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ABSTRACT
Recent studies have pointed out that CRP and NLR levels are important in determining the prognosis for cancer and diagnosis of
infection, but there are few studies on cut-of levels in patients with solid tumours. In this study, the relationship between CRP cut-
of levels with infection and NLR with infection has investigated in adult solid organ cancer patients receiving inpatient treatment.
Patients with solid cancer hospitalised in ZBEU Oncology and Infectious Diseases between 2013 and 2018 were included to study
retrospectively. Patients were separated into 2 groups: 240 patients with clinical and radiological or microbiological evidence of
infection as group 1 and 240 patients with no signs of infection as group 2. Both groups were subdivided into patients with
metastatic cancer and nonmetastatic cancer. The mean CRP at admission and 24th hour in the group 1 (170.0 and 157.5 mg/L,
respectively) were found to be statistically higher than group 2 (51.0 and 47.5 mg/L, respectively) (p < 0.001 and p < 0.001). The
best cut-of value of CRP at admission was found to be 108mg/L with %72.08 sensitivity, %75.42 specifcity (p < 0.001) and 88mg/L
24th hour CRP (p < 0.001). Mean values of NLR on admission and 24th hour were signifcantly higher in group 1 than in group 2
(p < 0.001 and p < 0.001). The best NLR cut-of value was found to be 7.823 at admission (p < 0.001) and 8.4 at 24th hours
(p < 0.001). Although both tests are used to detect infection in patients with solid cancer, it is important to know that the cut-of
values are high. In patients with solid cancer who do not have clinical signs of infection, unnecessary antibiotherapy should not be
performed because of high CRP or NLR.

1 | Introduction

C-reactive protein (CRP) is an acute phase reactant synthesised in the
liver under the control of tumour necrosis factor-alpha (TNF) and
interleukin 6 (IL 6). Serum levels of CRP can be elevated in many
conditions, including infection, infammation, malignancy and au-
toimmune disease [1, 2]. Chronic infammation promotes growth,

protection from apoptosis and angiogenesis in cancer cells [3, 4].
Proinfammatory cytokines induce chronic systemic infammation
and CRP synthesis in hepatocytes. CRP is elevated in most malig-
nancies, especially in difuse and metastatic cancers [1, 5].

Several studies have shown that cancer patients with CRP levels
above normal limits have higher mortality rates, increased

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

Copyright © 2026 Mehmet Ali Tüz et al. European Journal of Cancer Care published by John Wiley & Sons Ltd.

European Journal of Cancer Care, 2026; 2026:9329789 1 of 13
https://doi.org/10.1155/ecc/9329789

European Journal of Cancer Care

https://doi.org/10.1155/ecc/9329789
https://orcid.org/0000-0002-9676-7681
https://orcid.org/0000-0002-1650-7573
https://orcid.org/0000-0003-4035-6864
https://orcid.org/0000-0002-5963-592X
https://orcid.org/0000-0001-6444-504X
https://orcid.org/0000-0001-9810-5633
mailto:mehmetali.tuz@balikesir.edu.tr
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/ecc/9329789
https://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1155%2Fecc%2F9329789&domain=pdf&date_stamp=2026-02-13


tumour extent and stage, higher relapse rates and poorer re-
sponse to chemotherapy, and that prognostic fndings worsen
with increasing CRP levels [5–8].

In recent years, the neutrophil/lymphocyte ratio (NLR) has also
been used as an indicator of systemic infammation. There are
study results suggesting that NLR provides guidance in de-
termining prognostic outcomes including mortality, response to
treatment and development of complications in community-
acquired pneumonia, ischaemic heart disease and cancer [9–13].

In cancer patients, CRP levels may be elevated due to both
chronic infammation associated with malignancy and infectious
causes. Although there are many studies showing that CRP is
elevated in infammatory and infectious pathologies, there are
a limited number of studies on what the cut-of level of CRP
should be in patients with malignancy [14, 15]. The value of CRP
both in the diagnosis of infection and in the monitoring of
malignancy and determination of prognosis should be carefully
considered. Studies evaluating the relationship between infection
and CRP in patients with cancer have generally been performed
in patients with neutropenic fever and have been found to have
insufcient sensitivity and specifcity in detecting infection
[16, 17]. In particular, in non-neutropenic patients with solid
tumours, the value of CRP in the diagnosis of infectious diseases
has not been fully established, and there are very few studies on
this subject [1].

Similarly, NLR may be elevated due to both underlying disease
and infectious causes. There are not enough studies to show the
diagnostic value of NLR in infections that develop in cancer
patients. In addition, the confounding efect of infectious causes
has not been adequately taken into account in most studies
investigating the relationship between NLR and CRP and cancer
prognosis [1, 5, 9].

This study, we aimed to investigate CRP cut-of levels and the
relationship between infection and NLR in infections that de-
veloped in adult solid organ cancer patients who received in-
patient treatment in the Oncology and Infectious Diseases wards
of our hospital between October 2013 and November 2018. It was
also planned to compare these parameters between cancer pa-
tients with metastases and cancer patients without metastases.

2 | Materials and Methods

2.1 | Study Design and Patients

The admission fles of patients with solid organ cancer who were
admitted to the Zonguldak Bülent Ecevit University (ZBEU)
Oncology and Infectious Diseases Service between 25.10.2013
and 25.10.2018 were scanned, and the data of patients who met
the inclusion criteria were recorded on a case report form and
transferred to the computer environment [18]. These dates were
chosen because the laboratory methods used in the study did not
change over a 5-year period, and the clinicians involved worked
at the hospital throughout this time. This study was conducted
for the purpose of Turkish Infectious Diseases and Clinical
Microbiology speciality thesis, with the approval of ZBEÜ
Clinical Research Ethics Committee dated 23/01/2019 and
protocol number 2018-220-07/11 [18]. The research adhered to
the STARD guidelines for reporting on the diagnostic accuracy of
studies [19].

Patients were divided into two groups: infected (group 1) and
noninfected (group 2, control group). Patients who had symp-
toms and/or signs compatible with bacterial and/or fungal in-
fection, and whose presence of bacterial/fungal infection was
supported/proven by microbiological and/or radiological
methods, were included in the ‘infected’ group. Routine bacte-
riological and fungal culture results were considered as micro-
biological evidence. Infections caused by viral and/or parasitic
infectious agents were excluded from this study. Patients in
group 1 and group 2 were further divided into two subgroups,
‘with metastases’ and ‘without metastases’.

Patients who died or were discharged within the frst 72 h after
admission, patients under 18 years of age, patients with a di-
agnosis of haematological malignancy or lymphoma and patients
whose complete blood count and CRP levels were not checked at
the intervals and with the method specifed below were excluded
from the study.

2.2 | Control Group

Patients with solid organ malignancy who were evaluated with
anamnesis, system questioning, physical examination, basic
laboratory tests, routine bacteriological and mycological cultures
and who had no symptoms and fndings compatible with in-
fectious diseases were included in the study as control group.

2.3 | Grouping of Patients

Patients enrolled in the study were divided into 4 study groups.

• I. Group 1a: Metastatic cancer patients with infection.

• II. Group 1b: Nonmetastatic cancer patients with infection.

• III. Group 2a: Metastatic cancer patients without infection.

• IV. Group 2b: Patients with cancer without infection and
metastases.

2.4 | Clinical and Laboratory Evaluation

Parameters (complete blood count, CRP) routinely checked at
the ZBEÜ Health Practice and Research Hospital were recorded
on the case report forms using the computer system. Patients’
age, sex, total number of days in hospital, number of days in
intensive care unit for those in intensive care unit, type of cancer
and distant organ metastases, whether they had received che-
motherapy in the previous 6 months, antibiotic treatments used
in the previous 3months before and during hospitalisation, other
concomitant diseases, CRP levels at the time of initial hospi-
talisation, 24 h later, between the 3rd and 7th day of hospital-
isation and at the end of treatment or before discharge. CRP
levels, complete blood count (white blood cells, platelets, neu-
trophils, lymphocytes, MPV) at the time of initial hospitalisation,
24 h later, between the 3rd and 7th day of hospitalisation and at
the end of treatment or before discharge were recorded on the
case report form. All culture results and radiology reports ob-
tained up to discharge were recorded on the case report form.

Empirical antibiotic treatment was initiated in patients in whom
an infectious focus was identifed by the infectious disease
specialist. Antibiotic treatment was re-evaluated and adjusted by
the infectious disease specialist in patients with clinical de-
terioration and/or growth of microorganisms resistant to anti-
biotic treatment in cultures. The changes in treatment and the
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microorganisms grown were recorded on the case report form.
The growth of Staphylococcus epidermidis in at least two blood
cultures was considered to be the causative organism. The case
report form also recorded the study parameters of patients who
were seen by the oncology specialist, but in whom no infectious
focus could be detected by physical examination and laboratory
tests during follow-up. Fever response was defned as the absence
of fever recurrence in patients with fever until the end of anti-
biotic treatment or discharge. For patients with radiological
fndings, radiological response was defned as the absence of new
radiological fndings at the end of treatment and partial or
complete resolution of existing fndings. Patient data were
analysed until death or discharge. Death in patients who did not
have a clinical response to treatment for infection and who did
not have resolution of biochemical fndings of infection and/or
microbiological eradication was accepted as infection-related
death. Deaths that occurred despite clinical response to treat-
ment, resolution of biochemical evidence of infection and/or
microbiological eradication were considered to be death from
malignancy and other causes.

Blood cultures were analysed using the BACTEC 9120 blood
culture system (Becton Dickinson, USA). Microorganisms were
isolated using conventional methods and confrmed using semi-
automated API systems (bioMe’rieux, Marcyl’Etoile, France).
Antibiotic susceptibility testing was performed using the Kirby–
Bauer disc difusionmethod according to Clinical and Laboratory
Standards Institute (CLSI) guidelines.

White blood cell count, neutrophil count, lymphocyte count,
platelet count andMPVweremeasured using a Beckman Coulter
haematology analyser. CRP levels were measured nephelomet-
rically. The normal range of the nephelometric CRP assay used
was 0–8mg/L.

2.5 | Statistical Analysis

Statistical analyses of the study were performed using the SPSS
19.0 package. Descriptive statistics of categorical variables
were expressed as frequencies and percentages; continuous
variables were expressed as medians with interquartile range.
The Shapiro–Wilk and Kolmogorov–Smirnov tests were used
to analyse the normality of continuous variables. Independent
samples t-test or Mann–Whitney U tests were used for 2-group
comparisons of continuous variables. The Pearson chi-squared
test was used for between-group comparisons of categorical
variables. In all statistical analyses in the study, results below
a p value of 0.05 were considered statistically signifcant.
Receiver operating characteristic (ROC) curve analysis was
conducted to determine the cut-of values. In the ROC curve
analysis, patients with infection were compared to the control
group, metastatic patients with infection were compared to the
metastatic control group, and non-neutropenic patients with
infection were compared to the non-neutropenic control
group. The cut-of values for CRP and NLR were determined as
the values at which the Youden index was at its maximum. The
discriminatory ability of the cut-of values determined by ROC
analysis was assessed by calculating the sensitivity, specifcity,
positive predictive value, negative predictive value and the
area under the curve (AUC) with their respective 95% conf-
dence intervals (CIs). The DeLong test was used to perform
a statistical comparison of the AUCs between admission and
24 h.

3 | Results

A total of 2415 patients diagnosed with solid organ cancer who
were followed up and treated in the oncology and infectious
diseases services during the specifed time interval were iden-
tifed. Figure 1 shows the fowchart for this study, which is based
on the STARD guidelines. Among these patients, those who did
not meet the study criteria were excluded, and 240 patients in the
infection group (group 1) and 240 patients in the control group
(group 2) who met the study criteria were identifed.

In the study, 300 patients (62.5%) were male and 180 patients
(37.5%) were female. The reasons for hospitalisation were in-
fections in 27.1% (130 patients), noninfectious oncological
emergencies in 18.3% (88 patients), palliative care in 43.8% (210
patients), chemotherapy in 9.4% (45 patients) and further in-
vestigation in 1.5% (7 patients); 87.5% (420 patients) had
a planned and ongoing chemotherapy protocol, 12.5% (60 pa-
tients) had not received chemotherapy or had not planned a new
chemotherapy protocol in the previous 6months. Metastases in
at least one distant organ were present in 375 patients (78.1%).
The most common distant organs were bone (161/375, 42.9%),
liver (147/375, 39.2%), lung (79/375, 21.0%), brain (66/375,
17.6%), and kidney (40/375, 10.7%).

In 35.8% of all patients (172 patients), there was a history of
antibiotic and/or antifungal use in the 3months prior to hos-
pitalisation. Respiratory fuoroquinolones (levofoxacin, moxi-
foxacin) were used in 51 patients, 2nd- and 3rd-generation
cephalosporins in 45 patients, aminopenicillin with beta-
lactamase inhibitors in 26 patients, ciprofoxacin in 24 pa-
tients and carbapenems in 16 patients. The remaining 10 patients
had no history of diferent antibiotic groups or antifungal use. Of
all patients, 149 (31.0%) died during follow-up.

When comparing group 1 and group 2, there was no statistically
signifcant diference between the groups in terms of age, gender,
comorbidities and chemotherapy rate. There was a statistically
signifcant diference when comparing group 1 and group 2 in
terms of the distribution of the underlying cancer type, but no
diference was observed when patients with gynaecological
cancer were excluded. The diference may be due to gynaeco-
logical cancer (p = 0.06).

In the infection and metastasis groups, patients were compared
with respect to age, sex, comorbidities, rate of chemotherapy and
number of distant organ metastases (Table 1). The median age of
patients in group 2b was statistically signifcantly (p = 0.034)
older than themedian age of patients in group 1b. The proportion
of patients using antibiotics in the last 3 months prior to hos-
pitalisation was statistically signifcantly higher in group 1a and
group 1b, i.e. in patients diagnosed with infection, compared to
the other subgroups (p = 0.01). As these were exploratory sub-
group analyses, no additional adjustments were made between
groups.

When comparing group 1 and group 2, median CRP (p < 0.001),
median NLR (p = 0.017) and median CRP measured at 24 h
(p < 0.001) and median NLR (p = 0.001) were statistically sig-
nifcantly higher in group 1 compared to those without infection
(Table 2). The study subgroups were compared in terms of
median CRP levels. No statistically signifcant diference was
found between group 1a and group 1b in hospital admission and
24 h CRP levels (p > 0.05). The median CRP values on admission
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and at 24 h were statistically signifcantly higher in group 1a and
group 1b than in group 2a. The median CRP levels in group 2a
were also statistically signifcantly higher than in group 2b
(p < 0.05 for all comparisons). The median NLR in group 1a was
statistically signifcantly higher than in group 1b and group 2a
(p < 0.05 for all comparisons). The median 24 h NLR was sta-
tistically signifcantly higher in group 1a than in the other three
groups (p < 0.05). The comparison of the median values of CRP
and NLR on admission and at 24 h by group is shown in Table 2.

There were 61 patients with a neutrophil count of less than 500
per mm3 on admission and who received 24 h and/or antibiotic
treatment with a diagnosis of neutropenic fever. These patients
were excluded from the study population and the NLR values
were recalculated in groups. It was found that 186 of the
remaining 419 patients were infected, and the median values for
hospital admission (p < 0.001) and 24 h NLR (p < 0.001) were
statistically signifcantly higher in the infected group compared
to the non-infected group.

Missing data (n = 8)

Confirmed infection (n = 240) Control (n = 240)

Number of admissions to the clinics (n = 2415)

Repeated hospitalisation of the same patient
(n = 1678)

Death or discharge within 72 hours (n = 157)

Potential cohort (n = 580)

Individuals displaying
clinical signs of infection.

(n = 332)

No clinical signs of infection
(n = 248)

No microbiological evidence
(n = 92)

Metastatic
cancer

(n = 196)

No metastasis
(n = 44)

Metastatic
cancer

(n = 179)

No metastasis
(n = 61)

FIGURE 1 | Study fowchart.

TABLE 1 | General characteristics of the study groups.

Group
p

1a (n= 196) 1b (n= 44) 2a (n= 179) 2b (n= 61)
Age∗ Median (IQR) 62.5 (54–69) 65.5 (57.25–73.5) 62 (54–69) 58 (51–65) 0.033

Gender Woman n (%) 74 (%37.8) 18 (%40.9) 61 (%34.1) 27 (%44.3) 0.470
Man n (%) 122 (%62.2) 26 (%59.1) 118 (%65.9) 34 (%55.7)

Percentage of recipients of chemotherapy n (%) 170 (%86.7) 39 (%88.6) 157 (%87.7) 54 (%88.5) 0.977

Comorbidities

HT n (%) 59 (%30.1) 17 (%38.6) 40 (%22.3) 17 (%27.9) 0.135
DM n (%) 38 (%19.4) 6 (%13.6) 34 (%19) 13 (%21.3) 0.790
HF n (%) 37 (%18.9) 10 (%22.7) 26 (%14.5) 12 (%19.7) 0.522

COPD n (%) 22 (%11.2) 10 (%22.7) 14 (%7.8) 8 (%13.1) 0.690
CKD n (%) 7 (%3.6) 1 (%2.3) 5 (%2.8) 2 (%3.3) 0.962

Number of distant organ metastases

1 n (%) 112 (%57.1) 105 (%58.7) 0.382
2 n (%) 59 (%30.1) 61 (%34.1)
3 n (%) 21 (%10.7) 11 (%6.1)
> 3 n (%) 4 (%2.0) 2 (%1.1)

Use of antibiotics∗∗ n (%) 85 (%43.4) 18 (%40.9) 55 (%30.7) 14 (%23) 0.010

Mortality n (%) 111 (%56.6) 17 (%38.6) 18 (%10.1) 3 (%4.9) < 0.001
∗The median age of patients in group 1b was statistically signifcantly older than that of patients in group 2b (p = 0.034). There was no statistically signifcant diference in
median age in other comparisons between groups (p > 0.05).
∗∗Patients with a history of antibiotic use in the previous 3months.
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In the ROC curve analysis performed to determine the best CRP
cut-of value to diferentiate infection in all cancer patients in our
study, the best CRP cut-of value at hospital admission was
108mg/L with 72% sensitivity and 75% specifcity (p < 0.001),
and the best CRP cut-of value at 24 h was 88mg/L with 83%
sensitivity and 67% specifcity (p < 0.001). When only patients
with a diagnosis of metastatic malignancy were considered, the
best CRP cut-of value at admission was 118mg/L with 70%
sensitivity and 74.9% specifcity (p < 0.001), and the best CRP
cut-of value at 24 h was 121mg/L with 70% sensitivity and 77.5%
specifcity (p < 0.001) (Table 3). The ROC curve analysing all
patients is shown in Figure 2(a), and the ROC curve analysing
metastatic patients only is shown in Figure 2(b). The best cut-of
values for the NLR ROC curve analysis to determine infection
and the sensitivity, specifcity, positive predictive value (PPV),
negative predictive value (NPV) and AUC of the test based on
these values are shown in Table 3. In the analysis performed by
excluding patients with a neutrophil count of less than 500 per
mm3, the best cut-of value for NLR at admission was 7.823
(p < 0.001) with a sensitivity of 59.7% and a specifcity of 69.5%,
and the best cut-of value for NLR at 24 hwas 8.4 (p < 0.001) with
a sensitivity of 63.9% and a specifcity of 70% (Table 3). The ROC
curve analysis after excluding neutropenic patients is shown in
Figure 2(c). No statistically signifcant diference was found
when comparing the AUC values for CRP and NLR during
hospital admission and 24 h later (Table 4).

Microbiological evidence was present in all patients in the in-
fection group, while radiological evidence was present in 53.3%.
124 patients were treated with a diagnosis of pneumonia, 91 with
urinary tract infection, 13 with skin and soft tissue infection, 12
with peritonitis, 7 with fungemia and 4with acute gastroenteritis.
Fifty-four patients were treated for neutropenic fever. Out of 240
patients, only 6 had no obvious focus of infection and were
treated for neutropenic fever. The most frequently isolated mi-
croorganisms were E. coli (101/240, 44.2%) and Klebsiella spp.
(45/240, 18.75%). Among the cultures obtained from group 1
patients, 23.75% of the cultures grew extended-spectrum beta-
lactamase (ESBL)-positive members of Enterobacteriaceae, 17.1%
grewAcinetobacter spp, 12.9% grew Pseudomonas aeruginosa and
11.25% grew Enterococcus spp. When Gram-positive organisms
were analysed, methicillin-sensitive Staphylococcus aureus
(MSSA) was found in only 15 patients (6.25%) and methicillin-
resistant Staphylococcus aureus (MRSA) in 1 patient.

There was no statistically signifcant diference between group 1a
and group 1b in terms of clinical (p = 0.803), radiological

(p = 0.745) and microbiological (p = 0.958) response (Table 5).
The mortality rate was statistically signifcantly higher in group
1a than in group 1b (p = 0.031), while the mortality rate due to
infection alone was similar in groups 1a and 1b, but not sta-
tistically signifcant (p = 0.054).

The median CRP and NLR values at admission and at 24 h were
statistically signifcantly higher in patients who died than in
those who were discharged (p < 0.001 for all comparisons). The
median CRP at 24 h was statistically signifcantly higher in pa-
tients who died in group 2 (p = 0.014). Although themedian CRP
on admission was higher in these patients than in discharged
patients, it was not statistically signifcant (p = 0.15) (Table 6).

4 | Discussion

In recent years, many studies have shown that CRP and NLR can
be prognostic indicators in cancer patients [5–8, 20–22]. When
these studies are reviewed, it is clear that there are not enough
studies considering the efect of possible infections in cancer
patients with CRP and NLR. In our study, patients with mi-
crobiological evidence in addition to clinical fndings suggestive
of infection were defned as infected patients. Patients with no
clinical, microbiological and radiological evidence of infection
during hospitalisation were included in the control group. All
240 patients with infection had microbiological evidence, and
129 patients had radiological evidence in addition to microbio-
logical evidence. Our study also grouped cancer patients with and
without metastases and investigated the best cut-of values for
CRP and NLR in infected patients.

Although there are studies investigating the role of CRP and NLR
in determining infection in cancer patients, most of these studies
have evaluated patients with haematological malignancies or
patients diagnosed with neutropenic fever [14–16, 23]. The value
of these markers in determining infection in patients with non-
neutropenic solid cancers has not been sufciently investigated
[1]. In our study, only 12.7% of all patients were neutropenic
(neutrophil count < 500/mm3) and/or receiving treatment with
a diagnosis of neutropenic fever. In addition, the analyses per-
formed in our study for mean NLR and NLR cut-of were re-
examined by excluding these neutropenic patients.

In our study, hospital admission and 24-h CRP levels were
statistically signifcantly higher in cancer patients with infection
compared with those without infection. The median CRP hos-
pitalisation value in the group of patients with infection was 170

TABLE 2 | Evaluation of CRP and NLR in the study groups.

CRP on admission CRP 24th hour NLR on admission NLR 24th hour

Group 1 (n= 240) Median (IQR) 170.0 (94.5–264) 157.5 (106.0–240.5) 7.05 (2.64–15.92) 8.80 (2.86–17.92)
Group 2 (n= 240) Median (IQR) 51.0 (13.25–107.75) 47.5 (14.25–108) 4.84 (2.63–9.18) 5.38 (2.67–9.58)

p < 0.001 < 0.001 0.017 0.001

Group 1a n= 196 Median (IQR) 174.5 (104.75–264) 158.0 (108.25–238.5) 8.2 (3.0–18.15) 9.5 (3.69–19.44)
Group 1b n= 44 Median (IQR) 132.5 (66.5–259) 143.0 (70.25–278.75) 3.92 (0.54–8.04) 4.25 (0.84–13.93)
Group 2a n= 179 Median (IQR) 72.0 (25–125) 74.0 (31–116) 5.5 (2.95–10.4) 6.5 (3.07–11.25)
Group 2b n= 61 Median (IQR) 11.0 (4.5–28) 12.0 (5.5–27) 3.7 (2.30–6.79) 4.0 (2.21–6.19)

p < 0.001 < 0.001 < 0.001 < 0.001
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versus 51mg/L in the control group, while the 24-h CRP value
was 157.5 versus 47.5 mg/L, respectively. In a 2017 study con-
ducted in paediatric cancer patients, the median hospital CRP
level was found to be statistically signifcantly higher in the blood
culture–positive group in patients hospitalised with suspected
sepsis than in the culture-negative group [14].

In a study conducted by Li et al. in 2019 in patients with pae-
diatric solid malignancies, comparing 34 infected patients with
a control group of 144 patients, it was reported that the median
CRP hospitalisation valuewas 97.0 versus 1.99 mg/L, respectively
[24]. In this study, the patient groups were divided into two
subgroups according to the progression and stability of the un-
derlying disease. While no statistically signifcant diference was
found between the CRP levels in the group with infection and the
subgroups, the mean CRP level in the control group was found to
be statistically signifcantly higher in patients with progressive
disease than in patients with stable disease. In the control group,
the median CRP value was reported to be 12.99mg/L in the
subgroup with progressive disease and 0.94mg/L in the group
with stable disease [24]. In our study, similar to this study, the
infection and control groups were divided into subgroups with
respect to metastases. There was no statistically signifcant dif-
ference in median CRP between those with metastases in the

infection group (group 1a) and those without metastases (group
1b). In these groups (groups 1a and 1b), the median CRP level
was signifcantly higher than in the group with metastatic cancer
without infection (group 2a). Median CRP levels at hospital
admission were also higher in the group without infection and
metastatic cancer (group 2a) than in the group with infection and
metastatic cancer (group 2b). The main diference between our
study and this study is that our patient group was adult and the
number of patients was high.

When analysing the data in the literature, the limited number of
studies evaluating the adequacy of CRP in diferentiating in-
fection in patients with solid cancers give variable results. In
particular, there are not enough studies in non-neutropenic
patients with solid cancers. In one study conducted in patients
with solid cancers, the clinical value of CRP in diferentiating
malignant fever from fever due to infection was investigated, and
it was found that CRP levels were similar in both groups, but
unlike the group with infection, CRP levels in the malignant
fever group did not decrease signifcantly during follow-up [25].
In another study of 37 febrile episodes in patients with urological
cancer, it was concluded that CRP may not be sufcient to
diferentiate infectious fever from malignant fever [26]. In a case
series of 15 patients who had fever as a side efect of the
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FIGURE 2 | (a) ROC curve showing the relationship between admission CRP and infection in all patients. (b) ROC curve showing the relationship
between admission CRP and infection in patients with metastatic malignancy. (c) ROC curve showing the relationship between admission NLR and
infection in non-neutropenic patients.

TABLE 4 | Comparison of AUC values for CRP and NLR during hospital admission and at 24 h using the DeLong test.

∗ AUC %95 CI
Diference between

areas
95% CI

of diference p

All patients (n= 480)

CRP1 0.819 0.781–0.852 0.0176 −0.00341–0.0386 0.101CRP2 0.836 0.800–0.868
NLR1 0.563 0.517–0.608 0.0241 −0.00741–0.0556 0.134NLR2 0.587 0.542–0.632

Metastatic patients only (n= 375)

CRP1 0.797 0.753–0.837 0.0182 −0.00870–0.0451 0.184CRP2 0.815 0.772–0.853
NLR1 0.579 0.527–0.629 0.0188 −0,0170–0.0546 0.304NLR2 0.598 0.546–0.648

Non-neutropenic (n= 419) NLR1 0.685 0.638–0.730 0.0124 −0.022–0.047 0.480NLR2 0.698 0.651–0.741
∗CRP1: CRP on admission CRP2: CRP 24th hour NLR1: NLR on admission NLR2: NLR 24th hour.
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combination of dabrafenib and trametinib for the treatment of
advanced malignant melanoma and who had no signs of in-
fection, the mean CRP was 65.1 mg/L during the febrile period
and 47.1 mg/L after the fever subsided, and it was shown that the
neutrophil count and percentage were higher in the febrile pe-
riod [27]. In contrast to these studies, in our study, only 2 patients
in the control group had a single episode of fever and there was
no recurrence of fever during follow-up.

Studies evaluating the clinical value of CRP in patients with
neutropenic fever and haematological cancer have shown
mixed results. A study comparing bacteremic and non-
bacteremic neutropenic fever episodes in adult patients with
leukaemia reported no statistically signifcant diference in CRP
levels between the two groups at the time of application [28]. As
clinical fndings of infection in neutropenic patients may be
subtle, fever may sometimes be the only fnding of bacterial
infection, but fever may also develop due to underlying disease
and other causes. In a study comparing CRP and other markers
(IL-6 and procalcitonin) in patients followed up with a di-
agnosis of neutropenic fever who remained febrile for more
than 3 days, no statistically signifcant diference in median
CRP levels was found between the group with infection-related
complications and the group without complications [23]. In
another study investigating the value of CRP in predicting
bacteraemia in patients aged 16 years and older with a diagnosis
of neutropenic fever, the median CRP on admission was 56 mg/
L in the nonbactaeremia group and 159 mg/L in the bacter-
aemia group. The diference between the two groups was re-
ported to be statistically signifcant (p < 0.01) [15]. In this
retrospective study in which 239 out of 286 patients were di-
agnosed with solid cancer and 38 patients had bacteraemia,
CRP ROC curve analysis showed an AUC of 0.655 in difer-
entiating bacteraemia, sensitivity of 57.6% and specifcity of
67.3% when the CRP cut-of value was 100 mg/L, while sen-
sitivity was lower at 36.8% and specifcity was higher at 88.3%
when the cut-of value was 200 mg/L [15]. In another study of
paediatric cancer patients followed up for suspected sepsis, CRP
ROC curve analysis showed an AUC of 0.638 in predicting
bacteraemia. In this study, when the cut-of value was 84 mg/L,
the sensitivity was 53.49%, the specifcity was 70.04%, the
positive predictive value (PPV) was 23% and the negative
predictive value (NPV) was 90%, and when the cut-of value was
53 mg/L, the sensitivity was 72.09%, the specifcity was 51.36%,
the PPV was 19.87% and the NPV was 91.67% [14].

In the study by Li et al. in paediatric patients, AUC 0.935, the best
cut-of value was 28mg/L with 88.2% sensitivity and 87.3%
specifcity in CRP ROC curve analysis for detection of infection.
In addition, this study found CRP to be an important indicator for
predicting tumour progression alone and in combination with
other markers [24].

In our study, in the ROC curve analysis of CRP in determining
infection in adult patients with solid cancers, the best cut-of
value was found to be 108mg/L with an AUC of 0.819, 72.08%
sensitivity, 75.42% specifcity, 74.57% PPV and 72.98% NPV. In
the ROC analysis for 24th-hour CRP, the AUC was 0.836 and the
best cut-ofwas 88mg/Lwith a sensitivity of 83.75%, specifcity of
67.08%, PPV of 71.79% and NPV of 80.5%. When these results are
evaluated in the light of literature data, they show that CRP is an
important marker for the detection of infection in solid cancer

patients with relatively good sensitivity, specifcity, PPV
and NPV.

It is known that CRP and NLR is lower in the early period of
infection and increases more in the 24–48 h of follow-up
[3, 4, 23]. In our study, no statistically signifcant diference
was found between the CRP level at admission and the CRP level
at 24 h of clinical follow-up in patients with infection. No sta-
tistically signifcant diference was found when the AUCs at
admission and after 24 h were compared for both CRP and NLR.
We believe that this may be related to the time from symptom
onset to hospital admission.

There are many studies showing that NLR is a useful parameter
in predicting the prognosis of sepsis, complications such as acute
kidney injury and the detection of bacteraemia [10–13]. In the
study by Loonen et al. comparing biochemical markers in pre-
dicting bacteraemia, the mean NLR was 23.0 in bacteremic
patients and 12.2 in patients with clinical infection without
bacteraemia [11].

There are very few studies investigating the value of NLR in the
diagnosis of infection in cancer patients. In the study by Odagiri
et al. comparing the fndings of cancer patients with malignant
fever and fever due to infection, it was found that there was no
statistically signifcant diference between the two groups in
terms of the NLR value examined in the last 1 month before the
onset of fever, but it was reported that the NLR increased sta-
tistically signifcantly more in the infected group with high fever
[29]. In our study, when neutropenic patients were excluded, the
median NLR at admission was 5,08 and the median NLR at 24 h
was 5.67 in the group without infection, whereas the median
NLR at admissionwas 9.34 and themedianNLR at 24 hwas 12.51
in the patients with infection, whichwas statistically signifcantly
higher. When NLR was analysed according to subgroups, it was
found to be statistically signifcantly higher in the infected
metastatic group than in the other groups. In metastatic patients
without infection, the median NLR at 24 h was statistically
signifcantly higher than in nonmetastatic patients.

In the ROC curve analysis performed to investigate the perfor-
mance of NLR in detecting infection in cancer patients, the AUC
for NLR at admission was 0.685, the best cut-of value was 7.823
with a sensitivity of 59.68%, specifcity of 69.53%, PPV of 60.99%
and NPV of 68.35%. In the 24-h NLR ROC curve analysis, the
AUC was 0.698, the best cut-of was 8.4 with a sensitivity of
63.98%, specifcity of 69.96%, PPV of 62.96% and NPV of 70.87%.
We believe that NLR is a test that can be used to support the
diagnosis of infection because it is statistically signifcantly
higher in cancer patients with infection than in those without,
and it is an easily calculable and cost-efective test.

Over the past few years, most studies evaluating prognosis in
patients with solid tumours have used indices combining CRP
with parameters such as albumin and lymphocyte count to assess
systemic infammation, rather than CRP alone [30]. A 2023meta-
analysis evaluating prospective studies in patients diagnosed
with prostate cancer demonstrated that high CRP levels are
associated with a poor prognosis. Following analyses aimed at
reducing heterogeneity, it was found that elevated CRP levels
were associated with poorer survival outcomes according to the
stage of malignancy [31]. Studies investigating the relationship
between indices indicating systemic infammation and prognosis
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have also found that the results of these indices afected by el-
evated CRP are associated with poor prognosis [30, 32–34]. A
2025 study evaluating 209 patients with non-small-cell lung
cancer assessed the lymphocyte–CRP ratio (LCR), NLR and other
indices that could indicate systemic infammation. The study
demonstrated that the LCR was signifcantly associated with
disease stage and could be used as a prognostic marker [30].
Furthermore, the LCR was found to have a higher AUC than
other systemic infammation markers and was superior as
a prognostic marker [30]. In a study evaluating 2424 patients
diagnosed with stage 4 cancer, LCR was shown to have higher
AUC and C-index values than the other 15 scoring systems that
could be used as prognostic markers [32]. While these studies
provide evidence that various systemic infammation markers,
including CRP and NLR, may be prognostic indicators, the
confounding efect of infection has not been sufciently con-
sidered and adequate study designs to exclude infection have not
been specifed.

Studies comparing prognostic markers have demonstrated that
both CRP alone and CRP-incorporating scoring systems are
superior to NLR and have higher AUCs [30, 32]. Similarly,
numerous studies have shown that CRP is better than NLR at
detecting infection in patients with malignancy [29]. In our
study, CRP demonstrated superior performance to NLR in
detecting infection. This may be because NLR is more afected by
noninfectious conditions, such as chemotherapeutic drugs and
malignancy-related complications, than CRP is [9, 35]. Addi-
tionally, lymphocytes are directly involved in antitumour ac-
tivity, and a decrease in lymphocytes and a marked increase in
neutrophil count and NLR has been observed in advanced-stage
patients [22, 30, 35]. In our study, patients with a variety of
tumour types, most of whom were in the advanced stage of the
disease, may have limited NLR’s ability to determine infection.

It has been demonstrated that some solid tumours can express
CRP. Furthermore, changes in CRP and NLR may occur at
varying rates in diferent tumour types at advanced stages of the
disease [5–7]. Evaluating patients with many diferent tumour
types in our study may have afected the role of CRP and NLR in
detecting infection and determining cancer prognosis. However,
some studies involving diferent tumour types have shown that
CRP and NLR are important in determining cancer prognosis
independently of tumour type [9, 34].

Many studies have shown that CRP and NLR can be a prognostic
marker in cancer patients [5–8, 20–22]. It is known that the
prognosis of metastatic patients is worse than that of non-
metastatic patients [20, 36]. The mortality rate was statistically
signifcantly higher in the group of patients with metastases and
no infection than in the group of patients without infection and
metastases. As in the control group, the mortality rate was
statistically signifcantly higher in patients with infection com-
pared to those without metastases. Although malignancy-related
mortality was higher in the group with infection and metastases,
it was not statistically signifcant. On the other hand, median
CRP and NLR levels on admission and at 24 h were statistically
signifcantly higher in patients who died compared with those
who were discharged. Our study data support the fnding that
CRP and NLR levels were higher in the metastatic group, similar
to recent studies. However, as mortality could only be followed
up during hospitalisation in our study, we believe that

prospective studies with longer follow-up are needed to evaluate
the relationship between CRP and mortality and prognosis more
accurately.

Strengths of our study include the fact that it is one of the few
studies to investigate the cut-of levels of CRP and NLR in
detecting infection in adult solid tumour patients, the fact that it
included a total of 480 cancer patients with 240 infected and 240
noninfected patients, which is higher than the number of pa-
tients in studies in the literature, and the exclusion of the
neutropenic group from the study patients when evaluating the
NLR ratio. The study had several limitations. First, it was ret-
rospective, so only hospitalisation records could be obtained.
Second, confounders were not adjusted for, and there was po-
tential bias from prior antibiotic exposure. It was found that
patients with infections had a higher rate of antibiotic use in their
medical history. A recent history of infection and antibiotic use
may have created potential bias among clinicians.

5 | Conclusion

In the ROC curve analysis for CRP cut-of in determining in-
fection in patients with solid cancers, the best cut-of value was
found to be 108mg/L, while this value was 88mg/L for the 24 h
CRP value. In patients with metastatic malignancies, the best
admission cut-of for CRP in determining infection was 118mg/L
and the 24 h cut-of was 121mg/L. The median admission and
24 hNLR values were found to be statistically signifcantly higher
in patients with infection and non-neutropenic patients com-
pared to the group without infection and neutropenia.

Although both tests are used to detect infection in cancer pa-
tients, it is important to be aware of the high cut-of values.
Unnecessary antibiotherapy should not be planned for cancer
patients without clinical signs of infection based on elevated CRP
or NLR alone. These levels were also found to be higher in
metastatic patients than in nonmetastatic patients. At the same
time, median CRP levels were found to be higher in patients who
died. We believe that prospective studies are needed to determine
the relationship between CRP and NLR with mortality and
prognosis.
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