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Abstract

proximalization and to assess the potential predictors.

the period 1997-2001 and in the period 2002-2006.

people > 70 years.

Background: In the last years a trend towards proximalization of colorectal carcinomas (CRC) has been reported.
This study aims to evaluate the distribution of CRC and adenomatous polyps (ADP) to establish the presence of

Methods: We retrieved histology reports of colonic specimens excised during colonoscopy, considering the exams
performed between 1997 and 2006 at Cuneo Hospital, Italy. We compared the proportion of proximal lesions in

Results: Neoplastic lesions were detected in 3087 people. Proximal CRC moved from 25.9% (1997-2001) to 30.0%
(2002-2006). Adjusting for sex and age, the difference was not significant (OR 1.23; 95% Cl: 0,95-1,58). The proximal
ADP proportion increased from 19.2% (1997-2001) to 26.0% (2002-2006) (OR: 1.43; 95% Cl: 1.17-1.89). The
corresponding figures for advanced proximal ADP were 6.6% and 9.5% (OR: 1.48; 95% Cl: 1.02-2.17). Adjusting for
gender, age, diagnostic period, symptoms and number of polyps the prevalence of proximal advanced ADP was
increased among people > 70 years compared to those aged 55-69 years (OR 1.49; 95% Cl: 1.032.16). The main
predictor of proximal advanced neoplasia was the number of polyps detected per exam (> 1 polyp versus 1 polyp:
considering all ADP: OR 2.16; 95% Cl: 1.59-2.93; considering advanced ADP OR 1.63; 95% Cl: 1.08-2.46). Adjusting for
these factors, the difference between the two periods was no longer significant.

Conclusions: CRC do not proximalize while a trend towards a proximal shift in adenomas was observed among

Background

Colorectal cancer (CRC) is the third most common cancer
and the third leading cause of cancer related mortality in
the United States [1]. In Europe, incidence is currently
400,000 new cases/year, with a mortality rate of 200,000/
year [2]. CRC is generally a malignancy associated with
the elderly, with a mean age at diagnosis of 73 years [3,4].
In the last decade, the literature has reported a change in
the topographic distribution of CRC, consisting of a lesion
shift towards the proximal sector of the colon [5-7]. Parti-
cularly, advanced age [8] and female gender [9] seem to be
associated with this phenomenon. Lesion proximalization
may have an important impact on clinical practice, as
tumours originating from the proximal colon tend to

* Correspondence: fenogliol@ospedale.cuneo.it
'Medicina Interna, Azienda Ospedaliera S. Croce e Carle, Cuneo, ltaly
Full list of author information is available at the end of the article

( BioMVed Central

show a better prognosis related both with the high percen-
tage of lesions showing microsatellite instability (MSI) [9],
and with the best response to adjuvant chemotherapy
[10,11]. Since the majority of CRC arises from adenoma-
tous polyps [12], it is theoretically possible to interrupt
this sequence by endoscopic adenomectomy. An increase
in the incidence of neoplasms in the right colon might
have as well implications for the choice of screening stra-
tegies. Indeed, a higher incidence of proximal cancers
would tend to reduce the protective effect of sigmoido-
scopy (FS), favouring total colonoscopy as the method of
choice [13]. We might suppose that the shift of adenomas
might precede future proximalisation of CRCs. Our study
aims to evaluate the topographic distribution of CRCs and
ADPs in our population over a 10 years period in order to
assess the occurrence of a trend to the proximalization
and to identify those factors associated with the likely
proximal shift of these lesions.
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Methods

Our population is represented by a consecutive series of
patients, examined at the S. Croce Hospital in Cuneo,
Piedmont, with a histological diagnosis of CRC or ade-
noma between 1997-2001 and 2002-2006. We retrieved
histological reports of 2,226 CRCs and 1,858 adenomas.
Lesions located between the caecum and the splenic flex-
ure were classified as proximal, while lesions arising in
the descending colon, sigmoid and rectum were classified
as distal. For patients with synchronous lesions, we con-
sidered the most advanced one; in case of metachronos
lesions we considered for the analysis the first lesion
excised (either adenoma or carcinoma). We did not con-
sider in the analysis hyperplastic polyps, as they were not
systematically recorded over the analysed period. Two
different databases were designed for carcinomas and
adenomas. The carcinoma database included personal
data, a macroscopic description [length of resected colon,
macroscopic configuration, site, maximum diameter, dis-
tance from resection margins, tumour perforation (pT4)],
histology [adenocarcinoma or other, differentiation (G),
distance between tumour and circumferential margin,
neoplastic blood vessel embolization, nerve infiltration],
metastases (number of lymph-nodes examined, number
of positive lymph-nodes, lymphnodes positivity along the
artery, positivity of apical lymph-nodes), background
(presence of adenomas or synchronous adenomas), sta-
ging (complete margin resection, TNM, staging accord-
ing to modified Dukes’s classification) [14]. Besides
personal data, clinical information and symptoms, the
adenoma database consisted of variables including colo-
noscopy examination date, location, morphology (sessile/
pedunculate), number (single/multiple), diameter in mm,
sample type (biopsy/polypectomy), histological type (tub-
ular/villous/tubulo-villous), grade level of dysplasia
(mild/moderate/severe), timing of confirmation of polyp
compared with the carcinoma (antecedent/simultaneous/
subsequent/during the follow-up period). We identified
advanced adenomas (adenomas with a villous component
> 20% or a diameter > 10 mm or a high level of dyspla-
sia). It is well known that such lesion is associated with a
four fold increase in the risk of neoplasia compared with
a low risk lesion (single tubular adenoma < 1 cm) [15].
Since there was no indication concerning the quality of
the endoscopic exam (e.g.: the proportion of complete
examinations/the different operator/the instrument
used), the number of adenomas found per single exami-
nation was used as an indicator. For patients with multi-
ple results (those who had undergone more than one
colonoscopy in the time period considered) the endo-
scopic exams performed within 6 months from the first
one were considered as complementary to the initial
examination and they were evaluated as one exam for the
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purpose of the analysis. All the colonoscopies were per-
formed without sedation. The quality of bowel prepara-
tion was reported in each nursing file: for all the exams
the quality of colon cleansing was adequate to permit a
complete endoscopic evaluation of the colon. Univariate
associations were tested using the 2 test for proportions.
Multivariate logistic regression models were fitted, for
CRCs and adenomas separately, to estimate the associa-
tion (measured as OR) of the prevalence of adenomas
and CRCs with the calendar period, adjusting for age,
gender, self reported symptoms and number of adenomas
detected per each exam (for adenomas only) [16]. All
comparisons were considered statistically significant at
the 0.05 level (two-sided tests). All analyses were per-
formed using the SAS statistical package.

Results

The actual number of patients was 3,087 (1,361 carcino-
mas and 1,726 adenomas). We excluded: 659 CRCs and
44 adenomas detected in patients already diagnosed
with adenomas in a previous exam. The general charac-
teristics of the population are shown in table 1. Carci-
nomas (table 2): among the 1,361 registered cases there
were 1,088 surgical resections and 273 colonscopies.
The male gender made up 57.8%. Mean age at diagnosis
was 68.9 years (range 6277), with a statistically non sig-
nificant difference between the two genders (68.9 males
versus 70.3 females). Excluding 21 reports which did not
indicate the tumour site, the proximal carcinomas repre-
sented 25.9% of the total number in the first period and
30.0% in the second period respectively, without any sta-
tistically significant increase between the two periods
(OR 1.23; 95% CI: 0,95-1,58). Adjusting for gender, age
and period of diagnosis, the distribution of proximal
lesions proved to be significantly higher in the female
group; we observed a different trend for age in the two
periods, with a greater prevalence of proximal lesions in
the younger group in the first period and a tendency to
increase in the elderly in the second period. Adenomas
(table 3): among the 1,726 registered cases there were
1,462 polypectomies and 264 biopsies. The median age
did not differ between men (65.7 years; range 58-74)
and women (66.4 years; range 59-75). The proportion of
total proximal adenomas increased from 19.2% in the
first period to 26% in the second period (OR 1.43; 95%
CI: 1.17-1.89) (Figure 1). Considering only the advanced
adenomas, prevalence increased from 6.6% in the first
period to 9.5% in the second period (OR: 1.48; 95% CI:
1.02-2.17) (Figure 2). The prevalence of multiple adeno-
mas in the first period proved to be 8.2% while the pre-
valence in the second period was 23.8%. Adjusting for
gender, age, self-reported symptoms, number of adeno-
mas and period of diagnosis, the main predictors of the
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Table 1 Population general characteristics

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 Tot

patients 211 220 222 283 289 343 357 377 393 392 3087

mean age £ DS 676 £88 666+ 1 665+109 676+ 127 662+49 67621 674+56 67260 670+81 660+ 155 670

M 123 102 95 139 123 154 214 245 248 242 1685

F 88 118 127 144 166 189 143 132 145 150 1402

Total lesions (%) 6.8 7.1 7.2 91 94 1.1 1.6 122 127 12.8 100

proximalization of adenomas were the number of ADP
detected at each exam (single versus multiple) (OR 2.16;
95% CI: 1.59-2.93) and the diagnosis period (OR 1.33;
95% CI: 1.03-1.70) (table 4). The prevalence of proximal
adenomas tended to increase with age, even if the differ-
ence did not reach the threshold of statistical signifi-
cance (OR 1.25; 95% CI: 0.971.60) (table 4). Restricting
the analysis to advanced adenomas, given the correlation
between the diagnosis period and the number of
advanced adenomas found, these two variables were not
significant if included together into the logistic model.
However, when considering the two variables separately,
along with gender, age and symptoms, both the diagno-
sis period (OR 1.49; 95% CI: 1.03-2.16) and the number
of adenomas (OR 1.63; 95% CI: 1.08-2.46) proved to be
significantly associated with proximalization (table 5).
The prevalence of advanced proximal adenomas
increased in subjects = 70 years compared with subjects
aged between 55-69 years (OR 1.49; 95% CI: 1.03-2.16).

Discussion

By age 70 years, at least 50% of the Western population
will develop some form of CRC, spanning the spectrum
from an early benign polyp to an invasive adenocarcinoma.
The stage of disease is one of the most important prognos-
tic factor for CRC patient survival. The incidence of Stage
I disease in the USA has increased over the past years due
to better screening and is currently nearly 30%. The 5-year
survival rates for Stage I colon and rectal cancer are 93%
and 92% respectively, while for advanced disease the survi-
val rates drop significantly [17,18]. The most common
location of CRC is the sigmarectum (70-75%); about 30%
of these lesions is manually explorable, while the other
70% may be diagnosed by sigmoidoscopy. In the last dec-
ade, the literature has reported modifications as to the

Table 2 Characteristics of patients with carcinoma

topographic distribution of CRCs [5-7], consisting of the
lesions shifting to the proximal sectors of the colon. This
proximal shift mainly occurs in industrialized countries,
where the incidence of neoplasm is greater. All the current
epidemiological studies report a large geographic variation
in the anatomic distribution of lesions [19], due to differ-
ent causes including the impact of environmental risk fac-
tors such as diet [20], the difference in the frequency of
hereditary CRCs (characterized by a greater prevalence of
proximal lesions) [21], and the use of colonoscopy screen-
ing [22]. Incidence of proximal neoplasms increases with
age [23,24], particularly in the female gender, while distal
neoplasms prevail in males. The reason for this seems to
lie in the eating habits which may depend on the different
hormonal gender set-up [7,21]. In the last years, biomole-
cular investigations have allowed the identification of dif-
ferent features in proximal and distal lesions, both in
pathogenesis and natural history, with different therapeu-
tic strategies [25-30]. Moreover, recent investigations have
changed the concept that hyperplastic polyps are innocu-
ous lesions with no potential for progression to malig-
nancy; in fact, we now recognize that the lesions formerly
classified as hyperplastic actually represent a heteroge-
neous group of polyps, some of wich have a significant
risk for neoplastic transformation. These serrated polyps
include not only hyperplastic polyps but also traditional
serrated adenomas and sessile serrated adenomas: these
polyps demonstrate characteristic molecular alterations
not commonly seen in colorectal adenomas, and they
probably progress to colorectal cancer by means of a new
pathway: the serrated neoplasia pathway [31]. Many
authors have connected carcinoma proximalization with
the widespread use of endoscopy, in particular sigmoido-
scopy as a screening tool, allowing adenoma removal and
a substantial reduction in the incidence of malignant

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 Tot

patients 99 108 100 119 106 161 161 177 168 162 1361
mean age £ DS 701 £212 685+07 691 +07 683+99 675+35 694+35 694+35 686+ 14 692+ 141 690+ 71 689
M 53 59 55 66 64 84 95 110 103 97 786

F 46 49 45 53 42 77 66 67 65 65 575
carcinomas (%) 73 79 7.3 8.7 7.8 11.8 11.9 13.0 124 11.9 100
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Table 3 Characteristics of patients with adenoma
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 Tot
patients 112 112 122 164 183 182 196 200 225 230 1726
mean age £ DS 652 + 155 650+ 14 639 +212 670+ 155 649+64 664 +28 653+78 657+106 649 +21 630+24 65
M 70 43 40 73 59 70 119 135 145 145 899
F 42 69 82 91 124 112 77 65 80 85 827
adenomas (%) 6.5 6.5 7.0 9.5 106 105 1.3 11.7 13.0 134 100

lesions situated in the distal colon and rectum [32,33].
Increase in the incidence of carcinomas in the first seg-
ments of the colon thus offers potential implications as
regards screening and control of subjects at risk. By
increasing the incidence of proximal carcinomas, it seems
evident that only FS may not be considered the gold stan-
dard as a screening method while total colonoscopy might
be the method of choice for CRC screening in subjects at
an intermediate risk [34]. To date, in Italy, four epidemio-
logical studies have been performed in order to highlight
likely variations in the anatomic distribution of this neo-
plasm [19,23,35,36] with contrasting results. In a twenty
year study (1978-1999) performed in Northern Italy [19], a
significant increase both in the incidence of CRCs and
proximal lesions was observed, more markedly in the
female gender over age 70 years. A second thirty year Ita-
lian study (1969-1998) [23] also noted a proximal shift of
CRCs. The authors explained this phenomenon as being
due to eating habits (greater consumption of fats and pro-
tein) and a sedentary lifestyle typical of Western countries
[24]. In contrast to the previous two studies, the study
published in 2004 [36] and carried out between 1984-
1998, showed no significant changes in the CRC distribu-
tion, but rather an increase in the incidence of the lesions
in all the colon segments, attributed by the authors to the
age of the general population. In 2008, a retrospective
study [35] was carried out on Turin population between
1992-2001; results showed a reduced prevalence (from
9.9% to 6.8%) with no evidence of proximalization. On the
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Figure 1 Prevalence of proximal adenomas per year of
diagnosis and in the two periods.

contrary, an increased number of both diagnosed lesions
and proximal shifts as regards polyps was found. However,
both gender and age did not influence location of carcino-
mas or polyps, contrary to what had been reported in the
literature,. Considering these contrasting results, we
wished to retrospectively analyse clinical data of a popula-
tion resident in the North-West of Italy between 1997-
2006. As to carcinomas, there was an increased tendency
towards the number of proximal lesions in the two peri-
ods, though not statistically significant. It might be pre-
sumed that CRC proximalization in our population has
not yet occurred. Similar results have been reported in a
British study performed in 2004 [7].

Since it is well known that the adenoma-carcinoma
sequence takes at least 10 years [37] we hypothesized that
an adenoma proximalization is currently occurring in our
population. This phenomenon has not yet been pointed
out for carcinoma proximalization for the same reason,
however, it may occur in the future. Some studies have in
fact reported a right sided shift tendency even in adeno-
matous lesions with increased age [38-40]. Our study
showed a significant increase in proximal adenomas
between the first (19,2%) and the second five year period
(26%). The main predictive factors for proximal location
proved to be both the diagnosis period and the number of
adenomas detected at each endoscopic exam (single ade-
noma versus multiple adenoma). On the other hand, age
does not seem to be significantly correlated to the proxi-
malization of ADPs of any type even with an increasing
trend in the over 70 years age group. Moreover, as to the
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Figure 2 Prevalence of advanced proximal adenomas per year
of diagnosis and in the two periods.
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Table 4 Multivariate analysis for gender, age, symptoms,
total number of adenomas and diagnosis period

MALES 1
FEMALES 0.86 (95% Cl: 0.69-1.09)
<55 0.91 (95% Cl: 0.65-1.28)

AGE 55-69 1
> 69 1.25 (95%Cl:0.97-1.60)

SYMPTOMS NO 1
YES 0.67 (95%Cl:0.46-0.98)

DIAGNOSIS PERIOD 1997-2001 1
2002-2006 1.33 (95%Cl:1.03-1.70)

1 1
> 1 2.16 (95%Cl:1.59-2.93)

advanced adenoma subgroup prevalence of proximal loca-
tion proved to be significantly increased (from 6% to 9.5%)
between the first and second period in subjects aged over
70 years. In this setting, the main factors predicting proxi-
malization in the latter case appear to involve the number
of lesions detected at each exam (single advanced ade-
noma vs multiple advanced adenoma). Correlation
between the trend in the proportion of advanced proximal
adenomas and the proportion of multiple adenomas in the
two periods makes difficult the estimation of the indepen-
dent effect of the diagnosis period. In accordance with the
literature, our data also show a proximal shift of precan-
cerous lesions which are partially attributable to patient
age and partially to factors associated with diagnostic
methods or modifications in the risk profile of the studied
population. Increase in the number of cases identified with
multiple adenomas is likely due to improved diagnostic
accuracy of endoscopic examinations and/or a change in
the population referred to this service, with an increase in
the amount of people at a higher risk (i.e., familial predis-
position). However, we have no further information as to
verifying this hypothesis, although the amount of diag-
nosed lesions is generally considered as an indicator of

Table 5 Determinants of the prevalence of proximal
advanced adenomas

MALES 1 1
FEMALES 121 (95%CL0.86-1.72)  1.21 (95%Cl:0.86-1.72)
< 55 0.67 (95%Cl:0.38-1.19)  0.67 (95%Cl:0.38-1.19)

AGE 55-69 1 1
> 69 149 (95%Cl:1.03-2.16)  1.49 (95%Cl:1.03-2.16)

SYMPTOMS NO 1 1
YES 0.59 (95%Cl:0.32-1.10)  0.59 (95%Cl:0.32-1.10)

1997-2001 1 1
2002-2006  1.36 (95%Cl:0.92-2.00) 1.49 (95%Cl:1.03-2.16)

1 1 1
> 1 146 (95%Cl:0.95-2.25) 1.63 (95%Cl:1.08-2.46)
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examination accuracy. Furthermore, as no information
concerning the reason for referral nor the total number of
examinations performed is available it cannot be ruled out
that the variations detected are attributable to changes in
the features of the population referred to our centre. The
interaction observed between age and diagnosis period of
the carcinomas would seem to indicate that the risk profile
of the population studied changed over the ten year period
considered. The fact that our sample consists of patients
referred for various reasons (symptoms such as changes in
bowel habits or even familial predisposition) to a hospital
unit representing a population at a higher risk than gen-
eral population for adenomatous polyposis and CRC, sets
the main limit of our study. Interest in the study of CRC
neoplasia distribution arises from the debate over the
choice of screening tests for the intermediate risk popula-
tion, which is subjects over 50 years without any other risk
factors except age. The aim of a screening test consists of
reducing the mortality rate by early carcinoma diagnosis
and decreasing disease incidence by removal of precursors
of invasive disease, mainly advanced adenomas. While the
high risk population (familial adenomatous polyposis,
Lynch-HNPCC syndrome, inflammatory bowel disease)
has a well defined screening test [41], various options are
currently available for carrying out a CRC screening test
on the intermediate risk population: a) tests carried out on
faeces (faecal occult blood test and in the future DNA ana-
lysis); b) endoscopic exams (sigmoidoscopy/colonoscopy).
Faecal tests fundamentally identify carcinomas although
they may result positive in the case of an advanced ade-
noma, while endoscopic exams can detect carcinomas as
well as adenomatous lesions [42].

Conclusions

In conclusion, in our population there is a non significant
trend in the increase of proximal cancers whereas, in
accordance with the Western literature, a clear proximal
shift of precancerous lesions can be observed affecting
the over 70 age group. On the other hand, variations in
the proportion of proximal neoplastic lesions observed in
the study period would seem at least partially attributable
to increased age of the patients examined, as well as to
changes in other features of the population referred to
our service and/or to improved diagnostic performance.
These factors should be taken into consideration in the
studies which analyse trend in cancerous and precancer-
ous lesion prevalence in different colon segments.

Due to the characteristics of the study group it is diffi-
cult to apply these data to the intermediate asympto-
matic risk population, even if this study has not pointed
out any trend which could justify debating over current
strategies in the target age group of the screening
programmes (50-69 years).
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