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Abstract

Purpose Cancer of unknown primary (CUP) is a metastasised cancer for which no primary lesion could be identified during
life. Research into CUP aetiology with respect to dietary factors is particularly scarce. This study investigates whether meat
consumption is associated with CUP risk.

Methods Data was utilised from the prospective Netherlands cohort study that includes 1,20,852 participants aged
55-69 years. All participants completed a self-administered questionnaire on diet and other cancer risk factors at baseline.
Cancer follow-up was established through record linkage to the Netherlands Cancer Registry and the Dutch Pathology
Registry. A total of 899 CUP cases and 4111 subcohort members with complete and consistent dietary data were available
for case—cohort analyses after 20.3 years of follow-up. Multivariable adjusted hazard ratios (HRs) were calculated using
proportional hazards models.

Results We found a statistically significant positive association with beef and processed meat consumption and CUP risk in
women (multivariable adjusted HR Q4 vs. Q1 1.47,95% CI 1.04-2.07, P,..,4=0.004 and Q4 vs. Q1 1.53,95% CI 1.08-2.16,
P na=0.001, respectively), and a non-significant positive association with processed meat consumption and CUP risk in
men (multivariable adjusted HR Q4 vs. Q1 1.33, 95% CI 0.99-1.79, P.,q=0.15). No associations were observed between
red meat (overall), poultry or fish consumption and CUP risk.

Conclusion In this cohort, beef and processed meat consumption were positively associated with increased CUP risk in
women, whereas a non-significant positive association was observed between processed meat consumption and CUP risk
in men.
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Cancer of unknown primary (CUP) is a metastasised malig-
nancy for which the primary tumour origin remains uniden-
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option [8]. By assessing lifestyle factors that are potentially
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associated with the disease, however, it may be possible to
prevent future CUP patients. Certain modifiable risk factors,
such as cigarette smoking and alcohol consumption, have
been linked to the development of CUP [9—-12]. Nonetheless,
the relationship between diet and CUP has been less well
studied, and that is particularly true with respect to meat
consumption [11].

The consumption of red meat and processed meat has
been linked to several types of cancer in previous studies
[13]. Indeed, the weight of evidence is such that the Inter-
national Agency for Research on Cancer (IARC) describes
red meats as “probably carcinogenic to humans”, and there
is also sufficient evidence to classify processed meats as
“carcinogenic to humans” [13]. Red meats are unprocessed
mammalian muscle meat that contain proteins and important
micronutrients, such as B vitamins, iron, and zinc [13, 14].
Processed meats, by contrast, are those meats that have been
transformed through salting, curing, fermentation, smoking,
or other processes so as to enhance their flavour or improve
their preservation [13]. When those meats are being pro-
cessed, it can lead to the formation of carcinogenic chemi-
cals (including N-nitroso-compounds (NOC) and polycy-
clic aromatic hydrocarbons (PAH)) [13, 15]. In addition,
the cooking of processed meat (fried, grilled, roasted, boiled
and smoked), temperature and duration of cooking, type of
fuel used for cooking, and proximity and direct contact with
the heat source, can produce known or suspected carcino-
gens, including heterocyclic aromatic amines (HAA) and
PAH [13, 15]. While the connection between consuming
red meat and processed meat and developing cancer appears
rather consistent, the connection between consuming poul-
try and fish and developing cancer is much less clear. Fish
consumption has, however, been linked to anti-inflammatory
and anticarcinogenic effects of long-chain n-3 fatty acids and
could thus be beneficial for inhibiting carcinogenesis [16].

The IARC Monographs Working Group has evaluated the
consumption of red meat and processed meat with respect to
carcinogenicity to humans. Based on epidemiological evi-
dence, it concluded that there are convincing associations
between the consumption of red meat and cancer, particu-
larly for cancers of the colorectum, pancreas and prostate
[13]. In addition, the consumption of processed meat has
been linked to cancers of the colorectum and stomach [13].
The 2018 Continuous Update Project Expert Report of the
World Cancer Research Fund (WCRF) and American Insti-
tute for Cancer Research (AICR) concluded that the data to
study the relation between poultry and cancer risk was “too
low quality or too inconsistent, or the number of studies too
few, to allow conclusions”. For fish consumption, they sum-
marized a ‘limited to suggestive’ decreased risk of cancers
of the colorectum and liver [17].

The relationship between meat consumption and CUP
has been investigated in one Australian prospective cohort
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study [11]. Its authors found no association between red
meat consumption and CUP risk, though they did observe
a slightly increased risk between processed meat consump-
tion and CUP risk, albeit this was not deemed statistically
significant [11]. The current study assesses the association
between meat consumption and CUP risk in greater depth
by assessing combined groups of meats, such as red meat,
processed meat, poultry, and fish, as well as individual meat
items.

In addition, we investigated whether sex or cigarette
smoking status influence the association between meat
consumption and CUP risk, by testing multiplicative
interactions.

Materials and methods
Design and study population

The Netherlands cohort study on diet and cancer (NLCS)
includes 1,20,852 participants aged 55-69 years from 204
Dutch municipalities. The case—cohort design was applied
for data processing and analysis. Cases were derived from
the full cohort, while the number of person years at risk for
the full cohort was estimated from a subcohort of 5000 par-
ticipants who were randomly sampled from the full cohort
at baseline in 1986 [18].

Outcome measure

CUP is defined as a metastasised epithelial malignancy
with no identifiable primary tumour origin after cytological
and/or histological verification during a patient’s lifetime.
This CUP definition only includes epithelial malignancies
(ICD-0-3 M-8000-M-8570), which excludes for example
sarcoma, lymphoma, mesothelioma, and melanoma.

Follow-up

Cancer follow-up was established through annual record
linkage with the Netherlands Cancer Registry (NCR) and
the Dutch Pathology Registry (PALGA) [19]. Information
regarding the site of metastasis was obtained from the NCR,
but this data was only partially available and, therefore, sup-
plementary information was retrieved from the pathology
excerpts provided by PALGA. These pathology excerpts
were also used to determine whether cytological and/or his-
tological confirmed cases had been correctly categorised in
the data received from the NCR. After 20.3 years of follow-
up (17 Sep 1986 until 31 Dec 2006), data was available for
a total of 1353 potential CUP cases, and a subcohort of 4774
participants after removing members who reported a his-
tory of cancer (except for skin cancer) at baseline. After
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excluding CUP cases without microscopical confirma-
tion or non-epithelial histology, a total of 1073 CUP cases
remained. CUP cases were further subdivided according to
histology, according to the number of metastases (multiple
metastases of the same type were counted as one metastatic
site, for example, bone metastases in hip and vertebra were
counted as one), according to localisation of metastasis (up
to four locations), and according to survival duration. Par-
ticipants were removed from the analysis if there was incom-
plete or inconsistent dietary data, or if there were selected
confounders with missing values. As a result, 899 CUP cases
and 4111 subcohort members were available for assessment
(see Fig. 1).

Questionnaire data

Participants completed a self-administered questionnaire
that included detailed questions on dietary habits, lifestyle,
and other cancer risk factors. A 150 item semi quantitative
food-frequency questionnaire was used that concentrated
on the habitual consumption of food and beverages during
the year preceding baseline [20, 21]. The food frequency
questionnaire had been validated against a 9 day diet record
and was tested for reproducibility in the NLCS [22, 23].
The Spearman correlation coefficients for the validity of red
meat, processed meat, and fish, as investigated by the ques-
tionnaire were, 0.46, 0.54 and 0.53, respectively, compared
to the results of the 9 day diet record [22]. The question-
naire contained 14 items on the consumption of meat as the
main meal, five items on the consumption of meat used as
a sandwich filling, and three items on the consumption of
fish. Meats were grouped into red meat (overall), processed
meat, and poultry. Red meat included beef, pork, minced
meat (beef and pork), liver, and other meats (e.g., horse-
meat, lamb). Processed meat (meat items that had undergone
some form of preservation with nitrite salt, fermentation, or

smoking) included ham, bacon, smoked beef, pork loin roll,
and other sliced cold meats (e.g., sausages). Poultry included
chicken and turkey. Fish consumption was measured in rela-
tion to the main meal, lunch, or as a snack between meals.

Statistical analysis

Person-years at risk were calculated from baseline (17 Sep
1986) until CUP diagnosis, death, emigration, loss to follow-
up, or end of follow-up (31 Dec 2006), whichever occurred
first. General characteristics were presented for subcohort
members and CUP cases with frequencies (%) for categori-
cal variables and means including standard deviations for
continuous variables. Based on the distribution of the sub-
cohort, participants were compared using quartiles (Q) or
categories of red meat, processed meat, poultry, and fish
consumption. For continuous analyses, increments of 50 g
per day were used for red meat, beef, pork, minced meat,
and poultry consumption, and increments of 25 g per day
were used for liver, processed meat, and fish consumption.
The predefined confounders included age at baseline
(years, continuous), sex (male/female), alcohol consumption
(ethanol intake per day), cigarette smoking status (never/
ever), cigarette smoking frequency (number of cigarettes
smoked per day), cigarette smoking duration (number of
years smoking), and total energy intake (kcal/day). The
potential confounders included body mass index (BMI)
at baseline (kg/m?), non-occupational physical activity
(<30 min/day, 30-60 min/day, 60-90 min/day and > 90 min/
day), socio-economic status (highest level of education);
diabetes (yes/no); history of cancer in a first degree rela-
tive (yes/no); and vegetable and fruit consumption (grams
per day). Variables were considered a confounder if they
changed the HR by > 10%. Accordingly, none of the poten-
tial confounders were included in the final model. No mutual
adjustments were conducted between meat groups, as there

Fig. 1 Netherlands cohort study |

Netherlands Cohort Study |

,7 N=120 852 —I

| Subcohort, randomly sampled from full cohort |

| Record linkage with NCR and PALGA |

.

n=5 000

.

n=1353

at baseline

Exclusion of participants with prevalent cancer

Exclusion of Cancer of Unknown Primary cases without
microscopical confirmation or non-epithelial histology

'

n=4 774

!

n=1073

Exclusion of participants with inconsistent dietary and/or inconsistent data on meat consumption, with missing values

on confounders

|

n=4 111

|

n=899

@ Springer



4582

European Journal of Nutrition (2021) 60:4579-4593

was insufficient scientific evidence to conclude that they
were related to CUP development.

Cox proportional hazards models were utilised to estimate
age and sex adjusted, and multivariable-adjusted hazard
ratios (HRs) with 95% confidence intervals (CIs). Standard
errors were calculated using the robust Huber—White sand-
wich estimator to account for additional variance introduced
by sampling from the full cohort [24]. The proportional
hazards assumption was tested using the scaled Schoenfeld
residuals [25]. In cases where the assumption had been vio-
lated, a time-varying covariate for that variable was added
to the model where appropriate. Ordinal exposure variables
were fitted as continuous variables in trend analyses. Wald
tests and cross-product terms were used to evaluate possible
multiplicative interaction between sex in relation to meat
consumption and CUP risk, or between cigarette smoking
status in relation to meat consumption and CUP risk. Analy-
ses were conducted using Stata version 15. p values were
considered statistically significant if p <0.05.

Three sensitivity analyses were conducted, the first of
which was restricted to histologically verified CUP cases
only, since it is more likely that those cases had undergone
extensive diagnostic investigation(s) to rule out the primary
tumour origin. For those patients who received cytological
verification alone, other factors may have played a role in
the decision to refrain from further diagnostic investigation,
such as age, comorbidities, performance status, localisation
of metastasis, or the patient’s decision. The second sensitiv-
ity analysis was performed after the first 2 years of follow-
up had been excluded so as to check for potential reverse
causality bias as a result of preclinical cancer at baseline.
Reverse causality bias may occur if participants change their
dietary behaviour as a result of symptoms of preclinical can-
cer, whereas we are interested to see if dietary behaviour
reduces or increases CUP risk. In the third sensitivity analy-
sis, the first 10 years of follow-up (< 1996) were compared
to the last 10 years of follow-up (>1996), as to see whether
associations between meat consumption and CUP risk dif-
fered over time.

Results

The statistical analyses of this study are based on 899 inci-
dent CUP cases and 4111 subcohort members with complete
and consistent dietary data.

CUP cases appeared to consume slightly more red meat
(overall), processed meat, and fish than subcohort members
(90.8 g/day vs. 86.9 g/day and 15.0 g/day vs. 13.1 g/day
and 14.1 g/day vs. 12.9 g/day, respectively) (Table 1). By
contrast, subcohort members ate slightly more poultry than
CUP cases (13.5 g/day vs. 12.9 g/day). The comparison
between CUP cases and subcohort members appeared to
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be confounded by sex with respect to consuming red meat
(overall) and processed meat. Male CUP cases consumed
more red meat (overall) than male subcohort members
(95.1 g/day vs. 93.4 g/day). Female CUP cases consumed
more red meat (overall) than female subcohort members
(83.5 g/day vs. 80.6 g/day). In addition, male CUP cases ate
slightly more processed meats than male subcohort members
(16.4 g/day vs. 15.8 g/day). Female CUP cases also ate more
processed meats than female subcohort members (12.7 g/
day vs. 10.4 g/day). Neither poultry consumption nor fish
consumption appeared to be confounded by sex.

Findings of the age and sex adjusted analyses were com-
parable to those of the multivariable adjusted analyses,
which were additionally adjusted for alcohol consumption,
cigarette smoking variables (status, frequency, duration), and
total energy intake. Hence, only the results of the multivari-
able analyses are described below. In general, we observed
no association between red meat (overall) consumption
and CUP risk (HR for Q4 vs. Q1 1.04, 95% CI 0.83-1.30,
P ena=0.31) (Table 2). We observed an increased risk
between beef consumption and CUP, for which a statistically
significant trend was found (HR for Q4 vs. Q1 1.22,95% CI
0.99-1.52, P,.,4=0.02). A statistically significant associa-
tion was also observed between processed meat consumption
and CUP risk (HR for Q4 vs. Q1 1.40, 95% CI 1.12-1.75,
Pend =0.006). No association was found between poultry
consumption and CUP risk (HR for C4 vs. C1 0.97,95% CI
0.79-1.21, P..,q="0.28). For fish consumption, we observed
an increased CUP risk, but it was not statistically significant
(HR for Q4 vs. Q1 1.25,95% CI1 0.99-1.57, P,.,q=0.29).

As described above, meat consumption differed markedly
between men and women concerning both red meat (overall)
and processed meat. Therefore, we stratified the analyses
based on sex (Table 3). For beef consumption and CUP risk
in men alone, the association attenuated and the trend was no
longer statistically significant (HR for Q4 vs. Q1 1.12,95%
CI10.85-1.47, Peng=0.31). Conversely, for beef consump-
tion and CUP risk in women alone, the association became
stronger and was statistically significant (HR for Q4 vs. Q1
1.47,95% CI 1.04-2.07, P,..nq=0.004). For processed meat
consumption and CUP risk in men alone, the association
slightly attenuated and was no longer statistically significant
(HR for Q4 vs. Q1 1.33,95% CI 0.99-1.79, P,,.,q=0.15).
Yet, the association appeared to be more pronounced in
women and remained statistically significant (HR for Q4
vs. Q1 1.53,95% CI 1.08-2.16, P, .,q=0.001).

Furthermore, we checked whether there was a potential
for residual confounding by cigarette smoking status and the
association between meat consumption and CUP risk. We
observed that the associations between beef and processed
meat consumption and CUP risk increased when compar-
ing current smokers to never smokers in women (data not
shown). It should, however, be acknowledged that there were
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Table 1 Characteristics of

; Characteristic Subcohort members Cancer of Unknown
cancer of unknown primary . (n=4111) Primary cases
cases and subcohort members in (n=899)
The Netherlands cohort study
n (%) n (%)
Age at baseline (years)
55-59 1605 39.0 276 30.7
60-64 1402 34.1 349 38.8
65-69 1104 26.9 274 30.5
Sex
Men 2022 49.2 568 63.2
Women 2089 50.8 331 36.8
Red meat consumption (g/day) 86.9 (40.5) 90.8 (40.3)
Men 93.4 (41.6) 95.1 (41.6)
Women 80.6 (38.3) 83.5 (37.0)
Processed meat consumption (g/day) 13.1 (14.6) 15.0 (15.5)
Men 15.8 (16.7) 16.4 (15.6)
Women 10.4 (11.6) 12.7 (15.0)
Poultry consumption (g/day) 13.5(15.1) 12.9 (14.4)
Men 13.6 (14.7) 13.3 (15.3)
Women 13.4 (15.4) 12.2 (12.8)
Fish consumption (g/day) 12.9 (15.3) 14.1 (17.9)
Men 14.1 (16.6) 15.5 (20.2)
Women 11.7 (13.9) 11.7 (12.8)
Ethanol intake (g/day)*
Abstainers 975 23.7 170 18.9
<5 1179 28.7 233 259
5-<15 938 22.8 204 22.7
15-<30 651 15.8 143 15.9
>30 368 9.0 149 16.6
Cigarette smoking status
Never smokers 1517 36.9 249 27.7
Ex-smokers 1479 36.0 317 353
Current smokers 1115 27.1 333 37.0
Frequency of cigarette smoking (N/day), mean (SD)® 15.7 (10.1) 17.9 (10.4)
Duration of cigarette smoking (years), mean (SD)® 31.8 (12.1) 354 (11.7)
Body mass index at baseline (kg/mz), mean (SD) 25.0 (3.1) 24.9 (3.0)
Non-occupational physical activity (min/day)
<30 844 20.8 182 20.5
>30-60 1269 31.2 274 30.9
>60-90 857 21.1 160 18.0
>90 1093 26.9 271 30.6
Level of education (years of education)
Primary 1154 28.2 237 26.6
Lower vocational 899 22.0 192 21.6
Secondary and medium vocational 1457 35.6 329 36.9
University and higher vocational 582 14.2 133 14.9
Diabetes
Yes 140 34 36 4.0
First grade family history of cancer
Yes 1870 45.5 436 48.5

*In consumers only

°In users only
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Table 2 Hazard ratios and 95% confidence intervals for meat consumption and cancer of unknown primary risk in the Netherlands cohort study

Subcohort members Cancer of Unknown Primary cases (n=_899)

(n=4111)
Categorical median Person time at risk ~ Cases Age and sex Multivariable
(grams per day) (years) adjusted® adjusted®
Men Women n HR 95% C1 HR 95% C1
Red meat (overall)
Ql 50 41 17 433 205 1 Reference 1 Reference
Q2 79 68 17 338 224 1.14 (0.92-1.41) 1.11 (0.89-1.37)
Q3 100 88 17 184 248 1.26 (1.02-1.55) 1.21 (0.98-1.49)
Q4 139 125 17 548 222 1.13 (0.91-1.40) 1.04  (0.83-1.30)
p for trend® 0.08 0.31
Continuous, 50 g per day increments 69 503 899 1.08 (0.99-1.18) 1.05 (0.96-1.15)
Beef
Ql 4 3 17293 199 1 Reference 1 Reference
Q2 16 14 17 065 208 1.05 (0.84-1.30) 1.03  (0.82-1.28)
Q3 30 26 17 986 231 1.10 (0.89-1.36) 1.08  (0.87-1.34)
Q4 53 47 17 160 261 1.25 (1.01-1.54) 122 (0.99-1.52)
p for trend® 0.01 0.02
Continuous, 50 g per day increments 69 503 899 1.21 (1.04-1.41) 1.21 (1.03-1.42)
Pork
Ql 9 5 17 461 214 1 Reference 1 Reference
Q2 28 23 17 308 250 1.21 (0.98-1.48) 1.14  (0.93-1.41)
Q3 44 40 17 288 216 1.07 (0.86-1.32) 1.01 (0.81-1.25)
Q4 74 65 17 445 219 1.09 (0.88-1.35) 099  (0.79-1.23)
p for trend® 0.65 0.78
Continuous, 50 g per day increments 69 503 899 1.03 (0.91-1.16) 0.98 (0.86-1.12)
Minced meat
Ql 3 0 16 932 237 1 Reference 1 Reference
Q2 12 10 17 106 239 1.01 (0.82-1.24) 1.01 (0.82-1.24)
Q3 21 18 17 801 207 0.87 (0.70-1.07) 0.86  (0.70-1.07)
Q4 38 33 17 664 216 0.90 (0.73-1.11) 0.91 (0.74-1.13)
p for trend® 0.23 0.22
Continuous, 50 g per day increments 69 503 899 0.87 (0.69-1.09) 0.86 (0.68-1.09)
Liver
Cl 0 0 44786 585 1 Reference 1 Reference
Cc2 4 3 24716 314 0.99 (0.84-1.16) 0.96  (0.82-1.12)
p for trend® 0.92 0.87
Continuous, 25 g per day increments 69 503 899 1.02 (0.65-1.63) 0.96 (0.59-1.56)
Poultry
Cl1 0 0 16 123 203 1 Reference 1 Reference
Cc2 5 5 17 045 230 1.12 (0.90-1.38) 1.13  (0.91-141)
C3 13 13 16 570 227 1.12 (0.90-1.38) 1.10  (0.88-1.37)
C4 23 23 19 766 239 0.98 (0.79-1.21) 0.97  (0.79-1.21)
p for trend® 0.31 0.28
Continuous, 50 g per day increments 69 503 899 0.88 (0.68-1.13) 0.86 (0.66-1.13)
Processed meat
Ql 1 0 17 060 201 1 Reference 1 Reference
Q2 8 4 17 949 216 1.09 (0.88-1.35) 1.07  (0.86-1.33)
Q3 16 11 17 095 222 1.16 (0.93-1.44) 1.14  (0.91-1.42)
Q4 33 22 17 398 260 1.38 (1.12-1.70) 140  (1.12-1.75)
p for trend® 0.006 0.006
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Table 2 (continued)
Subcohort members Cancer of Unknown Primary cases (n=_899)
(n=4111)
Categorical median Person time at risk ~ Cases Age and sex Multivariable
(grams per day) (years) adjusted® adjusted®
Men Women n HR 95% C1 HR 95% C1
Continuous, 25 g per day increments 69 503 899 1.16 (1.04-1.30) 1.19 (1.05-1.34)
Fish
Q1 0 0 19 848 208 1 Reference 1 Reference
Q2 5 5 15592 216 1.29 (1.04-1.59) 1.30  (1.04-1.61)
Q3 15 15 21045 286 1.26 (1.03-1.54) 1.23  (1.00-1.51)
Q4 32 28 13018 189 1.32 (1.06-1.65) 1.25  (0.99-1.57)
p for trend® 0.08 0.29
Continuous, 25 g per day increments 69 503 899 1.11 (0.99-1.24) 1.07 (0.95-1.20)

#Analyses were adjusted for age at baseline (years) and sex

bAnalyses were adjusted for age at baseline (years), sex, alcohol consumption, cigarette smoking status (never/ever), cigarette smoking frequency
(continuous; centered), cigarette smoking duration (continuous; centered), and total energy intake (kcal/day)

“Tests for dose-response trends were assessed by fitting ordinal variables as continuous terms in the Cox proportional hazards model

fewer cases available in the categories due to the stratifica-
tion for both sex and cigarette smoking status. Our observa-
tions suggest that residual confounding by cigarette smoking
status is unlikely in women.

We observed no multiplicative interactions between
sex and the consumption of red meat (overall), beef, pork,
minced meat, liver, processed meat, poultry, or fish in rela-
tion to CUP risk (P eraction =0-64, 0.55, 0.22, 0.19, 0.41,
0.52,0.11, and 0.22, respectively). In addition, no multipli-
cative interactions were observed between cigarette smok-
ing status and the consumption of red meat (overall), beef,
pork, minced meat, liver, processed meat, poultry, or fish in
relation to CUP risk (P, eraction =0-27, 0.88, 0.22, 0.56, 0.14,
0.24, 0.88, and 0.80, respectively).

Results from the first sensitivity analysis with restric-
tion to histologically verified CUP cases alone, for whom
extended diagnostic methods are more expected (compared
to cytologically verified CUP cases), indicate that the find-
ings are similar to those of the overall multivariable analy-
ses except for beef consumption and CUP risk (HR for Q4
vs. Q1 1.16, 95% CI1 0.91-1.49, P,,.,q=0.21), possibly due
to fewer cases. We presume that the results of the overall
multivariable analyses represent CUP cases with or without
an extensive diagnostic work-up. Our secondary sensitiv-
ity analysis, in which the first 2 years of follow-up were
excluded so as to check for potential reverse causality bias,
also demonstrate similar findings to those observed in the
complete analysis (data not shown). In our third sensitivity
analysis, after splitting the follow-up time to compare the
first 10 years of follow-up to the last 10 years of follow-up,
we observed that the association between beef consump-
tion and CUP risk was the highest in the first 10 years of

follow-up, whereas it attenuated in the last 10 years of fol-
low-up. On the other hand, for processed meat consumption
and CUP risk, no association was found in the first 10 years
of follow-up, while there was a positive statistically signifi-
cant association in the last 10 years of follow-up.

Discussion

In this detailed investigation of meat consumption and CUP
risk, we found that beef and processed meat consumption
were positively associated with the development of CUP
in women. We found a non-significant positive association
between processed meat consumption and CUP risk in men.
In contrast, no associations were observed between red meat
(overall), poultry, or fish consumption and CUP risk. We
observed no multiplicative interactions between sex or ciga-
rette smoking status and meat consumption and CUP risk.
To the best of our knowledge, only one study has previ-
ously investigated the relationship between red meat and
processed meat and CUP risk. The abovementioned Aus-
tralian cohort study compared 327 incident CUP cases to
two sets of controls (3:1) that were randomly selected using
incidence density sampling with replacement. Their study
found no relation between red meat consumption and CUP
risk, it used the usual number of servings as >3 red meats/
week compared to < 3 red meats/week for dichotomous com-
parisons [11]. For processed meat consumption and CUP,
its authors observed an increased risk when comparing
the usual number of servings as >3 processed meats/week
compared to < 3 processed meats/week, although the asso-
ciation was not statistically significant [11]. In the NLCS,
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by contrast, we have investigated the association between
meat consumption and CUP risk in greater detail by assess-
ing combined groups of meats, such as red meat, processed
meat, poultry, and fish, as well as individual meat items.
We have found that beef and processed meat consumption
are significantly associated with an increased CUP risk, but
that red meat (overall), poultry, and fish consumption do not
appear to be associated with CUP risk. Consequently, while
our study confirms the findings of the Australian cohort
study in indicating no association between red meat (overall)
consumption and CUP risk, we do observe an association
between beef and processed meat consumption and CUP risk
[11]. The consumption of red and processed meat has been
linked to colorectal cancer in previous epidemiological stud-
ies (probable increasing risk and convincing increasing risk,
respectively) [26]. It also known that colorectal cancer pre-
dominantly metastasises to the liver via the portal circulation
[27]; therefore, we have conducted an additional analysis
to study whether the association between meat consump-
tion is stronger in CUP patients with metastases located in
the liver. We found the association between processed meat
consumption and CUP risk in patients with a liver metas-
tasis to be increased (per 25 g per day increment HR 1.34,
95% CI 1.14-1.58, P .nq=0.001) compared to the result of
the overall analysis (per 25 g per day increment HR 1.19,
95% CI 1.05-1.34, P eng=0.006). In addition, based on
data obtained from the NCR, 36.1% of the primary tumours
that metastasised to the liver, originated in the colorectum
(ICD-0-3 C18-C20) between 1986 and 2006 in the Dutch
population. In line with the results of our analysis, it is thus
plausible that in a considerable number of CUP patients with
a liver metastasis, the primary tumour origin is the colorec-
tum. Furthermore, we have checked the potential of residual
confounding by cigarette smoking status. Despite studying
fewer cases in the categories of interest due to stratification
based on sex and cigarette smoking status, the association
between beef and processed meat consumption did not dif-
fer greatly between the strata (never, ex, current smokers)
in women, thereby hinting that the potential of residual con-
founding is unlikely. We have also checked whether split-
ting the follow-up time had an influence on the association
between meat consumption and CUP risk. We observed that
the association between beef consumption and CUP risk was
highest in the first 10 years of follow-up, whereas it attenu-
ated in the last 10 years of follow-up. For processed meat
consumption and CUP risk, no association was found in the
first 10 years of follow-up, while there was a positive statis-
tically significant association in the last 10 years of follow-
up. An indication for these findings might be that there is a
shorter latency period for beef consumption and a relatively
longer latency period for processed meat consumption, or
that it concerns a chance finding as there were fewer cases

available due to splitting the follow-up time. Therefore, more
studies would be needed to investigate such conclusions.

As briefly presented in the introduction, scientific evi-
dence has already revealed associations between red meat
intake and processed meat intake and the development of
specific cancers, though the associations are less consistent
concerning poultry and fish consumption and carcinogenesis
[13, 17]. As we have demonstrated here, however, there does
appear to be a discernible connection between the consump-
tion of beef and processed meats and the development of
CUP (Table 4).

Strengths and limitations

Important strengths of this study are its prospective cohort
design, large sample size of 1,20,852 participants, large
number of incident CUP cases, and the detailed availability
of exposure and confounder data. Moreover, completeness of
record linkage with the NCR and PALGA for cancer follow-
up was at least 96%, which minimizes selection bias [28].
Vital status follow-up was complete for almost 100% after
20.3 years. Details on incident CUP cases were obtained
from the NCR and included specific information from both
pathology reports and clinical reports [29]. In addition, we
could access the pathology excerpts and thus check whether
the cytological and/or histological confirmed cases had been
correctly categorised in the data provided by the NCR. The
NCR registry clerks applied uniform coding rules when
entering data based on medical files.

There are certain limitations that should be acknowl-
edged. Exposure data on meat consumption were only meas-
ured at baseline in 1986, so participants may have changed
their dietary habits after having completed the question-
naire, which could result in bias due to misclassification.
The questionnaire was tested, however, both for validity and
reproducibility purposes and appeared to be representative
for dietary habits over a period of at least 5 years [22, 23].
In addition, this potential bias should be non-differential
between CUP cases and subcohort members.

Conclusions

Beef and processed meat consumption appear to be posi-
tively associated with CUP risk in women. Similarly, a
positive association was found between processed meat
consumption and CUP risk in men, although it was not sta-
tistically significant. We found no associations between red
meat (overall), poultry, or fish consumption and CUP risk.
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