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Abstract

Systemic inflammatory status has been reported to impact survival of prostate cancer (PCa)
patients; however, evidence is lacking on whether the inflammatory potential of diet can influence
prognosis of PCa patients. To investigate the association between a dietary inflammatory index
(DIT) and PCa survival, we conducted a retrospective cohort study including 726 men with PCa
originally enrolled, between 1995 and 2002, in an Italian case—control study. Information on diet
and Gleason score was collected at PCa diagnosis. DIl was derived from a food frequency
questionnaire using a validated algorithm. Adjusted hazard ratios (HRs) of death with 95%
confidence intervals (Cls) were estimated using a Fine-Gray model. DIl scores were not
significantly associated with all-cause mortality of PCa patients (HR highest vs. lowest DII tertile
=1.25; 95% CI: 0.86-1.83). However, considerable heterogeneity emerged according to Gleason
score (p < 0.01): no associations emerged among men with Gleason score 2—-6 PCa; whereas,
among patients with Gleason score 7-10 PCa, DIl was directly associated with both all-cause and
PCa-specific mortality (HR highest vs. lowest DI tertile: 2.78; 95% CI: 1.41-5.48; and 4.01; 95%
Cl: 1.25-12.86; respectively). Among patients with Gleason score 7-10 PCa, ten-year all-cause
survival probabilities were 58% (95% CI: 47-67%) for highest and 78% (95% CI: 67-86%) for
lowest DI tertile. Study findings support the hypothesis that diet, through its inflammatory
potential, may influence the prognosis of patients with more aggressive PCa. Dietary interventions
aimed at decreasing inflammation may be considered to improve survival of men with PCa.
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Prostate cancer (PCa) has become the most commonly diagnosed cancer among men in
high-income countries.! However, because of relatively low virulence, PCa represents the
third cause of cancer death among men.! Reasons for increased survival? include the
diagnosis of latent, early-stage and nonlethal tumors identified through prostate-specific
antigen (PSA) testing. Therefore, great attention should be devoted to identifying modifiable
lifestyle factors potentially affecting prognosis of men with PCa, especially those diagnosed
at later stages or with advanced histopathological grade, or both.

Systemic inflammatory status, measured through C-reactive protein (CRP), has been
associated with poorer all-cause survival after PCa.3 Similar inverse associations also have
been observed for all-cause and cancer-specific survival among colorectal* and breast cancer
patients.> The Glasgow prognostic score (GPS), which employed an inflammatory index
based on CRP and albumin levels, has been associated to worse prognosis in several
cancers,*6 including PCa.5"

Current evidence indicates that dietary factors play a central role in modulating the
inflammatory process through a number of bioactive dietary components interacting in
defined inflammatory pathways.® Specific foods and nutrients also have been identified as
pro- or anti-inflammatory agents, according to their association with increased or decreased
levels of inflammatory markers—such as CRP, interleukin (IL)-6 and tumor necrosis factor
(TNF)-a.9-11

Using information available in the extensive literature on the subject, a dietary inflammatory
index (DI1) has been developed by our study group.12 The DII has been shown to be strongly
associated with inflammatory status,1! and elevated DIl scores have been associated with
increased all-cause and digestive cancer-specific mortality in two cohorts of healthy
women,13.14

Although the DII has been shown to be associated with PCa incidence,® no evidence exists
on whether the inflammatory potential of diet has any influence on PCa prognosis.
Therefore, to evaluate long-term effects of DIl on all-cause and PCa-specific survival, we
analyzed data from an Italian cohort of men diagnosed with PCa.

Material and Methods

A retrospective cohort study was conducted on men with PCa originally enrolled as cases in
a multicentre hospital-based, case—control study carried out in Italy to explore the
associations between lifestyle factors and PCa risk.16:17 Briefly, 780 patients with
histologically confirmed PCa diagnosed between 1995 and 2002 at the age of 46—74 years
(median age: 66 years, inter-quartile range, IQR: 61-69) had been enrolled in the Pordenone
area, Northeastern Italy. PCa cases were consecutive patients newly diagnosed with PCa in
major local hospitals (where most of the patients with PCa are referred to for diagnosis and

Int J Cancer. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zucchetto et al.

Page 3

treatment). All eligible cases had no previous cancer diagnosis at any site and were enrolled
before receiving cancer treatment. All cases signed an informed consent, according to the
rules of the internal Board of Ethics, which approved the original study protocol and the
prospective extension. Gleason scores were retrieved from medical records and centrally
reviewed by a Pathologist. Patients with missing information on Gleason scores (/7= 94)
reported a risk of death similar to that of patients with Gleason score 7-10.17

Fifty PCa patients who had reported regular use of aspirin at the time of cancer diagnosis
were excluded because anti-inflammatory medications can confound the association
between DII and inflammatory status. Additionally, four cases were excluded because they
lacked comprehensive dietary information necessary for the DIl computation, thus, leaving
726 eligible patients for the present analysis.

PCa cases were interviewed during their hospital stay by trained nurses, using a structured
questionnaire to assess information on socio-demographic characteristics and lifestyle
factors (e.g., education, tobacco smoking and alcohol drinking habits, lifetime
anthropometric measures, anamnesis). Usual diet during the two years prior to PCa
diagnosis was assessed using an interviewer-administered food frequency questionnaire
(FFQ), including 78 foods and beverages, as well as a range of the most common Italian
recipes. Men were asked to indicate the average weekly frequency of consumption of each
dietary item; intakes lower than once a week, but at least once a month, were coded as 0.5
per week. Nutrient and total energy intake was determined using the Italian food
composition database.18 The FFQ showed satisfactory validity® and reproducibility2® with
Spearman correlation coefficients ranging between 0.50 and 0.60 for validity and between
0.60 and 0.70 for reproducibility.

The DIl score was calculated for each PCa patient by linking individual dietary data with a
comprehensive database (the database collected data from 11 countries), which provided a
robust estimate of a mean and standard deviation for each parameter.12:15 This was achieved
by subtracting the “standard global mean” from the intake reported via the FFQ and dividing
this value by the standard deviation (both calculated from the world database) to get ‘2’
scores. To minimize the effect of “right skewing”, ‘Z’ scores were converted to normal
percentiles, then these percentiles were centered (on zero) by doubling each value and
subtracting 1. The centered percentile score for each food parameter for each individual was
then multiplied by the respective food parameter effect score (inflammatory potential for
each food parameter), which was derived through a review of the literature, in order to
obtain a food parameter-specific DIl score for an individual. The overall DIl score was
calculated, for each participant, as a linear combination of all of the food parameter-specific
DIl scores,12 as follows: DI=plxal + 2X/2.......... 31x /31, where brefers to the
literature-derived inflammatory effects score for each of the evaluable food parameters and »
refers to the food parameter-specific centered percentiles, which were derived from the
current case—control study dietary data. A description of the validation work, including both
dietary recalls and a structured questionnaire similar to a FFQ, also is available.11 The
methodology is depicted in Supporting Information Appendix.
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The food parameters used for DIl computation were carbohydrate, protein, fat, alcohol,
fiber, cholesterol, saturated fat, mono-unsaturated fat, poly-unsaturated fat, omega-3,
omega-6, niacin, thiamine, riboflavin, vitamin-B6, iron, zinc, vitamin A, vitamin C, vitamin
D, vitamin E, folic acid, beta carotene, anthocyanidins, flavan-3-ol, flavonol, flavonones,
flavones, isoflavones, caffeine and tea. A higher DIl score indicates a more pro-
inflammatory diet and a lower DII score indicates a more anti-inflammatory diet. Body mass
index (BMI, kg/m?2) was calculated as weight (kg) divided by height (m) squared (median =
26.4 kg/m?, IQR: 24.4-28.7 kg/m?). The interviewers measured waist circumference as the
abdominal circumference 2 cm above the umbilicus (median = 100 cm, IQR: 94-106 cm).
Abdominal obesity was defined as waist circumference >102 cm. A total of 56 PCa patients
(7.7%) lacked information on waist circumference. For these men abdominal obesity was
approximated by BMI > 27.7 kg/m? as suggested by a linear regression model predicting
waist circumference through BMI (the Pearson correlation = 0.71).

Information on vital status and, in case of death, the date and the underlying cause were
obtained through a linkage with regional health system databases, available through
population-based Cancer Registries in the study areas (/.e., Friuli Venezia Giulia and
Veneto).1? Each patient accumulated person-time at risk from the date of PCa diagnosis up
to the date of death, the date of last follow-up or to December 31, 2013, whichever came
first.

To account for competing causes of mortality, the cumulative incidence method?! was
applied to both PCa-specific and nonPCa-specific mortality. Cumulative mortality rates
between groups were compared by means of the Gray’s test.22 To estimate the hazard ratio
(HR) of death and the corresponding 95% confidence intervals (Cl), the Cox proportional
hazard regression model23 was used for all-cause mortality, and the Fine and Gray’s
regression model24 was used for PCa-specific and nonPCa-specific mortality. HRs were
adjusted for area of residence at diagnosis (Friuli Venezia Giulia or Veneto region), calendar
period of cancer diagnosis (1995-97, 1998-00, 2001-02), age at diagnosis (46-59, 60-64,
65-69, 70-74 years), education (<7, 7-11, 12 years), Gleason score (2—-6, 7-10, unknown),
smoking habits (never, former, current <15 cigarettes/day, current 15 cigarettes/ day),
abdominal obesity (no, yes), alcohol intake (drinks/ week) and energy intake (kcal/day).
Heterogeneity between strata of Gleason score was tested using a Wald XZ test.25

Among 726 PCa patients, median length of follow-up was 12.7 years (interquartile range:
9.3-14.8 years) for 8514 total person-years of observation. Overall, 244 (33.6%) deaths
were recorded (median follow-up 7.5 years): 76 (31.1%, median follow-up 6.3 years) were
due to PCa and 168 (68.9%, median follow-up 7.9 years) were due to other causes. The
proportions of men alive after 10 and 15 years from PCa diagnosis were 74% (95% ClI: 71—
77%) and 65% (95% CI: 61-68%), respectively. Ten-year overall survival was 81% (95%
Cl: 77-85%) in those with Gleason score 2—6 and 68% (95% CI: 62—73%) in those with
Gleason score 7-10 (data not shown).
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Among the enrolled 726 PCa patients, no significant associations emerged between DIl and
education, smoking habit and Gleason score. However, the association with abdominal
obesity was of borderline statistical significance (p values = 0.05; Table 1).

Overall, PCa patients with elevated DIl were not at elevated risk of death for all-cause (HR =
1.25; 95% CI: 0.86-1.83; Table 2). However, substantial heterogeneity according to Gleason
score was evident in the association between DII and all-cause mortality (oheterogeneity <
0.01). There was no association in PCa patients with Gleason score 2—6 (HRpjtertile3vs1:
0.75; 95% ClI: 0.40-1.41); whereas a strong direct relationship was observed in patients with
Gleason score 7-10 (HR: 2.78; 95% CI: 1.41-5.48; Byend < 0.01). The same pattern emerged
from survival analysis: no differences emerged in Kaplan—Meier estimates according to DIl
in PCa patients with Gleason score 2—6 (p = 0.66—Fig. 1); conversely, among patients with
Gleason score 7-10, the all-cause survival probabilities at 10 years were 78% (95% CI: 67—
86%) for low DII score and 58% (95% CI: 47-67%) for high DIl (p= 0.02; Fig. 1).

Among PCa patients with Gleason 7-10 (Table 2), DIl was positively associated with PCa-
specific mortality (HR for the highest tertile = 4.01; 95% CI: 1.25-12.86; freng = 0.01) but
not with nonPCa mortality (HR for the highest tertile = 1.59; 95% CI: 0.67-3.81; prend =
0.30). Indeed, the cumulative 10-year PCa-specific mortality in PCa patients with Gleason
score 7-10 increased from 7.4% in those with low DIl to 21.7% (Fig. 2, p = 0.03) in patients
with high DIl whereas no heterogeneity was found among PCa patients with Gleason 2-6.
NonPCa mortality was similar across DIl levels in both Gleason sub-groups (Fig. 2).

Discussion

These study findings suggest that diet, through its inflammatory potential, may play a role in
survival after PCa diagnosis among men with more aggressive, poor-prognosis cancers.
Moreover, the association was more evident for PCa-specific mortality rather than for
nonPCa-specific one. However, despite the strong statistical significance of heterogeneity
across Gleason scores, caution is warranted as sub-group analyses were based on a limited
sample size, and the interactions found in this exploratory analysis need to be confirmed by
other studies.

Different indicators of inflammatory status have been consistently related to worse prognosis
in several cancers. CRP levels were significantly associated with reduced all-cause survival
(HR of death = 1.83) in a pooled analysis of PCa patients, regardless of tumor stage.3
Concerning other neoplasms, elevated levels of CRP and serum amyloid A have been related
to reduced overall and disease-free survival of women with breast cancer.® Furthermore, a
recent meta-analysis® found that colorectal cancer patients with elevated CRP levels had a
two-fold higher risk of all-cause death, increasing up to 4-fold for colorectal cancer-specific
mortality. Another inflammation score, the mGPS, based on CRP and albumin levels, was
found to be associated with PCa prognosis, reporting 35% gap in 5-year relative survival
between PCa patients with the highest vs. the lowest mGPS levels, corresponding to a 2-fold
excess risk of death.” Similar associations between mGPS and cancer prognosis emerged in
another study analyzing several cancers—including PCa, regardless of cancer site.®
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Increasing evidence supports a role of diet in regulating the inflammatory milieu.® Specific
foods and nutrients have been associated with increased levels of inflammatory markers,
such as CRP, IL-6 and TNF-a. A diet rich in fats and processed meat may have a pro-
inflammatory effect by increasing CRP and 1L-6 levels.?:10:26 Conversely, consumption of
fruit, vegetables and whole grain products may exert anti-inflammatory effects.®10.26 |nstead
of focusing on specific foods or nutrients, the DIl evaluates the inflammatory potential of the
whole diet, weighting 32 diet parameters® in the present study. By its design, DIl correlates
with inflammatory markers such as CRP, IL-1p, IL-6, IL-10 and TNF-a.11.12

The mechanisms through which chronic inflammatory status is related to PCa cancer
survival are still unclear. Chronic inflammation can promote cancer progression through the
production of reactive oxygen species and nitric oxide.2” These may reduce apoptosis and
induce angiogenesis, mutations, and increased cell proliferation by damaging DNA and
other cellular macromolecules. Inflammatory processes also may induce the vascular
endothelial growth factors and other, angiogenesis-enhancing growth factors.2” Furthermore,
pro-inflammatory diet may increase circulating levels of insulin, causing insulin
resistance.?8 Finally, in advanced diseases, inflammatory status may interfere with therapy,
causing treatment resistance.3

The lack of information on diet modification after PCa diagnosis was a major weakness of
the present study. Diet modifications have been reported by Avery and colleagues2® among
patients diagnosed with PCa after 2002, mainly referring to the consumption of selected
food items possibly associated to PCa onset (/.e., more tomatoes, protein and fruit/ vegetable
juice). Nonetheless, no significant changes in the mean intake of these food items were
detected in that study.2? Similarly, in the health professionals follow-up study, few men
reported extreme changes in their diet after PCa onset.30 Thus, diet modifications were
unlikely to have occurred in our study population, also considering that in Italy, at the time
the study was conducted (/.e., between 1995 and 2002): (/) the general population was
unaware of a putative association between diet and PCa risk and (//) no guidelines for dietary
intervention in patients with PCa were in force. In addition, the lack of information on PCa
characteristics (e.g., PSA at diagnosis, stage) and treatments ought to be acknowledged as a
potential bias. Although some studies have reported lower PSA levels among nonsteroidal
anti-inflammatory drug users,3132 there is no direct evidence on the association of
inflammatory status and PSA level; therefore, it is unlikely that a bias has occurred. Further,
to rule out the possible bias due to the association between inflammation and disease
severity, analyses were stratified by Gleason score.

Among the strengths of our study is the long follow-up of PCa cases, which allowed
assessing the role of metabolic disorders in long-term survival. Men with PCa included in
this study, although enrolled as cases in a previous hospital-based case—control study, can be
considered as representative of the population with PCa living in the study areas. Finally,
accurate evaluation of mortality outcomes was made possible by the local availability of
high-quality population-based cancer registries.33 However, some misclassification on the
specific cause of death cannot be totally excluded.
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The results of the present study show that diet may influence the prognosis of PCa patients
through its inflammatory potential. Therefore, diet modification to diminish the
consumption of pro-inflammatory foods may be a feasible and cheap intervention to reduce
mortality in the increasing number of men living after a PCa diagnosis, which in Italy
amounts to approximately 300,000 men.33

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s new?

Systemic inflammatory status has been reported to impact survival of prostate cancer
(PCa) patients; however, evidence is lacking on whether the inflammatory potential of
diet can influence prognosis. Here the authors used, for the first time, a novel, validated
dietary indicator of the inflammatory potential of diet to investigate the prognosis of PCa
patients. Among those with more aggressive disease, dietary inflammatory index (DII)
scores were strongly associated with both all-cause and PCa-specific mortality in a
retrospective cohort study. A diet madification to diminish the consumption of pro-
inflammatory foods may represent an effective intervention to reduce mortality among
PCa patients.
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Figure 1.

All-cause survival curves among 726 men with prostate cancer, according to tertiles (low,
medium, high) of dietary inflammation index (DII) in strata of Gleason score. Northeastern

Italy, 1995-2002.
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Figure 2.

Cumulative prostate cancer (PCa) and nonPCa mortality among 726 men with PCa,
according to tertiles (low, medium, high) of dietary inflammation index (DII) in strata of

Gleason score. Northeastern Italy, 1995-2002.
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Table 1

Distribution of 726 men with prostate cancer according to dietary inflammatory index and selected variables at
diagnosis. Northeastern Italy, 1995-2002

Dietary inflammatory index (tertiles)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

I—low, no. (%)  Il—medium, no. (%) Il1—nhigh, no. (%) p-valuel
Age at diagnosis (yrs)
46-59 50 (37.9) 36 (27.3) 46 (34.9) 0.41
60-64 54 (31.6) 52 (30.4) 65 (38.0)
65-69 77 (33.1) 86 (36.9) 70 (30.0)
70-74 59 (31.1) 66 (34.7) 65 (34.2)
Education (yrs)
<7 130 (35.1) 109 (29.5) 131 (35.4) 0.13
7-11 61 (28.1) 86 (39.6) 70 (32.3)
212 49 (35.3) 45 (32.4) 45 (32.4)
Smoking habit
Never smoker 76 (35.2) 68 (31.5) 72 (33.3) 0.34
Former smoker 126 (34.2) 127 (34.5) 115 (31.3)
Current smoker
<15 cig./day 22 (30.1) 21 (28.8) 30 (41.1)
>15 cig./day 16 (23.2) 24 (34.8) 29 (42.0)
Abdominal obesity?
No 138 (29.8) 160 (34.6) 165 (35.6) 0.05
Yes 102 (38.8) 80 (30.4) 81 (30.8)
Gleason score
2-6 120 (32.5) 127 (34.4) 122 (33.1) 0.60
7-10 84 (31.9) 82 (31.2) 97 (36.9)
Unknown 36 (38.3) 31(33.0) 27 (28.7)

1
Pearson XZ test.

Defined as waist circumference >102 cm (or BMI >27.7 kg/mz, when information on waist was missing).
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