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Abstract 

Background  The alteration of the prognostic nutritional index (PNI) or the utilization of distinct anesthesia strate-
gies has been linked to the prognosis of various cancer types, but the existing evidence is limited and inconclusive, 
particularly for colorectal cancer (CRC). Our objective was to evaluate the association between PNI change and pro-
gression free survival (PFS) and overall survival (OS) in patients treated with CRC surgery after propofol-based or sevo-
flurane-based anesthesia.

Methods  We conducted a retrospective analysis of 414 patients with CRC who underwent surgical resection. Among 
them, 165 patients received propofol-based total intravenous anesthesia (TIVA-P), while 249 patients received sevo-
flurane-based inhalation anesthesia (IA-S). The PNI change (ΔPNI) was calculated by subtracting the pre-surgery PNI 
from the post-surgery PNI, and patients were categorized into high (≥ -2.25) and low (< -2.25) ΔPNI groups. Univari-
ate and multivariate analyses were employed to evaluate the effects of the two anesthesia methods, ΔPNI, and their 
potential interaction on PFS and OS.

Results  The median duration of follow-up was 35.9 months (interquartile range: 18–60 months). The five-year OS 
rates were 63.0% in the TIVA-P group and 59.8% in the IA-S group (hazard ratio [HR]: 0.96; 95% confidence interval 
[CI]: 0.70–1.35; p = 0.864), while the five-year PFS rates were 55.8% and 51.0% (HR: 0.92; 95% CI: 0.68–1.26; p = 0.614), 
respectively. In comparison to patients in the low ΔPNI group, those in the high ΔPNI group exhibited a favorable 
association with both OS (HR: 0.57; 95% CI: 0.40–0.76; p < 0.001) and PFS (HR: 0.58; 95% CI: 0.43–0.79; p < 0.001). Strati-
fied analysis based on ΔPNI revealed significant protective effects in the propofol-treated participants within the high 
ΔPNI group, whereas such effects were not observed in the low ΔPNI group, for both OS (p for interaction = 0.004) 
and PFS (p for interaction = 0.024).

Conclusions  Our data revealed that among patients who underwent CRC surgery, those treated with TIVA-P exhib-
ited superior survival outcomes compared to those who received IA-S, particularly among individuals with a high 
degree of PNI change.
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Background
According to the Global Cancer Statistics 2020 report 
published by the International Agency for Research 
on Cancer, colorectal cancer (CRC) has emerged as 
the second leading cause of cancer-related mortality 
and the third most prevalent cancer worldwide [1]. It is 
estimated that over 1.9 million new cases and 935,000 
deaths occurred in 2020, accounting for approximately 
one-tenth of all cancer cases and deaths [1]. Currently, 
surgical resection stands as the established and primary 
treatment modality for CRC [2]. Despite significant 
advancements in surgical and medical techniques, the 
prognosis for patients with CRC still requires improve-
ment [3]. Apart from surgical techniques, numerous 
factors preoperatively, intraoperatively, or during the 
postoperative period have been proposed to be associ-
ated with the prognosis of CRC [4].

Surgical interventions elicit an inflammatory response 
attributed to tissue damage [5]. Within the periopera-
tive period, various factors, including immune and nutri-
tional status, have been proposed to contribute to a 
micro-metastatic process, consequently leading to unfa-
vorable long-term oncological outcomes [6]. The prog-
nostic nutritional index (PNI), which incorporates serum 
albumin levels and total lymphocyte count in peripheral 
blood, represents a widely employed metric for evaluat-
ing the nutritional and immunological statuses of cancer 
patients [7]. The alteration in PNI before and after sur-
gery reflects the dynamic changes in patients’ immune 
responses and nutritional statuses [8]. Notably, the base-
line prognostic nutritional index and changes in pre-
treatment body mass index have been associated with the 
response to immunotherapy in patients with advanced 
cancer [9–11]. However, no studies have investigated 
the association between preoperative PNI changes and 
patient outcomes following CRC surgery.

Diverse anesthesia techniques can potentially influence 
the oncological prognosis by modulating innate and cel-
lular immunity and activating adrenergic-inflammatory 
pathways [12]. Volatile inhalational agents and intra-
venous anesthetic agents are commonly employed for 
anesthesia maintenance during cancer surgeries [13]. 
It has been proposed that volatile inhalational agents, 
such as sevoflurane, might enhance cancer cell activity 
by suppressing immune cell function [14]. Conversely, 
intravenous anesthetic agents, such as propofol, pos-
sess anti-inflammatory and antioxidative properties that 
could potentially mitigate immune suppression [15, 16]. 

Several studies have compared the overall survival (OS) 
or progression-free survival (PFS) of cancer patients 
undergoing inhalational anesthesia versus total intrave-
nous anesthesia, but the results have been inconclusive 
[17, 18]. A meta-analysis involving patients undergoing 
diverse cancer surgeries indicated that total intravenous 
anesthesia was not associated with improved recur-
rence-free survival but exhibited improved OS com-
pared to volatile anesthesia [12]. Furthermore, it remains 
unknown whether these effects could be modified by the 
inflammatory status.

Consequently, we undertook a retrospective cohort 
study to compare the OS and PFS between volatile anes-
thesia and total intravenous anesthesia, as well as the 
impact of PNI change, and their combined effects. The 
primary objective of this study was to assess the rela-
tionship between distinct anesthesia techniques and 
nutritional status and the prognosis of cancer in patients 
undergoing CRC surgery.

Materials and methods
Study population
This retrospective cohort study received approval from 
the Ethical Review Committees of the Fifth Affiliated 
Hospital of Xinjiang Medical University. Informed con-
sent was waived due to the retrospective nature of the 
study. The investigation was conducted in compliance 
with the ethical standards outlined in the Declaration 
of Helsinki (1964) and its subsequent amendments. The 
medical records of all patients who underwent CRC sur-
gery at the Fifth Affiliated Hospital of Xinjiang Medical 
University between January 2016 and December 2021 
were retrospectively reviewed.

All patients underwent radical resection in accordance 
with the diagnostic and treatment guidelines for CRC 
established by the Chinese Society of Clinical Oncol-
ogy (CSCO) in 2018 [19]. The inclusion criteria for this 
study were as follows: (1) patients aged 18 years or older, 
(2) patients who underwent curative-intent pancre-
atic resection, (3) patients with comprehensive clinical 
examination and histopathologically confirmed results, 
(4) patients who experienced satisfactory postopera-
tive recovery and were discharged, and (5) patients who 
could be followed up for a minimum of 3 months. A total 
of 755 CRC patients who had undergone radical surgery 
for CRC were initially identified through the electronic 
medical record system.



Page 3 of 9Zhang et al. BMC Anesthesiology           (2024) 24:12 	

However, several patients were subsequently excluded 
for the following reasons: (1) patients who received both 
propofol and sevoflurane anesthesia (n = 117), (2) patients 
with coexisting major diseases (e.g., heart diseases and 
other cancers) (n = 64), (3) patients with incomplete base-
line information (n = 30), (4) patients who underwent 
multiple operations during the study period (n = 29), 
(5) patients with incomplete resection (n = 12), and (6) 
patients lost to follow-up (n = 89). Ultimately, a total of 
414 CRC patients were included in the analysis. The flow-
chart depicting the patient selection process is presented 
in Fig. 1.

Data collection
Patients’ demographic characteristics and clinical infor-
mation were systematically retrieved from the electronic 
inpatient system. The baseline information encompassed 
variables such as age, gender, height, weight, smoking 
and alcohol consumption status, presence of significant 
comorbidities (including major cardiac conditions and 
other malignancies), surgical history, specific surgical 
techniques employed, anesthesia modalities utilized, pre-
operative and postoperative serum albumin levels, blood 
lymphocyte counts, tumor location and size, administra-
tion of neoadjuvant and adjuvant therapies, duration of 
surgery and the days of hospital stay, as well as the pres-
ence of lymphatic or perineural invasions. Pathological 

data, including the histological type of CRC and tumor 
stage, were extracted from the comprehensive records of 
histopathological evaluations of tissue specimens.

Anesthesia methods
All patients underwent preoperative central venous 
puncture and catheterization for hemodynamic moni-
toring. Vital signs including blood pressure, heart rate, 
electrocardiogram, oxygen saturation, end-tidal carbon 
dioxide, central venous pressure, bispectral index (BIS), 
urine output, and body temperature were routinely mon-
itored. Patients were assigned to the propofol group or 
the sevoflurane group was based on the anesthesiologist’s 
preference. In the propofol group, patients received total 
intravenous general anesthesia. The target-controlled 
infusion (TCI) concentration of propofol was maintained 
at 4  mg/L, sufentanil citrate infusion at 0.3–0.5  μg/kg, 
cisatracurium besilate injection at 0.15–0.20 mg/kg, and 
maintained with remifentanil hydrochloride infusion at 
4–6  ng/L. The sevoflurane group underwent combined 
intravenous and inhalational general anesthesia. The 
induction methods involved administering sufentanil at a 
dose of 0.3–0.5 μg/kg, followed by priming the anesthesia 
circuit with sevoflurane. Subsequently, a mask was placed 
on the patient’s face, and the patient was instructed to 
take deep breaths. An 8% concentration of sevoflurane 
was administered with an oxygen flow rate of 6 L/min. 

Patients undergoing colorectal cancer surgery between 2016 

and 2021 (n=755)

Excluded (n=341)

Administration of both propofol and sevoflurane (n=117)

Complicated with other major diseases (n=64)

Incomplete medical records (n=30)

Multiple operations during the study period (n=29)

Incomplete resection (n=12)

Lost of follow-up (n=89)

Eligible for analyses (n=414)

TIVA-P group 

(n=165)

IA-S group 

(n=249)

Fig. 1  Flow chart of study patient selection
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Once the eyelash reflex disappeared, cis-atracurium 
was given at a dose of 0.15–0.20 mg/kg and maintained 
throughout the operation. The exhaled concentration of 
sevoflurane was maintained at 0.8–1.2 minimum alveo-
lar concentration (MAC), and the target concentration of 
remifentanil TCI was maintained at 4–6 ng/L.

The BIS value was continuously monitored during the 
surgical procedure in both groups, and it was maintained 
within the range of 40–60. The dosage of various medica-
tions was adjusted based on the anesthesia requirements 
and BIS value, with the addition of muscle relaxants as 
needed for the surgery. Patient’s body temperature was 
diligently maintained and monitored using an inflat-
able warming system (BairHugger, 3 M Company, United 
States). Heating was discontinued if the temperature 
exceeded 37 °C, while efforts were made to keep it above 
36  °C. Intraoperative fluid replacement and administra-
tion of vasoactive drugs were guided by arterial blood 
pressure and central venous pressure values, ensuring a 
minimum urine output of at least 0.5 ml/kg/h.

Prognostic nutritional index calculation
PNI was determined using the following mathematical 
expression: PNI = albumin (g/L) + 5 × total lymphocyte 
count (109/L) [20]. Laboratory data for serum albumin 
and lymphocyte count were extracted at the time of diag-
nosis and the last recorded data after the surgical pro-
cedure prior to discharge, allowing for the calculation 
of both pre-surgery PNI and post-surgery PNI. The PNI 
change (ΔPNI) was defined as the difference between the 
pre-surgery PNI and the post-surgery PNI (ΔPNI = pre-
surgery PNI—post-surgery PNI).

Assessment and follow‑up
Outcome measures were obtained by gathering pertinent 
data from the hospital records or through communica-
tion with the patient’s family during a telephone-based 
follow-up. The study concluded on December 31st, 2021. 
The primary endpoints consisted of OS and PFS. OS was 
defined as the duration from the surgical procedure to 
the occurrence of death from any cause or until the last 
follow-up date. PFS was defined as the duration from the 
surgery to the initial documented evidence of disease 
progression, occurrence of death from any cause, or until 
the last follow-up date.

Statistical analysis
Continuous variables were presented as mean ± standard 
deviation (SD), and the independent samples t-test was 
employed to compare intergroup differences between the 
Total Intravenous Anesthesia-Propofol (TIVA-P) group 
and the Inhalational Anesthesia-Sevoflurane (IA-S) group. 

Frequency variables were expressed as n (%) and analyzed 
using a chi-square test.

Kaplan–Meier survival curves were constructed based 
on group differences and analyzed using the log-rank 
test. Univariate and multivariate analyses were performed 
using the Cox proportional hazards regression model. The 
hazard ratio (HR) and 95% confidence interval (CI) were 
used to estimate relative risks. The following covariates 
were adjusted in the models: age, gender, body mass index 
(BMI), smoking or alcohol consumption status, histological 
type, American Society of Anesthesiologists (ASA) stage, 
type of surgery, tumor location, presence of lymphatic or 
perineural invasion, and neoadjuvant or adjuvant therapy.

To explore the joint effects of PNI change with propofol-
based or sevoflurane-based anesthesia on the prognosis 
of patients following CRC surgery, we incorporated prod-
uct terms into the Cox regression models to evaluate the 
interactions.

The data were analyzed using SPSS 25.0 (SPSS Inc., 
Armonk, New York) and R 3.6.3 (http://​www.r-​proje​ct.​org/). 
All statistical tests were two-sided, and a significance level of 
P < 0.05 was applied to determine statistical significance.

Results
Baseline characteristics
Table  1 illustrates the demographic and clinical charac-
teristics of the study participants. Patients in the TIVA-P 
group exhibited a statistically significant higher mean age 
compared to those in the IA-S group (66.7 ± 12.4 years vs. 
64.2 ± 11.5  years, P = 0.039). However, no significant dif-
ferences were observed between the cases and controls 
regarding age distribution, gender distribution, BMI, smok-
ing or alcohol consumption status, histological type, ASA 
stage, type of surgical procedure, tumor location, lym-
phatic or perineural invasion, neoadjuvant or adjuvant 
therapy, duration of surgery and the days of hospital stay 
(all P > 0.05).

Regarding the PNI, the preoperative PNI exhibited com-
parable values between the TIVA-P group and the IA-S 
group (48.5 ± 6.32 vs. 48.8 ± 6.55, P = 0.641). However, post-
operative PNI and ΔPNI showed significant differences 
between the two groups, with the TIVA-P group demon-
strating higher postoperative PNI values (46.8 ± 6.14 vs. 
45.5 ± 6.32, P = 0.037) and a smaller decrease in PNI (ΔPNI) 
compared to the IA-S group (-1.72 ± 3.52 vs. -5.32 ± 8.76, 
P < 0.001) (Table 1).

Associations of ΔPNI or propofol‑based 
or sevoflurane‑based anesthesia on prognosis of patients 
after CRC surgery
Throughout the follow-up period (median 35.9  months, 
interquartile range: 18–60  months), a total of 897 cases 
of disease progression were observed, which consisted 

http://www.r-project.org/
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of 161 deaths and 34 cases of recurrence or metastasis. 
The five-year OS rates were 63.0% in the TIVA-P group 
and 59.8% in the IA-S group, while the five-year PFS rates 
were 55.8% and 51.0% respectively.

Table 2 illustrates the correlations between PNI change 
or anesthesia methods and the prognosis of patients 
undergoing CRC surgery. After adjusting for poten-
tial confounding factors, no significant differences were 
observed in OS or PFS between patients in the IA-S group 
and the TIVA-P group (HR for OS: 0.96; 95% CI: 0.70–
1.35; P = 0.864) and (HR for PFS: 0.92; 95% CI: 0.68–1.26; 
P = 0.614). Conversely, when comparing the low ΔPNI 
group (< -2.25) to the high ΔPNI group (≥ -2.25), the low 
ΔPNI group was associated with superior OS (HR: 0.57; 
95% CI: 0.40–0.76; P < 0.001) and PFS (HR: 0.58; 95% CI: 
0.43–0.79; P < 0.001). The Kaplan–Meier survival curves 

for both PNI change (Fig.  2) and anesthesia methods 
(Fig. 3) also exhibited similar trends.

Interaction of ΔPNI and propofol‑based 
or sevoflurane‑based anesthesia on prognosis of patients 
after CRC surgery
We conducted additional analysis to examine the 
modifying effects of PNI change on the relationships 
between propofol-based or sevoflurane-based anesthe-
sia and the prognosis of patients following CRC surgery. 
As presented in Table  3, the TIVA-P group exhibited 
improved OS and PFS compared to the IA-S group. 
However, these improvements were only observed in 
patients with a PNI change of < -2.25. The p-values for 
interaction were 0.004 for OS and 0.024 for PFS.

Table 1  Baseline characteristics of included patients

Abbreviations: BMI body mass index, PNI prognostic nutritional index

TIVA-P group (n = 165) IA-S group (n = 249) P

Age (yrs) 66.7 ± 12.4 64.2 ± 11.5 0.039
Gender, n(%) 0.365

  Male 81 (49.1) 110 (44.2)

  Female 84 (50.9) 138 (55.4)

BMI (kg/m2) 24.7 ± 3.98 24.9 ± 2.24 0.557

Smoking status, n(%) 0.350

  Current or ever smoking 44 (26.7) 56 (22.5)

  Never smoking 121 (73.3) 193 (77.5)

Alcohol drinking status, n(%) 0.205

  Current or ever drinking 47 (28.5) 57 (22.9)

  Never drinking 118 (71.5) 192 (77.1)

Histological type, n(%) 0.897

  Adenocarcinoma 134 (81.2) 204 (81.9)

  Special types of cancer 31 (18.8) 45 (18.1)

ASA, n(%) 0.605

  II 137 (83) 201 (80.7)

  III 28 (17) 48 (19.3)

Type of operation, n(%) 0.756

  Laparoscopy 147 (89.1) 218 (87.6)

  Laparotomy 18 (10.9) 31 (12.4)

Tumor location, n(%) 0.718

  Rectum 126 (76.4) 195 (78.3)

  Colon 39 (23.6) 54 (21.7)

Lymphatic invasion, n(%) 46 (27.9) 71 (28.5) 0.912

Perineural invasion, n(%) 70 (42.4) 108 (43.4) 0.919

Neoadjuvant therapy, n(%) 19 (11.5) 32 (12.9) 0.761

Adjuvant therapy, n(%) 105 (63.6) 165 (66.3) 0.599

Pre-surgery PNI 48.5 ± 6.32 48.8 ± 6.55 0.641

Post-surgery PNI 46.8 ± 6.14 45.5 ± 6.32 0.037
ΔPNI -1.72 ± 3.52 -5.32 ± 8.76  < 0.001
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Discussion
In the present study, we conducted a retrospective cohort 
study to evaluate the impact of PNI change and two 
anesthesia modalities (propofol-based or sevoflurane-
based) on the prognosis following CRC surgery in a Chi-
nese population. Our findings revealed that PNI change, 
rather than anesthesia methods, exhibited an inde-
pendent association with an unfavorable CRC progno-
sis. Moreover, we observed that the beneficial effects of 
propofol-based anesthesia on the prognosis were exclu-
sively evident among patients with a substantial decline 
in PNI.

The majority of studies have focused on examin-
ing the impact of preoperative PNI on the prognosis of 

patients with CRC and other malignancies. For instance, 
Morales et  al. [21] conducted a retrospective cohort 
study in patients with CRC and reported a significant 
association between PNI and overall survival, suggesting 
that PNI serves as an independent prognostic factor in 
CRC patients. Similarly, Tokunaga et  al. [22] conducted 
another retrospective study and found that low preopera-
tive PNI was an independent risk factor for poor overall 
survival. Furthermore, a systematic review and meta-
analysis conducted by Sun et al. [23] demonstrated that 
a high preoperative PNI was associated with significantly 
improved overall survival among Asian CRC patients. 
Consistent with these findings, our study also observed 
a beneficial effect of preoperative PNI on CRC prognosis.

Table 2  Cox proportional hazards regression analysis of oncologic outcomes: univariable and multivariable models

Abbreviations: HR hazard ratio, CI confidence interval, PNI prognostic nutritional index

Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Propofol vs. sevoflurane

  Overall survival 0.95 (0.69, 1.31) 0.742 0.96 (0.70, 1.35) 0.864

  Progression free survival 0.91 (0.68, 1.22) 0.547 1.92 (0.68, 1.26) 0.614

Preoperative PNI (≥ 48.6 vs. < 48.6)

  Overall survival 0.50 (0.35, 0.70)  < 0.001 0.46 (0.30, 0.68)  < 0.001

  Disease free survival 0.54 (0.39, 0.74)  < 0.001 0.52 (0.37, 0.72)  < 0.001

ΔPNI (< -2.25 vs. ≥ -2.25)

  Overall survival 0.54 (0.39, 0.74)  < 0.001 0.57 (0.40, 0.76)  < 0.001

  Disease free survival 0.57 (0.43, 0.77)  < 0.001 0.58 (0.43, 0.79)  < 0.001

Fig. 2  a Overall survival curves from the date of surgery by anesthesia type; b Progression-free survival curves from the date of surgery 
by anesthesia type (red line: propofol-based anesthesia, blue line: sevoflurane-based anesthesia)
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Limited research has been conducted to investigate 
the impact of PNI changes on cancer outcomes, par-
ticularly in the context of CRC. Kim et  al. [8] retro-
spectively analyzed 107 patients with pancreatic ductal 
adenocarcinoma who underwent neoadjuvant chemo-
therapy followed by surgical resection and found that a 
low PNI change (< -1.94) was an independent risk factor 
for overall survival (hazard ratio, 3.516; 95% confidence 
interval, 1.885–6.558; p < 0.001), although no signifi-
cant association was observed with disease-free survival 
(p > 0.05). Our study, for the first time, assessed the 
impact of PNI change on the prognosis of CRC patients 
and demonstrated that a lower PNI change was associ-
ated with both poorer overall survival and progression-
free survival. Preoperative PNI serves as an indicator of 
the patient’s nutritional status prior to surgery, while a 
low PNI change signifies a significant deterioration in the 
patient’s condition. Conversely, a high PNI change may 
indicate minimal deterioration or even improvement in 
the patient’s nutritional status [8]. Thus, these findings 
underscore the importance of considering changes in 

nutritional status during surgery as a valuable predictor 
of postoperative prognosis for patients with CRC.

Regarding the impact of two anesthetic agents, namely 
propofol-based or sevoflurane-based anesthesia, on the 
prognosis of CRC and other types of cancer, previous 
studies have yielded conflicting results. For instance, a 
meta-analysis suggested that total intravenous anesthe-
sia, which includes the use of propofol, may lead to lower 
mortality rates compared to inhalational anesthesia [24]. 
Additionally, a retrospective study demonstrated that 
propofol-based total intravenous anesthesia was associ-
ated with improved survival in patients with gastric can-
cer [25]. Conversely, a study conducted by Makito et al. 
[13] suggested a limited association between the type of 
anesthesia and improved OS in patients undergoing sur-
gery for digestive cancers. These inconsistent findings 
highlight the need for further research in this area. In our 
study, we did not observe any significant effects of anes-
thesia methods on the prognosis of CRC.

Furthermore, we observed an interaction effect 
between changes in PNI and anesthesia on the prognosis 

Fig. 3  a Overall survival curves from the date of surgery by prognostic nutritional index change (ΔPNI); b Progression-free survival curves 
from the date of surgery by ΔPNI (red line: ΔPNI ≥ -2.25, blue line: ΔPNI < -2.25)

Table 3  Cox proportional hazards regression analysis of long-term oncologic outcomes for sevoflurane-based versus propofol-based 
anesthesia stratified by PNI change

Abbreviations: HR hazard ratio, CI confidence interval, PNI prognostic nutritional index

Overall survival Progression free survival

HR (95% CI) P P for interaction HR (95% CI) P P for interaction

ΔPNI 0.004 0.024
 < -2.25 0.46 (0.26, 0.81) 0.007 0.61 (0.39, 0.98) 0.039

 ≥ -2.25 1.41 (0.84, 2.38) 0.198 1.32 (0.82, 2.12) 0.251
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of patients with CRC in our study. However, the improved 
OS and PFS were only evident among patients with a 
significant decrease in PNI when undergoing propofol-
based total intravenous anesthesia. PNI serves as an eval-
uative index for assessing nutritional and immunological 
status. Patients with a low PNI may exhibit compromised 
nutritional status and reduced systemic immunity, which 
can impact prognosis through local immune responses 
[26]. Furthermore, the surgical procedure itself activates 
neural and inflammatory signaling pathways, which are 
associated with immune dysfunction and cancer devel-
opment [27]. Therefore, the combined effects of deterio-
rating nutritional status, surgical trauma, and anesthesia 
methods on immune mechanisms may contribute to the 
more pronounced protective effect of propofol-based 
anesthesia.

Previous evidence has demonstrated that anesthetic 
medications can modulate various receptor targets on 
immune cells, highlighting the potential role of anes-
thetic drugs in immunological processes [28]. Anesthetic 
agents exert immunological effects on cytotoxic T cells, T 
helper cells, monocyte macrophages, and other immune 
cell populations [29]. Studies have suggested that propo-
fol can reduce the expression of tumorigenic growth fac-
tors, including hypoxia-inducible factors (HIFs) [30]. 
Huang et al. [30] found that propofol prevented HIF-1α 
activation induced by isoflurane and inhibited malignant 
activities of cancer cells. Furthermore, an in vivo experi-
ment utilizing a pulmonary metastasis model in mice 
reported that continuous infusion of propofol suppressed 
pulmonary metastasis, indicating its in vivo anti-invasive 
action through modulation of Rho A [31].

While this study provides valuable insights into the 
prognostic implications of the combined effects of PNI 
changes and anesthesia methods after CRC surgery, it 
is important to acknowledge certain limitations. Firstly, 
the study design was retrospective and conducted at a 
single center. Secondly, the sample size was relatively 
small, and the lack of validation using an independent 
cohort introduces the potential for selection bias. There-
fore, collaboration with other centers is essential to vali-
date the broader applicability of the current findings in 
future research. Additionally, the absence of informa-
tion regarding socioeconomic status, which is known to 
influence prognosis, is a limitation. However, given that 
socioeconomic status is associated with educational level 
and income, which are captured by clinicopathologi-
cal characteristics, controlling for these variables in the 
statistical models would mitigate confounding effects to 
a significant extent. Consequently, future studies with 
larger sample sizes, multi-center collaboration, and a 
more comprehensive analysis of exposure factors are 
warranted to further elucidate the differential prognostic 

value of PNI changes and anesthesia methods in patients 
undergoing CRC surgery.

Conclusions
This study conducted the initial investigation into the 
interplay between PNI change and the choice of anesthe-
sia (propofol or sevoflurane) on the prognosis following 
CRC surgery. The results indicate that among CRC sur-
gery patients who experienced a substantial reduction in 
PNI, those who received propofol-based anesthesia dem-
onstrated a reduced risk of disease progression compared 
to those who received sevoflurane-based anesthesia. 
These findings offer potential prognostic indicators and 
suggest a potential anesthesia protocol for CRC surgery. 
Further prospective cohort studies and well-designed 
clinical trials are invited to confirmed the findings.

Abbreviations
BIS	� Bispectral index
CI	� Confidence interval
CRC​	� Colorectal cancer
CSCO	� Chinese Society of Clinical Oncology
HR	� Hazard ratio
IA-S	� Sevoflurane-based inhalation anesthesia
OS	� Overall survival
PFS	� Progression free survival
PNI	� Prognostic nutritional index
TIVA-P	� Propofol-based total intravenous anesthesia
ΔPNI	� PNI change

Acknowledgements
Not applicable.

Previous presentation
Not applicable.

Authors’ contributions
CX contributed to the conception and design of the study. ZL, LC and YQ 
contributed to the acquisition of data. ZL and CX contributed to the analysis 
of data. ZL and LC contributed to the interpretation of data. LC and CX drafted 
the manuscript. All authors revised the manuscript critically for important 
intellectual content, approved the final version of the manuscript and are 
accountable for all aspects of the work.

Funding
None.

Availability of data and materials
The data to support the results of this study is available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
This study received approval by the institutional ethics committee of Fifth 
Affiliated Hospital of Xinjiang Medical University. (XMUFAH-2020015). The 
ethics committee of Fifth Affiliated Hospital of Xinjiang Medical University. 
(XMUFAH-2020015) waived the requirement for informed consent because 
of the retrospective observational nature of this study. All procedures were 
performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.



Page 9 of 9Zhang et al. BMC Anesthesiology           (2024) 24:12 	

Competing interests
The authors declare no competing interests.

Author details
1 Department of Anesthesiology, the Fifth Affiliated Hospital of Xinjiang Medi-
cal University, No. 118 Henan West Road, Xinshi District, Urumqi City, Xinjiang, 
China. 2 Department of Anesthesiology, Xinjiang Uygur Autonomous Region 
People’s Hospital, No. 91 Tianchi Road, Tianshan District, Urumqi City, Xinjiang, 
China. 

Received: 2 June 2023   Accepted: 9 October 2023

References
	1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 
2021;71(3):209–49.

	2.	 Siriwardena AK, Mason JM, Mullamitha S, Hancock HC, Jegatheeswaran 
S. Management of colorectal cancer presenting with synchronous liver 
metastases. Nat Rev Clin Oncol. 2014;11(8):446–59.

	3.	 Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer. 
Lancet. 2019;394(10207):1467–80.

	4.	 Xu W, He Y, Wang Y, Li X, Young J, Ioannidis JPA, Dunlop MG, Theodoratou 
E. Risk factors and risk prediction models for colorectal cancer metastasis 
and recurrence: an umbrella review of systematic reviews and meta-
analyses of observational studies. BMC Med. 2020;18(1):172.

	5.	 Lord JM, Midwinter MJ, Chen YF, Belli A, Brohi K, Kovacs EJ, Koenderman 
L, Kubes P, Lilford RJ. The systemic immune response to trauma: an over-
view of pathophysiology and treatment. Lancet. 2014;384(9952):1455–65.

	6.	 Horowitz M, Neeman E, Sharon E, Ben-Eliyahu S. Exploiting the critical 
perioperative period to improve long-term cancer outcomes. Nat Rev 
Clin Oncol. 2015;12(4):213–26.

	7.	 Bullock AF, Greenley SL, McKenzie GAG, Paton LW, Johnson MJ. Relation-
ship between markers of malnutrition and clinical outcomes in older 
adults with cancer: systematic review, narrative synthesis and meta-
analysis. Eur J Clin Nutr. 2020;74(11):1519–35.

	8.	 Kim KH, Hwang HK, Kang IC, Lee WJ, Kang CM. Oncologic impact of 
preoperative prognostic nutritional index change in resected pan-
creatic cancer following neoadjuvant chemotherapy. Pancreatology. 
2020;20(2):247–53.

	9.	 Yamamoto T, Kawada K, Obama K. Inflammation-related biomarkers for 
the prediction of prognosis in colorectal cancer patients. Int J Mol Sci. 
2021;22(15):8002.

	10.	 Xie H, Wei L, Yuan G, Liu M, Tang S, Gan J. Prognostic value of prognostic 
nutritional index in patients with colorectal cancer undergoing surgical 
treatment. Front Nutr. 2022;9:794489.

	11.	 Liu XX, Su J, Long YY, He M, Zhu ZQ. Perioperative risk factors for survival 
outcomes in elective colorectal cancer surgery: a retrospective cohort 
study. BMC Gastroenterol. 2021;21(1):169.

	12.	 Yap A, Lopez-Olivo MA, Dubowitz J, Hiller J, Riedel B. Global Onco-
Anesthesia Research Collaboration G: Anesthetic technique and cancer 
outcomes: a meta-analysis of total intravenous versus volatile anesthesia. 
Can J Anaesth. 2019;66(5):546–61.

	13.	 Makito K, Matsui H, Fushimi K, Yasunaga H. Volatile versus Total Intrave-
nous Anesthesia for Cancer Prognosis in Patients Having Digestive Cancer 
Surgery. Anesthesiology. 2020;133(4):764–73.

	14.	 Desmond F, McCormack J, Mulligan N, Stokes M, Buggy DJ. Effect of 
anaesthetic technique on immune cell infiltration in breast cancer: 
a follow-up pilot analysis of a prospective, randomised, investigator-
masked study. Anticancer Res. 2015;35(3):1311–9.

	15.	 Frohlich D, Trabold B, Rothe G, Hoerauf K, Wittmann S. Inhibition of the 
neutrophil oxidative response by propofol: preserved in vivo function 
despite in vitro inhibition. Eur J Anaesthesiol. 2006;23(11):948–53.

	16.	 Huang H, Benzonana LL, Zhao H, Watts HR, Perry NJ, Bevan C, Brown R, 
Ma D. Prostate cancer cell malignancy via modulation of HIF-1alpha path-
way with isoflurane and propofol alone and in combination. Br J Cancer. 
2014;111(7):1338–49.

	17.	 Wu ZF, Lee MS, Wong CS, Lu CH, Huang YS, Lin KT, Lou YS, Lin C, Chang 
YC, Lai HC. Propofol-based Total Intravenous Anesthesia Is Associated 
with Better Survival Than Desflurane Anesthesia in Colon Cancer Surgery. 
Anesthesiology. 2018;129(5):932–41.

	18.	 Hasselager RP, Hallas J, Gogenur I. Inhalation or total intravenous anaes-
thesia and recurrence after colorectal cancer surgery: a propensity score 
matched Danish registry-based study. Br J Anaesth. 2021;126(5):921–30.

	19.	 Diagnosis, Treatment Guidelines For Colorectal Cancer Working Group 
C. Chinese Society of Clinical Oncology (CSCO) diagnosis and treatment 
guidelines for colorectal cancer 2018 (English version). Chin J Cancer Res. 
2019;31(1):117–34.

	20.	 Ding P, Guo H, Sun C, Yang P, Kim NH, Tian Y, Liu Y, Liu P, Li Y, Zhao Q. 
Combined systemic immune-inflammatory index (SII) and prognostic 
nutritional index (PNI) predicts chemotherapy response and prognosis in 
locally advanced gastric cancer patients receiving neoadjuvant chemo-
therapy with PD-1 antibody sintilimab and XELOX: a prospective study. 
BMC Gastroenterol. 2022;22(1):121.

	21.	 Luvián-Morales J, González-Trejo S, Carrillo JF, Herrera-Goepfert R, 
Aiello-Crocifoglio V, Gallardo-Rincón D, Ochoa-Carrillo FJ, Oñate-Ocaña 
LF. Association of the prognostic nutritional index and overall survival in 
patients with colorectal cancer: A STROBE compliant retrospective cohort 
study. Cancer Med. 2019;8(7):3379–88.

	22.	 Tokunaga R, Sakamoto Y, Nakagawa S, Miyamoto Y, Yoshida N, Oki E, 
Watanabe M, Baba H. Prognostic Nutritional Index Predicts Severe 
Complications, Recurrence, and Poor Prognosis in Patients With Colo-
rectal Cancer Undergoing Primary Tumor Resection. Dis Colon Rectum. 
2015;58(11):1048–57.

	23.	 Sun G, Li Y, Peng Y, Lu D, Zhang F, Cui X, Zhang Q, Li Z. Impact of the 
preoperative prognostic nutritional index on postoperative and survival 
outcomes in colorectal cancer patients who underwent primary tumor 
resection: a systematic review and meta-analysis. Int J Colorectal Dis. 
2019;34(4):681–9.

	24.	 Soltanizadeh S, Degett TH, Gögenur I. Outcomes of cancer surgery after 
inhalational and intravenous anesthesia: A systematic review. J Clin 
Anesth. 2017;42:19–25.

	25.	 Zheng X, Wang Y, Dong L, Zhao S, Wang L, Chen H, Xu Y, Wang G. Effects 
of propofol-based total intravenous anesthesia on gastric cancer: a retro-
spective study. Onco Targets Ther. 2018;11:1141–8.

	26.	 Okadome K, Baba Y, Yagi T, Kiyozumi Y, Ishimoto T, Iwatsuki M, Miyamoto 
Y, Yoshida N, Watanabe M, Baba H. Prognostic Nutritional Index, Tumor-
infiltrating Lymphocytes, and Prognosis in Patients with Esophageal 
Cancer. Ann Surg. 2020;271(4):693–700.

	27.	 Dubowitz JA, Sloan EK, Riedel BJ. Implicating anaesthesia and the 
perioperative period in cancer recurrence and metastasis. Clin Exp Metas. 
2018;35(4):347–58.

	28.	 Yuki K, Eckenhoff RG. Mechanisms of the Immunological Effects of Vola-
tile Anesthetics: a review. Anesth Analg. 2016;123(2):326–35.

	29.	 Enlund M, Berglund A, Andreasson K, Cicek C, Enlund A, Bergkvist L. The 
choice of anaesthetic–sevoflurane or propofol–and outcome from cancer 
surgery: a retrospective analysis. Upsala J Med Sci. 2014;119(3):251–61.

	30.	 Huang H, Benzonana LL, Zhao H, Watts HR, Perry NJ, Bevan C, Brown R, 
Ma D. Prostate cancer cell malignancy via modulation of HIF-1α pathway 
with isoflurane and propofol alone and in combination. Br J Cancer. 
2014;111(7):1338–49.

	31.	 Mammoto T, Mukai M, Mammoto A, Yamanaka Y, Hayashi Y, Mashimo T, 
Kishi Y, Nakamura H. Intravenous anesthetic, propofol inhibits invasion of 
cancer cells. Cancer Lett. 2002;184(2):165–70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Impact of prognostic nutritional index change on prognosis after colorectal cancer surgery under propofol or sevoflurane anesthesia
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Study population
	Data collection
	Anesthesia methods
	Prognostic nutritional index calculation
	Assessment and follow-up
	Statistical analysis

	Results
	Baseline characteristics
	Associations of ΔPNI or propofol-based or sevoflurane-based anesthesia on prognosis of patients after CRC surgery
	Interaction of ΔPNI and propofol-based or sevoflurane-based anesthesia on prognosis of patients after CRC surgery

	Discussion
	Conclusions
	Acknowledgements
	References


