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Abstract

Objective: To evaluate the role of peripheral inflammation (leukocyte differential count, the proinflammatory cytokines IL-beta, TNF-c,
IL-6, IL-8, and the inflammatory markers fibrinogen and C-reactive protein [CRP]) in frailty syndrome in patients with prostate cancer
(CaP) undergoing antiandrogen therapy (ADT).

Methods: A total of 46 men between 51 and 92 years of age with CaP and receiving ADT were classified as frail, prefrail or robust
according to the Fried scale. A geriatric assessment was performed, based on the Minimental State Examination for cognitive function, the
Barthel index for basic activities of daily living, the Yesavage scale for geriatric depression, and the Athens insomnia scale. In addition,
blood samples were collected to assess peripheral inflammation biomarkers including proinflammatory cytokines, fibrinogen, CRP
and leukocyte differential count, as well as other biochemical and hematological parameters.

Results: A significant negative correlation between the severity of frailty syndrome and lymphocyte count was observed (P < 0.01). The
concentration of IL-6 (P < 0.05), CRP (P < 0.05), and fibrinogen (P < 0.01) were significantly associated with frailty syndrome, but not of
TNF-a, IL-beta, or IL-8. The severity of frailty syndrome was not dependent upon the clinical disease stage at diagnosis, the time elapsed
since CaP diagnosis, the presence of metastases, or prostatectomy.

Conclusions: Further research into the role of leukocyte subtypes and peripheral inflammation and the associated adverse outcomes in
patients with CaP under ADT is warranted in order to tailor interventions aimed at reducing symptoms of frailty syndrome, such as loss of
muscle strength and low physical activity. © 2019 Elsevier Inc. All rights reserved.
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1. Introduction radiotherapy, to improvements in symptoms control for
individuals with the recurrent and/or metastatic disease [1].

Androgen deprivation therapy (ADT) is the standard However, ADT is also associated with serious adverse
treatment for prostate cancer (CaP) in many patients, effects including lean weight loss or sarcopenia, muscle
affording numerous clinical benefits ranging from improved weakness, fatigue, and inactivity, which overlap closely
survival in the case of locally advanced CaP associated with with the physical changes associated with frailty syndrome
[2—5]. In men with CaP—many of whom already present
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plausibly accelerate the development of frailty and its
adverse consequences [3,6].

Frailty syndrome is characterized by a loss of func-
tional reserve in multiple physiological systems, causing
increased vulnerability to stressful events and predispos-
ing to an increased risk of severe adverse health outcomes,
including disability, hospitalization, and premature death
[7,8]. Data derived from large cohorts of elderly people
led Fried et al. [9], to propose a widely accepted opera-
tional definition that considers frailty to be a clinical syn-
drome which includes the presence of 3 or more of the
following clinical criteria: involuntary weight loss in the
last year, muscle weakness, slow walking, self-reported
fatigue, and low physical activity. Immune system altera-
tions, impacting both adaptive, and innate immune
responses, have emerged as one of the most relevant
“hallmarks of aging” processes, and immunological fac-
tors were among the biomarkers described for frailty [10].
The role of systemic inflammation as a key element of
functional decline during aging is based on the hypothesis
that the aging process is related to a systemic increase in
proinflammatory mediators from various sources [11,12].
This increase is either directly related to sustained expo-
sure to infectious agents throughout life, to age-related
changes in gut microbiota, to metabolic dysfunction, or to
secretion of antigens generated as a consequence of cell
death and the subsequent accumulation of cell debris.
Although the physiopathology of frailty is not fully under-
stood, chronic systemic inflammation has been considered
one of the most important components contributing to its
development [13]. Proinflammatory cytokines are the
most reported biomarkers of inflammation that have been
repeatedly associated having a causal relationship a role in
frailty syndrome [14—18], in community-dwelling indi-
viduals in particular [13,19]. In terms of cellular markers
of inflammation, alterations in leukocyte counts have also
been associated with frailty syndrome [13,20]. Several
studies have reported increased levels of proinflammatory
cytokines and inflammatory markers as well as a high
neutrophil-lymphocyte index in frail older oncological
patients [21—23], suggesting that these inflammatory
markers can trigger or foster the progression of frailty syn-
drome in oncology patients. The relationship between
inflammatory biomarkers and the severity of frailty syn-
drome in patients with CaP under ADT has not been inves-
tigated, and we sought to identify peripheral biomarkers
that would provide useful information for clarifying the
links between the physical changes and major physiopath-
ological mechanisms responsible for the development of
frailty in CaP under ADT.

In this context, the main objectives of our study were to
evaluate the relationship between:

— Peripheral inflammatory markers (blood white cells and
inflammatory markers) and the severity of frailty syndrome
in patients with CaP.

— Frailty syndrome and complete geriatric assessment.
— Frailty syndrome and other hematological parameters
and clinical variables.

2. Methods
2.1. Study population

A cross-sectional clinical trial was carried out in patients
with CaP (N =46) followed up by the Department of Urology
of an oncological center (Urology Oncology Department,
Fundacién IVO, Valencia, Spain). The inclusion criteria
were a diagnosis of CaP (all stages) and the prescription of
ADT. In order to compare the selectivity of biomarkers for
frailty syndrome in CaP patients, we measured the same
inflammatory mediators in blood samples of a control group
of men (N =46) living in nursing homes in Valencia province
characterized by a similar age and level of frailty syn-
drome. The exclusion criteria for all groups were severe
cognitive impairment (Mini-Mental State Examination
[MMSE] score < 21), severe psychiatric disorders or
blindness, and acute infections. The trial was carried out
in compliance with the guidelines of the Declaration of
Helsinki, and the study protocol was approved by the local
Ethics Committee (University of Valencia, Reference
number: H1511682610849). All participants gave written
informed consent before being enrolled in the study.

2.2. Study variables

The variables included sociodemographic characteristics
(age, body mass index [BMI], and smoking status), clinical
variables of CaP (clinical stage at diagnosis, time since
diagnosis, type of drug for ADT, previous prostatectomy,
and bone metastases). We measured 5 frailty criteria (invol-
untary weight loss, low energy or exhaustion, slow mobil-
ity, muscle weakness, and low physical activity) according
to Fried et al [9]. Geriatric assessment was based on the
MMSE for cognitive function, the Barthel index for basic
activities of daily living, the Yesavage scale for geriatric
depression, and the Athens insomnia scale as previously
described [20]. The Charlson Comorbidity Index adjusted
for age was calculated with a free online toll (https://www.
mdcalc.com/charlson-comorbidity-index-cci).

2.3. Measurement of frailty syndrome

Frailty level was measured according to the 5 Fried crite-
ria [9] as previously reported by our group [2]. Briefly, the
criteria were assessed as follows: (1) unintentional body
weight loss (5% or 4.5 kg or more in the last year); (2) self-
reported chronic fatigue: participants met the criteria if they
answered “A few times”, “Often”, or “Most of the time” to
the question “How often in the last week did you feel that
everything you did was an effort?”, included in the Center
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for Epidemiologic Studies depression scale; (3) a low level
of physical activity was measured using the International
Physical Activity Questionnaire, validated for the Spanish
language. The total amount of energy spent on activities
during 1 week was calculated and divided into quintiles.
The individuals in the lowest quintile (20.0% less active)
received a positive score for this frailty criterion; (4)
according to the standards of the short physical perfor-
mance battery [24], participants who walked 4.6 m in a
longer time than the worst quintile of the sex- and height-
adjusted sample fulfilled the reduced walking speed crite-
rion; our values were: men taller than 173 cm: >6 seconds,
height < 173 cm: >7 seconds; women taller than 159 cm:
>6 seconds, height < 159 cm: >7 seconds; and (5) to mea-
sure muscle weakness, grip strength (Kg) was measured
3 times in each hand alternately with a hydraulic dyna-
mometer (Jaymar, J.A. Preston, Corp., Jackson, MS, USA)
according to the standards for Hispanic populations estab-
lished for epidemiologic studies of the elderly [25]. Partic-
ipants were considered frail if they met at least 3 criteria,
and prefrail if they met 1 or 2. All measurements were per-
formed by trained members of the Department of Nursing
at the University of Valencia, using a questionnaire with
detailed instructions.

2.4. Measurement of inflammatory markers

The serum concentrations of the proinflammatory
cytokines TNF-« and IL-6 were measured using commer-
cial enzyme-linked immunosorbent assay kits according
to the manufacturer’s instructions (TNF-a [ab100654],
IL-6 [ab46042], IL-1 beta [ab46042], IL-8 [ab46032]
Human ELISA Kit, Abcam). We also determined the leuko-
cyte differential count and acute phase reactant proteins
such as fibrinogen and CRP in order to better characterize
the analysis of inflammatory biomarkers.

2.5. Measurement of hematological and biochemical
markers

Blood serum (5 ml) was obtained by collecting blood in
BD Vacutainer tubes and centrifuging them at 500 g for 10
minutes at room temperature. All samples were kept at 4°C
to 6°C, and processed within 2 hours of collection. Hemo-
globin concentration and leukocyte, erythrocyte, and plate-
let counts were measured on automated instruments in
hospital hematology laboratories. Biochemical and hemato-
logical analyses were also performed.

2.6. Statistical analysis

Descriptive statistics, including a measurement of cen-
tral tendency (mean), standard error of the mean, and range
values were used to describe all the quantitative variables.
The normal distribution of each variable was assessed with
the Shapiro-Wilk test in order to determine whether a

parametric or nonparametric test should be applied. The dif-
ferences between 2 groups were analyzed with the nonpara-
metric Mann-Whitney U test or the parametric Student ¢
test. The differences between the 3 groups were analyzed
using the nonparametric Kruskal-Wallis test or parametric
analysis of variance (ANOVA), followed by posthoc testing
where appropriate. The correlations between 2 quantitative
variables were evaluated with the nonparametric Spearman
test or the parametric Pearson test. Multinomial logistic
regression models were used to assess effects of the varia-
bles found to be significant in the bivariate analysis (serum
fibrinogen, CRP, IL-6, and lymphocyte levels) for the risk
of being frail or prefrail vs. nonfrail. Logs (of each bio-
marker) were initially analyzed as continuous covariables
for maximum efficiency; the estimated effects were
expressed as odds ratios (ORs) of being frail vs. nonfrail or
prefrail vs. nonfrail for each standard deviation unit
increase of the log (of each biomarker), so that the relative
contributions of each biomarker could be readily compared.
Statistical significance was established at P < 0.05. The
SPSS version 25.0 statistical package (SPSS Inc., Chicago,
IL, USA) was used throughout the process.

3. Results

3.1. Study sample characteristics

A total of 46 men with CaP subjected to ADT were
finally included in the study (Table 1). Their ages ranged
from 51 to 92 years, with a mean age of 72.2 (£9.4) years.
In addition, 56.5% (n=35) of the patients were >65 years
old. Almost all of the participants were married (n=40),
and only 10.9% lived alone. Regarding educational level,
most patients reported having previous studies, and of
these, 15.2% (n="7) reported having completed university
studies. The mean time since diagnosis was 106.27 (+13.0)
months. According to international staging for CaP, at the
time of diagnosis, 22 patients (47.7%) had stage II cancer,
which according to the Gleason score (mean 7.2 [£0.1]
points) was cancer with an intermediate risk of dissemina-
tion, 30.4% of the sample had stage III (locally advanced
cancer), and 21.7% (n=10) had metastatic disease (pres-
ence of bone metastases). At the time of the study, over half
of the participants (65.2%) had undergone radical prostatec-
tomy, and all were receiving ADT that included bicaluta-
mide (n=1) or leuprorelin (n=11) or triptorelin (n=34).
As a result of ADT, the entire sample reached serum testos-
terone levels below castration levels (<50 ng/dl), although
serum prostate-specific antigen levels were undetectable
(<0.1 ng/ml). in only 10.8% (n=15) of the sample. Accord-
ing to the BMI, 21.7% (n=10) of the patients were classi-
fied as having "normal weight" (BMI = 18.5—24.9 kg/m?),
while 50.0% (n=23) were "overweight" (BMI=25-29.9
kg/rnz) and 28.3% (n=13) presented "obesity" (BMI > 30
kg/m?). None of the participants had BMI < 18.5 kg/m”.
Likewise, 56.5% of the patients (n=26) had central or
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android obesity with an abdominal perimeter > 102 cm.
Given that the mean systolic/diastolic blood pressure (BP)
values were 135.8 (£2.1)/78.6 (£1.2) mmHg, most of the
men had normal BP (i.e., <140/90 mmHg). The geriatric
assessment scale and Charlson comorbidity index values

are shown in Table 1.

3.2. Evaluation of frailty syndrome in the study sample

Based on the Fried criteria [9], 17.4% of the subjects
were classified as frail (>3 Fried criteria), 65.2% as prefrail
(1 or 2 Fried criteria), and the remaining 17.4% as robust or
nonfrail (no Fried criteria) (Fig. 1A). Furthermore, in terms
of the number of criteria proposed by Fried, 17.4% of the
participants did not present any of the 5 criteria, 43.5% pre-
sented only 1 criterion, 21.7% two, 13% three, 4.3% four,
and none of the participants presented all 5 criteria
(Fig. 1B). When we analyzed each of the 5 Fried criteria
(Table 1), the most frequent criterion in the overall sample
was low physical activity (58.7%), followed by slow gait
speed (28.3%), self-reported fatigue (26.1%), weakness or
low muscle strength (23.9%) and finally, involuntary
weight loss in the last year (6.5%).

3.3. Evaluation of the relationship between frailty
syndrome and clinical variables

There were no significant differences in age between
the groups (frail (77.6 [+4.2] years), prefrail (71.2
(£1.6) years) and robust individuals (70.6 [£2.5] years),
P=0.201) or for the Charlson comorbidity index
(P=0.521). The only comorbidity associated with a
higher level of frailty syndrome is diabetes (P < 0.05).
Likewise, frailty syndrome was not associated with a spe-
cific characteristic of prostate cancer, as there were no
significant differences between the 3 groups in terms of
clinical stage (P =0.084, chi-squared), total Gleason
score (P =0.084, Kruskal-Wallis test), the presence of
metastasis (P = 0.444, chi-squared), the presence of radi-
cal prostatectomy (P = 0.286, chi-squared), or the type of
drugs used for ADT (P =0.720, chi-squared). For BMI
and abdominal perimeter, although a higher percentage
of patients had overweight or obesity among the prefrail
and frail patients, the differences were not significant
(P=0.733 and P=0.432, chi-squared, respectively).
There were also no significant differences between the 3
groups in terms of BP (systolic BP: P=0.473 and dia-
stolic BP: P=0.758, 1-way ANOVA). There were no sig-
nificant differences in the scores obtained with each
geriatric assessment scale between robust, prefrail, and
frail individuals (Barthel index for basic activities of
daily living [P = 0.999]; MMSE for cognitive
impairment [P = 0.092]; Yesavage scale for geriatric
depression [P = 0.695]; and Athens insomnia scale for
sleep difficulty [P = 0.906].

3.4. Evaluation of the relationship between frailty
syndrome and hematological parameters

There were no significant differences between the 3
groups in terms of the erythrocyte count (P =0.854, Krus-
kal-Wallis test), haemoglobin concentration (P =0.544,
Kruskal-Wallis test), or platelet count (P =0.394, 1-way
ANOVA). Likewise, the total leukocyte count did not dif-
fer significantly between the robust, prefrail, and frail
patients (P=0.113, 1I-way ANOVA) (Fig. 2A). However,
when the different leukocyte subpopulations were ana-
lyzed (differential count), the lymphocyte counts were sig-
nificantly lower in both frail (1.6 [£0.1] x 103/u1) and
prefrail individuals (1.7 [£0.07] x 10*/ul) than in robust
individuals (2.3 [£ 0.2] x 10°/ul) (P=0.004, I-way
ANOVA) (Fig. 2B). No significant differences in lympho-
cyte counts between prefrail and frail patients were
observed (P =0.961, Tukey posthoc test). Unlike in the
case of the lymphocyte count, no significant differences
were observed in the other leukocyte subtypes among the
3 groups (neutrophil count: P=0.187, 1-way ANOVA
[Fig. 2C]; monocyte count: P=0.191, Kruskal-Wallis test
[Fig. 2D]; eosinophil count: P =0.833, Kruskal-Wallis
test [Fig. 2E]; basophils count: P=0.834, Kruskal-Wallis
test [Fig. 2F]). The mean values of the different hematologi-
cal parameters were within the normal reference ranges
(Table 2).

3.5. Evaluation of the relationship between frailty
syndrome and biochemical parameters

There were no significant differences between the
robust, prefrail, and frail patients in terms of most of the
biochemical parameters measured in blood (data not
shown). The only exception was creatinine, with a sig-
nificantly higher mean serum concentration in robust
individuals (1.02 [£0.1] mg/dl) compared to prefrail
(0.8 [£0.02] mg/dl) and frail patients (0.9 [+0.09] mg/
dl) (P=0.037, 1-way ANOVA). However, there were
no statistically significant differences in the serum cre-
atinine levels between prefrail and frail individuals in
the Tukey posthoc test (P =0.186). Likewise, while the
mean values of most of these biochemical parameters
were also within the normal physiological range, the
glucose, and GFR levels were respectively slightly
higher and lower than the recommended levels in the
3 groups (data not shown). Biochemical parameters are
shown in Table 2.

3.6. Evaluation of the relationship between frailty
syndrome and blood inflammatory markers

With regard to the different blood inflammatory markers,
there were significant differences among the 3 groups in
relation to the concentrations of IL-6 (P =0.017, Kruskal-
Wallis test), CRP (P=0.014, Kruskal-Wallis test), or
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Table 1
Baseline characteristics of patients in this study.
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Category Mean (+SEM) value Range
Age (y) 722 (£9.4) 51-92
Time elapsed since the moment of diagnosis (wk) 106.27 (x13.0) 16-408
Gleason score 7.2 (£0.1) 5-9
Testosterone (ng /dl) 1.9 (x0.4) 0.02-2.08
Total PSA 3.7 (x0.8) 0.0-29
BMI (Kg/m?) 28 (+0.4) 20.6-34.4
Abdominal perimeter (cm) 104 (x1.4) 85-125
Systolic blood pressure (mmHg) 135.8 (£2.1) 95-170
Diastolic blood pressure (mmHg) 78.7 (£1.2) 63-98
Ability to perform daily activities (Barthel index) 69.8 (+0.5) 90-100
Cognitive function (MMSE test) 27.1 (x0.4) 16-30
Depressive symptoms (Yesavage scale) 2.2 (x0.3) 0-14
Sleep quality (Athenas scale) 2.8 (x0.5) 0-17
Charlson Comorbidity Index (age-adjusted) 3.4 (x1.2) 1-7
n %
Civil status Married 40 87
Widower 2 4.3
Divorced 3 65
Others 1 2.2
Coliving status Single 5 10.9
With partner 33 71.7
With family (with or without partner), children, brothers, etc. 8 17.4
Educational level Without studies 9 19.6
Primary 18 39.1
Secondary 12 26.1
University 17 15.2
Clinical staging I 0 0
I 22 47.8
I 6 13
v 18 39.1
Presence of bone metastases at diagnosis Yes 10 21.7
No 36 78.3
Previous prostatectomy Yes 30 65.2
No 16 34.8
ADT treatment Bicalutamide 1 2.2
Leuproreline 11 239
Triptoreline 34 73.9
BMI(Kg/m?) Underweight(<18.5) 0 0
Normal (18.5-24.9) 10 21.7
Overweight (25-29.9) 23 50.0
Obese (>30) 13 28.3
Abdominal perimeter <102 cm 20 435
>102 cm 26 56.5
Dycotomized frailty criteria Weight loss Yes 3 6.5
No 43 93.5
Fatigue Yes 12 26.1
No 34 73.9
Low physical activity Yes 27 58.7
No 19 413
Slow walking speed Yes 13 28.3
No 33 71.7
Muscle weakness Yes 11 23.9
No 35 76.1

ADT = androgen deprivation therapy.

Dates are expressed as the mean (+standard error mean [SEM]) and range or frequency (n) and percentage (%) for each value. Age was expressed in years,
time elapsed since the moment of diagnosis was expressed in months, time elapsed since the last administration of the drug was expressed in days, serum
testosterone and free prostate-specific antigen (PSA) levels were expressed in conventional units, body mass index (BMI) was calculated from weight and
standing height (Kg/m?), abdominal perimeter was measured in cm, blood pressure numbers were expressed in mmHg, geriatric assessment was evaluated
using Barthel index to measure the basic activities of daily living, minimental score test (MMES) to determine cognitive impairment, Yesavage scale for
geriatric depression and Athens scale to detect insomnia and frailty was measured according to the 5 criteria proposed by Fried et al (2001).
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Fig. 1. Evaluation of frailty syndrome in the study sample. Frailty was measured according to the 5 criteria proposed by Fried et al. (2001). (A) Percentage of
the categories of frailty expressed as follows: participants who met 3 or more criteria were classified as frail, those who met 1 or 2 were prefrail, and those
who did not meet any of the criteria were nonfrail (robust). (B) Number of frailty criteria met in the sample, expressed as percentage of the entire population.

fibrinogen (P =0.005, 1-way ANOVA). Both prefrail and
frail patients presented significantly higher mean serum IL-
6, CRP, and fibrinogen values compared to robust individu-
als (Fig. 3A—C). However, the posthoc analysis showed
that the frail individuals had significantly higher levels of
fibrinogen than the prefrail participants (P =0.005). On the
other hand, no significant differences were observed for
TNF-o (P=0.134, 1-way ANOVA) (Fig. 3D), for IL-beta
(P=0.974, 1-way ANOVA) (Fig. 3E), for IL-8 (P=0.181,
I-way ANOVA) (Fig. 3F). In the multinomial logistic
regression analyses, a higher log (IL-6) was associated to a
significantly increased OR of being frail (OR =56.9, 95%
CI=1.23—-2.639.8; P < 0.05), as was a higher log (fibrino-
gen) (OR=1.2,95% CI=1.02—1.40; P < 0.05). In contrast,
no significant effects upon the OR of being frail were
observed for either the lymphocyte count (OR =0.20, 95%
CI=0.01-6.60; P=0.39) or CRP concentration (OR =2.69,
95% CI=0.84—8.69; P=0.10).

In order to determine whether the associations between
inflammatory markers and frailty syndrome were specific
for CaP patients, we compared those biomarkers in a pop-
ulation of older individuals without CaP (N =46) of simi-
lar ages (77.3 £ 9.7) and frailty severity (Robust: 13.3%
(N =10); Prefrail: 29.3% (N =22); Frail: 18.7% (N = 14).
The data and comparisons of biomarkers associated with
frailty syndrome in CaP and control group are shown in
Table 3. There was a significant difference between CRP,
IL-6, IL-8, and the severity of frailty syndrome in the con-
trol group (P < 0.05 in both cases, Kruskal-Wallis test).
However, no significant differences were found in the con-
trol group for fibrinogen concentration and lymphocytes
counts (P > 0.05, in all cases, Kruskal-Wallis test). In con-
trast, IL-8 appeared to be a marker associated with frailty
syndrome only in control group (P < 0.05, Kruskal-Wallis
test).

3.7. Evaluation of the relationship between each of the 5
frailty syndrome criteria and lymphocyte count and blood
inflammatory markers

The mean serum IL-6 values were significantly higher
among the subjects with a slower walking speed (1.7
[£0.06] pg/ml versus 2.1 [£0.1] pg/ml) (P =0.022, Mann-
Whitney U test). Furthermore, compared with the patients
with greater physical activity, the patients with moderate or
light physical activity (<150 minutes a week) had signifi-
cantly higher serum concentrations of both CRP (5.0
[£0.4] mg/l vs. 3.5 [£0.3] mg/l) and fibrinogen (428.9
[£16.9] mg/dl vs. 369.4 [£14.4] mg/dl) (P=0.012 and
P=0.016, Student’s t test, respectively). Meanwhile, the
mean serum fibrinogen levels were significantly higher
among the subjects that reported feeling fatigued more than
3 days a week (441.9 [£23.3] mg/dl vs. 391.1 [£13.9] mg/
dl) (P =0.047, Mann-Whitney U test). Significant differen-
ces were also observed between self-reported fatigue and
lymphocyte counts (P =0.039, Student’s ¢ test). However,
in this case, and in contrast to the observations for fibrino-
gen, the subjects who reported low energy were those
exhibiting lower lymphocyte counts (1.5 [£0.09] x 10°*/ul
vs. 1.8 [£0.08] x 103/,LL1). There were no significant differ-
ences between the 2 remaining Fried criteria (involuntary
weight loss in the last year and low muscle strength) in rela-
tion to blood inflammatory markers (P > 0.05 in all cases).

4. Discussion

This study, involving a population of older men with
CaP subjected to ADT, shows for the first time that certain
inflammatory markers, such as serum CRP, IL-6, and
fibrinogen concentration, as well as lymphocyte counts, are
related to frailty syndrome. These associations were not
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Fig. 2. Evaluation of relationship between frailty syndrome and the total-subtype leukocyte count. Frailty was measured according to the 5 criteria proposed
by Fried et al. (2001). (A) Leukocyte (103/u1), (B) lymphocyte (103/u1), (C) neutrophil (103/,141), (D) monocyte (103/;41), (E) eosinophil (103/u1), and (F)
basophil (10*/u1) counts were measured in the blood and were plotted against the categories of fragility, was expressed as follows: participants who met 3 or
more criteria were classified as frail, those who met 1 or 2 were prefrail, and those who did not meet any of the criteria were nonfrail (robust). Dates are

expressed as the mean (£standard error mean (SEM)) for each group. The level of significance is indicated in the corresponding panel and indicated with
asterisks.

identical with those found in the men in the control group concentration and lymphocyte counts were only associated
with a similar level of frailty and age in which the associa- with frailty syndrome in CaP patients. In contrast, IL-8 was
tion between either CRP, IL-6, and frailty syndrome a marker associated with frailty syndrome only in the con-

was confirmed, whereas the associations with fibrinogen trol group. The comparison with the control group suggests
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Table 2
Blood hematological and biochemical parameters.

Analytical parameters Mean (£SEM) Range Normal range
value
RBCs count (10%/ul) 4.7 (£0.8) 4—6 4.6—6.2
Hgb (g/dl) 14.0 (£2.3) 11.7—16.6 14—18
Plateletscount (10%/u1) 209.3 (£7.3) 98—344 140—450
WBCs count (10%/ul) 7 (£0.2) 3.5-12.3 4-11
Neutrophils count (103/u1) 4.4 (4+0.2) 1.9-8.5 2.5-7.5
Lymphocytes count (10*/1) 1.8 (£0.07) 0.9-3.3 1.3-4
Monocytes count (103//L1) 0.6 (£0.03) 0.2—1.5 0.1-1
Eosinophil count (103//.L1) 0.2 (£0.02) 0.04—-0.7 0.05-0.5
Basophils count (10%/u1) 0.03 (£0.004) 0.0—0.1 0-0.2
Glucose (mg/dl) 115 (£2.9) 91.8—176.5 74—-110
Creatinine(mg/dl) 0.9 (£0.03) 0.6—1.5 0.6—1.4
Urea (mg/dl) 40.9 (£1.5) 18.4—80 18—45
GFR (ml/min) 81.6 (£1.8) 46—-90 90—-120
Sodium (mEq/l) 141.5(£0.3) 134—148 135—148
Potassium (mEq/l) 4.4 (£0.9) 3.3-5.7 3.5-5.1
Chloride(mEq/1) 102.8 (£0.3) 95.5—-107.6 98—110
Calcium (mg/dl) 9.7 (£1.9) 8.3—-11.7 8.6—10.4
Phosphate (mg/dl) 3.2(£0.8) 22-44 2745
Bilirubin(mg/dl) 0.5(£0.04) 0.2—1.6 0.3-1.3
GOT (U/1) 21.4 (£0.9) 12.7-38.5 10—45
GPT(UN) 25.5 (£4.3) 10.9-204 10-50
GGT(UN) 23.9 (£2.0) 11-74 8-55
Uric acid (mg/dl) 5.1 (£1.0) 2.8-8.1 3-8
Lactate (mol/l) 178.5(%+4.5) 123-290 90-225
ALP (UN) 70.9 (£5.2) 42-206 40—-125

ALP = alkaline phosphatase; GFR = glomerular filtration rate; GGT = transaminases; GOT = glutamic-oxaloacetic transaminases; GPT = glutamic-pyruvic
transaminases; Hgb = hemoglobin; RBCs =red blood cells; WBCs = white blood cells.
Values are reported as the mean (£standard error mean [SEM]), range, and normal range. All of the hematological and biochemical parameter values were

expressed in conventional units.

No statistically significant differences were found between groups for any of the analytical parameters studied.

that the pathophysiological bases of frailty syndrome in
CaP patients under ADT are not the same, although they
share also some common mechanisms. In patients with
CaP, the most powerful independent parameters for dis-
criminating between frail vs. nonfrail or robust individuals
were the concentration of IL-6 and fibrinogen, as evidenced
by the multivariate analysis. Several novel findings of the
study are discussed below.

There was a positive association between inflammatory
markers and frailty syndrome, since the circulating IL-6
and CRP levels increased significantly in prefrail and frail
subjects compared to the robust individuals, but not neces-
sarily at the levels found in acute infections—which sug-
gests the presence of low-grade systemic inflammation.
Although the exact mechanisms by which IL-6 contributes
to the development of frailty in these patients are unknown,
several possible explanations have been proposed. The acti-
vation of proinflammatory cytokines promotes anorexia
and protein catabolism of the skeletal muscle, which could
contribute to a worsening nutritional status and a reduction
of muscular mass and consequently to the loss of weight
and muscle weakness commonly seen in frailty syndrome
[26]. Meanwahile, levels of inflammatory cytokines, includ-
ing IL-6, are high in men with testosterone deficiency, and

are reduced by testosterone therapy [27]. The relationship
between IL-6 and frailty may therefore be partially medi-
ated by the low levels of testosterone (near or below castra-
tion levels) which these patients present as a result of ADT.
However, in our selected population, we observed no medi-
ating effect of this hormone upon the association between
IL-6 and frailty, since no statistically significant relation-
ship was observed between the levels of IL-6 and testoster-
one in the patients under ADT. This suggests that serum
IL-6 levels have an independent effect upon frailty, as
also demonstrated in frail older individuals without CaP
[14,15,18]. The lack of a significant association between
IL-8 concentration and frailty in CaP patients may be
explained by the higher concentration of this cytokine in
nonfrail CaP patients [28] compared to nonfrail men in the
control group, leading to a nonsignificant effect where mak-
ing the comparison. The increase of IL-8 in CaP appeared
to be mediated by other inflammatory mechanisms caused
by both benign or malign prostate disorder [28—30].

The role of CRP in the development of frailty is biologi-
cally plausible through the amplification of inflammation
[9,13]. However, in this study, the serum concentrations of
IL-6 and CRP were not significantly correlated to each
other, suggesting that these 2 different markers of the
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Fig. 3. Evaluation of relationship between frailty syndrome and serum levels of IL-6, CRP, Fibrinogen, and TNF-alpha. Frailty was measured according to
the 5 criteria proposed by Fried et al. (2001). (A) IL-6 (pg/ml), (B) CRP (mg/l), (C) Fibrinogen (mg/dl), and (D) TNF-alpha (pg/ml) were measured in the
blood and were plotted against the categories of fragility, which was expressed as follows: participants who met 3 or more criteria were classified as frail,
those who met 1 or 2 were prefrail, and those who did not meet any of the criteria were nonfrail (robust). Dates are expressed as the mean (%standard error
mean (SEM)) for each group. The level of significance is indicated in the corresponding panel and indicated with asterisks.

inflammatory system may contribute to frailty through dif-
ferent mechanisms. On the other hand, excess body fat has
been associated with frailty by significantly increasing
inflammatory parameters [31]. In fact, although it is mainly
produced by the cells of the immune system, IL-6 can also
be produced by adipocytes, and since IL-6 is a potent stimu-
lus for the expression of CRP in the liver, this is believed to
be a reason why obese or overweight individuals have
higher endogenous levels of CRP [32]. Accordingly, we
observed that prefrail and frail individuals have more over-
weight than robust individuals; suggesting ADT in these
patients could have incremented body weight through a loss
of lean mass and a parallel increase in fat mass [1]. Like-
wise, this adverse effect of ADT upon body composition
could justify the fact that "involuntary weight loss in the
last year" was found to be the least representative criterion
in the overall sample.

Inflammatory cytokines stimulate the release of procoa-
gulant factors [33], confirming the findings of increased
fibrinogen concentrations in prefrail and frail subjects vs.
nonfrail individuals. Previous studies have also shown that

frail older adults have increased fibrinogen levels [34].
Likewise, when evaluating the serum concentrations of
fibrinogen among prefrail and frail patients, we observed a
significant difference in these values, indicating that the
level of fibrinogen could be a suitable biomarker for deter-
mining the severity of frailty syndrome. Larger studies are
required to confirm whether the determination of this bio-
marker could help identify prefrail older adults before the
onset of clinically recognizable frailty. An increase in pro-
coagulant markers such as fibrinogen has been associated
with the pathogenesis of atherosclerosis [35], and several
authors have in turn considered arteriosclerosis to be an
important component in the development of frailty syn-
drome [36]. In this context, the alteration in perfusion leads
to a decrease in nerve and muscle irrigation, which aggra-
vates the loss of muscle mass and strength—a key compo-
nent in the development of frailty. The increase in
fibrinogen levels in frail individuals with CaP may suggest
a pathophysiological alteration linked to several cardiovas-
cular diseases, and this study provides the basis for identify-
ing frail men treated with ADT who might benefit from
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Table 3
Inflammation markers associated with frailty syndrome in CaP patients and control group.
Biomarker CaP patients P value Control group P value
CRP Robust: 2.7 (£0.3) P=0.01 Robust: 2.6 (+0.5) P=0.04
Prefrail: 4.6 (£0.3) Prefrail: 3.7 (£0.3)
Frail: 5.1 (£0.7) Frail: 4.3 (£0.3)
IL-6 Robust: 1.5 (£0.1) P=0.02 Robust: 1.7 (£0.1) P=0.01
Prefrail: 1.8 (£0.07) Prefrail: 2.1 (£0.2)
Frail: 2.3 (£0.2) Frail: 2.4 (£0.2)
Fibrinogen Robust:377.1 (£28.1) P =0.005 Robust: 384.3 (+28.1) P=0.56
Prefrail: 389.2 (£12.9) Prefrail: 375.6 (£26.7)
Frail: 488.6 (+31.2) Frail: 404.5 (£14.1)
Lymphocytes count Robust: 2.3 (£0.2) P=0.004 Robust: 2.1 (£0.08) P=0.90
Prefrail: 1.7 (£0.07) Prefrail: 2.0 (£0.09)
Frail: 1.6 (£0.1) Frail: 2.0 (£0.09)
IL-8 Robust: 34.7(£2.7) P=0.18 Robust: 27.8(£3.5) P=0.002

Prefrail: 42.6 (+£2.2)
Frail: 43.9 (£3.6)

Prefrail: 44.0(£2.8)
Frail: 42.1(£2.7)

regular cardiac monitoring and lifestyle modification rec-
ommendations [37].

As regards cellular markers of inflammation, low lym-
phocyte counts are associated with frailty syndrome only in
CaP patients, but not in the control group. Expression of the
androgen receptor in lymphoid and nonlymphoid cells of
the thymus and bone marrow suggests that these hormones
play an important physiological role in developing lym-
phoid precursors [38]. Accordingly, cellular immunity can
be modulated by testosterone and/or its active metabolites.
In this regard, the low serum testosterone levels (near or
below castration levels) present in our patients as a conse-
quence of ADT may result in a deficient number or function
of mature peripheral lymphocytes. As a confirmation for
this explanation, the interplay between reduced testosterone
levels and reduced lymphocyte counts in frailty syndrome
has been demonstrated in older women [20], but not in men
or in samples including both genders [39,40]. However, the
fact that the lymphocyte counts were similar in the prefrail
and frail subjects indicates it is not a suitable biomarker of
the severity of frailty syndrome, and suggests that there is a
threshold below which the lymphocyte counts do not influ-
ence the progression of frailty after onset has occurred.
However, reduced lymphocyte counts, even within the nor-
mal range, have also been associated with an increased
mortality risk in healthy older people, including men and
women [41] and people with various diseases [42], includ-
ing cancer [43], and this may be relevant for ADT treat-
ment, which usually spans a long period of time [44]. CaP
patients with diabetes show higher levels of frailty. It is
widely accepted that diabetes accelerates the ageing process
and could provide an early pathophysiologic environment
for frailty, and the close relationship between diabetes and
sarcopenia may be a common factor [45]. Diabetes can con-
tribute to frailty by increasing the incidence of the core
components of frailty or through some of the comorbidities
and complications associated with this condition, and our

results suggest a strict glucemic control is necessary in CaP
patients.

The present study has some limitations. First, the sample
size was relatively small. Nevertheless, in our opinion, the
sample was large enough because it suggests future lines of
research in this field, and tailors clinical decisions in this
population. Second, although frailty has been conceptual-
ized as a multidimensional geriatric syndrome, we evalu-
ated it using the criteria proposed by Fried et al [9], which
are closely linked to physical condition. However, from our
point of view these criteria have several advantages that
make them suitable for the clinical setting, since they are
objective, brief, and easy to use [46]. Finally, the cross-sec-
tional design of the study prevented us from evaluating the
causality of the identified associations between frailty and
inflammatory markers, and did not allow us to rule out the
possibility that these associations may be due to noncausal
relationships.

Despite these limitations, the results of our study pro-
vide new evidence linking frailty to a state of low-grade
systemic inflammation in older adults with CaP under
ADT, presenting both similarities and differences with
men without CaP and offering possibilities for limiting
the progression of frailty, one of the factors that influence
clinical, therapeutic, and palliative decisions. In clinical
practice, the identification of biomarkers could be helpful
in the early identification of elderly people with CaP
exposed to ADT who are at risk of becoming frail. These
individuals would benefit from a comprehensive integral
geriatric assessment, and treatment of the individual
patient should be based on their health status as regards
frailty syndrome [47,48] according to the recommenda-
tions of the International Society of Geriatric Oncology
task force [49]. Routine monitoring of frailty syndrome
during ADT is recommended in order to limit its adverse
consequences, and to guide clinical decisions regarding
CaP patients.
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