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Abstract: Endobronchial biopsy (EBB)-induced bleeding occurs commonly in patients with lung cancer, but effective 
biomarkers for the prediction of EBB-induced bleeding remain unknown. The levels of C-reactive protein (CRP) that 
may be associated with EBB-induced bleeding have never been examined. Here, we conducted a retrospective study 
using 577 consecutive patients with lung cancer who underwent EBB between January 2014 and February 2018 
at a tertiary hospital. The association of preoperative serum CRP levels with the risk of EBB-induced bleeding was 
tested using multivariate regression analysis adjusted for demographics, tumor characteristics, and comorbidities. 
The incidence of EBB-induced bleeding was 37.8%, and we found that the mean serum CRP level was significantly 
higher in the bleeding group than in the non-bleeding group (P < 0.001). In the multivariate regression analysis us-
ing quartiles of CRP levels, compared to Q1, the odds ratio (95% confidence interval [CI]) of Q2, Q3, and Q4 were 
3.213 (1.760, 5.865), 3.069 (1.657, 5.686), and 6.434 (3.402, 12.168) after adjustment for potential confounding 
risk factors, respectively. Higher levels of CRP were related to a higher incidence of EBB-induced bleeding events 
(P for trend < 0.0001). In addition, the area under the receiver operating characteristics curve, with a cutoff value 
of 1.15 mg/L, was 0.692 (95% CI: 0.657, 0.739). In conclusion, preoperative serum CRP was an independent risk 
factor for EBB-induced bleeding in patients with lung cancer, suggesting its possible role as a useful biomarker for 
predicting the risk of EBB-induced bleeding.
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Introduction

Hemorrhage is a common complication for 
bronchoscopists during bronchoscopy, espe-
cially when a biopsy is performed, and a mas-
sive hemorrhage could be life-threatening [1, 
2]. Endobronchial biopsies (EBBs) are widely 
used in the histopathological diagnosis of air-
way disorders [3].

Patients with lung cancer are the main indivi- 
duals who need bronchoscopies and EBBs. 
Several risk factors have been proposed for 
hemorrhage during bronchoscopy, including 
thrombocytopenia, anti-coagulant or anti-plate-
let therapy, immunosuppression, severe liver 
and kidney disease, mechanical ventilation, pul- 
monary arterial hypertension, and bleeding  
tendencies [4-7]. However, there is no recom-

mended biomarker to date for the prediction of 
EBB-induced bleeding.

C-reactive protein (CRP) is a plasma protein 
produced in the liver in response to tissue 
inflammation [8]. Reportedly, an elevated CRP 
level may be associated with an increased risk 
of postoperative complications and poorer ov- 
erall survival in advanced cancer patients [9]. 
Although the areas under curve (AUC) were not 
high, the increase in CRP level significantly cor-
related with upper gastrointestinal bleeding [9], 
so an increase in CRP level could also serve as 
a prognostic indicator for re-bleeding in non-
variceal upper gastrointestinal bleeding [11], 
spontaneous intracerebral hemorrhage [12], 
and hematoma growth [13].

This study evaluated the independent effect of 
CRP on the risk of EBB-induced bleeding and 
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operative serum CRP level is a useful 
prognostic indicator for EBB-induced 
bleeding.

Materials and methods

Study design

This was a retrospective study using 
data collected from consecutive pa- 
tients who had undergone EBB and 
were diagnosed with lung cancer at  
the Jinhua Municipal Central Hospital 
between January 2014 and February 
2018. The hospital ethics committee 
approved this study. The data were 
anonymous, so the requirement for 
informed consent was waived.

The following variables were collected: 
age, sex, comorbidities (chronic ob- 
structive pulmonary disease (COPD), 
coronary heart disease (CHD), hyper-
tension and diabetes), location of the 
lesions, histological types, stage of 
cancer (early or advanced), biopsy bl- 
eeding results (yes or no), and hemo-
stasis maneuvers. CRP and other blood 
tests (white blood cell (WBC) counts, 
neutrophil counts, neutrophils percent-
age, hemoglobin, platelets, prothrom-
bin time, activated partial thromboplas-
tin time, alanine aminotransferase, and 
aspartate aminotransferase) were per-
formed on admission or at the first visit, 
three days prior to the bronchoscopy.

The patients selected met the following 
inclusion criteria: a. adult patients with 
endobronchial lesions who underwent 
forceps biopsies, and b. patients diag-
nosed with a primary lung cancer. Pa- 
tients who presented with “proposed 
risk factors”, including thrombocytope-
nia (platelets < 50 × 103/μl), continu-
ous anti-coagulant or anti-platelet ther-
apy, immunosuppression, severe liver 
and kidney disease, heart function fail-
ure, mechanical ventilation, pulmonary 
arterial hypertension, lung transplant, 

further explored the predictive value of CRP for 
EBB-induced bleeding in patients with lung 
cancer. We hypothesized that a higher CRP 
level is associated with a higher incidence of 
EBB-induced bleeding events and that the pre-

bleeding tendencies, and active bleeding, were 
excluded from the study.

A total of 577 patients met the study inclusion 
criteria. The patients were classified into two 

Table 1. Baseline characteristics of the study participants

Characteristics
Biopsy-induced bleeding

Yes (n = 218) No (n = 359)
Age (y), median (range) 66 (36-85) 65 (39-85)
Gender, n (%)
    Male 130 (31.1) 288 (68.9)
    Female 37 (29.1) 90 (70.9)
Diabetes, n (%)
    Yes 11 (36.7) 19 (63.3)
    No 207 (37.8) 340 (62.2)
Hypertension, n (%)
    Yes 30 (49.2) 31 (50.8)
    No 188 (36.4) 328 (63.6)
COPD, n (%)
    Yes 41 (33.3) 82 (66.7)
    No 177 (39.0) 277 (61.0)
CHD, n (%)
    Yes 9 (45.0) 11 (55.0)
    No 209 (37.5) 348 (62.5)
Location of lesion, n (%)
    Central airway 42 (60.0) 28 (40.0)
    Peripheral bronchi 176 (34.7) 331 (65.3)
Histological types, n (%)
    Adenocarcinoma 35 (23.2) 116 (76.8)
    Squamous cell carcinoma 134 (45.4) 161 (54.6)
    SCLC 36 (37.1) 61 (62.9)
    Others 13 (38.2) 21 (61.8)
Stage, n (%)
    Early 90 (31.1) 199 (68.9)
    Advanced 128 (44.4) 160 (55.6)
WBC (× 109/L) 7.88 ± 0.24 7.23 ± 0.16
Neutrophils (× 109/L) 5.98 ± 0.24 5.09 ± 0.15
Neutrophils (%) 72.74 ± 0.76 69.07 ± 1.86
CRP (mg·L-1) 37.81 ± 3.19 15.56 ± 1.24
Hemoglobin (g/dL) 12.61 ± 0.17 12.78 ± 0.18
Platelets (× 109/L) 239.67 ± 6.92 231.03 ± 4.62
PT (S) 14.32 ± 0.86 14.81 ± 0.68
APTT (S) 35.32 ± 1.17 38.22 ± 1.40
ALT (IU·L-1) 21.42 ± 1.35 21.07 ± 0.77
AST (IU·L-1) 26.77 ± 1.20 26.08 ± 0.72
COPD, Chronic obstructive pulmonary disease; CHD, coronary heart 
disease; SCLC, small-cell lung carcinoma; WBC, white blood cell; 
CRP, C-reactive protein; PT, prothrombin time; APTT, activated partial 
thromboplastin time; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase.
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groups: those who had been treated with hemo-
stasis maneuvers during EBB were classified 
as the bleeding group (n = 218), and those who 
did not require hemostasis maneuvers or who 
did not experience hemorrhage were classified 
as the non-bleeding group (n = 359). We cate-
gorized the patients into early and advanced 
stages based on their TNM stage (stage I and II 
as an early stage, and stage III and IV as an 
advanced stage). In this study, central airways 
referred to the trachea, left main bronchi, right 
main bronchi, and right middle bronchus. 
Peripheral bronchi included the left and right 
lobar bronchi.

EBB procedures

The procedures were performed under general 
anesthesia. Propofol (1.0 mg/kg for induction, 
and 3.0-6.0 mg/kg/h for maintenance) and 
remifentanil (5.0-10.0 μg/kg/h) were used for 
sedation and analgesia in general anesthesia, 
respectively. Cisatracurium, if needed, was us- 
ed for the induction of neuromuscular block-
ade. The patients were intubated with a laryn-
geal mask airway (LMA) (Well Lead Medical  
Co., Ltd., Guangzhou, China), and ventilated 
using a closed circuit connected to the ventila-
tor. The bronchoscopic procedures were per-
formedvia LMA. The procedures were perfor- 
med by two experienced bronchoscopists using 
a fiberoptic bronchoscope (BF-1T60, Olympus 
Corp., Tokyo, Japan).

Forceps biopsies were used during the bron-
choscopy. Generally, 3-5 biopsies were per-
formed in each patient at the same lesion [3], 
but only one biopsy was performed when a 
patient bled significantly following the first biop-
sy. Diluted adrenalin and/or 4°C physiological 
saline, and argon plasma coagulation (APC) 
were used for hemostasis.

Statistical analyses

Descriptive statistics were used to summarize 
the patients’ baseline characteristics. Blood 
test values are presented as the mean ± stan-
dard error of mean, age is indicated as the 
median (range), and the categorical variables 
are expressed as the number and percentage. 
Data are also expressed as the odds ratio (OR) 
and 95% confidence interval (CI). Between-
group comparisons were executed using un- 
paired t-tests, Pearson chi-squared tests or  
the Fisher’s exact, as appropriate. The AUC  
was used as a measure of diagnostic efficacy. 
Multivariate regression was conducted for ana-
lyzing the independent relationship between 
CRP levels and biopsy bleeding risk. All analy-
ses were performed using R (The R Founda- 
tion; https://www.r-project.org) software. P < 
0.05 was considered statistically significant.

Results

Of 577 consecutively collected patients, 218 
(37.8%) hemorrhaged following EBB, and they 
received hemostasis maneuvers post-EBB. No 
case of severe hemorrhage was recorded. The 
Patients’ demographics, clinical characteris-
tics, and blood tests are presented in Table 1.

The CRP level was significantly higher in the 
bleeding group than in the non-bleeding group 
(Figure 1, P < 0.001). In addition, the location 
of the lesion, histological types, stage, sex, 
WBC, and neutrophil counts positively correlat-
ed with EBB-induced bleeding as assessed by 
univariate analysis (Table 2). On adjusting for 
these characteristics (Table 3, adjust I), or on 
the combined adjustment of risk factors judg- 
ed by clinical significance (age, diabetes, hyper-
stension, COPD, CHD, and platelets) (Table 3, 
adjust II), the ORs (95% CI) of Q2, Q3, and Q4 of 
CRP were statistically significant compared 
with that of Q1 (3.003 (1.660, 5.431), 2.952 
(1.618, 5.386), 5.978 (3.245, 11.014) in adjust 
I model, and 3.213 (1.760, 5.865), 3.069 

Figure 1. Comparison of C-reactive protein levels 
between the non-bleeding and the bleeding groups 
among patients with lung cancer who underwent 
EBB. The mean C-reactive protein level was signifi-
cantly higher in the bleeding group compared to the 
level in the non-bleeding group. ***P < 0.001. EBB 
= endobronchial biopsy.
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(1.657, 5.686), 6.434 (3.402, 12.168) in ad- 
just II model). There was a trend of an increased 
incidence of EBB-induced bleeding in patients 

with an elevated CRP level (Table 3, P for 
trend < 0.0001).

We analyzed the predictive role of the pre- 
operative serum CRP level for EBB-induced 
bleeding (Figure 2). With a cutoff value of 
1.15 mg/L, serum CRP had a sensitivity of 
94.04%, a specificity of 31.20%, a positive 
predictive value of 45.35%, and a negative 
predictive value of 89.60%. The AUC for CRP 
in the bleeding group was 0.692 (95% CI, 
0.657-0.739).

Discussion

The present study demonstrated that pre- 
operative elevated serum CRP level is an 
independent risk factor for bleeding during 
EBB in patients with lung cancer. Further- 
more, our results showed that serum CRP 
may serve as a useful indicator for predict-
ing the risk of EBB-induced bleeding.

Reportedly, malignant lesions are more like-
ly to bleed upon biopsies than benign muco-
sal lesions [14]. In some malignant cases, 
massive blood loss following EBB may occur 
[15]. A number of risk factors have been pro-
posed for bleeding during bronchoscopy, 
including immunosuppression, mechanical 
ventilation, thrombocytopenia (platelets < 
50 × 103/μl), anti-coagulant and anti-plate-
let use, pulmonary arterial hypertension, 
lung transplant, severe liver and kidney dis-
ease, bleeding tendencies and active bleed-
ing [4-7]. However, there is still confl icting 
evidence regarding some of these proposed 
risk factors for hemorrhage associated  
with bronchoscopy [16, 17]. In contrast, 
most patients who receive EBB do not have 
the aforementioned risk factors in clinical 
practice. To the best of our knowledge, cur-
rently, there is no effective predictor to eval-
uate and predict the risk of biopsy bleeding 
in clinical practice.

CRP, generally acting as a nonspecific infl 
ammatory marker, has demonstrated its 
predictive value for bleeding recently in sev-
eral studies. Tomizawa et al. [10] reported 
that an elevated CRP level may be indicative 
of a higher risk of upper gastrointestinal 

Table 2. Univariate analysis of possible influencing 
factors of the risk of biopsy-induced bleeding

Variables
Biopsy-induced Bleeding
OR (95% CI) P value

Age (y) 1.02 (1.00, 1.04) 0.1326
Sex
    Female Reference
    Male 1.64 (1.07, 2.51) 0.0236
Diabetes
    No Reference
    Yes 0.95 (0.44, 2.04) 0.8971
Hypertension
    No Reference
    Yes 1.69 (0.99, 2.88) 0.0541
COPD
    No Reference
    Yes 0.78 (0.51, 1.19) 0.2520
CHD
    No Reference
    Yes 1.36 (0.56, 3.34) 0.4995
Location of lesion
    Peripheral bronchi Reference
    Central airway 2.82 (1.69, 4.71) 0.0001
Histological types
    Adenocarcinoma Reference
    Squamous cell carcinoma 2.76 (1.77, 4.29) < 0.0001
    SCLC 1.96 (1.12, 3.42) 0.0187
    Others 2.05 (0.93, 4.51) 0.0739
Stage
    Early Reference
    Advanced 1.77 (1.26, 2.49) 0.0010
WBC (× 109/L) 1.06 (1.01, 1.12) 0.0234
Neutrophils (× 109/L) 1.10 (1.04, 1.16) 0.0015
Neutrophils (%) 1.01 (1.00, 1.02) 0.2606
CRP (mg·L-1) 1.02 (1.01, 1.02) < 0.0001
Hemoglobin (g/dL) 1.00 (0.99, 1.00) 0.5391
Platelets (× 109/L) 1.00 (1.00, 1.00) 0.2819
PT (S) 1.00 (0.98, 1.01) 0.6610
APTT (S) 0.99 (0.98, 1.00) 0.1832
ALT (IU·L-1) 1.00 (0.99, 1.01) 0.8047
AST (IU·L-1) 1.00 (0.99, 1.01) 0.5997
COPD, Chronic obstructive pulmonary disease; CHD, coronary 
heart disease; SCLC, small-cell lung carcinoma; WBC, white blood 
cell; CRP, C-reactive protein; PT, prothrombin time; APTT, activated 
partial thromboplastin time; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase.

bleeding. With a period of 3-6 months before 
endoscopy, a more than twofold increase in the 
serum CRP level indicated bleeding from the 
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upper gastrointestinal tract [10]. Furthermore, 
in a retrospective study including 453 patients, 
Lee et al. [11] noted that CRP could serve as a 
useful prognostic indicator for re-bleeding in 
nonvariceal upper gastrointestinal bleeding. 
Elhechmi et al. [12], in a retrospective analysis, 
demonstrated that H24-CRP may be a more 
reliable marker than initial CRP in the predic-
tion of mortality by intracerebral hemorrhage. 
Another study showed that CRP > 10 mg/L was 
independently predictive of early hematoma 
growth in patients with primary or vitamin K 

antagonist-associated spontaneous intracere-
bral hemorrhage [13].

In our study, we found that a preoperative ele-
vated serum CRP level was associated with an 
increased incidence of EBB-induced bleeding. 
After adjustment for the main confounding risk 
factors (sex, location of the lesion, histological 
types, stage, WBC, and neutrophil counts) and 
factors considered to be clinically relevant (age, 
diabetes, hypertension, COPD, CHD, and plate-
lets), the strength of this association did not 
change. The predictive role of serum CRP for 
EBB-induced bleeding was further analyzed. 
Although the AUC (0.692; 95% CI, 0.657-0.739) 
was not high, with a cutoff value of 1.15  
mg/L, CRP showed a relatively high sensiti- 
vity (94.04%) and negative predictive value 
(89.60%), which may help physicians guide 
patient selection for bronchoscopy and bleed-
ing management during EBB. Moreover, the 
serum CRP test is widely available and inex- 
pensive in clinical practice, suggesting that it is 
feasible and a useful indicator for predicting 
bronchoscopic, biopsy-induced hemorrhage.

The strengths of the present study included  
the inclusion of consecutive patients, having 
experienced bronchoscopists, using only one 
biopsy method (endobronchial forceps biopsy), 
and a relatively fixed number of biopsies, as 
well as a relatively fixed CRP detection time 
before bronchoscopy. However, some limita-
tions of the current study should be acknowl-
edged. First, it was difficult to accurately mea-
sure blood loss during bronchoscopy [18]. A 
quantitative measurement of blood loss follow-

Table 3. Multivariate regression analysis of quartiles of CRP with the risk of biopsy-induced bleeding

Parameter
Biopsy-induced bleeding OR (95% CI) p-value

Non-adjust Adjust Ia Adjust IIb

CRP (mg·L-1)
    Q1 (n = 142)

Reference Reference Reference
    (≤ 1.46)
    Q2 (n = 146)

3.585 (2.026, 6.345) < 0.0001 3.003 (1.660, 5.431) 0.0003 3.213 (1.760, 5.865) 0.0001 
    (1.47-6.70)
    Q3 (n = 144)

3.775 (2.132, 6.683) < 0.0001 2.952 (1.618, 5.386) 0.0004 3.069 (1.657, 5.686) 0.0004 
    (6.71-31.90)
    Q4 (n = 145)

7.934 (4.493, 14.012) < 0.0001 5.978 (3.245, 11.014) < 0.0001 6.434 (3.402, 12.168) < 0.0001 
    (≥ 32.00)
P for trend < 0.0001 < 0.0001 < 0.0001 
CRP, C-reactive protein; COPD, Chronic obstructive pulmonary disease; CHD, coronary heart disease; WBC, white blood cell. aAdjust I adjust for: 
sex, location of lesion, histological types, stage, WBC, and neutrophils. bAdjust II adjust for: sex, age, location of lesion, histological types, stage, 
Diabetes, Hypertension, COPD, CHD, WBC, neutrophil counts, and platelets.

Figure 2. Receiver-operating characteristic curve 
analysis of the C-reactive protein levels to predict 
EBB-induced bleeding in patients with lung cancer. 
The AUC indicates the diagnostic power of the C-
reactive protein level (Bootstrap resampling times = 
500). EBB = endobronchial biopsy; AUC = area under 
the curve; CI = confidence interval.
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ing EBB could not be provided in our study. We 
divided participants into a bleeding group and  
a non-bleeding group based just on whether 
they received hemostasis post-EBB, which may 
lead to inaccurate grouping in some patients 
with minimal bleeding. Second, as serum CRP 
level is a nonspecific infl ammatory marker, its 
concentration may change over time. In addi-
tion, CRP is susceptible to the clinical context  
of the patient. Although we adjusted for the 
main confounding factors, this study was inevi-
tably subject to the potential limitations of the 
use of observational data. Further validation in 
prospective studies is warranted.

Conclusions

The current study showed that preoperative 
elevated serum CRP level was an independent 
risk factor for EBB-induced bleeding in the lung 
cancer population, suggesting that preopera-
tively reducing CRP levels may improve intraop-
erative biopsy bleeding and thus help guide  
the timing of biopsies. Moreover, preoperative 
serum CRP has the potential to be a useful 
prognostic indicator for EBB-induced bleeding, 
which may be a valuable reference for the 
selection of biopsy patients and the manage-
ment of EBB-induced bleeding.
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