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Abstract
Background Perioperative anesthetic management may affect long-term outcome after cancer surgery.
This study aimed to investigate the effect of perioperative glucocorticoids on long-term survival in
patients after radical resection for pancreatic cancer.
Methods In this retrospective cohort study, patients who underwent radical resection for pancreatic
cancer from January 2005 to December 2016 were recruited. Baseline and perioperative data including
use of glucocorticoids for prevention of postoperative nausea and vomiting were collected. Patients were
followed up for tumor recurrence and survival. The primary outcome was the overall survival (OS); the
secondary outcome was the recurrence-free survival (RFS). A multivariable Cox proportional hazard
model was used to analyze the influence of perioperative glucocorticoid use on OS and RFS after
correction for confounding factors.
Results A total of 215 patients after radical surgery for pancreatic cancer were included in the study; of
these, 112 received perioperative glucocorticoids and 103 did not. Patients were followed up for a median
of 74.0 months (95% confidence interval [CI] 68.3-79.7). Both OS and RFS were significantly longer in
patients with glucocorticoids than in those without (for OS: median 19.7 months [95% CI 12.3-36.2] vs.
13.9 months [8.0-23.9], P=0.001; for RFS: 12.0 months [6.0-28.0] vs. 6.9 months [4.2-17.0], P=0.002). After
correction for confounding factors, perioperative glucocorticoids were significantly associated with
prolonged OS (HR 0.692, 95% CI 0.499-0.959, P=0.027) and RFS (HR 0.634, 95% CI 0.459-0.878, P=0.006).
Conclusions Perioperative use of low-dose glucocorticoids may improve long-term survival in patients
undergoing radical surgery for pancreatic cancer.

Background
Pancreatic cancer is a malignant tumor with high mortality. According to the latest Global Cancer
Statistics, 459,000 new cases of pancreatic cancer were diagnosed and 432,000 cases died in 2018,
ranking as the seventh leading cause of cancer death worldwide [1]. According to the China data, 90,100
new cases of pancreatic cancer were diagnosed and 79,400 cases died in 2015 [2]. Currently, surgical
resection accompanied by systemic adjuvant chemotherapy is the only possible treatment for patients to
achieve prolonged survival [3]. However, recent evidence showed that, even after radical resection and
modern adjuvant chemotherapy, the clinical outcome of pancreatic cancer remains poor, with a median
overall survival time of 28–54 months [4]. Recurrence and metastasis are the main reasons leading to
short survival of patients after pancreatic cancer surgery. This is because that the pancreatic cancer cells
invade the lymphatic system and form micro-metastases at the very early stage, which make radical
resection incomplete [4]. What’s more, surgery-related inflammation will promote tumor growth and
metastasis [5].
Anesthetic management may affect the prognosis of cancer patients by regulating perioperative
immunity and inflammation. For example, epidural block, dexmedetomidine and non-steroidal antiPage 2/16

inflammatory drugs can blunt surgery-related stress response [6, 7] and, thus, may provide benefits for
long-term outcome of some cancer patients [8–10]. Low-dose glucocorticoids (dexamethasone or
methylprednisolone) are frequently used to prevent postoperative nausea and vomiting [11]; in addition,
they have transient effects on immune function and inflammatory response [12]. In animal studies of
pancreatic cancer, inflammation increases the dissemination of cancer cells whereas dexamethasone
abolishes this phenomenon [13]. In two retrospective studies, perioperative low-dose dexamethasone was
found to be associated with improved survival after pancreatic cancer surgery [14, 15]. Our study of
patients undergoing lung cancer surgery also revealed that low-dose dexamethasone was associated
with improved long-term survival [16]. However, the effects of perioperative glucocorticoids on cancer
outcome are conflicting; some authors even reported negative results, i.e., worsened long-term survival
[17–19].
Considering the popularity of glucocorticoid use in the perioperative period, it is necessary to further
evaluate its effect on the long-term outcome of cancer patients. The purpose of this retrospective study
was to analyze the association between perioperative glucocorticoid use and long-term survival in
patients with pancreatic cancer.

Methods
This was a retrospective cohort study. The study protocol was approved by the Clinical Research Ethics
Committee of Beijing Cancer Hospital (2018YJZ49). Considering that the study was pure observational,
the Ethics Committee agreed to waive written informed consents; however, all patients or their family
members had provided oral consents to participate in this study before collecting data.
Participants
Potential participants were screened using the electronic medical record system of the hospital. Inclusion
criteria were patients who underwent radical resection for pancreatic cancer of which the diagnoses were
confirmed by pathological examination from January 1, 2005 to December 31, 2016 in the first
Department of Hepatic, Biliary & Pancreatic Surgery of Beijing Cancer Hospital. Exclusion criteria included
the following: (1) combined primary cancer in other sites; (2) recurrent or metastatic pancreatic cancer;
(3) long-term glucocorticoid therapy before surgery; (4) non-radical surgery; or (5) missing data (such as
cancer size, stage, differentiation, and follow-up data, etc.).
Anesthesia, surgery and perioperative management
All patients underwent general anesthesia with endotracheal intubation. Anesthesia was induced with
intravenous anesthetics (propofol and/or etomidate) and opioids (fentanyl or sufentanil), and maintained
with inhalational anesthetics (sevoflurane or isoflurane) and opioids (fentanyl, sufentanil, oxycodone
and/or dezocine). For some patients, non-steroidal anti-inflammatory drugs (NSAIDs, including
flurbiprofen axetil and parecoxib) were administered for supplemental analgesia; epidural anesthesia was
performed with local anesthetics (lidocaine and/or ropivacaine) for anesthesia maintenance and
Page 3/16

postoperative analgesia. Low-dose glucocorticoids, either dexamethasone (5-10 mg) or
methylprednisolone (10-80 mg), were administered to prevent postoperative nausea and vomiting
depending on the discretion of anesthesiologists [11]. There were no special indications for
glucocorticoid administration during the study period.
No patient received medical therapy for cancer before surgery, including neoadjuvant chemotherapy. The
standard median incision approach for radical resection of pancreatic cancer was implemented. Surgical
procedures were performed by three chief surgeons until the end of April 2007, and by one chief surgeon
thereafter. The types of surgery were decided according to the status of cancer at the discretion of the
surgeons, and included pancreaticoduodenectomy, pancreatic body and tail resection plus splenectomy,
and total pancreatectomy. The range of lymph node dissection was standardized for each type of
surgery. Positive surgical margin was defined when residual cancer cells were found within 1 mm of the
surgical resection margins.
Postoperative patient-controlled analgesia was provided for 3 days. Opioids (with or without flurbiprofen
axetil) was used for intravenous analgesia. Ropivacaine (with or without opioids) was used for epidural
analgesia. Antiemetics including dexamethasone (5-10 mg), 5-HT3 receptor antagonist, and/or
metoclopramide were administered when considered necessary [20]. Other perioperative treatments were
performed according to routine practice.
Perioperative data collection
Patients’ data were collected from the hospital’s electronic medical record system. Baseline data included
age, sex, height, weight, preoperative comorbidities, preoperative laboratory test results, ASA
classification, and preoperative chemotherapy. Anesthesia-related data included anesthetic method,
duration of anesthesia, types and doses of anesthetics, intraoperative fluid infusion and blood
transfusion, postoperative analgesia, as well as perioperative use of glucocorticoids and non-steroidal
anti-inflammatory drugs. Equivalent doses were calculated for opioids, NSAIDs and glucocorticoids [2125]. Surgery-related data included date and type of surgery, surgical margin status, and estimated
intraoperative blood loss. Postoperative data included pathological diagnoses, maximum tumor diameter,
degree of cancer differentiation, Tumor-Node-Metastasis (TNM) stage of pancreatic cancer (pTNM
stage), occurrence of postoperative complications, length of hospital stay, and in-hospital death.
Postoperative long-term follow-up
Patients were followed up by surgeons and specially assigned personnel after surgery. Follow-ups were
performed every 6 months during the first year and once a year thereafter, in the way of outpatient review,
telephone inquiry, or letter communication. During each follow-up, the living status and the recurrence of
cancer were confirmed, and the acceptance of radio-/chemotherapy were recorded. For those with cancer
recurrence, the time of diagnosis was recorded; and for those who died, the time and cause of death were
documented. Cancer recurrence referred to local recurrence and/or distant metastasis as confirmed by
imagological examination [26]. The time of recurrence was the earliest date of imagological evidence
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according to which clinical diagnosis was made by surgeons. The time of death was extracted from the
medical death certificate. The overall survival (OS) and recurrence-free survival (RFS) were determined
according to follow-up results. Postoperative follow-up continued until patients died, lost to follow-up or
end of follow-ups.
Outcomes
The primary outcome was OS after surgery, i.e., the duration from the date of surgery until the patients’
death or loss to follow-up or the end of follow-up. Secondary outcome was RFS after surgery, i.e. the
duration from the date of surgery until and the confirmed recurrence, the patients’ death or loss to followup, or the end of follow-up, whichever came first.
Statistical analysis
Sample size estimation
In a previous study, the median overall survival in patients with and without perioperative glucocorticoids
was 46 and 22 months, respectively [15]. We expected a total recruitment period of 144 months and a
total follow-up period of 168 months (i.e., 2 more years after the last recruitment), respectively. With the
significance level set at 0.05, power at 0.8 and drop-out rate at 5%, a minimum of 99 and 98 subjects in
the glucocorticoid and no-glucocorticoid groups, respectively, was needed to detect the difference.
Sample size estimation was performed with the Survival-Logrank-Lakatos-Median Survival Time of the
PASS 11.0 (NCSS LLC, Kaysville, UT, USA).
Data analysis
For the purpose of analyses, patients were divided into two groups, i.e., those with glucocorticoids during
the perioperative period (from the day of surgery to the 3rd day after surgery) and those without. Numeric
variables were compared with unpaired t test or Mann-Whitney u test. Categorial variables were compared
with the χ2 test. Time-to-event variables were analyzed with Kaplan-Meier estimator, with differences
between groups assessed with log-rank tests. Univariable associations between baseline and
perioperative variables and OS or RFS were performed with Kaplan-Meier survival analyses. The factors
with P<0.20 in univariable analyses and those that were considered clinically important were included in
the multivariable Cox proportional hazard models to identify the effects of glucocorticoids on
postoperative OS and RFS after correction for confounding factors. Data analyses were performed with
the SPSS 25.0 software (IBM SPSS Inc, Chicago, IL). A two-sided P<0.05 was considered statistically
significant.

Results
The median OS was significantly longer (19.7 months [95% CI 12.3-36.2] vs. 13.9 months [95% CI 8.023.9], P=0.001) and the 5-year OS rate was significantly higher (16.0% [95% CI 8.0-24.0] vs. 5.8% [95% CI
0.5-11.1], P<0.001) in patients with glucocorticoids than in those without. Also the median RFS was
Page 5/16

significantly longer (12.0 months [95% CI 6.0-28.0] vs. 6.9 months [95% CI 4.2-17.0]; P=0.002) and the 5year RFS rate was significantly higher (16.4% [95% CI 9.1-23.7] vs. 4.9% [95% CI 0.6-9.2], P<0.001) in
patients with glucocorticoids than in those without. Perioperative outcomes including postoperative
complications and length of hospital stay after surgery did not differ between the two groups (Table 2,
Supplemental Table 4).
Factors in association with overall and recurrence-free survival
Univariable analyses identified 14 factors that might be associated with OS or RFS after surgery (P<0.20),
including age, history of hypertension, preoperative hepatorenal dysfunction, preoperative CA19-9 level,
pathologic diagnosis, pTNM stage, cancer differentiation grade, period of surgery, surgical margin status,
type of inhalational anesthetics, perioperative glucocorticoids, estimated intraoperative blood loss,
postoperative complications, and postoperative chemotherapy (Table 3). There were no collinearities
among these factors.
Glucocorticoids and postoperative overall survival
After correction for confounding factors in a multivariable model, perioperative administration of
glucocorticoids was significantly associated with a prolonged OS after surgery (HR 0.692, 95% CI 0.4990.959, P=0.027). Among other factors, pathological diagnosis of ductal adenocarcinoma (vs. others: HR
2.088, 95% CI 1.026-4.237; P=0.042), high pTNM stage (IIB,III,IV vs. IA,IB,IIA: HR 1.628, 95% CI 1.138-2.329;
P=0.008), low cancer differentiation (vs. medium/high: HR 1.950, 95% CI 1.394-2.729; P<0.001),
estimated intraoperative blood loss ≥400 ml (HR 1.566, 95% CI 1.114-2.201; P=0.010), and isoflurane
inhalation (vs. sevoflurane inhalation: HR 1.578, 95% CI 1.105-2.255; P=0.012) were associated with
shortened OS; whereas negative surgical margin (HR 0.531, 95% CI 0.310-0.909; P=0.021) and
postoperative chemotherapy (HR 0.700, 95% CI 0.504-0.972; P=0.033) were associated with prolonged OS
after surgery (Table 4).
Glucocorticoids and postoperative recurrence-free survival
After correction for confounding factors in a multivariable model, perioperative administration of
glucocorticoids was significantly associated with a prolonged RFS after surgery (HR 0.634, 95% CI 0.4590.878, P=0.006). Among other factors, pathological diagnosis of ductal adenocarcinoma (vs. others: HR
2.387, 95% CI 1.112-5.128; P=0.026), higher pTNM stage (IIB,III,IV vs. IA, IB, IIA: HR 1.411, 95% CI 1.0091.973; P=0.044), low cancer differentiation (vs. medium/high: HR 2.159, 95% CI 1.547-3.013; P<0.001),
and estimated intraoperative blood loss ≥400 ml (HR 1.488, 95% CI 1.052-2.103; P=0.025) were
associated with shortened RFS; whereas negative surgical margin (HR 0.587, 95% CI 0.350-0.987;
P=0.044) was associated with prolonged RFS after surgery (Table 4).

Discussion
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In this retrospective study, 215 patients after pancreatic cancer surgery were followed up for a median of
74.0 months. The results showed that patients with perioperative glucocorticoids had significantly longer
overall and recurrence-free survival when compared with those without. After correction for confounding
factors, perioperative use of glucocorticoids was still significantly associated with prolonged overall and
recurrence-free survival after surgery.
Surgical resection is the primary treatment for patients with pancreatic cancer. However, even after radical
resection and modern chemotherapy, long-term prognosis of pancreatic cancer patients remains poor.
According to recent studies, the median recurrence-free survival after pancreatic cancer surgery (and
chemotherapy) was 6.7–22.9 months, the median overall survival was 10.9–54.4 months, and the 5-year
survival rate was 7.3–44.1% [3, 4]. In the present study, the median recurrence-free survival was
9.4 months (95% CI 5.1–20.3), the median overall survival was 16.8 months (95% CI 10.4–29.2), and the
5-year survival rate was 11.1% (95% CI 6.2–16.0). The results of our patients were all within the ranges of
previous reports.
Glucocorticoids have long been used as the first-line therapy in patients with hematologic malignancies
[27]. However, the reported effects of perioperative glucocorticoids on the long-term outcomes after
cancer surgery vary widely and may be cancer-dependent. For example, long-term follow-up of patients
after colorectal cancer surgery showed that perioperative dexamethasone was associated with an
increased risk of cancer recurrence [17]. Whereas studies of patients undergoing surgeries for ovarian and
breast cancers did not find any significant effects of antiemetic dose dexamethasone on long-term
survival [18, 19]. On the other hand, our retrospective study of lung cancer patients showed improved
recurrence-free and overall survival with perioperative glucocorticoids [16]. Studies regarding pancreatic
cancer patients were limited. In two retrospective studies of patients after pancreatic cancer surgery,
perioperative low-dose dexamethasone (4–10 mg) was associated with the prolonged overall survival
[14, 15]. In the present study, 52.1% of our patients received perioperative glucocorticoid (median
equivalent dose of dexamethasone 10 mg). In line with the above studies in pancreatic cancer patients,
our results also showed that perioperative glucocorticoids were associated with improved long-term
survival after surgery.
The potential mechanisms by which glucocorticoids may improve long-term outcomes after pancreatic
cancer surgery remain unclear, but may be related to its anti-inflammatory and immunomodulatory
effects. Inflammation, especially chronic inflammation, might play an important role in the occurrence
and development of pancreatic cancer [5]. Cytokines produced by immune and cancer cells can not only
enhance cancer invasiveness, but also produce immunosuppression which promote cancer cells to
escape from immune surveillance [5]. During the perioperative period, surgery related inflammation is
associated with profound immunosuppression, which can accelerate cancer recurrence and metastasis
[28]. Glucocorticoids have a broad-spectrum anti-inflammatory effect [29]. In a randomized controlled trial
by Kim et al., a single-dose dexamethasone (10 mg) significantly relieved the degree of inflammation
within 24 hours after uterine arterial embolization [30]. Along with the anti-inflammatory effect,
glucocorticoids can modulate immune function by suppressing the Th1-cellular immunity axis and
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augmenting the Th2-mediated humoral immunity, which may provide protection against surgical stress
[28, 31]. A study in healthy volunteers showed that the anti-inflammatory and immunomodulatory effects
of a single-dose dexamethasone (8 mg) lasts for at least 24 hours [12].
Concerns regarding perioperative glucocorticoid use include the possibility of increased postoperative
infection and anastomotic leak, as well as elevated blood glucose which is also associated with
increased postoperative complications [32, 33]. However, these adverse events are mainly observed in
patients with prolonged glucocorticoid use [33], but not in those who received only short-term therapy
[34]. On the contrary, a randomized controlled trial reported that perioperative hydrocortisone (100 mg
every 8 hours for 3 days) reduced major complications after pancreaticoduodenectomy [35]. In a recent
retrospective cohort study, patients who received a single-dose dexamethasone developed less infectious
complications after pancreatic cancer surgery [15]. Results of the present study also showed that
perioperative use of antiemetic dose glucocorticoids did not increase complications after surgery for
pancreatic cancer.
It is well known that perioperative blood transfusion is associated with shortened long-term survival after
cancer (including pancreatic cancer) surgery [36, 37]. As a matter of fact, high volume intraoperative
blood loss is also associated with worse outcomes including increased postoperative complications [38]
and deteriorated long-term outcomes [39, 40]. For example, in a retrospective study of patients with stage
II/III gastric cancer, intraoperative blood loss of > 330 ml was associated with early recurrence after
surgery [39]. In a retrospective study of pancreatic cancer patients, patients with massive intraoperative
blood loss had shorter overall survival and recurrence-free survival after surgery, although the
associations were no longer significant after the correction for confounding factors [40]. In the present
study, we did not find significant associations between perioperative blood transfusion and long-term
outcomes after pancreatic cancer surgery, possibly due to the small number of patients receiving blood
transfusions. However, we found that high volume intraoperative blood loss (≥ 400 ml) was associated
with shortened long-term survival, which is consistent with previous studies.
The impacts of inhalational anesthetics on long-term outcomes after cancer surgery attract much
attention. Available studies (mainly retrospective) indicated that volatile inhalational anesthesia was
associated with shortened long-term survival after cancer surgery when compared with propofol
intravenous anesthesia [41]; possibly due to the enhanced immunosuppression and the upregulated
hypoxia-inducible-factor-1 and matrix metalloproteinases [42]. However, the effects of different
inhalational anesthetics might be different [42]. In a study of patients undergoing cytoreductive surgery
for ovarian cancer, desflurane anesthesia was associated with delayed recurrence compared with
sevoflurane [43]. In the present study, isoflurane anesthesia was associated with shortened overall
survival compared with sevoflurane. The effects of different inhalational anesthetics on the prognosis of
patients undergoing cancer surgery required further studies. Our study also found that the pathological
diagnosis of ductal adenocarcinoma, high grade TNM stage and low degree of cancer differentiation
were associated with shorter survival; whereas negative surgical margin and postoperative chemotherapy
were associated with longer survival. These results are consistent with previous studies [14, 15].
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In addition to the retrospective nature, there are other limitations of the present study. Firstly, patients
included in this study underwent surgery over a period of 12 years. The chief surgeons had changed
during this period, and so were routine clinical practices. For example, glucocorticoids were used more
frequently and the number of surgical cases were higher in recent years. These might produce bias. In the
present study, the period of surgery was included in the multivariable model in order to correct for its
potential confounding effects [44]. Secondly, only 15 cases (7.0%) received combined epidural block
during general anesthesia in our patients. This limited our ability to detect any effects of epidural block
on the outcome of pancreatic cancer patients, which was suggested by previous studies [14]. Lastly, as a
single-center study, the generalizability of our results may be limited.

Conclusions
In summary, results of this retrospective study showed that perioperative use of low-dose glucocorticoids
was associated with improved long-term survival in patients undergoing radical surgery for pancreatic
cancer. Considering the popularity of glucocorticoid use in the perioperative period, prospective studies
are urgently needed to clarify its effect on long-term outcomes after pancreatic cancer surgery.
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Tables
Due to technical limitations, Tables 1 - 4 are only available for download from the Supplementary Files
section.

Figures

Figure 1
Flowchart of the study.
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Figure 2
Survival curves of patients with or without perioperative glucocorticoids after pancreatic cancer surgery.
(A) The overall survival was significantly longer in patients with glucocorticoids than in those without
(Log-rank test P<0.001). (B) The recurrence-free survival was significantly longer in patients with
glucocorticoids than in those without (Log-rank test P<0.001). +, subjects who were censored.
Page 15/16

Supplementary Files
This is a list of supplementary files associated with this preprint. Click to download.
BMCSupplementalTable218490.docx
BMCSupplementalTable118489.docx
BMCSupplementalTable318491.docx
BMCSupplementalTable418492.docx
BMCSTROBEchecklist18502.docx

Page 16/16

