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ABSTRACT
Objective To obtain annual incidence trends, understand 
clinicopathological characteristics, and forecast the future 
burden of colorectal cancer (CRC) in Indonesia.
Design 11- year retrospective cross- sectional study.
Setting A national referral hospital in Jakarta, Indonesia.
Participants Data from 1584 eligible cases were 
recorded for trends and forecasting analyses; 433 
samples were analysed to determine clinicopathological 
differences between young (<50 years) and old (≥50 
years) patients.
Methods Trend analyses were done using Joinpoint 
software, expressed in annual percentage change (APC), 
and a regression analysis was executed to generate 
a forecasting model. Patients’ characteristics were 
compared using χ2 or non- parametric tests.
Main outcomes Analysis of trends, forecasting model, 
and clinicopathological features between the age groups.
Results A significant increase in APC was observed 
among old patients (+2.38%) for CRC cases. Colon cancer 
increased remarkably (+9.24%) among young patients; 
rectal cancer trends were either stable or declining. 
The trend for right- sided CRC increased in the general 
population (+6.52%) and old patients (+6.57%), while 
the trend for left- sided CRC was stable. These cases are 
expected to be a significant health burden within the 
next 10 years. Patients had a mean age of 53.17±13.94, 
38.1% were young, and the sex ratio was 1.21. Prominent 
characteristics were left- sided CRC, tumour size ≥5 cm, 
exophytic growth, adenocarcinoma, histologically low 
grade, pT3, pN0, inadequately dissected lymph nodes 
(LNs), LN ratio <0.05, no distant metastasis, early- stage 
cancer, no lymphovascular invasion, and no perineural 
invasion (PNI). Distinct features between young and old 
patients were found in the histological subtype, number of 
dissected LN, and PNI of the tumour.
Conclusions Epidemiological trends and forecasting 
analyses of CRC cases in Indonesian patients showed an 
enormous increase in colon cancer in young patients, a 
particularly concerning trend. Additionally, young patients 

exhibited particular clinicopathological characteristics that 
contributed to disease severity.

INTRODUCTION
Colorectal cancer (CRC) is the fourth most 
common cancer globally and is becoming 
more common in low- income and middle- 
income countries.1 CRC is usually diagnosed 
through endoscopic biopsy or polypectomy. 
Microscopic examination is conducted to 
search for invasions. In the new era of person-
alised medicine, the role of anatomical 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is the first retrospective cross- sectional study 
of Indonesian colorectal cancer (CRC) patients with 
a substantial data coverage period from 2009 to 
2019.

 ⇒ We provide trend analysis to determine changes in 
the annual incidence of CRC in Indonesia based on 
age, tumour location, and side involvement of can-
cer, along with a forecasting model to estimate case 
patterns over the next 10 years.

 ⇒ This epidemiological study comprehensively anal-
ysed the difference in clinicopathological character-
istics of CRC in young and old patients.

 ⇒ Data were taken from a single centre and might not 
be fully representative of other centres in Indonesia. 
Also, being a retrospective study, this study is sus-
ceptible to record bias and data loss from medical 
record retention and deterioration of pathology 
slides.

 ⇒ Data that could help explain the CRC trends, such as 
lifestyle, diet, alcohol use, tobacco use, family his-
tory, hereditary cancer syndromes, socioeconomic 
characteristics, and diagnostic test frequency, were 
not recorded.
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pathologists has been dramatically expanded. Their role 
is no longer limited to providing histopathologic diag-
nosis but also assessing staging, margins, and prognostic 
parameters that can only be made available by microscopic 
examinations such as tumour grade, lymphovascular 
invasion (LVI), and perineural invasion (PNI). Further 
research about the pathological characteristics of CRC is 
essential for treatment approaches and policy- making.

Recent long- term studies discovered that young people 
under 50 years old are more likely to get colon cancer, 
primarily in high- income countries.2 3 These studies’ 
results suggest that the clinical, histopathological, 
and prognostic aspects of CRC epidemiology are also 
expected to encounter worrying changes.4 By 2030, the 
incidence of colon and rectal cancer in young people, for 
whom routine screening is currently not recommended, 
is projected to increase by 28–30% and 46–124%, respec-
tively.5 Several Asian countries, including China, Japan, 
India, and South Korea, have also reported a tremen-
dous rise in the number of young patients with CRC.2 6 
This phenomenon is presumably due to rapid changes in 
lifestyle, diet, and genetic alterations in high- risk popula-
tions, particularly young adults.2

Epidemiological studies on CRC from other parts of 
Asia, including Southeast Asia, are needed since CRC cases 
are relatively less researched and are becoming a public 
health threat. Furthermore, in the population younger 
than 50, CRC shows a rising incidence and appears to 
display a more aggressive phenotype with unique genetic 
profiles, critical differences in somatic gene mutations, 
and gene methylation.7 Distinct molecular carcinogen-
eses and genomic profiles of CRC in Indonesia drove us 
to present a broader view of CRC in terms of epidemi-
ology and clinicopathological characteristics,8–10 which 
has not been published by any previous investigation 
in Indonesia. These knowledge gaps motivated us to 
research how CRCs have changed from 2009 to 2019 in 
young patients compared with their older counterparts. 
We also aimed to obtain annual incidence trends, under-
stand clinicopathological characteristics, and forecast the 
future burden of CRC in Indonesia.

MATERIALS AND METHODS
Study design, data collection, and selection process
This retrospective cross- sectional study was conducted 
at the Dr. Cipto Mangunkusumo Hospital, Jakarta, Indo-
nesia, to analyse CRC incidence from 2009 to 2019 using 
pathological archives and hospital medical records. 11–13 
Data from 2020 were not included to avoid bias due to 
the COVID- 19 pandemic, which caused a decrease in the 
number of patients with CRC attending the hospital. In 
total, 1958 patients have had a malignant tumour of the 
colon or rectum based on International Classification 
of Diseases, Tenth Revision (ICD- 10) topography (C18–
C20) and morphology codes (M8140/3, M8480/3, and 
M8490/3) with adequate biopsy or resection specimens 
eligible for enrolment in this study.14 For the analysis of 

trends, forecasting, and clinical data, 1584 patients were 
selected by exclusion criteria (i.e., duplication of inputted 
cases, change of diagnosis or metastasis), with 433 resec-
tion samples undergoing a further analysis of patholog-
ical characteristics between two age groups, as shown in 
figure 1.

Extraction and definition of variables
The variables of age, registration year, sex, tumour site, 
colonic tumour location, side involvement, tumour 
subsites, and specimen type were extracted directly from 
cancer registry data. Data on tumour size, growth pattern, 
histological subtypes, tumour grade, pathological tumour 
(pT), node status (pN), adequacy of dissected lymph 
node (LN), lymph node metastasis (LNM), distant metas-
tasis, staging, LVI, and PNI were retrieved from hospital 
medical records and pathological reports of patients who 
underwent surgery.

The young patient population was defined as subjects 
under 50 years of age, agreeing with previous studies.15 
Pathological specimens of each patient were examined 
under the microscope by two independent patholo-
gists who recorded the histopathology characteristics 
of: pathological tumour staging, histological subtypes, 
growth pattern, tumour grade, LVI, and PNI. We eval-
uated the number of dissected LNs in agreement with 
other studies and WHO guidelines, with a minimum of 
12 LNs taken for each case.16–18 Along with LNs, we also 
calculated the LN ratio (LNR), defined as the number 
of positive LNs divided by the number of LNs examined. 
LNR was a significant predictor of survival in other malig-
nancies and could be classified into subgroups according 
to the following cutoffs: <0.05 (LNR1), 0.05–0.20 (LNR2), 
0.20–0.40 (LNR3), and 0.40–1.00 (LNR4).19

The tumour site was defined as the location where the 
primary tumour originated. A category of cancers known 
as right- sided CRC (RSCRC) originated from the caecum, 
ascending colon, hepatic flexure, and transverse colon. 
Meanwhile, left- sided CRC (LSCRC) originated from 
the splenic flexure, descending colon, sigmoid colon, 
and rectum.20 Cancer of the caecum, ascending colon or 
transverse colon was referred to as proximal colon cancer. 
The descending colon or the sigmoid colon was the sites 
of distal colon cancer.14 21 Tumour size was defined as 
the largest dimension of the three- dimensional tumour, 
classified into <5 cm and ≥5 cm. Metastasis (distant metas-
tasis) was confirmed by radiography or pathological diag-
nostic procedure. The WHO guideline and the American 
Joint Committee on Cancer eighth edition were the basis 
for pathological staging.17 18 Tumours with a stage of 
pT3–T4 or a pathological staging of pTNM III–IV were 
considered to be in the advanced stage.17 18 Tumours were 
also divided into three categories based on their subtypes: 
adenocarcinoma not otherwise specified (NOS), muci-
nous adenocarcinoma, and signet- ring cell carcinoma. 
The tumour growth pattern was classified into exophytic, 
endophytic, ulcerative, and linitis plastica.22 According 
to a WHO categorisation based on the percentage of 
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gland formation in the tumour mass, tumour grade was 
grouped as well differentiated, moderately differentiated, 
and poorly differentiated.17 LVI and PNI were defined as 
the occurrence of each parameter in at least one slide of 
the pathology specimen sample.23

Statistical analysis and presentation of data
A complete dataset from biopsy and resection specimens 
was used to extrapolate the CRC trend over 11 years, 
establish forecast models, and conduct a comparative 
analysis of the recorded variables. Missing data from the 

retention of the medical records and deteriorated slides 
were omitted. In order to address the missing data and 
perform a more thorough analysis of pathological char-
acteristics, this study employed a subgroup analysis for 
each measured outcome with more complete data from 
resection- only cases (figure 1).

Data were then recorded and processed using the 
SPSS V.25.0 statistical software with χ2 and its alternative 
tests (Fisher’s exact test, Kruskal- Wallis test or Mann- 
Whitney test). Analysis was performed for the young 

Figure 1 Study flow diagram for retrospective data collection, selection process, analysis of overall included samples and 
subgroup analysis of complete data in the final report. CRC, colorectal cancer; ICD- 10, International Classification of Diseases, 
Tenth Revision.
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and old patient populations for clinicopathological 
characteristics. The mean value of quantitative param-
eters (number of positive and dissected LNs, LNR and 
tumour size) was compared between two age groups with 
the Student’s t- test. Annual incidence rates were quanti-
fied using the Joinpoint regression package provided by 
the US National Cancer Institute Surveillance Research 
Programme and National Cancer Institute (V.4.9.1.0).24 
Joinpoint regression analysis, established by Kim et al,25 
is a well- known approach used to study varying trends 
over time with Bonferroni adjustment.26 It automat-
ically joined separated time series of points (years) of 
cases on a logarithmic scale, expressed the trends as an 
annual percentage change (APC), and therefore, quan-
tified the short- term increase or decrease between two 
successive points of change.24 25 A Monte Carlo permu-
tation test assessed the significance of changing trends 
(i.e., APC).27 Joinpoint regression analysis might be 
employed when the temporal trend of a given quantity 
(e.g., proportions, rates, counts), such as incidence and 
mortality (e.g., referring to cancer- related scenarios), 
was of interest.28–30 It is valuable to generate quantitative 
inferences instead of qualitative ones in epidemiological 
studies.24 31

This presented study also performed linear and non- 
linear regression analyses to construct the best- fitted 
model to forecast the increasing trend of CRC cases in 
the next 10 years (2020–2029) using Minitab 19.1 (64- 
bit).32–38 The model trend equation to predict CRC cases 
can be visualised in linear [Yt = b0 + (b1 * t)], quadratic 
[Yt = b0+ b1 * t + (b2* t2 ], exponential [Yt = b0 + (b1

t)], or 
S- curve (Pearl- Reed logistic) [Yt = (10a) / (b0 + b1 * b2t)] 
functions, with Yt being the variable, b0 being a constant, 
b1 and b2 being coefficients, and t as the value of the time 
unit. The best- fitted model is the model which has the 
lower values for three of these parameters: MAPE, mean 
absolute percent error; MAD, mean absolute deviation; 
and MSD, mean square deviation, or at least for two 
parameters, or having the lowest value for MAPE.36 39 40 
The MAPE expresses accuracy as a percentage of the error. 
The MAD expresses accuracy in the same units as the 
data, which helps conceptualise the amount of error. The 
MSD measures the accuracy of the fitted time series. After 
deciding on the models, we measured the significance 
of their slope using the analysis of variance (ANOVA) 
test for curve estimation in SPSS. Statistical analyses with 
a p<0.05 and a 95% CI for probability were considered 
significant.

Patient and public involvement statement
It was not possible to involve patients or the public 
in our research’s design, conduction, reporting or 
dissemination plans. This report complied with the 
Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines for observational studies 
(including cross- sectional studies), as stated in the 
Research Checklist.41

RESULTS
Of the 1584 people diagnosed with CRC in this study, 
males dominated the CRC cases registered in our centre, 
with a sex ratio (male: female) of 1.21. Distribution based 
on age groups, as shown in table 1, demonstrated that 
the highest proportion of CRC was found in ages 51–60 
years old; the mean age was 53.17±13.94 years old, with 
females (52.28±13.98 years old) generally being younger 
than males (53.90±13.89 years old), p=0.021. Looking at 
more specific age groupings, the number and propor-
tion of patients’ age was: 11–20 (11; 0.7%), 21–30 (81; 
5.1%), 31–40 (225; 14.2%), 41–50 (339; 21.4%), 51–60 
(432; 27.3%), 61–70 (334; 21.1%), 71–80 (135; 8.5%), 
81–90 (20; 1.3%), and≥91 (7; 0.4%). The mean age of 
the young patient population was surprisingly very young 
(38.82±7.46 years old). The proportion of young patients 
in this centre reached 38.1% (n=604) of the total inci-
dence (n=1584). Rectal cancer incidence was higher 
than colon cancer (64.3% vs. 35.7%). It was roughly 
equal for the percentage number of proximal and distal 
colon cancer (49.6% vs. 50.4%). Concerning tumour 
side involvement, LSCRC was still higher in proportion 
(82.3%). Of all cases of colon cancer, the sigmoid colon is 
the most often affected area, accounting for 13%.

Figure 2 elucidates changes in the trend of CRC cases 
in Indonesian patients (denoted as an APC) over 11 
years among all patients, as well as subcategorised by 
age groups (i.e., young and old patients), anatomical 
location of the tumour (i.e., colon, rectum or colon plus 
rectum) and side involvement of CRC (right sided vs. left 
sided). Using joinpoint regression analysis, a significant 
APC was observed among all patients, specifically in the 
annual incidence of colon cancer (+6.38%) and RSCRC 
(+6.52%). Among young patients, notable APC was only 
found in colon cancer (+9.24%); meanwhile, in the old 
patient group, a remarkable APC was noticed in CRC as 
a whole (+2.38%), colon cancer (+5.11%), and RSCRC 
(+6.57%). Trend patterns were positive for all tumour 
locations, except the rectum, which experienced stagna-
tion in old patients (+0.58%) as well as dropped among 
the general population (–0.09%) and young patients 
(–0.97%) with p>0.05. More detailed data on the trend 
analysis of our patients with CRC have been provided in 
the online supplemental files 1–3.

This study also investigated the increase of colon cancer 
based on their subsites (i.e., caecum, ascending colon, 
transverse colon, descending colon, and sigmoid colon), 
which is visualised in figure 3. Significantly positive APC 
values were observed highest in the ascending colon 
(+10.60%), followed by the descending colon (+10.04%), 
the transverse colon (+9.88%), and the sigmoid colon 
(+5.84%). The caecum, on the other hand, displayed 
a slight negative trend with a low APC value (–0.98%, 
p>0.05).

Additionally, as illustrated in figure 4, several forecasting 
models of CRC incidences were generated using the 
best- fitted regression analysis. This approach predicted 
subsequent 10- year annual incidence rates for CRC cases 
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using a specific case equation formula. What stands out 
in the analysis is that the dominance of colon cancer was 
expected to occur in the subsequent ten years among 
all groups (all, young, and old patients) with a signifi-
cant increase in progression slope (p<0.001, p=0.005, 
and p=0.001, respectively). Likewise, CRC future trends 

in old patients would also steeply increase following the 
quadratic model (p=0.043). A similar model existed in 
RSCRC cases, where all patients and old patients were 
forecasted to grow continually, with the corresponding 
p- value was 0.018 and 0.006. In contrast, the prediction 
of rectal cancer in all patients and old patients tended to 

Table 1 Clinicopathological characteristics of tumours in young and old patients (n=1584)

Characteristics

Young patients
(<50 years)

(n=604)

Old patients
(≥50 years)

(n=980)
All patients

(n=1584)

P- valueN % n % N %

Registration year 0.931

  2009 49 8.1 70 7.1 119 7.5

  2010 52 8.6 94 9.6 146 9.2

  2011 47 7.8 83 8.5 130 8.2

  2012 52 8.6 76 7.7 128 8.1

  2013 50 8.3 89 9.1 139 8.8

  2014 69 11.4 103 10.5 172 10.9

  2015 64 10.6 91 9.3 155 9.8

  2016 48 8.0 81 8.3 129 8.1

  2017 47 7.8 91 9.3 138 8.7

  2018 54 8.9 96 9.8 150 9.5

  2019 72 11.9 106 10.8 178 11.2

  Sex 0.056

  Male 313 51.8 556 56.7 869 54.9

  Female 291 48.2 424 43.3 715 45.1

Tumour site 0.002

  Colon 187 31.0 379 38.7 566 35.7

  Rectal 417 69.0 601 61.3 1018 64.3

Colonic tumour location 0.572

  Proximal colon 96 51.3 185 48.8 281 49.6

  Distal colon 91 48.7 194 51.2 285 50.4

Side involvement 0.131

  RSCRC 96 15.9 185 18.9 281 17.7

  LSCRC 508 84.1 795 81.1 1303 82.3

Tumour subsites 0.002

  Caecum 20 3.3 58 5.9 78 4.9

  Ascending colon 52 8.6 75 7.7 127 8.0

  Transverse colon 24 4.0 52 5.3 76 4.8

  Descending colon 33 5.5 46 4.7 79 5.0

  Sigmoid 58 9.6 148 15.1 206 13.0

  Rectum 417 69.0 601 61.3 1018 64.3

Specimen type 0.135

  Biopsy 267 44.2 471 48.1 748 46.6

  Resection 337 55.8 509 51.9 846 53.4

All statistical tests were done using the χ2 test. The value with bold printed indicates the significant p- value. Percent values (%) were 
calculated as a percentage of the column total.
LSCRC, left- sided colorectal cancer; RSCRC, right- sided colorectal cancer.
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Figure 2 Trend analysis using joinpoint regression expressed by APC of CRC incidence among 1584 patients during 11 years 
period of study classified by tumour locations (colorectal, colon and rectum), and side involvement (RSCRC and LRSCRC) 
grouping in all, young, and old patients. A positive trend for 2009–2019 was observed among CRC, colon cancer, RSCRC, 
and LSCRC, while rectal cancer tended to stagnate and decrease in all groups. Colon plus rectum indicated a total incidence 
of both locations. Plotted lines indicate an APC. *Indicates that the APC significantly differs from zero at the alpha = 0.05 
level using the logarithmically transformed data permutation model in joinpoint regression analysis. APC, annual percentage 
changes; 95%CI, 95% confidence interval; CRC, colorectal cancer; RSCRC, right- sided colorectal cancer; and LSCRC, left- 
sided colorectal cancer.

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-060839 on 7 S

eptem
ber 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


7Rahadiani N, et al. BMJ Open 2022;12:e060839. doi:10.1136/bmjopen-2022-060839

Open access

be constant and dropped among young patients in the 
following period. Although, at a glance, the remaining 
forecasts appeared will be likely increasing, their slope 
progression was not significant (p>0.05). The precise 
number of predicted cases for the next 10 years (2020–
2029) can be found in online supplemental files 4–6. 
As shown inonline supplemental file 7 and table 2, 
the average future burden of CRC from 2020 to 2029 
compared with the current 11- year data in all, young, and 
old patients was ~181 vs. 144 cases/year; ~67 vs. 55 cases/
year; and ~113 vs. 89 cases/year), respectively.

As described in table 3, most tumour sizes were equal 
to or more than 5 cm (61%). Distant metastasis occurred 
in 6.9% of all cases. Most tumours were exophytic lesions 
(83.1%), adenocarcinoma NOS (85.2%), well differenti-
ated (67.7%), with a pathological tumour staging of pT3 
(66.6%), having inadequately dissected LNs (56.4%) 
and with category of LNR1 (57.5%), tumour stage IIA 
(34.2%), early stage (55.2%), without LVI (61.7%), and 
absence of PNI (88.7%). Comparing young and old 
patients, there were no significant differences in clinico-
pathological and histopathological characteristics except 
for histological subtypes, adequacy of LNs sampling, and 
PNI. Adenocarcinoma NOS was more prevalent in old 
patients than in their counterparts, while the mucinous 

variant dominated in young patients (p=0.043). Old 
patients were more likely to have inadequately dissected 
LN than young patients (p=0.004). Young patients with 
CRC had more PNI than old patients (p<0.001).

The comparison of means scores between two age 
groups highlighted in table 2 proves two significant differ-
ences in clinicopathological parameters of the tumor. 
First, the mean age value between the groups of young 
and old patients was extremely contrasted, with more 
than 23 years apart (p<0.001). In addition, the average 
number of dissected LNs was significantly higher in the 
young patient group than in their older counterparts 
(p=0.004).

Figure 5 portrays an example of microscopic tissue 
images from CRC cases. This figure highlights numerous 
key pathological markers essential for diagnosis, identi-
fying histological patterns, and predicting prognosis.

DISCUSSION
This observational study was conducted to assess clinical 
trends of CRC over 11 years, forecast the future burden 
of CRC over the next 10 years and analyse the pathology 
of 1584 CRC cases in a national referral hospital in Indo-
nesia. The current investigation corroborated previous 

Figure 3 Tumour subsites- specific incidence rate using joinpoint regression expressed by APC of CRC incidence among 1584 
patients during 2009–2019 based on anatomical subsites of tumour in the colon. A sharp increase of cases by order in value 
was found in ascending, descending, transverse and sigmoid colon, respectively, while a gradual decline was observed in the 
caecum. *Denotes a significant change in APC vs. 0 (p<0.05) using the logarithmically transformed data permutation model in 
joinpoint regression analysis. APC, annual percentage changes; 95%CI, 95% confidence interval; and CRC, colorectal cancer.
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Figure 4 Annual incidence trends, the equation for predicting cases, and the forecast number of cases in the next 10 years 
using the best fitted- model regression analysis (linear, quadratic, exponential growth, or S- shaped curve model) for CRC 
classified by tumour locations (colorectal, colon, and rectum), and side involvement (RSCRC and LSCRC) in all, young, and old 
patients. Projection of a positive trend for the period 2020–2029 was observed among CRC, colon cancer, and LSCRC, while 
rectal cancer tended to stagnate and decrease. RSCRC was forecasted to have an increased burden in all and old patients but 
tended to decrease in young patients. Blue connected points show actual rates, red loosely dotted connected lines indicate a 
best- fitted trend, and the green densely connected dotted line indicates the forecasting trend. Yt is the variable (equation for 
predicted cases) and t is the time unit (year) value. The significance test results for the slope of curve estimation employing the 
analysis of variance (ANOVA) statistical test.*Indicates a significant progression slope (p<0.05). CRC, colorectal cancer; RSCRC, 
right- sided colorectal cancer; LSCRC, left- sided colorectal cancer; MAPE, mean absolute percent error; MAD, mean absolute 
deviation; and MSD, mean square deviation.
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findings regarding men’s predominance in CRC inci-
dence. These findings are possibly due to men being 
more likely to smoke and drink alcohol (both risk factors 
for CRC), whereas women have higher levels of endog-
enous oestrogens, which protect against CRC carcino-
genesis.42 Our study found that most CRC cases were 
identified in the middle- aged population, with peak inci-
dence occurring between 51 and 60 years old, consistent 
with previous findings.43 Female patients had a mean 
age younger than male patients, consistent with findings 
from an investigation conducted in Brunei Darussalam.44 
The definition of ‘young patients’ in an epidemiolog-
ical study of CRC is arbitrary; this research employed 50 
years as the cut- off age since this is the recommended age 
for first CRC screening in most screening programmes 
that have gained global adoption.15 Early- onset CRC is 
more likely to arise sporadically in third- world nations 
and is hypothesized to have a biologically and clinically 
unique entity, accounting for its aggressive presentation 
and poor prognosis.45–47 We report that CRC incidence 
among young patients reached nearly 40%, significantly 
higher than the rate reported in a previous Indonesian 
study on CRC between 2014 and 2016 with 275 samples 
(31.3%)48, Western countries (7%)49, and other Asian 
studies (6.7–35.5%).50 51 Other findings from South Asia 
were comparable to ours, with CRC incidence in young 
individuals ranging from 38% to 52%.46 52 The increasing 
proportion of young patients in our population may be 
influenced by the demographic profile of Indonesia, 

which had a high proportion of people aged 50 or lower 
in 2019 (79.82%).53

Trend analysis of CRC
The joinpoint regression analysis has significant analytic 
advantages for disease surveillance and, therefore, is 
valuable to portray trends in CRC incidence over time. 
This approach has been widely used in many CRC trend 
reports from several world regions, including North 
America (e.g., USA54 and Canada55), Latin America (e.g., 
Brazil56 and Mexico57), Europe (e.g., England58 and Neth-
erland59), East Asia (e.g., China60 and South Korea61), the 
Middle East (e.g., Iran62 and Lebanon63), and Southeast 
Asia (e.g., Vietnam64 and Thailand65). Using this method, 
our first Indonesian study also successfully identified short- 
term CRC trend patterns that differed between young 
and old patients. CRC incidence rates were modestly 
elevated in all and young patients with APC+2.23% and 
+1.98%, respectively with p>0.05. Meanwhile, the CRC 
cases among subjects aged ≥50 were mounting more 
dramatically, with an APC of +2.38% (p=0.041). A similar 
conclusion was reached by Pham et al64 in the elderly Viet-
namese population (APC+5.3%; 95% CI 2.8% to 7.9%). 
Hypothetically, this might happen because older patients 
were more likely to be included in screening programmes 
than young patients.64 Since the population- based CRC 
screening programme has not been implemented in 
routine clinical practice in Indonesia, the actual rate 
of early- onset CRC might have been undervalued. The 

Table 2 Comparison of the mean value of clinicopathological parameters of tumour between young and old patients

Parameters

Mean±SD or number

P- valueYoung patients (<50 years) Old patients (≥50 years) All patients

CRC (cases per year) 54.91±9.07 89.09±10.94 144.00±18.61

Colon cancer (cases per year) 17.00±6.93 34.45±6.98 51.45±13.05

Rectal cancer (cases per year) 37.91±5.20 54.64±8.62 92.55±12.40

RSCRC (cases per year) 8.73±4.10 16.82±4.67 25.55±7.15

LSCRC (cases per year) 46.18±7.04 72.27±9.33 118.45±14.69

Age (years old)* 38.82±7.46 62.01±8.65 53.17±13.94 <0.001

Tumour size (cm)† 5.92±3.12 5.99±2.98 5.97±3.02 0.818

Smallest tumour size (cm)† 1.3 1.0 1.0

Largest tumour size (cm)† 17.0 18.0 18

Total count of positive LNs† 265 402 667

Total count of dissected LNs† 1587 2726 4313

Positive LNs† 1.84±3.37 1.39±2.34 1.54±2.73 0.107

Dissected LNs† 11.02±6.10 9.43±5.04 9.96±5.46 0.004

LNR† 0.18±0.29 0.18±0.30 0.18±0.29 0.964

All data were normally distributed and thus statistical tests were done using the independent and two- tailed student t- tests with equal 
variances were assumed (In Levene's test, the homogeneity assumption of the variance was met). The value with bold printed indicates the 
significant p- value.
*Assessed among 1584 patients.
†Assessed among 433 patients.
CRC, colorectal cancer; LNR, lymph node ratio; LNs, lymph nodes; LSCRC, left- sided colorectal cancer; RSCRC, right- sided colorectal 
cancer.
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Table 3 Pathological characteristics of tumour in young and old patients who underwent surgical resection with complete 
data (n=433)

Characteristics

Young patients (<50 years)
(n=144)

Old patients (≥50 years)
(n=289)

All patients
(n=403)

P- valuen % n % n %

Tumour size 0.559

  <5 cm 59 41.0 110 38.1 169 39.0

  ≥5 cm 85 59.0 179 61.9 264 61.0

Growth pattern 0.412

  Exophytic 120 83.3 240 83.0 360 83.1

  Endophytic 15 10.4 21 7.3 36 8.3

  Ulcerative 8 5.6 22 7.6 30 6.9

  Linitis plastica 1 0.7 6 2.1 7 1.7

Histological subtypes 0.043

  Adenocarcinoma NOS 115 79.9 254 87.9 369 85.2

  Mucinous 28 19.4 35 12.1 63 14.5

  Signet- ring cell 1 0.7 0 0.0 1 0.3

Tumour grade 0.591

  Well differentiated 97 67.4 196 67.8 293 67.7

  Moderately differentiated 31 21.5 69 23.9 100 23.1

  Poorly differentiated 16 11.1 24 8.3 40 9.2

Pathological tumour staging 0.895

  pT1 3 2.1 8 2.8 11 2.5

  pT2 22 15.3 44 15.2 66 15.2

  pT3 94 65.3 194 67.1 288 66.6

  pT4 25 17.3 43 14.9 68 15.7

Pathological node status 0.734

  pN0 80 55.6 168 58.1 248 57.3

  pN1a 18 12.5 42 14.5 60 13.8

  pN1b 18 12.5 34 11.8 52 12.0

  pN2a 18 12.5 33 11.4 51 11.8

  pN2b 10 6.9 12 4.2 22 5.1

Adequacy of dissected LNs

  Inadequate (<12) 67 46.5 177 61.2 244 56.4 0.004 

  Adequate (≥12) 77 53.5 112 38.8 189 43.6

LNR 0.967

  LNR1 (<0.05) 81 56.2 168 58.1 249 57.5

  LNR2 (0.05–0.20) 21 14.6 38 13.1 59 13.6

  LNR3 (0.20–0.40) 15 10.4 28 9.7 43 10.0

  LNR4 (≥0.40) 27 18.8 55 19.1 82 18.9

Lymph node metastasis 0.610

  Yes 80 55.6 168 58.1 248 57.3

  No 64 44.4 121 41.9 185 42.7

Distant metastasis 0.110

  M0 138 95.8 265 91.7 403 93.1

  M1 6 4.2 24 8.3 30 6.9

Staging 0.431

Continued
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estimated cost of treatment for patients with CRC in 
Indonesia is US$116 083.37,66 representing 0.000011% 
of the gross domestic product (GDP) in 2020.67 The cost 
burden of treatment increases significantly as the disease 
progresses. In terms of screening costs, colonoscopy, and 
faecal testing range from US$207 to US$765 and US$2.75 
to US$11, respectively. Given the rising CRC incidence 
and high cost of treatment, but the comparatively low cost 
of screening, our research implies that Indonesia should 
adopt a population- based CRC screening programme for 
high- risk populations, particularly those born after 1980. 
This early detection will benefit the public health sector 
and may further reduce the economic burden.

According to WHO, the prediction of CRC incidence 
in Indonesia from 2020 to 2025 was higher than the APC 
of trend analyses done in our study (CRC: +17.7% vs. 
+2.23%; colon cancer: +18.1% vs. +6.38%; and rectal 
cancer: +17.3% vs. –0.09%).68 Further evidence showed 
that the trend of CRC cases among all Indonesian patients 
was lower in this study than in a study of patients with 
CRC in Tunisia from 1994 to 2009 (+2.23% vs.+3.90%).69 
We also discovered a smaller APC for CRC cases among 
young patients compared to a study among young Thai 
patients between 1989 and 2012 (+1.98% vs.+5.70%).65 
Trend analysis in figure 2 reveals a sharp rise in colon 
cancer annually among young patients with a higher APC 
than in old and overall patients (+9.24% vs. +5.11% and 
+6.38%, respectively). In the last few decades, the inci-
dence of CRC has been increasing in Asia, particularly 

in Southeast Asian countries, including Indonesia and 
Malaysia.70 If this trend continues, the number of CRC 
cases may suddenly overwhelm the healthcare system. 
Thus, better health policies should be constructed by the 
government.

The rise of CRC in young patients has not yet been fully 
elucidated. Early life exposure to the deleterious effects of 
risk factors, such as frequent smoking, alcohol consump-
tion, obesity, a Western diet, reduced physical activity, 
and early- life antibiotic exposure, has been thought to 
increase susceptibility to CRC. The first contributor is 
smoking, associated with hypermethylation, microsatel-
lite instability, and BRAF mutations in CRC carcinogen-
esis.71 Early- life smoking may contribute to the rising 
incidence of CRC in young individuals.71 Concerning 
that fact, 13.4% of Indonesian teenagers (95% CI 12.9% 
to 13.9%) and 27.3% of young adults (95% CI 26.8% to 
27.8%) were found to be daily smokers, respectively.72 
The risk of CRC is also increased by alcohol consumption, 
which is positively associated with the risk of cancer of 
distal colon and rectum among the Asian population.73 74 
In Indonesia, alcohol consumption rose strikingly from 
2000 to 2020, with the current proportion of alcohol 
consumption in teenagers and young adults being 4.0% 
(95%CI 3.8% to 4.3%) and 6.4% (95%CI 6.1% to 6.6%), 
respectively.72 Third attributed factor should be obesity, 
which has been linked with a higher risk of colon cancer 
in Asians. In Indonesia, obese and overweight individuals 
comprised roughly 4–8.8% of people aged 13–18 and 

Characteristics

Young patients (<50 years)
(n=144)

Old patients (≥50 years)
(n=289)

All patients
(n=403)

P- valuen % n % n %

  I 19 13.2 41 14.2 60 13.8

  IIA 48 33.3 100 34.6 148 34.2

  IIB 12 8.3 19 6.6 31 7.2

  IIIA 6 4.2 10 3.5 16 3.7

  IIIB 39 27.1 83 28.7 122 28.1

  IIIC 15 10.4 16 5.5 31 7.2

  IV 5 3.5 20 6.9 25 5.8

Degree of staging 0.921

  Early stage (I–II) 79 54.9 160 55.4 239 55.2

  Advanced stage (III–IV) 65 45.1 129 44.6 194 44.8

Lymphovascular invasion 0.314

  Negative 84 58.3 183 63.3 267 61.7

  Positive 60 41.7 106 36.7 166 38.3

Perineural invasion <0.001

  Negative 114 79.2 270 93.4 384 88.7

  Positive 30 20.8 19 6.6 49 11.3

All statistical tests were done using the χ2 test. The value with bold printed indicates the significant p- value. Percent values (%) were 
calculated as a percentage of the column total.
LNR, Lymph node ratio ; LNs, Lymph nodes; NOS, not otherwise specified.

Table 3 Continued
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nearly 21% of those over 18.72 75 It is not surprising that 
the obesity epidemic and the rise in colon cancer happen 
simultaneously. Many behaviours that are thought to 
cause weight gain, for instance, unhealthy eating habits 
and sedentary lifestyles, also raise the risk of CRC. Obesity 
can promote cancer formation through metabolic abnor-
malities, hyperinsulinaemia, systemic inflammation, and 
alteration of the gut microbiota.76 An upward trend in 
CRC in Indonesia is also probably due to the acquisition 
of the Western diet as the fourth contributor.77 This life-
style trend has been seen in Indonesian teenagers who 
consume inadequate amounts of protein, fruits, and vege-
tables, but excessive amounts of sodium and fast food.78 
A recent study found that the de novo introduction of 
a Western- style high- fat, low- fibre diet induces inflam-
mation and proliferation in the colonic mucosa within 
2 weeks.79 Increasing obesity is concurrent with reduc-
tions in physical activity levels.80 A study in Japan revealed 
an inverse association between physical activity and CRC, 
and this association was stronger for colon cancer than 
rectal cancer.81 This fact agrees with a survey in Indo-
nesia that found 33.5% (95% CI 33.3% to 33.8%) of the 

population lacked physical activity in terms of time and 
frequency standards.72 Another related risk factor for 
CRC among Indonesians is early life and improper anti-
biotic use.82 These two risk factors could change the gut 
microbiota and metabolic profile, making a person more 
likely to have obesity later in life.83

What stands out in the trend analysis of this study, is that 
the incidence rate of colon and rectal cancer was differed 
remarkably. In contrast with colon cancer which gradu-
ally increase (+5.11% to +9.24%), rectal cancer incidence 
has generally declined in all and young patients (–0.09% 
and –0.97%, respectively). Rectal cancer also remains 
stable in the old patients group (+0.58%). These findings 
could result from the rectum being more easily examined 
clinically during screening procedures than the colon, 
making precancerous lesions or suspected tumours easier 
to detect and removed during clinical examination of the 
rectum in screening. The negative trend of rectal cancer 
in this study was contradictory to the WHO’s prediction,68 
but consistent with the trend in Canada.84 After 1985, 
rectal cancer incidence slightly declined, with an APC 
of –0.38% among Canadians.84 It also has been observed 

Figure 5 Histopathological features of colorectal cancer resection specimen (all in H&E staining). (A) well- differentiated 
adenocarcinoma NOS (×M40); (B) poorly differentiated adenocarcinoma NOS (×M40); (C) mucinous adenocarcinoma (×M40, 
inset ×M100); (D) signet- ring cell carcinoma (×M40, inset ×M400); (E) PT2 stage tumour infiltrating muscular layer (×M40); 
(F) pT3 stage tumour infiltrating adipose tissue in subserosal layer (×M40); (G) lymphovascular invasion (pointed by red arrow, 
×M40); (H) perineural invasion (highlighted by yellow arrow, ×M40); (I) lymph node metastasis (×M100). NOS, not otherwise 
specified.
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that the trend of CRC subsite distribution progressively 
shifted to the proximal colon in various countries, such 
as the USA (1970–2000)85, Japan (1974–1994)86, and 
Norway (1962–2006).87

Our findings emphasise that colon cancer incidence rose 
faster than rectal cancer in young patients (APC+9.24% vs. 
–0.97%), similar to results among Canadian young 
patients from 1969 to 2010 (APC+6.2% vs. +1.5%).88 The 
APC of colon cancer in our population was higher than 
in Tunisia (+6.38% vs. +4.5%).69 Some well- known risk 
factors do not exactly give a similar susceptibility towards 
colon and rectal cancer. The carcinogenic process may be 
different depending on where it happens.84 Diet patterns, 
physical inactivity, and high body mass index have been 
linked to a higher risk of colon cancer, but not rectal 
cancer.73 89 Meanwhile, smoking and alcohol consump-
tion have been linked to a higher risk of rectal cancer.90 91 
Obesity, insulin resistance, and high blood glucose levels 
are connected with a higher risk of colon cancer because 
the colon is more insulin- sensitive than the rectum.92 93 
We also hypothesised that women may have benefited 
from the preventive effect of hormones against cancer 
of distal colon and rectum. Endogenous hormones may 
have protected some women from developing cancer 
of distal colon and rectum. Increased use of exogenous 
hormones, such as hormone replacement therapy or oral 
contraceptives, might also have resulted in further reduc-
tions in these cancers.42 Respecting to that evidence, 61% 
of Indonesian women used contraceptive management 
between 2005 and 2012,94 but this preventive effect has 
not been investigated for proximal (right- sided) colon 
tumours.84

In contrast to earlier findings and the widely held belief 
that RSCRC is more common in young patients, this study 
revealed that RSCRC was more frequent in old patients, 
similar to a study from Germany.95 Our results showed 
that most young patients had lesions in the left colon, in 
agreement with a hospital- based study in the Memorial 
Sloan Kettering Cancer Center, in the USA, where their 
young patients were more likely to have LSCRC.96 A study 
also claimed that LSCRC is more prevalent in men and 
younger individuals, whereas RSCRC is more common in 
women and older people.20 Accordingly, although genetic 
alterations might spread more in young patients and are 
typically related to the cause of RSCRC, it is still possible 
that LSCRC predominated in this group.

The trend analyses in figure 2 show that the APC of 
RSCRC rose statistically significantly among all patients 
(+6.52%) and old patients (+6.57%) over the study’s 
11- year period, with the largest APC being noticed in 
young patients (+6.59%). The causes of these patterns 
remain unclear; they might be due to inconsistent plot-
ting of several incidences each year to follow a partic-
ular joined line to figure out a trend. The rising trend of 
RSCRC from 2009 to 2019 could be influenced by a lack 
of genetic counselling addressing age, specific syndromes, 
and family history in Indonesia, as RSCRC is usually associ-
ated with a genetic predisposition.97 It is also challenging 

to detect nonpolypoid (flat or depressed) tumours, more 
common in the right colon. These lesions are more likely 
to include carcinoma but are more difficult to detect and 
occur more frequently in high- risk individuals.98 Higher 
colonoscopy miss rates may impede screening and identi-
fication of precancer and cancer lesions in the right colon, 
contributing to the rising trend of RSCRC.99–101 102 The 
presented study found that LSCRC had a positive steady 
trend among all (APC+1.41%), young (APC+1.37%), and 
old patients (APC+1.46%); all p- values were >0.05, similar 
to a report from Siegel et al103 in the USA. The clinical 
implications of different proportion of side involvement 
between young and old patients was to the aggressiveness 
of the disease. RSCRCs are typically bulky, exophytic, 
polypoid lesions projecting into the lumen and causing 
significant anaemia. LSCRCs are infiltrating, constricting 
lesions encircling the lumen, often leading to obstruc-
tion.104 A study implied that LSCRCs are genetically 
more unstable and phenotypically more aggressive due to 
distinct molecular biology patterns between RSCRC and 
LSCRC in DNA euploidy status, KRAS and p53 mutation 
rates.95

Observing more specifically the trend of colon cancer 
based on its subsites, what can be seen in figure 3 is the 
significant growth of four of five colon subsites during 
the study period. The APC of ascending colon rose 
more quickly than APC in China from 2000 to 2004 
(+10.60% vs. +2.25%).91 The transverse and descending 
colon had opposite results (+9.88% vs. –1.95% and 
+10.04% vs. –1.02%, respectively), while the sigmoid 
colon had a more positive trend (+5.84% vs. +4.19%).105 
Surprisingly, no differences in APC were found in the 
caecum (–0.98%), which had a slow and steady decline 
in cases. These trends aligned with the right- sided domi-
nance during 11 years of study. Different parts of the 
colon may be more or less vulnerable to carcinogens 
because of biological differences in the intestine.106 For 
example, genetic factors may play a significant role in 
developing proximal colon cancer, but factors like diet, 
exercise, and hormone use are more likely linked to 
distal colon cancer.106

The trend analysis in this study enlightens us to narrow 
down patients in danger. Given the rapid economic 
transition and urbanisation occurring in Indonesia, it is 
possible to generalise the upward CRC incidence trend 
in a single centre in Jakarta to all of Indonesia,107 108 
similar to what a study in Vietnam suggested.64 However, 
as this is a single- centre study, the data presented may 
not be fully representative of other centres. Further 
research is needed to see if the trend can be reversed, 
for example, by evaluating current CRC screening stan-
dards and lowering the age at which people should begin 
screening. To reduce the upward trend, more studies are 
also required to investigate CRC risk factors in Indonesia. 
Our current study did not record data on risk factors of 
CRC that might help explain the trend of CRC found in 
the study. Furthermore, the cross- sectional design of this 
study did not allow us to establish any causal relationship.
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Forecasting the CRC burden
In figure 4, we forecasted the future burden of CRC by 
performing a fit- model regression analysis to predict 
colon and rectal cancer incidences along with RSCRC and 
LSCRC. The model with a significant slope was found in 
all and old patients with colon cancer and RSCRC. Mean-
while, in young patients, the model with a significant slope 
was found only for colon cancer. Projection models for 
CRC, colon cancer, and rectal cancer follow the exponen-
tial growth curve pattern in all patients and young patient 
group. While, in the old patient group, colon cancer 
and CRC forecasting models use the quadratic model. In 
contrast, the projection model for rectal cancer follows 
the linear model in the old patient group. Compared with 
RSCRC, which follows the quadratic model, LSCRC was 
more varied, with the overall occurrences following the 
exponential growth curve, the young patients’ incidences 
following the quadratic model, and the old patients’ cases 
following the S- shaped model (sigmoid) curve.

The best- fitted model for forecasting CRC cases had 
different clinical implications based on curve shape. 
Addressing the interpretation of each curve was chal-
lenging since little robust research explains forecasting 
cancer incidence.109 A linear trend is a forecasting model 
that develops a linear relationship between time and 
the response variable (incidence of disease). The linear 
model observed in rectal cancer among old patients 
means that cases increase gradually and linearly at a 
constant rate over time. This model assumption was based 
on forecast accuracy metrics and was supported by what 
has been pictured in trend analysis of rectal cancer with 
stable APC.110 What should be highlighted in this paper is 
that although the rectum was the most prevalent tumour 
site, we identified a negative trend or stable growth for 
this site in both joinpoint analysis and fit- model regres-
sion analysis for forecasting, similar to what was predicted 
in Japan.86

Six of 15 scenarios were fitted into the quadratic curve 
model, a forecasting method that developed a non- linear 
relationship between time series and the response vari-
able. The quadratic trend resembles a polynomial regres-
sion model that accurately captures the data trend.110 
Following a quadratic model, the number of RSCRC 
cases was expected to steeply grow after 2019, particularly 
among all patients (p<0.05) and old patients (p<0.01). 
The literature corroborates that RSCRC is associated with 
several adverse prognostic factors: older age, advanced 
stage, and mucinous histological subtype.20 111 112 On 
the other hand, the incidence of RSCRC among young 
patients was projected to plummet until 2029 (p>0.05). 
The future trend among young patients differs from the 
past between 2009 and 2019, which exhibited a steady 
movement. This pattern was similar to a study in the USA, 
which found that RSCRC increased initially, experienced 
stagnation, and was projected to fall by 2.3–2.6% annu-
ally.97 The reasons for different past and future trends 
of RSCRC might be explained hypothetically by the 
increased use of colonoscopy in the early 21st century.114 

Along with this direction, improved techniques and 
training for conducting colonoscopy in the right colon to 
screen, detect and diagnose may contribute to reducing 
RSCRC lesions among subclinical diseases.113 Another 
possible explanation for this result is that in the previous 
11- year period, our young patients were dominated 
by a high proportion of patients with genetic factors, 
thus resulting in a higher trend of RSCRC cases in the 
young patients’ group.8–10 In the next 10 years, the trend 
is predicted to shift to increasing rates of LSCRCs and 
RSCRCs otherwise due to greater exposure to specific 
cancer- related risk factors at the distal subsites.64 106 114 
It is linked to the increasing adoption of a Westernised 
lifestyle in Indonesia, as also growing in other Asian 
countries, is a reasonable ground for this shift.84 115 The 
reasons for conflicting forecasts between young and old 
patients for CRC in overall and specifically RSCRC cases 
remain unclear. It might be explained by the complex 
attributions of risk factors associated with age and side of 
tumour involvement which has not been scrutinized in this 
study. Accordingly, further studies are urgently required 
in Indonesia to identify the contributing factors for the 
occurence of CRC in each subsite, thus explaining the 
different trends based on subsite and side involvement.

Seven cases were forecasted following the exponential 
growth curve as the best- fitted model. Among these fore-
cast models, two colon cancer cases elucidated significant 
progression slopes; they were in all patients (p<0.001) 
and in young patients (p<0.01). Their future trends were 
identical to past trends in the previous period, even were 
expected to be skyrocketing. Exponential growth curve 
has a J- shape, reflecting a growth whose rate is propor-
tional to the size of the population over a specific period. 
Exponential growth curve modelling is a regression- based 
method for analysing longitudinal data (i.e., tracking the 
same sample at different points in time), suited to the 
projection of trends in one disease entity into a different 
period. The advantage of growth curve modelling over 
other methods is that this technique permits the testing 
of several types of trajectories until the one with the best 
fit to the data is found, and an output is far more precise 
than other statistical means.116 117 Exponential growth is 
distinguished by its slow start and, at some point, accel-
erating growth rate. The exponential growth curve has 
the fastest growth compared with the S- shaped, quadratic, 
and linear curves. This pattern causes an explosion of 
cases, relatively more than the S- shaped, which causes a 
relatively constant growth rate in the population.

One scenario of LSCRC among old patients following 
the sigmoid (S- shaped) curve trend model refers to a 
case whose growth rate decreases with the increasing 
number of individuals.110 An S- shaped curve is symmetric 
around the inflection point, which means that the case 
increases rapidly initially, followed by a slower rate after 
the inflection point than the rate postulated by the curve. 
Following this pattern, of movement of LSCRC cases have 
initial slow growth, reach a growth explosion, then at 
their upper limit, cases will be gradually steady, consistent 
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with insignificant slope progression (p>0.05). The S- curve 
trend model is best for time series that follow a logistic 
manner.110However, this model drawback may lead to 
underestimation and overestimation of the actual disease 
risk at the lower and upper tails of projected line.118

Projected CRC cases in Indonesia for the next 10 
years confirm the future global burden of CRC, which 
is expected to increase by 60%, to over 2.2 million new 
cases in 2030.119 Looking specifically at online supple-
mental file 7, regarding cases predicted for 2020–2029, 
the burden of CRC remained high in our institution.

Distinct clinical and pathological features in young patients
Young individuals may be more susceptible to CRC due 
to genetic alterations and dietary changes; hence molec-
ular profiles of young Indonesian patients with CRC have 
been identified to understand better the specific pathway 
involved in this group.8 Our young cases, mainly found in 
distal locations for CRC, are not in line with the charac-
teristics of hereditary CRC, primarily found in proximal 
sites. They also did not follow the conventional pathways 
of sporadic CRC (the CIN pathway).8 Instead, carcino-
genesis in these patients seems to have originated with 
MSI and inflammatory pathways, including cyclooxygen-
ase- 2 (COX- 2) and nucleus factor κB (NF-κB). Also, lower 
mutation rates of the pro- oncogene KRAS are found 
among young Indonesian patients.8 Sudoyo et al120 found 
that 56.5% of CRC cases were positively stained for MSH2 
and 16.5% stained for MLH1. Moreover, signet- ring cell 
carcinoma—an aggressive subtype of CRC that spreads 
rapidly and is characterised by late symptom manifesta-
tions—disproportionately affects young individuals.121 
It is also possible that the differences in the immune 
systems of young patients could play a role in age- related 
immunosenescence, T- cell dysfunction, and systemic 
inflammation.122

Age is crucial due to its impact on prognosis. However, 
this idea is still debatable; some suggest worse outcomes 
at a young age,123 124 whereas others imply an equal prog-
nosis between young and old age125 depending on the 
staging reported.43 124 Contrary to other studies,46 126 127 
where stage III–IV cancer predominates in the young age 
group, we found that more than half of our young patients 
with stage I–II cancer. However, no statistically significant 
difference in cancer staging between the two age groups 
was evident, similar to a prior report.128 This might reflect 
increased awareness of the disease among young patients 
and primary care physicians, better access to colonoscopy, 
and more widespread use of CT with improved quality. 
Also, the introduction of national health insurance in 
the middle of the study period (2014) made access to 
healthcare more accessible, increasing people’s concern 
for their health. Providing better facilities for cancer 
diagnosis may result in an inflation of the number of 
CRC and earlier detection of CRC through screening.129 
Patients with cancer found through screening show up at 
a much earlier stage of the disease than those not found 
through screening. Our study found no distinct clinical 

characteristics between young and old patients regarding 
sex, side involvement, location, site or specimen type. 
There is no tendency for proximalisation of colon cancer 
in young patients compared with old patients in our 
study. Overall, the proximal and distal colon had an equal 
proportion of all CRC cases. However, if we included 
rectal cancer in the calculation of distal CRC, the propor-
tion was in line with an extensive colonoscopy survey 
in Asia, which found that more patients had distal than 
proximal CRC.130

Single institution and population- based studies have 
found that young patients with CRC have unique tumour 
locations, stages at presentation and histological features. 
Our findings were similar to those of these studies.131–134 
The proportion of rectal cancer among young patients 
was significantly higher than in their old counterparts; as 
previously mentioned in an American study, 32% of CRC 
occurred in the rectum.134 Looking more specifically 
at colon subsites, young patients with CRC mainly have 
lesions originating from the ascending and descending 
colon. Meanwhile, the caecum, transverse colon, and 
sigmoid colon were the most affected sites among old 
populations. Lesions with poorly defined histological 
features, such as mucinous and signet ring features, 
are more likely associated with poor outcomes.123 They 
are also more resistant to chemotherapy.128 Our results 
showed that the proportion of adenocarcinoma NOS 
in young patients was less frequent than in old patients, 
agreeing with a study by Chan et al52 and Gheju et al135 . 
The mucinous histological variant was significantly higher 
in young than in old patients. Signet- ring cell cancer was 
only observed in young patients, accounting for only 
0.6–1.0% of all CRC cases globally.135 Our single patient 
who has signet- ring cell cancer has the following charac-
teristics: 48 years, female, located in the caecum, right- 
sided, size 5.5 cm, brown- coloured surface, exophytic, 
adequate LNR 5/13, pT3N2aM0 (IIIB), no LVI, no PNI, 
and with poor tumour differentiation. Likewise, only one 
patient with signet- ring cell carcinoma was also identified 
in a Romanian study, but that patient was elderly (>50 
years).135 Signet- ring cancers have intracellular mucin 
pushing the nucleus to one side and are associated with 
a more advanced stage at diagnosis, a higher incidence 
of LVI, LNM, and liver metastases, a higher rate of recur-
rence, and higher aggression.136 137 The literature stated 
that mucinous histopathology was a significant predictor 
of poor outcomes and more advanced node stage.138

The average number of dissected LNs in our study 
was lower than that in a recent Romanian study (mean: 
9.96±5.46 vs. median: 35.7 LNs removed), indicating that 
optimal LN sampling was a challenge in our institution.135 
Meanwhile, the average number of positive LNs per 
patient was lower than positive cases in Romania (mean: 
1.54±2.73 vs. median: 3.7 (1–62)).135 The interpretation 
of LNM is thus more complicated because the number 
of dissected LNs was not ideal, but the positive number 
was favourable, which might be masking. More insuffi-
ciently removed LNs might result in a higher probability 
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of positive LNs in actual conditions due to unsuccessful 
LNs sampling, which could harm the detection of cancer 
spread. This issue may have an impact on patient staging. 
In contrast, increasing the number of dissected LNs leads 
to more accurate information about node status and 
more effective patient care. In a recent Dutch nationwide 
study,139 authors found that with an increasing number of 
evaluated nodes, the risk of mortality is decreased, related 
to a better quality of surgical resection (yielding more LN 
for the pathologist to assess).

A closer inspection of the dissected LNs in table 2 shows 
significant differences between the two age groups. The 
number of adequate LNs dissected in young patients was 
higher than in old patients, a favourable finding in young 
patients. Old patients are more likely to receive inade-
quate LN dissection during operative therapy, given their 
higher surgical risk for various postoperative compli-
cations and comorbid diseases. This concern possibly 
makes surgeons weigh the risks and benefits of a more 
thorough LN dissection.140 Other contributing factors to 
the number of LNs dissected from resection include the 
surgeon’s technique, bowel resection length, and tumour 
location.141 Complying with a minimum LN count of 12 is 
sometimes problematic, challenging, and less applicable. 
Thus, a novel measurement has been proposed to be used 
in clinical practice: LNR, a ratio of positive LNs to total 
dissected LNs. The mean score of LNR in our patients 
was was lower than a median value of LNR in a study in 
Romania (mean: 0.18±0.29 vs. median: 0.221 (0.139–
1)).135 This value was in line with the highest proportion 
of lower- category LNR (LNR1 was 57.5%) in the study 
analysis, implying favoured results. LNR provides a supe-
rior prognostic value than the number of positive nodes 
alone. A higher LNR is also significantly associated with 
poorer survival of CRC.142 Given no statistical difference 
in the LNR measurement between young and old patients 
in this study, it might be potential for LNR to be included 
as a predictive indicator in CRC staging systems for all 
patients.

This study found a lesser proportion of PNI in all CRC 
patients than in Elsamany et al143 (11.3% vs. 24.4%). None-
theless, we documented a significantly higher proportion 
of PNI in young patients than in old patients (p<0.001), 
similar to findings in Zahir et al,45 showing that 22% of 
their young CRC patients had positive PNI. PNI is asso-
ciated with a higher rate of metastatic disease, a greater 
likelihood of recurrence, and poorer survival.144 Several 
studies have also recognised it as a notable independent 
prognostic factor in CRC multivariate analysis.144

Although some pathological features exhibited signifi-
cant differences between the two age groups, no evidence 
was found for significant differences in tumour size, 
growth pattern, tumour grade, pT, pN, LNR, LNM, 
distant metastasis, and LVI. Two- thirds of patients had 
tumour size ≥5 cm, the most significant size being 18 cm. 
Although some authors believe that tumour size does 
not affect prognosis, others believe that tumour size 
partially affects prognosis.145 146 Increasing tumour size is 

associated with decreased loco- regional control, resulting 
in an increased risk of malignant potential.147 More 
extensive tumours are more likely to be more invasive and 
invade adjacent organs.148 Local recurrence was signifi-
cantly higher in patients with tumours measuring ≥5 cm 
in size, poorly differentiated adenocarcinoma, pT4 stage, 
and having adjuvant radiotherapy. Moreover, the 5- year 
overall survival rates in patients with tumours ≥5 cm were 
lower than those with a size <5 cm (log- rank, p=0.001).149

According to our findings, the proportion of growth 
patterns (from highest to lowest, in both age groups) 
was exophytic, endophytic, ulcerative, and linitis plastica. 
These findings agree with a previous study in Thailand, 
which found that fungating and polyp mass (exophytic) 
were more common compared to ulcerative masses.149 
Our research revealed that exophytic growth patterns 
were prevalent in all patients and were distributed equally 
between the two age groups. Ulcerative growth and 
linitis plastica were much less common, which is favour-
able since both growth modes entail a worse prognosis. 
Linitis plastica suggests de novo origin, associated with 
a reduced proportion of KRAS mutations. Clinically, de 
novo tumours may represent a more aggressive subtype of 
CRC with a worse prognosis, poorer disease progression, 
and higher aggressiveness.104 These results call for more 
awareness and persistence in detecting non- polypoid 
lesions, more intensive monitoring of colonoscopically 
treated cases, and surgery for selected patients.

Concerning tumour grading, most tumours in both 
age categories were well differentiated, similar to the 
results of a study from India.138 These findings differed 
from those of a study by Chan et al,52 who discovered 
that both age groups were primarily affected by cases of 
moderately differentiated tumours. We identified that 
young patients were more likely to have poorly differ-
entiated CRC than old patients. This finding shows how 
young patients have predilections for more aggressive 
tumour biology and implies a poorer prognosis regarding 
distinct tumour grade and histological subtypes distribu-
tion.124 150 However, although we found notable differ-
ences in the histological subtypes of young and old 
patients, no evidence was found for a significant associa-
tion between tumour grade and age.

LVI was detected in almost two- fifths of individuals in 
this study. This proportion was fewer than in a previous 
report on Saudi patients (49.5%).143 However, it was 
noticed that positive LVI cases were higher in our young 
patients than in old ones (41.7% vs. 36.7%). These find-
ings suggest that LVI is a critical histopathological feature 
that needs to be assessed in every young patient with 
CRC, since literature mentioned its presence links to 
worse survival.143

In short, all empirical findings related to clinicopatho-
logical characteristics of CRC in this study have provided 
a new understanding of this disease entity in Indonesia. 
Our study collected CRC data archived in one of Indone-
sia’s national referral hospitals for cancer with a lengthy 
study period and is therefore the most robust data 
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accessible in our nation. Its coverage could represent 
CRC epidemiology on a regional scale since primary data 
for the entire country is not readily available. Another 
strength of this study was that we applied an efficient and 
noteworthy statistical method called joinpoint regression 
analysis to study the in- depth dynamics of CRC cases in 
Indonesia.31 151 152 This approach has allowed estimation 
of the magnitude of incidences, testing the movement of 
cases statistically, and clearly illustrating the direction of 
CRC trends.24 25 153 This study also provided several best- 
fitted models and computed forecasts that predict future 
trend patterns statistically.

However, our study should be interpreted with caution 
in light of the following limitations related to research 
methodologies. As a retrospective study, the quality of our 
database depends on the patient records and is subjective 
to record bias. We also excluded patients from our study 
due to retention of medical records or microscopic slide 
deterioration. This research may also have missed some 
old, frail patients with symptoms of CRC who were treated 
at home or in nursing homes without further investiga-
tion. Furthermore, several drawbacks might also arise 
concerning joinpoint regression analysis to measure the 
trend of cases. This method’s common impediment was 
that it only offered a description of the time series based 
solely on yearly aggregated data154; thus, it could not draw 
a causal relationship between possible risk factors that 
contributed to the findings.155 As such, we could only 
hypothesise associations between CRC trends changes 
highlighted by our data and their possible influential 
factors supported by existing scientific evidence. Also, 
relying on the length of the study period, the software 
could only measure a certain number of year segments 
at a time.153 A longer research term would have offered 
more freedom to measure the APC in several segmented 
sequences.153 As a result, we could not compare several 
joinpoint segments to gain additional clarity regarding 
the impact of a specific intervention or event. The analysis 
could only be limited to 1 joinpoint because our samples 
only had 11 data points (i.e., 2009–2019).153 To exem-
plify, given that Indonesia initially implemented universal 
health coverage in 2014, this limitation might restrict the 
analysis to distinguish different APCs between 2009–2013 
and 2014–2019.

In addition, the projections of future CRC incidence 
discussed in this study should be carefully interpreted.109 
Predictions of future cancer incidence inherently depend 
on several uncertain factors, could be part of a larger 
cycle and may not persist into the future. Our projec-
tion of CRC in 2020–2029 was assumed to have similar 
clinicopathological characteristics as the circumstances 
observed from 2009 to 2019. Any changes affecting 
future cancer incidence rates beyond those included in 
the model’s base years could not be statistically calcu-
lated by the forecasting models.156 Dynamic evolutions 
in the population (e.g., advancing obesity or smoking 
rates and introducing new screening programmes with 
more cutting- edge technologies), governmental policy 

adjustments, and emerging public health threats (e.g., 
pandemics) may influence the record of a predictive 
number of cases.156 Trends and projections are volatile, 
and thus we could only forecast cases over a short period 
(e.g., 10 years in our study) to maintain forecasting accu-
racy. Moreover, this work did not include population- 
level data, and the mathematical prediction of cases in 
this study should be further validated using multicentre 
datasets.157 Therefore, population and multicentre epide-
miological studies are highly suggested to further predict 
trends in this disease entity

Despite all methodology- related limitations, our data 
showed a similar trend to other countries worldwide, 
primarily Asian countries. The incidence rates fit well into 
forecasting models, allowing clinicians and policy- makers 
to predict and anticipate future disease burdens of CRC.

CONCLUSION
This study sets out to assess clinical trends in CRC over 11 
years based on tumour locations and side involvement, 
forecast the future incidence of CRC for the next 10 
years, and analyse the clinicopathological profile among 
Indonesian patients in a single centre. Epidemiolog-
ical trends and forecasting of CRC cases in Indonesian 
patients showed an enormous increase, notably for colon 
cancer, with a particularly concerning trend in young 
patients. Forecasts for the next 10 years using fit- model 
regression analysis found a significantly high number 
of CRC burdens in the future, particularly for colon 
cancer compared with rectal cancer, which is stable and 
declining. Additionally, young patients exhibited partic-
ular clinicopathological characteristics regarding tumour 
location, tumour subsites, histological subtypes, adequacy 
of dissected LNs and PNI, contributing to the disease’s 
severity, aggressiveness, and prognosis. Multidisciplinary 
policies encompassing specialised screening protocols, 
extensive educational efforts, and lifestyle adjustments 
are required immediately to address this perplexing 
problem.
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Supplementary File 4. 

Detailed analysis for forecasting future ten-year incidence of colorectal cancer using the best-

fitted curve model obtained from regression analysis among all patients based on tumor 

location and tumor side involvement 

 

a. Regression Model for Total CRC Cases 

1. Curve Options 

  

  
 

Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 124.7 + 3.21t 8.518 12.469 211.926 

Quadratic  Yt = 126.4 + 2.44t + 0.064t2 8.509 12.446 211.606 

Exponential Growth* Yt = 125.235 × (1.0223t) 8.348 12.282 212.125 

S-shaped  Yt = 103 / (6.4744 + 9.5712 × (0.5661t)) 12.101 17.173 455.769 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Exponential growth model) 

employing the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression .053 1 .053 4.558 .062 

Residual .106 9 .012   

Total .159 10    

The independent variable is Year. 
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3. The forecast of the number of cases in the following ten-year period using the Exponential 

growth model. 

Year Forecasted Cases 

2020 163.163 

2021 166.800 

2022 170.518 

2023 174.319 

2024 178.205 

2025 182.177 

2026 186.238 

2027 190.389 

2028 194.633 

2029 198.972 

Mean 180.541 

Total 1,805.41 

 

b. Regression Model for Total Colon Cancer Cases 

1. Curve Options 

  

  
 

Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 31.60 + 3.309t 9.9302 5.2661 45.2926 

Quadratic  Yt = 39.78 – 0.47t + 0.315t2 9.4024 5.0220 37.5685 

Exponential Growth* Yt = 34.58 × (1.0638t) 9.1430 4.9466 41.4342 

S-shaped  Yt = 103 / (14.8862 + 26.4553 × (0.747822t)) 10.9567 5.7949 66.4672 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 
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2. The significance test results for the slope of curve estimation (i.e., Exponential growth model) 

employing the ANOVA statistical test in SPSS. 
 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression .421 1 .421 29.084 .000 

Residual .130 9 .014   

Total .551 10    

The independent variable is Year. 
 

3. The forecast of the number of cases in the following ten-year period using the Exponential 

growth model. 

Year Forecasted Cases 

2020 72.652 

2021 77.288 

2022 82.221 

2023 87.468 

2024 93.051 

2025 98.989 

2026 105.307 

2027 112.027 

2028 119.177 

2029 126.783 

Mean 97.4963 

Total 974.963 

 

c. Regression Model for Total Rectal Cancer Cases 

1. Curve Options 
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Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 93.15 – 0.10t 9.332 8.731 139.602 

Quadratic  Yt = 86.6 + 2.91t + 0.25t2 9.481 8.822 134.705 

Exponential Growth* Yt = 92.3161 × (0.9991t) 9.042 8.529 140.117 

S-shaped  Error: Can not fit the model to these data n/a n/a n/a 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Exponential growth model) 

employing the ANOVA statistical test in SPSS. 

 

 

  

 

3. The forecast of the number of cases in the following ten-year period using the Exponential 

growth model. 

Year Forecasted Cases 

2020 91.3487 

2021 91.2685 

2022 91.1884 

2023 91.1084 

2024 91.0284 

2025 90.9486 

2026 90.8688 

2027 90.7890 

2028 90.7094 

2029 90.6298 

Mean 90.9888 

Total 909.888 

 

d. Regression Model for Total Right-Sided CRC Cases 

1. Curve Options 

  

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression .000 1 .000 .005 .948 

Residual .167 9 .019   

Total .167 10    

The independent variable is Year. 
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Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 16.11 + 1.573t 17.927 4.2628 26.6041 

Quadratic* Yt = 17.17 + 1.08t + 0.041t2 17.8277 4.2554 26.4743 

Exponential Growth Yt = 16.796 × (1.0652t) 17.6805 4.2926 26.6718 

S-shaped  Yt = 103 / (33.9465 + 155.941 × (0.534593t)) 22.8801 5.2995 41.2717 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Quadratic model) employing 

the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression 272.109 1 272.109 8.369 .018 

Residual 292.618 9 32.513   

Total 564.727 10    

The independent variable is Year. 

 

3. The forecast of the number of cases in the following ten-year period using the Quadratic model. 

Year Forecasted Cases 

2020 36.0424 

2021 38.1455 

2022 40.3301 

2023 42.5963 

2024 44.9441 

2025 47.3734 

2026 49.8844 

2027 52.4769 

2028 55.1510 

2029 57.9068 

Mean 46.48509 

Total 464.8509 
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e. Regression Model for Total Left-Sided CRC Cases 

1. Curve Options 

  

  
 

Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 108.64 + 1.64t 9.177 10.893 169.471 

Quadratic  Yt = 109.2 + 1.36t  +  0.023t2 9.170 10.884 169.429 

Exponential Growth* Yt = 108.176 × (1.0141t) 8.952 10.694 169.916 

S-shaped  Yt = 103 / (8.04899 + 13.6373 × (0.518800t)) 13.355 15.600 412.741 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Exponential growth model) 

employing the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression .022 1 .022 1.501 .252 

Residual .129 9 .014   

Total .150 10    

The independent variable is Year. 
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3. The forecast of the number of cases in the following ten-year period using the Exponential 

growth model. 

Year Forecasted Cases 

2020 127.936 

2021 129.737 

2022 131.564 

2023 133.416 

2024 135.294 

2025 137.199 

2026 139.131 

2027 141.090 

2028 143.076 

2029 145.090 

Mean 136.3533 

Total 1363.533 
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Supplementary File 5. 

Detailed analysis for forecasting future ten-year incidence of colorectal cancer using the best-

fitted curve model obtained from regression analysis among young patients based on tumor 

location and tumor side involvement 

 

a. Regression Model for CRC Cases Among Young Patients 

1. Curve Options 

  

 
 

Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 47.87 + 1.173t 11.2518 6.3669 61.0570 

Quadratic  Yt = 49.1 + 0.60t + 0.049t2 11.2153 6.3496 60.8789 

Exponential Growth* Yt = 48.2453 × (1.0198t) 10.9230 6.2589 61.3589 

S-shaped  Error: Can not fit the model to these data n/a n/a n/a 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Exponential growth model) 

employing the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression .042 1 .042 1.916 .200 

Residual .200 9 .022   

Total .242 10    

The independent variable is Year. 
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3. The forecast of the number of cases in the following ten-year period using the Exponential 

growth model. 

Year Forecasted Cases 

2020 61.0779 

2021 62.2902 

2022 63.5266 

2023 64.7875 

2024 66.0734 

2025 67.3849 

2026 68.7224 

2027 70.0864 

2028 71.4776 

2029 72.8963 

Mean 66.83232 

Total 668.3232 

 

b. Regression Model for Colon Cancer Cases Among Young Patients 

1. Curve Options 

  

  
 

Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 7.84 + 1.527t 21.0186 3.6661 20.3107 

Quadratic  Yt = 9.96 + 0.55t + 0.082t2 22.0265 3.8124 19.7916 

Exponential Growth* Yt = 9.351× (1.0924t) 20.8294 3.7308 19.9062 

S-shaped  Yt = 103 / (49.5468 + (223.951 × 0.576232t)) 23.0526 3.9821 26.9480 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 
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2. The significance test results for the slope of curve estimation (i.e., Exponential growth model) 

employing the ANOVA statistical test in SPSS. 
 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression .859 1 .859 13.320 .005 

Residual .581 9 .065   

Total 1.440 10    

The independent variable is Year. 
 

3. The forecast of the number of cases in the following ten-year period using the Exponential 

growth model. 

Year Forecasted Cases 

2020 27.0046 

2021 29.4998 

2022 32.2256 

2023 35.2031 

2024 38.4559 

2025 42.0091 

2026 45.8907 

2027 50.1310 

2028 54.7630 

2029 59.8230 

Mean 41.50058 

Total 415.0058 
 

c. Regression Model for Rectal Cancer Cases Among Young Patients 

1. Curve Options 
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Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 40.04 – 0.355t 9.6025 3.6496 23.3711 

Quadratic  Yt = 39.16 + 0.05t –  0.034t2 9.6850 3.6619 23.2820 

Exponential Growth* Yt = 39.85 × (0.9903t) 9.3215 3.5723 23.4688 

S-shaped  Error: Can not fit the model to these data n/a n/a n/a 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Exponential growth model) 

employing the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression .010 1 .010 .551 .477 

Residual .169 9 .019   

Total .180 10    

The independent variable is Year. 

 

3. The forecast of the number of cases in the following ten-year period using the Exponential 

growth model. 

Year Forecasted Cases 

2020 35.4703 

2021 35.1278 

2022 34.7886 

2023 34.4527 

2024 34.1201 

2025 33.7906 

2026 33.4644 

2027 33.1413 

2028 32.8213 

2029 32.5044 

Mean 33.96815 

Total 339.6815 

 

d. Regression Model for Right-Sided CRC Cases Among Young Patients 

1. Curve Options 
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Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 5.73 + 0.5t 36.7552 3.0165 12.7893 

Quadratic* Yt = 2.79 + 1.86t – 0.113t2 34.2056 2.8790 11.7923 

Exponential Growth Yt = 5.407 × (1.0659t) 33.1397 2.9503 13.4768 

S-shaped  Error: Can not fit the model to these data n/a n/a n/a 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Quadratic model) employing 

the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression 27.500 1 27.500 1.759 .217 

Residual 140.682 9 15.631   

Total 168.182 10    

The independent variable is Year. 

 

3. The forecast of the number of cases in the following ten-year period using the Quadratic model. 

Year Forecasted Cases 

2020 8.78788 

2021 7.81818 

2022 6.62238 

2023 5.20047 

2024 3.55245 

2025 1.67832 

2026 -0.42191 

2027 -2.74825 

2028 -5.30070 

2029 -8.07925 

Mean 1.710957 

Total 17.10957 
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e. Regression Model for Left-Sided CRC Cases Among Young Patients 

1. Curve Options 

  

 
 

Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 42.15 + 0.673t 12.3297 5.5041 40.5322 

Quadratic* Yt = 46.33 – 1.26t + 0.161t2 11.9922 5.4062 38.5144 

Exponential Growth Yt = 42.108 × (1.0137t) 12.1815 5.4906 40.6512 

S-shaped  Error: Can not fit the model to these data n/a n/a n/a 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Quadratic model) employing 

the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression 49.828 1 49.828 1.006 .342 

Residual 445.808 9 49.534   

Total 495.636 10    

The independent variable is Year. 
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3. The forecast of the number of cases in the following ten-year period using the Quadratic model. 

Year Forecasted Cases 

2020 54.4000 

2021 57.1636 

2022 60.2490 

2023 63.6559 

2024 67.3846 

2025 71.4350 

2026 75.8070 

2027 80.5007 

2028 85.5161 

2029 90.8531 

Mean 70.6965 

Total 706.965 
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Supplementary File 6. 

Detailed analysis for forecasting future ten-year incidence of colorectal cancer using the best-

fitted curve model obtained from regression analysis among old patients based on tumor 

location and tumor side involvement 

 

a. Regression Model for CRC Cases Among Old Patients 

1. Curve Options 

  

  
 

Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 76.87 + 2.036t 7.4181 6.4826 67.3421 

Quadratic*  Yt = 77.3 + 1.84t + 0.016t2 7.4248 6.4832 67.3214 

Exponential Growth Yt = 76.8325 × (1.02377t) 7.4618 6.5439 67.4615 

S-shaped  Yt = 103 / (8.92496 + 5.70174 × (0.865544t)) 7.4304 6.7123 76.3698 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Quadratic model) employing 

the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression 456.159 1 456.159 5.542 .043 

Residual 740.750 9 82.306   

Total 1196.909 10    

The independent variable is Year. 
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3. The forecast of the number of cases in the following ten-year period using the Quadratic model. 

Year Forecasted Cases 

2020 101.733 

2021 103.982 

2022 106.263 

2023 108.577 

2024 110.923 

2025 113.302 

2026 115.714 

2027 118.158 

2028 120.635 

2029 123.145 

Mean 112.2432 

Total 1122.432 

 

b. Regression Model for Colon Cancer Cases Among Old Patients 

1. Curve Options 

  

  
 

Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 23.76 + 1.782t 8.6154 2.8165 12.4992 

Quadratic* Yt = 29.82 – 1.02t + 0.233t2 7.2590 2.40093 8.26099 

Exponential Growth Yt = 25.0934 × (1.0511t) 8.1934 2.7177 11.1853 

S-shaped  Yt = 103 / (18.7237 + (30.8110 × 0.845692t)) 10.9444 3.6113 17.0476 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-060839:e060839. 12 2022;BMJ Open, et al. Rahadiani N



2. The significance test results for the slope of curve estimation (i.e., Quadratic model) employing 

the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression 349.413 1 349.413 22.902 .001 

Residual 137.314 9 15.257   

Total 486.727 10    

The independent variable is Year. 

 

3. The forecast of the number of cases in the following ten-year period using the Quadratic model. 

Year Forecasted Cases 

2020 51.206 

2021 56.018 

2022 61.297 

2023 67.041 

2024 73.252 

2025 79.929 

2026 87.072 

2027 94.681 

2028 102.757 

2029 111.298 

Mean 78.4551 

Total 784.551 

 

c. Regression Model for Rectal Cancer Cases Among Old Patients 

1. Curve Options 
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Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear* Yt = 53.11 + 0.255t 10.5491 5.5074 66.8562          

Quadratic  Yt = 47.5 + 2.86t –  0.217t2 10.9428 5.7462 63.1906 

Exponential Growth Yt = 52.172 × (1.0958t) 10.7085 5.6658 67.2965 

S-shaped  Error: Can not fit the model to these data n/a n/a n/a 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Linear model) employing the 

ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression 7.127 1 7.127 .087 .774 

Residual 735.418 9 81.713   

Total 742.545 10    

The independent variable is Year. 

 

3. The forecast of the number of cases in the following ten-year period using a Linear model. 

Year Forecasted Cases 

2020 56.1636 

2021 56.4182 

2022 56.6727 

2023 56.9273 

2024 57.1818 

2025 57.4364 

2026 57.6909 

2027 57.9455 

2028 58.2000 

2029 58.4545 

Mean 57.30909 

Total 573.0909 

 

d. Regression Model for Right-Sided CRC Cases Among Old Patients 

1. Curve Options 
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Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 10.38 + 1.073t 17.2922 2.2975 8.2777 

Quadratic* Yt = 14.38 – 0.77t +  0.154t2 15.1707 2.0717 6.4315 

Exponential Growth Yt = 11.036 × (1.0657t) 16.8371 2.2891 7.6788 

S-shaped  Yt = 102 / (3.70623 + (10.9109 × 0.793150t)) 21.1872 3.0669 12.2758 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., Quadratic model) employing 

the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression 126.652 1 126.652 12.528 .006 

Residual 90.984 9 10.109   

Total 217.636 10    

The independent variable is Year. 

 

3. The forecast of the number of cases in the following ten-year period using the Quadratic model. 

Year Forecasted Cases 

2020 27.2545 

2021 30.3273 

2022 33.7077 

2023 37.3958 

2024 41.3916 

2025 45.6951 

2026 50.3063 

2027 55.2252 

2028 60.4517 

2029 65.9860 

Mean 44.77412 

Total 447.7412 
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e. Regression Model for Left-Sided CRC Cases Among Old Patients 

1. Curve Options 

 

  

  
 

Model  Automatic Fitted-Curve Accuracy Measurements 

MAPE MAD MSD 

Linear  Yt = 66.49 + 0964t 8.2684 5.8579 69.8215 

Quadratic  Yt = 62.8 + 2.61t – 0.138t2 8.7701 6.2598 68.3462 

Exponential Growth Yt = 65.7358 × (1.0146t) 7.9933 5.7101 70.2739 

S-shaped* Yt = 103 / (10.0061 + (5.88632 × 0.938146t)) 7.6702 5.5748 71.8833 

*The best-fitted model is the one that has the lowest value for three parameters (MAPE, MAD, and 

MSD), or at least for two parameters out of three, or at least having the lowest value for MAPE. 

 

2. The significance test results for the slope of curve estimation (i.e., S-shaped curve model) 

employing the ANOVA statistical test in SPSS. 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Regression .023 1 .023 1.400 .267 

Residual .149 9 .017   

Total .172 10    

The independent variable is Year. 
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3. The forecast of the number of cases in the following ten-year period using an S-shaped curve 

model. 

Year Forecasted Cases 

2020 78.4808 

2021 79.5371 

2022 80.5543 

2023 81.5325 

2024 82.4720 

2025 83.3733 

2026 84.2369 

2027 85.0636 

2028 85.8540 

2029 86.6090 

Mean 82.77135 

Total 827.7135 
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Supplementary File 7. 

The summary of best-fitted models, equations of the predicted case, and several forecasted scenarios between 2020 and 2029. 

 

 

Young Patients (<50 years old) Old Patients (≥50 years old) All Patients 

Tumor Locations Side Involvement Tumor Locations 

 

Side Involvement Tumor Locations Side Involvement 

CRC Colon Rectum Right-

sided 

CRC 

Left-sided 

CRC 

CRC Colon Rectum Right-

sided CRC 

Left-sided 

CRC 

CRC Colon Rectum Right-

sided CRC 

Left-sided 

CRC 

Best-
Fitted 

Model 

Exponential 
Growth 

Exponential 
Growth 

Exponential 
Growth 

Quadratic Quadratic Quadratic Quadratic Linear Quadratic S-shaped Exponential 
Growth 

Exponential 
Growth 

Exponential 
Growth 

Quadratic Exponential 
Growth 

Predicted 

Case 

Equation 

Yt = 48.2453 

× (1.0198t) 

Yt = 9.351× 

(1.0924t) 

Yt = 39.85 × 

(0.9903t) 

Yt = 2.79 + 

1.86t – 

0.113t2 

Yt = 46.33 

– 1.26t + 

0.161t2 

Yt = 77.3 

+ 1.84t + 

0.016t2 

Yt = 29.82 

– 1.02t + 

0.233t2 

Yt = 53.11 + 

0.255t 

Yt = 14.38 

– 0.77t +  

0.154t2 

Yt = 103 / 

(10.0061 + 

(5.88632 × 

0.938146t)) 

Yt = 125.235 

× (1.0223t) 

Yt = 34.58 × 

(1.0638t) 

Yt = 92.3161 

× (0.9991t) 

Yt = 17.17 

+ 1.08t + 

0.041t2 

Yt = 108.176 

× (1.0141t) 

MAPE 10.9230 20.8294 9.3215 34.2056 11.9922 7.4248 7.2590 10.5491 15.1707 7.6702 8.348 9.1430 9.042 17.8277 8.952 

MAD 6.2589 3.7308 3.5723 2.8790 5.4062 6.4832 2.40093 5.5074 2.0717 5.5748 12.282 4.9466 8.529 4.2554 10.694 

MSD 61.3589 19.9062 23.4688 11.7923 38.5144 67.3214 8.26099 66.8562 6.4315 71.8833 212.125 41.4342 140.117 26.4743 169.916 

p-value of 

slope 

0.200 0.005 0.477 0.217 0.342 0.043 0.001 0.774 0.006 0.267 0.062 <0.001 0.948 0.018 0.252 

2020 61.08 27.00 35.47 8.79 54.40 101.73 51.21 56.16 27.25 78.48 163.16 72.65 91.35 36.04 127.94 

2021 62.29 29.50 35.13 7.82 57.16 103.98 56.02 56.42 30.33 79.54 166.80 77.29 91.27 38.15 129.74 

2022 63.53 32.23 34.79 6.62 60.25 106.26 61.30 56.67 33.71 80.55 170.52 82.22 91.19 40.33 131.56 

2023 64.79 35.20 34.45 5.20 63.66 108.58 67.04 56.93 37.40 81.53 174.32 87.47 91.11 42.60 133.42 

2024 66.07 38.46 34.12 3.55 67.38 110.92 73.25 57.18 41.39 82.47 178.21 93.05 91.03 44.94 135.29 

2025 67.38 42.01 33.79 1.68 71.44 113.30 79.93 57.44 45.70 83.37 182.18 98.99 90.95 47.37 137.20 

2026 68.72 45.89 33.46 -0.42 75.81 115.71 87.07 57.69 50.31 84.24 186.24 105.31 90.87 49.88 139.13 

2027 70.09 50.13 33.14 -2.75 80.50 118.16 94.68 57.95 55.23 85.06 190.39 112.03 90.79 52.48 141.09 

2028 71.48 54.76 32.82 -5.30 85.52 120.64 102.76 58.20 60.45 85.85 194.63 119.18 90.71 55.15 143.08 

2029 72.90 59.82 32.50 -8.08 90.85 123.15 111.30 58.45 65.99 86.61 198.97 126.78 90.63 57.91 145.09 

Total ten 

years 

66.83 41.50 33.97 1.71 70.70 112.24 78.46 57.31 44.77 82.77 180.54 97.50 90.99 46.49 136.35 

Mean per 

year 

668.32 415.01 339.68 17.11 706.97 1122.43 784.55 573.09 447.74 827.71 1805.41 974.96 909.89 464.85 1363.53 

Notes: 

• Yt is the variable (equation for predicted cases), and t is the time unit (year) value. 

• The best-fitted model and the most precise predicted case equation were decided from the one model that had the lowest accuracy value for the three measured parameters (i.e., MAPE, 

MAD, and MSD) or at least having two lowest parameters out of the three, or at least having the lowest value for MAPE if the two former conditions were not met. 

• P-value was obtained from the ANOVA test for curve estimation 

 

Abbreviation: 

CRC, colorectal cancer; MAPE, mean absolute percent error; MAD, mean absolute deviation; MSD, mean square deviation. 
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