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Abstract

Background: Screening for premalignant lesions or early invasive disease has the potential to reduce mortality from
cancer. Potential screening tests for malignancy include measurement of (bio)markers.

Content: The literature relevant to the use of biomarkers as screening tests for cancer was reviewed with particular
attention given to systematic reviews, prospective randomised trials and guidelines published by Expert Panels.

Because of their ease of measurement, several biomarkers have been evaluated or are currently undergoing
evaluation as screening tests for early malignancy. These include the use of vanillymandelic acid and homovanillic acid
in screening for neuroblastoma in newborn infants, AFP in screening for hepatocellular cancer in high-risk subjects, CA
125 in combination with transvaginal ultrasound (TVU) in screening for ovarian cancer, PSA in screening for prostate
cancer and fecal occult blood testing (FOBT) in screening for CRC. Of these markers, only the use of FOBT in screening
for CRC has been shown to reduce mortality from cancer. Large randomized prospective trials are currently in
progress aimed at evaluating the potential value of PSA screening in reducing mortality from prostate cancer and CA
125 in combination with TVU in reducing mortality form ovarian cancer.

Conclusion: Although biomarkers have many attractions as screening tests, inadequate sensitivity and specificity,
when combined with the low prevalence of cancer in asymptomatic subjects, limit their value for the early detection
of malignancy.

Screening has been defined as the systematic application of a test to identify subjects at sufficient risk of a specific
disorder to benefit from further investigation or direct preventive action, among persons who have not sought
medical attention on account of symptoms of that disorder (1). To be of value, screening must detect disease earlier
and result in an efficacious treatment and the earlier use of efficacious treatment must lead to better outcome
compared to treatment available at the onset of symptoms (2). Screening differs from diagnosis in that the aim is to
detect disease or a predisease state when subjects are asymptomatic.

Currently, only a small number of screening tests have been shown to reduce mortality from cancer. These include
mammography in screening for breast cancer (especially in women >50 years of age), the Papanicalaou (PAP) test in
screening for cervical cancer and fecal occult blood testing (FOBT) in screening for colorectal cancer (CRC) (for review,
see refs. 2,3).

Compared to procedures such as radiology, cytology and endoscopy, the use of biomarkers as cancer screening tests

have several advantages (4). These advantages include:
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e Biomarkers can be measured in biological fluids such as blood and urine that can be obtained with minimal
inconvenience to subjects undergoing screening. This in turn should lead to high compliance rates.

e For many biomarkers, automated assays are available, thus allowing the processing of large numbers of
samples in a relatively short period of time.

e Tests for biomarkers provide quantitative results with objective endpoints.

e  Assays for biomarkers are relatively cheap.

In practice however, lack of sensitivity for early invasive disease or premalignant lesions and lack of specificity for
malignancy limit the use of existing biomarkers in screening asymptomatic subjects for early malignancy (4,5). This
lack of sensitivity and specificity when combined with the low prevalence of cancers in the general population means
that most biomarkers, if used alone, have a low positive predictive value in screening asymptomatic populations.
Indeed, it is the low prevalence of cancer in the general population that prohibits most biomarkers from being used
alone, in screening for cancer (4,5).

Despite these limitations, a number of biomarkers have either undergone or are currently undergoing evaluation as
potential cancer screening tests. These markers include the use of vanillymandelic acid (VMA) and homovanillic acid
(HVA) in screening for neuroblastoma in newborns, AFP in screening for hepatocellular cancer in high-risk subjects, CA
125 in combination with transvaginal ultrasound (TVU) in screening for ovarian cancer, PSA in screening for prostate
cancer and fecal occult blood testing (FOBT) in screening for CRC. The aim of this article is to critically review the role
of these biomarkers in screening normal-risk asymptomatic subjects for early cancer. Screening subjects with a genetic
predisposition to cancer will not be discussed.

UsSE OF AFP IN SCREENING FOR HEPATOCELLULAR CANCER IN HEPATITIS B AND HEPATITIS C
INFECTED SUBJECTS

Worldwide, hepatocellular cancer (HCC) is the 5" most common cancer and the 3™ most frequent cause of cancer-
related death (6). HCC is particularly prevalent in South-east Asia and sub-Saharan Africa. In contrast to these regions,
rates are relatively low in most of the Western world. These wide variations in incidence of HCC are mostly due to
variations in risk factors, especially exposure to hepatitis B virus (HBV) or hepatitis C virus (HCV). HBV is responsible for
most cases of HCC in China and Africa whereas HCV accounts for most of the cases in the Western world (7). As well as
infection with HBV or HCV, other diseases that increase the risk of HCC include alcoholic cirrhosis, primary biliary
cirrhosis and genetic haemochromatosis.

Since a group of subjects at high risk of developing HCC can be identified, screening is potentially of value for the
detection of early HCC in these subjects. The main screening tests for HCC are serum AFP and liver ultrasound (6,7).

Two relatively large randomised trials using AFP and/or liver ultrasound to screen for HCC in subjects infected with
HBV, have been carried out in China. In the first of these trials which was based in Shanghai, 18,816 subjects aged 35-
55 years of age with hepatitis B infection or chronic hepatitis were recruited and randomised into 2 groups (8). The
screened group comprised 9373 subjects and were offered bi-annual AFP measurement plus ultrasound. The control
group (n = 9443) were not offered any screening, at least for a period of 5 years. Using a cut-off point of 20 pg/L, the
sensitivity of AFP for HCC was 69% (95% confidence interval (Cl), 54%-80%), the specificity was 95% (95% Cl, 94.7%-
95.3%), while the PPV was 3.3% (95% Cl, 2.2-4.4). The combination of ultrasound with AFP increased sensitivity to 92%
(95% Cl, 80-97%) but decreased specificity to 92.5% (95% Cl, 92.1-92.9). Mortality from HCC was reported to be
significantly lower in the screened compared to the control group, being 83.2 per 100,000 in the screened group
versus 131.5 per 100,000 in the control group. The rate ratio for mortality from HCC was 0.63 (95% Cl, 0.41-0.98) (9).

In the second randomised trial carried out in China (Qidong), 5581 HbsAg carriers were randomly assigned to
screening (n = 3112) or a control group (n =1869) (10). Although AFP measurements were planned for 6-monthly
intervals, this did not always occur. Using a cut-off value of 20 ug/L for AFP, overall sensitivity and specificity was
55.3% and 86.5%, respectively. However, for those who completed all the scheduled tests, sensitivity and specificity
were 80.0% and 80.9%, respectively. In this study, screening with AFP resulted in the earlier diagnosis of
hepatocellular cancer but this did not lead to an overall reduction in mortality.
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Less work has been carried out on the role of AFP in screening for HCC in HCV-infected compared with HBV-infected
subjects. Following a systematic literature review, Gebo et al (11) identified 19 studies that investigated the use of AFP
in screening for HCC in patients with chronic B or chronic C hepatitis or both. Three of these were in patients with HCV
only, while 16 were in patients with HBV or HBC or both. No prospective randomized trial was identified. Using cut-off
points between 10 and 19 pg/L, the sensitivity of AFP for HCC varied from 45% to 100%, while specificity varied from
70% to 95%.

Despite the limited high level evidence that screening for HCC in high risk subjects reduce mortality, a number of
expert panels such as the National Academy of Clinical Biochemistry (NACB) (12) and the National Cancer Center
Network (NCCN) (13) recommend the use of both AFP and ultrasound in screening certain high risk subjects for HCC.
According to the NACB, AFP should be measured and abdominal ultrasound performed at six-monthly intervals in
patients at high risk of HCC, especially in those with hepatitis B and hepatitis C-related liver cirrhosis. AFP
concentrations that are >20 pg/L and increasing should prompt further investigation, even if ultrasound is negative
(22). Similarly, the NCCN recommends the use of both periodic AFP and ultrasound in screening high risk subjects for
HCC. This organization also recommend additional imaging if serum AFP is rising or following identification of a liver
mass nodule on ultrasound (13). The American Association for the Study of Liver Disease (AASLD) however, state that
AFP should not be used in the surveillance of high-risk groups for HCC unless ultrasound is not available (14).

Use oF URINARY HomMoVANILLIC (HVA) AND VANILLYLMANDELIC ACID (VMA) IN SCREENING
FOR NEUROBLASTOMA IN NEWBORN INFANTS

Neuroblastoma is the most common extracranial tumor in children. Neuroblastomas synthesise catecholamines such
as adrenaline, noradrenaline and dopamine. These molecules are metabolised in the liver and the breakdown
products, homovanillic (HVA) and vanillylmandelic acid (VMA) are excreted in the urine. Approximately 90% of
patients with neuroblastoma produce elevated levels of urinary HVA and VMA. A number of large population-based
studies have investigated the potential use of these catecholamines as screening tests for neuroblastoma in children |
year old or less.

One of the most extensive of these studies has been carried out in Japan. Nationwide screening of 6-month old
newborns for neuroblastoma began in Japan in 1984. Initially, this involved a qualitative urine test for VMA. In 1990,
the qualitative test was replaced with a quantitative high performance liquid chromatography (HPLC) analysis of urine
VMA and HVA. Although some reports suggested that screening resulted in a reduction in the rate of death from
neuroblastoma (15), the practice was terminated in 2003 (16).

In 2008 however, Hiyama et al (17) carried out a retrospective analysis on the effect of this screening on mortality
from neuroblastoma. Over 22 million children were divided into 3 groups: children born prior to screening
(n=6,130,423), those born during qualitative screening (n=5,290,412) and those born during quantitative screening
(n=10,868,860). Analysis showed that that the incidence of infantile neuroblastomas was higher in children who were
screened compared to those who did not undergo screening. In addition, mortality from neuroblastoma in children
who were screened was lower than that in the prescreened group, particularly in children screened using quantitative
analysis (17).

Although this analysis suggested that screening for neuroblastoma at 6 months of age reduced mortality, the study
had a number of flaws (18). The most serious of these were the retrospective nature of the study and the lack of a
population-based control group. Since a historical group was used as a control, the decrease in mortality in the
screened group could have resulted from advances in treatment rather than from a direct effect of screening. Ideally,
a large prospective randomized trial is necessary to investigate the potential impact of a screening test in reducing
mortality from a disease.

As well as the Japanese trial, 2 other large population-based studies have investigated the impact of screening for
neuroblastoma on mortality. In one of these carried out in Quebec, Canada, almost 500,000 children were screened at
3 weeks and 6 months of age (19). All were followed-up for a minimum of 6 years. Forty three cases of neuroblastoma
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were detected by screening, 20 were detected clinically prior to screening and 55 were detected after 3 weeks of age
having a negative screen or never having undergone screening. Twenty two children died, i.e., 19 that screened
negative and 3 with disease detected clinically prior to screening at 3 weeks of age. The standardized mortality ratio
for the screened group compared with a concurrent group in the rest of Canada was 1.39 (95% Cl, 0.85-2.3) and the
standardized incidence ratio was 2.17 (95% Cl, 1.79-2.57). The trial investigators concluded that although screening
for neuroblastoma in the first year of life increased its incidence, it did not appear to decrease mortality. Indeed, one
child in the screened group that suffered severely from the surgery carried out to excise the neuroblastoma.

Another major study in which over 2.5 million German children were screened at 1 year of age, reached a similar
conclusion (20). Although neither the Canadian or German studies involved randomised controlled trials, they both
concluded that screening for neuroblastoma within the first year of life failed to reduce mortality (19). Consequently,
screening for neuroblastoma within the first year of life is not currently recommended (21).

The reason why screening for neuroblastoma early in life failed to reduce mortality may be due to the detection of
tumors that have favourable prognostic characteristics or that spontaneously regress, whereas subjects with
aggressive disease that are destined to present clinically at an older age may be missed by screening (19). Screening in
the first year of life may therefore lead to overdiagnosis and overtreatment and thus has the potential to do more
harm than good. Whether screening later in life (e.g., after 1 year) would lead to a higher detection rate of aggressive
tumors is unknown.

USE OF PSA IN SCREENING FOR PROSTATE CANCER

By far the most widely measured cancer screening biomarker is PSA which is used to screen for prostate cancer (22).
Screening for prostate cancer however is controversial. It is controversial because:

e |t may lead to overdiagnosis and consequently overtreatment.
e The optimum treatment for early prostate cancer is unclear.

e Consistent data from randomised prospective trials showing that screening decreases mortality from prostate
cancer is lacking.

In an attempt to address the effectiveness of PSA screening in decreasing mortality from prostate cancer, 4
prospective randomized controlled trials have been carried out or are still ongoing. In one of the earliest of these trials
performed in Quebec, Canada, 46,193 men aged 45 to 80 years of age were randomly allocated either to the group
invited by letter for annual screening or to the control group not invited for screening, at a ratio of 2:1 in favour of
screening (23,24). Men in the control group were monitored according to the then current medical practice. The first
round of screening involved both PSA testing and digital rectal examination (DRE). These 2 tests were performed
independently. If the PSA concentration was > 3 ug/L or DRE was abnormal, a prostate biopsy was carried out.
Mortality from prostate cancer was the primary end point. After 11 years of follow-up, screening was claimed to be
associated with a 61.5% reduction in prostate cancer mortality or a relative risk of death from prostate cancer of 0.39
(95% Cl, 0.27-0.72).

This study however, had a number of flaws (25-28):

e Of the 31,133 men invited for screening, only 7,348 (23.6%) underwent screening. This low response meant
that the trial had limited power to either detect or exclude a possible benefit of screening.

e Of the 15,353 in the control group, 1,122 (7.3%) were actually screened for prostate cancer.

e  Mortality was not based on the intention-to-screen principle. Analysis of the original data according to the
intention-to-treat approach showed no significant difference in mortality between the screened and control
groups, i.e., a relative risk of 1.08 (p = 0.56).

e The time from randomisation to screening was 3 years in the screened arm. Thus, the time to assess
mortality was 3 years less compared to the control arm, as men diagnosed with prostate cancer prior to the
screening date were excluded.
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The second randomised controlled trial for prostate cancer screening was performed in Norrkoping, Sweden (29). This
trial contained 9,026 men, aged 50 to 69 years with every 6" man randomised to screening. The first round of
screening involved only DRE while the second round had both DRE and PSA. A prostate biopsy was carried out if the
PSA concentration was > 4 pg/L or if the DRE was abnormal. After 15 years of follow-up, 292 (3.7%) cancers were
detected in the control group and 85 (5.7%) in the screened group. Twenty (1.3%) prostate cancer-specific deaths
occurred in the screened group and 97 (1.3%) in the control group. Log-rank analysis failed to show a significant
difference in either overall or cancer-specific survival between the group undergoing screening and the control group,
although a trend towards a better cancer-specific survival was seen in the screened group.

Like the Quebec study described above, this trial also had methodological problems. Firstly, as the authors pointed
out, this study was insufficiently powered to detect a possible statistically significant difference in mortality between
the screened and control groups (29). Secondly, prostate cancer diagnosis was based on aspiration cytology which
would be expected to have a lower sensitivity than the more widely used approach of ultrasound-guided core biopsy.
Thirdly, a comparison of the socio-demographic data between the screened and the control group was not reported.

Meta-analysis of the data from the above 2 randomized studies also concluded that there was no significant
difference in mortality between the screened and control groups (30).

As well as the above relatively small trials, 2 large prospective randomised trials comparing survival in screened and
control groups have been carried out, i.e., the European Randomized Study of Prostate Cancer (ERSPC) (31) and the
Prostate, Lung, Colon and Ovary trial (PLCO) (32). The ERSPC trial took place at 7 different European countries while
the PLCO trial was based at 10 different sites in the US. Both these trials started in the middle 1990s and by 2002, over
200,000 men had been randomised (31).

Preliminary findings from both the ERSPC and PLCO studies were recently published. In the PLCO trial, 76,693 men
were randomized to either annual screening or standard care (33). After 7-10 years of follow-up, the incidence of
prostate cancer per 10,000 person-years was 116 (2820 cancers) in the screened group and 95 (2322 cancers) in the
control group (rate ratio, 1.22; 95% Cl, 1.16- 1.29). The incidence of death per 10,000 person-years was 2.0 (50
deaths) in the screened group and 1.7 (44 deaths) in the control group (rate ratio, 1.13; 95% Cl, 0.75-1.70). Thus, after
7-10 years of follow-up, similar rates of death were found in the 2 groups. A limitation of this study was that
approximately 50% of men in the control group underwent screening during the study. This trial might thus be
regarded as a comparison between annual and ad hoc screening.

In the ERSPC study, 162,243 men, 55-69 years of age, were randomly assigned to PSA screening at an average of
once every 4 years or to a control group not subjected to screening (34). During a median follow-up of 9 years, the
cumulative incidence of prostate cancer was 8.2% in the screening group and 4.8% in the control group. The rate ratio
for death from prostate cancer in the screening group, as compared with the control group, was 0.80 (95% Cl, 0.65-
0.98; adjusted P=0.04). The absolute risk difference was 0.71 deaths per 1000 men. Although PSA-based screening
reduced the rate of death from prostate cancer by 20%, the authors calculated that 1410 men would have to be
screened and 48 cases of prostate cancer would have to undergo treatment to prevent one death from prostate
cancer. A limitation of this study was that the different screening protocols were used in the different countries.

The premature publications of the above 2 studies has done little to resolve the PSA screening controversy (35). A
reasonable conclusion is that at best, screening has only a modest impact on death from prostate cancer over the first
10 years of follow-up. Furthermore, any possible benefit comes at the cost of overdiagnosis and overtreatment.

Until the final results from these trials are known, confusion will exist as to whether PSA screening does more good
than harm. In the absence of clear data from randomised controlled trial and conflicting data from different Expert
Panels (Table 1), a practical way forward is to encourage a shared approach to decision making between doctor and
patient (30). This approach can be facilitated with appropriate patient education literature describing the benefits and
risks of undergoing screening.
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Use oF CA 125 IN SCREENING FOR OVARIAN CANCER

Epithelial ovarian cancer is the 4™ most common cause of tumor-related death in women and the most lethal
gynecological malignancy (42). The main screening tests for ovarian cancer are CA 125 and TVU (43,44). According to
Jacobs and Bast (45), a screening test for ovarian cancer should have a PPV of at least 10% to be clinically useful. With
a PPV of 10%, 10 women would need to undergo surgery for each case of ovarian cancer detected.

Although widely used in monitoring patients with diagnosed ovarian cancer, lack of sensitivity for stage 1 disease
and lack of specificity preclude the use of CA 125, alone, in screening healthy women for ovarian cancer (43,44). In
order to enhance the clinical utility of CA 125 as a screening test for ovarian cancer, a variety of strategies have been
attempted. These include assay of other biomarkers in addition to CA 125, sequential assays of CA 125 and a
combination of CA 125 with ultrasound (i.e., multi-modal screening) (43,44).

It is the latter approach that has been used most frequently in the ovarian cancer screening studies reported to date
(for review, see refs. 43-46). In multi-modal screening, CA 125 is usually assayed first and ultrasound only carried out
if elevated marker concentrations are found. The advantage of this strategy is that only a minority of women need to
have ultrasound which reduces costs and the need for a clinical examination.

In a systematic review of the literature, Bell et al (47) identified 4 prospective but non-randomised studies that used
multi-modal screening for ovarian cancer in the general population. In total, over 27,000 women were screened and
14 ovarian cancers were detected, of which 7 were stage 1 disease. In the largest study (N = 22,000), the PPV of CA
125 followed by ultrasound for the detection of ovarian cancer was 27%, while the specificity was 99.9% and the
sensitivity was 79% (at 1 year) (48).

Having shown that the combination of CA 125 and ultrasound provided adequate specificity and PPV, a pilot
randomised trial was initiated (49). In this trial, postmenopausal women aged 45 years or older were randomised to
either a control group (N = 10,977) or a screened group (N = 10,958). Women in the screened group were offered 3
annual screens, i.e., CA 125, pelvic ultrasound if CA 125 value was greater than 30 kU/L and referral for gynaecological
investigation if ovarian volume was 8.8 ml or greater. Of the women allocated to screening, 29 underwent surgical
investigation and 6 ovarian cancers were detected, i.e., the PPV was 20.7%.

During 7 years of follow-up, 10 further cases of ovarian cancer were detected in the screened group and 20 in the
control group. In the women who developed cancer, survival was longer in those who underwent screening than in
the control group (73 versus 42 months, p = 0.011). Nine deaths occurred in the screened group, compared to 18 in
the control group but this difference was not statistically significant. The study however, had insufficient numbers of
subjects to show a possible difference in mortality. It nevertheless demonstrated that a multimodal approach to
ovarian cancer screening was feasible in a randomised trial.

Rather than using absolute CA 125 concentrations and TVS, Menon et al (50) investigated a risk of ovarian cancer or
ROC algorithm as a potential ovarian cancer screening strategy. The algorithm incorporated subject’s age, rate of
change in CA 125 level and absolute level of CA 125 (50-52). The inclusion of the rate of change in CA 125
concentration in the algorithm was based on the observation that while women with ovarian malignancy generally
have rising marker concentrations, women with other diseases tend to have constant or declining values (52). The
algorithm calculates the slope (change in levels over time) and intercept (initial value) of the best-fit line drawn
between sequential CA 125 values. The greater the slope or intercept, the higher was the risk of ovarian cancer. The
ROC algorithm was found to be superior to that of fixed cut-off points for the preclinical detection of ovarian cancer in
postmenopausal women (53).

This ROC algorithm is currently undergoing evaluation in a large randomized prospective trial, i.e., the UKCTOCS trial
(54). In this trial, approximately 200,000 postmenopausal women, aged 50 to 74 years were randomized in a ratio of
1:1:2 to annual ultrasound screening, annual CA 125 assay (interpreted using ROC algorithm) and a control group. All
CA 125 assays were measured in the same center, using the same method. Preliminary results from this trial were
recently published (54).
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During the first 4 years, surgery was carried out on 845 (1.8%) of women undergoing ultrasound-sound-only
screening. Twenty four of these were found to have invasive ovarian malignancy. In the group undergoing multimodal
screening, surgery was performed in 97 (0.2%) of 50,078 women, of whom 34 had invasive ovarian cancer. Of the 58
cancer detected through screening, 28 (48%) were found to be either stage | or Il. Overall sensitivity, specificity and
PPV for all primary and tubal malignancies were 89.4%, 99.8% and 35.1%, when CA 125 and ultrasound were used in
screening. Specificity and PPV but not sensitivity was significantly greater with the combined versus the ultrasound-
only approach was used. Approximately 3 surgeries had to be done to detect one invasive cancer when multimodal
screening was used (54). Due to inadequate follow-up, results on mortality were not presented.

The PLCO study in the US is also addressing whether screening with CA 125 and ultrasound can reduce mortality
from ovarian cancer in postmenopausal women (55). Here, women in the screening arm have annual CA 125
screening for 6 years and annual ultrasound performed concurrently for 4 years. Women in the control group are
receiving “usual” treatment. Follow-up will be for at least 13 years from the time of entry. Although is trial is based at
10 separate locations, CA 125 is being measured centrally.

Preliminary finding from this trial have also been published (56). During the initial 4 years, 34,261 women underwent
screening, of which 3,388 had an abnormal finding. Of these, 1,170 (34.5%) underwent surgery and 60 (5.1%) were
diagnosed with ovarian or peritoneal malignancy. Most of the cancers (72%) were advanced, i.e., stages Ill and IV. The
PPV using the combination of tests ranged from 1.0 to

1.3 over the 4 years of screening. As with the UKCTOCS trial, the impact of screening on survival has not yet been
reported.

Based on our current state of knowledge, it is not surprising that Expert Groups in Europe and the US recommend
against using CA 125, either alone or in combination with TVU, in population screening for ovarian cancer (40,57,58).

UsE ofF FAECAL OccuLT BLOOD TESTS IN SCREENING FOR COLORECTAL CANCER

Colorectal cancer (CRC) is the third most common cancer, worldwide with an estimated 1 million new cases and a half
million deaths each year (59). The life-time risk of developing CRC is about 6% and of developing colorectal adenomas
is about 50% (59,60). Although several types of screening tests are available for CRC (61,62), this article will focus
exclusively on faecal-based markers. It should be stated that compared to endoscopic techniques (e.g., colonoscopy or
sigmoidoscopy), measurement of faecal markers is relatively simple, low cost and non-invasive. These tests are thus
suitable for large population-based screening.

Although several faecal-based markers have been described, the most frequently used involves the measured of
fecal occult blood, i.e., FOBT, either by the guaiac test which detects the pseudo peroxidase activity of
haem/haemoglobin or an immunochemical test which detects the globin antigen in haemoglobin (61-63). Of these 2
methods, the older guaiac test has been the more widely evaluated, especially in large randomized controlled trials.

A systematic review of the literature published in 2007 identified 11 articles containing results from 4 prospective
randomized controlled trials that evaluated the guaiac test in population-based screening studies for CRC (64). Overall,
the trials involved >320,000 subjects, with follow-up ranging from 8 to 18 years. Cumulative results of the 4
randomized controlled studies showed that the subjects allocated to screening had a 16% reduction in the relative risk
of CRC mortality (RR, 0.84: 95% Cl, 0.78-0.90). Following adjustment of the relative risk for attendance at screening,
the overall predicted relative mortality reduction was 25% (RR, 0.75; 95% Cl, 0.66-0.84), for the screened group. The
authors concluded that FOBT screening had the potential to reduce approximately 1 in 6 deaths from CRC.

Although screening with the guaiac test has clearly been shown to reduce mortality from CRC, this test is being
replaced with faecal immunochemical tests (FITs). Some of the advantages of the FIT tests compared to guaiac tests
include (40,65-67):

e  FITs have better analytical sensitivity and specificity for human haemoglobin than guaiac-based test.
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e Some FITs can be automated, thus increasing throughput and reproducibility.

e Some FITs can be quantitated, enabling adjustment of sensitivity, specificity and positivity rates to meet local
needs.

e  Unlike the guaiac tests which may be affected by certain dietary components (e.g., red meat, vitamin C) and
some medications (e.g., aspirin), FITs are free from interference by these factors.

FITs however, are more expensive than guaiac-based tests. Furthermore, FITs have not to-date been shown to
reduce mortality from CRC in randomized clinical trials. However, since their accuracy in detecting CRC and advanced
adenomas is at least as good if not better than guaiac-based tests (65-67), such validation should not be necessary. It
is likely that FITs will replace guaiac-based tests in screening for CRC, in the future.

Because of the general lack of specificity of FOBT, interest has shifted in recent years to the measurement of fecal
DNA-based markers for CRC screening. These DNA markers usually involved the detection of genes that are mutated
or altered in CRC and its precursor lesions. One of the most widely investigated panels involves measurement of
mutations in the K-RAS, APC and P53 genes as well as the detection of BAT-26 (a marker of microsatellite instability)
and L-DNA (a marker of DNA integrity) (68-70). Like the FITs, the effectiveness of fecal DNA markers in reducing
mortality from CRC has not yet been validated in a large prospective randomized trial. However, as with FITs, such
validation should not be required. A potential problem in the use of DNA panels in screening for CRC is their relative
high cost compared with occult blood-based tests. Despite this, guidelines jointly published by the American Cancer
Society, the US Multi-Society Task Force and the American College of Radiology concluded that DNA panels were an
acceptable option for CRC screening (61).

Currently, several expert panels recommend that all subjects 50 years or older should undergo screening for CRC
(61, 71-74). Since the optimum screening test/strategy is still unclear, most organizations are not prescriptive as to the
specific screening procedure to be used. A joint statement from the American Cancer Society, the US Multi-Society
Task Force and the American College of Radiology (61) however, stated that “clinicians should make patients aware of
the full range of screening options but at a minimum, they should be prepared to offer patients a choice between a
screening test that is effective at both early cancer detection and cancer prevention (e.g., colonoscopy) and a
screening test that primarily is effective at early cancer detection (e.g., FOBT). It was the strong opinion of these 3
organizations that colon cancer prevention should be the main goal of cancer screening.

CONCLUSION

Although intuitively appealing, the success of biomarkers in screening for early cancer has been disappointing.
Indeed, the discovery and validation of biomarkers for this purpose presents a major challenge. Despite efforts by the
Early Detection Research Network (EDRN) (75), few new promising cancer screening markers have emerged in recent
years. Furthermore, new technologies such as gene expression microarray and proteomics have so far been slow in
providing useful leads. The “holy grail” of a simple blood test for the early detection of cancer therefore remains.

Indeed, the question needs to be addressed whether the measurement of a single biomarker in serum can provide a
reliable test for the early detection of cancer. Small or surgically resectable cancers are likely to release relatively low
concentrations of biomarkers into blood. This, coupled with the large dilution in blood following release, presents a
major challenge in devising assays to detect biomarker levels above background. Rather than using blood, an
alternative might be to use proximal fluids, i.e., fluids that are adjacent to tumors. In this context, it should be pointed
out that preliminary results suggest that the measurement of methylated genes in sputum can provide a promising
new test for the early detection of lung cancer (76,77).

Table 1. Recommendations from various expert panels regarding the use of PSA in screening for prostate cancer.

The American Cancer Society
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Recommended discussion regarding benefits and limitations of early detection and state that both PSA and digital
rectal examination (DRE) be offered annually from age 50 to men with a life expectancy >10 years (36).

The US Preventative Services Task Force

Stated that the available evidence was insufficient to recommend for or against routine screening for prostate cancer
in men < 75 years of age. For men 75 years of age or older, it was concluded that the harms of screening for prostate
cancer outweighed the benefits (37).

The American Urological Association

Recommended PSA screening for well-informed men with a life expectancy of at least 10 years who wish to pursue
early diagnosis. Baseline PSA concentrations should be determined at 40 years of age (38).

The European Group on Tumor Markers (EGTM)

Stated that “assay of PSA can be recommended in symptomatic men, if the diagnosis of prostate cancer alters the
treatment decision. However, in the absence of data showing that the early detection of prostate cancer does more
good than harm, it may be reasonable to restrict PSA testing to asymptomatic men who are prepared to undergo
prostate biopsy in the event of an elevated PSA level and have a life expectancy of more than 10 years” (39).

The National Academy of Clinical Biochemistry

Stated that screening for prostate cancer is not recommended at present (40).

The European Society of Clinical Oncology (ESMO)

Stated that the effect of screening on mortality was controversial and cannot be currently recommended (41).

References

1. Wald NJ. Guidance on terminology. ] Med Screen 1994;1:76.

Brawley OW, Kramer BS. Cancer screening in theory and in practice. J Clin Oncol 2005;23:293-300.

3. Smith RA, Cokkinides V, Eyre HJ. Cancer Screening in the United States, 2007. A review of current guidelines,
practices, and prospects. CA Cancer J Clin 2007;57:90-104.

4. Duffy MJ. Clinical uses of tumor markers: a critical review. Crit Rev Clin Lab Sci 2001;38:225-262.

5. Roulston JE. Limitations of tumor markers in screening. Br J Surgery 1990;77:961-962.

6. Farazi PA, DePinho RA. Hepatocellular carcinoma pathogenesis: from genes to environment. Nature Rev
Cancer 2006;6:674-687.

7. Parikh S, Hyman D. Hepatocellular cancer: a guide for the internist. Am J Med 2007;120:194-202.

8. Zhang B, Yang B. Combined alpha fetoprotein testing and ultrasonography as screening tests for primary liver
cancer. ) Med Screen 1999;6:108-110.

9. Zhang B-H, Yang B-H, Tang ZY. Randomized controlled trial of screening for hepatocellular carcinoma. J
Cancer Clin Oncol 2004;130:417-422.

10. Chen J-G, Parkin DM, Chen Q-G, Lu J-H, Shen Q-J, Zhang B-C, et al. Screening for liver cancer: results of a
randomised controlled trial in Qidong, China. J Med Screen 2003;10:204-209.

11. Gebo KA, Chander G, Jenckes MW, Ghanem KG, Herlong HF, Torbenson MS, et al. Screening tests for
hepatocellular carcinoma in patients with chronic hepatitis C: a systematic review. Hepatology 2002;36:584-
S92.

12. Sturgeon C, Duffy MJ, Hoffman, Lamerz R, Fritsche H, Gaarestrom K, et al. National Academy of Clinical
Biochemistry Laboratory Medicine Practice Guidelines for Use of Tumor Markers in Liver, Bladder, Cervical
and Gastric Cancers, in press.

13. National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology, Hepatobiliary
Cancers Version 2. 2009. http://www.nccn.org/ (Accessed 20 Oct 2009).

Page 9
eJIFCC2010VoI21No1pp001-012



14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology 2005;42:1208-36.

Nishi M, Miyake H, Takeda T, Hanai J, Kikuchi Y, Takasugi N. Mass screening for neuroblastoma and mortality
in birth cohorts. Int J Cancer 1997;16:552-555.

Tsubono Y. A halt to neuroblastoma screening in Japan. N Engl J Med 2004;350:2010-2011.

Hiyama E, lehara T, Sugimoto T, Fukuzawa M, Hayashiet Y, Sasaki F, et al. Effectiveness of screening for
neuroblastoma at 6 months of age: a retrospective population-based cohort study. Lancet 2008;371:1173-
1179.

Maris JM, Woods WG. Screening for neuroblastoma: a resurrected idea? Lancet 2008;371:1142-1143.

Woods WG, Gao R-N, Shuster JJ, Robinson LL, Bernstein M, Weitzman S, et al. Screening of infants and
mortality due to neuroblastoma. N Engl J Med 2002;346:1041-1046.

Schilling FH, Spix C, Berthold F, Erttmann R, Fehse N, Hero B, et al. Neuroblastoma screening at one year of
age. N Engl J Med 2002;346:1047-1053

Murphy SB, Cohn SL, Craft AW, Wood WG, Sawda T, Castleberry RP, et al. Do children benefit from mass
screening for neuroblastoma? Consensus statement from the American Cancer Society workshop on
neuroblastoma screening. Lancet 1991;337:344-346.

Hernandez J, Thompson IM. Prostate-specific antigen: a review of the validation of the most commonly used
cancer biomarker. Cancer 2004;101:894-904.

Labrie F, Candas B, Dupont A, Cusan L, Gomez J-L, Suburu RE, et al. Screening decreases prostate cancer
death: first analysis of the 1988 Quebec Prospective Randomized Controlled Trial. Prostate 1999;38:83-91.
Labrie F, Candas B, Cusan L, Gomez J-L, Belanger A, Brousseau G, et al. Screening decreases prostate cancer
mortality: 11 years follow-up of the 1988 Quebec prospective randomized controlled trial. Prostate
2004;59:8311-318.

Boer R, Scroder FH. Quebec randomised controlled trial on prostate cancer screening shows no evidence for
mortality reduction. Prostate 1999;40:130-134.

Elwood M. A misleading paper on prostate cancer screening. Prostate 2004;61:372.

Pinsky PF. Letter to the Editor, Labre et al. Prostate 2004;61:371.

Labrie F, Candas B. Authors response: The Quebec screening study shows a 62% decrease in prostate cancer
death. Prostate 2004;61:373-374.

Sandblom G, Varenhorst E, Lofman O, Rosell J, Carlsson P. Clinical consequence of screening for prostate
cancer: 15 years follow-up of a randomised controlled trial in Sweden. Eur Urol 2004;46:717-724.

Ilic D, O’Connor D, Gren S, Wilt T. Screening for prostate cancer. Cochrane Database of Systematic Reviews
2006, Issue 3, Art No.: CD004720

De Koning HJ, Auvinen A, Berenguer Sanchez A, et al. Large-scale randomised prostate cancer screening trials:
program performances in the European randomised screening for prostate cancer trial and the prostate,
lung, colorectal and ovary cancer trial. Int J Cancer 2002;97:237-244.

Gohagan JK, Prorok PC, Kramer BS, Cornett JE. Prostate cancer screening in the prostate, lung, colorectal and
ovarian cancer screening trial of the National Cancer Institute. J Urol 1994;152:1905-9.

Andriole GL, Crawford ED, Grubb RL 3rd, Buys SS, Chia D, Church TR, et al. Mortality results from a
randomized prostate-cancer screening trial. N Engl J Med 2009;360:1310-9.

Schréder FH, Hugosson J, Roobol MJ, Tammela TL, Ciatto S, Nelen V, et al. Screening and prostate-cancer
mortality in a randomized European study. N Engl J Med 2009;26;360:1320-8.

Barry M. Screening for prostate cancer, the controversy that refused to die. N Engl J Med 2009;13:1351-1354.
Smith RA, Cokkinides V, Brawley OW. Cancer screening in the United States, 2009: a review of current
American Cancer Society guidelines and issues in cancer screening. CA Cancer J Clin 2009;59:27-41.

US Preventive Services Task Force. Screening for prostate cancer: US Preventive Services Task Force
recommendation statement. Ann Int Med 2008;149:185-191.
http://www.auanet.org/content/guidelines-and-quality-care/clinical-guidelines/main-reports/psa09.pdf.
Accessed 20 Sept 2009

Semjonow A, Albrecht W, Bialk P, Gerl A, Lamerz R, Schmid HP, et al. Tumor markers in prostate cancer:
EGTM recommendations. Anticancer Res 1999;19:2785-2820.

Page 10
eJIFCC2010VoI21No1pp001-012



40.

41.

42.
43.

44.
45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

Sturgeon CM, Duffy MJ, Stenman UK, Lilja H, Brinner N, Chan DW, et al. National Academy of Clinical
Biochemistry Laboratory Medicine Practice Guidelines for Use of Tumor Markers in Testicular, Prostate,
Colorectal, Breast and Ovarian Cancers. Clin Chem 2008;54:e11-79.

Horwich A, Parker C, Kataja V. Prostate cancer: ESMO clinical recommendations for diagnosis, treatment and
follow-up. Ann Oncol 2009;20 (Suppl 4):i76-78.

Kristensen GB, Trope C. Epithelial ovarian cancer. Lancet 1997;349:113-117.

Hensley ML, Castiel M, Robson ME. Screening for ovarian cancer: what we know, what we need to know.
Oncology 2000;14:1601-1616.

Clarke-Pearson DL. Screening for ovarian cancer. N Engl J Med 2009;361:170-176.

Rosenthal AN, Jacobs 1J, The role of CA 125 in screening for ovarian cancer. Int J Biol Markers 1998;13:216-
220.

Bast RC Jr, Urban N, Shridhar V, Early detection of ovarian cancer: promise and reality. Cancer Treat Res
2002;107:61-97.

Bell R, Petticrew M, Sheldon T. The performance of screening tests for ovarian cancer: results of a systematic
review. Br J Obstet Gynaecol 1998;105:1136-1147.

Jacobs |, Davies AP, Bridges J, Stabile I, Fay T, Lower A, et al. Prevalence screening for ovarian cancer in
postmenopausal women by CA 125 measurements and ultrasonography. Br Med J 1993;306:1030-1034.
Jacobs |, Skates SJ, MacDonald N, Menon U, Rosenthal AN, Davies AP, et al. Screening for ovarian cancer: a
pilot randomised controlled trial. Lancet 1999;353:1207-1210.

Menon U, Skates SJ, Lewis S, Rosenthal AN, Rufford B, Sibley K, et al. Prospective study using the risk of
ovarian cancer algorithm to screen for ovarian cancer. J Clin Oncol 2005;23:7919-7926.

Menon U, Jacobs I. Screening for ovarian cancer. Best Practice Res Clin Obstet Gynaecol 2002;16:469-482.
Skates SJ, Xy F-J, Yu Y-H, Sjovall K, Einhorn N, Chang Y, et al. Towards an optimal algorithm for ovarian cancer
screening with longitudinal tumor markers. Cancer 1995;76:2004-2010.

Skates SJ, Menon U, MacDonald N, Rosenthal AN, Oram DH, Knapp RC, et al. Calculation of the risk of ovarian
cancer from serial CA 125 values for preclinical detection in postmenopausal women. J Clin Oncol
2003;21;206s-210s.

Menon U, Gentry-Maharaj A, Hallett R, Ryan A, Burnell M, Sharma A, Lewis S, et al. Sensitivity and specificity
of multimodal and ultrasound screening for ovarian cancer, and stage distribution of detected cancers:
results of the prevalence screen of the UK Collaborative Trial of Ovarian Cancer Screening (UKCTOCS). Lancet
Oncol 2009;10:327-40.

Buys SS, Partridge E, Greene MH, Prorok PC, Reading D, et al. Ovarian cancer screening in the Prostate, Lung,
Colorectal and Ovarian (PLCO) cancer screening trial. Am J Obstet Gynecol 2005;193:1630-1639.

Partridge E, Kreimer AR, Greenlee RT, Williams C, Xu JL, Church TR, et al. Results from four rounds of ovarian
cancer screening in a randomized trial. Obstet Gynecol 2009;113:775-82

Duffy MJ, Bonfrer JM, Kulpa J, Rustin GJS, Soletormos G, Torre GC, et al. CA 125 in ovarian cancer: European
Group on Tumor Markers (EGTM) guidelines for clinical use. Int J Gynecol Cancer 2005;15:679-691.

NIH Consensus Development Panel on Ovarian Cancer. NIH Consensus Conference, Ovarian Cancer:
screening, treatment and follow-up. JAMA 1995;273:491-497.

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin 2005;55:74-108.

Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ. Cancer statistics, 2007. CA Cancer J Clin 2007;57:43-66.
Levin B, Lieberman DA, McFarland B, Smith RA, Brooks D, Andrews KS, et al. Screening and surveillance for
the early detection of colorectal cancer and adenomatous polyps, 2008: a joint guideline from the American
Cancer Society, the US Multi-Society Task Force on Colorectal Cancer, and the American College of Radiology.
CA Cancer J Clin 2008;58:130-60.

Huang CS, Lal SK, Farraye FA. Colorectal cancer screening in average risk individuals. Cancer Causes Control
2005;16:171-188.

Davies RJ, Miller R, Coleman N. Colorectal cancer screening: prospects for molecular stools analysis. Nature
Rev Cancer 2005;5:199-209.

Page 11
eJIFCC2010VoI21No1pp001-012



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

Hewitson P, Glasziou P, Irwig L, Towler B, Watson E. Screening for colorectal cancer using fecal the occult
blood test, Hemoccult. Cochrane Database of Systematic Reviews 2007, Issue 1, Art. No.: CD001216. DOI:
10.1002/14651858.CD001216.pub?2.

Allison JE, Tekawa IS, Ransom LJ, Adrain AL. A comparison of fecal occult-blood tests for colorectal-cancer
screening. N Engl J Med 1996;334:155-9.

Allison JE, Sakoda LC, Levin TR, Tucker JP, Tekawa IS, Cuff T, et al. Screening for colorectal neoplasms with
new fecal occult blood tests: update on performance characteristics. J Natl Cancer Inst 2007;99:1462-147.

Allison JE. Colon Cancer Screening Guidelines 2005: the fecal occult blood test option has become a better
FIT. Gastroenterology 2005;129:745-8.

Haug U, Brenner H. New stool test for colorectal cancer screening: a systematic review focusing on
performance characteristics and practicalness. Int J Cancer 2005;117:169-176.

Imperiale T, Ransohoff D, Itzkowitz SH, Turnbull BA, Ross ME. Fecal DNA versus fecal occult blood for
colorectal-cancer screening in an average risk population. N Engl J Med 2004;351:2704-2714.

Ahlquist DA, Sargent DJ, Loprinzi CL, Levin TR, Rex DK, Ahnen DJ, et al. Stool DNA and occult blood testing for
screen detection of colorectal neoplasia. Ann Int Med 2008;149:441-450.

National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology, Colorectal Cancer
Screening. Version 2.2008. Available at http://www.nccn.org/physician gls?PDF/colorectal screening.pdf
Accessed, November 12, 2008.

Winawer S, Fletcher R, Rex D, Bond J, Burt R, Ferucci J, et al. Colorectal cancer screening and surveillance:

clinical guidelines and rationale, update based on new evidence. Gastroenterology 2003;124:544-560.

Duffy MJ, van Dalen A, Haglund C, Hansson L, Holinski-Feder E, Klapdor R, et al. Tumor Markers in Colorectal
Cancer: European Group on Tumor Markers (EGTM) Guidelines for Clinical Use. Eur J Cancer 2007;43:1348-
1360.

US Prevenntive Services Task Force. Screening for colorectal cancer: U.S. Preventive Services Task Force
recommendation statement. Ann Int Med 2008;149:627-637.

Pepe MS, Etzioni R, Feng Z, Potter JD, Thompson ML, Thornquist M, et al. Phases of biomarker development
for early detection of cancer. J Natl Cancer Instit 2001;93:1054-1056.

Belinsky SA. Gene promoter hypermethylation as a biomarker in lung cancer. Nature Rev Cancer 2004;4:1-11.
Palmisano WA, Divine KK, Saccomanno G, Gilliland FD, Baylin SB, Herman JG, et al. Predicting lung cancer by
detecting aberrant promoter methylation in sputum. Cancer Res 2000;60:5954-5958.

Page 12
eJIFCC2010VoI21No1pp001-012



