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La lunghezza delle dita è un buon 
biomarcatore? 

Indice più lungo di anulare Indice stessa lunghezza di anulare Indice più corto di anulare 
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Short Communication

Hand pattern indicates prostate cancer risk

AA Rahman1, A Lophatananon2, S Stewart-Brown2, D Harriss3, J Anderson4, T Parker5, D Easton6,
Z Kote-Jarai7, R Pocock8, D Dearnaley7, M Guy7, L O’Brien7, RA Wilkinson7, AL Hall9, E Sawyer7, E Page7,
J-F Liu10, The UK Genetic Prostate Cancer Study Collaborators11, British Association of Urological Surgeons’
Section of Oncology11, RA Eeles7,9,12 and K Muir*,2,12

1Division of Epidemiology and Public Health, University of Nottingham, Queens Medical Centre, Nottingham NG7 2UH, UK; 2Health Sciences Research
Institute, Warwick Medical School, Warwick University, Coventry CV4 7AL, UK; 3Nottingham Urology Centre, Nottingham University Hospital NHS Trust,
Nottingham NG5 1PB, UK; 4Royal Hallamshire Hospital, Glossop Road, Sheff ield S10 2JF, UK; 5School of Biomedical sciences, University of Nottingham,
Queens Medical Centre, Nottingham NG7 2UH, UK; 6CR-UK Genetic Epidemiology Unit, Strangeways Research Laboratories, Worts Causeway,
Cambridge CB1 8RN, UK; 7The Institute of Cancer Research, 15 Cotswold Road, Sutton, Surrey SM2 5 NG, UK; 8Royal Devon and Exeter NHS
Foundation Trust, Barrack Road, Exeter EX2 5DW, UK; 9The Royal Marsden NHS Foundation Trust, Downs Road, Sutton SM2 5PT, UK; 10Children’s
Brain Tumour Research, Division of Child Health, University of Nottingham, Queens Medical Centre, Nottingham NG7 2UH, UK

BACKGROUND: The ratio of digit lengths is fixed in utero, and may be a proxy indicator for prenatal testosterone levels.
METHODS: We analysed the right-hand pattern and prostate cancer risk in 1524 prostate cancer cases and 3044 population-based
controls.
RESULTS: Compared with index finger shorter than ring finger (low 2D : 4D), men with index finger longer than ring finger (high
2D : 4D) showed a negative association, suggesting a protective effect with a 33% risk reduction (odds ratio (OR) 0.67, 95%
confidence interval (CI) 0.57–0.80). Risk reduction was even greater (87%) in age group o60 (OR 0.13, 95% CI 0.09–0.21).
CONCLUSION: Pattern of finger lengths may be a simple marker of prostate cancer risk, with length of 2D greater than 4D suggestive of
lower risk.
British Journal of Cancer (2011) 104, 175–177. doi:10.1038/sj.bjc.6605986 www.bjcancer.com
Published online 30 November 2010
& 2011 Cancer Research UK

Keywords: prostate cancer; hand pattern; case–control study
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Prostate cancer is the most common non-skin male cancer in the
UK (Cancer Research UK, 2010), but current knowledge of its
aetiology is limited (Li et al, 2004). The ratio of 2nd and 4th digit
length is fixed in utero (2D : 4D ratio), and is sexually dimorphic,
lower in men than in women (Lutchmaya et al, 2004; Voracek et al,
2007). To date, only one longitudinal study has investigated digit
ratio and prostate volume, PSA level and the prostate cancer risk
(Jung et al, 2010). The ratio (2D : 4D) is negatively related to
testosterone and related phenotypes, such as sperm counts, and
positively related to oestrogen concentrations (Manning and
Bundred, 2000). Accordingly, digit length pattern may act as a
proxy indicator for the underlying prenatal testosterone levels. We
therefore investigated this in a large case–control study of prostate
cancer to explore whether there is any association between hand
pattern and prostate cancer risk.

MATERIALS AND METHODS

Information was collected on 1524 non-screen-detected prostate
cancer cases and 3044 community-based controls during

1994– 2009, with eligible cases being men aged p80 years,
currently living in the UK. Prostate cancer cases were identified
from three large hospitals, two of them within Trent region in
the UK, including Nottingham City Hospital and The Royal
Hallamshire Hospitals in Sheffield together with The Royal
Marsden NHS Foundation Trust Hospitals, London and Surrey.
Controls were recruited via general practitioners of cases who were
free of urinary tract symptoms as identified by an International
Prostate Symptom Score questionnaire (score of p7 out of 35).
A postal questionnaire was sent to all eligible participants to collect
information on selected exposures including right-hand pattern.
Subjects were asked to identify the finger length pattern on their
right hand as nearest to series of pictures, with clear instruction
of how best to compare their hand with the pictures provided.
There were three illustrations indicating: the index finger longer
than the ring finger, the index equally as long as the ring finger and
the index shorter than the ring finger. The latter was used as the
reference category. The study received ethical committee approval
(MREC/99/4/013, 07/MRE04/29).

Statistical analysis

Unconditional logistic regression (SPSS version 16) was used to
generate odds ratios (ORs) and 95% confidence intervals (CIs). To
control for confounding, age and social class were added to the
model; age was included as a continuous variable, whereas social
class was fitted as a categorical variable.

Received 26 July 2010; revised 29 September 2010; accepted 18
October 2010; published online 30 November 2010

*Correspondence: Professor K Muir;
E-mail: Kenneth.muir@warwick.ac.uk
11 Lists available on request.
12 Joint senior authors.
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& 2011 Cancer Research UK All rights reserved 0007 – 0920/11
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La lunghezza delle dita è un buon 
biomarcatore? 
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•  Nel maschio con il dito indice più lungo 
dell’anulare esiste una associazione negativa 
con un effetto protettivo di: 

•  33% riduzione del rischio (Odds Ratio 0.67, 95 
%, Confidence Interval 0.57-0.80) 

•  riduzione del rischio ancora più alta 87% nel 
gruppo con età >60 (OR 0.13, 95%, CI 
0.09-0.21) 

La lunghezza delle dita è un buon 
biomarcatore? 
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Marcatori prescritti per anno 
Italia (AIRTUM 2010) 

• Per 1000 abitanti: 221,3 

• Per caso prevalente: 7.4 
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Prevalenza stimata dei tumori in Italia 
(AIRTUM, report 2010) 

Sito	  anatomico	  del	  
tumore	  

N°	  di	  sogge3	  
prevalen6	  

Biomarcatore	  
raccomandato	   Richieste	  a:ese(2)	   Richieste	  osservate	  (3)	  

Colon	  e	  re:o	   130542(1)	   CEA	   399.534	   2.348.289	  
Stomaco	   69225	   CEA	  

Fegato	   21416	   AFP	   114.066	   970.463	  

Tes6colo	   35617	   AFP	  

Pancreas	   9636	   CA199	   37.510	   1.387.209	  

Colecis6	   9119	   CA199	  

(1)	  Casi	  prevalen6	  a	  meno	  di	  10	  anni	  dalla	  diagnosi	  
	  
(2)	  Ipotesi	  di	  2	  determinazioni/anno	  nei	  casi	  prevalen6	  
	  
(3)	  Biomarcatori	  prescri3	  (da6	  del	  Ministero	  della	  Salute)	  
	  

+488% 
+751% 

+3598% 
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Massimo Gion*, Roberta Franceschini, Claudia Rosin, Chiara Trevisiol, Lucia Peloso,  
Marco Zappa and Aline S.C. Fabricio, on behalf of the Working Group on Tumour Markers of 
the Italian Society of Clinical Biochemistry and Clinical Molecular Biology (SIBioC)

An epidemiology-based model to estimate the rate 
of inappropriateness of tumor marker requests

Abstract

Background: Appropriateness of tumor markers (TMs) has 
been retrospectively studied in limited patients’ series, 
matching the requests to clinical records. Methods to 
monitor appropriateness suitable for use on a large scale 
are required. This study aims to establish and validate an 
innovative model to estimate appropriateness based on 
the comparison between the number of TMs requested 
and the expected requests inferred from epidemiological 
data.
Methods: The number of CA15.3, CA19.9 and CA125 
requests theoretically expected according to the epide-
miology of malignancies in a known geographic area (2 
Italian regions) was compared with the number of TMs 
actually requested – the surveyed requests projected on 
a regional scale – during a given time span (1 year). The 
expected number of requests was calculated compar-
ing TMs recommended by guidelines in different clinical 
scenarios with the prevalence or incidence figures of the 
examined diseases (carcinomas of breast, pancreas and 
biliary tract, ovary and endometrium).
Results: Suitability of the model was demonstrated with 
the analysis of 1,891,070 TM requests surveyed in 66 labo-
ratories from Veneto and Tuscany regions. The percentage 
difference over the total of expected TMs (delta%) ranged 
from −6.9% for CA15.3 to +1022.6% for CA19.9 in Veneto and 
from +35.7% for CA15.3 to +1842.6% for CA19.9 in Tuscany.
Conclusions: The presented model was effective in dem-
onstrating higher than expected TM request rates, possi-
bly associated with inappropriate use. Moreover, it can be 
applied on a large scale survey setting since it circumvents 
the unavailability of clinical information on test orders.

Keywords: appropriateness; epidemiology; inappropriate 
tumor marker requesting; tumor markers.

*Corresponding author: Massimo Gion, Regional Center for 
Biomarkers, Department of Clinical Pathology, Ospedale Civile, 
Azienda ULSS 12 Veneziana, Campo SS. Giovanni e Paolo,  
6777–30122 Venice, Italy, Phone: +39 041 5294260,  
Fax: +39 041 5294910, E-mail: massimo.gion@ulss12.ve.it

Roberta Franceschini, Claudia Rosin, Lucia Peloso and Aline S.C. 
Fabricio: Regional Center for Biomarkers, Department of Clinical 
Pathology, Azienda ULSS 12 Veneziana, Venice, Italy
Chiara Trevisiol: Istituto Oncologico Veneto IOV, IRCCS, Padova, 
Italy
Marco Zappa: Clinical and Descriptive Epidemiology Unit, ISPO 
Cancer Research and Prevention Institute, Florence, Italy

Introduction
An increasingly extensive availability of tumor markers 
(TMs) has been associated with a continuous improvement 
of the diagnostic capability, but it has also been generally 
accompanied by an increasing rate of inappropriate use. 
The risk of inappropriate requesting may be higher when 
the physician is under strong psychological pressure for 
diagnosis or when diagnostic procedures alternative to 
laboratory tests are costly or invasive, or both. The need to 
exclude a malignancy in a patient with general symptoms 
represents a typical scenario that contributes to increas-
ing the risk of inappropriate use of TMs. In fact, although 
clinical practice guidelines recommend a limited number 
of TMs to be used in a restricted range of clinical scenarios 
[1–4], several studies have shown that the clinical use of 
TMs is still largely inappropriate [5–9]. The assessment of 
inappropriate use of TM ordering may be complicated by 
the variability of the requesting attitude between different 
countries, and even within the same country depending on 
the adoption of diverse guidelines by different institutions.

The relative low overall cost of TMs determination 
could be an additional factor contributing to their improper 
use. However, the “cost” of laboratory medicine actually 
encompasses both direct and indirect costs, the latter being 
related to procedures and/or treatments subsequent to the 
result of the laboratory test. In the case of inappropriate 
requests of TMs, the indirect costs include unnecessary 
retesting to confirm a positive result, ensuing procedures 
to exclude the disease, potential risks due to unneces-
sary treatments, in addition to fear and anxiety caused to 
the patient by a false-positive result [10]. This situation is 
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Type and number of surveyed tests

From January to December 2005 the surveyed labora-
tories in Veneto and Tuscany performed 1,891,070 TM 
tests, distributed over 17 different types of markers (CEA, 
AFP, CA15.3, CA125, CA19.9, tPSA, fPSA, CA50, hCG, NSE, 
CA72.4, TPA, TPS, CYFRA 21.1, SCC, S100, CgA). tPSA was 
the most frequently performed TM in the two examined 
regions, followed by CEA and CA19.9 (see Supplemental 
data, Table 1, which accompanies the article at http://
www.degruyter.com/view/j/cclm.2014.52.issue-6/issue-
files/cclm.2014.52.issue-6.xml).

The relative frequency of the markers is not different 
in the two surveyed regions (X2 df = 7, not significant). The 
requests of CA15.3, CA125 and CA19.9 were selected for 
testing the model in both regions.

Testing the model – relationship between 
the number of observed tumor markers and 
epidemiological data
The application of the model permitted to estimate the 
rate of TM inappropriateness in different scenarios, dis-
eases and geographic regions.

Tables 2–4 show the difference between the observed 
(Obs) and expected (Exp) number of requests expressed as 

delta% [(Obs–Exp)/Exp*100]. Observed data is defined as 
the surveyed TM requests projected to 100% of the sample 
on the basis of bed coverage. Expected data is defined as 
the estimate from the prevalence of the malignancy com-
bined with the recommended use of the marker assuming: 
1) two tests per year for all prevalent breast, ovarian and 
endometrial cancer cases; 2) two tests per year for all prev-
alent ovarian and endometrial cancer cases and one test 
per year for every suspicious adnexal mass; and 3) 12 tests 
per year for all prevalent pancreatic cancer cases and one 
test per year for all incident biliary tract and gallbladder 
cancer cases.

Accepting that every woman having or having had 
breast cancer receives two CA15.3/year for her whole life, 
the results concerning CA15.3 show that the rate of CA15.3 
request is close to the figure expected in Veneto, while 
data from Tuscany show a higher delta% (Table 2).

The results on CA19.9 in pancreatic and biliary tract 
and gallbladder cancers are summarized in Table 3. The 
difference between expected and observed requests 
number is remarkable in both regions. From the present 
findings and based on the recommendations of guide-
lines, it can be concluded that CA19.9 is certainly 
overused.

The results concerning CA125 in ovarian and endo-
metrial cancer show an elevated rate of CA125 requests, 
exceeding many times the expected request rate. In 

Table 1 Algorithm based on epidemiological data to estimate the number of expected TM requests – examples considered in the present 
study.

Tumor 
marker

  Disease   Appropriate use mentioned in the 
guidelines

  References  Algorithm

CA 15.3  Breast cancer   Initial work-up   [1, 4, 15, 16]  Expected TM requests  =  (Prevalence  × 2)
    Long-term surveillance    
    Monitoring of therapy for advanced disease   

CA 125   Ovarian cancer   Screening in high-risk group   [1, 21–25]  Expected TM requests  =  (Prevalence  × 2) + 
(Incidence of suspicious adnexal masses  × 1)    Differential diagnosis    

    Initial work-up    
    Postoperative follow-up    
    Long-term surveillance    
    Monitoring of therapy for advanced disease   
  Endometrial cancer   Initial work-up   [26, 27]  Expected TM requests  =  (Prevalence  × 2)
    Long-term surveillance    
    Monitoring of therapy for advanced disease   

CA19.9   Pancreatic cancer   Differential diagnosis   [3, 17–19]  Expected TM requests  =  (Prevalence  × 12) + 
(Incidence of benign pancreatic disease  × 1)    Initial work-up    

    Postoperative follow-up    
    Long-term surveillance    
    Monitoring of therapy for advanced disease   
  Biliary tract and 

gallbladder cancers
  Initial work-up   [20]  Expected TM requests  =  (Incidence  × 1)

Brought to you by | SIBioC
Authenticated

Download Date | 4/26/15 7:13 PM

892      Gion et al.: Epidemiology-based model to estimate tumor marker appropriateness

Type and number of surveyed tests

From January to December 2005 the surveyed labora-
tories in Veneto and Tuscany performed 1,891,070 TM 
tests, distributed over 17 different types of markers (CEA, 
AFP, CA15.3, CA125, CA19.9, tPSA, fPSA, CA50, hCG, NSE, 
CA72.4, TPA, TPS, CYFRA 21.1, SCC, S100, CgA). tPSA was 
the most frequently performed TM in the two examined 
regions, followed by CEA and CA19.9 (see Supplemental 
data, Table 1, which accompanies the article at http://
www.degruyter.com/view/j/cclm.2014.52.issue-6/issue-
files/cclm.2014.52.issue-6.xml).

The relative frequency of the markers is not different 
in the two surveyed regions (X2 df = 7, not significant). The 
requests of CA15.3, CA125 and CA19.9 were selected for 
testing the model in both regions.

Testing the model – relationship between 
the number of observed tumor markers and 
epidemiological data
The application of the model permitted to estimate the 
rate of TM inappropriateness in different scenarios, dis-
eases and geographic regions.

Tables 2–4 show the difference between the observed 
(Obs) and expected (Exp) number of requests expressed as 

delta% [(Obs–Exp)/Exp*100]. Observed data is defined as 
the surveyed TM requests projected to 100% of the sample 
on the basis of bed coverage. Expected data is defined as 
the estimate from the prevalence of the malignancy com-
bined with the recommended use of the marker assuming: 
1) two tests per year for all prevalent breast, ovarian and 
endometrial cancer cases; 2) two tests per year for all prev-
alent ovarian and endometrial cancer cases and one test 
per year for every suspicious adnexal mass; and 3) 12 tests 
per year for all prevalent pancreatic cancer cases and one 
test per year for all incident biliary tract and gallbladder 
cancer cases.

Accepting that every woman having or having had 
breast cancer receives two CA15.3/year for her whole life, 
the results concerning CA15.3 show that the rate of CA15.3 
request is close to the figure expected in Veneto, while 
data from Tuscany show a higher delta% (Table 2).

The results on CA19.9 in pancreatic and biliary tract 
and gallbladder cancers are summarized in Table 3. The 
difference between expected and observed requests 
number is remarkable in both regions. From the present 
findings and based on the recommendations of guide-
lines, it can be concluded that CA19.9 is certainly 
overused.

The results concerning CA125 in ovarian and endo-
metrial cancer show an elevated rate of CA125 requests, 
exceeding many times the expected request rate. In 

Table 1 Algorithm based on epidemiological data to estimate the number of expected TM requests – examples considered in the present 
study.

Tumor 
marker

  Disease   Appropriate use mentioned in the 
guidelines

  References  Algorithm

CA 15.3  Breast cancer   Initial work-up   [1, 4, 15, 16]  Expected TM requests  =  (Prevalence  × 2)
    Long-term surveillance    
    Monitoring of therapy for advanced disease   

CA 125   Ovarian cancer   Screening in high-risk group   [1, 21–25]  Expected TM requests  =  (Prevalence  × 2) + 
(Incidence of suspicious adnexal masses  × 1)    Differential diagnosis    

    Initial work-up    
    Postoperative follow-up    
    Long-term surveillance    
    Monitoring of therapy for advanced disease   
  Endometrial cancer   Initial work-up   [26, 27]  Expected TM requests  =  (Prevalence  × 2)
    Long-term surveillance    
    Monitoring of therapy for advanced disease   

CA19.9   Pancreatic cancer   Differential diagnosis   [3, 17–19]  Expected TM requests  =  (Prevalence  × 12) + 
(Incidence of benign pancreatic disease  × 1)    Initial work-up    

    Postoperative follow-up    
    Long-term surveillance    
    Monitoring of therapy for advanced disease   
  Biliary tract and 

gallbladder cancers
  Initial work-up   [20]  Expected TM requests  =  (Incidence  × 1)

Brought to you by | SIBioC
Authenticated

Download Date | 4/26/15 7:13 PM



E.Aroasio 

Dipartimento di Scienze Cliniche e Biologiche, Università di Torino 
7 Maggio 2015 

emiliano.aroasio@unito.it!

Gion et al.: Epidemiology-based model to estimate tumor marker appropriateness      893

Veneto, observed CA125 requests were 75,932, while preva-
lent cases were 10,632 (2927 ovarian cancer +7705 endo-
metrial cancer), with a delta% of +257.1%. In Tuscany, 
observed CA125 requests were 103,025, while prevalent 
cases were 9758 (2915 ovarian cancer +6843 endometrial 
cancer), with a delta% of +427.8%.

Hypothesizing a widespread use of CA125 for the dif-
ferential diagnosis of adnexal masses (see Supplemental 
data, Table 2) permitted by some guidelines in postmeno-
pausal women [1, 21], the rate of requested CA125 is still 
higher than the expected, and suggests that CA125 is 
possibly overused with reference to recommendations of 
guidelines (Table 4).

As a side note, we found also an extremely elevated 
rate of PSA requests, exceeding many times the expected 
request rate (i.e., in Veneto observed PSA requests were 
396,177, while prevalent prostate cases were 22,613, with 
a delta% of 1112.4%). However, we decided to exclude 
PSA from the present evaluation since the role of prostate 
cancer screening based on PSA is still debated.

Sensitivity analyses

Table 5 summarizes the sensitivity analyses regarding the 
number of requests by changing bed coverage values in 
Veneto and Tuscany. Changes in the bed coverage values 
do not seem to have a relevant impact on the delta% 
results.

Sensitivity analyses regarding prevalence in Veneto 
and Tuscany show no significant variation (Table 6).

Discussion
It is well recognized that healthcare systems of many coun-
tries do not optimally use scientific evidence, as shown 
by the elevated rates of inappropriateness observed in 
the clinical practice [35]. Inappropriateness is noticeable 
also in the field of laboratory medicine. To our knowl-
edge, during the last 10 years, 10 different studies [6–9, 
14, 36–40] evaluated TM requests, but only five of them 
also evaluated the appropriateness of TM requests [6, 8, 9, 
36, 39]. All these studies examined appropriateness using 
a direct approach based on the correspondence between 
the requested test and the clinical problem. This approach 
is applicable only for small series of data and the results 
obtained are limitedly generalizable on a large scale since 
clinical data are not currently available on TM request 
forms.

In the present study we propose an innovative 
model to estimate the rate of inappropriateness, based 
on the comparison between the number of TMs actually 
requested and the expected number of requests esti-
mated from epidemiological data. In order to calculate 
the expected number of TMs requested, we selected the 
recommended TMs and the suggested frequency of deter-
mination in different clinical settings from the guidelines 
concerning the target malignancies. Then, we combined 
this information (TMs and frequency) with the prevalence 
and/or incidence rates of the examined diseases.

We understand that our assumptions are subjective 
since the frequency of testing may be different accord-
ing to several variables, such as the adoption of different 

Table 2 Expected versus observed CA15.3 requests in breast cancer.

Region   Estimated number of prevalent cases  Expected CA15.3  Observed CA15.3  Delta% (Obs–Exp)/Exp*100

Veneto   47,311   94,622   88,132   –6.9
Tuscany   35,196  70,392  95,526  +35.7

Table 3 Expected versus observed CA19.9 requests in pancreatic (PC) and biliary tract and gallbladder cancers (GC).

Region   Estimated number of prevalent/incident cases  Expected CA19.9  Observed CA19.9  Delta% (Obs–Exp)/Exp*100

Veneto   1318 (868 PC+450 GC)   10,867   121,991   +1022.6
Tuscany   937 (672 PC+265 GC)  8328  161,779  +1842.6

Table 4 Expected versus observed CA125 requests in ovarian (OC) and endometrial cancer (EC) plus suspicious adnexal masses (AM).

Region   Estimated number of prevalent/incident cases  Expected CA125  Observed CA 125  Delta% (Obs–Exp)/Exp*100

Veneto   42,451 (2927 OC+7705 EC+31,819 AM)  53,083  75,932  +43.0
Tuscany   34,854 (2916 OC+6843 EC+25,095 AM)  44,613  103,025  +130.9
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