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DIAGNOSTIC
CERTAINTY

EXPOSURES

SAMPLE 
AVAILABILITY

SUBJECT 
CHARACTERS.

OTHER

Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.

DDT and related compounds 
and risk of pancreatic cancer
1.- Garabrant DH et al. JNCI 1992; 84: 764-71.
2.- Malats N, Real FX, Porta M.

+ Garabrant DH et al. JNCI 1993; 85: 328-9.
-----------------------------------------------

DDT
family DDT Ethylan DDD

-----------------------------------------------
All subjects 3.3* 4.8* 5.0* 4.3*

Cytologically 21.0* ∞* ∞* 15.4*
 confirmed

Death certificate 0.8 1.0 2.6 1.4
-----------------------------------------------
*P ≤ 0.02
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S  E  S  G  O
?

¿Influyó la disponibilidad de las 
muestras biológicas en las 
características de los pacientes?

¿Introdujo sesgos la selección de las muestras?

DISPONIBILIDAD
DE LAS MUESTRAS

Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.

DISPONIBILIDAD
DE LAS MUESTRASEXPOSICIÓN

¿Influyeron algunas exposiciones en la 
disponibilidad de las muestras?

?

¿Introdujo sesgos la selección de las muestras?

Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.
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CERTEZA
DIAGNÓSTICAEXPOSICIÓN

¿Influyó alguna exposición en la 
validez de los diagnósticos (clínicos, 
anatomopatológicos, moleculares)?

?

¿Introdujo sesgos la selección de las muestras?

Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.

CERTEZA
DIAGNÓSTICAEXPOSICIÓN

?

La ‘MALACLASIFICACIÓN’ DE LA 
ENFERMEDAD depende de alguna 
EXPOSICIÓN ?

(i.e., ‘MALACLASIFICACIÓN DIFERENCIAL’)

Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.
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B  I  A  S

Did biological sample procurement 
influence the characteristics of the 
patients under study?

Did sample selection introduce biases?

Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.

SAMPLE 
AVAILABILITY ?

SAMPLE 
AVAILABILITY

Did some exposures
influence the availability of 
samples for the study?

Did sample selection introduce biases?

?

Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.

EXPOSURES
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Did some exposures
influence the accuracy of 
diagnoses (clinical, pathological)?

Did sample selection introduce biases?

Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.

DIAGNOSTIC
CERTAINTY

EXPOSURES ?

Does
MISCLASSIFICATION OF DISEASE
depend upon EXPOSURE ?
(i.e., DIFFERENTIAL MISCLASSIFICATION)

Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.

DIAGNOSTIC
CERTAINTY

EXPOSURES ?
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EXPOSICIONES
AMBIENTALES

CERTEZA
DIAGNÓSTICA

S E S G O

?

Porta M et al. Integrative research, '-omics' research. J Clin Epidemiol 2007, in press.
Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.

EXPOSI-
CIÓN

CERTEZA
DIAGNÓSTICA
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SÍNTOMAS CÁNCER
'MALDIAGNOSTICADOS'

ABUSO
ALCOHOL

MENOR
CLASE

SOCIAL

MENOS
ACCESO A
ATENCIÓN

MÉDICA

+ PROBABLE
SER NO

HISTOLOGIC.
CONFIRMADO

HIPÓTESIS MECANISMO DEL POSIBLE SESGO

EXPO-
SURE

DIAGNOSTIC
CERTAINTY

Porta M et al. Integrative research, '-omics' research. J Clin Epidemiol 2007, in press.
Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.
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LESS ACCESS 
TO MEDICAL

CARE

LOWER
SOCIAL
CLASS

MORE LIKELY
TO BE

NON-HISTOL.
CONFIRMED

HYPOTHESIZE MECHANISM OF POTENTIAL BIAS

SYMPTOMS OF 
PANCREATIC CANCER
MISATTRIBUTED TO

PANCREATITIS

MORE ADVANCED
TUMOR STAGE
AT DIAGNOSIS,
UNRESECTABLE

ALCOHOL
ABUSE

Case-control studies based exclusively on 
histologically confirmed cases may preferentially 
select cases with lower exposure to alcohol.
Alcoholics may be more likely to be 
nonhistologically confirmed than nonalcoholics 
resulting from less access to medical care or 
cancer-related symptoms that are misdiagnosed as 
alcohol related.
Because we included all likely cases, regardless of 
histological confirmation, our study was less prone 
to this type of selection bias.

Silverman DT et al. Cancer Research 1995
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EXCLUDE PATIENTS 

>70-80 years, without HV ?

PROBLEM: ↓ EXTERNAL VALIDITY.

PROBLEM: ↓ SCIENTIFIC RELEVANCE.

PROBLEM: MISCLASSIFICATION
may persist even with WITH HV.

PROBLEM:
Patients without HV ≈ 20 - 60% of all cases 
Patients >70 years ≈ 30 - 40% of all cases

IF classification of D was related 
to E (e.g., through age and sex)

THEN → risk of DIFFERENTIAL        
MISCLASSIFICATION

→ ↓ INTERNAL VALIDITY
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RESTRICTION
“A PRIORI”

STRATIFICATION
“A POSTERIORI”??

(((

)))

STRATIFICATION
“A POSTERIORI”

Porta M et al. J Clin Epidemiol 1994 & 1996
Silverman DT et al. Cancer Res 1995

Skinner HG et al. CEBP 2003
Michaud DS et al. Am J Epi 2003

EXPOSICIONES
AMBIENTALES

DISPONIBILI-
DAD DE LAS
MUESTRAS

CERTEZA
DIAGNÓSTICA

CARACTERÍSTICAS
DE LA PERSONA

FACTORES
CLÍNICOS

S E S G O

?

?

Porta M et al. Integrative research, '-omics' research. J Clin Epidemiol 2007, in press.
Porta M. In: Von Hoff DD et al. Pancreatic cancer. Boston: Jones & Bartlett, 2005.



ISEE 19th. International Conference - Early Training Sessions
www.imim.es/URECMC/eng   Miquel Porta - Mexico City, 7 Sept. 2007

PART 2 – 11

Attention to
selection biases !

Attention to
selection biases !
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Out of >600 cases:
7 wt vs. 17 mutated

Attention to
selection biases !
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The characteristics of the disease
and the state of knowledge / 

ignorance
justify (and give meaning to) 

innovative research approaches.

simple but tough things...
difficult to achieve, e.g.,

collaboration + involvement
of clinical colleagues.

Attention to
selection biases !

Diseñado en 1990-91, 5 centros, 
prospectivo, unos de sus objetivos 
primarios es valorar interacciones
entre alteraciones genéticas (K-ras
y otras) y factores ambientales.

Estudio PANKRAS IIEstudio PANKRAS II
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– J Clinical Epidemiology 1998, 2008

– The Lancet 1999

– Digestive Diseases & Sciences 1999, 2007

– Annals of Occupational Hygiene 2000

– International J of Epidemiology 2000

– Occupational & Environmental Med 2000

– European J of Epidemiology 2000, 2006-07

– Gut 2001, 2002

– J Epi Comm Health 1999, 2000, 2002, 2007

– Epidemiology 2001

– Carcinogenesis 2002

– Organohalogen Compounds 2002

– Molecular Carcinogenesis 2003

– International Journal of Cancer 2003

– Clinical & Translational Oncology 2005

– Pancreas 2007

– Environment International 2007

– Gaceta Sanitaria 2002, 2005-2008.

– Int J Occupational & Environ Health 2003
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Casos de CPE
con K-ras mutado Cáncer 

de
Páncreas
ExocrinoCasos de CPE

con K-ras no mutado

Ambiente 
social
Estilos
de vida

Ambiente 
físico

¿Otros?

Medio
Ambiente

Mutaciones
genéticas Enfermedad

(Estudio caso-caso)

“In a case-only design (...) the odds ratio in this table

is taken as a measure of gene-environment interaction”

ISEE 19th. International Conference - Early Training Sessions
www.imim.es/URECMC/eng   Miquel Porta - Mexico City, 7 Sept. 2007

PART 2 – 20

I n d i c a t o r sI n d i c a t o r s

· Time symptom onset → sample extraction

· Site of sample extraction

· Symptoms and clinical status at sample extr.

· Lipid levels

· Tumor stage

· Treatment

· Survival

· Other laboratory findings

· Diagnostic procedures

· Clinical complications

· Other factors

• Elucidating the etiologic significance

of each OC requires an 

understanding of its relationships

with other OCs, with lipids and 

with prediagnostic signs & 

symptoms.
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European Journal of Epidemiology 2007

Journal of Clinical Epidemiology 61 (2008)
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Clinical or biological
effects

Lipids

Organochlorine
Compounds

Cancer

Age, sex.
Clinical, Social
Environmental

factors.

Social:
Occupational
exposures,
education...

Age, sex.
Clinical, Social,
Environmental

factors.

Clinical factors:
Tumour stage,

Signs & symptoms.

Acquired genetic
alterations

Mutations in
K-ras gene

Factores Clínicos:
Estadio tumoral

Signos y síntomas

Organochlorine
Compounds

Tumour stage

Signs & symptoms

Mutations in
K-ras gene
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Lípidos

Efectos
clínicos o biológicos

Compuestos
Organoclorados

CáncerMutación
somática

Edad, sexo
Clínicos
Sociales

Ambientales

Mutación en el
gen K-ras

Sociales:
Ocupación,

Exposiciones
laborales

Edad, sexo
Clínicos
Sociales

Ambientales

Factores Clínicos:
Estadio tumoral

Signos y síntomas

Signos y síntomas:
anorexia, caquexia
ictericia, vómitos

Compuestos
Organoclorados

Factores Clínicos:
Estadio tumoral

Signos y síntomas
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Factores Clínicos:
Estadio tumoral

Signos y síntomas

Compuestos
Organoclorados

Estadio tumoral

Signos y síntomas

Mutación en el
gen K-ras

clinical epidemiology ↔ proteomics

symptoms at
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I                       
(N=45)

II                         
(N=23)

III                    
(N=23)

IV                     
(N=92)

Estadio Tumoral

0

20

40

60

80

100

P
o

rc
en

ta
je

 a
cu

m
u

la
d

o
 (

%
)

Síndrome colestàsico 

(ictericia, hipocolia y coluria)

Sd. completo

Sd. parcial

• Time from symptom onset to sample 
extraction (TSOSE)
– The lower, the better...

but TSOSE depends on patient,
referral system, hospital admission,
diagnosis, study inclusion...

I n d i c a t o r sI n d i c a t o r s
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0

15

30

45

Extraction in
1st month
from 1st

symptom

Extraction in
2nd month

from 1st
symptom

Extraction in
3rd month
from 1st

symptom

Extraction 4th
to 6th month

from 1st
symptom

Extraction
>6th month

from 1st
symptom

P
a
tie

n
ts

PANKRAS II Study
Time from first symptom to blood extraction

N=167.  82% within 6 months

European Journal of Epidemiology 2007
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• Time from 
• symptom onset 
• hospital admission
• diagnosis
• study inclusion
• treatment onset...
• to sample extraction.

I n d i c a t o r sI n d i c a t o r s

0

10

20

30

40

50

Extraction
before or
same day

as
admission

Extraction
in 1st week

since
admission

Extraction
in 2d week

since
admission

Extraction
in 3rd week

since
admission

Extraction
4th week -
30 days

since
admission

Extraction
>30 days

since
admission

P
a
ti
e
n
ts

PANKRAS II Study
Time from hospital admission to blood extraction

N=167 patients with
exocrine pancreatic

cancer

82.6% 
≤1 month since

admission
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Timing of diagnosis and blood extraction

-250 -200 -150 -100 -50 0 50 100 150

Diagnosis before

0

20

40

60

80

F
re

qu
en

cy

Diagnosis after

Blood
extraction

N=167 patients with exocrine pancreatic cancer
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• Time from symptom onset to sample 
extraction (TSOSE)

– Is TSOSE + related to OCs levels? if so...

I n d i c a t o r sI n d i c a t o r s

– Is TSOSE related to the outcome? if so...

K-ras gene

0.7251

0.5912
19

70.8
16

77.1

Hospital admission
to interview
≤31 days (%)

0.7331

1.0002
69

17.4
76

19.8

First sypmtom to 
extraction
≤31 days (%)

0.7321

0.5812

18
73.9

15
79.1

Hospital admission
to blood extraction

≤31 days (%)

PWild-type
(N=27)

Mutated
(N=94)Characteristics

Values are medians    1Mann-Whitney’s U test    2Fisher’s exact test

PANKRAS II Study
N=121 patients with exocrine pancreatic cancer
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K-ras gene

0.7251

0.5912
19

70.8
16

77.1

Hospital admission
to interview
≤31 days (%)

0.7331

1.0002
69

17.4
76

19.8

First sypmtom to 
extraction
≤31 days (%)

0.7321

0.5812

18
73.9

15
79.1

Hospital admission
to blood extraction

≤31 days (%)

PWild-type
(N=27)

Mutated
(N=94)Characteristics

Values are medians    1Mann-Whitney’s U test    2Fisher’s exact test

PANKRAS II Study
N=121 patients with exocrine pancreatic cancer

• Time from symptom onset to diagnosis 
(SDI) (duration of symptoms, 'delay')

– Is SDI + related to OCs levels? if so...

I n d i c a t o r sI n d i c a t o r s
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0.0

666.7

1333.3

2000.0

< 30 days 30-90 days > 90 days

Symptom-to-diagnosis interval (SDI)

P
C

B
 1

53
 (

ng
/g

)

Symptom-to-Diagnosis Interval and [PCB 153]

• Symptoms and clinical status at time of 
sample extraction.
– Malnourishment, weight loss / changes in 
BMI, anorexia-cachexia, jaundice...
– Are symptoms associated with biological
outcome...? if so...

I n d i c a t o r sI n d i c a t o r s
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0.64237.031.2Vomiting

0.66444.450.5Hypocholia

0.83055.652.7Choluria

0.66244.451.6Jaundice

0.75140.738.3Cholestatic syndrome

0.7347.412.9Cachexia

0.55081.586.0Weight loss

0.78177.881.7Anorexia

1.00085.286.0Asthenia

0.46959.370.2Constitutional syndrome

P1Wild-type
(N=27)

Mutated
(N=94)

Signs & symptoms

K-ras gene

1Fisher's exact test

• Symptoms and clinical status at time of 
sample extraction.
– Malnourishment, weight loss / changes in 
BMI, anorexia-cachexia, jaundice...
– Are symptoms associated with OCs
levels...? if so...

I n d i c a t o r sI n d i c a t o r s
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Relationship between cholestasic syndrome
and serum concentrations of p,p’-DDE

 Cholestatic syndrome 

 Absent 

(N=56) 

Partial 

(N=27) 

Complete 

(N=61) 

 

P 

p,p’-DDE (median) 4.067,70 3.479,24 2.405,69 0,037a 
0,018b 

OCs levels lipid adjusted (ng/g). 
N: Number of patients. 
P: Statistical significance. 
a : Kruskal-Wallis’ test. 
b : Spearman’s correlation between OC levels and number of cholestatic symptoms. 

 

 B     95% CI P 

p,p’-DDE -0,533 -0,948 -0,118 0,012 

PCB 153 -0,372 -0,634 -0,110 0,006 

PCB 180 -0,377 -0,653 -0,102  0,009a 

β-HCH -0,340 -0,631 -0,049  0,024a 

Linear regression adjusted by age, sex and tumour stage. 
OCs lipid-corrected and log transformed. 
Reference category: total absence of syndrome. 
B: Regression coefficient (Beta). 
95% CI : Beta coefficient 95% CI. 
P: Statistical significance Beta coefficient. 
a : Statistical significance conservative F. 

 

Relationship between complete cholestatic syndrome
and serum concentration of 4 organochlorine compounds
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•Stage at diagnosis
– Is stage + related to the biological 
outcome / end-point? if so...

I n d i c a t o r sI n d i c a t o r s

K-ras gene

63.646.9IV 

9.113.6III

4.521.0II

22.718.5I

0.2563Stage

0.2681

0.9322

0.7933

131.8 
72.0
22.2

94.6
70.0
20.2

SDI mean
median
≤31 days (%)

PWild-type
(N=27)

Mutated
(N=94)

Characteristics

1Student’s t-test 2Mann-Whitney’s U test    3Fisher’s exact test
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•Stage at diagnosis
– Is stage + related to OCs levels? if so...

I n d i c a t o r sI n d i c a t o r s

Relationship between age, tumour stage
and [organochlorine compounds]

 B 95%CI of B P Model 
parametres 

p,p’-DDT      
 Age 0,025 0,006  0,043 0,009 R2: 0,074 
 Tumour stage II vs. I 0,065 -0,729  0,859 0,872 F: 2,723 
 Tumour stage III vs. I -0,661 -1,448  0,126 0,099 Pa: 0,032 
 Tumour stage IV vs. I -0,016 -0,595  0,563 0,956 Levene: 0,209 

HCB      
 Age 0,025 0,015   0,034 <0,001 R2: 0,193 
 Tumour stage II vs. I -0,048 -0,472  0,376 0,823 F: 8,168 
 Tumour stage III vs. I -0,537 -0,958 -0,117 0,013 Pa: <0,001 
 Tumour stage IV vs. I -0,201 -0,510  0,109 0,202 Levene: 0,110 

β-HCH      
 Age 0,025 0,015  0,034 <0,001 R2: 0,194 
 Tumour stage II vs. I -0,024 -0,450  0,403 0,913 F: 8,265 
 Tumour stage III vs. I -0,566 -0,988 -0,143 0,009 Pa: <0,001 
 Tumour stage IV vs. I -0,257 -0,568  0,054 0,104 Levene: 0,111 

General lineal model. 
OCs lipid-corrected and log-transformed. 
B: Regression coefficient (Beta) 
P: Statistical significance Beta coefficient. 
R2: Determination coefficient of the global model. 
F: Fisher-Snedecor’s F (degree of freedom ν=4,ν2=137). 
Pa: Statistical significance degree of the model. 
Levene: Levene’s test statistical significance variance homegeneity. 
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Journal of Clinical Epidemiology 61 (2008)
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Factores Clínicos:
Estadio tumoral

Signos y síntomas

Organochlorine
Compounds

Tumour stage

Signs & symptoms

Symptoms do influence tumour stage
 

Tumour stage  Sign or symptom, 
or SDI 

I 

N=45 
(%) 

II–III 

N=46 
(%) 

IV 

N=92 
(%) 

 

 
P 

Any pain 71,1 80,4 89,0 0,034  

No cholestatic symptoms  13,3 28,3 48,9 <0,001  
One or two symptoms 15,6 19,6 23,9 <0,001  a 

All three symptoms 71,1 52,2 27,2  

Constitutional syndrome 91,1 93,5 95,6 0,558  

SDI (median, in months) 1,5 2,3 2,6 0,048  b 

N: Numbers of patients. 
P: Fisher’s exact test.  
a Spearman’s correlations between stage and numbers of cholestatic symptoms.  
b Kruskal-Wallis’ test. 
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Constitutional syndrome, age, sex, and tumour stage
and concentrations of p,p’-DDT

 B 95% CI P Model parameters 
p,p’-DDT      
 Partial syndrome 0,901 -0,033 1,835 0,059 R2: 0,109 
 Complete syndrome 0,873 0,010 1,735 0,047 F: 2,348  
 Age (each year) 0,021 0,002 0,040 0,034 Pa: 0,027 
 Sex (male vs. female) 0,231 -0,266 0,728 0,360 Levene: 0,595 
 Tumour stage II vs. I 0,075 -0,719 0,869 0,852  
 Tumour stage III vs. I -0,598 -1,382 0,186 0,134  
 Tumour stage IV vs. I 0,025 -0,555 0,604 0,933  

General lineal model. 
OCs lipid-adjusted and log transformed. 
B: Regression significance Beta. 
P: Statistical significance for each parameter. 
R2: Determination coefficient of the model. 
F: Fisher-Snedecor’s F with degree of freedom ν1=7, ν2=134. 
Pa: Statistical significance of the model. 
Levene: Levene’s test statistical significance variances homogeneity. 
 

•Stage at diagnosis
– Is stage + related to OCs levels? if so...

– Are ORs homogeneous 
across stage strata?

I n d i c a t o r sI n d i c a t o r s

ISEE 19th. International Conference - Early Training Sessions
www.imim.es/URECMC/eng   Miquel Porta - Mexico City, 7 Sept. 2007

PART 2 – 40

• Samples drawn before or after some 
diagnostic tests, surgery, other treatments?

– Are OCs levels before ≠ after? if so...

I n d i c a t o r sI n d i c a t o r s

•Survival (more clinically aggressive tumors 
may both ↑ OCs levels and ↓ survival).
– Is survival – related to OCs levels? if so...

I n d i c a t o r sI n d i c a t o r s
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Effects of cholestatic symptomatology on [OC]

Sign, symptom or syndrome p,p’-DDT p,p’-DDE PCB 138 PCB 153 PCB 180 HCB β-HCH 

Jaundice (symptom)    ↓ ↓   

Jaundice (sign)    ↓ ↓   

Hypocholia  ↓  ↓ ↓  ↓ 

Choluria  ↓  ↓ ↓  ↓ 

Pruritus  ↓      

Partial cholestatic syndrome   ↓ ↓ ↓ ↓  

Complete cholestatic syndrome  ↓  ↓ ↓  ↓ 

 
General linear model, adjusted by age, sex and tumour stage.

Effects of constitutional syndrome on [OC]

Sign, symptom or syndrome p,p’-DDT p,p’-DDE PCB 138 PCB 153 PCB 180 HCB β-HCH 

Asthenia        

Anorexia        

Loss of weight    ↑ ↑   

Cachexia      ↑  

Partial toxic syndrome ↑     ↑  

Complete toxic syndrome ↑       

 
General linear model, adjusted by age, sex and tumour stage.
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Journal of Clinical Epidemiology 61 (2008)

OR1: adjusted by age and sex

0.017

(1.3-19.1)5.1

1.0

(1.3-20.5)

(0.6-5.0)

0.017*

P-value
(OR 95% CI)

OR1PCB 153

0.0261.0

(1.2-16.0)4.4

≤305 (ng/g)

>305

5.2>313

1.7188 – 313 

1.0≤187 (ng/g) 0.012*

(1.5-24.8)6.0

(0.5-4.8)1.6

1.0

P-value
(OR 95% CI)

OR2

OR2:  age + sex + cholestatic syndrome

The effect of PCB 153 on the probability of a mutated 
(vs. wild-type) tumour.

*Mantel’s extension test for linear trend.
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clinical epidemiology ↔ proteomics

symptoms at

clinical epidemiology ↔ proteomics
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clinical epidemiology ↔ proteomics
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clinical epidemiology ↔ proteomics
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MUCHAS GRACIAS POR 
VUESTRA ATENCIÓN

www.imim.es/URECMC/esp

THANK YOU VERY MUCH 
FOR YOUR ATTENTION
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