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Abstract
Background

Little is known about the recent trends in colorectal cancer (CRC) in Vietnam.

Methods

Based on the Ho Chi Minh City Cancer Registry data during 1996-2015, we calculated the annual rate of
change (ARC) using Joinpoint regression analysis and performed the age-period-cohort (APC) analysis
using the United States National Cancer Institute’s web-based statistical tool.

Results

During 1996-2015, the overall age-standardized incidence rate of CRC increased from 10.5 to 17.9 per
100,000. CRC incidence elevated more rapidly in men (ARC = 4.7, 95% CI: 2.2–7.3) than women (ARC =
2.6, 95% CI: 0.6–4.8). The highest and lowest increasing ASR observed in the 50-64 years old group (ARC
= 5.3, 95% CI: 2.8–7.9) and <50 years old group (ARC = 1.1, 95% CI: -0.7 - 2.9), respectively. Regarding
subsites, rectal cancer had the highest rate increase (ARC = 3.3, 95% CI: 1.0-5.7). Furthermore, the APC
analysis indicated signi�cant increases in CRC incidence of recent birth cohorts from 1976-1980 in either
gender.

Conclusions

The CRC incidence in Ho Chi Minh City increased with the more prominent rising rates among men, older
people, and rectal subsites. This study’s result implied the need of launching a population-based CRC
screening program in Ho Chi Minh City.

Background
Globally, colorectal cancer (CRC) is the third most frequently diagnosed cancer and the second most
common oncological cause of death in both genders, with an estimated 1,849 million new cases of CRC
and 880,792 deaths attributable to CRC in 20181.

Asian countries have been regarded as having a lower risk for CRC compared to Western countries2.
However, there have been continuously sharp increases in CRC incidence in the Asian population during
the past decades, including Japan, South Korea, China, Singapore, Hong Kong, and Taiwan, with a two to
four-fold increase3–5. This situation is recognized as a marker of the 'cancer transition' in which
developing countries undergo high-rate cancers typical in high-income nations. These high rates
particularly link to the rising prevalence of westernized lifestyles, such as unhealthy diet, obesity, physical
inactivity, and smoking6,7.
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Otherwise, CRC has been deemed a disease burden only among older individuals as CRC development
rates elevate signi�cantly after age 50 years8. Notwithstanding, several recent studies indicated notably
increasing incidences of early-onset colorectal cancer in high-income countries, such as the USA, the UK,
Australia, Canada, Denmark, New Zealand, and Norway9–13. Early-onset CRC may have a family history or
genetic predisposition; however, the majority of cases observed (approximately 75%) are sporadic7. As
many Asian nations being in line with the trend of CRC in Western populations, it could be expected a
similar rising of early-onset CRC in Asia.

In Vietnam – one of the developing countries in Asia, we lack analysis of the recent secular trends in
colorectal cancer incidence by age, sex, and tumor subsite on either a regional or national scale. It is still
unclear whether colorectal cancer in Vietnam has a similar steep upward trend with many other Asian
Countries surveyed and be affected by the rapid cancer shift. Therefore, this study aimed to investigate
the trends in epidemiology and anatomical subsites of CRC in Ho Chi Minh City, Vietnam, from 1996 to
2015. Additionally, we performed an age-period-cohort analysis to estimate the contributions of age,
period, and cohort effects on the observed trend.

Methods
Data source

With the authorization of the Ethics Committee of the Oncology Hospital of Ho Chi Minh City, this
population-based study was conducted extracting data from the Ho Chi Minh City Cancer Registry from
1996 to 2015 and performed in accordance with the relevant guidelines and regulations. All datasets
were anonymized before analysis and the need of the written informed consent has waived by the Ethics
Committee of the Oncology Hospital of Ho Chi Minh City.

Registration data were collected and maintained according to guidelines from the International Agency
for Research on Cancer and the International Association of Cancer Registries for low and middle-income
countries14. The Ho Chi Minh City Cancer Registry used the ICD-10 code for colon (C18.0-C18.9 and
C26.0) and rectum (C19.9 and C20.9) diagnosis. The colon cancer anatomical subsites were further
classi�ed following the International Classi�cation of Diseases for Oncology, third edition (ICD-O-3) as
proximal (C18.0 and C18.2-C18.5), distal (C18.6 and C18.7), or others (C18.1, C18.8, C18.9, and C26.0)15.
The others subsite were excluded from the subsite-speci�c analyses.

Population census between 1996 and 2015 was retrieved from the General Statistics O�ce (GSO) of Ho
Chi Minh City and the Bureau of Statistics of Vietnam.

Statistical analysis

From the population statistics of Ho Chi Minh City and the Bureau of Statistics of Vietnam, we examined
CRC incidences for four consecutive periods (1996–2000, 2001–2005, 2006–2010, and 2011–2015).



Page 4/18

Owing to some low case counts, we aggregated the data every �ve years, which would enhance the
stability of statistics.

The age-standardized incidence rates (ASRs) per 100,000 population were calculated by direct
standardization, using the Segi’s world population. The CRC rate trends were strati�ed by age groups
(<50, 50-64, 65-79, and 80+), sex, and anatomical subsites.

We used the Joinpoint regression software version 4.8 to performed the Joinpoint regression analysis16.
Joinpoint tests of signi�cance use a Monte Carlo permutation method to determine the statistically
signi�cant changes across successive calendar periods, and the annual rate of changes (ARC) was
estimated utilizing generalized linear models assuming a Poisson distribution17. Data were reported as
mean (standard deviation, SD) for continuous variables, and frequency and percentage for categorical
variables.

For the age-period-cohort (APC) analysis, we used the United States National Cancer Institute’s web-based
statistical tool to evaluate the effects of age, period, and cohort on the CRC incidence18. Input data were
the case and population counts for 12 �ve-year age groups (30–34, …,80–84, and 85+), and 4 �ve-year
periods (1996–2000, 2001–2005, 2006–2010, and 2011–2015), spanning 15 partially overlapping �ve-
year birth cohorts. The default age, period, and cohort for reference were the median of each category.
The APC analysis parameters and functions included: longitudinal age curve, period and cohort rate
ratios (RR), and local drifts. The longitudinal age curve depicts the �tted longitudinal age-speci�c rates in
reference cohort adjusted for period deviations. Period RR are the ratios of age-speci�c rates in each
period relative to the reference period, while cohort RR are the ratios of age-speci�c rates in each cohort
relative to the reference cohort. Net drift is the analogue of the estimated ARC in the ASR. Local drift
represents the estimated ARC over time speci�c to age group. Wald Chi-Square tests were used for
hypothesis testing with two-sided p values less than 0.05 were considered statistically signi�cant.

Results
In total, 12,938 people were diagnosed with CRC in Ho Chi Minh City from 1996 to 2015 (Table 1), of
whom 6,989 were men (53.9%) and 5,970 were women (46.1%). The age at diagnosis remained stable
during the whole time, with the overall mean age of 60.0 ± 15.0. The patients’ age were mainly >50 years
old (n = 9,882, 76.4%). Both genders share a similar pattern in the shifting of age group distribution. In the
�rst two calendar periods, the age group 65-79 had the largest proportion, but in the latter two calendar
periods, the age group 50-64 emerged to be the most prevalent. Regarding topography, rectum was the
most common subsite (n = 4,712, 36.4%), followed by the others (n = 3,462, 26.8%), proximal (n = 2,461,
19.0%), and distal (n = 2,303, 17.8%).

The overall ASR of CRC increased from 10.5 per 100,000 during 1996-2000 to 17.9 per 100,000 during
2011-2015, a 1.7-fold increase. This rise translates into an ARC of 3.8 (95% con�dence interval [95% CI]:
1.7 – 5.8). In men, the ASR elevated consistently from 12.6 to 24.6 per 100,000 between 1996-2015,
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corresponding to an ARC of 4.7 (95% CI: 2.2 – 7.3) (Table 2). In women, the ASR indicated a mild
decrease from 9.2 to 7.8 per 100,000 between 1996-2005 before increased to 13.4 per 100,000 by the end
of the study period (average ARC = 2.6, 95% CI: 0.6 – 4.8).

Fig. 1 displays the Joinpoint regression analysis of CRC incidence trends by age groups. Over the whole
study period, all age groups had the elevating trend in the ASRs with the highest and lowest rates
belonged to the 50-64 years old group (average ARC = 5.3, 95% CI: 2.8 – 7.9) and <50 years old group
(average ARC = 1.1, 95% CI: -0.7 - 2.9), respectively. Only the >80 years old patients had the ASR increase
continuously over time (ARC 3.6, 95% CI: 1.5 – 5.8). Whereas, there was one detected joinpoint in the
trend of each other three age groups: in 2005, 2006 and 2008 for <50, 50-64 and 65-79 years old,
respectively. Prior to the joinpoints, ASRs of CRC among patients in 50-64 and 65-79-years old age groups
were stable with little decreasing or unchanged patterns. After that, the CRC rates rose steeply in both 50-
64 and 65-79 years-old cases. By the end of the period, the 65-79 age group took the lead of ASR among
all patients (average ARC = 3.5, 95% CI: 1.2 – 5.8).

The Joinpoint regression analysis of the CRC incidence trends by anatomical subsites of the overall, men,
and women is showed in Fig. 2a, Fig. 2b, Fig. 2c, respectively. Overall, all subsites observed an upward
trend in ASRs. Rectal cancer had the highest rate increase with an average ARC of 3.3 (95% CI: 1.0 – 5.7),
followed by the distal (ARC = 3.2, 95% CI: 1.4 – 4.9) and proximal (ARC = 1.5, 95% CI: 0.1 – 3.0) colon
cancer. Both genders shared the similar changing pattern of each subsites’ rate with the overall.

The APC analysis parameters of CRC cancer in men and women are presented in Supplementary table 1.
The longitudinal age curve, period and cohort RRs, and local drifts of CRC cancer in men and women are
demonstrated in Fig. 3. The longitudinal age curves (Fig. 3a1 and Fig. 3a2) indicate that the CRC rates
increased along with aging in both genders in the same birth cohort. The CRC rate was much higher in
men than women from the age of 60-64 years old (Supplementary table 1). Local drift values were above
0 in most age groups of both genders, except for women aged 40-44 (Fig. 3b1 and Fig. 3b2). Both men
and women reached the peak of local drift at ages of 55-59 years old. The period RRs had a similar
pattern for both sexes: decreasing before the period of 2001-2005 and then sharply increasing with the
same rate (Fig. 3c1 and Fig. 3c2). The cohort RRs indicated similar monotonic increasing trends over
time in both genders with the similar rate (Fig. 3d1 and Fig. 3d2). Especially, men and women born from
the 1976-1980 period increased the CRC risk strikingly. The Wald Chi-Square test indicated statistically
signi�cant for cohort and period effects, and the local drifts and net drift in both sexes (p <0.05 for all).

Discussion
We found an upward trend of the CRC incidence with a higher rate increasing in men than women in Ho
Chi Minh City, consistent with the patterns in other Asian countries over recent decades. However, our
result differed from these countries - an appreciably higher rising occurred in the older than younger
individuals. Regarding topography, the rectum accounted for the most prevalent anatomical subsite and
had the highest rising rate in both genders. Furthermore, the APC analysis indicated signi�cant period and
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cohort effects among both men and women, in which people born from the 1976-1980 period increased
the CRC risk strikingly.

Many decades ago, CRC was rare in developing and low-risk areas such as Asia and was most common
in high Human Development Index countries. In recent years, many studies reported the rapid increase of
CRC incidence in Asia nations3–5. Till 2015, the ASR of CRC in South Korea, Singapore, Japan, Taiwan,
and Hong Kong was 45, 33.7, 32.2, 45.3, and 38.4, respectively.

For the underlying reasons of the elevating trend in Ho Chi Minh City, the strong period and cohort effects
among either gender in the recent timeframe suggest the increase in the prevalence of exposure to risk
factors and improvements in diagnostic technique and healthcare access. As similar to other Asian
countries, the rising prevalence of westernized lifestyles is likely the most important etiology of increasing
CRC incidence in Ho Chi Minh City6,7. The westernization of lifestyle, including unhealthy diet, physical
inactivity, obesity, alcohol consumption, and smoking, were demonstrated to considerably increase CRC
risk19. For recent decades, Ho Chi Minh City has been Vietnam’s fastest-growing major economic city.
This economic transition and urbanization are associated with the westernized lifestyle adoption. The
prevalence of overweight and obesity among adolescents in Ho Chi Minh City increased sharply from
5.8% to 13.7% during 2002-200420. In 2005, a cross-sectional study on 25-64 years old people in Ho Chi
Minh City found that most adults were physically inactive, and only 56.2% of them achieving the
minimum recommendation of “doing 30 minutes moderate-intensity physical activity for at least �ve
days per week”21. In Vietnam, the overall alcohol consumption rose strikingly during 2010-2015, and the
overall tobacco smoking prevalence has been slowly decreasing but was still high22. In addition, another
potential etiology is the long-term antibiotic use in early to middle adulthood, which increases the risk
colorectal adenoma risk23. Vietnam was reported to have a high prevalence of overuse and inappropriate
use of antibiotics in hospitals and the community24. Parallel with the socioeconomic growth in Ho Chi
Minh City, there have been improvements in healthcare accessibility, and more advanced diagnostic
techniques introduced (colonoscopy, computed tomography, magnetic resonance imaging, ultrasound,
fecal occult blood test, and fecal immunochemical test), which enhanced the detecting rate of CRC.

In accordance with previous data from most parts of the world, our study found that CRC rates were
higher in men than in women1. The APC analysis revealed that men and women had the CRC rates
elevate along with aging, in which the risk was much higher in men than women from the age of 60-64
years old. This discrepancy might result from the higher prevalence of risk behaviors (smoking and
alcohol uptake) in men and the protective effect of endogenous estrogens against CRC tumorigenesis in
postmenopausal women25.

In contrast to many other Asian nations, Ho Chi Minh City experienced a marked increasing CRC
incidence trend in the old population than in the younger counterparts. A modest but signi�cant
escalating of early-onset CRC was reported in Taiwan, Korea, Japan, and Hong Kong from 1995 to
201426. This difference could result from the screening programs mature and improvement in other Asian
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countries while the organised CRC screening has not been implemented in Vietnam until now. Several
Asian countries implemented the population-based CRC screening program in recent decades, such as
Japan (since 1992), Korea (since 2004), China (since the 2000s), Taiwan (since 2004), Hong Kong (since
2017), Thailand (since 2011), and Singapore (since 2011)27–29. The starting age screening age for
average-risk individuals in those programs ranged from 40 to 50 years old. Since all CRC cases in Ho Chi
Minh City were opportunistic diagnosed, Ho Chi Minh City's CRC incidence might undervalue the true rate
of early-onset diagnoses. Together with the overall increase of CRC incidence, particularly in people born
from the 1976-1980 period, Ho Chi Minh City might be in need of launching a population-based CRC
screening program to early diagnose the CRC and improve the overall disease outcome.

Regarding anatomical subsite, our study found that rectal cancer had the highest rate rising while the
proximal and distal colon increased relatively in both genders. Globally, the CRC subsites trend varied
widely. There has been a proximal shift in the CRC subsite distribution in various countries globally, such
as the USA (1970-2000), Canada (1964-2004), Japan (1974-1994), Norway (1962-2006), and
Luxembourg (1988-1998)12,30–33. Conversely, this trend has not been observed in several other countries,
such as Italy (1984-1998), Iran (1994-2009), and Korea (1999-2009), as the rate increased in all CRC
subsites or right-sided cancer did not increase statistically signi�cant34–36. The reasons for these
con�icting �ndings remain unclear but might be explained by the complex attributions of risk factors on
different tumor segments. A study from Japan demonstrated that heavy tobacco smoking was linked
with increased rectal cancer risk in men but not women37. This study also indicated that high alcohol
consumption was substantially associated with rectal cancer risk in women while increased the risk of
colon cancer in either gender insigni�cantly. Another study on Japanese men reported that alcohol intake
was associated with a statistically signi�cant increased risk of distal and rectal cancer, but not proximal
cancer38. Regarding body mass index, overweight and obesity were reported to elevate colon cancer risk
in men but not women37,39. Meanwhile, a Korean study reported that a high body mass index was
associated with increased risk for proximal colon cancer among women, and a study on Asian women
outlined that obesity is positively associated with colon cancer but not rectal cancer40,41. Physical
inactivity had shown a strong association with the risk of proximal colon cancer in women but not with
rectal cancer in both genders42. We need further studies to ascertain whether there is a true proximal shift
trend of CRC in Vietnam and �nd associated factors. This is essential in choosing the preferred screening
test modality between sigmoidoscopy and total colonoscopy.

The Ho Chi Minh Cancer Registry collected CRC archives from all hospitals in Ho Chi Minh City for a
longterm. Its coverage could be representative of CRC epidemiology on a regional scale. However, the
present study had some limitations. Associated factor data were not available or lack of completeness,
such as family history, heredity cancer syndromes, socio-economic characteristics, the basis of diagnosis
test frequency, and cancer staging. The high proportion of the other CRC subsites (26.8%) might affect
the topography analysis accuracy. Many other Asian nations also reported high proportions of
overlapping and unspeci�ed lesions of CRC43. Additionally, due to the confounding and mixture among
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age, period, and cohort effects, the interpretations of results should be used with cautions of misleading,
particularly at the individual level.

Conclusions
The CRC incidence in Ho Chi Minh City increased with the more prominent rising rates among men, older
people, and rectal subsites. The upward trends of CRC incidence in Ho Chi Minh City could be explained
by the increase in westernized lifestyles, long-term antibiotic use, improved diagnostic techniques, and
healthcare access. This study’s result implied the need of launching a population-based CRC screening
program in Ho Chi Minh City. Further studies are needed to determine the CRC risk factors and identify the
people at risk for whom a screening program might provide the best bene�t.
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Tables
Table 1 Characteristics of CRC patients in Ho Chi Minh City, 1996-2015.
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  1996-2000
(%)

2001-2005 (%) 2006-2010 (%) 2011-2015
(%)

Gender        

Total 2119 2349 3335 5135

Men 1042 (49.2) 1266 (53.9) 1775
(53.2)

2885 (56.2)

Women 1077 (50.8) 1083 (46.1) 1560
(46.8)

2250 (43.8)

Age at diagnosis        

Total 59.5 ± 15.6 60.6 ± 15.8 59.5 ±
15.0

60.3 ± 14.3

Men 59.3 ± 15.9 59.7 ± 15.7 58.7 ±
15.0

59.9 ± 14.1

Women 59.7 ± 15.4 61.5 ± 15.9 60.3 ±
14.9

60.9 ± 14.5

Age group (years) Men        

<50 306 (29.4) 336 (26.5) 471
(26.5)

609 (21.1)

50-64 277 (26.6) 368 (29.1) 640
(36.1)

1178 (40.8)

65-79 378 (36.3) 467 (36.9) 527
(29.7)

864 (29.9)

80+ 81 (7.8) 95 (7.5) 137 (7.7) 234 (8.1)

Age group (years)
Women

       

<50 294 (27.3) 247 (22.8) 337
(21.6)

456 (20.3)

50-64 301 (27.9) 320 (29.5) 578
(37.1)

872 (38.8)

65-79 398 (37.0) 393 (36.3) 505
(32.4)

696 (30.9)

80+ 84 (7.8) 123 (11.4) 140 (9.0) 226 (10.0)

Topography        

Distal 390 (18.4) 409 (17.4) 701
(21.0)

803 (15.6)

Proximal 488 (23.0) 475 (20.2) 689
(20.7)

809 (15.8)
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Rectum 782 (36.9) 814 (34.7) 1243
(37.3)

1873 (36.5)

Others 459 (21.7) 651 (27.7) 702
(21.0)

1650 (32.1)

Morphology        

Adenocarcinoma 1345 (94.7) 1407 (95.5) 2158
(96.1)

3299 (98.2)

Adenosquamous
carcinoma

0 (0.0) 0 (0.0) 0 (0.0) 1 (0.0)

Mucinous
adenocarcinoma

41 (2.9) 47 (3.2) 57 (2.5) 42 (1.3)

Signet-ring cell
carcinoma

21 (1.5) 15 (1.0) 19 (0.8) 9 (0.3)

Small cell carcinoma 0 (0.0) 0 (0.0) 1 (0.0) 0 (0.0)

Squamous cell
carcinoma

13 (0.9) 4 (0.3) 11 (0.5) 7 (0.2)

Undifferentiated
carcinoma

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 

Table 2 Time trends of CRC incidence in Ho Chi Minh City, 1996-2015.



Page 15/18

  1996-2000 2001-2005 2006-2010 2011-2015

Overall        

Crude rate 8.1 (7.7 – 8.4) 7.4 (7.1 – 7.7) 9.2 (8.9 – 9.5) 13.7 (13.3 – 14.0)

ASR* 10.5 (10.1 – 11.0) 9.8 (9.4 – 10.3) 11.8 (11.4 – 12.2) 17.9 (17.4 – 18.5)

ARC 1.5 (-9.1 – 13.2) 1.2 (-19.4 – 27.0) 11.8 (1.3 – 23.3) 8.0 (0.2 – 16.3)

Men        

Crude rate 8.2 (7.8 – 8.8) 8.3 (7.9 – 8.8) 10.2 (9.8 – 10.7) 16.0 (15.4 – 16.6)

ASR* 12.6 (11.8 – 13.4) 12.8 (12.1 – 13.6) 15.0 (14.2 – 15.7) 24.6 (23.6 – 25.6)

ARC 1.5 (-14.8 – 20.9) 0.0 (-25.3 – 33.9) 10.2 (-2.6 – 24.7) 10.4 (1.5 – 20.1)

Women        

Crude rate 7.9 (7.4 – 8.4) 6.6 (6.2 – 7.0) 8.3 (7.9 – 8.7) 11.5 (11.0 – 12.0)

ASR* 9.2 (8.7 – 9.8) 7.8 (7.3 – 8.3) 9.6 (9.1 – 10.1) 13.4 (12.8 – 14.0)

ARC 1.7 (-6.4 – 10.6) 1.3 (-17.4 – 24.2) 13.6 (3.6 – 24.6) 6.2 (-2.1 – 15.1)

*Standardization to Segi’s world population, per 100,000 population

Numbers in brackets represent the 95% CI

Figures
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Figure 1

Trends in the ASR (per 100,000) of CRC in Ho Chi Minh City, 1996-2015 by age groups.

Figure 2

Trends in the ASR (per 100,000) of CRC by anatomical subsites in Ho Chi Minh City, 1996-2015. (a):
Overall, (b): Men, (c): Women
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Figure 3

APC analysis of CRC incidence in men and women in Ho Chi Minh City, Vietnam during 1996-2015. (a1),
(a2): Longitudinal age curve and corresponding 95% con�dence intervals (pink area) (b1), (b2): Local
drifts with net drift and corresponding 95% con�dence intervals (grey area) (c1), (c2): Period RR and
corresponding 95% con�dence intervals (blue area) (d1), (d2): Cohort RR and corresponding 95%
con�dence intervals (green area)
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