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Abstract
Background: Generally, the incidence rate of colorectal cancer (CRC) is increasing among young patients
(aged <49 years), while the reasons for the rising incidence are unclear. Indicative variables, such as
tumour location, gender preference and genetic preponderance have not been followed up in a consistent
manner. The current study was primarily conducted to improve the hereditary CRC screening programme
by assessing the demographic and pathological characteristics of early-onset CRC compared to late-
onset CRC in northeast Iran.

Methods: This retrospective study was carried out over a three-year follow-up period (2014-2017) and
included 562 CRC patients in three Mashhad City hospital laboratories in north-eastern Iran. We applied
comparative analysis of pathological and familial features together with information on the presence of
genetic mismatch repair-de�ciency in relation to �nal patient status (surviving versus deceased cases).
Analyses using R studio software were performed on early-onset CRC (n=222) and late-onset CRC
(n=340) groups produced by division at the age of 50 years.

Results: From an age-of-onset point of view, the distribution between the genders differed with females
showing a higher proportion of early-onset CRC compared to men (56% vs. 44 %) , while the late-onset
CRC disparity was less pronounced (48% vs. 52%). The mean age of all participants was 55.6 ± 14.8
years, while it was 40.3 ± 7.3 years for early-onset CRC and 65.1 ± 9.3 years for late-onset CRC. With
respect to anatomical tumour location (distal, rectal, and proximal), the frequencies were 61%, 28% and
11%, respectively, but the variation did not reach statically signi�cance. There was a dramatic difference
with regard to the history of CRC in second-degree relatives (SDR) and that of the combination of �rst-
degree relatives and SDR (p=0.001 and p=0.03, respectively). Expression of the MLH1 and PMS2 genes
were signi�cantly different between survivors and deceased, however this �nding was not observed with
regard to the MSH6 and the MSH2 genes.

Conclusion: The variation of demographic, pathological and genetic characteristics of CRC between early-
onset and late-onset cancers of this kind emphasizes the need for a well-de�ned algorithm to identify
high-risk patients.  

Introduction:
Colorectal Cancer (CRC) is the second leading cause of mortality and the fourth most common cancer,
accounting for 9.2% of all cancer mortality worldwide [1]. It thus represents a notable source of morbidity,
mortality and impediment to life expectancy; approximately, 1.2 million people suffer from CRC, whose
incidence rate per 100,000 of 20–49 years olds increased by 1.5% per year among males and 1.6% per
year among females between 1975 and 2010 [2, 3]. More recently, screening for CRC and other lower-
intestine disorders by colonoscopy has contributed to a decrease of CRC incidence through the detection
and elimination of precancerous polyps. On the other hand, this is not evident in those less than 50 years
old, and early-onset CRC is now considered a major health issue [4]. Current studies show that 94% of
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early-onset CRCs are discovered and diagnosed after presenting with symptoms – the most predominant
ones being abdominal/rectal pain and bleeding – indicating an advanced stage with poor outcome [5, 6].

The reasons for the rising incidence and mortality of early-onset CRCs are unclear. Some authors suggest
that the growing trend may be related to changing lifestyles, with an increasingly common type of
patients characterized by overweight as evidenced by a body mass index (BMI) above 25, low physical
activity and diabetes [7, 8]. Biologically, CRC in young patients may be different from that seen in patients
above 50 years of age. Previous studies have shown that CRC is mainly left-sided in young patients [9,
10] and particularly common in distal colon and rectum [9, 10].

Based on the Surveillance, Epidemiology and End Results (SEER) programme in the U.S.
(https://seer.cancer.gov/), 15% of all CRCs are diagnosed in patients under 50 years of age; moreover it
has been predicted that this cancer would increase until 2030 resulting in up to 90% more colon cancer
cases and 124% more rectal cancer in patients 20 to 34 years old [11]. According to several studies, early-
onset CRC incidence varies between different areas in the world with nearly 20% of cases found in Asia
including the Middle East (where it is diagnosed in less than 40-year olds) as compared to 2–8% reported
from the U.S. [12, 13]. Compared to western countries, the incidence of CRC is currently very low in the
older Iranian population, while young Iranians are showing a rising trend [5]. In addition, advanced stage
CRC with atypical histology has become more likely to be recognized in younger patients, who need more
aggressive therapies compared to older individuals [14].

GLOBOCAN 2018 tells us that the incidence of CRC could double in Iran before 2040 [15]. Considering the
growing trend of this disease, we need to integrate knowledge of early-onset CRC tumour characteristics
and differences to develop more precise and individualized screening and treatment strategies. So far, to
gain a deeper understanding of this upcoming world-wide health issue, the differences between early-
onset and late-onset CRCs have been investigated in various populations and ethnics [16, 17]. While the
pathogenesis of former in the context of hereditary syndromes, as well as sporadic cases, have been
widely studied in the western part of the world [18–22], epidemiological data and pathogenesis of this
type of cancer is generally lacking in countries situated in the East [23]. Moreover, there are considerable
diversities regarding tumour location, gender preference and survival [24–28], which need to be speci�ed
for the region. For example, it would be useful to know more about the geographical aspect, for example
whether or not there are clusters with higher incidence of early-onset CRC [29, 30].

Among its priorities, the Iranian Hereditary Colorectal Cancer Registry (IHCCR) aims to detect, register and
follow patients with hereditary CRC in Iran. So far, identi�cation of CRCs and colorectal adenomas at high
risk of developing into hereditary CRC [31–33] is recommended, but this may not be enough. The current
study was conducted to assess the demographic, genetic and pathological characteristics of early-onset
CRC compared to late-onset CRC in Iran, speci�cally to improve screening for hereditary CRC.

Materials And Methods:
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Study design and scope:
We approached the problem through a retrospective, cross-sectional study that was performed from April
2014 to February 2017 in Mashhad City in north-eastern Iran. Our study was aimed to investigate various
measurements based on the Amsterdam II [34] and the revised Bethesda [35] criteria, guidelines aimed at
improving identi�cation of individuals likely to have the Lynch syndrome, also known as hereditary non-
polyposis colorectal cancer (HNPCC), and therefore at increased risk of developing CRC [31-33]. We also
analyzed available data in survivors and non-survivors with respect to gender, anatomical tumour
location, status of potential genetic mismatch repair (MMR)-de�ciency in relation to age, CRC history in
�rst degree relatives (FDR) and in second degree relatives (SDR) as well as non-CRC history in FDR and
general family history of cancer (FHC). The genetic part of the study focused on the four MMR protein
products of the genes MLH1, MSH2, MSH6 and PMS2 identi�ed by immunohistochemistry (IHC)
screening as described earlier [31, 32]. An IHC screening was deemed abnormal if the IHC staining was
absent. For experiments involving human participants (including the use of tissue samples), the
participants signed an informed consent before the study.

Setting and Study Population:
All CRC patient information was obtained from three referral centres including Imam Reza Hospital
Laboratory, Mashhad Pathology Laboratory and Moayed Pathology Laboratory in Mashhad City. Data on
individuals without �rm age information were discarded from the study. With respect to other missing
data, we considered each available item for each category and included also some variables with missing
data as shown in Fig. 1 that illustrates the exclusion/inclusion process. Because of changing availability
of variables we ended up with different numbers of patients in the different categories.

Statistical analyses:
The Chi-square test and the Fisher exact test were employed to identify any statistically signi�cant
differences in baseline characteristics in relation to age. The data were presented as percentage
frequency of categorical variables and with mean standard deviation (SD) for continuous variables. P-
values <0.05 were considered statistically signi�cant. All analyses were performed in R studio
(https://rstudio.com/).

Results:
As seen in Fig. 1, a total of 562 CRCs were included in the study. The patients were divided into two
categories: early-onset (n = 222), i.e. CRC diagnosed in those ≤ 50 years old; and late-onset (n = 340), i.e.
CRC diagnosed in those > 50 years old. The outcomes in relation to the different characteristics studied
for these two age categories are shown in Table 1.
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The participants' ages ranged from 20 to 90 years with a mean age of 55.63 ± 14.8 years. In the early-
onset CRC group, the mean age was 40.34 ± 7.3 years, while it was 65.11 ± 9.3 years in the late-onset
group. The overall gender distribution was close to equal (51% females vs. 49% males), however there
was a statistically signi�cant difference between the two age categories at the 0.03 p-level. With respect
to the early-onset CRC and late-onset CRC categories, there was a 55.9% vs. 48.2% disparity among the
female patients and a 44.1% vs. 51.8% one for the men, respectively. Interestingly, women made up the
majority of early-onset CRCs compared to the late-onset ones (Table 1).

As shown in Table 1, the anatomical tumour location varied considerably between the two types of CRC,
but did not reach statistical signi�cance, although it was evident that distant colon tumours were in
majority, particularly in late-onset CRC.

The Amsterdam II HNPCC criteria were mostly present among the early-onset CRCs (66.6%) and 42% of
them had MMR-de�ciencies as well. About 85% of patients had no history of CRC, neither in FDR nor in
SDR and around 15% of 419 CRCs had non-CRC history of cancer in FDR, the most common being gastric
cancer, breast cancer and lung cancer. Generally, there was no statistically signi�cant difference between
the early-onset CRC and late-onset CRC groups with respect to history of CRC and non-CRC in FDR,
however there was a drastic difference with regard to history of CRC in SDR and the combination of FDR
and SDR (p = 0.001 and p = 0.03, respectively). Among 409 CRCs, nearly 33% had reported FHC, while 20%
of 293 CRC patients passed away, a fact that was signi�cantly more common among late-onset CRCs
than the early-onset CRC ones (p = 0.03).

In terms of molecular characteristics, 41 of 421 CRCs, who had undergone IHC investigation, had one or
more kinds of MMR-de�ciencies at a frequency for early-onset CRC of 18 compared to 23 for late-onset
disease. Although the percentage of MMR-de�ciency in the early-onset CRC group was greater than that
in the late-onset one (11.2% vs. 8.9%), this difference was not signi�cant.



Page 6/20

Table 1
Baseline characteristics of the study participants

Characteristics Early-onset CRCs (%) Late-onset CRCs (%) P-value

Gender* (n = 562)

Female (n = 288)

Male (n = 274)

124 (55.9)

98 (44.1)

164 (48.2)

176 (51.8)

0.03a

Tumour location (n = 454)

Proximal (n = 50)

Distal (n = 276)

Rectum (n = 128)

13 (8.4)

93 (60.0)

49 (31.6)

37 (12.4)

183 (61.2)

79 (26.4)

0.15b

Amsterdam II* (n = 411)

Criteria absent (n = 396)

Criteria present (n = 15)

151 (93.8)

10 (6.2)

244 (98.0)

5 (2.0)

0.03a

Revised Bethesda* (n = 408)

Criteria absent (n = 212)

Criteria present (n = 196)

13 (8.0)

150 (92.0)

199 (81.2)

46 (18.8)

0.001a

History of CRC in FDR* (n = 411)

NO (n = 375)

Yes (n = 36)

148 (91.4)

14 (8.6)

227 (91.2)

22 (8.8)

0.54a

History of CRC in SDR* (n = 419)

No (n = 383)

Yes (n = 36)

142 (85.5)

24 (14.5)

241 (95.3)

12 (4.7)

0.001a

Abbreviations: CRC = Colorectal Cancer; FDR = First Degree Relatives; SDR = Second Degree Relatives;
FHC = Family History of Cancer; MMR = mismatch repair.

*Indicating variables with missing value

**Some of the 41 CRCs mismatch repair-de�ciencies had loss of expression in more than one protein,
which explains that the sum of the loss of expressions of the four proteins exceed 41.

a Analysis by Fisher's exact test

b Analysis by Chi-square test
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Characteristics Early-onset CRCs (%) Late-onset CRCs (%) P-value

History of CRC in FDR or SDR* (n = 414)

NO (n = 347)

Yes (n = 67)

122 (79.2)

32 (20.8)

225 (86.5)

35 (13.5)

0.03a

History of non-CRC in FDR* (n = 419)

NO (no = 357)

Yes (n = 62)

143 (86.1)

23 (13.9)

214 (84.6)

39 (15.4)

0.38a

FHC* (n = 409)

Absent (n = 276)

Present (n = 133)

107 (66.5)

54 (33.5)

169 (68.1)

79 (31.9)

0.4a

Survival study group* (n = 293)

Alive (n = 234)

Deceased (n = 59)

103 (85.8)

17 (14.2)

131 (75.7)

42 (24.3)

0.03a

Mismatch repair status* (n = 421)

Pro�cient (n = 380)

De�cient (n = 41)

143 (88.8)

18 (11.2)

237 (91.1)

23 (8.9)

0.39a

Type of treatment* (n = 124)

Surgery (n = 30)

Chemotherapy (n = 19)

Chemo-surgery (n = 75)

7 (15.0)

6 (13.0)

33 (72.0)

23 (30.0)

13 (17.0)

42 (53.0)

0.1b

Abbreviations: CRC = Colorectal Cancer; FDR = First Degree Relatives; SDR = Second Degree Relatives;
FHC = Family History of Cancer; MMR = mismatch repair.

*Indicating variables with missing value

**Some of the 41 CRCs mismatch repair-de�ciencies had loss of expression in more than one protein,
which explains that the sum of the loss of expressions of the four proteins exceed 41.

a Analysis by Fisher's exact test

b Analysis by Chi-square test
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Characteristics Early-onset CRCs (%) Late-onset CRCs (%) P-value

**MMR-de�ciency (n = 41 (

MLH1 (n = 27)

PMS2 (n = 30)

MSH2 (n = 9)

MSH6 (n = 10)

18 (43.9)

13 (48.1)

13 (43.3)

4 (44.4)

5 (50.0)

23 (56.1)

14 (51.9)

17 (56.7)

5 (55.6)

5 (50.0)

0.3a

Abbreviations: CRC = Colorectal Cancer; FDR = First Degree Relatives; SDR = Second Degree Relatives;
FHC = Family History of Cancer; MMR = mismatch repair.

*Indicating variables with missing value

**Some of the 41 CRCs mismatch repair-de�ciencies had loss of expression in more than one protein,
which explains that the sum of the loss of expressions of the four proteins exceed 41.

a Analysis by Fisher's exact test

b Analysis by Chi-square test

Several features between the survivor and non-survivor groups, including de�cient expression of the
MSH6 and MSH2 genes, the Amsterdam- II/revised Bethesda criteria as well as the tumour location did
not reach statistical signi�cance. However, the presence of de�cient MLH1 and PMS2 genes as well as
risk for developing the Lynch syndrome stood out as variables of high impact.
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Table 2
Various features in the group of patients studied with respect to survival

Variable Survived = 234

Number (%)

Deceased = 59

Number (%)

Total = 293

Number (%)

P-value

Age in years

≤ 40

40–49

50–59

60–70

> 70

43 (82.7)

60 (88.2)

59 (81.9)

39 (81.3)

33 (62.3)

9 (17.3)

8 (11.8)

13 (18.1)

9 (18.8)

20 (37.7)

52 (17.7)

68 (23.2)

72 (24.6)

48 (16.4)

53 (18.1)

< 0.001b

Gender

Female

Male

156 (49.0)

159 (51.0)

29 (49.0)

30 (51.0)

185 (49.0)

189 (51.0)

0.59a

Amsterdam II*

Criteria absent

Criteria present

196 (95.1)

10 (4.9)

53 (96.3)

2 (3.7)

249 (95.0)

12 (5.0)

0.7a

Location*

Caecum

Transverse/descending

Sigmoid

Rectum

Rectosigmoid

Other

17 (8.9)

49 (25.7)

42 (22.0)

29 (27.2)

20 (10.5)

11 (5.8)

4 (7.3)

11 (20.0)

12 (21.8)

18 (38.2)

4 (7.3)

3 (5.5)

21 (8.5)

60 (24.4)

54 (22.0)

47 (29.7)

24 (9.8)

14 (5.7)

0.6b

Abbreviations: CRC = Colorectal Cancer; MMR = Defective DNA mismatch repair; pMMR = mismatch-
repair pro�ciency; dMMR = mismatch repair-de�ciency

* Indicating variables with missing value

a Analysis by Fisher's exact test

b Analysis by Chi-square test
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Variable Survived = 234

Number (%)

Deceased = 59

Number (%)

Total = 293

Number (%)

P-value

High risk for Lynch*

No

Yes

145 (93.0)

11 (7.0)

32 (80.0)

8 (20.0)

177 (90.0)

19 (10.0)

0.014a

MLH1*

pMMR

dMMR

147 (94.0)

9 (6.0)

34 (85.0)

6 (15.0)

181 (92.0)

15 (8.0)

0.05a

PMS2*

pMMR

dMMR

145(94.0)

10 (6.0)

33(82.0)

7 (18.0)

178(91.0)

17 (9.0)

0.02a

MSH2*

pMMR

dMMR

152(98.0)

3 (2.0)

38 (95.0)

2 (5.0)

190 (97.0)

5 (3.0)

0.27a

MSH6*

pMMR

dMMR

153 (98.0)

3 (2.0)

38 (95.0)

2 (5.0)

191 (97.0)

5 (3.0)

0.27a

Abbreviations: CRC = Colorectal Cancer; MMR = Defective DNA mismatch repair; pMMR = mismatch-
repair pro�ciency; dMMR = mismatch repair-de�ciency

* Indicating variables with missing value

a Analysis by Fisher's exact test

b Analysis by Chi-square test

Discussion:

Main �ndings:
In medical circles, CRC has turned into a hot discussion topic worldwide. In spite of the overall decreasing
rate of CRC, which is particularly evident for patients older than 50 years [36], the trend is the opposite in
younger patients, which highlights the importance of this issue [37]. Multiple studies have focused on
clarifying the characterization of CRC based on the age of onset [3, 38]. It was felt to be useful for a



Page 11/20

retrospective, cross-sectional study to assess the clinicopathological and hereditary features cut-off at
50 years as it falls in the middle of what normally is used.

Although several features (Amsterdam-II, Revised Bethesda, tumour location, de�cient expression of the
MSH6 and MSH2 genes) did not reach statistical signi�cance, others (de�cient MLH1 and PMS2 genes,
Lynch syndrome risk) differed dramatically with respect to survival or death. In terms of the latter, most
non-survivors were diagnosed with late-onset CRC, and most of those with CRC and high risk of Lynch
syndrome were in the non-survivor group.

Comparison to other similar studies:
Generally, early-onset CRC shows an increasing trend as opposed to late-onset CRC which holds true also
at the country level. For example, an Italian study showed that the incidence rate of CRC in patients aged
20–49 years increased from 9.3 in 1957 to 13.7 in 2015, whereas the incidence rate of CRC in patient
aged 50 years and above has steadily declined [36]. However, this pattern is more pronounced in Asia
than in the Western countries [25, 39–45]. Recent studies give incidence rates of CRC in patients at
50 years and younger in India [46] and in the central region of Iran [23] at 39% and 25%, respectively.
Furthermore, we found that more than 38% of our cases were �rst diagnosed with CRC when still under
50 years. Median age in early-onset CRCs was 45 years and the common age range was 40–50 years
which are both similar to other studies.

From the end of the previous decade until today, different researches have studied early-onset CRCs
around the world (see Table 3). The median sample size of these studies was 154 with an interquartile
range (IQR) of 94–544) so our study was situated in a fair position. The median age of individuals was
41 (IQR: 37–44). Generally, the frequency was higher in men than in women. As seen in Table 3, there are
some similarities between our study and the Norwegian study in terms of gender and age. In our study
early-onset CRC predominantly affected women, whereas late-onset ones mainly involved men, which
was statistically signi�cant. However, several studies have yielded con�icting results [46–49].

Our analysis revealed that CRC was less frequent in proximal colon, which is consistent with other
authors [50, 51]. With respect to age, there are commonly no signi�cant differences in the distribution of
tumour location in different age groups investigated [24, 49, 52, 53], which is in accordance with our
results that indicated rather identical distribution of distal tumours in both CRC groups under
investigation (60.0% vs. 61.2%). On the other hand, there are also multiple studies that do not support our
�ndings [46, 47, 54, 55].

As mentioned earlier, there was a statistically signi�cant difference in family history of CRC between two
age categories. This factor accounts for around 20% of early-onset CRCs in our study. The results of
recent researches have con�rmed this observation [47, 56]. Although FHC overall did not show statistical
signi�cance, a positive history of CRC in SDR, or the combination of either FDR or SDR, reached statistical
signi�cance.
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Table 3
Published literature on early-onset CRC

Study
reference

Year Country Sample
size (N)

Gender

(%
males)

Age

(median[IQR]/mean 
± SD)

Age range and
proportion of early-
onset cases (%)

[3] 2019 Spain 98 64.0% 41.0 ± 5.6 NA

[11] 2012 United
States

64,068 NA 44.0 [NA] 40–49 (75%)

[12] 2020 United
States

651 82.3%* 44.8 ± 4.9 40–49 (85%)

[13] 2019 United
States

1700 48.0% 37.0 [NA] 35–39 (54%)

[47] 2013 United
States

180 52.0% 41.4 ± 6.2 NA

[57] 2020 Scotland 172 52.0% 47.7 ± 6.1 40–49 (77%)

[38] 2018 United
States

430,886 NA NA NA

[9] 2014 France 1360 54.8% NA NA

[10] 2019 Kazakhstan 125 49.6% 40.7 [17–50] NA

[58] 2019 Pakistan 136 69.0% 42.7 ± NA < 50 (65%)

[59] 2020 United
States

269 54.0% 43 ± 6 NA

[31] 2018 Iran 123 41.0% 40.3 ± 6.8 40–50 (55%)

This
study

2020 Iran 222 44.1% 40.3 ± 7.3 40–50 (58%)

Abbreviation: NA = Not Available; *refers to a study involving veterans (disproportionate due to high
frequency of men)

It has been observed that histology of tumours in younger patients are often more aggressive with poor
differentiation in comparison with older patients [60, 61], which is generally negative for survival.
Nevertheless, the overall 5-year relative survival rate for patients under 50 years is not shorter on the
whole than for patients above this age in spite of often presenting with more advanced disease [24, 27,
62, 63]. Indeed, sometimes even better, which is supported by our �nding of signi�cantly higher mortality
for late-onset CRCs.

Strengths and Limitations:
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The multicentre design with a relatively large number of patients, who were followed over a period of
three years is a main strength of the present study. In addition, the study examines thoroughly the various
features in terms of an age cut-off and living status. Missing values with respect to certain variables is
the most challenging limitation, which was were handled by considering only what was available. Data,
such as symptoms, socioeconomic status, BMI, past medical history, ethnicity, geographic and
colonoscopy �ndings were not available and can therefore be counted as another limitation, as complete
dataset would have made a more detailed interpretation possible.

Conclusion:
Although 58% of early-onset CRCs were between the ages of 40 and 50, the incidence of early-onset CRC
at also younger ages is not unusual highlighting the need for a well-de�ned algorithm assisting the
identi�cation of patients at risk for early-onset CRC. Furthermore, mismatch-repair de�ciency in CRC
patients was more common in those, who did not survive compared to those who did; however, this
difference was only signi�cant with respect to MLH1 and PMS2. In our study, women were in majority for
early-onset CRC, while the opposite was the case for late-onset CRC. The incidence of CRC with distal
tumours was frequently higher than for other sites in both early-onset CRC and late-onset CRC.
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Figure 1

Schematic diagram of the inclusion/exclusion process; CRC=Colorectal Cancer; FDR=First Degree
Relatives; SDR=Second Degree Relatives; FHC=Family History of Cancer.
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