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SUMMARY

Introduction/Objective Subclinical inflammation is increasingly recognized as a driver of postoperative
pain, yet its role in breast tumor surgery is not fully defined.

The objective was to determine whether preoperative C-reactive protein (CRP) or erythrocyte sedimen-
tation rate (ESR) predicts acute postoperative pain (APSP); to examine how surgical extent influences
the perioperative inflammatory response; and to explore the relation between intraoperative fentanyl
and pain intensity.

Methods In a prospective single-center cohort, 101 adults scheduled for breast surgery were stratified
into four groups: mastectomy (M, n = 25), tumorectomy (T, n = 28), tumorectomy plus axillary dissection
(T+ A, n=20), and benign excision (C, n = 28). Venous blood was drawn on admission (T0) and at 24 h
(T24) for CRP and ESR. Pain was assessed with an 11-point Numerical Rating Scale 30 min after recovery
and at 24 h; the highest 24-h score (max-APSP) was the primary pain outcome.

Results Preoperative CRP correlated with max-APSP (p = 0.043), whereas ESR did not (p = 0.11). Baseline
CRP and ESR, and their 24-hour increments, rose stepwise with surgical magnitude, peaking after mas-
tectomy (baseline CRP 7.1 + 1.9 mg/L; T24 27.5 + 3.6 mg/L; both p < 0.01 vs. other groups). Intraoperative
fentanyl correlated with CRP at 24 hours (r = 0.33, p = 0.001) and with max-APSP (r = 0.28, p = 0.005).
Despite these biological gradients, mean max-APSP remained mild to moderate across groups.
Conclusion Presurgical systemic inflammation, reflected by CRP, independently predicts early pain after
breast tumor surgery. Surgical magnitude amplifies inflammatory markers, and greater fentanyl exposure
parallels both inflammation and pain. Routine perioperative CRP may help identify high-risk patients for
targeted anti-inflammatory and opioid-sparing analgesic strategies to reduce acute pain and potentially
mitigate chronic pain development.
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tion rate

INTRODUCTION

Breast cancer surgery is among the most fre-
quently performed oncological procedures
worldwide. Each year, more than two million
women are diagnosed with breast cancer, with
surgery remaining a core treatment modal-
ity [1, 2]. Despite advances in anesthetic and
analgesic techniques, acute postoperative pain
(APSP) remains common; observational data
suggest that up to 60% of patients report severe
pain within the first 24 hours, and inadequate
early control is associated with a higher risk
of persistent postsurgical pain (PPSP) [3, 4].
Unrelieved APSP impairs shoulder mobility,
delays hospital discharge, and independently
predicts poorer health-related quality of life,
reinforcing the need for early risk stratification
and procedure-specific, opioid-sparing multi-
modal pathways [4].

A growing body of translational research
links perioperative systemic inflammation to
nociceptive sensitization. Recent neurobiologi-
cal evidence indicates that perioperative tissue

injury can activate immune-neuronal and glial
pathways, promoting proinflammatory media-
tor release, peripheral sensitization and central
sensitization [5]. In parallel, experimental and
clinical studies have associated circulating in-
flammatory markers, particularly C-reactive
protein (CRP) and the erythrocyte sedimenta-
tion rate (ESR), with heightened pain sensitiv-
ity, although the strength and timescale of these
associations vary across settings [6, 7]. CRP, an
acute-phase reactant predominantly regulated
by interleukin-6, is a pragmatic index of short-
term inflammatory flux, whereas ESR, though
widely available, is less specific and may reflect
chronic processes [8]. In mastectomy cohorts,
higher CRP on postoperative day 1, alongside
acute pain severity, has been associated with
later PPSP/chronic postsurgical pain, support-
ing the premise that early inflammatory load
shapes pain trajectories [9, 10].

Breast surgery provides a clinically relevant
model to explore these relationships. Thus, the
procedures share local tissue characteristics
yet differ markedly in surgical scope - from
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breast-conserving tumorectomy to mastectomy with axil-
lary clearance, creating a natural gradient of tissue trauma
and systemic inflammatory response [11]. Contemporary
evidence supports regional analgesia as an important com-
ponent of opioid-sparing postoperative pain management
after breast cancer surgery [12]. Existing literature has
extensively examined CRP in breast cancer, including its
prognostic value across patient subgroups [13]. Moreover,
prior reports seldom adjust for intraoperative opioid dose,
although experimental and translational evidence suggests
that opioid exposure may paradoxically amplify postopera-
tive nociception through neuroinflammatory mechanisms
consistent with opioid-induced hyperalgesia [14].

To address these gaps, we conducted a prospective,
single-center observational study of patients undergoing
breast tumor surgery. We tested three prespecified hypoth-
eses: (i) higher preoperative CRP and ESR are associated
with greater APSP intensity at 24 h; (ii) postoperative in-
flammatory marker levels rise in proportion to surgical
extent; and (iii) intraoperative fentanyl dose correlates
positively with APSP intensity at 24 h. By clarifying how
routine inflammatory biomarkers relate to early pain out-
comes across different surgical magnitudes, our findings
aim to inform risk-stratified analgesic planning and to
stimulate future interventional trials that target periop-
erative inflammation in breast cancer patients.

METHODS
Study design and participants

A prospective, single-center observational study was
conducted at the Department of Oncological Surgery,
Bezanijska Kosa University Hospital Medical Center,
Belgrade, Serbia, between August 1 and November 30,
2022. The study was approved by the Institutional Ethics
Committee of the Bezanijska Kosa Clinical Hospital Center
(protocol No. 4831/1, 22.07.2022). All participants provid-
ed written informed consent. The investigation complied
with the Declaration of Helsinki and followed General
Data Protection Regulation-compliant data-protection
procedures.

Consecutive adult patients (> 18 years) scheduled for
elective breast tumor surgery were screened. Inclusion
criteria were: histologically confirmed breast tumor (be-
nign or malignant), physical status I-III, planned postop-
erative ward admission, and written informed consent.
Exclusion criteria comprised incomplete medical records,
pre-existing breast pain on the day of surgery, withdrawal
of consent at any time, locally advanced or metastatic
disease (stage IV), allergy to anesthetic agents, or intra-/
early postoperative complications requiring protocol de-
viation. After screening 142 patients, 101 met all criteria
and were enrolled. According to surgical extent and final
histology, they were stratified into four predefined groups:
1) Mastectomy (M) — malignant, entire breast removed
(n = 25); 2) Tumorectomy (T) — malignant, tumor exci-
sion only (n = 28); 3) Tumorectomy + axillary dissection
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(T + A) - malignant, tumor excision with axillary clear-
ance (n = 20); 4) Benign excision (C) - benign lesion re-
moved (n = 28).

Methods

General anesthesia was standardized in all study groups.
Anesthesia was induced with propofol (1.5 mg/kg intra-
venously) and rocuronium bromide (0.9-1.2 mg/kg intra-
venously) to facilitate endotracheal intubation. Anesthesia
was maintained with sevoflurane in an oxygen/air mixture,
with the end-tidal concentration adjusted according to
routine clinical practice to maintain an adequate depth of
anaesthesia. Intraoperative analgesia consisted of fentanyl
administered intravenously and titrated according to the
patient’s clinical response and the extent of the surgical
procedure. Additional fentanyl was titrated at the anes-
thetist’s discretion and the total intraoperative dose was
recorded (50 pg/mL solution).

Venous blood was drawn on admission (T,) and at 24
h post-surgery (T,4). ESR (mm/h) and CRP (mg/L) were
analyzed in the hospital laboratory using standardized
turbidimetric assays.

Acute postoperative pain in the surgical breast was
measured with an 11-point Numerical Rating Scale (NRS;
0 = no pain, 10 = worst imaginable) - a tool validated for
postoperative settings. Scores were obtained at Ty, 30 min
after arrival in the recovery room (To.5), and at T»4. For
analysis, the highest score within the first 24 h was desig-
nated the maximal acute postoperative pain (max-APSP).
Between the scheduled pain assessments (30 minutes and
24 hours after surgery), postoperative analgesia consisted
of non-steroidal anti-inflammatory drugs, administered
according to the institutional postoperative pain protocol
and routine clinical assessment by the nursing staff. The
same postoperative analgesic strategy was applied to all
study groups.

Primary outcome: association between preoperative
CRP/ESR and max-APSP. Secondary outcomes: (i) rela-
tionship between surgical extent and postoperative CRP/
ESR; (ii) correlation between intraoperative fentanyl dose
and maximal acute postoperative pain.

Statistical analysis

Continuous variables are reported as means + standard
errors of the mean (SEM) with ranges, and categorical
variables as counts (percentages). Normality was assessed
with the Shapiro-Wilk test and inspection of quantile-
quantile plots; homogeneity of variances with Levene’s
test. Between-group comparisons used one-way analysis of
variance (ANOVA) when assumptions were met; post hoc
tests were selected a priori according to variance diagnos-
tics: least significant difference (LSD) or Bonferroni when
variances were homogeneous, and Games-Howell when
they were not. Associations between continuous measures
were examined using Pearson’s correlation coefficient (r)
after checking linearity and distributional assumptions.
To assess whether preoperative CRP was independently
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associated with maximum 24-hour APSP, a multivariable
linear regression analysis within the general linear model
framework was performed. Surgical group was entered as
a fixed categorical factor, whereas preoperative CRP, pre-
operative ESR, intraoperative fentanyl dose, age and body
mass index (BMI) were entered as covariates. All tests were
two-sided with a = 0.05. Analyses were performed using
IBM SPSS Statistics, Version 25.0 (IBM Corp., Armonk,
NY, USA).

RESULTS
Participants’ baseline characteristics

The patients who met all eligibility criteria were enrolled
(N =101). Almost the entire cohort was female (100/101,
99%). Mean age was 56.4 + 1.7 years (range 19-88) and
differed across surgical-extent strata: benign excision (C)
patients were significantly younger than all malignancy
groups (ANOVA F = 25.622, p < 0.001). The four pre-
defined groups comprised 25 mastectomies (M) — mean
age 61.96 * 2.56 years (32-81); 28 tumorectomies (T)
65.93 * 2.48 years (41-88); 20 tumorectomies with axillary
dissection (T + A) 61.76 + 2.43 years (38-76); and 28 be-
nign excisions (C) 38.07 + 2.79 years (19-71) (Figure 1A).

The mean tumor size across all patients was
23.45 + 1.35 mm (range 8-98). By group, mean siz-
es were as follows: C, 21.42 + 1.69 mm (10-47); M,
28.58 + 3.82 mm (10-98); T, 21.11 + 1.58 mm (8-40); and
T+ A, 23.2 £3.56 mm (10-80). There was no statistically
significant difference in tumor size between the groups
(ANOVA: F = 1.684; p > 0.05) (Figure 1B).

The mean BMI for the cohort was 25.84 + 0.46 kg/
m? (range 15.92-38.54). By group, mean BMI values
were as follows: C, 23.31 + 0.88 kg/m? (15.92-34.89); M,
26.52 + 0.87 kg/m? (20.2-36.25); T, 27.56 + 0.91 kg/m?>
(18.29-38.54); and T + A, 26.11 + 0.82 kg/m* (17.72-
32.83). Patients with malignant breast tumors who un-
derwent tumor excision (T) had a significantly higher BMI
than those who underwent excision of a benign lesion (C)
(ANOVA: F = 4.634; p < 0.05) (Figure 1C).

Primary outcome - association between
preoperative inflammation and 24-hour pain

In analyses of patients undergoing surgical excision of a
breast tumor, a statistically significant correlation was ob-
served between admission CRP and the maximum inten-
sity of acute postoperative pain at 24 hours (Pearson’s r =
0.246; 95% confidence interval (CI) 0.053-0.421; p < 0.05;
Table 1). Admission CRP also correlated significantly
with CRP at 24 hours (r = 0.574; 95% CI 0.426-0.692;
p < 0.001), with the ESR at admission (r = 0.553; 95% CI
0.401-0.675; p < 0.001) and at 24 hours (r = 0.539; 95% CI
0.384-0.664; p < 0.001), as well as with the intraoperative
fentanyl dose (r = 0.232; 95% CI 0.038-0.409; p < 0.05).
In addition to its positive correlation with admis-
sion CRP, the intraoperative fentanyl dose correlated
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Figure 1. Baseline characteristics by surgical group; (A) age (years);
one-way ANOVA with Bonferroni post hoc testing, p < 0.010; (B) tumor
size (mm); one-way ANOVA, F = 1.684, p > 0.050; (C) body mass index
(kg/m?); one-way ANOVA with Bonferroni post hoc testing, p < 0.050;
data are mean + SEM;

C - benign lesion excision; T — malignant tumorectomy; T + A - malig-
nant tumorectomy with axillary dissection; M - mastectomy;
significance: p < 0.050

significantly with CRP at 24 hours (r = 0.325; 95% CI
0.138-0.489; p = 0.001), with ESR at admission (r = 0.256;
95% CI 0.064-0.430; p = 0.01), and with the maximum
intensity of acute postoperative pain at 24 hours (r = 0.279;
95% CI 0.088-0.450; p < 0.01) (Table 1).

To address potential confounding, a multivariable lin-
ear regression analysis within the general linear model
framework was performed with maximum 24-hour APSP
as the dependent variable. Surgical group was entered as a
tixed categorical factor, while preoperative CRP, preopera-
tive ESR, intraoperative fentanyl dose, age and BMI were
entered as covariates. The overall model was statistically
significant (F = 2.860, p = 0.007; R* = 0.199; adjusted
R? = 0.130). Preoperative CRP remained independently
associated with maximum 24-hour APSP after adjust-
ment for surgical group, preoperative ESR, intraoperative
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Table 1. Correlations of CRP at admission and intraoperative fentanyl dose with inflammatory markers and pain outcomes

Variable

Admission CRP r (95% Cl)

Admission Intraoperative fentanyl r
CRP (p) (95% Cl)

Intraoperative
fentanyl (p)

Admission CRP -

- 0.232* (0.038-0.409) 0.019

CRP at 24 h (mg/L)

0.574** (0.426-0.692)

<0.001 0.325**(0.138-0.489) 0.001

ESR at admission (mm/h)

0.553**(0.401-0.675)

<0.001 0.256** (0.064-0.430) 0.010

ESR at 24 h (mm/h)

0.539%* (0.384-0.664)

<0.001 0.160 (0.037-0.345) 0.109

APSP at 30 min (NRS 0-10)

0.062 (0.013-0.154)

0.536 0.150 (0.047-0.336) 0.133

APSP at 24 h (NRS 0-10)

0.246* (0.053-0.421)

0.043 0.279** (0.088-0.450) 0.005

Intraoperative fentanyl dose (mL; 50 pg/mL)

0.232*(0.038-0.409)

0.019 - -

Pearson’s correlation (two-tailed);
*p < 0.050;
**p <0.010;

CRP - C-reactive protein; ESR - erythrocyte sedimentation rate; APSP — acute postoperative pain; NRS — numerical rating scale

fentanyl dose, age and BMI (p = 0.014). Intraoperative fen-
tanyl dose was also independently associated with maxi-
mum 24-hour APSP (p = 0.007), whereas preoperative
ESR, age, BMI and surgical group were not independently
associated with this outcome.

Inflammatory marker levels in relation to surgical
extent in breast tumor surgery

The mean CRP on admission for the whole cohort was 3.75
* 0.55 mg/L (range 0.6-36.2). By group, mean admission
CRP values were as follows: C, 1.96 + 0.37 mg/L (0.6-8.5);
M, 7.08 £ 1.86 mg/L (0.6-36.2); T, 3.46 £ 0.73 mg/L (0.6-
14.5);and T + A, 2.5 £ 0.39 mg/L (0.6-7.3). Between-group
comparisons showed that patients undergoing mastectomy
(M) had significantly higher circulating CRP on admission
than those who underwent tumor excision (T) (ANOVA,
post hoc LSD, p < 0.05), tumor excision with axillary dis-
section (T + A) (ANOVA, post hoc LSD, p < 0.01), and
excision of a benign lesion (C) (ANOVA, post hoc LSD,
p <0.01) (Figure 2A).

The mean CRP at 24 hours postoperatively for the
whole cohort was 14.17 + 1.41 mg/L (range 0.6-82.4). By
group, mean postoperative CRP values were as follows:
C, 5.22 £ 1.14 mg/L (0.6-23.4); M, 27.54 + 3.61 mg/L
(3.9-82.4); T, 11.96 + 1.8 mg/L (0.9-34.9); and T + A,
13.11 £ 2.19 mg/L (0.9-43.6). Comparisons across
groups, stratified by surgical extent, showed that patients
who underwent mastectomy (M) had significantly higher
circulating CRP at 24 hours than those who underwent
tumor excision (T) (ANOVA, post hoc Games—Howell,
p < 0.05), tumor excision with axillary dissection (T + A)
(ANOVA, post hoc Games-Howell, p < 0.05), and excision
of a benign lesion (C) (ANOVA, post hoc Games—-Howell,
p <0.001) (Figure 2B).

The mean ESR on admission was 23.62 + 1.75 mm/h
(range 2-75). By group, mean admission ESR val-
ues were as follows: C, 14.32 + 2.32 mm/h (2-49); M,
33.48 + 3.86 mm/h (9-75); T, 24.71 + 3.06 mm/h (2-60);
and T + A, 22.8 + 3.98 mm/h (2-73). Between-group com-
parisons showed significantly higher ESR on admission in
patients who underwent mastectomy (M) compared with
those who had excision of a benign lesion (C) (ANOVA:
F = 6.050; post hoc Bonferroni, p < 0.001) (Figure 3A).
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Figure 2. C-reactive protein (CRP) by surgical group; (A) admission
CRP (mg/L); one-way ANOVA with LSD post hoc: p < 0.05 (M vs. T);
p <0.01 (Mvs.C; Mvs. T+ A); (B) CRP at 24 h (mg/L); one-way ANOVA
with Games—Howell post hoc: p < 0.05 (M vs.T; Mvs. T+ A); p < 0.001
(M vs. C); data are mean + SEM;

C - benign lesion excision; T - malignant tumorectomy; T + A - malig-
nant tumorectomy with axillary dissection; M — mastectomy;
significance: p < 0.050 (*), p < 0.010 (**), p < 0.001 (***)

At 24 hours after surgery, the cohort’s mean ESR was
20.09 + 1.55 mm/h (range 2-64). Across groups, postop-
erative means were as follows: C, 11.46 + 1.61 mm/h (2-
31); M, 26.28 + 3.48 mm/h (2-64); T, 24.71 £+ 3.06 mm/h
(2-60); and T + A, 18 + 3.22 mm/h (2-55). Comparative

www.srpskiarhiv.rs ‘

529



530

Vidovi¢ B. et al.

A: Preoperative ESR (mm/h)
40
35
30
25 I
20

15 L

10

p<0.001 Mvs.C)

B: Postoperative ESR (mm/h)
35

30

2s I

20

15

10

C M i i T+A

p <0.010 (Cvs. M; Cvs. T)

Figure 3. Erythrocyte sedimentation rate (ESR) by surgical group; (A)
admission ESR (mm/h); one-way ANOVA with Bonferroni post hoc:
p <0.001 (M vs. C); (B) ESR at 24 h (mm/h); one-way ANOVA with
Games-Howell post hoc: p < 0.010 (C vs. M; C vs. T); data are mean
+ SEM;

C - benign lesion excision; T - malignant tumorectomy; T + A - malig-
nant tumorectomy with axillary dissection; M — mastectomy;
significance: p < 0.010 (**), p < 0.001 (**¥)

analysis by surgical extent indicated significantly lower
postoperative ESR in the benign excision group (C)
than in the mastectomy group (M) (ANOVA, post hoc
Games-Howell, p < 0.01) and the tumor excision group
(T) (ANOVA: F = 5.863; post hoc Games-Howell, p < 0.01)
(Figure 3B).

Intraoperative fentanyl dose and acute
postoperative pain

There was a statistically significant positive correlation
between intraoperative fentanyl dose and the maximum
intensity of acute postoperative pain at 24 h (Pearson’s
r=10.279; 95% CI 0.088-0.450; p < 0.01; Table 1). For
the cohort overall, the mean intraoperative fentanyl vol-
ume was 5.47 £ 0.19 mL (range 0.5-10). By group, the
means were as follows: C, 4.17 + 0.24 mL (2-8); M, 7.28
+ 0.3 mL (5-10); T, 4.52 £ 0.32 mL (0.5-7); and T + A,
6.35 +0.27 mL (4-8). Patients in the benign excision group
(C) received significantly less fentanyl than those who
underwent mastectomy (M) (ANOVA, post hoc Games-
Howell, p < 0.001) and those who had tumor excision with
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Figure 4. Intraoperative fentanyl by surgical group; mean intraop-
erative fentanyl volume (mL; 50 pg-mL™ solution); one-way ANOVA
with Games-Howell post hoc: p < 0.001 (C vs. M; Cvs. T + A); data are
mean + SEM;

C - benign lesion excision; T - malignant tumorectomy; T + A - malig-
nant tumorectomy with axillary dissection; M — mastectomy;
significance: p < 0.001 (**¥)

axillary dissection (T + A) (ANOVA: F = 26.544; post hoc
Games—-Howell, p < 0.001) (Figure 4).

The mean maximum postoperative pain intensity within
30 minutes (To.s) of surgery for the cohort was 2.56 + 0.21
(range 0-8). By group, the means were as follows: C,
2.11 £ 0.37 (0-8); M, 1.92 + 0.32 (0-5); T, 3.35 + 0.48;
and T + A, 2.9 + 0.46 (0-8). Between-group comparison
showed a significant difference at 30 minutes, with pa-
tients who underwent excision of a malignant tumor (T)
reporting higher maximum pain intensity than those with
excision of a benign lesion (C) (ANOVA: F = 2.786; post
hoc LSD, p < 0.05) (Figure 5A).

The mean maximum postoperative pain intensity with-
in 24 hours (T,4) for the cohort was 2.17 + 0.21 (range
0-8). By group, the means were: C, 1.5 + 0.31 (0-5);
M, 2.16 £ 0.39 (0-6); T, 2.35 + 0.37 (0-5); and T + A,
2.85 £ 0.59 (0-8). There were no statistically significant
differences between groups in maximum pain intensity
within 24 hours of surgery (ANOVA: F = 1.810; p = 0.150)
(Figure 5B).

DISCUSSION

We set out to examine whether routine inflammatory
markers and intraoperative opioid exposure relate to early
pain after breast tumor surgery across different procedures.
In this single-centre prospective cohort, we observed three
robust signals. First, higher preoperative CRP predicted
more intense pain 24 h after breast tumor surgery, whereas
ESR did not. Second, CRP and ESR rose in proportion to
surgical magnitude. Thus, patients undergoing mastectomy
exhibited the highest baseline and postoperative CRP and
ESR values, followed by those receiving axillary dissec-
tion, tumorectomy, and benign excision. Third, the total
intraoperative fentanyl dose correlated positively with both
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Figure 5. Maximum postoperative pain by surgical group; (A) maxi-
mum pain intensity at 30 minutes [numerical rating scale (NRS), 0-10];
one-way ANOVA with LSD post hoc: p < 0.050 (C vs. T); (B) maximum
pain intensity within 24 h (NRS, 0-10); no between-group differences
(one-way ANOVA, p = 0.150); data are mean + SEM;

C - benign lesion excision; T - malignant tumorectomy; T + A — malig-
nant tumorectomy with axillary dissection; M — mastectomy;
significance: p < 0.050

inflammatory load and 24-hour pain intensity, suggesting a
neuroimmune opioid—pain feedback loop. Although mean
numerical rating scale scores at 24 hours were generally
mild, up to 40% of individuals still reported clinically rel-
evant pain (NRS > 4), confirming that breast surgery, even
in the era of enhanced recovery, remains a procedure with
substantial nociceptive burden.

Our findings align with growing evidence that low-
grade systemic inflammation primes postoperative pain.
Associations between perioperative CRP dynamics and
acute postoperative pain have been demonstrated in
other surgical populations, including total knee arthro-
plasty [15]. Evidence specific to breast surgery remains
limited, with signals reported in mastectomy cohorts and
studies linking systemic inflammation to early postopera-
tive recovery [9, 10]. CRP generally outperforms ESR as
a short-term index of inflammatory flux, consistent with
its biology, while ESR is slower and more influenced by
chronic processes (e.g., anemia, age) [8]. Our mastectomy
subgroup showed a four-fold higher mean CRP at 24 hours
than the benign excision subgroup, reinforcing the con-
cept that tissue load predicts systemic inflammation. The
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gradient we observed in inflammatory response across
surgical extent mirrors prior evidence that postoperative
CRP kinetics vary according to the type and magnitude
of surgical trauma [16]. Despite such biological gradients,
early pain scores did not differ between groups at 24 hours.
Two non-mutually exclusive explanations are plausible.
First, effective multimodal analgesia may have equalised
pain perception; second, the NRS, while valid and practi-
cal, captures only intensity, not qualitative dimensions such
as movement-evoked pain [17]. Future studies incorporat-
ing quantitative sensory testing and breast surgery-specific
patient-reported outcome measures may reveal more nu-
anced group differences [18].

Mechanistic insights

The breast cancer microenvironment is characterized by
tumor-associated macrophages, fibroblasts and cytokines
that elevate circulating CRP and other acute-phase reac-
tants [19]. High preoperative CRP in mastectomy patients
therefore likely reflects both tumor-driven inflammation
and subclinical systemic inflammation secondary to co-
morbidities (obesity, metabolic syndrome) [20]. Tissue
trauma may amplify this inflammatory state through the
release of damage-associated molecular patterns and ac-
tivation of inflammatory signalling pathways, including
nuclear factor kB, within the tumor and perioperative im-
mune microenvironment [21].

Activated nociceptors express pattern-recognition
receptors; IL-1p and tumor necrosis factor trigger ion-
channel phosphorylation that lowers firing thresholds,
while Fcy-receptor signaling engaged by CRP-immune
complexes at the neuroimmune interface can enhance ex-
citability. Hence, patients entering theatre with high CRP
may begin their postoperative course with a “primed” no-
ciceptive system, explaining the correlation we observed.

Preclinical and translational data suggest that opioid
exposure can interact with microglial and neuroinflam-
matory pathways, increasing proinflammatory signalling
and potentially contributing to paradoxical postoperative
pain amplification [22]. These mechanisms are concordant
with experimental and translational evidence implicat-
ing neuroinflammatory and inflammasome pathways in
opioid-induced hyperalgesia and tolerance [14]. In our
cohort, higher fentanyl requirements paralleled CRP and
ESR elevations and predicted greater 24-h pain, support-
ing this paradigm and suggesting that opioid sparing may
attenuate neuroimmune sensitization.

Clinical implications

Routine perioperative CRP measurement could be an in-
expensive tool for risk stratification. Patients whose CRP
exceeds a yet-to-be-defined threshold might benefit from
intensified, opioid-sparing multimodal analgesia, includ-
ing regional techniques and non-opioid analgesic adjuncts
where appropriate [23].

Persistent inflammation is strongly linked to chronic
pain; after breast cancer treatment, clinically relevant
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shoulder or chest-wall pain remains common months after
surgery [24]. Identifying a high-inflammation phenotype
preoperatively may offer an opportunity to intervene be-
fore the transition to chronic pain occurs. Longer-term
follow-up of this cohort will determine whether baseline
CRP adds prognostic value to existing chronic pain pre-
diction models.

Our data also prompt re-evaluation of routine opioid
dosing in breast surgery. Adoption of regional anesthesia
(paravertebral or pectoral nerve blocks) and adjuvants that
reduce systemic opioid exposure may diminish both in-
flammation and hyperalgesic potential, ultimately improv-
ing short- and long-term outcomes [12, 14, 23].

Limitations

Strengths of this study include a prospective design, si-
multaneous measurement of two biomarkers and inclu-
sion of a benign-tumor control group, enabling separa-
tion of tumor-driven from surgery-driven inflammation.
Limitations comprise single-center scope, modest sample
size per stratum and reliance on a unidimensional pain
scale. The exclusion of regional blocks, while method-
ologically necessary to isolate the inflammation-pain
axis, limits generalizability to settings where such anal-
gesia is standard. Finally, we did not measure pro- and
anti-inflammatory cytokines or genetic polymorphisms
that might refine mechanistic understanding.
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MpeonepatusHu C-peakTMBHU NpoTenH npegsuha 60n NpBor noctonepaTUBHOr AaHa

HaKOH onepauuje Tymopa Aojke

bojaHa Buposuh', AHa Cekynuh'? Carba Burtbesuh lMetpuHosuh?®, Hatawa Yonakosuh'? CumoHa lMetpuyesnh'?,

MunaH lojruh’, Bap6apa Jloboga', Lapko 3apaBKkoBuh'2

"YHUBEP3UTETCKM KIMHUYKO-60NHNYKI LieHTap ,bexaHujcka koca', Beorpag, Cpbuja;

*Ynusep3utet y beorpagy, MeguunHcku dakyntert, beorpag, Cpbuja;

3YHuBep3uTeT y Beorpagy, VIHCTUTYT off HaLmoHanHor 3Havaja 3a Peny6nuky Cpbujy, VIHCTUTYT 3a MEAULMHCKa UCTPaXuBatba, beorpag,

Cpbuja

CAMETAK

YBoa/Uumb Cy6KnuHnuKa nHdNamauuja je BaxkaH GpakTop y Ha-
CTaHKY NocTornepaTMBHOr 60na, anu keHa ynora y Xupypruju
TyMOpa A0jKe Huje MOTMYHO pasjalltbeHa.

Linrb papa 6110 je fa ce cnuTajy BpeLHOCTY NpeonepaTnBHOr
C-peaktuBHor npotenHa (CRP) nnm cegumeHTaLuje eputpoLim-
Ta (SE) y npeAnKumjn akyTHOr noctonepatmsHor 6ona (APSP),
yTULaj 061Ma XMPYPLLKE MHTEPBEHLIMjE Ha NepUONEepPaTVBHM
MHbIaMaTOPHY OAroBOP, Kao 1 NMOBE3aHOCT MHTPaonepaTMBHe
npumeHe deHTaHUNa ca MHTEH3UTETOM Gona.

Mertope MpocneKTrBHa, jeAHOLEHTPMYHA KOXOPTHa CTyAuja
obyxsatuna je 101 ogpacnor 6onecHviKa Ko Kojer je nnaHmpa-
Ha onepauuja fojke. bonecHWUM cy 61N NOAE/bEHN Y YeTUPK
rpyne: mactektomuja (M, n = 25), tymopektomuja (T, n = 28),
TyMOpeKTOMuja ca akcunapHom gucekumjom (T+ A, n = 20) n
eKcum3uja 6eHnrHmx npomena (G, n = 28). BeHcKa KpB je y3uma-
Ha npu npujemy (T0) n HakoH 24 caTa (T24). bon je npouerunBaH
nomohy Hymepuuke ckarne (0-10) 30 MMHyTa HakoH Gyhera 13
aHecTe3wje N HakoH 24 caTa; HajBuLUa BpegHOCT 6ona y npsa 24
cata (max-APSP) 6vna je nprMapHu NCXOA.
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Pesyntatu lMpeonepatusHu CRP 610 je y Kopenauuju ca max-

APSP (p = 0,043), ok SE Huje noKa3ana 3HauajHy NoBe3aHoCT (p

=0,11). lNoyetHe BpegHocTn CRP-a n SE, Kao 1 HbUXoB nopact
HaKoH 24 caTa, paciv Cy NPOnopLIMOHaNHO 06MMy XMpypLLKe
VHTEePBEHLMje, a HajBULLE BPEAHOCTY 3abenexeHe cy Kog Ma-
ctekTomuje (noyetHn CRP 7,1 + 1,9 mg/L; 724 27,5 £ 3,6 mg/L;
ob6a p < 0,01y ogHocy Ha ocTane rpyne). UHTpaonepaTtBHa
npumeHa GpeHTaHmna 6una je y kopenauuju ca CRP-om HakoH
24 cata (r=0,33, p=0,001) n ca max-APSP (r = 0,28, p = 0,005).
3aksbyyak [peonepatriBHa cicTemMcKa MHdnamaLmja npeacTa-
B/ba HE3aBlCaH NPEAMKTOP paHOr MOCTONePaT!BHOT 6051a HaKoH
Xupypruje Tymopa pojke. Obum nHTepBeHLmje nojayasa NHda-
MaTopHY 0AroBop, Aok Beha npumeHa deHTaHWna npaty Behu
CTeneH MHGamaLyje N UHTeH3MTET 6ona. PyTrHCKo oapehuBatbe
CRP-a y nepvionepaTBHOM Nepuoay Moxe nomohu y ugeHtudu-
KaLmjy 6onecHrKa ca BUCOKUM PU3NKOM 1 omoryhnTi npumeHy
LWSbaHUX aHTUMH(IaMaTOPHUX aHaNreTCKMX CTpaTeruja 1 cTpa-
Tervija Kojuma ce cmatbyje ynotpeba onvouga, pagm cmarbera
aKyTHor 6on1a v noTeHLmjanHe NpeBeHLmje XPoHUYHor 6ona.

KrbyuHe peun: akyTHM nocTonepaTtneHY 6071; Xvpypruja Tymo-
pa pojke; C-peakTVBHU NPOTENH; CEAMMEHTaLMja epUTpoLIMTa
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