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Abstract
AIM: To compare the site, age and gender of cases of 

colorectal cancer (CRC) and polyps in a single referral 
center in Rome, Italy, during two periods.

METHODS: CRC data were collected from surgery/pa-
thology registers, and polyp data from colonoscopy 
reports. Patients who met the criteria for familial adeno-
matous polyposis, hereditary non-polyposis colorectal 
cancer syndrome or inflammatory bowel disease were 
excluded from the study. Overlap of patients between 
the two groups (cancers and polyps) was carefully avoid-
ed. The χ 2 statistical test and a regression analysis were 
performed.

RESULTS: Data from a total of 768 patients (352 and 
416 patients, respectively, in periods A and B) who un-
derwent surgery for cancer were collected. During 
the same time periods, a total of 1693 polyps were 
analyzed from 978 patients with complete colonos-
copies (428 polyps from 273 patients during period A 
and 1265 polyps from 705 patients during period B). A 
proximal shift in cancer occurred during the latter years 
for both sexes, but particularly in males. Proximal can-
cer increased > 3-fold in period B compared to period A 
in males [odds ratio (OR) 3.31, 95%CI: 2.00-5.47; P  < 
0.0001). A similar proximal shift was observed for pol-
yps, particularly in males (OR 1.87, 95%CI: 1.23-2.87; 
P  < 0.0038), but also in females (OR 1.62, 95%CI: 
0.96-2.73; P  < 0.07). 

CONCLUSION: The prevalence of proximal prolifera-
tive colonic lesions seems to have increased over the 
last decade, particularly in males. 
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INTRODUCTION
Colorectal cancer (CRC) is one of  the most common ma-
lignancies worldwide, the etiology of  CRC involves envi-
ronmental and genetic factors. In most cases, the cancer 
develops according to the classic adenoma-carcinoma 
sequence[1], as supported by epidemiological, clinical-
pathological and molecular genetic studies. Thus, early 
detection and removal of  adenomatous polyps are es-
sential for cancer prevention. In fact, the risk of  devel-
oping CRC within six years of  a polypectomy is reduced 
by 75%-90%. However, not all CRC cases are preceded 
by adenomatous polyps, and some cancers have been 
shown to develop directly from aberrant crypts or flat 
lesions[2]. These alternative carcinogenetic pathways are 
relatively more frequent on the right side of  the colon, 
making the efficacy of  preventative strategies very chal-
lenging. In this regard, one of  the topics of  particular 
interest in CRC is the possible change in site distribution 
observed in recent decades. In fact, recent data from 
different studies report a change in the site distribution 
of  CRC (proximal shift) related to gender, race[3,4] and 
older age[5]. Many factors are potentially involved in this 
phenomenon, and most of  them are not easily evalu-
ated. However, the crucial issue is to establish if  and 
how much of  these changes are due to a real biological 
event or related to multiple diagnostic biases. Indeed, the 
question is not theoretical, but rather implies important 
decisions related to strategies for screening, surveying 
and treating millions of  people worldwide, with health 
and economic implications. In fact, proximal colon can-
cer represents a great challenge for physicians, both due 
to the technical limitations of  screening strategies in the 
detection of  right-sided colon lesions and to the peculiar 
behavior of  these tumors[6]. Data on CRC location have 
been reported from different sources, such as cancer 
registries, colonoscopy reports, retrospective clinical 
analyses or autoptic data[5,7-9]. All of  these sources have 
biases that could potentially under- or over-estimate 
the specific issue of  the cancer location. However, data 
concerning a possible increase over time of  right-sided 
colon cancers have been reported recently in large popu-
lation studies[10,11]. The possible changes in the location 
of  polyps over time have been less investigated, but a 
possible proximal shift in these lesions has been de-
scribed by some studies[12-14]. Few studies have addressed 
the possible “right shift” of  CRC in the Italian popula-

tion[15,16], and only two studies have analyzed the chang-
ing distribution of  both CRC and polyps over tim[17,18], 
thus data are scarce and not conclusive. 

The present study aims to address this issue retrospec-
tively by analyzing records from a large set of  patients, ei-
ther operated on for CRC or diagnosed with colon polyps 
by colonoscopy, during two distinct periods of  time at an 
Italian single referral center. 

MATERIALS AND METHODS
We performed a retrospective, observational study of  
CRC and polyps at a single referral center (“Sapienza” 
University Hospital - Rome, Italy) for two periods of  
time: from 1989 to 1993 (period A) and from 2003 to 
2007 (period B). The aim of  the study was to compare 
the location of  CRC and polyps and to study the differ-
ences in the age and gender distributions between the 
two periods.

The age and gender of  the patients and the location, 
histology, morphology and dimensions of  their lesions 
were recorded. For discrimination between the proximal 
and distal colon, the boundary was situated at the junc-
ture of  the splenic flexure, as was performed in previous 
studies[16,19].

Overlap of  patients in the two groups (CRC and pol-
yps) was carefully avoided. The study was approved by the 
institutional University review board; because this study 
was a retrospective analysis of  an existing data set, written 
informed consent was not obtained from the participating 
subjects. 

During the two periods, endoscopic examinations were 
performed using Olympus videocolonscopes (CF100I in 
period A, CFQ145I in period B).

Colorectal cancer data
CRC data were obtained from surgery registries, and the 
diagnoses were all confirmed by histological examination 
of  surgical resections. Overall, 768 consecutive patients 
diagnosed with cancer who underwent surgery were ana-
lyzed. Of  these, 352 were operated on from 1989-1993 
(period A) and 416 from 2003-2007 (period B).

Polyp data
Polyp data were obtained from colonoscopies. Only com-
plete colonoscopy examinations with adequate bowel 
preparation were considered. Subjects with uncompleted 
examinations or unsatisfactory cleansing were excluded, 
unless a second complete colonoscopy was performed 
within three months. Only patients with sporadic polyps 
were included, and patients who met the criteria for fa-
milial adenomatous polyposis, hereditary non-polyposis 
colorectal cancer syndrome or other polyposis syndromes, 
or who had been diagnosed with or suspected to have 
inflammatory bowel disease (ulcerative colitis or Crohn’s 
disease), were excluded from the study. 

Four senior gastroenterologists, each with more than 
10 years of  endoscopic experience, performed 4176 
colonoscopies (1030 and 3146 for periods A and B, re-
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spectively). Polyps were detected in 27% and 23% of  
colonoscopies in periods A and B, respectively. 

A total of  978 patients were analyzed, and 1693 pol-
yps were found. 

The data obtained from each polyp were included in 
the descriptive analysis. For patients with more than one 
polyp, the most advanced lesion, either in the proximal 
or in the distal segment of  the colon, was taken into 
consideration in the multivariate analysis.

Statistical analysis
Proportions were calculated for the categorical data, and 
means and standard deviations were calculated for the 
quantitative data. χ 2 and t tests were used to assess the 
differences between periods A and B. Multivariate logistic 
regression was used to estimate the relative risk of  finding 
a proximal CRC and polyp, adjusting for age, sex and the 
diagnosis period (A vs B) as independent variables. The 
limit of  statistical significance for all tests was set at 0.05.

RESULTS
Colon cancer
As shown in Table 1, a higher percentage of  cancers was 
recorded in men than in women, and there was no statis-
tically significant difference between the periods. Patients 
were older in period B than in period A. In particular, 
there were fewer patients with CRCs in period B than in 
period A in all age groups less than 70 years.

From period A to B, proximal CRC incidence in-
creased by an absolute 14.3% (from 18.2% to 32.5%, P 
< 0.0001). In particular, the increase was observed in the 
cecum and in the ascending colon (12.0% vs 28.4% in pe-
riods A and B, respectively), whereas in distal CRC cases, 
a consistent reduction was noted in the rectum, with a de-
crease from 54.5% to 31.5% in periods A and B, respec-
tively (P < 0.0001) (Figure 1).

In the multivariate analysis, the risk of  finding a 
proximal CRC, after adjusting for age and sex, showed a 
statistically significant interaction term between period 
B and gender. Thus, two regression equations were run. 
For men, the risk of  developing a proximal cancer in 
period B was more than 3 times greater than that in pe-
riod A, adjusting for age [odds ratio (OR) 3.31, 95%CI: 
2.00-5.47; P = 0.0001], whereas for females, there was an 

increased risk, but this increase was not statistically sig-
nificant (OR 1.21, 95%CI: 0.72-2.04; P = 0.4637). There 
was no significant evidence of  an effect of  age in males 
(OR 1.34, 95%CI: 0.86-2.11; P = 0.1999) or in females 
(OR 1.23, 95%CI: 0.74-2.07; P = 0.4272). 

Polyps 
As shown in Table 2, polyps were more frequently found 
in males than in females, with no statistically significant 
difference between the periods (P = 0.0892). We evalu-
ated 428 polyps from 273 patients in period A and 1265 
polyps from 705 patients in period B. The mean number 
of  polyps per patient increased from 1.6 in period A to 1.8 
in period B (P = 0.01).

No univocal trend in age distribution between the 
two periods was observed. With regard to the percent-
age of  patients with polyps in period A to period B, a 
decrease was observed for age groups < 50 years and 
60-69 years, whereas an increase was observed for the 
age groups 50-59, 70-79 and ≥ 80 years (P < 0.0015). 
A similar trend was observed in both males and females 
(data not shown).

From period A to B, the incidence of  proximal polyps 
increased by an absolute 12.7% (from 22.8% to 35.5%, P 
< 0.00005). In analyzing the anatomical segments sepa-
rately, an increase in incidence of  proximal polyps was ob-
served in the ascending colon (from 7.9% to 13.2%) and 
in the transverse colon (from 7.2% to 14.7%). In the distal 
colon, a reduction in polyps was observed in the descend-
ing colon (from 21.6% to 9.1%) and in the rectum (from 
32% to 25.4%), whereas an increase was noted in the sig-
moid colon (from 23.6% to 30%) (P < 0.00005) (Figure 2).

In the multivariate logistic regression analysis, after 
adjusting for age, a male’s risk of  developing a proximal 
polyp in period B was almost 90% greater than his risk in 
period A (OR 1.87, 95%CI: 1.23-2.87; P = 0.004), where-
as for females, there was an increase of  more than 60% 
in the risk, which was close to statistical significance (OR 
1.62, 95%CI: 0.96-2.73; P = 0.07). When considering age 
groups stratified by greater or less than 70 years, no differ-
ences in proximal polyp detection was demonstrated for 
either gender.  

The size and histopathological pattern of  the polyps 
were also analyzed. 
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Period A (1989-1993) Period B (2003-2007) P  value

     352 patients      416 patients

  Male 202 (57.4) 253 (60.8)  0.335
  Female 150 (42.6) 163 (39.2)
  Age (yr)
     < 50    49 (13.9) 27 (6.5) < 0.0001
     50-59   70 (19.9)   55 (13.2)
     60-69 121 (34.4)   95 (22.8)
     70-79   90 (25.6) 180 (43.3)
     ≥ 80 22 (6.2)   59 (14.2)

Table 1  Characteristics of the 768 patients with colorectal 
cancer  n  (%)

Period A (1989-1993)

81.8%
54.5%

13.7%

13.6%

18.2% 6.2%

6%

6%

Period B (2003-2007)

32.5% 4.1%

17.1%

11.3%

17%

19%

31.5%
67.5%

Figure 1  Relative distribution of colorectal cancer according to colon 
segment in periods A and B. The relative percentage of colorectal cancer 
cases are indicated next to the corresponding tract of the colon. Total proximal 
and distal colorectal cancer percentages, with the splenic flexure as the bound-
ary, are also reported. 
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There was a statistically significant increase in the per-
centages of  micropolyps (< 5 mm) from 26.6% to 41.9% 
and from 10.3% to 15.1% for polyps of  10-19 mm in size, 
whereas the percentage of  large polyps (40 mm) dimin-
ished from 2.3% to 1.0% in period B vs A (P < 0.00005). 

Histopathology data were available for 63.3% and 
89.5% of  polyps in period A and B, respectively. No statis-
tically significant differences in the overall number of  hy-
perplastic polyps and adenomas with mild/moderate and 
severe dysplasia were observed between periods A and 
B. Nonetheless, when the histopathological pattern was 
analyzed according to polyp location, from period A to B, 
adenomas with mild/moderate dysplasia in the proximal 
colon increased significantly from 21.8% to 41.2% (P < 
0.001), whereas adenomas with severe dysplasia decreased 
from 37% to 23%, which was not statistically significant.

DISCUSSION
In recent decades, screening strategies for early diagnosis 
and/or prevention of  CRC have been consistently imple-
mented. Nonetheless, colon malignancies still remain the 
third most common cancer and an important cause of  
death in Western countries[20]. Thus, many efforts have 
been made in order to improve the efficacy of  screening 
strategies, which often differ even regionally in the same 
country. Colonoscopy is considered the “gold standard” 
for the diagnosis and removal of  pre-malignant colon 

lesions, even though a careful risk stratification strategy 
is required in order to optimize resources for screening 
purposes. In this setting, the presumed right-side increase 
in pre-malignant lesions and CRC may represent a further 
stimulus to perform high-quality endoscopic examination 
of  the right side of  the colon, which is often difficult 
to explore carefully (especially the cecum)[6]. Moreover, 
even though in the last year colonoscopies have increased 
in number and quality, it has been demonstrated that a 
relatively high proportion of  cases of  CRC may develop 
without macroscopic evidence of  pre-malignant lesions, 
introducing further challenges to prevention strategies. 
Despite the consistent number of  studies that analyze 
differences in the location of  colon CRC and polyps, 
data are still not univocal and indeed remain difficult to 
interpret. As already mentioned, results are often difficult 
to compare due to the different sources from which the 
data are collected. Another important reason concerns 
the length of  the observation, which varies from a few 
years to decades according to different studies. 

This study retrospectively evaluated the differences 
in the site distribution of  CRC and polyps between two 
5-year periods over a period of  10 years, analyzing data 
from surgical registries and from endoscopic reports in 
a single referral center. The relatively short interval time 
between the two periods (10 years) could have, at least in 
part, influenced the observed differences, which may be 
more striking with a wider interval time.  

Bearing in mind the aforementioned limitations for 
data interpretation, many recent large studies have re-
ported a trend for “proximalization” of  CRC in different 
geographic areas[10,15,21,22]. Conversely, other studies have 
questioned the possible “right shift” in CRC location[23,24] 
or have observed the phenomenon only in specific sub-
groups[3,25,26]. Moreover, some other authors have explained 
that the putative increase in proximal CRCs is mainly 
consequent to the decrease in rectal cancer cases[8,16]. In 
this study, we confirmed the proximal shift in CRC over 
time and observed a 3-fold increase in the risk of  finding 
proximal cancer in males in period B vs period A. In line 
with previous findings in Italian populations[16], the single 
anatomical segments analysis emphasized that the relative 
increase in proximal CRC cases over time was partly due to 
a reduction in the number of  rectal cancer cases (54.5% vs 
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Period A 
(1989-1993)
273 patients

Period B 
(2003-2007)
705 patients

P  value

  Male       178 (65.2)       418 (59.3)    0.0892
  Female         95 (34.8)       287 (40.7)
  Age (yr)
     < 50         50 (19.2)         91 (12.9) < 0.0015
     50-59         44 (16.9)       154 (21.9)
     60-69       103 (39.5)       226 (32.1)
     70-79         57 (21.8)       185 (26.3)
     ≥ 80           7 (2.7)         48 (6.8)
  Total No. of polyps       428     1265
  No. of polyps, mean ± SD        1.6 ± 1        1.8 ± 1.3    0.0102
  No. of polyps, median           1           1
  Range           1-6           1-14
  Dimensions
     < 5 mm       114 (26.6)       530 (41.9) < 0.00005
     5-9 mm       228 (53.3)       454 (35.9)
     10-19 mm         44 (10.3)       191 (15.1)
     20-29 mm         23 (5.4)         52 (4.1)
     30-39 mm           9 (2.1)         25 (2)
     40+ mm         10 (2.3)         13 (1)
  Histopathological pattern
     Hyperplastic         91 (33.6)       438 (38.7) < 0.00005
     Mild/moderate dispalsia1       151 (55.7)       597 (52.7)
     Severe dysplasia2         27 (10)         87 (7.7)
     Others3           2 (0.7)         10 (0.9)

Table 2  Characteristics of the 978 patients with polyps  n  (%)

1Tubular, mixed or villous adenoma with mild or low grade dysplasia; 
2Tubular, mixed or villous adenoma with severe dysplasia or cancer in situ 
or serrated adenoma; 3Lymphatic lump, hamartoma, leiomyoma, anal hu-
man papilloma virus.

Period A (1989-1993)
22.8%

7.2%

7.9%

7.7%

21.6%

23.6%

32%
77.2%

Period B (2003-2007)
35.5%

14.7%

9.1%

64.5%

30%

25.4%

7.6%

13.2%

Figure 2  Relative distribution of polyps according to colon segment in 
periods A and B. Relative percentage of polyp detection are indicated next 
to the corresponding tract of the colon. Total proximal and distal colonic polyp 
percentages, with the splenic flexure as the boundary, are also reported.
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31.5% in periods A and B, respectively). In fact, excluding 
rectal cancers, the trend for a proximal shift in CRCs over 
time, although maintained, showed less of  a difference 
(data not shown). This relatively small, but homogeneous 
study from a single referral center, confirmed the trend of  
a proximal shift in CRC location during recent years, and is 
thus further confirmation of  the phenomenon previously 
described in large cohorts of  patients from different areas.

Published data on polyp prevalence are scarce and less 
consistent than are data for CRC, and the related studies 
mainly concern advanced adenomas[27]. However, some 
studies have suggested a proximal shift in those lesions 
over time[12-14,17,18]. In this study, we observed a proximal 
shift in polyps between periods A and B, albeit less con-
sistent than that observed for CRC. As already observed 
for CRC, the proximalization of  lesions was more evident 
in males (90% increase in period B vs A). The increase in 
total polyps, and in particular in proximal lesions, refers 
mainly to micropolyps and low-grade dysplastic polyps, 
that could be partially explained by the increase in colo-
noscopies for cancer prevention in period B vs period A, 
and to the “see and sampling” strategy that has become 
more popular in recent years. Notably, the present data 
on polyp dimensions and histopathological patterns need 
to be interpreted with caution, both due to the high rate 
of  missing histological data [157 (36.7%) and 133 (10.5%) 
polyps with missing histological reports in periods A and 
B, respectively] and due to the fact that the two variables 
(size and histology) are not independent. 

Besides possible biological explanations of  increased 
proliferative right-sided colon lesions over time, many 
confounding factors related to the global technical and 
behavioral medical changes throughout the years could 
have partially contributed to this location shift. With 
regard to the latter, the most important consideration 
concerns the impact of  increased sensibilization for 
CRC prevention in the last decade that could have po-
tentially influenced either CRC or polyp presentation in 
our population during period B. In fact, the older age 
of  CRC patients in that period could be at least partially 
due to the preventive effect of  the screening approach, 
and the same “proximal shift” could be an effect of  bet-
ter prevention of  distal lesions (which are more easily 
detected by screening methods such as sigmoidoscopy). 
Considering polyps, the modifications of  colonoscopy in-
dications, particularly due to an increased trend to cancer 
prevention, may have influenced the different findings in 
the two periods, even though only a slight decrease in the 
proportion of  colonoscopies with polyp detection was 
found between the two periods (23% in period B vs 27% 
in period A). Regarding technical progress, the right-sided 
CRC increase could be a result of  the recent different 
surgical treatment options for right-sided CRC, in par-
ticular the laparoscopic approach, that in many centers 
has made surgery much more possible in elderly patients 
compared to previous years. This detail is particularly 
true considering that for CRC evaluation, we included 

exclusively surgical registry data without considering the 
surgical approach. Moreover, procedural improvements 
(i.e., standardization of  retraction time) and the ameliora-
tion of  bowel cleansing could have potentially influenced 
the observed difference in polyp detection between the 
two time periods. Nonetheless, no substantial improve-
ments in technical equipment occurred between the two 
periods, since high definition endoscopes were not avail-
able in both periods. 

Nonetheless, even if  the precise amount and specific 
causes of  the right shift in pre-malignant and malignant 
colon lesions remain to be established, the present ret-
rospective analysis appears to confirm, albeit with some 
limitations and possible confounding factors, a trend of  
an increase in such lesions over time. As a consequence, 
endoscopists and clinicians in daily clinical practice, as 
well as future strategies for screening campaigns, should 
take into account the possible increase in proximal colonic 
proliferative disorders. In this regard, the whole colon 
should be considered as a potential target for neoplastic 
changes, and partial colon examinations should be avoid-
ed or limited to particular conditions. Novel endoscopic 
instruments with higher resolution power could result in 
an improvement per se in the detection of  colonic lesions. 
However, besides the technical devices, better bowel 
preparation (cecum cleaning), the constant improvement 
of  endoscopists’ skills, and a standardized technical endo-
scopic approach[28] are all fundamental basic tools that can 
improve the endoscopic examination quality in order to 
obtain a more accurate observation of  the whole colon.              
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with an increase in right-sided lesions.
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