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Abstract

Background The association between C-reactive protein (CRP) level, symptoms, and activities of daily living (ADL) in
advanced cancer patients is unclear.
Methods Secondary data analysis of a multicenter prospective cohort study consisted of 2426 advanced cancer patients
referred to palliative care settings was conducted to examine the cross-sectional relationships between CRP level, symptoms,
and ADL disabilities. Laboratory data, symptoms, ADL, and manual muscle testing (MMT) results were obtained at baseline.
Participants were divided into four groups: low (CRP < 1 mg/dl), moderate (1 = < CRP <5 mg/dl), high (5 = <

CRP < 10 mg/dl), and very high CRP (10 mg/dl = < CRP). The proportions of eight symptoms, five ADL disabilities, and three
categories of MMT according to the CRP groups were tested by chi-square tests. Multiple-adjusted odd ratios (ORs) were
calculated by using ordinal logistic regression after adjustment for age, gender, site of primary cancer, metastatic disease,
performance status, chemotherapy, and setting of care.
Results A total of 1702 patients were analysed. Positive rates of symptoms and ADL disabilities increased with increasing
CRP level. In the very high-CRP group, rates of positivity for anorexia, fatigue, and weight loss were 89.8%, 81.0%, and
79.2%, respectively, and over 70% of patients received assistance for bathing, dressing, going to the toilet, and transfer.
The grade of MMT also deteriorated with increasing CRP level. Adjusted ORs for the accumulated symptoms significantly
increased with increasing CRP level in the moderate-CRP, high-CRP, and very high-CRP groups [1.6 (95% confidence interval
1.2–2.0), P < 0.001; 2.5 (1.9–3.2), P < 0.001; 3.5 (2.7–4.6), P < 0.001, respectively]. Adjusted ORs for the accumulated ADL
disabilities significantly increased in the very high-CRP groups [2.1 (1.5–2.9), P < 0.001].
Conclusions Associations between CRP level, symptoms, and ADL were observed in advanced cancer patients receiving
palliative care.
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Introduction

The level of C-reactive protein (CRP) has been reported to be
a good prognostic marker in advanced cancer patients.1–3 It is
elevated in advanced cancer patients as well as in those with
chronic inflammatory disease1–6 and has been shown to be
related to an increased cancer risk,1,2,7 anorexia, weight loss,
fatigue, and pain in cancer patients.8–11

The synthesis of CRP in hepatocytes is induced by pro-
inflammatory cytokines, such as interleukin-6 (IL-6), IL-1,
and tumour necrosis factor α, as chronic systemic inflamma-
tion. These cytokines play major roles in the mechanism of
cancer cachexia, and cancer cells may rely on them for
growth, protection from apoptosis, and the promotion of
angiogenesis/metastasis.4,5 Cachexia, which is characterized
by an ongoing loss of skeletal muscle mass (with or without
loss of fat mass), aggravates the symptoms and activities of
daily living (ADL) of advanced cancer patients.4,5 It is respon-
sible for increased morbidity, reduced survival, and impinged
quality of life in cancer patients.12,13

To the best of our knowledge, there have been no large
prospective studies investigating the clinical implications of
CRP as a biomarker in advanced cancer patients in a variety
of palliative settings including palliative care units, hospital
palliative care teams, and home palliative care services, as
well as in patients receiving chemotherapy. This cross-
sectional study was, therefore, designed to investigate the as-
sociation between CRP level, symptoms, and ADL in advanced
cancer patients receiving palliative care.

Methods

Sites and participants

This study involves a subanalysis of a multicenter prospective
cohort study conducted in 58 palliative care services in Japan
from September 2012 through April 2014.14,15 The participat-
ing units included 16 palliative care units, 19 hospital pallia-
tive care teams, and 23 home palliative care services.

The consecutive eligible patients were enrolled in this
study if they had been newly referred to the participating in-
stitutions during the study period. All institutions were asked
to take a sample of data consecutively, up to the designated
number of patients of 20, 40, 60, 80, or 100 according to the
size of the institution. The inclusion criteria of this study

included (i) adult patients, (ii) patients diagnosed with locally
extensive or metastatic cancer (including haematological
neoplasm), and (iii) patients admitted to palliative care units,
receiving help from hospital palliative care teams or receiving
home palliative care services.

This study was conducted in accordance with the ethical
standards of the Helsinki Declaration and the ethical guide-
lines for epidemiological research presented by the Ministry
of Health, Labour, and Welfare in Japan, and approved by
the local Institutional Review Boards of all participating
institutions.

Measurement

Patient demographics and clinical characteristics, such as
gender, site of primary cancer, metastatic disease, and che-
motherapy in the past 30 days, were obtained at baseline.
The physician recorded patients’ laboratory data analysed
at a central laboratory of each institution and evaluated pres-
ence or absence of symptoms (i.e. anorexia, fatigue, dyspnea,
dysphagia, weight loss within 1 month, edema, pressure ul-
cer, and jaundice) at baseline. The rationale for selecting
these symptoms are that empirical studies demonstrated
they were significantly related to patient survival, because
this is secondary analysis of the original study with primary
intent to explore prognostic measure scales.14,15 Evaluation
was also performed at baseline in terms of whether assis-
tance for ADL was being received or not, using an adaptation
of the Index of Independence in ADL16 (i.e. bathing, dressing,
going to the toilet, transfer, and feeding) and manual muscle
testing (MMT) for limbs, which is the most widely used clini-
cal method of strength assessment and based on a system of
grading movement against an examiner or resistance to the
force due to gravity, as described below.17

5 (Normal): The ability to move the body part into the test
position and hold it up against the force due to gravity and
maximum resistance.
4 (Good): The ability to move the body part into the test
position and hold it up against the force due to gravity
and moderate resistance.
3 (Fair): The ability to move the body part into the test
position and hold it up against the force due to gravity.
2 (Poor): The ability to move the body part into the test
position with the force due to gravity attenuated.
1 (Trace): The ability to initiate weak contraction or flicker
of muscle or tendon movement that is visible or palpable,
but does not move the body part.
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0 (Zero): No ability to contract the muscle.
These six grades of MMT were divided into three catego-

ries: normal (MMT 5), slightly weak (MMT 3–4), and severely
weak (MMT 0–2).

Statistical analyses

Patient characteristics were presented in mean � standard
deviation or number (%) as appropriate. Participants were di-
vided into four groups: (i) low (CRP < 1 mg/dl), (ii) moderate
(1 = < CRP <5 mg/dl), (iii) high (5 = < CRP < 10 mg/dl), and
(iv) very high CRP (10 mg/dl = < CRP). We used approximate
figures to quartile points as our previous study,3 which indi-
cated that CRP could be useful in predicting prognoses in ad-
vanced cancer patients.

The proportions of eight symptoms, five ADL disabilities,
and three categories of MMT according to the CRP groups
were tested by chi-square tests.

The number of symptoms and ADL disabilities in each CRP
group was presented descriptively.

Because we assumed numbers of symptoms and ADL dis-
abilities were ordinal (not interval) variables, that is patients
with five or six symptoms are much worse than those with
one or two symptoms, ordinal logistic regression models
were used to examine the associations between CRP and
symptoms or ADL disabilities. In the ordinal logistic models,
adjusted odd ratios (ORs) were calculated after adjustment
for age, gender, site of primary cancer, metastatic disease,
Eastern Cooperative Oncology Group Performance Status
(ECOG PS), chemotherapy, and setting of care. Eight patients
were excluded from the final analysis model due to missing
data in the confounding measures. Sufficiency of the sample
size was tested by using the rules of thumb for ordinal re-
sponse variables.18

All results were considered to be statistically significant if
the P value was less than 0.05. All analyses were performed
using the statistical package IBM SPSS (version 22.0, Chicago,
IL, USA) and R software (version 3.2.3, R Foundation for Sta-
tistical Computing, Vienna, Austria).

Results

Among the original cohort of 2426 patients, the baseline CRP
values were available in 1702 patients (70.2%), who were
considered eligible for the current analysis. The availability
of the CRP values was high in a hospital palliative care team
setting and low in a home palliative care setting (availability:
86.0% in hospital palliative care teams, 69.5% in palliative
care units, and 43.9% in home palliative care services; chi-
square P < 0.001).

We then classified the patients into four groups: (i) low
(CRP < 1 mg/dl) (n = 366), (ii) moderate (1 = < CRP

<5 mg/dl) (n = 565), (iii) high (5 = < CRP < 10 mg/dl)
(n = 377), and (iv) very high CRP (10 mg/dl = < CRP)
(n = 394). We confirmed that other cut-off points achieved
essentially the same results. The characteristics of the sub-
jects are summarized in Table 1. Mean age was
68.4 � 12.7 years old, and the proportion of patients aged
70 years or older was 50.2%. The top three sites of primary
cancer were lung, upper and lower gastrointestinal tracts,
and liver/biliary system/pancreas. The proportion of ECOG
PS 0–1 was 10.6% and that of ECOG PS 4 was 35.1%. The pro-
portion of hospital palliative care teams was 48.7%, palliative
care units 36.9%, and home palliative care services 14.4%.
Median CRP value was 4.3 (1.3–9.6) mg/dl.

Positive rates of symptoms and ADL disabilities and pro-
portions of three MMT categories in the four CRP groups
are summarized in Table 2. Positive rates of symptoms and
ADL disabilities increased with increasing CRP level. Anorexia,
fatigue, and weight loss within 1 month were positive in
about 70% of all patients, especially in the very high-CRP
group, being 89.8%, 81.0%, and 79.2%, respectively (Table
2). More than half of all patients received assistance for bath-
ing, dressing, going to the toilet, and transfer, especially in
the very high-CRP group, for which the rate was over 70%
(Table 2). Although 67.2% of the patients belonged to the
slightly weak group (MMT 3–4), the number of patients in

Table 1 Patient characteristics

Values

N 1702
Age 68.4 � 12.7
Less than 70 years 846 (49.7%)
70 years or older 855 (50.2%)

Male gender 1003 (58.9%)
Site of primary cancer
Lung 388 (22.8%)
Upper and lower gastrointestinal tracts 430 (25.3%)
Liver, biliary system, pancreas 343 (20.2%)
Breast 76 (4.5%)
Gynecologic 93 (5.5%)
Urological 103 (6.1%)
Others 269 (15.8%)

Metastatic disease, yes 1390 (81.7%)
ECOG PS
0–1 180 (10.6%)
2 316 (18.6%)
3 605 (35.5%)
4 598 (35.1%)

Chemotherapy within 1 month, yes 425 (25.0%)
Setting of care
Hospital palliative care team 829 (48.7%)
Palliative care unit 628 (36.9%)
Home palliative care service 245 (14.4%)

CRP (mg/dl) 4.3 (1.3–9.6)

Values represent mean � SD, median (interquartile range), or n (%)
where appropriate.
The sums of some percentages do not add up to 100% due to
missing values.
ECOG PS, Eastern Cooperative Oncology Group Performance
Status; CRP, C-reactive protein; SD, standard deviation.
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the normal group (MMT 5) decreased and that in the se-
verely weak group (MMT 0–2) increased with increasing
CRP level.

The distribution of symptoms (range 0–8) and ADL
disabilities (range 0–5) in four CRP groups are shown in
Tables 3 and 4. The accumulation of symptoms and ADL
disabilities increased with increasing CRP level.

The multiple-adjusted associations between CRP level,
symptoms, and ADL disabilities are summarized in Table 5.
In the ordinal logistic regression model, regarding symptoms,
significantly higher adjusted ORs than in the low-CRP group
were observed in the moderate-CRP, high-CRP, and very
high-CRP groups {1.6 [95% confidence interval (CI) 1.2–2.0],
P < 0.001; 2.5 (95% CI 1.9–3.2), P < 0.001; 3.5 (95% CI
2.7–4.6), P < 0.001, respectively} (Table 5). Regarding ADL
disabilities, a significantly higher adjusted OR than in the
low-CRP group was not observed in the moderate-CRP or
high-CRP group but was in the very high-CRP group [1.3
(95% CI 1.0–1.7), P = 0.73; 1.3 (95% CI 1.0–1.8), P = 0.76;
2.1 (95% CI 1.5–2.9), P < 0.001, respectively] (Table 5). That
the probability for change in ADL disabilities was 740 times
higher in the patients with ECOG PS 4 (Table 5) might reflect
sudden deterioration of ADL due to imminent death. The
rules of thumb indicated that sample size was enough to es-
timate multiple-adjusted ORs in the ordinal logistic regres-
sion model.

The predicted probabilities of symptoms and ADL
disabilities based on CRP or ECOG PS are shown in Figures 1
and 2. These figures indicated the sigmoidal relationship
between symptoms or ADL disabilities and CRP or ECOG PS
classes: a patient with CRP value of 10 mg/dl has 50%
probability for having four or more symptoms and 10%
probability for having six or more symptoms.

Discussion

To the best of our knowledge, there have been no large pro-
spective studies investigating the clinical implications of CRP
as a biomarker in advanced cancer patients in palliative
settings. We demonstrated that CRP level was associated
with the accumulation of symptoms and ADL disabilities
independently of performance status and disease stage.

Our study revealed that elevated CRP level was associated
with symptoms in advanced cancer patients. Anorexia,
fatigue, and weight loss may be closely linked in patients
receiving palliative care because the present study also found
significant associations between CRP level and fatigue in
advanced cancer patients, as in previous studies.10,11 The
associations between elevated CRP level and common
symptoms of advanced cancer including anorexia, weight
loss, and pain were indicated,8,9 while CRP was not related
to pain, depression, or fatigue.19 Fatigue was independently Ta
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associated with chemotherapy treatment and experiencing
other symptoms such as pain and depression, and moder-
ately associated with haemoglobin level in advanced cancer
patients. However, there was no link to cachexia, albumin,
or CRP.20 Other common symptoms, such as dyspnea,
dysphagia, and edema, had been unclear, but the present

study revealed that 20–40% of patients suffered from them.
Our results imply the association between elevated CRP level
and a variety of symptoms of cachexia in advanced cancer
patients.

Furthermore, our study revealed that elevated CRP level
was associated with poor ADL and MMT in advanced cancer

Table 5 The association between CRP, symptoms and ADL disabilities

Symptoms ADL disabilities

Adjusted odd ratio (95% CI) p Adjusted odd ratio (95% CI) p

CRP (mg/dl)
CRP < 1 1.0 Reference 1.0 Reference
1 = < CRP < 5 1.6 (1.2–2.0) <0.001 1.3 (1.0–1.7) 0.73
5 = < CRP < 10 2.5 (1.9–3.2) <0.001 1.3 (1.0–1.8) 0.76
10 = < CRP 3.5 (2.7–4.6) <0.001 2.1 (1.5–2.9) <0.001

Age
Less than 70 years 1.0 Reference 1.0 Reference
70 years or older 0.9 (0.7–1.0) 0.14 1.6 (1.3–2.0) <0.001

Gender
Male 1.0 Reference 1.0 Reference
Female 1.0 (0.8–1.2) 0.93 1.1 (0.9–1.4) 0.50

Site of primary cancer
Lung 1.0 Reference 1.0 Reference
Upper and lower gastrointestinal tracts 0.9 (0.7–1.2) 0.43 0.9 (0.7–1.2) 0.43
Liver, biliary system, pancreas 1.1 (0.8–1.4) 0.55 0.7 (0.5–1.0) 0.46
Breast 0.8 (0.5–1.2) 0.27 1.0 (0.6–1.8) 0.89
Gynecologic 0.8 (0.5–1.3) 0.38 0.7 (0.4–1.2) 0.18
Urological 0.6 (0.4–0.8) 0.004 0.9 (0.5–1.4) 0.55
Others 0.9 (0.7–1.2) 0.34 0.9 (0.7–1.3) 0.63

Metastatic disease
No 1.0 Reference 1.0 Reference
Yes 1.4 (1.1–1.8) 0.002 1.4 (1.1–1.9) 0.009

ECOG PS
0–1 1.0 Reference 1.0 Reference
2 4.1 (2.9–5.8) <0.001 7.2 (4.1–12.6) <0.001
3 10.8 (7.7–15.1) <0.001 44.3 (25.5–76.8) <0.001
4 28.2 (19.7–40.3) <0.001 740.0 (408.6–1340.0) <0.001

Chemotherapy
Yes 1.0 Reference 1.0 Reference
No 0.9 (0.7–1.1) 0.16 0.6 (0.4–0.7) <0.001

Setting of care
Hospital palliative care team 1.0 Reference 1.0 Reference
Palliative care unit 1.0 (0.8–1.2) 0.89 1.0 (0.8–1.3) 0.70
Home palliative care service 1.1 (0.8–1.4) 0.46 0.5 (0.4–0.7) <0.001

CRP, C-reactive protein; ADL, activities in daily living; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance
Status.
Adjusted variables are baseline CRP value, age, gender, site of primary cancer, ECOG PS, chemotherapy and setting of care.
In the ordinal logistic regression model, regarding symptoms, significantly higher adjusted odd ratios (ORs) than in the low-CRP group
were observed in the moderate-CRP, high-CRP and very high-CRP groups [1.6 (95% CI 1.2–2.0), P < 0.001; 2.5 (95% CI 1.9–3.2),
P < 0.001; 3.5 (95% CI 2.7–4.6), P < 0.001, respectively]. Regarding ADL disabilities, a significantly higher adjusted OR than in the
low-CRP group was not observed in the moderate-CRP or high-CRP group but was in the very high-CRP group [1.3 (95% CI 1.0–1.7),
P = 0.73; 1.3 (95% CI 1.0–1.8), P = 0.76; 2.1 (95% CI 1.5–2.9), P < 0.001, respectively].

Table 4 The distribution of ADL disabilities

Number of ADL disabilities

CRP levels (mg/dl) 0 1 2 3 4 5 Total

CRP < 1 149 (40.7%) 50 (13.7%) 20 (5.5%) 24 (6.6%) 44 (12.0%) 79 (21.6%) 366 (100%)
1 = < CRP < 5 161 (28.5%) 69 (12.2%) 38 (6.7%) 32 (5.7%) 89 (15.8%) 176 (31.2%) 565 (100%)
5 = < CRP < 10 80 (21.2%) 40 (10.6%) 24 (6.4%) 27 (7.2%) 59 (15.6%) 147 (39.0%) 377 (100%)
10 = < CRP 54 (13.7%) 30 (7.6%) 28 (7.1%) 19 (4.8%) 45 (11.4%) 218 (55.3%) 394 (100%)
Total 444 (26.1%) 189 (11.1%) 110 (6.5%) 102 (6.0%) 237 (13.9%) 620 (36.4%) 1702 (100%)

CRP, C-reactive protein; ADL: activities in daily living.
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patients. Our results, especially those of MMT, imply the
association between CRP level, ongoing loss of skeletal mus-
cle mass and its strength, specifically, the effects of cachexia,
in advanced cancer patients. Several studies have reported
that CRP distinguished cancer patients with weight loss from
weight-stable patients, while loss of muscle mass distin-
guished patients with weight loss from weight-stable patients
in some studies.21 In addition, grip strength was lower in pa-
tients with >10% vs. 5–10% weight loss,22 and patients who
only lost fat mass (stable lean body mass) had an unchanged
exercise capacity.23 A few studies reported that physical exer-
cise in prostate cancer, breast cancer, and leukaemia patients
alleviated undesirable effects of cachexia.24–26 It was implied
that the positive influence of physical exercise on protein syn-
thesis in skeletal muscle was induced by an up-regulation of
anti-inflammatory cytokines. In other words, physical exer-
cise in advanced cancer patients may not only lower CRP
level but also improve ADL. However, the studies did not in-
vestigate the associations between CRP, skeletal muscle

mass, and ADL. Thus, CRP may be associated with loss of
muscle mass and declining ADL.

This study has several limitations to be considered. First,
pro-inflammatory cytokines and chronic systemic inflamma-
tion greatly affect CRP level, and these factors would differ
among individuals in various ways. Therefore, when compar-
ing groups of patients with advanced cancer, any factor other
than CRP, such as IL-6, IL-1, and tumour necrosis factor α,
might have to be taken into consideration. Second, very
high-CRP group (10 mg/dl = < CRP) could be affected by
acute infections or acute medical conditions. We believe that
the clinical implications of CRP do not change, because these
factors also deteriorate symptoms and ADL disabilities. Third,
this study could not prove causal relationships between CRP
level, symptoms, and ADL disabilities because of its cross-
sectional nature. There is a need for further investigation into
the association between CRP level and time course changes
of declining ADL in advanced cancer patients. Fourth, we
did not investigate the effects of anticancer treatment.

Figure 1 The predicted probabilities of symptoms based on C-reactive protei or Eastern Cooperative Oncology Group (ECOG) performance status.

Figure 2 The predicted probabilities of activities in daily living (ADL) disabilities based on C-reactive protein or Eastern Cooperative Oncology Group
(ECOG) performance status.
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Advanced cancer patients generally receive systemic antican-
cer treatment until a late stage in their disease trajectory and
the interaction of it with CRP level and the development of
cachexia is unknown.12 Fifth, we classified the patients into
four groups using approximate figures to quartile points of
CRP values as our previous study, which indicated that CRP
could be useful in predicting prognoses in advanced cancer
patients.3 We believe the validity of our method, because
these cut-off values are statistically and clinically relevant.
Furthermore, this classification discriminates mortality risk
among the advanced cancer patients, and it would be conve-
nient for clinical use. Finally, symptoms were rated by physi-
cians using yes–no format, and thus, there might be
overestimation or underestimation. The findings should be
confirmed using patient-rating symptom measurements.

Conclusions

The association between CRP level, symptoms, and ADL ob-
served in advanced cancer patients receiving palliative care
indicates that CRP level might be a good biomarker. Inflam-
matory processes and possible influences of different dis-
eases as well as cancer cachexia should be taken into
consideration to evaluate the clinical implications of CRP. Fu-
ture research should assess the association between CRP
level and advanced cancer patients and clarify whether the
measurement of CRP, which is widely available and inexpen-
sive, could improve the treatment allocation and survival of
advanced cancer patients.
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