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Background: Cancer is a leading cause of mortality world- 
wide. The most effective way to combat cancer is by preven- 
tion and early detection. 
Objectives: To evaluate the outcome of screening an asymp- 
tomatic population for the presence of benign and neoplastic 
lesions. 
methods: Routine screening tests for prevention and/or 
early detection of 11 common cancers were conducted in 300 
consecutive asymptomatic apparently healthy adults aged 
25–77 years. Other tests were performed as indicated. 
results: Malignant and benign lesions were found in 3.3% 
and 5% of the screenees, respectively, compared to 1.7% 
in the general population. The most common lesions were 
in the gastrointestinal tract followed by skin, urogenital 
tract and breast. Advanced age and a family history of a 
malignancy were associated with increased risk for cancer 
with an odds ratio of 9 and 3.5, respectively (95% confidence 
interval 1.1–71 and 0.9–13, respectively). Moreover, high 
serum C-reactive protein levels and polymorphisms in the 
APC and CD24 genes indicated high cancer risk. When two 
of the polymorphisms existed in an individual, the risk for 
a malignant lesion was extremely high (23.1%; OR 14, 95% 
CI 2.5–78).
conclusions: Screening asymptomatic subjects identifies a 
significant number of neoplastic lesions at an early stage. 
Incorporating data on genetic polymorphisms in the APC 
and CD24 genes can further identify individuals who are at 
increased risk for cancer. Cancer can be prevented and/or 
diagnosed at an early stage using the screening facilities of 
a multidisciplinary outpatient clinic. 
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aBstract:

keY wOrds:

OR = odds ratio
CI = confidence interval

t he annual estimated incidence of cancer in Israel is 23,500 
new cases per year; the prevalence is 120,000 for a popu-

lation of 7 million inhabitants and the mortality rate 10,000 
annually (unpublished data of the Israel Cancer Association). 
One of the most effective ways to combat cancer is by means 
of a program of prevention and early detection. Different 
screening methods and simple lifestyle modifications have 
been postulated to reduce cancer risk, morbidity and mor-
tality [1,2], but little is known about the potential beneficial 
effects and harms of screening asymptomatic populations for 
occult cancers. In addition, the role of screening for genetic 
polymorphisms related to cancer in asymptomatic healthy 
adults has not been defined. Japan is the only country that 
has an organized cancer screening program for people over 
the age of 40, which has increased the detection rate of poten-
tially curable cancers [3].

In 2006, the Integrated Cancer Prevention Center was 
established in the Tel Aviv Sourasky Medical Center. The main 
goals are the prevention and early detection of colorectal, lung, 
breast, skin, prostate, ovary, uterine, cervical, testicular, oral 
cavity and thyroid cancers. The Center also educates and pro-
motes healthier lifestyles, such as a healthy diet, regular physi-
cal activity, and programs for avoiding tobacco and excessive 
alcohol use. In addition to the usual screening modalities, the 
Center is currently studying the association between polymor-
phisms in the APC and CD24 genes and cancer risk. We used 
these polymorphisms to evaluate the general concept regarding 
the role of polymorphisms in screening asymptomatic popula-
tion for cancer. CD24, a short mucin-like protein that until 
recently was regarded solely as a cell marker on hematopoi-
etic cell lineage, was recently shown to be highly expressed in 
tissue samples from a large variety of solid and hematologic 
tumors. A certain polymorphism (Val/Val) in the protein was 
correlated with higher risk for cancer [4-7]. Similarly, variants 
of the APC gene (I1307K, E1317Q) were associated with an 
increased risk of colorectal cancer [8,9]. 
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We evaluated the yield of an integrated cancer prevention 
center dedicated to cancer prevention and early detection and 
present our findings in this report. 

suBJects and methOds

We carried out a prospective analysis of the first 300 con-
secutive asymptomatic adults who attended our institutional 
Integrated Cancer Prevention Center between January 2006 
and January 2008. The subjects were informed of the screen-
ing mainly through the media (TV, radio, newspapers). The 
study was approved by the Tel Aviv Sourasky Medical Center 
Helsinki Committee.

data cOllectiOn

All subjects completed a detailed epidemiological question-
naire that included items on nutrition, physical activity, smok-
ing, alcohol intake, use of medications, personal and family 
history of cancer, and other risk factors for malignancy. The 
subjects were interviewed and underwent a comprehensive 
physical examination by a single experienced physician (N.A.) 
who tailored the screening plan according to the individual's 
risk factors and findings in the physical examination [Table 
1 and Figure 1]. All subjects had a thorough dermatologic 
examination; all men had a testicular exam; and all women 
had a transvaginal ultrasound, Pap smear [10] and manual 
breast examination. Complete blood count and inflammatory 
markers (C-reactive protein and fibrinogen) were evaluated 
in all participants. The screening tests consisted of prostate-
specific antigen for all men above the age of 40 [11], colonos-
copy for all men older than 40 and all women older than 50 
[12], mammography for all women over age 40 [1,13], and 
low dose chest computed tomography in a few heavy smokers 
(more than 40 pack years) – after a thorough review of the 
pros and cons of such screening [14,15]. Other blood and 
diagnostic tests, such as gastroscopy and CT enterography, 
were performed as needed based on symptoms, family his-
tory, and individual risk factors. Participants who signed an 
informed consent underwent genetic counseling and were 
tested for genetic polymorphisms in the CD24 and APC 
genes. Neoplastic lesions were classified according to the site 
of lesion and whether it was benign (localized tumor that 
does not invade the surrounding tissue or metastasize to a 
distal site) or malignant. 

To verify the information on cancer morbidity and mor-
tality in the study population, the data were compared with 
the Israeli Cancer Registry in the Ministry of Health (data 
not published). 

genetic tests

DNA was extracted from peripheral blood mononuclear cells, 
as previously described [16]. DNA samples were examined 

cancer 
type

age at 
initiation (yrs) surveillance Physician

Breast 25 Breast self-exam monthly

25 Annual exam Experienced surgeon

40 (or earlier based 
on earliest age of 
onset in family)

Mammography every 
other year 

50 (or earlier based 
on earliest age of 
onset in family)

Annual mammogram

Colon 50 Colonoscopy every 5 
years

Experienced 
gastroenterologist

Ovaries 25 Annual transvaginal 
ultrasound 

Experienced 
gynecologist

Uterus and 
cervix

25 Annual pelvic exam with 
transvaginal ultrasound 
and Pap smear 

Experienced 
gynecologist

Skin 25 Annual exam Experienced plastic 
surgeon/dermatologist

Oral cavity 25 Annual exam Dental surgeon

Prostate 40 PSA with rectal 
examination

Experienced internist 
and experienced 
urologist when indicated

Testicles 25 Annual exam Experienced Internist 
and experienced 
urologist when indicated

Thyroid 
gland

25 Annual exam Experienced internist 
and thyroid ultrasound 
when indicated

Lung* 40 Annual low dose CT for 
heavy smokers with > 2 
decades of tobacco use 

table 1. Screening and surveillance recommendations

*A low dose CT is performed only after discussing its value with the patients. Not all authorities 
recommend screening for lung cancer.
PSA = prostate-specific antigen

Figure 1. Distribution of non-routine tests that were administered when indicated. 
PSA = prostate-specific antigen, US = ultrasound, CT = computed tomography, LN = 
lymph node.
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CRP proved to be valuable since 17% of the subjects with a 
CRP level > 5 mg/L had a malignant lesion compared to 1% 
of subjects with normal CRP levels (P = 0.01).

age as a risk FactOr FOr neOPlasia 

As expected, being over 50 years old was significantly (P = 
0.01) associated with increased prevalence of neoplasia. In 
our cohort, 18 subjects (13.2%) who were > 50 years old 
had a neoplastic lesion (both malignant and benign) and 9 
(6.6%) had cancer, compared to 7 (5%) and 1 (0.7%) among 
subjects who were less than 50 years old, respectively (P = 
0.03; OR 2.6, 95% CI 1.1–6.4, and OR 9, 95% CI 1.1–71). 
The evaluation of age as a risk factor in the asymptomatic 
average-risk subjects (no symptoms and no family history of 
cancer) revealed similar results.

CRP = C-reactive protein

for their CD24 polymorphism using restriction fragment 
length polymorphism analysis. DNA fragments bearing the 
single nucleotide polymorphism site were amplified by a 
PCR reaction. The predicted CD24 PCR fragment was 522 bp 
long. The T‒ → C nucleotide change yielded a BstXI restriction 
enzyme site at nucleotide 327, which allowed us to differenti-
ate between the two different CD24 alleles. Similarly, the APC 
variants were identified using specific primers as previously 
described [16]. 

statistical analYsis

Pair-wise association between risk factors (gender, age, smok-
ing, physical activity, personal and family history, polymor-
phisms, CRP level, etc.) and outcomes (findings of benign or 
malignant lesions) was examined by the χ2 test and presented 
as odds ratio with 95% confidence intervals. The analysis was 
performed twice, first for the entire cohort and second for 
the subjects without any known personal or family history 
of cancer. The SPSS for Windows software, version 14.0 
(Chicago, IL, USA) was used for the analysis.

results

This pilot study comprised 300 consecutive asymptomatic 
subjects, whose mean age was 52 years (range 25–77), and 
63.5% of them were males. There was a family history of can-
cer in 126 subjects (42%). Of note, more than two-thirds of 
the subjects were overweight (average body mass index 27.1 
± 13.4%), nearly half of them had a smoking history (mean 
22.2 ± 44.3 pack years), and most of them (160/299) did not 
exercise regularly.

The two main reasons for referral of these asymptomatic 
individuals to the Center were health-consciousness (54%) or 
having a family member or friend with a malignant disease 
(37%). Each subject underwent regular screening tests and 
then additional evaluations according to his/her personal 
risk profile and the findings on physical examination. The 
frequencies of administering the various tests are shown 
in Figure 1. Overall, the incidence of neoplasia was 8.3%; a 
malignancy was detected in 10 subjects (3.3%) and benign 
lesions in 15 (5%). The most prevalent lesions (malignant 
and benign) were in the gastrointestinal tract (11/25, 44%), 
followed by skin (6/25, 24%), urogenital tract (6/25, 24%) and 
breast (2/25, 8%) [Table 2]. 

Data on the yield of the different screening tests are shown 
in Table 3. Skin and gastrointestinal lesions were most preva-
lent, while thyroid and oral cavity lesions were least preva-
lent. The results of inflammatory markers, such as complete 
blood count and fibrinogen, were not differentiated between 
subjects with or without malignancy (data not shown), but 

PCR = polymerase chain reaction

test

neoplastic lesions: positive (no.)/tested (total) (%)

entire study 
population

asymptomatic, 
average-risk subjects

Colonoscopy 11/248 (4.4%) 6/137 (4.4%)

Prostate-specific 
antigen

2/156 (1.3%) 1/87 (1.1%)

Dermatologic exam 6/127 (4.7%) 2/70 (2.9%)

Mammography 2/91 (2.2%) 1/44 (2.3%)

Vaginal ultrasound 4/94 (4.3%) 3/48 (6.3%)

Oral cavity 0/90 (0%) 0/51 (0%)

Pap smear 2/76 (2.6%) 1/40 (2.5%)

Gastroscopy 1/36 (2.7%) 1/13 (7.6%)

Low dose chest CT 1/36 (3%) 0/17 (0%)

table 3. Yield of the different tests in the study population

location
no. of benign
lesions (%)

no. of malignant 
lesions (%)

Gastrointestinal * 7 (47%) 4 (40%)

Skin** 4 (27%) 2 (20%)

Gynecological *** 3 (20%) 1 (10%)

Breast **** 1 (6%) 1 (10%)

Prostate – 2 (20%)

Total 15 (100%) 10 (100%)

table 2. Relative frequency of benign and malignant lesions 
according to their anatomic location

* All benign lesions were neoplastic polyps of colon. All malignant lesions 
were adenocarcinoma of the colon.
** All benign lesions were basal cell carcinomas. All malignant lesions were 
squamous cell carcinomas.
*** All benign lesions were cervical intraepithelial neoplasias. The malignant 
lesion was ovarian cancer.
**** The benign lesion was a fibroma, the malignant lesion was ductal 
adenocarcinoma.
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discover that they do not all observe healthy lifestyles. Most 
of them did not exercise regularly, and more than half of 
them smoked tobacco and were above the desired BMI. 

As might be expected, a significant number of benign and 
malignant lesions (5% and 3.3%, respectively) were detected 
among these asymptomatic screened subjects. These figures 
are much higher than the prevalence of cancer known in the 
general Israeli population, both for all sites and per site (data 
not shown, taken from the Israel Cancer Registry 2006 and 
the Israel Cancer Association). All pre-malignant lesions 
were removed uneventfully and all the cancer cases were 
diagnosed in an early stage with recovery following curative 
surgery. 

Being older than 50 years proved to be a significant factor 
for determining the relevance of screening (OR 9 for malig-
nancy compared to younger subjects). Most of the lesions 
were predictably detected in the gastrointestinal tract and 
the skin (two of the most common cancer sites in the Israeli 
population). Only one benign lung lesion was identified. 
Although lung cancer is the number one cause of cancer 
mortality worldwide [14], the prevalence is much lower in 
Israel and screening for lung cancer is therefore not carried 
out for the general population. 

The more interesting findings of the current study are the 
importance of performing genetic polymorphisms in the 
APC and CD24 genes. The odds ratio for subjects with one 
and two polymorphisms to develop malignancy was 1.7 and 
14, respectively. Although these are negligible among SNPs, 
the association of the number of SNPs and the OR for cancer 
is promising but obviously needs verification in larger screen-
ing subjects. Clearly, more studies are needed to elucidate this 
genotyping-phenotyping association between SNPs and the 
risk for cancer. 

It should be noted that a significant percent of our study 
population was not aware of being at high risk for cancer 
and hence of the need to undergo screening and surveillance. 
Indeed, a positive family history had an OR of 3 in predicting 
cancer occurrence.

The current study has three major limitations. First, the 
small number of subjects precluded certain subgroup analy-
sis. Nevertheless, we consider it important to report on this 
unique multidisciplinary screening facility. Second, the ulti-
mate impact of prevention and early detection on the inci-
dence and prevalence of cancer, and mortality in particular, 
is beyond the scope of the present study. Another caveat of 
our study is that although we were addressing an average-
risk population, 40% of the examined subjects had a positive 
family history of cancer, indicating a somewhat higher than 
expected prevalence of cancer risk in that population. 

In conclusion, we present our initial report on a unique 

SNP = single nucleotide polymorphism

Consistent with current knowledge, high levels of body 
fat (BMI), increased alcohol and cigarette consumption and 
reduced physical activity were correlated with a higher preva-
lence of malignant lesions (data not shown), although the 
correlation did not reach a level of significance.

genetic POlYmOrPhisms and the risk FOr cancer 

The valine/valine polymorphism in the CD24 gene was pres-
ent in 7% of the cohort (n=21) and alanine/valine in 36% 
(n=107). APC I1307K and APC E1317Q polymorphisms 
were present in 6% (n=17) and 1% (n=2) of the subjects, 
respectively. Among the patients who were heterozygotes for 
CD24 polymorphism, 4.7% (5/107) had a malignant lesion 
and 6.5% (7/107) a benign lesion. Most of the lesions were in 
the gastrointestinal, skin and gynecological systems. Among 
the homozygotes for the polymorphism, 10% (2/21) had a 
malignant lesion (both patients had prostate cancer) and 5% 
(1/21) had a benign lesion. Interestingly, in the subjects with 
the APC I1307K polymorphism, 18% (3/17) had malignant 
and not benign lesions (P = 0.02): their lesions involved the 
gastrointestinal tract, skin and prostate. In subjects with 0, 1 
or 2 genetic polymorphisms, the risk for a neoplastic lesion 
was 5.6%, 11.1% and 23.1%, respectively (P = 0.05). The OR 
for neoplastic lesions in subjects with one or two polymor-
phisms compared to subjects with no polymorphisms was 
2.1 and 5.1, respectively (95% CI 0.9–5.3 and 1.1–22, respec-
tively). None of the subjects had all three polymorphisms. 
The risk for malignancy was 2.2%, 3.7% and 23.1% among 
subjects with zero, one and two polymorphisms, respectively 
(P = 0.01). The OR for malignancy was 1.7 and 14 in patients 
with one and two polymorphisms, respectively (95% CI 
0.4–7.4 and 2.5–78, respectively). The most prevalent pair of 
polymorphisms was CD24 heterozygosity and APC I1307K 
(10/13, 77%). All three cases of malignancy in patients with 
two polymorphisms had this combination (30%). 

discussiOn

There is little controversy about the potential importance of 
preventive measures in terms of lifestyle choices and early 
detection of cancer in reducing morbidity and mortality from 
cancer. In this pilot study, we report our initial experience 
with the first 300 consecutive subjects who were evaluated in 
our institution’s Integrated Cancer Prevention Center. This is 
the first report describing simultaneous screening and pre-
ventive interventions in an asymptomatic population during 
one session (with the exception of colonoscopy). Insofar as 
the subjects were self-referrals who were aware of the need 
for early detection of cancer, our cohort can be considered a 
health-conscious population. As such, we were surprised to 

BMI = body mass index
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facility devoted to cancer prevention in apparently healthy 
adults. The ability to detect occult cancer, the importance of 
age as a risk factor, and the increased risk associated with 
certain genetic polymorphisms are impressive and warrant 
further studies on the potential benefits of this manner of 
prevention and early detection to society as a whole.
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The fetal circulatory system has distinctive anatomic features 

because the fetus obtains oxygen through the placenta rather 

than through its lungs. Before birth, a blood vessel called 

the ductus arteriosus (DA) allows blood to bypass the non-
functional fetal lungs by connecting the pulmonary artery, which 
supplies blood to the lungs, with the aorta, which supplies 
blood to the rest of the body. This vessel normally closes a day 
or two after birth, but in some newborns, it remains open and 
can lead to life-threatening complications. Studying newborn 
mice, Echtler and collaborators made the surprising observation 

that platelets – cells noted for their role in blood clotting – were 
recruited to the lumen of the DA within 20 minutes after birth of 
the mice; when platelet production or function was disrupted, 
the DA failed to close completely, leading to abnormal patterns 

of blood flow. The recruited platelets play a dual role in DA 

closure, by forming a physical plug that seals the lumen of the 
constricted DA and by altering the behavior of other cell types 
involved in blood vessel remodeling. 

Nat Med 2009; 10.1038/nm.2060 
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Platelets play a dual role in ductus arteriosus closure

The ability to generate human genome sequence data that 
are complete, accurate, and inexpensive is a necessary 
prerequisite to perform genome-wide disease association 
studies. Drmanac et al. have presented a technique advancing 

toward this goal. The method uses Type IIS endonucleases to 

incorporate short oligonucleotides within a set of randomly 

sheared circularized DNA. DNA polymerase then generates 

concatenated copies of the circular oligonucleotides leading 
to formation of compact but very long oligonucleotides 
which are then sequenced by ligation. The relatively low cost 
of this technology, which shows a low error rate, advances 
sequencing closer to the goal of the $1000 genome.

Science 2010; 327: 78
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toward $1000 genomes




