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DISTRIBUTION CHARACTERISTICS
OF COLORECTAL CANCER
PATIENTS FOR GENDER AND AGE
DEPENDING OF HEREDITARY
PREDISPOSITION TO THE DISEASE

Aim: to analyze the distribution of males and females by the age of colorectal cancer
(CRC) onset with and without hereditary predisposition to the disease to identify
individuals at risk group. Subjects and methods: the medical records and the gene-
alogical information of 182 patients with CRC were analyzed, including 94 males
and 88 females. «Positive» familial anamnesis for CRC was confirmed in 61 pro-
bands: 40 patients to met 1—2 of Amsterdam criteria for Lynch syndrome, 9 pa-
tients to met 3 Amsterdam criteria, 7 patients had familial adenomatous polypo-
sis, 3 patients had familial CRC-associated inflammatory bowel diseases, I pa-
tient had MUTYH-associated polyposis, 1 patient had Peutz — Jeghers syndrome.

Results: age manifestation of the disease varied in regarding patient’s gender and
Sfamily history. In probands with «positive» familial anamnesis for CRC the peak
age of the disease onset was 5 years lower for both genders, compared to the age
of individuals without family history. The average age of CRC onset in probands
of both genders with «positive» familial anamnesis for this disease was the statis-
tically significant lower, than in patients without family history. The statistically
significant difference for the average age of the CRC manifestation between males
and females without family history was revealed. Conclusion: thus, the study of
gender and age- CRC is one of the urgent problems of modern medicine. A precise
understanding age of inherited CRC manifestation of patients with CRC is im-
portant for identifying at-risk individuals, improving cancer surveillance and pre-
vention strategies, and developing better diagnostic and therapeutic approaches.

INTRODUCTION

Colorectal cancer (CRC) is the second of the fourth
most common cancer in industrialized countries, leading
to mortality. In Ukraine, the incidence of malignant tu-
mors of colon is 28.3 per 100,000 males, rectum and
anus is 27.2 per 100,000 males; the incidence of malig-
nant tumors is 19.7 per 100,000 females and is 15.1 per
100,000 females, respectively. Worldwide incidence
of malignant tumors of the colon, rectum and anus is
16.2 per 100,000 males, and is 15.9 per 100,000 males, re-
spectively, and is 11.8 per 100,000 females and is 9.2 per
100,000 females, respectively, and is significantly lower
than in Ukraine [1]. In Europe (in Germany and Nor-
way), the highest incidence rate of CRC among men is
43—59 per 100,000 individuals and among women is 27—
37 per 100,000 individuals per year and approximate-
ly correspond to the number of patients in the USA [2].
Mortality in patients with colon cancer is 41.8% and for
rectal cancer is 32.9%. Almost half of patients dies in
the first year after diagnosis confirmed. The incidence
of CRC increases after 50 years to 160 or more cases per
100,000 people, and at the age over 60 years it increases
t0 259 cases [3]. In Ukraine, 15,000—17,000 new cases of
CRC are diagnosed annually. The highest mortality rate
was observed in the age group of individuals over 60 years
(56—60%) [4]. In patients with hereditary CRC the mani-

festation of the disease is characterized by a younger age,
a high penetrance of the disease, the prevalence of tumors
with low differentiation, appearance of metastases both
before treatment and after surgery and lower rate of three-
years survival [5]. The etiologies of the remaining 20—
30% of inherited CRCs are not completely understood.
According to the literature data the diseases with highest
risk of CRC includes hereditary polyposis syndromes,
most often familial adenomatous polyposis (FAP), Lynch
syndrome and inflammatory bowel disease [6]. In pa-
tients with FAP the risk of CRC occurrence is approach
to 100%, and in patients with Lynch syndrome the risk
of CRC is less and accounts to 50—70%. Approximate-
ly 25% of patients with colorectal phenotypes indistin-
guishable from FAP and its attenuated form — AFAP,
can be associated with biallelic inherited mutations of
BER (base excision repair) gene, MUTYH (human MutY
homolog) in the absence of demonstrable inherited mu-
tations of APC gene. The established role of MUTYH is
BER of adenine residues that have been misincorporated
opposite guanine or 8-0xoG [7]. In 60—70% of patients
with MUTYH-associated polyposis (MAP) CRC diag-
nosed at an average age of 47 years [8]. The risk of CRC
in patients with Lynch syndrome younger than 45 years
increases in 3 times in comparison to the general popu-
lation rate [9].
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It is known that 10—15% of deaths from the inflam-
matory bowel disease — ulcerative colitis and Crohn’s
disease, caused by CRC. Patients with cancer associa-
ted with ulcerative colitis at 10—15 years younger com-
pared with patients with sporadic CRC, and for terms
of 5-year survival the difference between the two groups
were didn’t observed [10].

The aim of this research is to analyze the distribution
of males and females by the age of CRC onset with and
without hereditary predisposition to the disease to iden-
tify individuals at risk group.

SUBJECTS AND METHODS

During the 2002—2014 years it was analyzed the medi-
cal records and genealogical information in 182 patients
with CRC, including 94 males and 88 females. The diag-
nosis was established using clinical, endoscopic, radio-
logical and laboratory methods. All diagnoses were mor-
phologically confirmed. Patients were residents of the six
regions of Ukraine: Lviv, Ivano-Frankivsk, Ternopil, Vo-
Iyn, Vinnytsia and Zakarpattya. The collection of gene-
alogical information in 3—4 generations was carried out
using a single registration of probands according to the
appropriate ethical requirements. The mode of inheri-
tance of the diseases was determined using clinical, ge-
nealogical, laboratory and literature (OMIM) database.
The age of CRC onset in cases with familial anamnesis
of cancer was evaluated in the probands only and does
not take into account the age manifestation of the dise-
ase in their relatives. Selection of patients in the group of
high risk of Lynch syndrome was performed according
to 1—3 Amsterdam diagnostic criteria.

«Positive» familial anamnesis for CRC was confirmed
in 61 patients. Its including cases, when recurrence of
cancer within the family in one or more of first degree
relatives and in subsequent generations, was established.
Of these, 40 patients (15 males and 25 females) to met
1—2 of Amsterdam criteria for Lynch syndrome, 9 pa-
tients to met 3 Amsterdam criteria, and thus confirmed
Lynch syndrome (4 males and 5 females). Only 1 patient
of these group had Lynch syndrome I and other patients
have Lynch syndrome II. The selection of the group of
patients with Lynch syndrome I was carried out consi-
dering accordance Amsterdam I diagnostic criteria that
includes three basic requirements:

* onset of CRC in at the least 3 individuals span-

ning two generations (FAP should be excluded);
 atleast one of these individuals is the first-degree
relative of the other two;

* at least one of the individuals must have a diag-

nosis prior to age 50 years [11].

Selection of patients in the risk group of Lynch syn-
drome II carried out with regarding supplemented, i.e.
Amsterdam I1 criteria. Requirements include, in fulfilled
to the same 3 diagnostic criteria I, some additions: Lynch
syndrome II should be suspected in probands and their
relatives with CRC/or extracolonic cancers (endometri-
al, hepatobiliary system, stomach, small intestine, skin,
genitourinary cancer) [12]. In 1997, the National Can-
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cer Institute published a set of recommendations called
the Bethesda guidelines for the identification of individu-
als with synchronous or metachronous tumors who
should receive genetic testing for Lynch syndrome rela-
ted tumors. Of Bethesda criteria we considered only item
requirements for the presence of synchronous or meta-
chronous CRC without the genetic testing for microsa-
tellite instability. Proof of Lynch syndrome I and II are
three compliance Amsterdam I and I diagnostic criteria.
Fulfilled with one or two criteria is regarded as a famili-
al cancer of different etiology. 8 patients with «positive»
familial anamnesis for CRC did not fulfill the Amster-
dam criteria, had multiple adenomatous polyposis and
CRC. Of these 7 patients (2 males, 5 females) were di-
agnosed FAP and one male had MAP. One female had
hamartomatous polyposis — Peutz — Jeghers syndrome.
The remaining three patients had familial CRC-associ-
ated inflammatory bowel diseases: 2 males had Crohn’s
disease, and 1 male had ulcerative colitis. The diagnosis
of adenomatous polyposis (FAP, MAP) and hamarto-
matous polyposis (Peutz — Jeghers syndrome) was con-
firmed using clinical, endoscopic diagnostic criteria, ge-
nealogical information and molecular genetic analysis re-
sults. The molecular genetic analysis of the DNA samples
of leucocytes of peripheral blood was carried out in the
Institute of Human Genetics of the Polish Academy of
Sciences (Poznan) on the basis of scientific cooperation.
Statistical analysis was performed using standard
methods [13]. The distribution of the obtained data and
its compliance with the predicted theoretical distribution
was evaluated using Pearson’s chi-squared test (y?). Veri-
fication of statistical hypotheses performed at p < 0.05.
For the statistical analysis of genetic data «GenePop»
used the computer program, available online (http://
wbiomed.curtin.edu.au/genepop).

RESULTS AND DISCUSSION

Patients with CRC were symbolically divided into two
groups regarding patient’s familial history of the dise-
ase: without familial anamnesis for the disease were 121
(66.5%) patients (group 1) and with hereditary predispo-
sition for the disease were 61 (33.5%) patients (group 2)

(Table 1).

Table 1

The distribution of males and females with CRC for groups without/
with hereditary predisposition to the disease

Patient’s CRC patients without | CRC patients with family
gender family history to the history to the disease
(number of disease (group 1), (group 2),
patients) absolute number (%) absolute number (%)
Males
(n=94) 69 (57) 25 (41)
Females
(n= 88) 52 (43) 36 (59)
Total 121 (100) 61 (100)

The I stage of tumor process was identified in 7 (5.8%)
patients, the II stage were in 81 (67.0%) patients, the
I11 stage were in 23 (19.0%) patients, and the IV stage
were in 10 (8.2%) patients of the total number of patients
without family history of CRC. Among patients with he-
reditary predisposition for CRC the I stage of tumor pro-



cess were diagnosed in 3 (4.9%) patients, the 11 stage were
in 34 (55.7%), the 111 stage were in 14 (23.0%) and the
IV stage were in 10 (16.4%) patients (Table 2).
Table 2
The distribution of CRC patients depending of the stages of tu-
mors process in the groups of individuals without/with family histo-
ry to the disease

CRC patients without | CRC patients with family

The stages of |  family history to the history to the disease

CRC disease (group 1), (group 2),

absolute number (%) absolute number (%)

| 7(5.8) 3(4.9)

I 81 (67.0) 34 (55.7)

Il 23 (19.0) 14 (23.0)

I\ 10 (8.2) 10 (16.4)

Total 121 (100) 61 (100)

Earlier tumor stages (I + II) were diagnosed in 88
(72.7%) patients of the group 1 and later tumor stages
(IIT + 1V) have 33 (27.3%) individuals, compared to
the number patients of the group 2 — 37 (60,6%) and
24 (39.4%) patients, respectively. Thus, in patients with
a family history of CRC were diagnosed more advanced
forms of the disease.

The distribution of males and females by the age of
CRC onset is shown on Fig. 1.
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Fig. 1. The distribution of males and females by age manifes-
tation for the CRC

Age manifestation of the disease was varied in relation
of patient’s gender. The largest number of males was ob-
served at the age from 65 to 74 years, which were on 15—
20 years later than females. Females were ill at an earli-
er age starting from 25 years. At the age of 25—29 years
were observed 3 (3.4%) females with CRC unlike male
patients — 2 (2.1%) were registrated starting at the age
of 35—39 years. The number of female patients at the age
of 35—39 years and of 40—44 years were 5 (5.6%) and
6 (6.8%) individuals, respectively, exceeded in twice the
number of male patients at the same age — 2 (2.1%) and
3(3.2%) individuals, respectively. The incidence of CRC
in males at the age of 70—74 years was twice higher, than
in females: 19 (20.2%) male patients and 9 (10.2%) fe-
male patients, respectively. According to the data of Bul-
letin of the National Cancer Registry in Ukraine, the fre-
quency of females at the age of 25—29 years with cancer
of the colon and rectum was higher (1.8/100,000), than
males (0.8/100,000), but at the age of 80—84 years the

frequency of cancer of the same localization was higherin
males (109.8/100,000), than females (22.1/100,000) [1].
The number of male patients aged over 80 years was ex-
ceeded the number of female patients: 9 (9.6%) males
and 5 (5.7%) females. Wider range age (25—86 years) of
CRC onset was observed in females, unlike males (35—
82 years). The incidence of CRC after 80 years in females
decreased to the level of the age group of 30—39 years
unlike males: 5 (5.7%) females and 9 (9.6%) males. Ac-
cording to the literature data sporadic colon cancer pro-
gresses stepwise from adenoma to carcinoma, with a la-
tency period that may last decades and with highest in-
cidence during advancing age [14], it is conceivable that
tumors start developing slowly before menopause, but
rapidly progress with cessation of ovarian estrogen pro-
duction [14, 15]. In the observed group 8 (9.1%) female
patients at the age range of 45—49 years were found, and
the maximum number — 14 (15.9%) females, were found
at the age of 50—54 years. A stable high level of CRC in-
cidence (10.0—11.0% of females) was observed in patients
at 55—74 years. It was known that antiproliferative effects
of 17B-estradiol are mediated through the estrogen re-
ceptor (ER)-[3, which is the predominant ER subtype in
the human colon mucosa [16]. In addition, there is evi-
dence to suggest that the chemopreventive effect of es-
trogen against CRC is mediated in part through vitamin D
receptor (VDR)-activated antiproliferative intracellular
signaling. Early during tumor progression human colo-
nocytes express high levels of the CYP27B1-encoded
25-hydroxyvitamin D-1a-hydroxylase, the enzyme that
synthesizes the active vitamin D metabolite, 1,25-dihy-
doxyvitamin D, (1,25 (OH),D,), which when bound to
its cognate receptor, the VDR, effectively inhibits pro-
liferation and promotes differentiation in human colon
cancer cells [17]. Estrogens have been shown to increase
VDR and CYP27B1 expression and activity in human
colonocytes. Thus, activation of ER-[3 causes antitumor
effect. Estrogens increase the potential antiproliferative
effect of vitamin D hormone [17—21]. However, women
are protected from more aggressive cancer in the colon
though not in the rectum until well after menopause. This
likely reflects the differential sensitivity of the mucosa at
these sites against the anticancer effects triggered by ac-
tivation of ER-f3 [22].

The manifestation of the disease occurred in females
at a younger age, ranging from 25 years, thatison 11 years
earlier, than in males. The maximum number of men —
6 (24.0%) patients was observed at the age range of 65—
69 years that more than twice exceeded the number of
women — 4 (11.0%) patients. The number of patients
of both genders in older age (over 75 years) was lower
(5.6%), than in patients without family history (6.8%,
see Fig. 1). The male patients at this age range (Fig. 2)
never found inlike to male patients without the family
history of CRC (6.4%, see Fig. 1).

In probands with «positive» familial anamnesis the
peak age of the disease manifestation was lower by 5 years
for both genders: in males is 65—69 years, and in females
is 45—49 years, compared with age of individuals with-
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out family history (in men is 70—74 years and in women
is 50—54 years). The analysis of distribution on age and
gender of CRC onset in probands with «positive» fami-
lial anamnesis for CRC, is shown on Fig. 2.

% 30
25 R
) :
0 ; -=+-- Males
. N —=— Females
15 Ay T
10 7 \/A "‘.
-—\,/j Snnen \
5 '.“ \’-
N Years

25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80and >

Fig. 2. The distribution of males and females by age mani-
festation for the CRC with familial anamnesis for the disease

Among the 182 probands «positive» familial anam-
nesis was found in 61 (33.5%) patients: in 25 males and
36 females. In 7 (11.5%) relatives of probands the dise-
ase repeated in three generations. Recurrence of CRC in
2—3 generations of families allows to confirms an auto-
somal dominant mode of inheritance of the disease in
some patients. The frequency of various diseases of co-
lon, associated with CRC and family history of this dise-
ase, is shown in Fig. 3.
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Fig. 3. The frequency of various diseases of colon, associated
with CRC, and «positive» familial anamnesis of this disease:
1 — familial CRC (patients to met 1—2 of Amsterdam crite-
ria for Lynch syndrome) — 65.6%; 2 — Lynch syndrome —
14.8%; 3 — FAP — 11.5%; 4 — CRC-associated inflamma-
tory bowel diseases — 4.9%; 5 — MAP — 1.6%; 6 — Peutz —
Jeghers syndrome — 1.6%

It was determined (see Fig. 2) that among patients
with family history of CRC 18 (29.5%) individuals had
monogenic diseases of colon, such as: Lynch syndrome —
9 (14.8%), FAP — 7 (11.5%), MAP — 1 (1.6%) and
Peutz — Jeghers syndrome — 1 (1.6%). Among them
were 7 males and 11 females. Inflammatory bowel dise-
ase ulcerative colitis and Crohn’s disease, associated
with CRC, was found in 3 (4.9%) patients with heredi-
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tary predisposition to CRC. The familial cancer was the
most common in this group of probands and was diag-
nosed in 40 (65.6%) patients. According to the literature
data, of common malignancies, CRC has one of the lar-
gest proportions of familial cases. Kindred and twin stu-
dies estimated that approximately 30% of all CRC cases
are an inherited form of the disease [23]. It is known that
in Lynch syndrome patients there is a different lifetime
risk and earlier age of manifestation for CRC — especial-
ly in MSHG6 mutation carriers, in men and women [24].
In 25 (41.0%) males and in 36 (59.0%) females «posi-
tive» familial anamnesis for CRC was confirmed (p > 0.05).
It was observed 69 (57.0%) males and 52 (43.0%) females
without family history of CRC (p > 0.05). Despite the
lack of a statistically significant difference between the
groups of males and females, probably due to the small
number of patients in groups, the distribution of cancer
cases in the observed families demonstrates the tenden-
cy, called the Carter effect [25]. It means that the indi-
viduals of gender, which is less affected, have a higher
hereditary predisposition compared with patients of the
gender, which is often affected. It is known that the in-
cidence and mortality in men by 30—40% higher than in
women, despite fluctuations depending on age [1, 24].
There was established statistically significant differen-
ce of the age of CRC onset regarding the hereditary pre-
disposition to the disease. Males and females with family
history of CRC had lower average age of manifestation of
the disease than in patients without a «positive» familial
anamnesis. In male patients with family history of CRC
the average age of the CRC onset was 50.9 & 2.77 years
that was approximately at 15 years less, than those with-
out family history for the disease (66.2 £ 1.10 years). In
women with familial history of CRC the difference of
the average age of cancer onset was 50.9 £ 2.91 yearsless
more than 9 years, than those without a genetic predis-

position to the disease — 60.2 & 1.72 years (Table 3).
Table 3
Gender differences of average age of CRC onset and hereditary
predisposition to this disease

Family histor Average age of CRC
Gender y Y| onset (in years), p
of CRC
M£m
Males n.=69 - 66.21.10
(n=94) [n=25 ¥ 50.9:277 | 000!
Females |n,=52 - 60.2 +1.72
(n=88) [n,=36 ¥ 50.9 % 2.91 <0.01

n, — the number of patients without family history of CRC; n, — the number
of patients with family history of CRC.

There was not confirmed statistically significant diffe-
rence between the average age of CRC onset in patients
of both genders with «positive» familial anamnesis of the
disease. However, it was revealed a statistically significant
difference (p < 0.01) for the average age of the CRC on-
set between males (66.2 £ 1.10 years) and females (60.2
*+ 1.72 years) without family history.

Thus, the study of gender and age-CRC is one of
the urgent problems of modern medicine. A precise un-
derstanding of the age of inherited CRCs manifestation
is important for identifying at-risk individuals, impro-
ving cancer surveillance and prevention strategies, and
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developing better diagnostic and therapeutic approa-
ches. Studies of the cases of familial and inherited colon
cancers have led to recommendations for colon cancer
screening. Furthermore, genetic study among this group
of patients improves our understanding of colon cancer
risk, pathogenesis, and prevention.

CONCLUSIONS

1. Age of the CRC onset was varied in relation of pa-
tient’s gender and hereditary predisposition to the dise-
ase. In probands with family history of CRC the peak age
of the disease onset was 5 years lower for both genders
(65—69 years in males and 45—49 years in females), com-
pared to the age of patients without family history (70—
74 years in males and 50—54 years in females).

2. Among probands with family history of CRC 29.5%
individuals have monogenic cancer syndromes of co-
lon, such as: Lynch syndrome, FAP, MAP and Peutz —
Jeghers syndrome. CRC-associated inflammatory bo-
wel disease was found in 4.9% patients with familial an-
amnesis for CRC.

3. The average age of CRC onset in probands of both
genders with hereditary predisposition to this disease was
the statistically significant lower, than in patients with-
out family history.

4. The statistically significant difference for the
average age of the CRC onset between males and fe-
males without family history of the disease was revealed.
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XAPAKTEPUCTUKA PO3MOALTY XBOPUX
HA KOJIOPEKTAJIbHU PAK 3A BIKOM
I CTATTIO 3AJIEXXHO BIJ, CNIAAKOBOI
OBTSXKEHOCTI LLUM 3AXBOPIOBAHHSIM

M.P. Jlozuncoxa, O.M. Pedoma, JI.IO. Jlo3uncoka,
H.M. Ilpoxonuyxk, P.O. Ilinaxcko

Pestome. Mema: nposecmu ananiz po3nodiny xeopux
Pi3HOI cmami 3a 8ikom MaHigpecmayii KOA0OPeKMAaNbHO-
2o paky (KPP) 3i cnadkoeoro oomsicenicmio ma be3 00-
MANCEHOCMI YUM 3aXE0PIOBAHHAM 05 BUABAEHHS 0CI0
epyn puzuxy. 06°exm i memoou: ananiz medu4Hoi 0o-
Kymenmauii ma eeneanoeiunoi ingpopmayii y 182 xeo-
pux Ha KPP (94 wonoesiku i 88 xucinok). «[losumuenuit»
cimetinuti anamues KPP niomeepdocero y 61 npoban-
da: 40 3 Hux 8idnogidasu 00HoMy—06om Amcmepoam-
CbKUM Kpumepiam diaenocmukxu, 9 — mpoom Amcmep-
damcovKkum Kpumepisam, 7 — manu cimeilHuil adeHoma-
mo3HUil noaino3, 3 — cnadkogy oomsicenicmo Ha KPP,
acoyiiio8anuil i3 3ananbHUMU 3aX60PHOBAHHAMU KUULeY -
HuKy, ma no oonomy eunadxy MUTYH-acouiiioearoeo
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noainosy i cunopomy Ileiimya — €eepca. Pe3yivma-
mu: 6iKk MaHighecmauii 3axe0proants apioeas 3a-
NexucHo 8i0 cmami nayienmie i cnadkoeoi obmsice-
Hocmi. Y npobandie i3 cimetinum anamuesom KPP 6i-
Kosuil nik Mauighecmayii 3ax60pH06aAHHS 08 MEHULUM
Ha 5 pokie das 000x cmameli NOPIBHAHO 3 8iKOM 0CiO
0e3 cnadkosoi oomsaxcenocmi. Y npooandie iz KPP uo-
A08i40i ma Jcinouoi cmami 3i cnadkoor oomsidceHic-
IO YUM 3aX80PHBAHHIM BCMAHOBACHO ICIMOMHO MeH-
wuil cepedHiil ik mMaHigpecmauii xeopoou, Hixc Y X8opux
Y04108iKIi8 I JCiHOK 6e3 cnadkoeoi oomsscenocmi. Mixc
Yon08iKamu i HciHkamu b6e3 cnadkogoi 0bmsiceHocmi
KPP 3a cepednim éixom manigpecmayii xeopobu ecma-
HOBAeHO CMamucmu4Ho icmomny pisHuyto. Bucrnoeok:
B8CMAHOBAEHHA 8IKY MaHiecmayii cnadkosux eapia-
mie KPP i cmamesux ocobausocmeii nayicHmie i3 yum
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3aX80PHOBAHHAM € 8ANCAUBUM 0151 BUABACHHS 0CIO epyn
PUBUKY, @ MAKodiC 0451 NOKPAUEHHS CROCIEPEICeHHS]
3a nayieHmamu i3 paKkom moecmoi Kuwku ma eionpa-
UI0BAHHS NPeeeHMUBHOI cmpameeii 0151 600CKOHANEH-
Hs diaeHocmuKU [ AIKY8ANbHUX Ni0X00I8.

KunouoBi ciioBa: KojiopeKTajlbHUIA pak, CiMeiHUI
aHaMHe3, Bik MaHi(ecTallii XBOpoOU, CTaThb.
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