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Summary

Introduction and aim. Recent evidence suggests that inhalation anesthesia (IA) is associated with higher
cancer mortality than total intravenous anesthesia (TIVA), possibly due to a modulation of the immune response.

The aim of this study was to determine the impact of anesthesia techniques on selected parameters of pa-
tient immunity considering the evidence of relationship between the anesthesia methods and immune status
and, consequently, the incidence of cancer recurrence.

Methods. We performed a meta-analysis of clinical studies published in PubMed, Google Scholar, and
Cochrane databases, aimed at assessing the impact of anesthesia on the postoperative immune status of patients
undergoing breast cancer (BC) surgery. Five randomized and three observational studies were included (a total
of 637 patients, of which 320 (50.2%) in the TIVA group). Data on leukocyte counts, matrix metalloproteinases
(MMP) 9 and 3, interleukins (IL) 6 and 10 levels, and neutrophil-lymphocyte index (NLI) values were retrieved.

Results. Patients after breast cancer surgery who underwent TIVA had significantly lower white blood cell
counts (standardized mean difference (SMD)=-0.32; 95% CI: -0.58 to —0.06; 12>=58%, P=0.020) and MMP-9
(SMD=-0.35; 95% CI: -0.67 to —0.03; P=0.030; I°=0%) in the postoperative period compared with patients re-
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ceiving IA. No significant differences in the levels of MMP-3, IL-6, IL-10, and NLI values were found between

the two groups.

Conclusion. The patients who underwent breast cancer surgery under TIVA had lower blood leukocyte
counts and levels of MMP-9, which is involved in the remodeling of extracellular matrix, compared with those
operated on under IA, suggesting that the anesthesia method may have an impact on the immunity of breast

cancer patients.

Keywords: anesthesia; breast cancer; surgery; immunomodulation; inhaled anesthesia; intravenous
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Introduction

Radical surgery remains the most effective and
widely used method of treatment of solid tumors.
It is recommended for at least 80% of newly diag-
nosed cancer patients [3]. Moreover, recent tendency
points to a highly probable rise of this parameter,
at least for the foreseeable future [3]. For example,
the need for surgical treatment of breast cancer
(BC) worldwide will increase from 3,022,883 opera-
tions in 2015 to 3,810,168 operations in 2030 [3].

Most surgical interventions for malignant tu-
mors have been performed under general anesthesia,
and most studies in the area of intraoperative pro-
tection have been limited to the study of anesthesia
parameters in different types of surgeries. Today,
however, new data appear indicating that the use of
inhalational anesthesia (IA) may be associated with
a greater frequency of adverse outcomes in the long
term after radical operations, which, in turn, can be
explained by allegedly higher frequency of tumor
recurrence [4]. Halogenated anesthetics are consid-
ered to contribute to the initiation of tumor re-
growth due to impact on cell apoptosis, systemic
inflammatory response, and immunosuppression [5-
8]. Thus, the immune system seems to be the main
link underlying the possible negative effect of anes-
thesia on postoperative survival rate in cancer pa-
tients. This elegant hypothesis, however, has not yet
been sufficiently confirmed by the results of evi-
dence-based studies [9]. Perhaps one of the significant
limitations of previous meta-analyses was the attempt
of bringing together heterogeneous groups of patients
with various stages of cancer, major differences in
the extent and area of surgery, as well as different
levels of baseline mortality within a single study.

Therefore, the aim of this systematic review
was to determine the impact of anesthesia method
(TTVA vs. IA) on the serum levels of proinflammatory
cytokines and matrix metalloproteinases in patients
who underwent surgery for breast cancer.

Material and Methods

This meta-analysis follows the guidance out-
lined in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [10-13] and
is registered in PROSPERO (CRD42021255272).

The strategy for study search and selection.
Two independent investigators (M. Ya. and K. K.
performed a search in PubMed, Cochrane, and

Google Scholar databases for articles published in
the past 10 years. The meta-analysis included ran-
domized controlled trials published in peer-reviewed
journals, prospective and retrospective cohort studies
comparing the effects of IA and TIVA on the immunity
of breast cancer patients. Experimental animal stud-
ies, studies with insufficient information for per-
forming meta-analysis (e.g., lacking absolute values
of quantitative parameters) were excluded. After
elimination of duplicates, two reviewers selected
publications suitable for full-text analysis to decide
on inclusion/non-inclusion according to predeter-
mined criteria. The final decision was made by con-
sensus, if there was a discrepancy, by the Principal
Investigator. Searches were conducted in the form
of queries using the following keywords: [anesthesia
breast cancer / total intravenous anesthesia versus
volatile anesthetics breast cancer / TIVA inhalation
anesthesia breast cancer / breast cancer propofol /
neutrophil-lymphocyte ratio breast cancer anesthesia /
anesthesia immune cell / anesthesia immune re-
sponse]. In addition, the review of literature sources
in the analyzed papers was used.

A flowchart of the paper selection is presented
in Fig. 1. Of the 1861 publications initially identified
in the databases, only five randomized and three
non-randomized studies met the inclusion/exclusion
criteria (637 patients: 320 in the TIVA group and
317 in the IA group) and were analyzed.

Data collection. The following data were re-
trieved from each study: design, method of anesthesia
(IA or TIVA), quantitative immune parameters (mea-
sured by the authors of each original study).

Statistical analysis. Data were analyzed using
the RevMan v.5.3 tool (Nordic Cochrane Center,
Cochrane Collaboration).

When the authors presented the data as median
(interquartile range) or mean (confidence interval),
the recommended conversion methods of «mean +
standard deviation» were applied [14, 15]. Hetero-
geneity of the studies was assessed using the 12 het-
erogeneity coefficient and the Cochrane coefficient
Q. Continuous data were compared using standard-
ized mean difference (SMD) and its 95% confidence
interval (CI). Two models (fixed and random effects
ones) were used to summarize the magnitude of the
standardized difference in mean values [16]. The
random effects model was used if moderate to high
heterogeneity (defined as I°>60%) was present.
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The primary endpoint of the
study was the neutrophil-lympho-
cyte ratio (NLR) on day 1 post-
surgery.

Secondary endpoints were
the leukocyte count and the levels
of IL-6, IL-10, MMP-3, MMP-9 at
the above-mentioned time points.

Assessing the risk of system-
atic bias. Appropriate Cochrane
tools for randomized (RoB 2) [17]
and non-randomized studies
(ROBINS-I) [18] were used to assess
the risk of systematic bias. Papers
included in the meta-analysis were
independently assessed for the risk

of bias by two reviewers (K. K. and
M. Ya.) and reviewed by the third
(L. B.). Two statistical tests, the Eg-
ger [19] and Begg test (MedCalc Sta-
tistical Software, version 19.5.6) [20] were used to assess
the risk of bias in the publication. Funnel plots were
used for visual assessment of publication bias [21].

Results

Study characteristics. The characteristics of
the studies included in the paper are presented in
the table.

Fig. 1. Flowchart of study selection for the meta-analysis.

Data analysis. No significant intergroup dif-
ferences were found for the primary endpoint
(Fig. 2, a): the mean NLR in the TIVA group was
2.45+1.32 versus 2.74+1.72 in the IA group
(SMD=-0.25; 95% CI: -0.65 to 0.17; P=0.240, I>=71%;
three studies included).

Figure 2, b shows the results of 4 studies com-
paring the leukocyte counts in the postoperative

Fig. 2. A meta-analysis of postoperative neutrophil-leucocyte ratio (a), leucocyte count (b), and MMP-9 level (¢) in breast cancer
patients with inhaled anesthesia (IA) and total intravenous anesthesia (TIVA) (forest plot diagram).

Note. The graphs show study, mean and standard deviation (SD), sample size, study weight, standardized mean difference (SMD),
its 95% confidence interval (CI), and estimated heterogeneity and overall effect (P-value). The square figure shown for each study
represents SMD for the corresponding study and the accompanying horizontal line shows its 95% CI. The diamond-shaped figure
represents the pooled SMD for all studies, its horizontal part, 95% CI. The square figures of different sizes indicate the weight of
single studies in the overall analysis with respect to sample size and effect size.
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period in patients from the TIVA
and IA groups. Patients in the TIVA
group had significantly lower leuko-
cyte counts compared with patients
who received volatile anesthetics
(mean leukocyte count in the TIVA
group=38.08+2.16-103/ml versus
8.75+2.26-103/ml in the IA group,
SMD=-0.32; 95% CI: -0.58 to —0.06;
P=0.020; 1>=58%) (Fig. 2, b). Visual
inspection of the funnel plot (sup-
plementary Fig. 1) as well as the
Egger (P=0.005) and Begg (P=0.042)
tests suggest the presence of publi-
cation bias.

Postoperative levels of matrix
metalloproteinase-9 were evaluated
in two studies. Patients who received
total intravenous anesthesia had
significantly lower MMP-9 levels in
the postoperative period compared
with patients from the IA group
(mean MMP-9 value in the TIVA
group=204.7+86.6 ng/mkL versus
237.0+84.8 ng/mL in the IA group;
SMD=-0.35; 95% CI: -0.67 to —0.03;
P=0.030; I>=0%) (Fig. 2, ¢).

No significant differences were
found in serum levels of the fol-
lowing cytokines:

e JL-6 (mean value of IL-6 in
the TIVA group was 215.8+170.5
pg/mL versus 232.8+148.4 pg/mL
in the IA group; SMD=-0.34; 95%
CI: —=0.82 to 0.33; P=0.404; 12=77%;
four studies included) (supplemen-
tal Fig. 2, a),

e JL-10 (mean IL-10 in the
TIVA group, 789.9+714.7 pg/mL ver-
sus 723.4+470.0 pg/mL in the 1A
group; SMD=0.16; 95% CI: -0.08 to
0.40; P=0.190; I>=10%); three studies
included) (supplemental Fig. 2, b)

as well as MMP-3 (mean MMP-
31in TIVA group=341.4+697.1 ng/mL
versus 507.3+1120.4 ng/mL in IA
group; SMD=-0.10; 95% CI: -0.99
to 0.80; P=0.830; I2>=80%; two studies
included) (supplemental Fig. 2, c).

The systematic bias risk. The
results of the systematic error risk
analysis are presented in supple-
mental Fig. 3.

Overall, the two randomized
controlled trials had a low risk of
systematic error, while all of the ob-
servational studies were character-
ized by a critical risk of such error.
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Discussion

The present study found no differences in
postoperative NLR levels in the compared groups.
Given the high risk of systematic error in baseline
observational studies, the lack of difference in the
primary endpoint can be interpreted as a ques-
tionable result. We can neither confirm nor deny
the effect of inhalation anesthesia on the immune
status of patients who have undergone radical
surgery for breast cancer. This situation is very
similar to the one observed with the study of the
effect of inhalation anesthesia on the immune status
and mortality in cancer patients in general: some
researchers confirm such effect [30, 31], others fail
to demonstrate it [9, 32]. Meanwhile, the results of
meta-analysis do not provide a definitive answer [33,
34]. Perhaps we should wait for the results of large
RCTs, which are currently underway (NCT01975064,
NCT04316013) and close to completion.

The observed intergroup difference in leukocyte
counts can hardly be interpreted in favor of one or
another anesthesia method, because this parameter
in both groups hardly exceeds the reference values.
This observation only confirms the hypothesis for-
mulated in the previous paragraph.

However, higher postoperative MMP-9 levels
were observed in patients with breast cancer who
underwent surgery under IA. In an experimental
study, Leifler et al. [35] showed that MMP-9 is in-

Supplemental Fig. 1. The risk of publication bias for studies
evaluating the post-surgery leucocyte count (funnel-plot
diagram).

Note. The graph shows the results of the tests (X-axis) and accu-
racy (Y-axis). In the figure above, the results are presented as
standardized mean difference (SMD) and the accuracy is the
standard error of the SMD. Each point on the graph represents
a different study. Two lines on each side representing the 95%
confidence intervals are also shown. The middle solid line indi-
cates the overall effect of the meta-analysis. A perfect funnel plot
is one where the included studies are symmetrically scattered
on either side of the overall effect line. In the figure shown, there
is a leftward skew, indicating publication bias.

Supplemental fig. 2. A meta-analysis of postoperative serum IL-6 (a), IL-10 (b), and MMP-9 level (c) in breast cancer patients
with inhaled anesthesia (IA) and total intravenous anesthesia (TIVA) (forest plot diagram).

Note. The graphs show study, mean and standard deviation (SD), sample size, study weight, standardized mean difference (SMD),
its 95% confidence interval (CI), and estimated heterogeneity and overall effect (P-value). The square figure shown for each study
represents SMD for the corresponding study and the accompanying horizontal line shows its 95% CI. The diamond-shaped figure
represents the pooled SMD for all studies, its horizontal part, 95% CI. The square figures of different sizes indicate the weight of
single studies in the overall analysis with respect to sample size and effect size.
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volved in the regulation of anti-
tumor innate immune responses,
thus influencing the metastatic
activity of malignant neoplasms.
The undoubted importance of
MMP-9 expression level as a prog-
nostic marker of survival in breast
cancer was also confirmed in a
large meta-analysis including 15
studies (from 2001 to 2012) with
2344 participants. This meta-
analysis showed that positive
MMP-9 expression was associated
with lower overall survival (ad-
justed hazard ratio (HR): 1.70,
95% CI: 1.41-2.04) and recurrence-
free survival (adjusted HR: 1.54,
95% CI: 1.17-2.01) in BC pa-
tients [36]. More recently, Ren et
al. performed a meta-analysis of
28 studies involving 4,944 patients
(including 9 MMP-9 studies,
N=1,044), confirming the negative
effect of increased MMP-9 expres-
sion on overall survival (relative
risk (RR)=1.694, 95% CI:
1.347-2.129, P<0.001; HR=1.611,
95% CI: 1.419-1.830, P<0.001) [37].

Thus, the differences in MP-
9 levels in the compared groups
observed in this study do not
allow us to dismiss the possible
effect of IA on the immune status
of patients with breast cancer and
confirm the limited knowledge of
the problem under discussion.

We did not evaluate the im-
pact of the compared methods of
anesthesia on the levels of IL-6,
IL-10, and MMP-3, which may ar-
gue against the hypothesis of a
negative effect of IA on the sys-
temic inflammatory response and
immunity, in general.

Thus, contradictory data have been obtained
that make it difficult to unambiguously evaluate the
impact of anesthesia method on the immune status
of patients after radical surgery for breast cancer.

Limitations. A marked heterogeneity of data
was found while pooling of IL-6 levels and NLR scores
from various studies in the meta-analysis, which may
have affected the significance of the results.

Only 3 of the 8 studies included in the meta-
analysis had a «low» or «moderate» risk of systematic
bias, which limits the clinical significance of the re-
sults and necessitates a multicenter RCT to evaluate
the impact of anesthesia on the immune parameters

of patients with BC.

Supplemental fig. 3. Risk assessment of bias in randomized trials using the ROB-2
tool (a) and in non-randomized trials using the ROBINS-I tool (b).

Note. The figure illustrates the distribution of risk estimates of bias for randomized (a)
and non-randomized (b) trials across individual domains that could potentially affect
the study quality. In (a) the success and adequacy of randomization process (D1), the
presence of potential differences in patient management between groups (D2), possible
missing data (D3), the objectivity and standardization of endpoint assessment in the
study groups (D4), and possible selective presentation of results (D5) are assessed. In
(b), the impact of confounding factors potentially affecting the study endpoint (D1),
bias in study patient selection (D2), possible bias in classifying interventions (D3) and
bias in assigning patients to certain interventions in various groups (D4), missed data
(D5), non-standardized and biased assessment of endpoints in the study groups (D6),
and selective presentation of results (DR7) are assessed.

In addition, the results come from single-
center RCTs, which are known to overestimate the
effect size of an intervention compared to the mul-
ticenter ones [38, 39].

Nevertheless, a large multicenter RCT for a
comprehensive evaluation of the impact of IA on
inflammation and immune system in patients who
underwent breast cancer surgery is currently needed
to definitively answer the question of whether the
anesthesia method affects the immune status of
such patients. Only a study evaluating early post-
operative complications and long-term survival will
provide a rationale for using IA or avoiding this
method of anesthesia for breast cancer surgery.
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Conclusion

Patients with breast cancer operated under
TIVA had lower MMP-9 levels compared to those
operated under IA, which could suggest that IA has
a negative effect on the immune status of patients
with breast cancer.
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