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Abstract
Screening programs (SC) have been proven to reduce both incidence and mortality of CRC. We retrospectively analyzed 
patients who underwent surgical treatment for CRC between 01/2011 and 01/2017. The current screening program in our 
region collects patients aged from 50 to 69. For this reason, out of a total of 600 patients, we compared 125 patients with 
CRC founded during the SC to 162 patients who presented with symptoms and were diagnosed between 50–69 years old 
(NO-SC). 45% patients in the SC group were diagnosed as AJCC stage I vs 27% patients in the NO-SC group; 14% vs 20% 
were stage II, 14% vs 26% were stage III, and 3% vs 14% were stage IV (p 0.002). We found a significant difference in 
surgical approach: 89% SC vs 56% NO-SC patients had laparoscopic surgery (p 0.002). In the NO-SC group, 16% patients 
underwent resection in an emergency setting. Only 5% patients in the SC group had postoperative complications vs 14% 
patients in the NO-SC group (p 0.03). We had a 2-year OS of 86%, being 95% in the SC group and 80% in the NO-SC group 
(p 0.002). Likewise, the whole 2-year DFS was 77%, whereas it was 90% in the SC group and 66% in the NO-SC group (p 
0.002). Screening significantly improves early diagnosis and accelerated surgical treatment. We obtained earlier stages at 
diagnosis, a less invasive surgical approach, and lower rates of complications and emergency surgery, all this leading to an 
improvement in both OS and DFS.
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Abbreviations
CRC​	� Colorectal cancer
USPSTF	� US Preventive Services Task Force
FOBT	� Fecal occult blood test
FIT	� Fecal immunochemical test
CT	� Computed tomographic colonoscopy
gFOBT	� Guaiac fecal occult blood test
ASA score	� American Society of Anesthesiologists 

physical status classification score
AJCC	� American Joint Committee on Cancer

OS	� Overall survival
DFS	� Disease-free survival

Introduction

Colorectal cancer (CRC) is the third most common type of 
non-skin cancer in both men and women. It is the second 
leading cause of cancer death in the United States after lung 
cancer. In 2016, an estimated 134,490 people in the United 
States were diagnosed with colorectal cancer and 49,190 
people died from it [1].

Incidence rates of colorectal cancer show a positive rela-
tionship with an increasing level of economic development 
[2]. Even so, the 5-year survival rate decreases with lower 
levels of income, with rates reaching 60% in high-income 
countries in comparison to 30% or less in low-income coun-
tries [3].

Screening has been proven to reduce both incidence and 
mortality of CRC [4–7]. For this reason, all expert medical 
groups, including the US Preventive Services Task Force [7] 
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(USPSTF), strongly recommend screening. Although minor 
details of the recommendations may vary, these groups gen-
erally recommend that people at average risk of colorectal 
cancer get screened at regular intervals, beginning at age 
50 years [1–3, 7]. The USPSTF advices screening to con-
tinue until age 75; after 75, the decision to screen is to be 
based on patient’s life expectancy, health status, presence 
of comorbidities and previous screening results. Routine 
screening of people aged 86 years or older is not recom-
mended by the USPSTF [5–7].

People at increased risk because of family history of colo-
rectal cancer or previous polyps’ resections or a medical his-
tory of inflammatory bowel disease or certain inherited con-
ditions may start screening at younger age and/or have more 
frequent screening.

CRC screening is available in many countries with high 
and upper-middle incomes worldwide and is delivered by 
organized programs or on opportunistic basis.

Participation rates in such screening are highly variable 
among countries and settings but have typically been below 
40% [8].

Insurance status and access to primary care are the main 
determinants of participation. Additional obstacles include 
costs, logistic challenges, lack of provider involvement, lan-
guage barriers, cultural beliefs, and lack of awareness of 
colorectal cancer screening [9, 10].

There are several methods available for colorectal can-
cer screening [11], generally divided in noninvasive and 
invasive tests. Noninvasive stool-based tests to detect blood 
include the guaiac fecal occult blood test (gFOBT) [12] and 
the more sensitive fecal immunochemical test (FIT) [13]. 
Invasive endoscopic methods, which use optical approaches 
to directly examine the rectum and colon, include sigmoi-
doscopy and colonoscopy [14].

Colonoscopy is used both as a primary screening tool 
and as secondary level examination for patients who tested 
positive with other screening methods. In addition, com-
puted tomographic (CT) colonography was developed as a 
noninvasive visualization technique [15].

During colonoscopy, any abnormal growths in the colon 
and the rectum can be removed and sent to pathology, 
including growths in the upper parts of the colon that are 
not reached by sigmoidoscopy. Studies suggest that colo-
noscopy reduces deaths from colorectal cancer by about 
60–70% [7, 11].

Experts recommend colonoscopy every 10 years for peo-
ple at average risk as long as their test results are negative 
[16, 17].

Newer noninvasive techniques have also recently 
emerged, and are based on visual inspection (e.g., video 
capsule endoscopy [18]) or on the analysis of biomarkers 
in stool (e.g., multitarget-stool DNA [19]), blood (e.g., 

methylated septin 9 DNA), or breath (e.g., exhaled breath 
analysis of volatile organic compounds [20]).

Studies have shown that gFOBT can help to reduce 
the number of deaths due to colorectal cancer by 15–33% 
[12, 21] when performed every 1–2 years in people aged 
50–80 years.

In Friuli Venezia Giulia region of Italy, a screening pro-
gram for men and women aged 50–69 is currently ongoing 
and allows patients to undergo gFOBT every 2 years up to 
the age of 74. If the test results positive, the patient is then 
recalled and suggested to undergo to a colonoscopy.

The aim of our study is to analyze the impact of this 
screening program on clinical outcomes and survival in 
patients undergoing surgery for CRC.

Methods

Study population

We retrospectively analyzed a total of 600 patients whom 
underwent surgical treatment for CRC between January 2011 
and January 2017 in the department of General Surgery, 
Cattinara University Hospital, Trieste. The institutional 
ethical board approved the study and informed consent was 
obtained from each patient. Individual information was col-
lected from the patients, their physician or the registers of 
death of the municipalities of residence.

Study design

The current screening program in Friuli Venezia Giulia 
region collects all men and women aged 50–69. For this rea-
son, out of a total of 600 patients we compared 125 patients 
who were found to have a CRC during the screening pro-
gram (SC) to 162 patients who presented with symptoms and 
were diagnosed when aged 50–69 without prior screening 
(NO-SC). Adhesion to the regional program was 60.3% in 
2015.

Statistical analysis

Summary statistics of clinical and instrumental variables 
at enrolment were expressed as mean and standard devia-
tion, or median and interquartile range, or counts and per-
centage, as appropriate. Comparisons between groups were 
made with the ANOVA test on continuous variables, using 
the robust Brown–Forsythe test when appropriate. The Chi-
square test was used for discrete variables. Kaplan–Meier 
curves and the log-rank tests were calculated and compared 
between groups of patients defined according to SC/NO-SC 
evolution.
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Results were considered statistically significant when 
p < 0.05. All calculations were performed using IBM SPSS 
19.0 for Windows and the R package version 3.10.

Results

Characterization of patients

The study population included 287 of 600 enrolled patients, 
with at least five clinical evaluations during the follow-up 
period (3–6–12–18–24 months).

The baseline characteristics of the patients are reported 
in Table 1. The median age was 65 years (IQR 62–70 years).

The large majority of patients had an ASA score of 2 
(61%) and was treated after the first evaluation (i.e., enroll-
ment). 90% of patients underwent surgery in elective setting 
vs 6% who were operated in emergency setting. 65% of the 
overall study population was treated by a laparoscopic sur-
gery approach.

At 2-year follow-up time, 72% of patients was disease 
free, 10% was alive with a tumor and 15% died (100% 
because of CRC in the SC group, 72%, because CRC vs 
28% because of other causes).

45% of patients in the SC group were diagnosed as AJCC 
[22] stage I in comparison to 27% of patients in the NO-SC 
group (p value 0.002); 14% of patients in the SC group were 
stage II vs 20% in the NO-SC group also, 14% of patients 
in the SC group were stage III vs 26% in the NO-SC group 
and 3% stage IV in comparison to 14% in the NO-SC group 
(p value 0.002).

We found significant difference between groups when 
looking at surgical approach: 89% of patients in the SC 
group had laparoscopic surgery in comparison to 56% of 
NO-SC patients (p value 0.002).

Furthermore, 16% of patients underwent resection in an 
emergency setting in the NO-SC group in comparison to 0% 
in the SC group. Moreover, 14% of patients in the NO-SC 
group had a Clavien–Dindo classification up to grade III vs 
only 5% of patients in the SC group (p value 0.03).

2-year overall survival (OS) in the total study population 
was 86% (Table 2). There was a statistically significant dif-
ference between the two groups as OS was 95% in the SC 
group and 80% in the NO-SC group (p value 0.002).

2-year Disease-Free Survival (DFS) was 77% in the 
total study population, 90% in the SC group and 66% in the 
NO-SC group (p value 0.002).

Figure 1 shows OS curves and DFS curves of patients 
according to the AJCC stage. Patients with stage IV disease 
at diagnosis presented a similar rate of events in the OS and 
DFS curves (p value 0.0001).

On the other hand, the DFS curves (Fig. 2) of patients 
undergoing regional screening compared with the NO-SC 

group diverged significantly at the 24-month follow-up time 
point (SC group: 92% [CI 86–99%]; NO-SC group: 76% 
[68–86%]; p value 0.004).

The OS curves, shown in Fig. 3, demonstrate that the 
cumulative events during the follow-up period were less for 
SC patients in comparison to NO-SC patients, with better 
outcome for the former group (SC GROUP: SC Group: 92% 
[CI (86–99%); NO-SC GROUP: 82% [CI (77–86%)]; p value 
0.0002, log-rank test).

Discussion

The present study describes for the first time the natural his-
tory of CRC since the beginning of the screening program 
in the city of Trieste.

Screening for CRC became widely available after many 
studies identified a benefit in terms of incidence and mor-
tality rates. In particular, a landmark study by Mandel et al. 
showed a 33% reduction in cumulative mortality from CRC 
with the use of FOBT [23]. Other subsequent studies con-
firmed these results [24–26].

FOBT is the most basic type of test for CRC screening 
and became the test of choice in Friuli Venezia Giulia region 
after a cost-effectiveness analysis demonstrated its advan-
tages in a mass-screening setting.

However, it is reported that the predictive value of FOBT 
for the diagnosis of CRC is only around 10% [27].

Fecal Immunochemical test (FIT) has been shown to have 
greater sensitivity and specificity for the detection of adeno-
mas and CRC in comparison to classic gFOBT [28, 29]. 
An organized FIT screening program in Florence showed 
improvement of 22% in CRC incidence [30].

Unfortunately, FIT also showed low sensitivity for the 
detection of colon polyps [31].

The only technique able to bypass this issue remains 
colonoscopy, which has shown higher sensitivity and 
specificity, providing also the opportunity to resect polyps 
and adenomas, therefore, lowering the incidence of CRC. 
Numerous studies showed that CRC mortality decreased of 
around 68–88% in people undergoing screening colonos-
copy [32–35], even though more studies have shown that 
this advantage is mainly related to left sided lesions [36]. 
Furthermore, colonoscopy requires sedation and the results 
are hindered by compliance with bowel preparation. These 
characteristics limit its use on a mass-screening basis [33, 
36, 37]. It remains, however, the examination of choice when 
prior tests have given a positive result.

Numerous clinical trials are currently comparing screen-
ing techniques with the aim of finding the best: the CON-
FIRM trial (NCT01239082) is investigating one-time colo-
noscopy vs annual FIT plus colonoscopy at a positive result. 
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Table 1   Baseline patient 
characteristics

Overall population
(287)

Screening
(125 patients)

No Screening
(162 patients)

p value

Median age  [25°p–75°p] 65 [6–70] 64 [62–69] 66 [62–70]
Males 68% 66% 69% 0.69
ASA
 1 19,5% 35% 4% 0.009
 2 61% 55% 67%
 > 2 19,5% 10% 29%

Stage
 0 13% 21% 8% 0.002
 I 33% 45% 27%
 II 17% 14% 20%
 III 22% 14% 26%
 IV 12% 3% 14%
 NOT CLAS. 3% 3% 5%

pT
 0 3% 3% 3% 0.000
 IS 10% 15% 6% 7
 1 14% 26% 9%
 2 21% 23% 21%
 3 30% 26% 34%
 4 18% 3% 24%
 NOT CLASS. 4% 4% 4%

pN
 N0 67% 81% 58% 0.000
 N + 27% 15% 36% 6
 NOT CLASS. 6% 4% 6%

Tumor location 0.38
 Sigma 30% 35% 30%
 Ascending 19% 20% 18%
 Rectum 25% 22% 31%
 Other 26% 23% 21%

Regime
 Elective 90% 100% 84% 0.002
 Emergency 6% 0% 16%

Surgery
 Laparoscopy 65% 89% 56% 0.002
 Open 33% 11% 44%

Conversion
 Yes 14% 9% 16% 0.14
 No 83% 91% 84%

Local recurrences 0.07
 Yes 4% 1% 6%
 No 97% 99% 94%

Distant recurrences 0.06
 Yes 14% 9% 18%
 No 82% 91% 82%

Follow-up
 Disease free 72% 90.2% 66.4% 0.01
 Alive with tumor 10% 4.4% 13.4%
 Died 15% 5.4% 20.2%

Other complications 9% 5% 14% 0.036

Bold values are median [first, third quartiles]

4



Other studies are also comparing FIT to colonoscopy [38] or 
colonoscopy or FIT to no screening [39, 40].

In our experience, our regional program based on the use 
of gFOBT significantly improved early diagnosis of CRC: 
in fact, we found tumors at earlier stages in patients who 
underwent screening (45% AJCC stage I in SC patients vs 
27% in NO-SC patients, p = 0.002).

We were, therefore, able to use a less invasive surgical 
approach more often in the SC group of patients (89% of 
laparoscopic procedures in SC patients vs 56% in NO-SC 
patients), recording lower rates of complications (5% com-
plication rate in SC patients vs 14% in NO-SC patients, 
p = 0.03) and of conversion to open surgery (9% in the SC 
group vs 16% in the NO-SC group, in the absence of statisti-
cal significance) (Table 1).

These data are in accordance with results from the most 
important trials in the field [23–26, 41] and clearly show that 
this screening approach provides a significant advantage in 
terms of DFS (90% in the SC group vs 66% in the NO-SC 
group, p = 0.002) and OS (95% in the SC group vs 80% in 
the NO-SC group, p = 0.002) (Table 2).

In contrast to what was previously reported in the lit-
erature [36], we did not find significant differences in the 
detection efficacy of the screening program in relation to the 
cancer anatomical location, but this could be due to the fact 
that colonoscopy was only used as a second level screening 
technique after the FOBT returned a positive result.

Table 2   2-year overall survival and disease-free survival

Variables Screening
(125 patients) (%)

No Screening
(162 patients) (%)

p value

OS 95 80 0.002
DFS 90 66 0.002

Fig. 1   Kaplan–Meier Survival Curves: long-term OFS and DF AJCC stage related

Fig. 2   2-year DFS rate

Fig. 3   Overall survival curves, shown in Fig.  3, demonstrate the 
cumulative events
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One limitation of this study is, however, the short fol-
low-up time, which limits the analysis of clinical outcomes 
measures. The differences detected between the two groups 
in terms of DFS and OS could potentially diminish with a 
longer follow-up period.

Several national organizations have published guidelines 
on strategies to reduce colorectal cancer mortality, including 
the National Comprehensive Cancer Network [6], the US 
Multi-Society Task Force [17], and the American College 
of Gastroenterology [42].

The 2016 US Preventive Services Task Force recom-
mendations do not support any specific testing strategy or 
strategies over others, but rather highlight the importance 
of screening patients at average risk for colorectal cancer 
between 50 and 75 years of age, with tailored screening for 
those between 76 and 85 years of age [26].

While screening has been shown to reduce CRC mortal-
ity, screening rates have not increased in the last 10 years 
and are stable at around 60% [43]. Adherence to screen-
ing programs remains traditionally low [44, 45]. Moreover, 
drop-out rates after one-time participation are also relatively 
high [46, 47].

At our center, adherence to the screening program 
remains at around 50%.

To improve this aspect and, therefore, to obtain even bet-
ter results from CRC screening, newer, noninvasive tech-
niques are being developed, which could “attract” people 
who are traditionally reluctant to undergo colonoscopy 
for instance [48]. Methylated septin 9 blood test identifies 
hyper-methylated septin 9 DNA in the bloodstream, which 
is thought to derive from CRC cells. The test shows 70% of 
sensitivity and 90% of specificity for CRC detection in retro-
spective studies [49, 50]. Unfortunately, following prospec-
tive trials reported similar specificity, but lower sensitivity, 
especially for early stages CRC [17]. Exhaled breath analysis 
of volatile organic compounds is also being investigated and 
showed encouraging results, but more randomized studies 
comparing this to other available techniques are needed [20, 
51].

In view of the lack of clear results and sufficient data 
from randomized clinical trials on the newest screening tech-
niques, currently used strategies such as FOBT and FIT are 
still considered the best options in terms of cost-effective-
ness and non-invasiveness for mass-screening.

The cost-effectiveness literature of interventions to 
increase participation in screening programs mostly does 
not address the problem of how to calculate an incremental 
cost per year of life gained, but generally does a cost-conse-
quence analysis and calculates the cost per test performed or 
the incremental cost per person earned at screening.

The European guidelines identify several papers evaluat-
ing the cost-effectiveness of colorectal screening [52].

The three cancer screenings currently recommended 
(pap test, mammography and FOBT) are very cost-effective 
interventions, with a low cost per year of life gained. Con-
sequently, to try to earn a person at the single screening 
episode, up to € 40 can be dedicated in the case of the Pap 
test, € 130 in the case of mammography, € 800 in the case 
of sigmoidoscopy and € 80 in the case of FOBT, remaining 
under the € 30,000 for QALY (cost per quality adjusted life 
year) or LYG (cost per life year gained), cost unanimously 
considered as the cost-effectiveness limit [53–58].

As reported by Idigoras Rubio et al. an increase of 5-year 
survival rate of 23.4% of the participants in the screening 
program suggests that incidence and mortality rates of CRC 
will decrease in the near future for participants in screening 
program [59].

An effort needs to be made to improve other aspects, such 
as socio-economic disparities, patient education and adher-
ence to the programs. Patient education material dissemi-
nation and multiple successive invitations to participate to 
screening programs could be some of the most effective and 
simple ways to improve patient participation rates.

In addition, patient stratification according to risk of CRC 
could further improve screening efficacy, cost-effectiveness 
and ultimately patient compliance, as invasive screening 
strategies could be then specifically used only on high-risk 
patients, sparing the average population.

Conclusion

In conclusion, even in the presence of limitations such as 
the retrospective nature of the study and the short follow-up 
time, we confirmed the impact of the screening program on 
clinical outcomes measures and survival rates in patients 
with CRC in our region.

In our study, we do not only explain that participate to the 
screening mean a low-grade tumor detection and a reduction 
of mortality and recurrences, but we want to emphasize that 
early diagnosis means accelerated surgical treatment.

An accelerated surgical treatment means a less invasive 
surgical approach, lower rates of complications and emer-
gency surgery who can lead to an improvement in both OS 
and DFS.

The possibility of a patient selection bias also exists, even 
though all patients were enrolled at the same institution in 
accordance to homogeneous and clear inclusion criteria.

Implementation of tools to achieve higher participation 
to screening programs could ultimately further reduce inci-
dence and mortality from CRC. Adoption of less invasive 
screening techniques will definitely benefit patients adher-
ence to screening once results from randomized studies 
are available. Finally, a cancer-risk patient stratification 
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approach could improve screening cost-effectiveness and 
patient compliance.

Acknowledgements  The authors thank all the General Surgery Unit 
Residents, Nurses, Surgeons and the entire staff for their cooperation.

Author contributions  All authors have contributed significantly to 
the paper and read and approved the manuscript. In particular, PL, 
MG, and NdM: conception and design of paper, final approval of the 
manuscript; FG, MG, and PL: analysis and interpretation of data; PL 
and MG: drafting of the manuscript; PL, MG, AB, SF, ES, FG, DG, 
and NdM: revising critically the manuscript for important intellectual 
content.

Compliance with ethical standards 

Conflict of interest  There is no conflict of interest for all authors re-
garding the publication of this manuscript and no financial issues to 
disclose.

Research involving human participants  The manuscript reports an 
observational retrospective study, so, on the basis of the resolution 
of the Authority for the Protection of Personal Data (Gazzetta Uffi-
ciale N° 72—March 26, 2012—http://www.garan​tepri​vacy.it/garan​te/
doc.jsp?ID=18782​76). This study has been conducted in accordance 
with the ethical standards of the Declaration of Helsinki. The insti-
tutional ethical board approved the study and the informed consent 
was obtained under the institutional review board policies of hospital 
administration.

Statement of informed consent  Informed consent was obtained from 
all individual participants included in the study. There are no relation-
ships with industry.

References

1. Noone AM, Cronin KA, Altekruse SF et al (2017) Cancer inci-
dence and survival trends by subtype using data from the surveil-
lance epidemiology and end results program, 1992–2013. Cancer 
Epidemiol Biomark Prev 26(4):632–641

2. Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal
A, Bray F (2017) Global patterns and trends in colorectal cancer
incidence and mortality. Gut 66(4):683–691

3. Allemani C, Weir HK, Carreira H et al (2015) Global surveil-
lance of cancer survival 1995–2009: analysis of individual data
for 25,676,887 patients from 279 population-based registries in
67 countries (CONCORD-2). Lancet 385(9972):977–1010

4. Shaukat A, Lehenbauer KP (2017) Screening for colorectal neo-
plasia. N Engl J Med 376(16):1599

5. Whitlock EP, Lin JS, Liles E, Beil TL, Fu R (2008) Screening for
colorectal cancer: a targeted, updated systematic review for the US
Preventive Services Task Force. Ann Intern Med 149(9):638–658

6. Force USPST, Bibbins-Domingo K, Grossman DC et al (2016)
Screening for colorectal cancer: US preventive services task force 
recommendation statement. JAMA 315(23):2564–2575

7. Berger BM, Parton MA, Levin B (2016) USPSTF colorectal can-
cer screening guidelines: an extended look at multi-year interval
testing. Am J Managed Care 22(2):e77–e81

8. Schreuders EH, Ruco A, Rabeneck L et al (2015) Colorectal can-
cer screening: a global overview of existing programmes. Gut
64(10):1637–1649

9. Carrozzi G, Sampaolo L, Bolognesi L et al (2015) Economic dif-
ficulties keep on influencing early diagnosis of colorectal cancer.
Epidemiol Prev 39(3):210

	10. Honein-AbouHaidar GN, Kastner M, Vuong V et al (2016) Sys-
tematic review and meta-study synthesis of qualitative studies
evaluating facilitators and barriers to participation in colorectal
cancer screening. Cancer Epidemiol 25(6):907–917

	11. Imperiale TF, Ransohoff DF (2017) Screening for colorectal neo-
plasia. N Engl J Med 376(16):1598–1599

	12. Burch JA, Soares-Weiser K, St John DJ et al (2007) Diagnostic
accuracy of faecal occult blood tests used in screening for colo-
rectal cancer: a systematic review. J Med Screen 14(3):132–137

	13. Lee JK, Liles EG, Bent S, Levin TR, Corley DA (2014) Accuracy 
of fecal immunochemical tests for colorectal cancer: systematic
review and meta-analysis. Ann Intern Med 160(3):171

	14. Bray C, Bell LN, Liang H, Collins D, Yale SH (2017) Colorectal
cancer screening. WMJ 116(1):27–33

	15. Coin CG, Wollett FC, Coin JT, Rowland M, DeRamos RK, Dan-
drea R (1983) Computerized radiology of the colon: a potential
screening technique. Comput Radiol 7(4):215–221

	16. Mead R, Duku M, Bhandari P, Cree IA (2011) Circulating tumour
markers can define patients with normal colons, benign polyps,
and cancers. Br J Cancer 105(2):239–245

	17. Church TR, Wandell M, Lofton-Day C et al (2014) Prospective
evaluation of methylated SEPT9 in plasma for detection of asymp-
tomatic colorectal cancer. Gut 63(2):317–325

	18. Kroijer R, Kobaek-Larsen M, Qvist N, Knudsen T, Baatrup G
(2019) Colon capsule endoscopy for colonic surveillance. Colo-
rectal Dis 21:532–537

	19. Imperiale TF, Ransohoff DF, Itzkowitz SH (2014) Multitarget
stool DNA testing for colorectal-cancer screening. N Engl J Med
371(2):187–188

	20. Altomare DF, Di Lena M, Porcelli F et al (2013) Exhaled volatile 
organic compounds identify patients with colorectal cancer. Br J
Surg 100(1):144–150

	21. Ouyang DL, Chen JJ, Getzenberg RH, Schoen RE (2005) Nonin-
vasive testing for colorectal cancer: a review. Am J Gastroenterol 
100(6):1393–1403

	22. Hari DM, Leung AM, Lee JH et al (2013) AJCC Cancer stag-
ing manual 7th edition criteria for colon cancer: do the complex
modifications improve prognostic assessment? J Am Coll Surg
217(2):181–190

	23. Mandel JS, Bond JH, Church TR et al (1993) Reducing mortality
from colorectal cancer by screening for fecal occult blood. Minne-
sota colon cancer control study. N Engl J Med 328(19):1365–1371

	24. Hardcastle JD, Chamberlain JO, Robinson MH et al (1996) Ran-
domised controlled trial of faecal-occult-blood screening for colo-
rectal cancer. Lancet 348(9040):1472–1477

	25. Scholefield JH, Moss SM, Mangham CM, Whynes DK, Hardcas-
tle JD (2012) Nottingham trial of faecal occult blood testing for
colorectal cancer: a 20-year follow-up. Gut 61(7):1036–1040

	26. Shaukat A, Mongin SJ, Geisser MS et  al (2013) Long-term
mortality after screening for colorectal cancer. N Engl J Med
369(12):1106–1114

	27. Mandel JS, Church TR, Bond JH et al (2000) The effect of fecal
occult-blood screening on the incidence of colorectal cancer. N
Engl J Med 343(22):1603–1607

	28. Allison JE, Fraser CG, Halloran SP, Young GP (2014) Popu-
lation screening for colorectal cancer means getting FIT: the
past, present, and future of colorectal cancer screening using
the fecal immunochemical test for hemoglobin (FIT). Gut Liver
8(2):117–130

7

http://www.garanteprivacy.it/garante/doc.jsp?ID=1878276
http://www.garanteprivacy.it/garante/doc.jsp?ID=1878276


	29. Allison JE, Sakoda LC, Levin TR et al (2007) Screening for colo-
rectal neoplasms with new fecal occult blood tests: update on
performance characteristics. J Natl Cancer Inst 99(19):1462–1470

	30. Ventura L, Mantellini P, Grazzini G et al (2014) The impact of
immunochemical faecal occult blood testing on colorectal cancer
incidence. Dig Liver Dis 46(1):82–86

	31. Lieberman DA (2009) Clinical practice. Screening for colorectal
cancer. N Engl J Med 361(12):1179–1187

	32. Kahi CJ, Imperiale TF, Juliar BE, Rex DK (2009) Effect of screen-
ing colonoscopy on colorectal cancer incidence and mortality.
Clin Gastroenterol 7(7):770–775 (quiz 711)

	33. Neugut AI, Lebwohl B (2010) Colonoscopy vs sigmoidoscopy
screening: getting it right. JAMA 304(4):461–462

	34. Brenner H, Chang-Claude J, Seiler CM, Rickert A, Hoffmeister M 
(2011) Protection from colorectal cancer after colonoscopy: a pop-
ulation-based, case-control study. Ann Intern Med 154(1):22–30

	35. Jorgensen OD, Kronborg O, Fenger C, Rasmussen M (2007)
Influence of long-term colonoscopic surveillance on incidence
of colorectal cancer and death from the disease in patients with
precursors (adenomas). Acta Oncol 46(3):355–360

	36. Singh H, Nugent Z, Demers AA, Kliewer EV, Mahmud SM,
Bernstein CN (2010) The reduction in colorectal cancer mortality 
after colonoscopy varies by site of the cancer. Gastroenterology
139(4):1128–1137

	37. Sandler RS (2010) Editorial: colonoscopy and colorectal can-
cer mortality: strong beliefs or strong facts? Am J Gastroenterol
105(7):1633–1635

	38. Castells A, Quintero E (2015) Programmatic screening for colo-
rectal cancer: the COLONPREV study. Dig Dis Sci 60(3):672–680

	39. Kaminski MF, Bretthauer M, Zauber AG et  al (2012) The
NordICC Study: rationale and design of a randomized trial
on colonoscopy screening for colorectal cancer. Endoscopy
44(7):695–702

	40. Bretthauer M, Kaminski MF, Loberg M et al (2016) Population-
based colonoscopy screening for colorectal cancer: a randomized
clinical trial. JAMA Intern Med 176(7):894–902

	41. Kronborg O, Fenger C, Olsen J, Jorgensen OD, Sondergaard O
(1996) Randomised study of screening for colorectal cancer with 
faecal-occult-blood test. Lancet 348(9040):1467–1471

	42. Rex DK, Johnson DA, Anderson JC et al (2009) American College
of Gastroenterology guidelines for colorectal cancer screening
2009 [corrected]. Am J Gastroenterol 104(3):739–750

	43. Sabatino SA, White MC, Thompson TD, Klabunde CN, Cent-
ers for Disease C (2015) Prevention: Cancer screening test use—
United States, 2013. MMWR 64(17):464–468

	44. Brenner AT, Ko LK, Janz N, Gupta S, Inadomi J (2015) Race/
ethnicity and primary language: health beliefs about colorectal
cancer screening in a diverse, low-income population. J Health
Care Poor Underserved 26(3):824–838

	45. Doubeni CA, Corley DA, Zauber AG (2016) Colorectal cancer
health disparities and the role of US law and health policy. Gas-
troenterology 150(5):1052–1055

	46. Lo SH, Halloran S, Snowball J, Seaman H, Wardle J, von Wagner 
C (2015) Colorectal cancer screening uptake over three biennial
invitation rounds in the English bowel cancer screening pro-
gramme. Gut 64(2):282–291

	47. Duncan A, Turnbull D, Wilson C et al (2014) Behavioural and
demographic predictors of adherence to three consecutive fae-
cal occult blood test screening opportunities: a population study.
BMC Public Health 14:238

	48. Adler A, Geiger S, Keil A et al (2014) Improving compliance to
colorectal cancer screening using blood and stool based tests in
patients refusing screening colonoscopy in Germany. BMC Gas-
troenterol 14:183

	49. deVos T, Tetzner R, Model F et al (2009) Circulating methylated
SEPT9 DNA in plasma is a biomarker for colorectal cancer. Clin 
Chem 55(7):1337–1346

	50. Grutzmann R, Molnar B, Pilarsky C et al (2008) Sensitive detec-
tion of colorectal cancer in peripheral blood by septin 9 DNA
methylation assay. PLoS One 3(11):e3759

	51. Wang C, Ke C, Wang X et al (2014) Noninvasive detection of
colorectal cancer by analysis of exhaled breath. Anal Bioanal
Chem 406(19):4757–4763

	52. European guidelines for quality assurance in colorectal cancer
screening and diagnosis—First petitiën (chapter 1: 1–31) Euro-
pean Commission, 2010. https​://doi.org/10.2772/15379​ (Elec-
tronic version)

	53. Tappenden P, Chilcott J, Eggington S et al (2007) Option appraisal 
of population-based colorectal cancer screening programmes in
England. Gut 56(5):677–684

	54. Lairson DR, DiCarlo M, Myers RE et al (2008) Cost-effectiveness
of targeted and tailored interventions on colorectal cancer screen-
ing use. Cancer 112(4):779–788

	55. Maciosek MV, Solberg LI, Coffield AB et al (2006) Colo-rectal
cancer screening: health impact and cost effectiveness. Am J Prev 
Med 31(1):80–89

	56. Berchi C, Bouvier V, Reaud JM, Launoy G (2004) Cost-effective-
ness analysis of two strategies for mass screening for colorectal
cancer in France. Health Econ 13(3):227–238

	57. Rossi PG, Camilloni L, Cogo C et al (2012) Methods to increase
participation in cancer screening programmes. Epidemiol Prev
36(1):1–104

	58. Shankaran V, Luu TH, Nonzee N et al (2009) Costs and cost effec-
tiveness of a health care provider-directed intervention to promote 
colorectal cancer screening. J Clin Oncol 27(32):5370–5375

	59. Idigoras Rubio I, Arana-Arri E, Portillo I et al (2019) Participa-
tion in a population-based screening for colorectal cancer using
the faecal immunochemical test decreases mortality in 5 years.
Eur J Gastroenterol Hepatol 31(2):197–204

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

8

https://doi.org/10.2772/15379

	Colorectal cancer-screening program improves both short- and long-term outcomes: a single-center experience in Trieste
	Abstract
	Introduction
	Methods
	Study population
	Study design
	Statistical analysis

	Results
	Characterization of patients

	Discussion
	Conclusion
	Acknowledgements 
	References




