopsy specimen to be negative for cytokeratin 7
{(CK7), and positive for CDX2Z, an infestine-specific
homeobox transcription factor, and cytokeratin 20
{CK20), a cytoskeletal protein usuaily found in the coio-
nic epithelium. These THC results strongly suggested the
metastagis from a primary colorectal cancer {Figure 2).
We performed a total colonoscopy and detected a small

B

I node metastasis measuring 33 mm In diameter (arrowhead). (8) Middle thoracic para-oesophageal lymph node metastasis measuring 24 mm in |
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Figure COIOHOSCOPY ﬁndmgs (A) Conventional Lutuf‘lu:Lup) showed a p;Ouuumy jesion 1
12 mm in diameter. Its stalk was severely thickened, suggestmg cancer invasion. (B) Chromoendoscop;
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of the submucosm layer. (£) Magnified view with OOS% crystal violet staining of the surface of the cemrax depression with a severe irregular pit
pattern identified in the demarcated area.
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protruding lesion in the transverse colon (Figure 2) The
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indisnting the tumane hoving o mivaed oostrie and
indicating the tumcur having o mixed gastric and
intestinal charac ter, w1th the gastric phenotype being

sCar Slgxu T i
bbt atteL 10 courses, the tumour marker rapld!y
increased and peritoneal metastasis progressed. The
genomic analysis of KRAS status revealed wild type, so
we started tﬁe second-line combination chemotherapy
using cetuximab (Erbitax® ) plus irinotecan hydrochlor-
ide (T in® ). After the 4 times administration of

fer age, i.e. 35-years, is in accordance with the Guide-
line, which are used as recommendation criteria for MSI
testing. 1lowever, she did not agree to undergo M5
testmg, because she would like to give top priority to
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In patients with an unknown primary carcinoma, the
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this frequency. The median survival of high-risk patients
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strongly suggested primary colorectal cancer. In a total

Ldi cancers aris
polyps. Alternately, several researchers, especially in
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phenotype, despite small tumour size, and to quickly
infiliraie neighbouring tissue and lymph nodes. In this
case, the tumour exhibited a severely thickened stalk,
which suggested direct cancer invasion of the deep sub-
mucosa, and a clearly demarcated depressed area in the
centre of the lesion, suggesting that it can originate de
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observed. The tumour formed a massive invasion below the muscularis propria. (B-1,2) The tumour was composed of poorly differentiated

adenocarcinoma and signet-ring cell carcinoma, mostly formed by solidly proliferating cells but with some indistinct gland formation. (C) The

tumour had an intramucosal component, but infiltrated deeply into the submucosat |
|
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e

invasion was detected mainly under the mu
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Figure 5 immunohistochemical investigation of the resected specimen. (A) Weak CDX-2 expression was observed in the carcinome. (8)
MUC-2 expression was observed. (C) MUC5AC expression was observed. (D) MUC6 expression was not observed.

novo simply due to its morphology and clinical beha-
viour. This case of small primary colon cancer with sys-
temic metastasis provides valuable support for the
aggressive malignant potential of the de novo pathway in
colorectal carcinogenesis.

In conclusion, we have reported a rare case of small
primary colon cancer with systemic metastasis
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The Asia-Pacific Colorectal Screening score:
a validated tool that stratifies risk for colorectal
advanced neoplasia in asymptomatic Asian subjects

Khay-Guan Yeoh," Khek-Yu Ho," Han-Mo Chiu,? Feng Zhu," Jessica Y L Ching,®
Deng-Chyang Wu,* Takahisa Matsuda,® Jeong-Sik Byeon,® Sang-Kil Lee,’
Khean-Lee Goh,® Jose Sollano,® Rungsun Rerknimitr,'® Rupert Leong,'" Kelvin Tsoi,?
Jaw-Town Lin,® Joseph J Y Sung,? for the Asia-Pacific Working Group on Colorectal
Cancer

ABSTRACT

Objective To develop and validate a clinical risk score
predictive of risk for colorectal advanced neoplasia for Asia.
Methods A prospective, cross-sectional and multicentre
study was carried out in tertiary hospitals in 11 Asian
cities. The subjects comprise 2752 asymptomatic
patients undergoing screening colonoscopy. From

a development set of 860 asymptomatic subjects
undergoing screening colonoscopy, multiple logistic
regression was applied to identify significant risk factors
for advanced colorectal neoplasia defined as invasive
carcinoma or advanced adenoma. The ORs for significant
risk factors were utilised to develop a risk score ranging
from 0 to 7 (Asia-Pacific Colorectal Screening (APCS)
score). Three tiers of risk were arbitrarily defined: 0—1
‘average risk’ (AR); 2—3 ‘moderate risk’ (MR); and 4—7
‘high risk” (HR). Subjects undergoing screening
colonoscopy between July 2006 and December 2007
were prospectively enrolled to form an independent
validation group. Each subject had a personal APCS score
calculated by summing the points attributed from the
presence of risk factors in the individuals. The
performance of the APCS score in predicting risk of
advanced neoplasia was evaluated.

Results There were 860 subjects in the derivation set
and 1892 subjects in the validation set, with a baseline
prevalence of advanced neoplasia of 4.5% and 3%,
respectively. Applying the APCS stratification in the
validation set, 559 subjects {29.5%) were in the AR tier,
966 subjects (51.1%) in the MR tier and 367 {19.4%)
subjects in the HR tier. The prevalence of advanced
neoplasia in the AR, MR and HR groups was 1.3, 3.2 and
5.2%, respectively. The subjects in the MR and HR tiers
had 2.6-fold {95% Cl 1.1 to 6.0) and 4.3-fold (95% Cl 1.8
to 10.3) increased prevalence of advanced neoplasia,
respectively, than those in the AR tier.

Conclusions The APCS score based on age, gender,
family history and smoking is useful in selecting
asymptomatic Asian subjects for priority of colorectal
screening.

INTRODUCTION

Colorectal cancer is the fourth most common
cancer in the world.! While it is the second most
common cancer in most Western countries, there

There is strong evidence that screening for colo-

has also been a rapid rise in incidence in recent
decades in many countries in Asia.?

rectal cancer improves survival.>™> Current inter-
national practice guidelines and expert consensus

Gut 2011;60:1236—1241. doi:10.1136/gut.2010.221168
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statements® recommend colorectal cancer screening for people
over 50 years. In reality the risk for colorectal cancer is uneven
in the population and varies significantly with age,”™ gender,” °
smoking® 0% family history,” obesity, ethnicity? *°
dietary'®™"® and other factors. This suggests the possibility that
knowledge of risk factors could be used to risk stratify the
population.

Since resource limitations hinder the implementation of
colorectal cancer screening in many countries,'®® a risk
stratification system may also help to make screening more
cost-effective.

The aim of this prospective study was to develop and validate
a simple clinical risk score for colorectal advanced neoplasia for
Asian subjects.

PATIENTS AND METHODS

Study population for development of the risk score (derivation
cohort)

We have previously described a colonoscopy survey of 860
asymptomatic subjects enrolled between July and December
2004 in 17 endoscopy centres in 11 Asian cities (Bangkok,
Guangzhou, Hong Kong, Jakarta, Kuala Lumpur, Manila, New
Delhi, Seoul, Singapore, Taipei and Tokyo).'? Briefly these were
asymptomatic adults undergoing screening colonoscopy with
a mean age of 54.4 years (SD =11.6 years) of which 471 were
men (54.8%). There were nine ethnic groups (Chinese, Indian,
Indonesian, Japanese, Korean, Malay, Filipino, Thai and
Caucasian). The characteristics of the study population have
been described in detail'® and are summarised in table 1. Subjects
who had undergone colorectal imaging including colonoscopy,
sigmoidoscopy or barium enema within the past 5 years, or who
had previous colorectal surgery were excluded from the study.
Colorectal advanced neoplasia was defined as colorectal
carcinoma or advanced adenoma. Advanced adenoma was
defined as any adenoma at least 10 mm in diameter, or with
villous histological features or high-grade dysplasia.®® A study
questionnaire administered at the time of colonoscopy captured
clinical and lifestyle information, and this were entered into
a database. Institutional ethics board approvals were obtained
by the respective centres.

© Table 1 Characteristics of patients in the derivation and validation
populations

Derivation cohort  Validation cohort

n=_860 n=1892 p Value

Age {years), mean=SD 54+11.6 51=11.2 <0.01
Gender {%)

Male 471 (55) 1032 (54) 0.63

Female 389 (45) 860 (46}
Smoking (%) <0.01

Current* 132 (15.6) 269 (15.5)

Ex-smoker 263 (31.0) 122 (7.0}

Non-smoker 452 (53.4) 1342 (77.5)
Alcohol consumption {%) 157 (18.6) 412 {23.9) <0.01
Diabetes mellitus {%) 48 (5.6) 113 (6.3} 0.48
Family history present 109 (12.7) 286 (15.4) 0.06
for a first-degree relative {%)
Colon neoplasia {%) 168 (18.5) 353 (18.7)

Cancer (%) 9 (1.0) 8 {0.4)

Advanced neoplasia (%) 39 (4.5) 57 (3.0)

Proximal neoplasia (%) 66 (7.7) 204 {10.8)

Proximal advanced 17 (2.0) 24 (1.3)

neoplasia {%)

*Current smoking denotes =1 pack of cigarettes/week.

Gut 2011;60:1236—1241. doi:10.1136/gut.2010.221168

Development of risk score

Univariate analysis was carried out on the derivation set using
the Pearson ¥* method to examine the association between
clinical risk factors, neoplasia and advanced neoplasia. Variables
associated with neoplasia or advanced neoplasia in univariate
analyses (p<0.15) were entered in multivariate logistic regres-
sion models. Risk factors (variables) which retained significance
in multivariate analyses were selected for incorporation into the
risk score. For each risk factor, we assigned weight in the risk
score by using the respective adjusted ORs yielded by the logistic
regression. The latter was halved and then rounded to the
nearest whole number, in the interests of simplicity and to keep
the total score under 10. The risk score for an individual was the
summation of their individual risk factors. The validity of the
score was assessed by receiver operating characteristic (ROC)
analysis.

Sample size for the validation cohort

The sample size estimation was based on published data on the
prevalence of colorectal advanced neoplasia in populations being
screened in Asia, which was reported to be between 3% and
12%.%7% In the derivation set in the current study, the preva-
lence of advanced neoplasia was 4.5%.'” We used the latter as
the point prevalence of advanced neoplasia for the validation set
and assumed an estimated prevalence of individual risk factors
to be ~25%. Based on these assumptions, a minimum of 1800
asymptomatic subjects was required for a power of 80% to
detect a risk factor with OR of 2 at p<0.05 level of significance
based on the prevalence of advanced neoplasia of 4.5% in the
derivation set.

Study population for validation of the risk score (validation
cohort)

A separate and independent cohort of asymptomatic subjects
were prospectively enrolled for the validation of this risk score
from consecutive asymptomatic subjects undergoing screening
colonoscopy at the various participating centres. The colono-
scopy and study protocols for these subjects were identical to
those used in the development phase.

Calculation and validation of the risk score

Each subject in the validation group had a personal risk score
calculated by software that summed the points attributed from
the presence of risk factors in the individual. This was performed
by software in a double-blind fashion independent of colono-
scopy findings and the colonoscopist was unaware of the score.
The calculation of the score was performed by software at the
data centre after data were sent from individual clinical study
sites. The performance of the Asia-Pacific Colorectal Screening
(APCS) in predicting risk of advanced neoplasia was evaluated
by comparing the RR of the latter in the high-risk (HR) and
moderate-risk (MR) group versus the average-risk (AR) group.

Statistical analysis

Statistical analysis was performed with SPSS software (version
16.0); a two-tailed p value of <0.05 was considered statistically
significant. The Pearson * test was used for categorical data to
compare proportions of each candidate risk factor—age, gender,
smoking, alcohol consumption, diabetes and family history of
colorectal cancer in a first-degree relative. Multiple logistic
regression models were used to analyse the risk factors for colo-
rectal neoplasia and advanced neoplasia. The Hosmer—Lemeshow
goodness-of-fit statistic was used to test the reliability of the
model; a large p value (>0.05) indicates a good match of predicted

1237
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Table 2 Prevalence of colorectal neoplasia and advanced neoplasia in the derivation cohort by risk

factors
All subjects Neoplasia, n=168 Advanced neoplasia, n=39
Prevalence (%} Prevalence (%) p Value Prevalence (%) p Value
Gender
Male 471 (55) 106 (22.5) 0.016 28 (5.9) 0.029
Female 389 (45) 62 (15.9) 11 {2.8)
Age
<50 years 295 (34.3) 33 (11.2) <0.001 6 (2.0} 0.001
=50 years 565 {65.7) 135 {23.9) 33 (5.8)
Family history of colorectal cancer in a first-degree relative
Present 109 {12.7) 27 (24.8) 0.140 8{7.3) 0.139
Absent 751 {87.3) 141 (18.8) 31 (4.1)
Smoking
Never 452 (53.4) 76 (16.8) 15 (3.3)
Current or ex 395 (46.6) 91 (23.0} 0.025 24 (6.1) 0.070
Alcohol
No 688 (81.4) 130 (18.9) 29 (4.2)
Yes 157 (18.6) 35 (22.3) 0.33 8 (5.1} 0.63
Diabetes
No 812 (94.4) 155 {19.1) 35 (4.3)
Yes 48 (5.6) 13 {27.1) 0.18 4 (8.3) 0.19

risk over observed risk. The ability of the APCS score to predict
the risk of developing colorectal advanced neoplasia was assessed
with the c-statistic and area under the ROC curve. A model with
a c-statistic near 1 demonstrates excellent predictive ability, while
a c-statistic near 0.5 demonstrates poor predictive ability.

RESULTS

Characteristics of patients in the derivation and validation
cohorts

Among the 860 asymptomatic subjects in the derivation cohort,
168 (18.5%) were found to have colorectal neoplasia, of which
39 patients (4.5%) had advanced neoplasia and 9 patients (1.0%)
had invasive cancers (table 1). The detailed results have been
published.* The prevalence of colorectal neoplasia and advanced
neoplasia in the derivation cohort stratified by risk factors is

. shown in table 2.

A total of 1892 asymptomatic subjects were enrolled in the
validation cohort. The mean age was 51 years (SD *£11.2 years),
1032 were male (54%), 19% were smokers and 15.1% had
a family history of a first-degree relative with colorectal cancer.
Three hundred and fifty-three (18.7%) were found to have
colorectal neoplasia, of which 57 patients (3.0%) had advanced
neoplasia and 8 patients (0.4%) had invasive cancers (table 1).

Univariate and multivariate predictors of colorectal neoplasia
and advanced neoplasia in the derivation cohort

Univariate and multivariate analyses were performed for each
risk factor. Multivariate logistic regression showed that age
>50 years, male gender, a positive family history in a first-degree
relative and smoking were significant risk factors for colorectal
neoplasia, with ORs (95% CI) of 2.6 (1.7 to 4.0), 1.6 (1.1 to 2.3),
2.1 (1.3 to 3.5) and 1.4 (1.01 to 2.0) (table 3). Age >50 years,
male gender and a positive family history in a first-degree rela-
tive were also significant risk factors for advanced colorectal
neoplasia, with ORs (95% CI) of 3.2 (1.3 to 8.1), 2.4 (1.2 t0 5.0)
and 3.1 (1.3 to 7.4), while smoking with an OR of 1.8 (0.9 to 3.4)
did not reach significance in this group due to the small
number of advanced lesions (table 4). The Hosmer—Lemeshow
goodness-of-fit statistic was p=0.29 for the derivation cohort.

Development of the risk score

Points were assigned to each risk factor for advanced neoplasia as
follows: age <50 years (0), 50—69 years inclusive (2), =70 years
(3), male gender (1), female gender (0), family history of colo-
rectal cancer in a first-degree relative present (2) or absent (0),
non-smoking (0) and smoking (1). The points attributed to each
risk factor were weighted according to the respective adjusted
OR in the multiple logistic regression. The respective adjusted

Table 3 Univariate and multivariate predictors of colorectal neoplasia in the derivation cohort

Unadjusted Adjusted
Risk factors OR (95% CI) p Value B coefficient SE OR (95% CI) p Value
Gender, male 1.5 (1.1 t02.2) 0.016 0.484 0.184 1.6 (1.1 to 2.3) 0.008
Age (years)
50—69 2.3 (1.5 10 3.5) <0.001 0.956 0.221 2.6 (1.7 to 4.0) <0.001
=70 3.6 (2.0 to0 6.5) <0.001 1.396 0.317 4.0 (2.2 to 7.5) 0.002
Family history of 1.4 (0.9 to 2.3) 0.140 0.756 0.259 2.1 (1.3 to 3.5) 0.003
colorectal cancer
Smoking 1.5 (1.1 to 2.1) 0.024 0.354 0.178 1.4 (1.01 to 2.0) 0.047
Alcohol 1.2 {0.8 to 1.9) 0.333 — - . -
Diabetes 1.6 {0.8 to 3.0) 0.18 - - - -
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» and 7.9% (95% CI 4.95% to 12.25%), respectively. By ROC
' analysis, the c-statistic for the risk score in the derivation cohort
was 0.66+0.04, indicating good discrimination.

Downloaded from gut.bmj.com on May 29, 2012 - Published by group.bmj.com

Tahle 4 Univariate and multivariate predictors of colorectal advanced neoplasia in the derivation cohort

Unadjusted Adjusted
Risk factors OR (95% CI) p Value P coefficient SE OR (95% CI) p Value
Gender, male 2.2 (1.1 to 4.4) 0.029 0.871 0373 24(1.2t05.0) 0.019
Age (years)
50—69 27 (1.1t 6.7) 0.029 1.167 0470 32(1.3t08.1) 0.013
=70 4.6 (1.5 t0o 14.2)  0.007 1.820 0.597 6.2 (1.9 t019.9) 0.002
Family history of colorectal cancer 1.8 {0.8 t0 4.1) 0.139 1.142 0.440 3.1 (1.3t07.4) 0.009
Smoking 1.9 (0.97 t0 3.6}  0.070 1.142 0.440 1.8(091t03.4) 0.099
Alcohol 1.2(05t027) 063 - - - -
Diabetes 20{0.7t059) 020 - - - -

OR was halved and then rounded to the nearest whole number,
in order to keep the score simple. One point was accorded to
positive smoking history as it was a significant risk factor for
colorectal neoplasia although it did not reach significance for
advanced neoplasia (tables 4 and 5).

The sum of points for risk factors present in an individual
formed the APCS score (table 5). The APCS score has a range of
0—7 points based on the sum of the score in an individual
subject according to the presence or absence of risk factors. The
APCS score was arbitrarily divided into three tiers of risk: score
0—1 ‘average risk’, AR; score 2—3 ‘moderate risk’, MR; and score
4—7 ‘high risk’, HR. The frequency distribution of subjects by
score is shown in table 6. Using this stratification, 165 subjects
(19.2%) were in the AR tier, 454 subjects (52.8%) in the MR tier
and 241 subjects (28%) in the HR tier. This grouping was chosen
to allow flexibility in the future application of the risk score.
For example, the risk score tool could be used to identify the
subjects in the cohort with higher risk than average by selecting
HR + MR versus ‘AR, or alternatively to identify just subjects
with the highest risk (HR). We included the 2-point score under
the MR risk tier because it includes positive family history in
a first-degree relative which we regard as a strong risk feature and
therefore felt it inappropriate to classify that under ‘AR’ Another
rationale was that the 0—1 point scores were associated with
absence of advanced neoplasia in the derivation cohort (table 6),
which lended additional justification to categorising them as ‘AR’

The prevalence of colorectal advanced neoplasia in the three
tiers (AR, MR and HR) was 0%, 4.4% (95% CI 2.78% to 6.83%)

Risk stratification of the validation group using the the APCS
score

Using the APCS stratification, 559 subjects (29.5%) were in
the AR tier (score 0—1), 966 subjects (51.1%) in the MR tier
(score 2—3) and 367 subjects (19.4%) in the HR tier (score 4—7).

Table 5 Asia-Pacific Colorectal Screening score for
prediction of risk for colorectal advanced neoplasia

Risk factor Criteria Points
Age <50 0
50—69 2
=70 years 3
Gender Female 0
Male 1
Family history of colorectal Absent 0
cancer in a first-degree relative Present 2
Smoking Never 0
Current or past 1
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The prevalence of colorectal advanced neoplasia in the AR, MR
and HR categories was 1.3% (95% CI 0.58% to 2.74%), 3.2%
(95% CI 2.22% to 4.57%) and 5.2% (95% CI 3.25% to 8.13%),
respectively (p=0.003). The c-statistic for the risk score in the
validation cohort was 0.64=0.04. Subjects in the MR and HR
tiers had 2.6-fold (95% CI 1.1 to 6.0) and 4.3-fold (95% CI 1.8 to
10.3) increased rates of advanced neoplasia, respectively,
compared with those in the AR tier. Within the AR group, out of
559 subijects, seven had advanced neoplasia (two proximal, five
distal) at initial colonoscopy, of which two were carcinomas
(both distal) and five were advanced adenomas. Of the latter five
persons, one has had subsequent follow-up colonoscopy with no
abnormal findings(table 7)

The Hosmer—Lemeshow goodness-of-fit statistic was used to
test the reliability of the model in the validation cohort, and a p
value of 0.49 indicated a good match of predicted risk over
observed risk.

DISCUSSION

Although there is level one evidence that screening for colorectal
cancer improves survival®™ and is widely advocated by profes-
sional® and health authorities,* the implementation and uptake
of screening is hampered by resource limitations, lack of
awareness in the target population, insufficient advocacy by
healthcare professionals and poor compliance.?>~%

Risk stratification of the target populations to be screened
may bring potential advantages. Those identified at higher
risk may be particularly motivated to come forward
for screening. Colorectal cancer screening is considered to be
cost-effective,* ™% and the impact of risk stratification on cost-
effectiveness deserves further study. In countries with limited
resources in the healthcare system, prioritised screening may
enhance the feasibility of a screening programme.

There have been previous efforts describing risk stratification
approaches. Imperiale et al proposed an index to stratify risk for
advanced proximal neoplasia based on age, sex and distal
findings.” This approach requires an initial sigmoidoscopy to
determine the presence of distal neoplasia before the index can
be calculated. Driver et al described a scoring system to identify
men with increased RR for colorectal cancer based on age,
alcohol, smoking and obesity, using data from the large Physi-
cian Health Study.® As the latter comprised an entirely male
cohort, the risk score did not include gender in its constitution.
Lin er al proposed an index comprising age, sex and family
history to stratify a high-risk group for colonoscopy screening.”
This score did not include modifiable risk factors such as
smoking or alcohol which are well-studied risk factors for
colorectal cancer.!®™*® A study by Betes et al proposed a score
based on age, sex and body mass index (BMI), which were
independent predictors of advanced adenoma;* however, this
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Table 6 Distribution of number of subjects for each
score category in the derivation cohort

No. of subjects with

Score No. of subject (%) advanced neoplasia (%)
0 57 (6.6) 0

1 108 (12.6) 0

2 205 (23.8) 3(1.5)

3 249 (29) 17 (6.8)

4 186 (21.6) 13 (7.0)

5 45 (5.2) 4 (8.9)

6 10 (1.2) 2 (20)

7 0 0

Total 860 (100) 39 (4.5)

score system did not include smoking and family history. Our
study attempted to identify important risk factors in an Asian
population and to derive a risk score tool which was then vali-
dated in an independent cohort. Our proposed tool incorporates
demographic and personal risk factors which were statistically
significant in our population, and since age,””® gender, °
smoking® 1°7'% and family history’ have been corroborated in
previous studies, the further contribution added by the present
study is in the combination of multiple risk factors in a simple
scoring system and its validation in an independent cohort. A
limitation of our study was the absence of data on weight, and
therefore obesity and BMI could not be evaluated.

In our study, the validation cohort was slightly younger than
the derivation cohort, with a lower proportion of smokers and
a higher consumption of alcobol. The study participants were
recruited from all-comers at the study sites and the mix of
participants was different between the two cohorts. For both
cohorts, we performed the Hosmer—Lemeshow goodness-of-fit
statistic (derivation cohort p=0.29, validation cohort p=0.49)
and ROC analysis; the c-statistic for the risk score was
0.6620.04 for the derivation cohort and 0.64+0.04 in the vali-
dation cohort. In practice some variation may be expected in the
risks of different populations in which the risk score tool may be
applied.

The APCS score is a simple risk stratification index for colo-
rectal advanced neoplasm that uses elementary clinical infor-
mation on age, gender, family history and smoking to stratify
the risk of colorectal advanced neoplasm in asymptomatic Asian
subjects. It is simple enough to be used by family physicians and
healthcare providers. We designed the APCS score to risk stratify
for colorectal advanced neoplasia as we believe this should be the
target lesion for screening. Identification of advanced neoplasia
allows secondary prevention by polypectomy, interrupting the
progression to carcinoma.®~*® As advocated and emphasised in
a recent expert consensus statement,’® this aim of preventing
carcinoma confers a higher level of prevention and greater
benefit to the screened population compared with case-finding

for early cancers. Despite its attractiveness as a target for
screening, advanced adenomas are a surrogate end point, and
more needs to be understood about its natural history.

While risk stratification utilises RR as a means of prioritisa-
tion, absolute risks are important to clinical decisions on
screening. In our study the absolute prevalence of advanced
neoplasia in the derivation and validation cohorts was 4.5% and
3.0%, respectively, which is lower than might be expected in
a high-prevalence Western population. This is not surprising as
the cohort comprised subjects from various Asian countries,
some of which have a low prevalence of colorectal cancer. In the
validation cohort, a high risk score was associated with a prev-
alence of 5.2% of advanced neoplasia compared with a 1.3%
prevalence in the AR group. In clinical practice, a risk score tool
which differentiates a 1 in 20 likelihood of finding advanced
lesions in a high-risk group versus a 1 in 100 likelihood in an
average-risk group might be considered helpful in making deci-
sions on screening. In order not to overstate this, it should be
understood that the difference in absolute risk is 3.9%—that is,
it would make a difference in 4 people out of 100.

There is substantial variation in the spectrum of risk in
different populations in Asia, together with differences in health
resources available for screening. This was recognised in the
Asia-Pacific consensus recommendations for colorectal cancer
screening published in 2008. The risk score tool offers the option
of risk stratification to optimise the cost-effectiveness of
screening. In a high-prevalence country, people with a high risk
score could potentially be offered colonoscopy, while those at
average risk could be screened using stool tests. This already has
an analogy in current practice where people with a strong family
history are offered screening by colonoscopy. In a low-prevalence
country, stratification of risk could be applied to selectively offer
screening to high-risk subjects. This might be expected to make
screening more cost-effective, and this approach should be tested
in a future study.

The Asia-Pacific Consensus Recommendations for Colorectal
Cancer Screening report recognised that healthcare resources are
limited in certain countries in Asia.*” The APCS can be flexibly
applied to local conditions according to the epidemiology of
colorectal cancer in each country. Screening based on risk
stratification deserves to be explored further for its potential
benefits, although its social, political and practical implications
need careful consideration.

CONCLUSION

We have developed and validated a clinical risk score for colo-
rectal neoplasm using age, gender, family history and smoking,
that predicts the risk of colorectal advanced neoplasm in
asymptomatic Asian subjects. Future studies should test this
scoring system in Asian countries with variable prevalence of
colorectal cancer and evaluate the cost-effectiveness of this
approach.

Table 7 Prevalence of colorectal advanced neoplasia by risk tier and risk score

Derivation cohort

Validation cohort

Colorectal advanced neoplasm {%)

Colorectal advanced neoplasm (%}

Risk tier (RS} No. of subjects (%) (35% CI) No. of subjects (%} (95% CI) RR (95% CI)
Average risk {0—1} 165 (19.2) 0 559 {29.5) 7 (1.3) {0.58 to 2.74) Reference
Moderate risk (2—3) 454 (52.8) 20 (4.4) (2.78 to 6.83) 366 (51.1) 31(3.2) (2.22 to 4.57) 2.6 (1.1 to 6.0)
High risk {4—7) 241 (28.0) 19 (7.9} (4.95 to 12.25) 367 (19.4) 19 (5.2) (3.25 t0 8.13) 4.3 (1.8 t0 10.3)
Total 860 (100) 39 (4.5) (3.26 to 6.17) 1892 (100) 57 (3.0) (2.3 10 3.9)
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