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Introduction: Colorectal cancer (CRC) is the third most common cancer in China. The incidence of CRC has been
increasing in recent years. The aim of this study was to explore the incidence trends and the age distribution of CRC

Methods: A total of 22,432 incident cases of CRC between 2000 and 2011 from Guangzhou Cancer Registry were
identified. Crude incidence and age-standardized rates (ASRs), using the Segi's world standard population, were
calculated for CRC and CRC subsites. The incidence trend was analyzed and the annual percentage change (APC) in

Results: The crude incidence increased significantly from 23.4/10° in 2000 to 37.4/10° in 2011 for males and from
20.9/10° to 30.5/10° for females. The ASRs of CRC incidence stabilized during the period of 2000-2011 for both

males and females. The ages at the onset of CRC for both males and females during 2010-2011 were significantly
higher compared with those during 2000-2002 (males: t = 1.95, P = 0.05; females: t = 6.03, P < 0.01). For males aged
50-64 years, the CRC incidence increased by 8.50% annually (P = 0.04) during 2000-2004 and by 1.68% annually

(P =10.03) during 2005-2011. For females aged 65 years and older, the CRC incidence increased by 5.77% annually

(P =0.03) during 2000-2004. There were no significant changes for the CRC incidences in males aged 49 and younger
and 65 years and older and females aged 64 years and younger during 2000-2004, or for those in all females as well
as males aged 49 years and younger and 65 years and older during 2005-2011. The percentage of colon cancer in all
CRCs increased significantly for both males and females between the periods of 2000-2002 and 2010-2011.The ASRs
of descending colon and sigmoid colon cancer incidences increased significantly for females during 2005-2011 (APC,

Conclusions: The crude incidence of CRC increased significantly between 2000 and 2011 because of the aging,
whereas the ASRs kept stable. The percentage of colon cancer in all CRCs increased significantly. Further surveillance,
research, and intervention are needed to identify the causes of these changes and to reduce the incidence and mor-

Background

Colorectal cancer (CRC) is the third most common can-
cer in males and the second most common in females
worldwide, with the highest incidences found in some
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developed countries in Oceania (Australia and New Zea-
land), Europe, and North America [1, 2]. Interestingly,
significant international variations have been observed
in the distribution of CRC during 1963-2002 [3]. The
incidences of CRC are rapidly increasing in several areas
between 1963 and 2002, whereas decreasing or stabiliz-
ing in the United States, Canada, and New Zealand dur-
ing 1973-2002 [3].
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CRCs are made up of a set of cancers that develop in
different anatomic locations of the colon and rectum,
including the ascending colon, transverse colon, descend-
ing colon, sigmoid colon, and rectum. CRCs had hetero-
geneous anatomic subsite distribution in terms of CRC
incidence, etiology, and clinical and pathologic character-
istics [4].

In China, CRC is the third most common cancer [5].
Both the crude incidence and the age-standardized rate
(ASR) increased during the period of 2003-2007 at urban
areas of China [6, 7]. A previous study reported that the
percentage of rectal cancer decreased, whereas the per-
centage of proximal colon cancer increased during the
past 20 years [8]. The present study aimed to describe
CRC incidence and age distribution by CRC subsite and
to analyze the CRC incidence trends between 2000 and
2011 by analyzing the data from the Guangzhou Cancer
Registry.

Methods

Data source

All cancer cases were collected from the Guangzhou
Cancer Registry. Patient data, including clinicopatho-
logic characteristics, were reported to the Guangzhou
Cancer Registry System. Non-residents were excluded.
Continuous data between 2000 and 2004 were avail-
able for urban areas at Guangzhou, which covered
six districts before the adjustment of the administra-
tive division in 2005. These six districts were Yuexiu,
Dongshan, Liwan, Fangcun, Haizhu, and Baiyun. The
data between 2005 and 2011 were available for the 12
districts in Guangzhou, which were defined for the
adjustment of the administrative division in 2005.
New Yuexiu district includes old Yuexiu and Dongshan
districts, and some streets of old Baiyun and Tianhe
districts. New Liwan district includes old Liwan and
Fangcun districts. Old Panyu district was divided
into Panyu and Nansha districts. Luogang is a new
district including some streets of Baiyun, Huangpu,
Tianhe, and Zengcheng districts. Population data for
Guangzhou was obtained from the Statistics Bureau of
Guangzhou.

All cancers of the colon and rectum identified as codes
C18-C20 from the 10th revision of the International
Classification of Diseases (ICD-10) were included for
analysis. For subsite analysis, colon cancers were clas-
sified as ascending colon, transverse colon, descending
colon, and sigmoid colon cancers. Rectal cancer included
recto-sigmoid junction cancer and rectal cancer.

Statistical analyses
The crude incidence, age-specific rate, and ASR were
calculated annually between 2000 and 2011. The
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ASR was age-adjusted according to the Segi’s world
standard population. The annual percentage changes
(APCs) were calculated and trend tests were per-
formed by using the Jointpoint Regression Program
4.0.4, which was downloaded from the website of the
National Cancer Institute (NCI, MD, USA). The soft-
wares including IARCcrgTools 2.05 issued by IARC
(Lyon, France) and SAS 9.1 software (SAS Institute
Inc., NC, USA) were used for data checking and sta-
tistical analyses.

Results

Crude incidence

CRC incidence in males increased from 23.4/10° in 2000,
accounting for 9.19% of all new cancer cases and ranking
the fifth of all cancer sites, to 37.4/10° in 2011, accounting
for 13.28% of all new cancer cases, and ranking the third
of all cancer sites, respectively. In females, CRC incidence
increased from 20.9/10° in 2000, accounting for 10.76%
of all new cancer cases and ranking the fourth of all can-
cer sites, to 30.5/10° in 2011, accounting for 13.12% of all
new cancer cases and ranking the third of all cancer sites,
respectively (Table 1).

Incidence trends

The APCs of CRC crude incidence for males and females
were 7.44% (P = 0.02) and 5.21% (P = 0.01) during
2000-2004: and 1.18% (P = 0.25) and 0.93% (P = 0.28)
during 2005-2011, respectively. The ASRs of CRC inci-
dence stabilized during the period of 2000-2011 for both
males and females. The APCs of ASR of CRC incidence
for males and females were 1.43% (P = 0.75) and 3.06%
(P = 0.20) during 2000-2004 and —1.02% (P = 0.34)
and —0.97% (P = 0.17) during 2005-2011, respectively
(Table 2; Figures. 1, 2).

Age distribution
Figure 3 presents age-specific rates of CRC incidence dur-
ing 2000-2011 in Guangzhou. The age-specific rates were
relatively low in populations younger than 40 years for
both males and females. There was a dramatic increasing
trend in the CRC incidence after 40 years of age, which
peaked at 80 years of age, and then declined after 85 years
of age. The age-specific rates were higher in males than in
females for all age groups. The ages at the onset of CRC
for both males and females during 2000-2002 were sig-
nificantly younger than those during 2010-2011 (males:
64.6 £ 0.4 years vs. 65.5 £ 0.2 years, £t = 1.95, P = 0.05;
females: 62.8 £ 0.4 years vs. 65.8 & 0.3 years, ¢t = 6.03,
P <0.01).

Table 2 presents the APCs of CRC incidence dur-
ing 2000-2011 for different age groups. The CRC inci-
dence increased by 8.50% (P = 0.04) annually during
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Table 1 Crude incidences and ASRs of colorectal cancer incidence between 2000 and 2011 in Guangzhou
Year Males Females All
N Population Crude ASR N Population Crude ASR N Population Crude ASR
incidence  (1/10°) incidence  (1/10°) incidence  (1/10%)
(1/10%) (1/10%) (1/10%)
2000 427 1,824,618 234 27.2 362 1,736,192 209 16.8 789 3,560,810 222 20.5
2001 468 1,874,747 250 263 379 1,738,975 218 19.2 847 3,613,722 234 22.1
2002 462 1,890,228 244 229 386 1,760,021 219 17.8 848 3,650,249 232 20.0
2003 554 1,900,769 29.1 313 423 1,772,209 239 20.0 977 3,672,978 26.6 24.7
2004 579 1,879,844 30.8 26.6 459 1,793,754 256 19.2 1,038 3,673,598 283 226
2005 1,343 3,791,319 354 296 1,042 3,616,274 288 209 2,385 7,407,593 322 25.0
2006 1,274 3,842,030 332 26.8 1,039 3,678,044 28.2 203 2,313 7,520,074 308 233
2007 1,405 3,915,761 359 284 1,096 3,741,759 29.3 204 2,501 7,657,520 327 24.2
2008 1,539 3,947,724 39.0 30.5 1,178 3,804,461 310 213 2,717 7,752,185 350 25.7
2009 1,475 3,995,986 36.9 285 1,207 3,864,080 312 20.8 2,682 7,860,066 34.1 245
2010 1449 4,051,193 358 26.7 1122 3,928,858 28.6 19.2 2,571 7,980,051 322 22.7
2011 1,539 4,116,884 374 27.0 1,225 4,012,543 305 19.7 2,764 8,129,427 340 232
Total 12,514 37,031,103 338 276 9918 35,447,170 280 199 22432 72478,273 309 235

ASRs age-standardized rates according to the Segi’s world standard population (per 100,000 persons); N number of cases.

Table 2 APC of colorectal cancer incidence in different age
groups during 2000-2011 in Guangzhou

Age group During 2000-2004 During 2005-2011
APC (%) Pvalue APC (%) P value
All (years)
0-49 249 048 —3.07 <0.01
50-64 6.48 0.06 0.49 0.64
>65 223 0.62 011 093
Crude incidence 6.43 0.01 1.05 0.04
ASR 3.08 0.32 —0.99 027
Males (years)
0-49 7.25 0.18 —345 0.06
50-64 8.50 0.04 1.68 0.03
>65 —1.76 0.77 —0.39 0.70
Crude incidence 744 0.02 1.18 0.25
ASR 143 0.75 —1.02 034
Females (years)
0-49 —2.07 0.64 —2.56 0.21
50-64 4.13 0.14 —1.12 0.29
>65 5.77 0.03 0.77 0.61
Crude incidence 521 0.01 093 0.28
ASR 3.06 0.20 —0.97 0.17

APC annual percentage change. Other abbreviation as in Table 1.

2000-2004 and 1.68% (P = 0.03) during 2005-2011 for
males aged from 50 to 64 years and increased by 5.77%
(P = 0.03) during 2000-2004 and 0.77% (P = 0.61) during
2005-2011 for females aged 65 or older.

Subsite distribution

The percentages of ascending colon, transverse colon,
descending colon, sigmoid colon, and rectal cancer cases
during 2000-2011 were 11.62%, 7.22%, 4.90%, 20.91%,
and 41.75% in males and 14.63%, 8.23%, 4.80%, 20.24%,
and 36.96% in females, respectively. The percentage of
cases classified as not otherwise specified (NOS) was
13.60% for males and 15.14% for females.

The percentage of colon cancer in all CRCs increased
significantly in both males and females during 2010-
2011 compared with those during 2000-2002 (males:
59.34% vs. 55.49%, P < 0.05; females: 65.66% vs. 61.85%,
P < 0.05). Figures 4 and 5 show the trends in ASRs of
CRC incidence by subsite in males and females, respec-
tively. There were significant increases in the ASRs of
descending colon cancer incidence and sigmoid colon
cancer incidence for females during 2005-2011 (APC,
5.51% and 1.08%, respectively, both P < 0.05).

The crude incidences of descending colon cancer and sig-
moid colon cancer increased by 10.00% (P < 0.05) and 2.65%
(P < 0.05), respectively, for males aged 50—64 years from
2005 to 2011. In females aged 65 years and older, there were
significant increases in the crude incidences of descending
colon cancer and sigmoid colon cancer (APC, 5.04% and
4.34%, respectively, both P < 0.05). In contrast, the crude
incidence of rectal colon cancer decreased significantly by
3.42% (P < 0.05) in females from 2005 to 2011 (Table 3).

Discussion
CRC is one of the most common cancers in Guang-
zhou. The ASRs of CRC incidence in Guangzhou during
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Figure 1 The crude incidence trends of colorectal cancer for both sexes between 2000 and 2011 in Guangzhou.
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Figure 2 The age-standardized rate trends of colorectal cancer incidences for both sexes between 2000 and 2011 in Guangzhou.
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Figure 3 The age-specific rate trends of colorectal cancer incidences for both sexes between 2000 and 2011 in Guangzhou.
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Figure 4 The age-standardized rate trends of colorectal cancer incidence by subsite in males between 2000 and 2011 in Guangzhou.
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Figure 5 The age-standardized rate trends of colorectal cancer incidence by subsite in females between 2000 and 2011 in Guangzhou.

2000-2011 were higher than the average ASR for urban
China in 2010 [9]. Guangzhou has been one of the most
economically developed cities in China for the last
30 years. Therefore, the impact of risk factors such as obe-
sity, unhealthy diet, and lack of physical activity on CRC
may be more significant there than those for developing
cities [10-13].

The present study showed that the crude incidence of
CRC increased significantly between 2000 and 2011 in
Guangzhou, whereas the ASR stabilized. The crude inci-
dence increased more than the ASR. These findings were
consistent with results from the National Central Cancer
Registry Database between 1998 and 2007 [14]. However,

these results were not entirely consistent with those of
a previous study in Shanghai and Dalian city, in which
both the crude incidence and the ASRs of CRC incidence
increased during 1973-2000 and during 1991-2010 [15,
16]. A possible reason for this difference is that most
cases of CRC developed slowly over several years and
were influenced by the lifestyle. Therefore, long-term
surveillance is needed to identify this trend. In a decade,
the aging population may be the most important reason
for the crude incidence increase and the delay in the age
of onset, like in many other urban areas in China [17].

It is of concern that the greatest increase in the CRC
incidence occurred in males aged 50-64 years and in
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Table 3 APC of colorectal cancer incidence in different age groups by subsite between 2000 and 2011 in Guangzhou

Site APC during 2000-2004 (%) APC during 2005-2011 (%)
All 0-49 years 50-64 years >65 years All 0-49 years 50-64 years >65 years
All
Ascending colon 2.25 —9.25 15.08 1.33 —044 —6.16 —0.21 2.19
Transverse colon —1.95 5.29 2.21 —5.09 —04 —1.75 —0.25 142
Descending colon —1.02 —7.08 0.61 2.36 2.79 531 7.81%* 1.77
Sigmoid colon 4.19 1111 393 28 0.97 -2.98 1.07 3.57%
Rectum 0.68 3.01 500" —1.83 —243 -5.02" —0.54 —1.81
Males
Ascending colon 75 —536 25.89 3.04 —-17 —4.72 —2.74 1.16
Transverse colon —8.85 10.29 —4.98 12.93* —0.82 -2.98 1.89 —047
Descending colon —7.13 2.05 3.05 —-119 0.77 3.31 10.00* —0.54
Sigmoid colon 4.61 16.79 558 4.1 0.87 —4.99 2.65% 3.01
Rectum —1.96 5.72 748 —7.16 —1.72 —542 091 —1.26
Females
Ascending colon —2381 —143 6.93 -0.34 —-0.87 —7.14 284 3.1
Transverse colon 341 —-0.79 8.9 2.57 —-0.18 0.17 —2.96* 342
Descending colon 2.71 —12.39 —0.46 17.38 551* 746 546 5.04*
Sigmoid colon 041 56 157 -1 1.08% —1.04 —-038 4.34%
Rectum 213 0.53 229 43 —342% —4.56* —2.99 —2.55

APC annual percentage change. * APC is significantly different from zero (two-sided P < 0.05).

females aged 65 years and older. The percentage of colon
cancer in all CRCs increased significantly in both males
and females, whereas the percentage of rectal cancer
decreased. Specifically, the ASRs of descending and sig-
moid colon cancer incidences in females increased sig-
nificantly, whereas the ASR of rectal cancer incidence
decreased significantly. These results were similar to
those of a previous study in Osaka, Japan [18]. A gradual
left-to-right shift of CRC incidence was observed all over
the world [8, 19].

Many studies have shown that population-based colo-
rectal screening, including fetal occult blood testing
and colonoscopy, is effective for early diagnosis of CRC
and therefore may reduce CRC incidence and mortality
because of removal of precancerous lesions, but organ-
ized screening programs are yet to be implemented in
most countries [1, 20-22]. Therefore, further studies are
needed for a reasonable screening method.

The present study has some notable limitations. First,
the data included a substantial number of colon cancer
cases without specific subsite information. Second, the
percentage of colon NOS cases in all CRC cases was
14.28%. Third, a period of 12 years is not sufficient for
analyzing trends of CRC incidence, especially because
there was a great change in Guangzhou district dis-
tribution in 2005. Therefore, the CRC incidence trend
for the period of 2000-2004 did not quite match that
for the period of 2005-2011. Cancer registration is a

long-term continuous task based on a stable popula-
tion. Therefore, continued cancer registration is needed
in Guangzhou, and further studies on factors related to
CRC incidence trend and intervention for CRC are also
warranted.

Conclusions

The crude incidence of CRC increased significantly in
Guangzhou between 2000 and 2011 because of the aging,
whereas the ASRs kept stabilizing. The percentage of
colon cancer in all CRCs increased significantly. Further
surveillance, research, and intervention are needed to
identify the causes of these changes and to reduce the
incidence and mortality of CRC in different populations
and age groups.
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