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Purpose. The prognosis of patients having different ages at the onset of
colorectal cancer (CRC) is controversial. The aim of this study was to
complete a comprehensive analysis of the relationship between age dif-
ferences and CRC survival using population registries from Taiwan.
Methods. For patients diagnosed with CRC between 1998 and 2005, we
analyzed survival data derived from the Taiwan Cancer Registry database.
During this time period, 65,113 patients were registered, and 62,060
patients, presenting definite histological evidence of adenocarcinoma,
mucinous adenocarcinoma, or signet-ring cell carcinoma of the colon and
rectum, were enrolled into this cohort study. Age differences in patho-
logical characteristics and prognosis were analyzed.

Results. From 1998 to 2005, the proportion of patients diagnosed at a youn-
ger age (< 40-years-of-age group) decreased from 6.8% to 4.6%. Until
2000, most individuals in the CRC patient group were in the sixth and
seventh decade. Individuals in the seventh and eighth decade replaced
this group after 2000, and became the majority. Younger patients (< 40-
years-of-age group) had a higher incidence of mucinous adenocarcinoma
(» <0.001) and signet-ring cell carcinoma (p < 0.001), and poorer 1-year,
3-year, 5-year overall survival (p < 0.001) and cancer-specific survival (p
<0.001) than elderly patients (the 41-50, 51-60, and 61-70 year groups).
Conclusions. National data on colorectal cancer trends clearly indicate
that currently, in Taiwan, colorectal cancer rates are not showing an in-
crease in younger generations. More aggressive histopathologic charac-
teristics and poorer overall and cancer-specific survival were noted in
younger, as compared to older CRC patients.

[J Soc Colon Rectal Surgeon (Taiwan) 2013;24:1-8]

nnually, almost one million people are diagnosed

with colorectal cancer and half a million die from
this disease worldwide." CRC is currently the most
common cancer in Taiwan. Despite screening, diagno-
sis, and treatment advances, as well as significant prog-
ress in chemotherapeutic approaches, CRC remains the
third most common cause of cancer-related death in
Taiwan.” A number of factors have been established to

influence survival in patients with CRC, and these in-
clude age at onset, gender, stage, mode of presentation,
nature of surgery, and pathologic features. The features
and prognosis of CRC in younger patients are still con-
troversial and not conclusive. Certain studies revealed a
more advanced stage of disease at the time of diagno-
sis,”” more aggressive histopathological characteris-
tics,*" and poorer prognosis in younger as compared to
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older patients."*!” However, other studies contradict
these findings.'®* The aim of the present cohort study
was to determine whether age differences represent a
prognostic factor in CRC.

Methods
Data acquisition and study population

The Taiwan Cancer Registry, a population-based
cancer registry, was established in 1979 and covers all
of Taiwan. Hospitals with 50 or more beds, providing
outpatient and inpatient cancer care, were recruited to
participate by reporting all newly diagnosed malig-
nant neoplasms to the registry. The study cohort con-
sisted of all individuals with colon and rectal cancer
(ICD-9153.0, 153.1, 153.2, 153.3, 153.4, 153.5, 153.6,
153.7, 153.8, 153.9, 154.0, 154.1, 154.2, 154.3, and
154.8) reported to the Taiwan Cancer Registry from
1998 through 2005. The following pieces of informa-
tion were selected from the registry: date of birth; date
of diagnosis; age; gender; diagnostic methods; cancer
sites; histology; grade of differentiation; date of
death; and ICD-9 reporting the cause of death. Infor-
mation on the date and cause of death was checked
with data received by the cancer registration system
through linkage with the Registrar General. Deaths up
to the end of 2008 were included in the analysis. Pa-
tients were included only if the histology codes were
consistent with adenocarcinoma, mucinous adeno-
carcinoma, or signet-ring cell carcinoma of the colon
and rectum. Patients were excluded if their histology
codes were consistent with squamous-cell carcinoma
(n=317), gastrointestinal stromal sarcoma (n = 103),
carcinoid tumor (n = 347), malignant melanoma (n =
69), sarcoma (n = 124), lymphoma (n = 244), or an-
other, not otherwise specified malignancy (n = 101;
Fig. 1). Tumors occurring from the cecum to the sig-
moid colon were included in the colon group, while
tumors of the recto-sigmoid junction and rectum were
classified into the rectal group.

Statistical analysis

All data were recorded using a standard data form

and analyzed using SPSS 16.0 (SPSS, Inc., Chicago,
IL, USA). Quantitative values were compared using a
t-test for independent groups. For categorical data, the
chi-square or Fisher’s exact test were applied. Sur-
vival was calculated in months from the date of diag-
nosis to the date of death. Survival curves were con-
structed using the Kaplan-Meier method and survival
differences were compared with the log-rank test. The
level of statistical significance was set at p < 0.001.
All reported p values are two-tailed.

Results
Patients and clinical data

Based on the Taiwan Cancer registry database,
62,060 patients with CRC diagnosed between 1998
and 2005 were enrolled into this study (Fig. 1). Ana-
lyzing the distribution of colorectal cancer by differ-
ent age groups revealed that there were around 400
newly diagnosed CRC cases in the < 40-years-of-age
group. During the same period, a decrease from 6.8%
to 4.6% in the proportion of patients diagnosed at a
younger age (< 40-years-of-age group) was noted.
Until 2000, patients in the sixth and seventh decade
comprised the majority of the CRC group. Subse-
quently, patients in the seventh and eighth decade re-

| 65.113 CRC patients registered from 1998-2005 |

63,365 CRC patients with definite tissue
demonstration of malignancy

Exclusion
1. Squamous-cell carcinoma (n=317)
2. Gastrointestinal stromal sarcoma (n = 103)
3. Carcinoid tumor (n = 347)
4. Malignant melanoma (n = 69)
5. Sarcoma (n = 124)
6. Lymphoma (n = 244)
7. Other (n=101)

62,060 CRC patients eligible

Male Female
n=35,443 n=26,617

Fig. 1. Diagram of the study flow.
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placed them and became the majority (Table 1). Pa-
tients’ characteristics are shown in Table 2. The mean
patient age was 64.9 + 13.6 years. Women (n=26,617
[42.9%]) were significantly younger (mean age, 64.3
+ 14.2 years) than men (n = 35,443 [57.1%]; mean
age, 65.3 + 13.2 years; p < 0.001) at the time of CRC
diagnosis. There were no differences in the histologic
distribution of the cancer types between men and
women. Among women diagnosed with CRC, 65.4%
had colon cancer, which is a higher percentage than
that of the CRC-diagnosed men who had colon cancer
(62.4%). There were 33,702 deaths (19,965 men and
13,737 women) and 28,362 cancer-related deaths
(16,620 men and 11,742 women). There was a statisti-
cally significant difference in histology type, and the
1-year, 3-year, 5-year overall and cancer-specific sur-
vival between different age groups with CRC (p <
0.001). Mucinous adenocarcinoma and signet-ring
cell carcinoma represented 7.71% and 2.43% of the

cancers in younger CRC patients (< 40-years-of-age
group). The younger patients (< 40-years-of-age
group) had 1-, 3-, 5-year overall survival rates of
82.38%, 60.37%, 53.83% and 83.05%, 61.54%, and
55.14% cancer-specific survival rates, respectively
(Table 3). Younger patients (< 40-years-of-age group)
had a higher incidence of mucinous adenocarcinoma
(p <0.001), signet-ring cell carcinoma (p < 0.001),
and poorer 1-year, 3-year, 5-year overall survival (p <
0.001) and cancer-specific survival (p < 0.001) than
elderly patients (41-50, 51-60, and 61-70 year groups,
shown in Table 3).

Discussion

CRC is perceived as a disease of older persons,
but as many as 7% of the patients who develop CRC
are under 40 years of age at the time of diagnosis.***

Table 1. Distribution of colorectal cancer by age, Taiwan, 1998-2005*

1998 1999 2000

2001

2002 2003 2004 2005

< 40 years
41-50 years

415 (6.8%) 419(6.4%) 417 (5.9%)

384 (5.4%)
700 (11.5%) 714 (11.0%) 808 (11.4%) 832 (11.7%) 851 (10.6%) 896 (11.0%) 983 (10.3%)

448 (5.6%)  416(5.1%) 481 (5.0%) 442 (4.6%)

950 (9.9%)

51-60 years 1057 (17.3%) 1104 (16.9%) 1167 (16.5%) 1085 (15.2%) 1262 (15.8%) 1328 (16.3%) 1668 (17.5%) 1679 (17.5%)
61-70 years 1861 (30.5%) 1925 (29.5%) 2080 (29.5%) 2035 (28.6%) 2082 (26.1%) 2154 (26.5%) 2528 (26.5%) 2557 (26.7%)
71-80 years 1618 (26.5%) 1793 (27.5%) 1921 (27.2%) 2078 (29.2%) 2503 (31.3%) 2414 (29.7%) 2777 (29.1%) 2733 (28.5%)

>80 years 456 (7.5%) 560 (8.6%) 667 (9.4%) 711 (10.0%) 846 (10.6%) 927 (11.4%) 1110 (11.6%) 1218 (12.7%)
Total 6107 6515 7060 7125 7992 8135 9547 9579
* Data are given as number of patients and obtained from the Taiwan Cancer Registry Data Base.
Table 2. Demographic characteristics of 62,060 CRC patients by gender, 1998-2005
Men (n = 35,443) Women (n =26,617) p value

Mean age (years) 653+£13.2 643 +£14.2 <0.001
Age at diagnosis (years) <0.001

<40 1761 (5.0%) 1661 (6.2%)0

41-50 3437 (9.7%) 3297 (12.4%)

51-60 5852 (16.5%) 4498 (16.9%)

61-70 10123 (28.6%) 7099 (26.7%)

71-80 10840 (30.6%) 6997 (26.3%)

>80 3430 (9.7%) 3065 (11.5%)
Histology 0.005

Adenocarcinoma 33907 (95.7%) 25371 (95.3%)

Mucinous adenocarcinoma 1336 (3.8%) 1122 (4.2%)

Signet-ring cell carcinoma 200 (0.6%) 124 (0.5%)
Site <0.001

Colon 22100 (62.4%) 17413 (65.4%)

Rectum 13343 (37.6%) 9204 (34.6%)
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Table 3. Pathological characteristics, overall survival, and cancer-specific survival in different age groups

<40 years 41-50 years

51-60 years

61-70 years 71-80 years > 80 years

Age at diagnosis (years) (N=3422) (N=6734) (N=10350) (N=17222) (N=17837) (N=o495) P “alu®
Histology <0.0001**

Adenocarcinoma 3075 6306 16562 9895 17163 6277

(89.86%)  (93.64%)  (96.17%)  (95.60%)  (96.22%)  (96.64%)

Mucinous adenocarcinoma 264 (7.71%) 366 (5.44%) 416 (4.02%) 604 (3.51%) 604 (3.369%) 204 (3.14%)

Signet-ring cell carcinoma 83 (2.43%) 62 (0.92%) 39 (0.38%) 56 (0.33%) 70 (0.39) 14 (0.22%)
1-years survival 82.38% 85.79% 86.98% 83.46% 75.39% 50.94% < 0.0001%**
1-years Cancer-specific 83.05% 86.62% 88.05% 85.23% 78.43% 65.96% < 0.0001%**
survival
3-years survival 60.37% 66.31% 68.72% 64.50% 54.84% 36.44% < 0.0001%%*
3-years Cancer-specific 61.54% 68.13% 71.17% 68.43% 61.24% 48.18%  <0.0001%**
survival
5-years survival 53.83% 58.72% 60.79% 55.97% 45.30% 27.24%  <0.0001%**
>-years Cancer-specific 55.14%  61.02%  6416%  61.50%  5427%  42.54%  <0.0001%**

survival

* Data are given as number of patients and obtained from the Taiwan Cancer Registry Data Base; ** Obtained by chi-square;

**% obtained by log rank test.

In this Taiwanese population-based study, between
1998 and 2005 there were around 400 newly diag-
nosed CRC cases in the < 40-years-of-age group. Dur-
ing the same periods, the number of patients with
newly diagnosed CRC increased from 6000 to 9500
annually, resulting in a decrease, from 6.8% to 4.6%,
in the proportion of patients diagnosed at a younger
age (< 40-years-of-age group). Until 2000, indivi-
duals in the sixth and seventh decade comprised the
majority of the CRC patients, but after that, indivi-
duals in the seventh and eighth decades replaced this
group and became the majority. To clear definition of
colorectal trends in Taiwan, we calculated age-spe-
cific colorectal cancer incidence rate for each genera-
tions during these periods (Table 4). In the younger
age group (£ 40-years-of-age), the colorectal cancer
incidence rate increased slightly from 2.81 per 100,000
person-years to 3.22 per 100,000 person-years (p =
0.034). The incidence of colorectal cancers among the
nation’s younger generation is not on an obvious rise.
However, the colorectal incidence rate increased dra-
matically in the elderly group (71-80 and > 80 year
group, p = 0.001 and p < 0.001). National data on
colorectal cancer trends clearly reveal that no in-
creased colorectal cancer rates exist, at present, in
younger generations in Taiwan. Colorectal cancer in
Taiwan is indeed a disease of the elderly patients.
Due to the typically slow development of CRC,

there is a large potential for reducing the disease bur-
den by early detection and by removing lesions that
are precancerous or in the early stages of malignancy.
Various screening approaches, including fecal occult
blood testing (FOBT), sigmoidoscopy, and colono-
scopy, have in the meanwhile been recommended by
expert committees and implemented in screening pro-
grams offered in a number of countries.?**® The use of
either annual or biennial fecal occult-blood testing
significantly reduces the incidence of colorectal can-
cer.”? Regarding the recommended age for initiating
screening, which is a crucial parameter for the ef-
fectiveness and cost-effectiveness of screening pro-
grams, some variation exists between countries, typi-
cally ranging from 50 to 60 years in average-risk
populations. In Taiwan, since 2004, the Bureau of
Health Promotion proposed biennial fecal occult-
blood testing in people 50 to 69 years old. According
to the current study, individuals in the seventh and
eighth decades became the majority of CRC cases
since 2001, but the current biennial fecal occult-blood
testing program did not cover the eighth decade popu-
lation, the major group of CRC. Expanding the inclu-
sion criteria to the eighth decade for biennial fecal
occult-blood testing seems to be worth considering.
Most previous studies did not find significant dif-
ferences in the gender distribution among CRC pa-
tients, regardless of age. In our study, we found that
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Table 4. Age-specific colorectal cancer incidence rate, Taiwan, 1998-2005*

1998

(rate) 1999

2000 2001

linear trend

2002 2003 2004 2005

Estimate p value

<40 years
Case number
Total population 14743708

41-50 years
Case number

14651011 14570903 14438778

Total population 3120260 3255820 3371734 3471559
51-60 years
Case number 1057 1104 1167 1085
(63.00) (63.63) (64.36) (57.09)
Total population 1677838 1734999 1813109 1900623
61-70 years
Case number 1861 1925 2080 2035
(135.96) (140.01) (149.84) (144.88)
Total population 1368803 1374856 1388121 1404604
71-80 years
Case number 1618 1793 1921 2078
(203.49) (213.46) (217.70) (225.54)
Total population 795134 839952 882424 921327
> 80 years
Case number 456 560 667 711
(204.62)  (237.54) (266.39) (264.63)
Total population 222848 235749 250381 268677

415 (2.81) 419 (2.86) 417 (2.86) 384 (2.66) 448 (3.13) 416 (2.95) 481 (3.45) 442(3.22) 0.078

700 (22.43) 714 (21.93) 808 (23.96) 832 (23.97) 851 (24.14) 896 (24.97) 983 (26.92) 950 (25.68) 0.0606

0.034
14291528 14112812 13928336 13747992

0.002
3525386 3587879 3651625 3699761
1262 1328 1668 1679  0.887 0.234
(61.94)  (61.17)  (7223)  (68.18)
2037599 2171028 2309311 2462760
2082 2154 2528 2557 4.949  0.004
(146.34)  (149.33) (172.31)  (172.29)
1422734 1442460 1467159 1484167
2503 2414 2777 2733 1096 0.001
(26327)  (247.92) (279.21)  (269.66)
950732 973682 994582 1013491
846 927 1110 1218 1760 <
(288.94)  (292.72) (328.30) (336.27) 0.001
292797 316689 338109 362212

* Data are given as number of patients and obtained from the Taiwan Cancer Registry Data Base; * Age-specific colorectal cancer

incidence rate: per 100000 person year.

Simple linear time trend regression was used to distinguish trends over time of colorectal cancer stratified by age group.

women (n=26,617 [42.9%]) were significantly youn-
ger (mean age, 64.3 £ 14.2 years) than men (n =
35,443 [57.1%]; mean age, 65.3 £ 13.2 years; p <
0.001) at the time of CRC diagnosis. Among women
diagnosed with CRC, 65.4% had colon cancer, a
higher percentage than that of men diagnosed with
CRC and having colon cancer (62.4%, p < 0.001). No
differences existed in the histologic distribution be-
tween men and women.

In our series, younger CRC patients had a signifi-
cant percentage of mucinous adenocarcinoma (7.71%)
and signet-ring cell carcinoma (2.43%). These find-
ings are similar to those from previous studies con-
ducted on Western populations.*!'* Moreover, a prior
comparison of the characteristics of colon cancer in
patients aged 20-40 and 60-80 years reported more
mucinous (15.7% vs. 11.5%) and signet cell (3.8% vs.
0.8%) tumors, and a higher percentages of poorly dif-
ferentiated (27.3% vs. 17.2%) and anaplastic (1.6%
vs. 0.7%) tumors in the younger group compared to

the older group.?® Defects in the DNA mismatch repair
gene lead to hereditary CRC associated with the
Lynch syndrome. Clinically, the Lynch syndrome
might be suspected by CRC onset at a relatively early
age, excessive synchronous and metachronous CRCs,
and specific pathological findings, including tumor-
infiltrating lymphocytes, signet ring cells, or a strong
mucinous component.’*3! Although only 2-5% of all
CRCs are associated with the Lynch syndrome, its
identification is clinically important, particularly for
other family members.*'*? In Taiwan, the incidence of
Lynch syndrome was 2.3%;** however, these Lynch
syndrome patients were not excluded from our study
and this is the first limitation of this study.

Several studies demonstrated that younger pa-
tients have more advanced stages of the disease, more
aggressive histopathologic characteristics, and poorer
prognosis compared to older patients. The more
aggressive pathology and the advanced stage of dis-
ease in younger people result in poorer prognosis for
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younger patients with colorectal carcinoma. In our
study, younger patients (< 40-years-of-age group) had
poorer 1-year, 3-year, 5-year overall survival (p <
0.001) and cancer-specific survival (p < 0.001) than
elderly patients (41-50, 51-60, and 61-70 year groups,
shown in Table 3). We have also demonstrated that
younger CRC patients in this population study had a
significant percentage of mucinous adenocarcinoma
(7.71%) and signet-ring cell carcinoma (2.43%). More
aggressive histopathologic characteristics were found
in the younger CRC group and they may have resulted
in the poor prognosis. However, the lack of informa-
tion on tumor stage, to compare stage-to-stage sur-
vival of younger versus older patients with CRC, is
the second limitation of this study. We have no evi-
dence to prove whether these differences in prognosis
are due to a more advanced stage at presentation.

Many hospitals operate at different volume and
experience levels, and surgeons with different skill
levels may have been involved. Generally, the prog-
nosis of cancer patients is affected by the surgeon’s
skills and by the post-operative management. De-
tailed pathological findings, such as the depth of
tumor invasion, lymph node metastasis, lymphatic
invasion, venous invasion, and neural invasion, were
missing. The rates of postoperative chemotherapy for
colon cancer and neoadjuvent chemoradiation for rec-
tal cancer, which are potentially confounding factors,
are not available from the databases that we used, and
these are other limitations of the study.

Previous studies reported variable outcomes, with
some studies showing no differences and others re-
vealing that younger patients do better or worse than
older patients. The major discrepancies in the findings
between these reports might originate from selection
biases in the retrospective studies. Taiwan’s National
Health Insurance (NHI) system is a social insurance
program administered by the government. All citi-
zens, except convicts (who are covered under a sepa-
rate medical care program), are obligated to partici-
pate in the compulsory program. By the end of 2008,
99.48% of the population was enrolled in the pro-
gram. Due to the unique NHI system providing uni-
versal coverage and guaranteed equal access to health
care services, the Taiwan Cancer Registry captures
nearly all newly diagnosed cancers in Taiwan each

year. Therefore, we performed this population-based
study to test whether age differences affect survival in
CRC patients.

Evaluating the impact of age differences on sur-
vival, when based on data from population-based re-
gistries that report mortality rates, may be limited by
its inability to correct for prognostic data that affect
survival; the latter include stage, mode of presenta-
tion, and treatment. Cancer-specific survival lies in
the categorization of the cause of death and the reli-
ance on death certificates; the latter have considerable
inaccuracies, such as the underreporting of malig-
nancies compared to post-mortem diagnoses.** The
differential classification of the cause of death on
death certificates according to age may be a potential
confounder.

Conclusion

No increases in colorectal cancer rates are seen, at
present, in younger generations in Taiwan. More ag-
gressive histopathologic characteristics, and more
poor overall survival and cancer-specific survival
were noted in younger as compared to older CRC pa-
tients.
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