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Summary

Backround: We aimed to determine prognosis of vitality change and functional status of breast
cancer survivors after primary oncological treatment using time-related differences of elevated
levels of highly sensitive proinflammatory C-reactive protein (CRP). Patients and Methods: The
test group consisted of 46 elderly breast cancer survivors (median age was 65 years) who com-
pleted Vitality Scale of Short Form 36 (SF-36) after completing treatment and another retro-
spectively at diagnosis. Data on tumor-related factors, treatment, and outcomes were obtained
retrospectively from medical records, and linear regression analysis was performed. CRP was
followed at diagnosis and one year after primary treatment. Within the scope of this study, cli-
nically important difference in the Vitality Scale was set at five points of change. Results: Results
showed a statistically significant relationship between CRP change and vitality component of
SF-36 change (rs =—0.350, p = 0.023) in which a decrease in CRP inversely correlated with the
quality of life component. The overall change was 1.078 of the vitality scale score (approxima-
tely 1 point) for each 1 unit decrease of CRP (1 mg/L). Association of CRP levels (before and after
treatment, its difference between these time points) with age, number of comorbidities and
stage of the disease was analyzed and no statistically significant relationship was found in our
study. Conclusion: Preliminary results suggested time-related differences in elevated CRP levels
as a potentially suitable predictor for change in vitality status for long term, chronic condition
for older breast cancer survivors. We suggest the interpretation schema including an under-
standing that CRP change of 5mg/L and more should be considered a potential risk factor for
subsequent negative clinical outcomes.
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PREDICTING VITALITY CHANGE IN OLDER BREAST CANCER SURVIVORS AFTER PRIMARY TREATMENT

Souhrn

Uvod: Cilem préce je prognéza zmény vitality a funkéniho stavu u pacientek preziviich karcinom prsu v obdobi po primarni onkologické terapii
s vyuzitim zmén v hladinach C reaktivniho proteinu (CRP). Pacienti a metodika: Analyza byla provedena na skupiné 46 pacientek prezivsich kar-
cinom prsu (median véku 65 let) s dostupnymi udaje o skale vitality z dotazniku SF-36 ziskanymi po lé¢bé a retrospektivné v obdobi diagnozy.
Data o onemocnéni, lécbé a jejich vysledcich byly ziskany retrospektivné ze zdravotnich zdznam, CRP bylo méfeno v dobé diagnézy a rok po
ukonceni primarni terapie. Pro Gcely studie byla jako klinicky vyznamna zména brana zména o 5 bodil na skale vitality. Vysledky: Byl zjistén sta-
tisticky vyznamny vztah mezi zménou CRP a komponenty vitality z SF-36 (rs =-0,350, p = 0,023) kdy pfi poklesu CRP dochazi ke vzestupu dané
komponenty kvality Zivota. Celkova zména je 1,078 skaly vitality (pfiblizné 1 bod) na kazdy pokles o 1 jednotku CRP (1 mg/L). Vztah mezi hladinou
CRP (pfed a po lé¢bé, zména mezi témito casovymi body) s vékem, poctem komorbidit a stadiem onemocnéni nebyl na nasem souboru prokazan
jako statisticky vyznamny. Shrnuti: Predbézné vysledky naznacuji vztahy mezi zménami CRP v ¢ase a zménami ve vitalité u dlouhodobé sledova-
nych starsich pacientek pfeziviich karcinom prsu. Na zakladé vysledkd navrhujeme povaZzovat zménu CRP v ¢ase o 5mg/L a vice jako potencialni
rizikovy prediktor negativnich zmén zdravotniho stavu.

Klicova slova

preziti karcinomu prsu — predikce zmény vitality — linearni regrese — funkéni status — C reaktivni protein - rizikové faktory

Introduction

Inflammation has been linked to a spec-
trum of conditions associated with
ageing, including cardiovascular dis-
ease, osteoporosis, arthritis, type I
diabetes, certain cancers, Alzheimer's
disease, frailty and functional decline,
and periodontal disease [1]. Pro-inflam-
matory cytokines, such as interleukin 6
(IL-6) are reliable predictors of quality
of life (QOL), morbidity, and even
mortality [2]. Inflammation is a key
pathologic mechanism underlying
heart disease, and elevated levels of
biomarkers, such as C-reactive protein
(CRP) and IL-6 are early indicators of
clinical events, such as myocardial
infarction or coronary death [3]. This
issue is summarized in the review of
Miller et al. [4]. Inflammation also plays
an important role in carcinogenesis
and tumor progression [5,6]. Now, it
appears that its systemic manifestations
can provide a valuable biomarker for
prognosis and oncology treatment
stratification [7]. Recently, the systemic
inflammatory response, as evidenced
by elevated circulating concentrations
of CRP and/or hypoalbuminaemia,
has been shown to be independently
associated with poorer survival in breast
cancer patients [8-13]. A series of studies
shed new light on how inflammation
variables impact breast cancer prognosis
prediction [14,15].

Fatigue is one of the most common
adverse effects of cancer, and can persist
for years after treatment completion in
otherwise healthy survivors. Cancer-

-related fatigue (CRF) disrupts all aspects
of QOL and might be a risk factor of
reduced survival. Inflammation seems to
play a key role in fatigue before, during,
and after cancer treatment. This issue
is summarized in the review of Bower
et al. [16]. The relationship between
inflammation and fatigue among cancer
survivors showed reduced fatigue
among patients with advanced lung
cancer after supplementation with three
polyunsaturated fatty acids (PUFAs) [17].
Alfano et al. [18] used vitality (VT) scale
Short Form 36 (SF-36) to investigate
relationships between inflammation
and intake of both omega-3 and
omega-6 PUFAs among breast cancer
survivors. The results of this study
link higher intake of omega-3 PUFAs,
decreased inflammation, and decreased
physical aspects of fatigue. Bower
et al. [19] examined relationships
between psychological states (anxiety,
depression) and inflammatory proces-
ses. Results of this cross-sectional
study indicate a relationship between
tumor necrosis factor (TNF) and the
level of tiredness of breast cancer
patients after chemotherapy. Courtier
et al. [20] characterized fatigue in
early-stage breast cancer patients
during radiotherapy, and examined its
association with IL-6. In a prospective
studyofbreast cancerpatients, persistent
CRF was predicted by tumor size but not
demographic, psychological, surgical,
or hematologic parameters. CRF was
associated with significant disability and
health care utilization [21].

We examined status of vitality after
primary treatment, which should
be directly connected with cancer-
-related fatigue, with a focus on chronic
conditions. To our knowledge, this is
the first study to examine time-related
changes in CRP levels as an independent
predictor of VT change for chronic
conditions in breast cancer survivors.
We hypothesized that the differences
of CRP levels at the time of diagnosis
and 1 year after the completion of
primary treatment were good long-
term predictors of VT changes: decrease
in CRP would be connected with
increase of vitality. Potential physiologic
mechanisms for prognostic effect were
not investigated.

Patients and methods

Population assembly

For this study, 172 women diagnosed
with breast cancer were enrolled at
participating University Hospital Brno,
Czech Repubilic, between May 2012 and
May 2015. They represent a group of
women recruited during four years from
a larger cohort study examining the
prognostic effect of a number of life-style
related factors [22]. The eligible criteria
for the patient group were breast cancer
diagnosis, age 30-90, Czech language
proficiency, and completion of primary
oncological treatment. Women were
excluded if they were unable to speak
Czech.Women provided informed consent
to participate in this study as approved by
Ethics Committee at University Hospital
Brno. The refusal rate was less than 19%.
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Graph 1.The level of CRP (mg/L) before primary treatment and after one year.

Measurement

Women completed self-assessment
questionnaires after breast cancer treat-
ment. Initial semi-structured interviews
were conducted by psychologists
and were aimed at collecting socio-
demographic data as well as promoting
good personal contact with patients.
Each interview took about 20 min. The
study was designed to be retrospective,
and patients were asked to fill in the
questionnaires two times: first to answer
the questions based on their current
situation and second to answer the same
questions retrospectively, i.e. what was
their situation like prior to treatment.
The interview were designed to collect
socio-demographic characteristics and
information of known breast cancer
risk factors, such as age, BMI, number of
children, smokingandalcohol abuse, age
at the birth of first child, breast feeding,
age at menarche and menopause,
level of education, lifestyle, and marital
status.

Vitality change measurement

Vitality was assessed using the VT
subscale of Short Form-36 (SF-36) [23].
SF-36 is a survey constructed to study

health-related QOL and consists of eight
health concepts: physical functioning,
role limitations caused by physical health
problems, role limitations caused by
emotional problems, social functioning,
emotional well-being, vitality/fatigue,
pain, and general health perceptions.
A Czech version of the SF-36 survey
was used for the purpose of our
research; this translation was validated,
confirming that the Czech version of
SF-36 is as effective as the original US
version [24]. The SF-36 Vitality subscale
is a valid and reliable four-item measure
of vitality (energy)-fatigue supported by
both observational and experimental
data [25]. Moreover, the SF-36 vitality
subscale is one of the most frequently
used measures of energy (vitality)-
-fatigue in cancer survivors [18,26]. The
standardized scores range from 0 to 100,
higher scores reflecting higher vitality,
i.e. less severe fatigue [27].

Tumor-related measures and variables

Data on tumor-related factors and
treatment were obtained retrospectively
from medical records. Case history data
contained information on the presence
of comorbidities, including depression.

Disease and treatment data contained
information about the stage of disease
(I-1V), type of treatment (surgery,
chemotherapy, radiotherapy, bio-
logical therapy, and hormone therapy),
progression, relapse, and treatment
response (complete, partial, stable, and
progressive). CRP was measured by
surgeons over two separate time periods
(at diagnosis and one year after primary
treatment completion), but the second
time point measure was conducted
primarily in women with postoperative
inflammation.

CRP was chosen as an inflammatory
marker because it responds to physical
activity and weight changes [28], is
more stable than cytokines [18], and is
being investigated in The Health, Eating,
Activity, and Lifestyle Study (HEAL) as
a mechanism that links lifestyle factors
to survival [29]. CRP was measured by
a high-sensitivity assay using Cobas
Integra 400 plus with an interassay
variation of 0-5mg/L.

Statistical analyses

Standard descriptive statistics were appli-
ed in the analysis; absolute and relative
frequencies for categorical variables and
mean with standard deviation or median
with minimum-maximum range for
continuous variables and scores. Statistical
significance of differences among groups
of patients was tested using the Fisher
exact test for categorical variables, and
the Mann-Whitney U test or the Kruskal
Wallis test for continuous variables and
scores. Statistical significance of time-
related changes of continuous variables
and scores was tested using the Wilcoxon
paired signed-rank test. The significance
of correlation between continuous
variables was tested by the Spearman
rank correlation coefficient. Quantification
of the relationship between change in
CRP and QOL as a dependent variable was
estimated using a linear regression model.
Statistical analysis was computed using
SPSS 22.0.0.1 (IBM Corporation, 2014).

Results

Characteristics

of the study population

The median age was 65 years, median
BMI 28, 91% of women had children
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Tab. 1. Basic characteristics.

Characteristics - patients (n = 46)

Median (min;
max) or n (%)

Characteristics - patients (n = 46)

Median (min;
max) or n (%)

Basic characteristics depression 13 (28.3%)
length of follow-up in months 44.8(10.8; 291.0) use of exogenous hormones 21 (45.7%)
age 65.0 (32.0; 83.0) previous oncologic disease 10 (21.7%)
BMI 27.7 (17.6; 39.4) diabetes mellitus 13 (28.3%)
children 42 (91.3%) dysrhythmia 9 (19.6%)
smoking 7 (15.2%) vascular brain disease 11 (23.9%)
alcohol abuse 3 (6.5%) hypertension 21 (45.7%)
< 20 years 6(14.3%) ischemic heart disease 10 (21.7%)
;?::: e < 30 years 35 (83.3%) chronic obstructive pulmonary disease 6 (13.0%)
> 30 years 1(2.4%) chronic renal insufficiency 2 (4.3%)
breast-feeding 40 (87.0%) thyreopathy 7 (15.2%)
first menstruation < 11 years 5 (10.9%) gastroduodenal ulcer disease 4 (8.7%)
postmenopausal 38 (82.6%)
Disease and treatment
Sociodemographic characteristics 0l 12 (26.1%)
primary school (9 years) 4(8.7%) sioge il 27 (58.7%)
Bk apprentice (12 years) 13 (28.3%) v 7 (15.2%)
secondary school (13 years) 17 (37.0%) surgery 43 (93.5%)
college/university (16 years) 12 (26.1%) chemotherapy 31 (67.4%)
efmployed i radiotherapy 36 (78.3%)
employment  retired 34 (73.9%) biological therapy 10 21.7%)
disability pension L hormone therapy 37 (80.4%)
lifestyle ryp?cal city 29 (63.0%) progression 9 (19.6%)
typical country 17 (37.0%) delagise 16 (34.8%)
single g ) complete (CR) 37 (80.4%)
. married 21 (45.7%) S odiment partial (PR) 5 (10.9%)
divorced 11 (23.9%) response stable (SD) 2 (43%)
Wigwed WLz progressive (PD) 2(43%)
faith 32 (69.6%)
CRP (mg/L)
Anamnesis before treatment 5.0 (0.5; 30.0)
stress in the last 5 years 35 (76.1%) after 1 year 3.2(0.1; 28.0)
psychiatric therapy 11 (23.9%) change in CRP -0.2 (-28.5;23.0)
psychological therapy 8(17.4%) p* 0.544

*p value of paired Wilcoxon test for the change in CRP level

and 83% were postmenopausal at the
time. The primary stage of the disease
was 0-1 in 26%, II-Il in 59% and IV in

15% of patients; surgery treatment was
applied in 94%, chemotherapy in 67%,
radiotherapy in 78%, biological and

hormonal therapy in 22% and 80% of
patients, resp. The median CRP at diag-
nosis was 5.0mg/L, after treatment
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Tab. 2. The relationship between CRP level (mg/L) and basic characteristics.

age at diagnosis

number of comorbidities

0-1
1=
v

stage

rs = Spearman’s correlation coefficient

CRP before treatment

rs or median rs or median

p*

(min; max) (min; max)
0.046 0.761 0.012
0.266 0.074 0.188

3.9(0.5;18.3) 48(0.1;123)
6.1(1.2;30.0) 0.332 3.1(1.2;28.0)
4.3(1.1;29.2) 2.7(2.1;27.9)

CRP after 1 year

Change in CRP level

rs or median

p* (min; max) p*
0.935 0.073 0.630
0.211 -0.052 0.732

1.2 (-16.0; 4.1)
0.886 -1.1(-28.5;21.7) 0.299
0.5 (-22.4;23.0)

*p value of the significance of Spearman’s correlation coefficient or p value of Kruskal-Wallis test

3.2mg/L; nevertheless, the change in CRP
was not statistically significant (Wilcoxon
paired test; p = 0.544) and patients’
change in CRP was both positive and
negative (Graph 1). Detailed description
of patients’ characteristics is presented
in Tab. 1. Follow-up questionnaires were
completed by 107 women. Completed
medical records with both CRP time-
related information were collected from
109 women. Sixty-six women completed
both forms of SF-36 questionnaires, and
their CRP information was available.
Four patients were excluded for missing
information about the length of
follow-up, and 16 women were excluded
for inconsistent length of CRP follow-up.
Ultimately, the dataset consisted of
46 women with available data on CRP
and SF-36 at diagnosis and one year
after primary treatment completion; the
median of follow-up time was 45 months.

Prognostic association of CRP,

and CRP time-related difference

The association of the CRP levels (before
and after primary treatment, its difference
between these time points) with age,
number of comorbidities and stage of the
disease was analyzed and no statistically
significant relationship was found
(Tab. 2). Prognostic associations for the
SF-36 questionnaire are listed in Tab. 3. The
relationship between the change in CRP
and the change of QOL components of
SF-36 (at baseline and follow-up) is shown;
the only statistically significant relationship
was found for CRP change and Vitality scale
component of SF-36 change (rs = -0.350,

Tab. 3. The correlation between change in CRP level (mg/L) and changes in QOL

subscales (n = 46).

SF-36

physical functioning

role functioning — physical
bodily pain

general health

vitality

social functioning

role functioning — emotional

mental health

rs = Spearman’s correlation coefficient

rs p*

0.055 0.727
-0.025 0.872
-0.066 0.675
-0.043 0.795
-0.350 0.023
-0.153 0.327
-0.212 0.177
-0.169 0.292

*p value of the significance of Spearman'’s correlation coefficient

p = 0.023), in which a decrease in CRP was
related to an increase in QOL component
(Graph 2). The change was 1.078 of QOL
score (1 point) for each 1 unit decrease
of CRP (1mg/L) (Graph 2). Evidence of
significant prognostic association of a CRP
time-related difference (at diagnosis and
one year after treatment) was observed.
The associations that were significant at
a p < 0.05 included Vitality (SF-36) change
in Vitality Scale. The overall p value was
0.004, suggesting that a decrease in CRP
was statistically significantly related to
an increase in vitality, consistent with our
hypothesis.

Interpretation of our results
Results of our prognostic analyses show
that CRP time-related change was asso-

ciatedwithachangeinVitality status after
treatment measured by SF-36 (change
before and after treatment). We suggest
the interpretation frame described
by Bjorner et al. [30], where 5 points
in the Vitality scale is connected with
a significant decrease in functional
status in older adults. We suggest a cut-
-off point of five units of CRP change -
increase (mg/L) as a risk factor. The
change was calculated to be 1.078 of
QOL score (1 point) for each 1-unit
decrease of CRP (1 mg/L) for a significant
decrease in vitality in breast cancer
patients after treatment completion,
which could lead to a clinically observed
decrease in functional status. In our
research, six women (three retired,
three on disability pension) fell within

56

Klin Onkol 2016; 29(1): 52-58




PREDICTING VITALITY CHANGE IN OLDER BREAST CANCER SURVIVORS AFTER PRIMARY TREATMENT

40+

50

change in VT score

change in CRP (mg/L)

Dependent variable

Predictor

Slope R-squared  p (F-test)

change in VT score

changein

-1.078 19.0% 0.004

CRP level (mg/L)

Graph 2. The correlation between the change in CRP level (mg/L) and the change

in VT score.

this risk group of patients (change in
CRP = 5mg/L) at risk of a decline in
functional status after primary treatment
completion. Limitation of this statistical
analysis is a relatively low sample size
resulting in low statistical power of tests
and problematic testing of potential
confounders in stratified analysis or
the multivariate model. In addition
to analysis of vitality as a continuous
variable, we adopted a binary vitality
endpoint as well. The advantage of
binary endpoints is their straightforward
interpretation in clinical practice for risk
stratification of patients using defined
cut-offs.

Discussion

We believe that changes in vitality status
are associated with changes of CRP
levels at diagnosis and one year after
treatment completion in older breast
cancer survivors. As discussed earlier,
we have not examined any physiological
mechanisms in our research, nor have

we measured dynamics of change of
vitality as a psychological, subjectively
experienced attribute and its potential
somatic, biologic correlate CRP.
Nowakovski et al. [31] and Cho et al. [32]
identified CRP levels as a significant
predictor of QOL/fatigue with chronic
inflammation in older adults. Their
studies review this issue in the bio-
psychosocial context and suggest CRP
measures as a potentially convenient
indicator for the QOL status/fatigue
in such an age group. Chronic inflam-
mation predicts significantly lower
odds of reporting high QOL on both
emotional and relational measures.
Social structural factors do not confound
these associations [31].

We chose to measure CRP at diag-
nosis and after treatment for its
potential to assess long-term effect of
cancer and its treatment. Acute post-
operative CRP which is influenced by
surgical trauma was not added to the
linear regression model as a vitality

predictor. The association of the CRP
levels (before and after treatment, its
difference between these time points)
with age, number of comorbidities and
stage of the disease was analyzed, and
no statistically significant relationship
was found in our study. CRP at diagnosis
has been shown to be independently
associated with poorer survival in breast
cancer patients [13]. Postoperative CRP
was dependent on age, comorbidity and
stage of disease [33].

The interpretation schema includes
results of linear regression analysis (the
change was 1.078 of QOL score (1 point)
for each 1-unit decrease of CRP (1 mg/L)).
Bjorner et al. [30] recommend 5 points
as a minimally important difference
(MID) for analyses of groups with VT
scores below average for risk of negative
outcome (decline in functional status).
Analyses were performed on data from
the Medical Outcomes Study (n = 3,445).
The first analyses regressed VT scores (on
a scale of 0-100) on chronic conditions
that cause fatigue in order to determine
the impact of each condition on VT. The
second set of analyses examined the
relationship between baseline VT scores
and other outcomes at baseline, 1-year,
and 7-year follow-ups. VT decrements
of 5-10 points were seen for diseases
known to cause fatigue. Furthermore,
differences of 5-10 points in the VT
score were associated with significant
increased risk of negative outcomes.
They recommend MID of 5 points for
analyses of groups with VT scores that
are below average. For follow-up of
individual patients, they recommend
a 10-point difference as important [30].
As mentioned above, at least a 5-point
cut-off was recommended for diseases
causing fatigue, which includes cancer.
We suggest a cut-off point of 5 units
of CRP change - increase (mg/L) as
a risk factor for a significant decrease
in vitality in breast cancer patients after
treatment completion, which could
lead to a clinically observed decrease
in functional status. Functional status
of older cancer patients is an important
clinical outcome and was previously
examined [34].

According to our time-dynamic,
focused schema, change in CRP levels
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over time could represent a more
suitable long-term predictor of possible
negative clinical outcomes connected
with vitality changes in breast cancer
survivors than CRP levels obtained
as a stationary variable (at diagnose
or other time during the treatment).
These suggested paradigms reflect
an individual’s capability to deal with
disease and its treatment, connected
with a subjective evaluation of vita-
lity change/fatigue. We see this as
essential for understanding individual
experiences of cancer survivors with
disease and its treatment in relation to
cancer-related fatigue/vitality. This is the
main strength of our study.

Limitations

Our observations should not be
generalized to other aspects of QOL in
women with breast cancer and should
not be generalized to other cancer
types without replication. The patients
we studied represent a relatively
heterogeneous group of patients
(healthy survivor versus relapsed);
median age of these patients was 65.
Retrospective design of QOL-related
part of the study represents another
limiting factor of the study. Due to
a small sample size, the study has a low
statistical power, and reported results
of our study might be considered
only preliminary; further investigation
is needed in order to confirm them.
Moreover, CRP data were obtained from
medical records. If performed, these
analyses should be viewed as a means of
generating a hypothesis.

Conclusion

In conclusion, we have found indications
that changes in vitality status have an
important association with CRP level
changes between diagnosis and one
year after primary treatment completion
in older breast cancer survivors. We sug-
gest a change of CRP 5 mg/L and more as
a potential risk factor for later negative
clinical outcomes.
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