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Abstract

Background: Surgical treatment for esophageal cancer is major invasive sur-
gery. Recently, opioids have been implicated in the promotion of cancer re-
currence and metastasis because of their immunosuppressive effects. Howev-
er, it has not been fully evaluated whether the intraoperative use of opioids is
directly correlated with postoperative prognosis in the clinical setting. There-
fore, this study aimed to identify perioperative factors related to postoperative
complications and 2-year survival in patients undergoing esophageal cancer
surgery. Methods: We retrospectively reviewed 105 patients who underwent
surgery for esophageal cancer at Kagoshima University Hospital from Janu-
ary 2013 to December 2017. Patient parameters were compared between sur-
vivors and non-survivors for 2 years after surgery. Results: The 2-year sur-
vival rate after esophageal cancer surgery was 76.2% (80 survivors vs. 25
non-survivors). The incidence of postoperative pneumonia within 7 days af-
ter surgery was significantly higher in non-survivors compared with survivors
(36.0% vs. 16.3%; odds ratio, 2.90; 95% confidence interval, 1.06 - 7.96, P <
0.05). Pneumonia was associated with postoperative metastasis (odds ratio,
3.00; 95% confidence interval, 1.117 - 8.072, P = 0.029). The intraoperative
dosage of opioids calculated as fentanyl equivalents was not correlated with
any postoperative complications or 2-year survival. The preoperative albumin
level and neutrophil-lymphocyte ratio were associated with the incidence of
postoperative pneumonia. Conclusions: Postoperative pneumonia may be a
possible predictor of 2-year prognosis in patients after esophageal cancer
surgery, and is not correlated with intraoperative use of opioids. Preoperative
physical status including immune and nutrient states may be more important
for postoperative prognosis after esophageal cancer surgery.
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1. Introduction

Esophageal cancer was estimated to be responsible for 1 in every 20 cancer
deaths in 2018 worldwide [1]. Surgical treatment for esophageal cancer is major
invasive surgery that is frequently accompanied by postoperative complications
such as anastomotic leakage and pneumonia [2]. Patients who underwent eso-
phageal cancer surgery had a 5-year overall recurrence-free survival rate of 36.4%
and 5-year overall recurrence rate of 60% [3], revealing a high rate of recurrence
even after surgery. A high incidence of distant metastasis remains a long-term
problem because the surgical procedure itself can spread circulating tumor cells
and lead to subsequent metastasis after esophagectomy [4]. Thus, the perioperative
impairment of the immune state arising from surgical stress is linked to cancer
recurrence. In a previous study, the overall 1-year and 2-year post-recurrence sur-
vival rates in patients undergoing gastric cancer surgery were 32.6% and 12.6%,
respectively, with a median survival after recurrence of 6.0 months [5]. There-
fore, neoadjuvant chemoradiotherapy is frequently performed depending on pa-
tient physical status and cancer progression before or after esophageal cancer
surgery. Although neoadjuvant therapy has improved the 5-year progression-free
survival rate to 44%, the prognosis for esophageal cancer remains poor com-
pared with that for other gastrointestinal cancers [6]. However, although neoad-
juvant chemoradiotherapy does not affect perioperative immune function in neoad-
juvant chemoradiotherapy-sensitive patients, it may significantly reduce this func-
tion in neoadjuvant chemoradiotherapy-insensitive patients [7].

Patients undergoing esophageal cancer surgery with three-field lymph node
dissection require analgesia comprising high-dose usage of opioids. Intraopera-
tive factors including surgical stress [8], blood transfusion [9], opioids [10], and
general anesthesia [11] have been implicated in immune function impairment in
the perioperative period. Meanwhile, intravenous anesthesia with propofol dur-
ing esophageal cancer surgery was associated with better postoperative survival
rates than volatile anesthesia with isoflurane, sevoflurane, and desflurane [12].
Furthermore, systemic reviews revealed that regional anesthesia had some mod-
ulatory effects on inflammatory and immunological responses in patients al-
though there is no evidence to support or refute the use of epidural anesthesia to
reduce cancer recurrence after gastroesophageal cancer surgery [13]. Although
the correlation between intraoperative opioid use and survival has not been cla-
rified, postoperative opioid use was recently demonstrated not to be associated
with survival and recurrence-free survival after esophageal cancer surgery, while
postoperative complications may increase the hazard ratio for survival and re-
currence-free survival [14]. Despite the enormous number of 7n vitro and animal

studies indicating the immunosuppressive effects of opioids, it currently remains
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unclear whether opioids augment the risk of recurrence in clinical practice [15].
Therefore, this study aimed to identify the perioperative factors (including
opioid administration) related to postoperative adverse events and prognosis in

patients undergoing esophageal cancer surgery.

2. Methods

We retrospectively reviewed 105 patients who underwent esophagectomy with
three-field lymph node dissection at Kagoshima University Hospital from Janu-
ary 2013 to February 2017. The study protocol was reviewed and approved by
the local ethics committee of Kagoshima University. Patients who were not fol-
lowed up for 2 years after surgery were excluded from the present study. Medical
records including anesthesia charts were reviewed to evaluate the perioperative
factors related to the 2-year prognosis after esophageal cancer surgery.

Opioids were not preoperatively prescribed to any patients. An epidural ca-
theter was inserted at the level of Th9/10. In all patients, anesthesia was induced
with propofol, remifentanil, and rocuronium. Anesthesia was maintained by
continuous intravenous target-controlled infusion of propofol with an effect-site
concentration of 2.5 - 4.0 ug/mL to keep the bispectral index between 40 and 60.
During surgery, remifentanil was administered at a rate of 0.2 - 1.0 pg/kg/min.
Fentanyl was intermittently administered through an intravenous line. A single
injection of 1 - 3 mg morphine was performed through the epidural catheter in
some patients. The total dose of opioids including remifentanil, fentanyl, and
morphine was expressed by fentanyl equivalents (FE) as previously described
[16]. Rocuronium was administered based on train-of-four monitoring. Sedation
with dexmedetomidine (0.4 - 0.7 g/kg/h) and propofol (3.0 - 4.0 mg/kg/h) was
continued from the end of surgery until postoperative day 1.

White blood cell, neutrophil, and lymphocyte counts were performed between
the induction of anesthesia and start of surgery (preoperative) and at the end of
anesthesia (postoperative) using an automatic blood cell counter (KX-21; Sys-
mex, Kobe, Japan).

Parameters were compared between 2-year survivors and non-survivors. The
Mann-Whitney U-test was used for the comparison of numerical data. The
Fisher exact test was used to identify differences in expected frequency versus
observed frequency of nominal variables. Factors correlated with 2-year survival,
metastasis, and pneumonia were analyzed by multiple logistic regression analy-
sis. Data are presented as median (interquartile range). A value of P < 0.05 was
considered statistically significant. All statistical analyses were performed using
SPSS version 24 software (IBM Corp., Armonk, NY).

3. Results

Among the 105 patients undergoing esophageal cancer surgery with three-field
lymph node dissection, the 2-year survival rate was 76.2% (80 survivors vs. 25
non-survivors) (Table 1). There were no differences between survivors and

non-survivors in patient characteristics including age, body mass index, American
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Table 1. Demographic characteristics of patients undergoing surgery for esophageal cancer.

Survivors Non-survivors

Variable Levels Total P-value
(n =380) (n=25)
>2 years 80 80 0 -
Survival after
surgery 1 -2 years 17 0 17 -
<1 year 8 0 8 -
Age (y) 65 (61-70) 65 (61-70) 66 (60 - 70) 0.95
Male 89 69 20 0.52
Sex
Female 16 11 5
lor2 102 79 23 0.14
ASA
3or4 3 1 2
I 21 19 2 0.07
Tumor stage II 24 20 4
111 60 41 19
SCC 101 77 24 1.00
Histology
Adenocarcinoma 4 3 1
Open thoracotomy 89 66 23 0.34
Type of surgery
Thoracoscopy 16 14 2
Multiple cancer Yes/No 21/84 18/62 3/22 0.39
Neoadjuvant
Yes/No 79/26 57/23 22/3 0.11
chemotherapy
Neoadj t
coacjuvan Yes/No 55/50 41/39 14//11 0.81
radiation
. 224 22.5 214
Body mass index 0.26
(19.8-25.6) (20.0-26.7) (19.2-24.3)
smoking Yes/No 86/19 66/14 20/5 0.77
COPD Yes/No 12/93 8/72 4/21 0.47
Diabetes Yes/No 14/91 12/68 2/23 0.51
Hypertension Yes/No 37/68 28/52 9/16 1.00
Renal disease Yes/No 4/101 3/77 1/24 1.00
Plasma albumin 3.9 3.9 3.6 <0.01
(mg/dL) (3.7-4.3) (3.7-4.3) (3.3-3.9) ’
Plasma CRP 0.08 0.07 0.13 0.13
(mg/dL) (0.03-0.31) (0.03-0.3) (0.05 - 0.47) ’

SCC: squamous cell carcinoma; COPD: chronic obstructive pulmonary disease; CRP: C-reactive protein.

Society of Anesthesiologists classification, or preoperative complications such as
diabetes. However, the albumin level within 2 weeks before surgery was signifi-
cantly lower in non-survivors than in survivors (2 < 0.01). Similarly, preopera-
tive and postoperative levels of hemoglobin and hematocrit were significantly

lower in non-survivors compared with survivors (Table 2). Consistent with the
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lack of difference in blood loss between survivors and non-survivors, neither
volume of total infusion nor blood transfusion differed between the two groups.
However, the preoperative plasma glucose level was lower in non-survivors com-
pared with survivors. Meanwhile, the detection rate of lymph node metastasis eva-
luated by intraoperative rapid pathological diagnosis was higher in non-survivors
than in survivors. There were no significant difference between survivors and
non-survivors regarding the total intraoperative dose of fentanyl and remifenta-
nil, epidural use of morphine, or intraoperative total amount of opioids expressed
as FE. Consistently, multiple logistic regression analysis revealed that FE was not
correlated with postoperative complications including surgical site infection (SSI),
anastomotic leakage, or pneumonia as well as metastasis or survival within 2
years after surgery (Table 3). The incidence of postoperative pneumonia within
7 days after surgery was significantly higher in non-survivors compared with
survivors (36.0% vs. 16.3%; odds ratio [OR], 2.90; 95% confidence interval [CI],
1.06 - 7.96; P < 0.05). Compared with survivors, non-survivors had higher risks
of pneumonia (OR, 2.90; P < 0.05), metastasis within 2 years (OR, 7.11; P< 0.001),
and requirement for postoperative chemotherapy (OR, 3.48; P= 0.01). Consistent
with the correlation between postoperative pneumonia and 2-year survival, post-
operative pneumonia was associated with metastasis within 2 years (adjusted
OR, 3.003; 95% CI, 1.117 - 8.072; P=0.029) (Table 4). Moreover, the risk factors
for postoperative pneumonia were preoperative low plasma albumin level (ad-
justed OR, 0.189; 95% CI, 0.047 - 0.759; P= 0.02) and high neutrophil-lymphocyte
ratio (adjusted OR, 1.229; 95% CI, 1.035 - 1.460; P= 0.02).

4. Discussion

In this study, no significant correlations between prognosis after esophageal
cancer surgery and intraoperative factors including anesthesia or opioid use
were detected, although there were significant differences between 2-year survi-
vors and non-survivors regarding the albumin level within 2 weeks before sur-
gery, glucose level before the start of surgery, and both hemoglobin and hema-
tocrit before and after surgery (Table 1 and Table 2). Furthermore, lymph node
metastasis was less frequently detected by intraoperative rapid pathological di-
agnosis in 2-year survivors. These results suggest that the preoperative physical
status related to tumor progression stage may have more influence on the post-
operative prognosis (including cancer recurrence) than intraoperative events in
patients with low physical status undergoing highly invasive surgery.
Perioperative stress can lead to a systemically immunocompromised condition
associated with reduced lymphocyte numbers and expression of human leuko-
cyte antigen-antigen D-related protein on lymphocytes and monocytes [17], re-
sulting in susceptibility to postoperative infection and tumor progression [15].
An elevated neutrophil/lymphocyte ratio is reportedly to be correlated with the
incidence of SSI after posterior lumbar instrumentation surgery [18] and cardiac

surgery [19], while the perioperative neutrophil-lymphocyte ratio is correlated
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Table 2. Patient data during anesthesia for esophageal cancer surgery.

Survi Non- i
Variable Total Hrvivors On-survivors P-value
(n=80) (n=25)
693 708 683
Anesthesia time (min) 0.31
(634 - 738) (629 - 740) (638 - 731)
Operation time (min) >83 >86 581 0.24
peraty (513 - 619) (517 - 626) (496 - 603) :
3800 3750 4200
Pre 0.08
(3000 - 4900) (2825 - 4700) (3500 - 5350)
WBC counts (/pL)
8100 8200 8100
Post 0.72
(6500 - 10,700) (6525 - 10,775) (5850 - 9900)
2400 2300 2500
Pre 0.08
Neutrophil counts (1800 - 3000) (1700 - 3000) (2150 - 3800)
(/uL) 7200 7150 7200
Post 0.08
(5250 - 9500) (5400 - 9825) (5100 - 8750)
900 900 1000
Pre 0.29
Lymphocyte counts (600 - 1300) (600 -1200) (550 - 1450)
(/uL) 500 500 500
Post 0.67
(400 - 650) (400 - 700) (400 - 600)
16.9 15.9 179
Pre 0.14
Platelet counts (13.4 - 20.0) (13.3-19.1) (14.1 - 3.2)
(x10*/uL) 15.0 152 15.0
Post 0.42
(12.2 - 18.7) (12.0-18.7)  (13.1-19.9)
2.4 2.32 2.88
Pre 0.54
Neutrophil-lymphocyte (1.8-4.3) (1.78 - 3.97) (1.79 - 4.79)
ratio 15.0 14.90 15.00
Post 0.94
(11.0-19.8)  (11.03-20.33) (10.34-19.18)
180 181 175
Pre 0.89
Platelet-lymphocyte (133 -272) (132 - 265) (135 - 298)
ratio 303 297 352
Post 0.14
(223 - 401) (220 - 370) (232 - 484)
10.0 10.3 9.3
Pre 0.02
(9.2-11.0) (9.2-11.2) (9.0-10.4)
Hemoglobin (g/dL)
9.6 10.0 9.2
Post 0.008
(8.9 -10.8) (9.1 -10.9) (8.4-9.8)
30.4 30.7 28.5
Pre 0.03
(27.6 - 32.6) (27.6 - 33.5) (27.0 - 31.0)
Hematocrit (%)
Post 29.3 29.9 27.8 0.007
(27.2 - 32.5) (27.7 - 33.1) (25.6 - 30.4) ’
108.0 111 104.0
Pre <0.0001
Plasma glucose (97.5-121.5)  (98.3-124.8)  (95.5-110.0)
(mg/dL) 177 177 177
Post 0.47
(161 - 198) (155 - 198) (169 - 196)
0.8 0.80 0.70
Pre 0.10
Plasma lactate (0.6 -0.9) (0.6 - 1.0) (0.6 -0.9)
(mmol/L) 2.2 2.2 2.3
Post 0.93
(1.6 -2.8) (1.6-2.7) (1.5-3.2)
290 280 410
Blood loss (mL) 0.06
(203 - 493) (183 - 428) (218 - 585)
X 4800 4900 4750
Infusion (mL) 0.38

(4035 - 5655) (4145 -5800) (3905 - 5525)
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Continued
Blood transfusion 0(0-0) 0 0(0-0) 0.99
(mL) (0-0) '

. 155 1573 1425

Urine volume (mL) 0.22
(968 - 2388) (1025 - 2455) (680 - 2310)

2680 2668 2680

Balance (mL) 0.61

(2195 - 3448) (2216 - 3515) (2095 - 3305)
Detection of lymph

. Yes/No 48/57 31/49 17/8 <0.05
node metastasis
Total use of 13,573 13,791 12,591
. . 0.40
remifentanil (jg) (10,217 - 18,074) (10,457 - 18,717) (9096 - 17,161)
Total use of 800 800 800
0.81
fentanyl (ug) (600 - 1000) (600 - 1000) (600 - 860)
Epidural
picra use Yes/No 68/37 52/28 16/9 1.00
of morphine
Fentanyl equivalents 14,303 14,529 13,390 0.37
exchange (ug) (10,949 - 18,924) (11,566 - 19,559) (9763 - 17,971)

WBC: white blood cell; Pre: preoperative; Post: postoperative.

Table 3. Correlations between intraoperative opioid use and postoperative outcomes.

X FE < 11,478 FE > 11,478 Odds
Variable . 95% CI  P-value
(n=29) (n=176) ratio
Surgical site
i i Yes/No 5/24 17.2% 17/59 224% 0.72 0.24-2.18 0.79
infection
Anastomotic
Yes/No 7/22 24.1% 20/56 26.3% 0.89 0.33-2.40 1.0
leakage
Pneumonia Yes/No 6/23 20.7% 15/61 19.7% 1.06 0.37-3.07 1.0
Metastasis

. Yes/No 6/23 20.7% 15/61 19.7% 1.06 0.37-3.07 1.0
within 2 years

Survival
. Yes/No 20/9 68.9% 60/16 789% 0.59 0.23-1.55 0.31
within 2 years

FE: fentanyl equivalents; CI: confidence interval.

Table 4. Postoperative outcomes in patients undergoing esophageal cancer surgery.

. Survivors Non-survivors Odds
Variable Total X 95% CI  P-value
(n=280) (n=25) ratio
Length of 28 29 27
0.99 097-1.01 0.34
stay (d) (21 - 45) (21 - 45) (21 - 41)
Surgical site
X K Yes/No 23/82 18/62  22.5% 5/20 20.0% 0.86 0.28 - 2.62 1
infection
Anastomotic
Yes/No 26/79 21/59  26.3% 5/20 20.0% 0.70 0.23-2.1 0.61
leakage
Pneumonia Yes/No 21/84 13/67 16.3% 9/16 36.0% 2.90 1.06-7.96 <0.05
Metastasis
. Yes/No 32/73 16/64 20% 16/9 64.0% 7.111 2.66 - 19.02 <0.001
within 2 years
Postoperative
Yes/No 32/73 19/61  23.8% 13/12 52.0% 3.48 1.36-8.89 0.01
chemotherapy
Postoperative
L Yes/No 12/93 8/72 10% 4/21 16.0% 1.71 0.47-6.26 047
radiation

CI: confidence interval.

DOI: 10.4236/0janes.2020.104009 107 Open Journal of Anesthesiology


https://doi.org/10.4236/ojanes.2020.104009

M. Hasegawa-Moriyama, Y. Kanmura

with survival in patients undergoing colorectal cancer surgery [20] and higher
mortality in patients with breast and kidney cancer [21]. In the present study,
consistent with the lack of difference between survivors and non-survivors in the
number of preoperative treatments involving neoadjuvant chemotherapy and
radiation (Table 1), there were no difference between survivors and non-survivors
in the neutrophil/lymphocyte ratio before the start of surgery or after the end of
surgery (Table 2). Therefore, an immunosuppressed state, possibly related to
nutrient state and tumor progression, may not be a single predictive factor for
postoperative complications such as SSI, anastomotic leakage, pneumonia, and
cancer recurrence.

A continuous infusion of remifentanil dose-dependently lowers the intraoper-
ative release of stress hormones such as cortisol and catecholamine [22] that in-
duce T-helper 2 cell dominance with modulation of cellular immunity [23]. Re-
cently, opioid use, opioid potency, and the opioid dose were reported to be cor-
related with the risk of invasive pneumococcal disease induced by Streptococcus
pneumoniae, although the potency of immunosuppression differed depending
on the type of opioid [24]. The influence of intraoperative use of high doses of
potent opioids, including remifentanil, fentanyl, and morphine, on postoperative
infection and cancer progression after surgery has not been well elucidated.
However, a concentration of remifentanil (50 ng/mL) similar to the relevant
plasma concentration was shown to inhibit the migration of human polymor-
phonuclear neutrophils [25], and had weaker inhibitory effects on neutrophil
migration than fentanyl (30 ng/mL). Furthermore, an 8-hour infusion of remi-
fentanil did not affect natural killer cell activity in normal volunteers [26]. In our
study, the total dose of opioids converted to FE was not correlated with the inci-
dences of SSI, anastomotic leakage, pneumonia, metastasis, or survival within 2
years (Table 3). Although an evaluation of cancer immunity such as changes in
natural killer cells or helper T cells was not performed, our findings suggest that
the immunosuppressive effects of these opioids may be less clinically obvious in
patients undergoing esophageal cancer surgery. The present study did not assess
the postoperative use of opioids including those without immunosuppressive
properties such as oxycodone, buprenorphine, and tramadol [15] [27]. Further-
more, the possibility that the use of opioids influenced the incidence of SSI can-
not be excluded because of the small number of patients included in the present
study. Further investigations are required to evaluate the correlations between
the immunosuppressive effects of opioids and cancer prognosis.

The incidence of postoperative pneumonia was lower in 2-year survivors than
in non-survivors (Table 5), consistent with the correlation between incidence of
postoperative pneumonia within 7 days after surgery and metastasis within 2
years (Table 4). Preoperative albumin level and neutrophil-lymphocyte ratio
were possible risk factors for occurrence of pneumonia (Table 6). Therefore,
further evaluation is expected to clarify whether perioperative interventions for
nutrient state and immune status can alter the postoperative prognosis in eso-

phageal cancer patients.
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Table 5. Perioperative risk factors for metastasis within 2 years in patients undergoing esophageal cancer surgery.

Surgical site infection

Anastomotic leakage

Variable Unadjusted OR 95% CI P value Adjusted OR 95% CI P-value
0.269 - 2.152 0.605 0.633 0.161 - 2.489 0.513
0.390 - 2.663 0.970 1.139 0.313 - 4.140 0.844
1.118 - 7.798 0.029 3.003 1.117 - 8.072 0.029

Pneumonia

OR: odds ratio; CI: confidence interval.

Table 6. Perioperative risk factors for pneumonia in patients undergoing esophageal cancer surgery.

Variable
Albumin

Neutrophil-lymphocyte ratio

Unadjusted OR 95% CI P-value Adjusted OR 95% CI P-value
0.196 0.053 - 0.732 0.015 0.189 0.047 - 0.759 0.02
1.228 1.039 - 1.452 0.016 1.229 1.035 - 1.460 0.02

OR: odds ratio; CI: confidence interval; Pre: preoperative; Post: postoperative.

5. Conclusion

Perioperative factors related to cancer recurrence and 2-year survival were post-
operative pneumonia, which was highly linked to preoperative lower albumin
level and higher neutrophil-lymphocyte ratio. Intraoperative use of opioids was
not correlated with postoperative complications, cancer recurrence, or 2-year
survival. Cancer stage and preoperative physical status including immune and
nutrient state may be more important for postoperative prognosis after esopha-
geal cancer surgery. Therefore, opioids should be used as a component of ba-

lanced anesthesia for esophageal cancer surgery.
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