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ABSTRACT

KEYWORDS

This review will describe the global patterns and trends of colorectal cancer survival, using data from the population-based studies or
cancer registration. We performed a systematic search of China National Knowledge Infrastructure (CNKI), Wanfang Data, PubMed,
Web of Science, EMBASE, and SEER and collected all population-based survival studies of colorectal cancer (up to June 2020).
Estimates of observed and relative survival rates of colorectal cancer by sex, period, and country were extracted from original studies
to describe the temporal patterns and trends from the late 1990s to the early 21st century. Globally, 5-year observed survival rates
were higher in Seoul, Republic of Korea (1993-1997; 56.8% and 54.3% for colon and rectum cancers, respectively), Zhejiang province
(2005-20105 52.9% for colon cancer), Tianjin (1991-1999; 52.5% for colon cancer), Shanghai (2002—2006; 50.0% for rectum cancer)
of China, and in Japan (1993-1996, 59.6% for colorectal cancer). Five-year relative survival rates of colorectal cancer in the Republic
of Korea (2010-2014), Queensland, Australia (2005-2012), and the USA (2005-2009) ranked at relatively higher positions compared
to other countries. In general, colorectal cancer survival rates are improving over time worldwide. Sex disparities in survival rates
were also observed in the colon, rectum, and colorectal cancers in most countries or regions. The poorest age-specific 5-year relative
survival rate was observed in patients > 75 years of age. In conclusion, over the past 3 decades, colorectal cancer survival has gradually
improved. Geographic variations, sex differences, and age gradients were also observed globally in colorectal cancer survival. Further
studies are therefore warranted to investigate the prognostic factors of colorectal cancer.

Colorectal cancer; survival rate; prognosis; population-based study; cancer registration

Introduction

displaying, for both sexes, an incidence and mortality of CRC,

which are at least twice as high as low index regions?.

Colorectal cancer (CRC) is one of the most commonly diag-
nosed cancers in the world. According to Global Cancer
Statistics 2020!, CRC ranks the third with 10.0% of newly
detected cases (6.0% for colon and 3.8% for rectum) and the
second in terms of deaths with 9.4% (5.8% for colon and 3.4%
for rectum cancers). More than half of the cases are occurring
in developed countries. More specifically, the regions of the

world with the highest Human Development Index (HDI) are
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The increasing burden of CRC is currently presenting major
challenges to the world healthcare systems. Research on CRC
is therefore committed to studying this burden and locating
medical resources in a more equitable way. Population-based
cancer registries are an essential component of all cancer
prevention and control plans, providing comprehensive and
accurate information on the incidence, mortality, survival, and
other factors related to cancer in the population®. Compared
to population-based incidence and mortality reports, studies
on cancer survival are investigated and reported less frequently
and not always in a timely manner. Survival data of cancer
might not be available for countries or regions that have sys-
tematically reported the data of cancer incidence or/and mor-
tality. There are 3 different sources of survival data, which are
extracted from clinical trials, hospital-based follow-up stud-

ies, and population-based cancer registries. These sources
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may differ in terms of their aims, definition of survival-time,
methods of survival estimation, and applications. Survival
data based on clinical trials are mainly adopted as common
indicators to evaluate the effectiveness of cancer therapies
with respect to overall survival (OS, defined as the date from
randomization to death from any cause) and progression-free
survival (PFS, defined as the date from randomization until
progression or death from any cause). Hospital-based survival
analysis that collects survival information of patients who have
been hospitalized generally reflects the service’s capacity and
treatment effects within a specific department*. For instance, a
phase 2 randomized clinical trial published in JAMA Oncology
adopted a 10-month PFS as the primary end point to assess
whether maintenance therapy with single agent panitumumab
was as effective as panitumumab plus fluorouracil and leuco-
vorin in patients with RAS wild-type, unresectable metastatic
colorectal adenocarcinoma. This study showed that in terms
of the 10-month PFS, maintenance therapy with single agent
panitumumab [59.9%, 95% confidence interval (CI): 51.5%-—
69.8%] was inferior to panitumumab plus fluorouracil-
leucovorin (49.0%, 95% CI: 40.5%—59.4%)>. A hospital-based
survival study conducted by Sun Yat-sen University Cancer
Center (Guangzhou, China) determined the associations
between the survival rates and different clinical characteristics
of CRC patients. The 5-year survival percentage (equivalent
to a 5-year observed survival rate (OSR) was 70% and 77%
during the 1990s and 2000s, respectively®. These results were
higher than the population-based OSR in other geographical
areas of China. For example, in Shanghai, during the same
period, the 5-year OSR was 48.8% (2002-2006).

In the present study, we therefore assessed the survival rates
of population-based cancer registries, by extracting the relative
survival and observed survival rates. Our aim was to describe
global patterns and chronological changes of observed and rel-
ative survival rates in CRC patients in different populations
and/or regions covering the period from the 1990s to the early
21st century.

Materials and methods
Search strategy and data extraction

A literature search of related studies up to June 2020 was
conducted using the following databases: China National
Knowledge Infrastructure (CNKI), Wanfang Data, PubMed,
Web of Science, EMBASE, and SEER. The keywords included
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were: “colorectal cancer”, “colon cancer”, “rectum cancer”, “pop-
ulation-based survival studies”, “relative survival”, “observed
survival’, and “cancer registry”. A total of 1,594 articles were
found using the search strategy, including 258 duplicates. Two
researchers independently collected the data according to the
search criteria. A total of 372 articles were selected by browsing
titles and abstracts. Studies were included if they: 1) provided
relative survival rates (RSRs) or OSRs of CRC, 2) were not the
net survival rates or survival rates considering the analysis of
competing deaths, 3) were population-based or from can-
cer registries, and 4) were not assessing overlapping periods,
incomplete, or unavailable articles. The final analysis included
63 studies after our screening, 5 of which were in Chinese and
the remaining 58 were in English (Figure 1).

Since the International Classification of Diseases-10th
Revision (ICD-10) included a further definition of malignant
tumors (codes C00—-C97) with respect to the 9th Revision
(codes 140-208), the definition of CRC has improved. Anal
cancer was classified as rectum cancer in ICD-9 (code 154) but
was coded as C21, independently from rectum cancer (codes
C19-C20) in ICD-10. However, some studies included in this
review still combined cancer of the colon, rectum, and anus as
CRC (codes C18-C21), which led to a slight inevitable defect
of the present study.

The original data spanned from the 1960s to the early 21st
century. Nevertheless, in consideration of the small signifi-
cance that early data had for the present analysis, this study
only displayed data from the 1990s.

Statistical analysis

Estimates of RSRs and OSRs were extracted from the selected
studies. RSR is defined as the ratio of the observed survival
rate (where all causes of deaths are considered as events) to the
expected survival rate (which is estimated from national pop-
ulation life tables stratified by sex, age, and calendar period)
in the general population with the same distribution of key
demographic factors (sex, age, calendar, period, and country)*.
Note that RSR is a ratio rather than a rate; however, in practice
it was often used as the term for “relative survival rate” and not
“relative survival ratio” RSR provides a measure of the excess
mortality hazard experienced by cancer patients, irrespective
of whether the excess mortality is directly or indirectly attrib-
utable to the cancer®. Also, RSR enables a direct comparison of
survival rates between different populations or regions by elim-

inating the effects of age, sex, ethnicity, and calendar period on
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Records indentified through CNKI, Wanfang

Web of Science, EMBASE and SEER (n = 1,594)

data, PubMed,

Duplicates excluded
(n = 258)

Excluded after evaluation of title and abstract for the
following reasons: not based on cancer registration
system or not population-based survival analysis;

A 4

researches based on the Cox proportional hazard model;
no specific OSR or RSR; conference abstract (n = 964)

Full articles retrieved for evaluation (n = 372)

Documents incorporated from
original references (n = 45)

Full articles excluded with following reasons: not
population-based studies; no colorectal cancer

v

survival or no relative survival; duplicate results;
repetitive period; unsatisfactory group (n = 303)

Full-text articles assessed for
eligibility (n = 114)

Excluded the studies that period was
earlier than 1990s and area was limited

v

to districts and counties and below (n = 51)

Final articles included for
analyses (n = 63)

Figure 1 Study selection process.

cancer survival to some extent. When comparing survival rates
in different countries, times, or populations, the following was
considered: selected indicator, additional comorbidities or
variables, and whether death certificate only (DCO) cases or
autopsy cases were excluded or not. In the present study, we
displayed 1-, 3-, and 5-year relative and observed survival rates
by sex and age. We distinguished between the age standardi-
zation RSRs and the overall RSRs in the outcomes to obtain
better international comparisons’. In addition, some studies
excluded patients < 15 years of age (or 20 years)'%-1¢ and > 85
years of age during the analysis!!, and a large number of stud-
ies excluded DCO cases or autopsy cases!'*1>17-3%, Endnote X9
and Excel (Microsoft, Redmond, WA, USA) and SPSS, version
22.0 (SPSS, Chicago, IL, USA) were used for literature man-

agement and data analyses.
Results
Global patterns and trends

Table 1 shows population-based overall 1-, 3-,and 5-year OSRs
of colon cancer, rectum cancer, and CRC in Asia”!8:20:35:39-44,
America'8, Europe! 12447 and Africa'®*4, respectively (all
countries and regions involved were listed in Supplementary
Table S1). Minor differences were detected in 1-year and

3-year OSRs between different regions, but in the 5-year

OSRes, these differences were more apparent. For colon cancer,
the highest 5-year OSR was observed in Seoul, the Republic of
Korea (1993-1997) with 56.8%, followed by China, Zhejiang
province (2005-2010), and Tianjin (1991-1999) with 52.9%
and 52.5%, respectively. In Kampala, Uganda (1993-1997) and
Bhopal, India (1991-1995), and Mumbai, India (1992-1999),
the 5-year OSRs were poor, only 5.4%, 6.3%, and 27.4%,
respectively. The OSRs of rectum cancer were similar to that of
colon cancer in terms of patterns, although the rates in colon
cancer tended to be slightly higher. For CRC, Japan (1993—
1996) ranked the first with a 5-year OSR of 59.6%, whereas
Kampala, Uganda (1993-1997) was the poorest with 6.6%.
Figures 2 and 3 display the overall and age-standardized
5-year RSRs for CRC in Europe!1!121419,22:28,31,32,34,50-53 'North

10,19,22,34,54-56 19,57 :7,36,40,44,58-64
) , Asia , and

America Oceania
Africa*®. The temporal trend of CRC survival, despite being
detected during our analysis, was not displayed due to the
time period limitation. For example, the 5-year RSRs in the
USA have increased greatly during 1975-2001, from 49.8%
to 65.1%, while it barely improved during 2000-2016 (as
shown in Figure 2). Similarly, the 5-year RSRs in the Republic
of Korea have continued to grow during 1993-2010 (see
Supplementary Table S2), but has remained stable after 2010.
In addition, the 5-year RSRs varied widely between regions
worldwide. When comparing Figures 2 and 3, a slight drop of

5-year RSR was detected after age standardization (for specific
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Table1 Population-based overall 1-, 3-, and 5-year observed survival Table 1 Continued
rates of colon, rectum, and colorectal cancer during 1990-2015 Regions Period 5-year OSRs (%)
- - 3 -
Regions Period 5-year OSRs (%) l-year 3-year S-year
l-year 3-year 5-year Korea
Colon
Seoul!® 1993-1997 825 61.8 54.3
China
Busan'® 1996-2001 82.5 59.7 49.6
Shanghai’ 2002-2006 74.1 56.4 48.8
Incheon?® 1997-2001 77.7 58.7 49.6
Zhejiang*® 2005-2010 759 59.5 52.9
Singapore!® 1993-1997 735 52.5 42.7
Tianjin20 1991-1999 69.5 55.6 52.5
Thailand
Hong Kong?® 1996-2001 74.8 57.2 489
Songkhlal® 1990-1999 74.0 448 33.2
Korea
Lampang!® 1990-2000 65.9 43.0 36.2
Seoul!8 1993-1997 77.1 62.2 56.8
Chiang Mai'8 1993-1997 69.7 36.9 27.9
Busan!® 1996-2001 74.7 56.9 49.0
Khon Kaen'® 1993-1997 70.5 444 40.2
Incheon?® 1997-2001 69.6 54.7 48.7
India
Singapore!® 1993-1997 70.3 51.0 41.8
) Bhopal'® 1991-1995 564 25.6 7.7
Thailand
Mumbail8 1992-1999 59.7 37.2 28.6
Songkhlat® 1990-1999 77.8 514 45.0
Barshil® 1993-2000 46.4 16.9 11.2
Lampang®® 1990-2000 57.4 42.1 35.9
Chiang Mai® 1993-1997 6L 197 29,3 Karunagappally!® 1991-1997 76.3 49.4 26.5
Khon Kaen® 1993-1997 645 505 408 Turkey
India Izmirl8 1995-1997 82.9 55.9 441
Bhopali® 1991-1995 521 250 6.3 Cubal® 1994-1995 70.9 47.0 421
Mumbail® 1992-1999 525 351 274 Europe?*546 1990-1994 72.0 49.0 39.0
Turkey 1995-1999 75.1 53.7 43.2
Izmirts 1995-1997 738 563 449 Belgium®’ 1997-1998 - - 46.6
i012 - _ _
Cubal® 1994-1995 587 395 353 Spain 2000-2007 46.9
Europe?546 1990-1994 670 480 400 Estonia'* 2005-2009 730 - 50.0
1995-1999 69.5 513 42.8 Uganda
Spain12 2000-2007 _ _ 46.3 Kampala18 1993-1997 56.0 13.7 9.1
Uganda Colorectal
Kampalal® 1993-1997 543 190 54 China
Rectum Guizhou*! 2013-2015 711 490
China Cixian, Hebei*? 2000-2002 39.2 19.6 17.5
Tianjin20 1991-1999 732 554 481 Qidong, Jiangsu®*#*  1993-1997 - - 253
Hong Kong?® 1996-2001 79.2 59.3 499 1998-2002 - - 29.2
Shanghai’ 2002-2006 79.8 60.9 51.7 2001-2007 58.1 427 37.7

Zhejiang* 2005-2010 774 57.0 48.7 2003-2007 - - 322
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Table 1 Continued

Regions Period 5-year OSRs (%)
l-year 3-year 5-year
Japan® 1993-1996 83.8 67.5 59.6

Thailand

Khon Kaen* 2003-2012 664 44.3 36.9

Europe*46 1990-1994 69.0 49.0 40.0
1995-1999 715 521 429
Uganda
Kampala* 1993-1997 - - 6.6
Libya
Benghazi*® 2003-2005 - - 29.5

—-No report or non-available in the original articles. OSR, observed
survival rate.

data and other details see Supplementary Tables S3 and S4).
In Figure 2, the highest RSRs were observed in the Republic
of Korea, Australia, and the USA, while in Thailand and Libya,
the RSRs were the lowest. Within Europe (Figure 3), the RSRs
in eastern countries were relatively poor and varied more
noticeably with respect to other European regions.

Regarding colorectal cancer survival by sex, Table 2 includes
the most recent reports of sex-specific 5-year RSRs in selected
regions including Japan®*%, the Republic of Korea®!, China®,
Singapore!®, Canada!®?!, USA2!*, Brazil?!, Australia?!, and
Europe?®#%31, For colon cancer, the 5-year RSRs were the
same in males and females in the USA (1990-1994)2!, but
higher in females from Europe (2005-2007)2% and Canada
(1990-1994)!, and higher in males from Japan (1997-1999)3°,
Singapore (1993-1997)'®, Brazil (1990-1994)?!, and Australia
(1990-1994)!. For rectum cancer, the situation was the oppo-
site. It was unlike that in Japan® and Brazil?!, but still had the
highest rates in men, and the 5-year RSRs in other regions were
higher in females than males. For CRC, with the exception of
Japan (1997-1999)%, the Republic of Korea (2011-2015)°},
Brazil (1990-1994)%!, and Eastern Europe (2000-2002)°!, the
5-year RSRs were higher in females than in males in many
countries and regions. It is worth mentioning that the 5-year
RSR in the Republic of Korea was 77.9% for males and 73.6%
for females during 2011-2015°, which was higher than the

USA>* and China® during similar periods.
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Colorectal cancer survival by age

The age-specific RSRs of CRC are included in Supplementary
Tables S5 and S6, which showed age-specific 5-year RSRs of
colon, rectum, and colorectal cancers in Asial®3%37,39-4043
North America!®1827:3454 " Europe!>23,28:3445-46 and Africa'®.
According to the outcomes, besides the oldest age group (=75
years of age) displaying the poorest 5-year RSR, there was a
relatively weak decreasing trend of RSR in other age groups
(< 44, 45-54, 55-64, and 65-74 years of age). In most coun-
tries and regions of Asia and North America, the highest RSRs
occurred in the following age groups: colon cancer, < 44 and
45-54 years of age; rectum cancer, 45-54 and 55-64 years
of age; and CRC, 55-64 years of age. Nevertheless, whether
colon, rectum, or colorectal cancer, the 5-year RSRs invariably
decreased with age in Europe, with the highest survival rate at

< 44 years of age.

Discussion

The aim of our systematic review was to collect and evaluate
the survival data of colorectal cancer patients from popula-
tion-based cancer registries, other than clinical trials or hos-
pital-based survival studies. The statistics from cancer regis-
tries should be used as prognostic measurements for cancer
in patients at the population level. Estimates regarding sur-
vival, such as “observed survival rate, relative survival rate, and
age-standardized relative survival rate” were selected in our
study. Global patterns and trends of CRC survival were also
included in our report. Additionally, we further compared the
data of observed and relative survival rates of CRC by periods,
regions, sexes, age groups, and tumor sites.

CRC is currently considered as one of the most distinct of
the cancers, replacing infection-related cancers in countries
experiencing rapid social and economic changes together
with other cancers predominantly related to western life-
styles, which are frequently found in high income countries.
The chronological tendencies of CRC patterns are mainly
divided into 3 types?: (1) increasing incidence accompanied by
increasing mortality, represented by some medium and high
HDI countries including Brazil, China, Colombia, and Poland;
(2) increasing incidence accompanied by decreasing mortal-
ity, as seen in some high HDI countries such as UK, Canada,

Denmark, and Singapore; and (3) decreases in both incidence



180 Jiang et al. Global pattern and trends of colorectal cancer survival

Europe 2005-2007
Ireland and UK 2005-2007
The Netherlands 2000-2004
UK, England 2000-2002
UK, England 2005-2007
UK, Northern Ireland 2000-2002
UK, Northern Ireland 2005-2007
UK, Wales 2000-2002
UK, Wales 2005-2007
UK 2000-2002

UK 2005-2007 |
Southern Europe 2005-2007
Spain 2000-2007
Northern Europe 2005-2007
Denmark 2000-2002
Denmark 2005-2007
Norway 2000-2002
Norway 2005-2007
Sweden 2000-2002

Sweden 2005-2007 |

Eastern Europe 2005-2007 | e

Czech Republic 2000-2004 | mmmm——
Czech Republic 2005-2008 |

Estonia 2005-2009

Central Europe 2005-2007
Germany, Saarland 2000-2002
Germany 2007-2010

Canada, Alberta 2000-2002

Canada, Alberta 2005-2007

Canada, British Columbia 2000-2002
Canada, British Columbia 2005-2007
Canada, Manitoba 20002002 | —
Canada, Manitoba 2005-2007
Canada, Ontario 2000-2002

Canada, Ontario 2005-2007

Canada 2000-2002

Canada 2005-2007

Canada 2006-2008

USA, Puerto Rico 2004-2005

USA 2000-2002

USA 2002-2004

LIS/ 21000522 0019 [

USA 2006-2012

USA 2010-2016

Australia, New South Wales 2000-2002
Australia, New South Wales 2005-2007
Australia, Queensland 2005-2012 .
Australia, Victoria 2000-2002 Oceania
Australia, Victoria 2005-2007
Australia 2000-2002

Australia 2005-2007

China, Shanghai 2002-2006
China‘ Taiwan 20062010 E
China, Zhejiang 2005-2010

Korea 2001-2005 s —

Korea 2005-2009 East
Korea 2006-2010 Asia
Korea 2007-2011
Korea 2010-2014
Korea 2011-2015
Korea 2012-2016
Thailand, Khon Kaen 2003-2012 |
Libya, Benghazi 2003-2005 |~ ==

0.0 10.0 200 300 40.0 500 600 70.0 80.0 90.0

Europe

North
America

m Colorectal W Rectum M Colon

Figure 2 Overall 5-year relative survival rates of colorectal cancer in selected regions during 2000-2016.
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Figure 3 Age-standardized 5-year relative survival rates of colorectal cancer in selected regions during 2000-2016.
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Table 2 Population-based overall and sex-specific 5-year relative survival rates of colon, rectum, and colorectal cancer in selected regions
and periods

Tumor sites & Period 5-year RSRs
regions Age-standardized Overall Sex-specific
Male Female

Colon
Japan3° 1997-1999 68.7 68.9 71.0 66.4
Singaporel® 1993-1997 49.5 50.2 513 49.2
Canada?! 1990-1994 - - 56.1* 58.7*
USA? 1990-1994 - - 60.1* 60.1*
Brazil?! 1990-1994 - - 33.1* 32.7*
Australia?! 1990-1994 - - 57.8* 57.7*
Europe®® 2005-2007 - 58.1 57.8 584

Rectum
Japan3® 1997-1999 64.7 65.2 65.7 64.5
Singapore!® 1993-1997 49.0 50.4 48.2 534
Canada®! 1990-1994 - - 53.1* 58.7*
USA?! 1990-1994 - - 56.9* 59.8*
Brazil? 1990-1994 - - 49.3* 38.4*
Australia?! 1990-1994 - - 54.8* 59.2%
Europe?® 2005-2007 - 57.6 57.1 58.7

Colorectal cancer
China® 2012-2015 56.9 - 56.3* 57.7
Japan3® 1997-1999 - - 68.4* 65.5%
Korea®? 2011-2015 - 76.2 77.9 73.6
Canada'® 2006-2008 - 60.9 63.5 64.7
USA> 2010-2016 - 66.1 66.0 66.3
Brazil? 1990-1994 - - 47.3* 43.5*
Australia?! 1990-1994 - - 56.7* 58.2*
Europe?® 1995-1999 54.0 53.9 534 54.5
Southern Europe®! 2000-2002 58.6 - 58.2* 59.3*
Northern Europe! 2000-2002 59.9 - 58.5* 61.4*
Eastern Europe®! 2000-2002 447 - 46.4* 43.3*
Central Europe®! 2000-2002 60.2 - 59.1* 61.8*
Ireland and UK®! 2000-2002 523 - 51.3* 53.7*

—No report or non-available in the original articles. *Age-standardized RSR. RSR, relative survival rate.
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and mortality, represented by the highest HDI countries, such
as Australia, France, Japan, and the USA. Therefore, it is of
great importance to compare and evaluate evidence of survival
for colorectal cancer worldwide.

Unlike patterns of incidence and mortality, the survival
of CRC has increased with time, generally as a result of the
improved sensitivities of diagnostic and staging procedures,
refined surgical techniques, use of preoperative radiation for
rectum cancer, the introduction of novel agents, and regimens
for chemotherapy?®. Since past decades, especially in patients
with locally or regionally spread cancers, survival rates have
dramatically improved. Nevertheless, limited progress has
been observed in patients with advanced and metastatic dis-

ease®>00 (

approximately 45% of patients diagnosed with CRC
die due to the disease, despite treatment®’). According to the
available published data (starting from the 1960s), the survival
rates of CRC are showing a remarkable upward trend from the
1960s to 1990s. However, this trend began to gradually stabi-
lize after the 21st century. In terms of regional disparities in
survival, our study showed relatively higher survival rates in
the United States, Canada, Australia, Japan, and the Republic
of Korea. A certain variability was also registered within
Europe; Estonia, Lithuania, and Poland in Eastern Europe
had significantly poorer survival rates than other European
countries and regions. These differences may be attributable
to the socio-economic status and related medical technology
and investment in healthcare®®. Additionally, in most coun-
tries and regions, the survival rates of colon cancer are slightly
higher than those of rectum cancer. However, in many devel-
oped countries, colon and rectum cancer showed similar pat-
terns of 5-year relative survival or even higher estimates for
rectum cancer®.

The existence of CRC screening programs, to detect tumors
at earlier stages, is considered of central importance in assess-
ing prognosis for cancer worldwide’®. Since the late 1980s,
several developed countries have begun to conduct screening
programs for colorectal cancer. Although the range of CRC
screening modalities has currently expanded, and many pop-
ulation-based programs have been implemented over the past
decades, large geographical areas are still not benefiting from
the implementation of CRC screening®7?. For example, in
Poland, despite an increase in funding, the percentage of the
population participating in the program was very low and
accounted for only 16.8% of the target group’!. As expected,
in Western countries, where CRC incidence is higher, the

resources allocated to the screening program allowed a better
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implementation, with an early detection and final benefits in
terms of survival and mortality rates.

The disparities in sex and age in CRC survival rates were
also included in our study. In terms of sex-specific RSRs, we
observed that the 5-year RSRs of rectum cancer and colorectal
cancer were higher in females than in males in most countries
and regions, whereas the pattern in colon cancer seemed to
be the opposite. However, a study from the EUROCARE sug-
gested that women had a survival advantage for most cancers
(17/26 sites)”?, including colon and rectum cancers. Although
the age group with the highest survival rate varied between
different regions, cancer patients > 75 years of age always had
the poorest survival rate. This may be due to the presence of
comorbidities and various chronic diseases, as observed in
survival studies. Furthermore, available treatment guidelines
might be less effective for elderly patients, as these patients are

often underrepresented in clinical trials?®,

Conclusions

In conclusion, we summarized 1-5-year OSRs and RSRs of
CRC, which showed variations in geographic, temporal, sex,
age gradient, and tumor sites. Except for clinical and treatment
prognostic factors, our study implied that the region, period,
sex, and age were also associated with the population-based
survival rate of CRC. Therefore, CRC prevention and screen-
ing in etiological, basic science, and clinical research should be

more comprehensive and frequent.
Grant support

This work was supported by funding from the National Key
Project of Research and Development Program of China (Grant
No. 2016YFC1302503) and the National Key Basic Research
Program of China “973 Program” (Grant No. 2015CB554000).

Conflict of interest statement
No potential conflicts of interest are disclosed.
Author contributions

Yongbing Xiang conceived and designed the study.

Yufei Jiang and Zhuoying Li collected publications and

abstract data.



184

Yufei Jiang and Huiyun Yuan conducted the study and per-

formed the analyses.

Yufei Jiang wrote the first draft.

Yufei Jiang, Huiyun Yuan, Zhuoying Li, Xiaowei Ji, Qiuming

Shen, Jiayi Tuo, Jinghao Bi, Honglan Li and Yongbing Xiang

reviewed, edited, and approved the final version of the

manuscript.

Yongbing Xiang had the primary responsibility for the final

manuscript.

References

10.

11.

12.

Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, Jemal
A, et al. Global cancer statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer ] Clin. 2021; 71: 209-49.

Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A,
Bray F. Global patterns and trends in colorectal cancer incidence
and mortality. Gut. 2017; 66: 683-91.

Science CHCAoM. Chinese Guideline for Cancer Registration
(2016) ed. Beijing: People’s Medical Publishing House(PMPH);
2016.

Jiang YF, Li ZY, Ji XW, Shen QM, Tuo JY, Yuan HY, et al.

Global pattern and trend of liver cancer survival: a

systematic review of population-based studies. Hepatoma

Res. 2020; 6: 52.

Pietrantonio F, Morano F, Corallo S, Miceli R, Lonardi S,
Raimondi A, et al. Maintenance therapy with panitumumab
alone vs panitumumab plus fluorouracil-leucovorin in patients
with RAS wild-type metastatic colorectal cancer: a phase 2
randomized clinical trial. JAMA Oncol. 2019; 5: 1268-75.

Fang Y], Wu XJ, Zhao Q, Li LR, Lu ZH, Ding PR, et al. Hospital-
based colorectal cancer survival trend of different tumor locations
from 1960s to 2000s. PLoS One. 2013; 8: ¢73528.

Gong YM, Wu CX, Zhang ML, Peng P, Gu K, Bao PP, et al.
Colorectal cancer survival analysis in major areas in shanghai
China. China Oncol. 2015; 25: 497-504.

Engholm G, Gislum M, Bray F, Hakulinen T. Trends in the
survival of patients diagnosed with cancer in the Nordic countries
19642003 followed up to the end of 2006. Material and methods.
Acta Oncol. 2010; 49: 545-60.

Corazziari I, Quinn M, Capocaccia R. Standard cancer patient
population for age standardising survival ratios. Eur ] Cancer. 2004;
40:2307-16.

Ellison LE. Adjusting relative survival estimates for cancer mortality
in the general population. Health Rep. 2014; 25: 3-9.

Innos K, Lang K, Pirna K, Aareleid T. Age-specific cancer survival
in Estonia: recent trends and data quality. Clin Epidemiol. 2015; 7:
355-62.

Chirlaque MD, Salmeron D, Galceran J, Ameijide A, Mateos A,
Torrella A, et al. Cancer survival in adult patients in Spain. Results

Jiang et al. Global pattern and trends of colorectal cancer survival

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

from nine population-based cancer registries. Clin Transl Oncol.
2018; 20: 201-11.

Majek O, Gondos A, Jansen L, Emrich K, Holleczek B, Katalinic A,
et al. Survival from colorectal cancer in Germany in the early 21st
century. Br J Cancer. 2012; 106: 1875-80.

Pavlik T, Majek O, Buchler T, Vyzula R, Petera J, Ryska M, et al.
Trends in stage-specific population-based survival of cancer
patients in the Czech Republic in the period 2000-2008. Cancer
Epidemiol. 2014; 38: 28-34.

Ellison LE, Wilkins K. An update on cancer survival. Health Rep.
2010; 21: 55-60.

Brenner H, Hakulinen T. Up-to-date and precise estimates of
cancer patient survival: model-based period analysis. Am J
Epidemiol. 2006; 164: 689-96.

Redaniel M T, Laudico A, Mirasol-Lumague MR, Gondos A,
Brenner H. Cancer survival differences between European
countries and an urban population from the Philippines. Eur ]
Public Health. 2011; 21: 221-8.

Sankaranarayanan R, Swaminathan R, Lucas E, Brenner H, Ganesh
B, Mathew A, et al. Cancer Survival in Africa, Asia, the Caribbean
and Central America (IARC Scientific Publications; 162). Lyon:
International Agency for Research on Cancer; 2011: 23-257.
Coleman MP, Forman D, Bryant H, Butler ], Rachet B, Maringe

C, et al. Cancer survival in Australia, Canada, Denmark, Norway,
Sweden, and the UK, 1995-2007 (the International Cancer
Benchmarking Partnership): an analysis of population-based
cancer registry data. Lancet. 2011; 377: 127-38.

Zeng H, Zheng R, Guo Y, Zhang S, Zou X, Wang N, et al. Cancer
survival in China, 2003-2005: a population- based study. Int J
Cancer. 2015; 136: 1921-30.

Coleman MP, Quaresma M, Berrino F, Lutz J-M, De Angelis R,
Capocaccia R, et al. Cancer survival in five continents: a worldwide
population-based study (CONCORD). Lancet Oncol. 2008; 9: 730-56.
Gondos A, Arndt V, Holleczek B, Stegmaier C, Ziegler H, Brenner
H. Cancer survival in Germany and the United States at the
beginning of the 21st century: an up-to-date comparison by period
analysis. Int J Cancer. 2007; 121: 395-400.

Chirlaque MD, Salmeron D, Ardanaz E, Galceran J, Martinez R,
Marcos-Gragera R, et al. Cancer survival in Spain: estimate for nine
major cancers. Ann Oncol. 2010; 21: iii21-29.

Birgisson H, Talbick M, Gunnarsson U, Pdhlman L, Glimelius B.
Improved survival in cancer of the colon and rectum in Sweden.
Eur J Surg Oncol. 2005; 31: 845-53.

Redaniel MT, Laudico A, Mirasol-Lumague MR, Gondos A, Uy G,
Brenner H. Inter-country and ethnic variation in colorectal cancer
survival: comparisons between a Philippine population, Filipino-
Americans and Caucasians. BMC Cancer. 2010; 10: 100.

Brenner H, Hakulinen T. Long-term cancer patient survival achieved
by the end of the 20th century: most up-to-date estimates from the
nationwide Finnish cancer registry. Br ] Cancer. 2001; 85: 367-71.
Ellison LE Measuring the effect of including multiple cancers in
survival analyses using data from the Canadian Cancer Registry.
Cancer Epidemiol. 2010; 34: 550-5.



Cancer Biol Med Vol 19, No 2 February 2022

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Holleczek B, Rossi S, Domenic A, Innos K, Minicozzi P, Francisci

S, et al. On-going improvement and persistent differences in the
survival for patients with colon and rectum cancer across Europe
1999-2007-Results from the EUROCARE-5 study. Eur ] Cancer.
2015; 51: 2158-68.

Iversen LH, Pedersen L, Riis A, Friis S, Laurberg S, Sorensen HT.
Population-based study of short- and long-term survival from
colorectal cancer in Denmark, 1977-1999. Br J Surg. 2005; 92:
873-80.

Matsuda T, Ajiki W, Marugame T, Ioka A, Tsukuma H, Sobue T.
Population-based survival of cancer patients diagnosed between
1993 and 1999 in Japan: a chronological and international
comparative study. Jpn J Clin Oncol. 2011; 41: 40-51.

Jansen L, Castro FA, Gondos A, Krilaviciute A, Barnes B,

Eberle A, et al. Recent cancer survival in Germany: an analysis of
common and less common cancers. Int ] Cancer. 2015; 136: 2649-58.
Innos K, Reima H, Baburin A, Paapsi K, Aareleid T, Soplepmann

J. Subsite- and stage-specific colorectal cancer trends in Estonia
prior to implementation of screening. Cancer Epidemiol. 2018; 52:
112-9.

Innos K, Soplepmann J, Suuroja T, Melnik P, Aareleid T. Survival
for colon and rectal cancer in Estonia: role of staging and
treatment. Acta Oncol. 2012; 51: 521-7.

Hiripi E, Gondos A, Emrich K, Holleczek B, Katalinic A, Luttmann
S, et al. Survival from common and rare cancers in Germany in the
early 21st century. Ann Oncol. 2012; 23: 472-55.

Tsukuma H, Ajiki W, Ioka A, Oshima A. Survival of cancer patients
diagnosed between 1993 and 1996: a collaborative study of
population-based cancer registries in Japan. Jpn J Clin Oncol. 2006;
36: 602-7.

LiY,YuL,NaJ, LiS, Liu L, Mu H, et al. Survival of cancer patients
in northeast China: analysis of sampled cancers from population-
based cancer registries. Cancer Res Treat. 2017; 49: 1106-13.

Jung KW, Won Y], Kong HJ, Oh CM, Shin A, Lee JS. Survival

of Korean adult cancer patients by stage at diagnosis,

2006-2010: National Cancer Registry Study. Cancer Res Treat.
2013; 45: 162-71.

Yang YJ, Bae JM. Survival rates of the 5 major cancers in Jeju Island
residents, 2000—2001. J Prev Med Public Health. 2007; 40: 213-7.
Chen YS, Ding LL, Zhang YH, Zhu J, Chen JG. Survival of colo-
rectum cancer cases in 2001-2007 in Qidong city, Jiangsu province,
China. China Oncol. 2011; 21: 134-9.

Luo SL, Gong WW, Wang H, Pan ], Fei FR, Yu M. Survival rate of
colorectal cancer patients during 2005-2010 in zhejiang province,
China. China J Epidemiol. 2013; 34: 1194-7.

Zhou J, Su X, Li L, Yu LS, Wu YL, Wang YY, et al. Survival rate
among the main cancer patients in three countys of GuiZhou
province, 2013-2015. Stud Trace Elem Health. 2020; 37: 54-6.

He YT, Zeng Y, Xu H, Song GH, Tian G, Chen C, et al. Survival rate
among cancer patients in Cixian county, 2000-2002. China J Public
Health. 2011; 27: 1107-10.

Chen JG, Zhu J, Zhang YH, Zhang YX, Yao DF, Chen YS, et al.
Cancer survival in Qidong between 1972 and 2011: a population-
based analysis. Mol Clin Oncol. 2017; 6: 944-54.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

185

Phimha S, Promthet S, Suwanrungruang K, Chindaprasirt J,
Bouphan P, Santong C, et al. Health insurance and colorectal cancer
survival in Khon Kaen, Thailand. Asian Pac ] Cancer Prev. 2019; 20:
1797-802.

Sant M, Aareleid T, Berrino F, Bielska Lasota M, Carli PM, Faivre

], et al. EUROCARE-3: survival of cancer patients diagnosed
1990-94—results and commentary. Ann Oncol. 2003; 14(Suppl. 5):
v61-118.

Sant M, Allemani C, Santaquilani M, Knijn A, Marchesi F,
Capocaccia R, et al. EUROCARE-4. Survival of cancer patients
diagnosed in 1995-1999. Results and commentary. Eur ] Cancer.
2009; 45: 931-91.

Penninckx F, Van Eycken L, Michiels G, Mertens R, Bertrand C,

De Coninck D, et al. Survival of rectal cancer patients in Belgium
1997-98 and the potential benefit of a national project. Acta Chir
Belg. 2006; 106: 149-57.

El Mistiri M, Salati M, Marcheselli L, Attia A, Habil S, Alhomri F,

et al Cancer incidence, mortality, and survival in Eastern Libya:
updated report from the Benghazi Cancer Registry. Ann Epidemiol.
2015; 25: 564-8.

Gondos A, Brenner H, Wabinga H, Parkin DM. Cancer survival in
Kampala, Uganda. Br J Cancer. 2005; 92: 1808-12.

Lemmens V, van Steenbergen L, Janssen-Heijnen M, Martijn H,
Rutten H, Coebergh JW. Trends in colorectal cancer in the south of
the Netherlands 1975-2007: rectal cancer survival levels with colon
cancer survival. Acta Oncol. 2010; 49: 784-96.

Brenner H, Francisci S, de Angelis R, Marcos-Gragera R, Verdecchia
A, Gatta G, et al. Long-term survival expectations of cancer patients
in Europe in 2000-2002. Eur ] Cancer. 2009; 45: 1028-41.
Krilaviciute A, Smailyte G, Brenner H, Gondos A. Cancer survival in
Lithuania after the restoration of independence: rapid improvements,
but persisting major gaps. Acta Oncol. 2014; 53: 1238-44.

Iversen LH, Green A, Ingeholm P, Osterlind K, Gogenur I.
Improved survival of colorectal cancer in Denmark during
2001-2012-The efforts of several national initiatives. Acta
Oncologica. 2016; 55: 10-23.

Howlader N, Noone AM, Krapcho M, Miller D, Brest A, Yu M,

et al. SEER Cancer Statistics Review, 1975-2017, National Cancer
Institute. Bethesda, MD, https://seer.cancer.gov/csr/1975_2017/,
based on November 2019 SEER data submission, posted to the
SEER web site, April 2020.

Jemal A, Ward EM, Johnson CJ, Cronin KA, Ma J, Ryerson AB, et al.
Annual report to the nation on the status of cancer, 1975-2014,
featuring survival. ] Natl Cancer Inst. 2017; 109: djx030.
Ortiz-Ortiz KJ, Ramirez-Garcia R, Cruz-Correa M, Rios-Gonzalez
MY, Ortiz AP. Effects of type of health insurance coverage on
colorectal cancer survival in Puerto Rico: a population-based study.
Plos One. 2014; 9: €96746.

Cramb SM, Moraga P, Mengersen KL, Baade PD. Spatial variation
in cancer incidence and survival over time across Queensland,
Australia. Spat Spatiotemporal Epidemiol. 2017; 23: 59-67.

Jung KW, Park S, Kong HJ, Won Y], Lee JY, Seo HG, et al. Cancer
statistics in Korea: incidence, mortality, survival, and prevalence in
2009. Cancer Res Treat. 2012; 44: 11-24.


https://seer.cancer.gov/csr/1975_2017/

186

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Jung KW, Won Y], Kong HJ, Oh CM, Lee DH, Lee JS. Cancer
statistics in Korea: incidence, mortality, survival, and prevalence in
2011. Cancer Res Treat. 2014; 46: 109-23.

Jung KW, Won Y], Oh CM, Kong HJ, Lee DH, Lee KH. Cancer
statistics in Korea: incidence, mortality, survival, and prevalence in
2014. Cancer Res Treat. 2017; 49: 292-305.

Jung KW, Won Y], Kong HJ, Lee ES. Cancer statistics in Korea:
incidence, mortality, survival, and prevalence in 2016. Cancer Res
Treat. 2019; 51: 417-30.

Hur H, Oh C-M, Won Y-J, Oh JH, Kim NK. Characteristics and
survival of Korean patients with colorectal cancer based on data
from the Korea central cancer registry data. Ann Coloproctol. 2018;
34:212-21.

Chiang CJ, Lo WC, Yang YW, You SL, Chen CJ, Lai MS. Incidence
and survival of adult cancer patients in Taiwan, 2002-2012. ]
Formos Med Assoc. 2016; 115: 1076-88.

Zeng HM, Chen WQ, Zheng RS, Zhang SW, Ji JS, Zou XN, X,

et al. Changing cancer survival in China during 2003-15: a pooled
analysis of 17 population-based cancer registries. Lancet Glob
Health. 2018; 6: €555-67.

Schreuders EH, Ruco A, Rabeneck L, Schoen RE, Sung JJ, Young
GP, et al Colorectal cancer screening: a global overview of existing
programmes. Gut. 2015; 64: 1637-49.

Brenner H, Bouvier AM, Foschi R, Hackl M, Larsen IK, Lemmens
V, et al, Group EW. Progress in colorectal cancer survival in Europe
from the late 1980s to the early 21st century: the EUROCARE
study. Int J Cancer. 2012; 131: 1649-58.

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int ] Cancer. 2010; 127: 2893-17.

Baili P, Di Salvo F, Marcos-Gragera R, Siesling S, Mallone S,
Santaquilani M, et al. Age and case mix-standardised survival for all
cancer patients in Europe 1999-2007: results of EUROCARE-5, a
population-based study. Eur J Cancer. 2015; 51: 2120-9.

Walters S, Benitez-Majano S, Muller P, Coleman MP, Allemani C,
Butler J, et al. Is England closing the international gap in cancer
survival? Br ] Cancer. 2015; 113: 848-60.

Center MM, Jemal A, Smith RA, Ward E. Worldwide variations in
colorectal cancer. CA Cancer J Clin. 2009; 59: 366-78.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Jiang et al. Global pattern and trends of colorectal cancer survival

Macek P, Biskup M, Ciepiela P, Terek-Derszniak M, Sosnowska-
Pasiarska B, Krol H, et al. Changes in survival of colorectal
cancer patients in Swietokrzyskie Province (Southern Poland)
from the second half of the 1990s to the early 21st century - a
population-based study. Ann Agric Environ Med. 2020; 27:
301-5.

Micheli A, Ciampichini R, Oberaigner W, Ciccolallo L, de Vries E,
Izarzugaza I, et al, Group EW. The advantage of women in cancer
survival: an analysis of EUROCARE-4 data. Eur ] Cancer. 2009; 45:
1017-27.

Kerr J, Engel J, Eckel R, Hélzel D. Survival for rectal cancer patients
and international comparisons. Ann Oncol. 2005; 16: 664-72.
Laudico AV, Mirasol-Lumague MR, Mapua CA, Uy GB, Toral
JAB, Medina VM, et al. Cancer incidence and survival in metro
manila and rizal province, Philippines. Jpn J Clin Oncol. 2010; 40:
603-12.

Visser O, van Leeuwen FE. Stage-specific survival of epithelial
cancers in North-Holland/Flevoland, The Netherlands. Eur J
Cancer. 2005; 41: 2321-30.

Jemal A, Clegg LX, Ward E, Ries LAG, Wu XC, Jamison PM, et al.
Annual report to the nation on the status of cancer, 1975-2001,
with a special feature regarding survival. Cancer. 2004; 101: 3-27.
Campbell ], Gandhi K, Pate A, Janitz A, Anderson A, Kinnard R,

et al. Five-year cancer survival rates in Oklahoma from 1997 to
2008. ] Okla State Med Assoc. 2016; 109: 318-32.

Gondos A, Bray F, Brewster DH, Coebergh JWW, Hakulinen T,
Janssen-Heijnen MLG, et al. Recent trends in cancer survival across
Europe between 2000 and 2004: a model-based period analysis
from 12 cancer registries. Eur ] Cancer. 2008; 44: 1463-75.

Lake J, Mak V, Moller H, Davies EA. Variation, precision and
validity of 1-year survival estimates for lung, breast, colon and
prostate cancer in South East England primary care trusts. Public
Health. 2012; 126: 57-63.

Cite this article as: Jiang Y, Yuan H, Li Z, Ji X, Shen Q, Tuo J, et al. Global
pattern and trends of colorectal cancer survival: a systematic review of
population-based registration data. Cancer Biol Med. 2022; 19: 175-186.
doi: 10.20892/j.issn.2095-3941.2020.0634



