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BACKGROUND
Environmental and Lifestyle Risk Factors

Colorectal cancer (CRC) is common in the Western world and
usually ranks high in incidence and mortality among malignancies
in those countries. Two observations have led researchers to look
for diet and lifestyle as explanatory factors of risk for CRC. First,
ecological studies comparing large populations have shown that
rates of CRC differ dramatically among countries, varying by as
much as 10-fold, from low-incidence areas in Asia and Africa, to
much higher rates in northern Europe and the United States. Second,
studies have shown that migrants from low-risk areas to high-risk
Western countries experience rapid increases in CRC risk within the
same generation //-5]/. Diet appeared to be the major explanatory
factor for these phenomena: Namely, low consumption of red meat
and dietary fat and high consumption of fiber in Asian and African
countries, with an opposite dietary pattern in northern Europe

and the United States. Recent data, however, do not support an
association between dietary fiber and risk of CRC /6-8/. Emerging
data suggest that low levels of physical activity and greater adiposity
increase risks /9-11]. Since high levels of physical activity and low
rates of adiposity characterize low-risk countries in general, these
factors may account for much of the international differences in
CRC rates. In other studies, cigarette smoking has been associated
with increased risks of CRC, as has high alcohol consumption.
These findings were reported in many, although not all, studies,

and the role of tobacco and alcohol use in the etiology of CRC has
yet to be determined /72-18]. On the other hand, there are several
known protecting factors. Nonsteroidal anti-inflammatory drugs,

in particular aspirin, are thought to be protective /79,20]. Calcium
supplementation has been shown in randomized studies to reduce
the recurrence of adenomatous colorectal polyps that are thought to
be precursors to CRC /21,22]. On the behavioral side, it has been

shown that physical activity and maintaining a desired body mass
index may reduce the occurrence of CRC [10,23].

Genetic Risk Factors

The essential element in the etiology of CRC is a process of genetic
change in the epithelial cells of the colonic mucosa /24,25].

Chief among the factors that can initiate CRC development is a
predisposition to mutagenic effects, where metabolic pathways may
be altered by polymorphisms in genes responsible for detoxifying
mutagens. Thus, differences in polymorphisms among individuals
can account for their differing susceptibility to mutagens from the
diet. Fecal mutagens in the stool may be produced by the interaction
of digestion and food products. Changes in the fecal microflora
indicate that changes in diet may alter mutagenic activity by altering
extracellular superoxide formation /26/.

Family history — the occurrence of CRC in a first- or second-degree
relative — is an identified risk factor for CRC. An increased risk
among siblings of an affected person has been observed, and in one
study was particularly high for cancer in the proximal colon (from
the cecum up to the distal third of the transverse colon) /27]. An
increased risk has also been observed among children of affected
persons, both for CRC overall and for cancers of the proximal colon,
distal colon, and rectum, with relative risks of approximately 1.8

[28].

People affected with inflammatory bowel disease, either Crohn’s
disease or ulcerative colitis, are at increased risk for developing
cancers of the gastrointestinal tract, particularly CRC /29]. The
current literature suggests that these persons have a genetic
predisposition to CRC and that long-standing inflammation is not of
primary importance in the promotion of cancer /30-34].
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Familial polyposis syndromes are characterized by the early onset
of multiple polyps and a very high risk of CRC development /35].
These syndromes have autosomal dominant inheritance with high
but variable penetrance. Hereditary nonpolyposis colon cancer
(HNPCC) syndrome is inherited as an autosomal dominant trait with
high penetrance. Its phenotypic features are early-onset CRC (mean
age: 46 years), multiple synchronous or metachronous CRCs (35%),
and CRCs usually, but not always, located in the proximal colon
[36]. HNPCC cancers are more likely to be signet-ring cancers

and poorly differentiated, with extensive inflammatory infiltrates
[37,38]. Particularly relevant to this MECC report is the feature of
inherited CRC in Ashkenazi Jews (Jews of European origin). Israeli
Ashkenazi Jews have the highest CRC incidence of any Israeli
ethnic group. There are reports of a missense mutation (11307K)

in the APC gene, unique to Ashkenazi Jews and found in 6% of the
Ashkenazi Jewish population and in 28% of those in this population
with a family history of CRC. Among the carriers of the mutation,
CRC is found in 13% of those who have polyps /39,40]. There do
not appear to be any differences in clinical presentation between
carriers of the mutation and noncarriers, so genetic testing in this
population may be required to identify high-risk individuals for
screening.

Early Detection

CRCs are among the very few cancer sites where screening and
early detection are both feasible and proven to reduce mortality. The
recommended test for mass screening is the fecal occult blood test
(FOBT), which has been extensively studied and used since the early
1980s. This test, which acts as a first screen for possible malignancy,
is designed to detect blood traces in the stool on a guaiac-based
testing sample. Persons testing positive usually undergo colonoscopy
as a more invasive but definitive examination. Newer technologies
combine the guaiac-based test with tests based on molecular biology
to look for cancer biomarkers in the stool. Serial guaiac-based FOBT
is simple, inexpensive, and proven effective at reducing mortality
from CRC. Immunochemical FOBT facilitates compliance and

offers improved specificity, but at increased cost relative to guaiac-
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based FOBT. Fecal DNA testing may provide enhanced sensitivity
for detection of CRC compared with FOBT, but its high cost limits
its use for generalized screening. Other noninvasive tests, such as
rectal mucin testing, have been developed more recently and require
evaluation and comparison with guaiac-based FOBT. Serum tests,
such as proteomics, nuclear matrix proteins, and serum DNA, are
still in their infancy but remain a hope for the future /41-46].

More direct methods for detecting colonic premalignant and
malignant tumors include the use of colonoscopy or flexible
sigmoidoscopy /47,48]. An exciting new CRC screening option is
virtual colonoscopy (VC), which, by screening out persons without
neoplasia, allows colonoscopy to be reserved for those requiring
therapeutic intervention. The sensitivity of VC for large adenomas
and CRC appears to be high, although results vary by center, and
sensitivity for small adenomas is low. Some investigators have
suggested that VC might be a useful option for investigating patients
who test positive with stool-based screening tests [49-51]. Because
no CRC screening technology program has been implemented in a
substantial proportion of any MECC population, screening has yet to
reduce the incidence or mortality of CRC in the Middle East.

Worldwide Incidence

Globally, the age-standardized incidence rate (ASR) of CRC is 20.1
per 100,000 males and 14.6 per 100,000 females. As mentioned
earlier, there are notable differences between CRC incidence rates
in more developed versus less developed countries. In the developed
parts of the world, the ASR is 40.0 in males and 26.6 in females;

in less developed areas, the rates are 10.2 and 7.7, respectively.

The highest ASRs in males are observed in Australia/New Zealand
(48.2), followed by North America (44.4) and Western Europe
(42.9). At the other end of the scale, the rates in South-Central Asia
(4.7) and Central Africa (2.3) are lowest /52].

Incidence-to-mortality ratios also differ substantially between
developed and less developed countries. The rate ratio varies from
2.9 in North America (indicating 2.9 incident cases for every death
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from CRC) to 1.0 in Central and North Africa (indicating that for
every new case of CRC, there is a death from this cancer) /52/.

The pattern of CRC incidence rates in females is similar to that

in males, with the Australian continent presenting the highest rate
(36.9), followed by North America (32.9). The lowest CRC rates

in females are found throughout Africa (3.3-4.0), except South
Africa, and also in South-Central Asia (3.5). Incidence-to-mortality
rate ratios are high in North America and Australia (2.8 and 2.6,
respectively) and low in all African countries (1.07-1.10), except
South Africa [52].

RESULTS

The total number of CRC cases reported to the registries during
the study period was 74,369: 455 cases in Egyptians, 550 in Israeli
Arabs, 697 in Cypriots, 1,654 in Jordanians, 15,533 in Israeli Jews,
and 55,480 in US SEER (see Table 1.5).

Data Quality Indices

The gold standard for defining a cancer is the microscopic proof
of malignant cells. Cancer registries rely, for the most part, on
histological or cytological reports when defining incident cases.
However, cancer registries collect information from other sources,
such as death notifications and imaging procedures, that can supply
information of lesser accuracy on the disease. The percentage of

microscopically confirmed cases is often used as a quality indicator.

Another way to assess quality of data is through the coding of
subsites. The coding system adopted by MECC countries, the
International Classification of Diseases in Oncology (ICD-O) (3%
edition), is based, for CRCs, on the anatomic location of the lesion,
and reserves a code for a more general definition: “Colon, not
otherwise specified (NOS).” This term is usually reserved for those
cases where the exact location of the tumor cannot be accurately
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defined. The percentage of use of this more general code can also be
used as a measure of accuracy.

Table 4.1 shows the percentage of microscopically confirmed total
cases and the percentage of cases coded “Colon, NOS” for each of
the populations.

The percentage of microscopic confirmation of CRC varied between
84.6% (Egypt) and 99.0% (Cyprus and Jordan). The higher values
correspond to registries that do active registration where patient data
and records are easily accessed for further exploration, but a very
high value may also indicate that death certificates are not used,
which would result in underestimated incidence rates. The US SEER
microscopic confirmation rate was high (97.5%), but SEER has an

Table 4.1. Colorectal Cancer: Proportions of Total Cases Mi-
croscopically Confirmed and of Cases Coded “Colon, NOS”*
in Cyprus, Israel (Jews and Arabs), Egypt, Jordan, and US
SEER - 1996-2001

Registry Proz::’lt)i/og o“:;fr::zom' Proportion Colon, NOS*
1;:9?;%31 99.0% 20.1%
'51'3325283”5’ 91.4% 17.7%
" ote.2001 91.5% 17.8%
19533,2%01 84.6% 23.1%
1;;(;?2%%1 99.0% 35.9%
1999.2001 97.5% 29%

*NOS indicates “not otherwise specified.”

TSEER 13 Registries, Public Use Data Set, from data submitted November 2004.
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active follow-up program to check cases that are initially found by
death certificate.

The percentage of cases coded “Colon, NOS” was 20.1% for
Cypriots, 17.7% for Israeli Jews, 17.8% for Israeli Arabs, 23.1%

for Egyptians, 35.9% for Jordanians, and 2.9% for US SEER (Table
4.1). A large proportion of cases coded in this less accurate way can
result in less accurate data, although it should not greatly impact the
estimates of overall incidence of CRC.

Overall Rates

As mentioned earlier, CRC is one of the most common cancers in the
Western world, and constitutes about 13% of all cancers occurring in
these countries. In MECC countries, CRC in Israeli Jews constituted
14.8% of all new cases in this population, followed by Cypriots and
US SEER, where it was approximately 11% of all new cancer cases.
Among Israeli Arabs and Jordanians, only approximately 9% of
cancers were CRC, and in Egypt, 4.4%. (See Table 1.6.)
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Observing the incidence rate of CRC (Table 4.2), we can subdivide
the MECC countries into high-, middle-, and low-incidence
countries. Israeli Jews had the highest incidence rate among all the
populations considered (36.9). The ASR for Israeli Jewish males was
41.7, followed by US males (37.7), Israeli Jewish females (33.3),
and US females (27.4). Cypriots had a lower incidence rate (17.3),
similar to that of Israeli Arabs (15.2). Jordanians and Egyptians
presented the lowest rates: 11.3 and 6.0, respectively.

The male-to-female incidence rate ratio (IRR) is another
characteristic of CRC patterns. In developed countries, the male-
to-female IRR tends to about 1.5, and in less developed countries
it is about 1.3 /52/. In the MECC data, the IRR was 1.38 for US
SEER, 1.35 for Egyptians, 1.27 for Israeli Arabs, 1.25 for Israeli
Jews, 1.19 for Cypriots, and 1.03 for Jordanians. These findings
do not completely follow the general trend of higher IRRs in more
developed countries (Table 4.2)

Table 4.2. Colorectal Cancer: Number of Cases and Age-Standardized Incidence Rates,* by Age and Sex, in Cyprus, Israel, Egypt, Jordan,

and US SEER - 1996-20011

Cyprus Israel (Jews) Israel (Arabs) Egypt Jordan US SEER?
1998-2001 1996-2001 1996-2001 1999-2001 1996-2001 1999-2001
Total | Male |Female| Total | Male |Female| Total | Male |Female| Total | Male |Female| Total | Male |Female| Total | Male |Female
Total cases 697 355 342( 15,633| 7,805( 7,728 550 287 263 455 261 194 1,654 845 809 55,480| 27,892 27,588
Total rate* 17.3 19.0 16.0 36.9 41.7 33.3 15.2 17.3 13.6 6.0 6.9 5.1 11.3 11.5 11.2 32.0 37.7 274
<40y 1.2 1.2 1.1 1.0 1.0 1.1 1.0 0.7 1.4 1.4 1.7 1.1 1.2 1.1 1.2 1.2 1.3 1.2
40-59y 20.1 17.6 22.7 40.5 38.9 42.0 21.6 22.6 20.6 13.3 13.4 13.1 20.9 18.4 23.7 37.9 43.3 32.8
60-69 y 84.5 96.6 73.8] 181.1 210.6] 156.9 76.4 80.2 73.1 19.6 27.2 12.4 52.6 54.0 51.0) 154.0( 185.4| 1264
70+y 159.2 193.4| 132.3| 374.0| 4515]| 318.4] 116.5| 161.2 80.0 20.8 25.1 17.1 60.7 78.6 44.4| 311.3| 369.8] 270.8
*Rates are per 100,000 and are age-standardized to the World Standard Million.
1"[Numerall’ (italic) = 0 or 3-15 cases.
1SEER 13 Registries, Public Use Data Set, from data submitted November 2004.
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Colon versus Rectal Cancers

The MECC project focuses on cross-sectional data collection and
does not include data on trends of the disease. Data on secular trends
in CRC incidence emphasize the different behavior of cancers of
the colon and rectum. Colon cancer incidence has been rising in the
last decade in many developed and developing countries, and rectal
cancer incidence has been falling. The pattern of CRC site incidence
in industrialized and “Westernized” countries is that of a decrease

in rectal cancer and an increase in proximal colon cancer. This has
been noted worldwide in diverse populations /53-68/. The United
States has the unique pattern of a decreasing incidence of total

CRC and distal (left-sided) CRC, but a stable incidence of proximal
right-sided CRC /69/. In many countries, the increase in proximal
CRC has been noted to be more prominent in females /70/. Norway
and Denmark are exceptional because distal is more prominent than
proximal CRC in these countries /67,71]. Reasons for the changing
CRC trends and the epidemiology of the CRC site distribution are
assumed to be related to changes in diet and lifestyle associated with
industrialization /56/. Worldwide, industrialization is associated
with an increasing life expectancy, especially among females, and
there is now a substantially increased proportion of females who are
older than 65 years [/38,72]. However, the reason for their greater
tendency to develop proximal cancer is unclear.

Table 4.3 shows the colon-to-rectal cancer IRR in some selected
countries /73] and for MECC populations for the years 1993-
1997. According to the above theory, industrialized countries
would tend to have more colon cancer and less rectal cancer, and
therefore higher colon-to-rectal cancer IRRs. The table shows that
the MECC populations did not follow this pattern, with Egyptians
and Jordanians (less industrialized populations) having IRRs only
a little lower than those of US SEER Whites, and higher than those
in China and Poland. However, Israeli Jews (a more industrialized
population) did have a high IRR.
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Subsites of Colorectal Cancer

Proportions of cases diagnosed by anatomic location within the
colon (excluding the rectum) are presented in Figure 4.1. It is
difficult to interpret the data from Egypt and Jordan because a
substantial proportion of the cases are coded “Colon, NOS.” The
proportion of ascending colon cancer appears similar in the United
States and Israel and accounts for about 15% of all colon cancers,
whereas in Cyprus, ascending colon cancer accounts for about 5% of
cases. Cancers of the cecum occur in greater proportions in Cyprus
and the United States (15% and 21%, respectively) than in Israel
(less than 10%). The sigmoid colon is involved in about 30% of

Table 4.3: Colorectal Cancer: Age-Standardized Incidence Rates*
and Incidence Rate Ratios (IRR) of Colon and Rectal Cancers in
Selected Countries and in Cyprus, Israel (Jews and Arabs), Egypt,
Jordan, and US SEER - 1993-1997

i Male Female
Country/Registry Colon | Rectum IRR Colon | Rectum IRR
Canada 25.7 15.8 1.6 19.8 8.8 22
China - Shanghai 1.5 9.0 1.3 12.0 7.5 1.6
Japan - Osaka 247 15.1 1.6 15.5 7.3 2.1
Denmark 20.5 17.6 1.2 18.4 1.2 1.6
Poland - Krakow 14.5 1.7 1.2 10.4 6.9 1.5
Cyprus 12.7 6.3 2.0 1.2 4.8 2.3
Israel (Jews) 29.6 121 24 24.7 8.6 2.9
Israel (Arabs) 10.5 6.8 1.5 9.4 4.2 22
Egypt 4.6 2.3 2.0 3.3 1.8 1.8
Jordan 7.6 3.9 1.9 7.2 4.0 1.8
US SEER (Whites) 25.9 13.0 2.0 19.6 8.2 24
US SEER (Blacks) 323 12.7 25 26.0 8.2 3.2

*Rates are per 100,000 and are age-standardized to the World Standard Million.

Source: Parkin, D. M., Whelan, S. L., Ferlay, J., Teppo, L., and eds. Cancer incidence in five continents, volume VIII. Lyon
(France): International Agency for Research on Cancer; 2002. IARC Scientific Publication No. 155.
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colon cancers in Cypriots, Israeli Jews and Arabs, and US SEER.
Cancers involving the transverse colon occur in about the same
proportion in the Israeli populations and in Cypriots (4% to 5%),
but the proportion is higher in US SEER (about 9%). In Israel, the
percentage of descending colon cancers is somewhat higher (8%)
than in US SEER and Cyprus (6% and 4%, respectively).

Age-Specific Incidence Rates

CRC is rare under 40 years of age, and rates begin to rise sharply
after this age. By the age of 40 to 59 years, Israeli Jews and the US
SEER population had a substantially higher rate (about 40) than the
other populations (13 to 22). The same pattern, with Israeli Jews
and US SEER having the highest age-specific rates, occurred in

all age groups over 40 years (Table 4.2). Figure 4.2 presents the
pattern graphically, showing ASRs by 5-year age groups for ages 50

Figure 4.1. Colorectal Cancer: Proportions of Colon Cancers Diagnosed in Different Anatomical
Subsites in Cyprus, Israel (Jews and Arabs), Egypt, Jordan, and US SEER - 1996-2001
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*SEER 13 Registries, Public Use Data, from data submitted November 2004.
tNOS indicates not otherwise specified.
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years and above. Rates in Israeli Jews and the US SEER population
display a sharp rise with age, while rates in the other populations
increase with age more slowly. In fact, rates remain almost
invariable from the age of 50 years in Egyptians, who have very low
rates. In Jordanians and Israeli Arabs, the rates rise by about 20%
and 40%, respectively, for each 5-year period between the ages of 50
and 75 years. In Cypriots, the percentage rise per 5-year period over
this age range is about 50%, which is the same as the rise in Israeli
Jews and US SEER. However, because the Cypriot rate at age 50-54
years is about half that of Israeli Jews and the US SEER population,
the 50% rise in the Cypriot rate constitutes a much smaller increase.

SUMMARY AND CONCLUSIONS

The comparison of incidence rates among several Middle Eastern
populations provides the opportunity to explore one of the most
significant types of cancer in a new perspective. The comparison
comprises 4 countries and 5 subpopulations situated in close
proximity that have some similarities and also some marked
differences in lifestyle. Egypt and Jordan are classified by the
World Bank /74] as developing countries, while Cyprus and Israel
are considered developed countries. The data presented support

the existence of a link between economic status and CRCs, where
higher rates were observed in Israeli Jews (similar to US rates)

and, to a lesser extent, in Cypriots. The burden of CRC was high
among Israeli Jews (higher even than in the United States), and other
published data show very high rates among Israeli Jews originating
from European countries /70/. The high socioeconomic status and
the elevated rate of genetic mutations and polymorphisms in this
subpopulation are probably both factors related to the increased
incidence of CRC. The very low incidence of CRC in Egypt might
be explained by other competing diseases (e.g., carcinoma of the
urinary bladder), low detection rates, or local nutritional factors that
are protective.
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Figure 4.2. Colorectal Cancer: Age-Specific Incidence Rates in 5-Year Age Groups for Ages 50 Years
and Older in Cyprus, Israel (Jews and Arabs), Egypt, Jordan, and US SEER - 1996-2001
Rate/100,000
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400 Israel (Jews)
350 == |srael (Arabs)
—+= Egypt
300 =—e— Jordan
250 —e— S SEER*
200
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100
50 e °
0
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*SEER 13 Registries, Public Use Data Set, from data submitted November 2004.
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Colon cancer was more common than rectal cancer in all the MECC
populations studied, and it constituted over 65% of all CRCs.
Examination of the rates of proximal and distal cancers confirms
the pattern of a greater proportion of proximal cancers in the more
industrialized populations.

This comparison can add to the already established observation

that CRC is mainly a result of lifestyle and behavior, including

diet and body mass. The correlation found in this comparison
between CRC incidence and level of economic development of

the various populations is consistent with published literature that
more developed countries present with higher rates. It would be
interesting to conduct further research in this direction, especially to
study in greater depth the apparently low incidence rates presented
for Egypt.
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