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Peridural analgesia does not impact survival in patients after colon
cancer resection: a retrospective propensity score-adjusted analysis
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Abstract
Purpose To assess the putative impact of peridural analgesia on oncological outcome in patients undergoing resection of stages I–
IV colon cancer.
Methods In a single-center study, 876 patients undergoing resection for primary colon cancer (AJCC stages I–IV) between 2001
and 2014 were analyzed. Mean follow-up of the entire cohort was 4.2 ± 3.5 years. Patients who did and did not receive peridural
analgesia were compared using Cox regression and propensity score analyses.
Results Overall, 208 patients (23.7%) received peridural analgesia. Patients’ characteristics were biased with regard to the use of
peridural analgesia (propensity score 0.296 ± 0.129 vs. 0.219 ± 0.108, p < 0.001). After propensity score matching, the use of
peridural analgesia had no impact on overall (HR 0.81, 95% CI 0.59–1.11, p = 0.175), cancer-specific (HR 0.72, 95% CI 0.48–
1.09, p = 0.111), and disease-free survival (HR 0.89, 95% CI 0.66–1.19, p = 0.430). The 5-year overall survival after propensity
score matching was 60.9% (95% CI 54.8–67.7%) for patients treated with peridural analgesia compared with 54.1% (95% CI
49.5–59.1%) for patients not treated with peridural analgesia. Cancer-specific and disease-free survival showed similar non-
significant results.
Conclusions Peridural analgesia in patients after colon cancer resection was not associated with a better oncological outcome
after risk adjusting in multivariable Cox regression and propensity score analyses. Hence, oncological outcome should not serve
as a reason for the use of peridural analgesia in patients with colon cancer.
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Introduction

Due to its numerous advantages, including better pain control
[1], early mobilization, a decrease in the duration of postop-
erative ileus [2], and a possible reduction in postoperative
morbidity and mortality [3, 4], peridural analgesia (PDA)

has become a mainstay in colorectal surgery. Furthermore,
recent studies of fast-track or enhanced recovery surgery pro-
tocols have shown a significant reduction in healthcare-
associated infections as well as in the duration of hospital stay
compared with classic perioperative care [5]. Although studies
have failed to demonstrate a reduction in the duration of
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hospital stay associated with PDA use, it continues to play a
central role in postoperative patient management after colo-
rectal surgery [6].

Interestingly, a recent study postulated that the use of PDA
might actually confer a survival benefit to patients undergoing
colorectal surgery [7]. Here, a difference in the 5-year survival
rate (62% vs. 54%, p < 0.02) could be observed in patients
treated with or without PDA, respectively. In this study, pa-
tients treated with PDA appeared significantly younger and
possessed a lower American Society of Anesthesiologists
(ASA) score, thereby possibly influencing results. Moreover,
the study included patients with both colon and rectum can-
cers, further distorting the observed outcome as both tumor
entities should be investigated separately due to differences in
anatomy, clinical behavior, and stage-dependent treatment [8].

As such, the purpose of the present analysis was to assess the
possible impact of the use of PDA on oncological outcome in a
large homogenous patient population, exclusively colon cancer.
In order to increase the statistical power and further elaborate on
the possible beneficial impact of PDA use on recurrence and
survival, both the Cox proportional hazard regression analyses
and propensity scoring methods were applied.

Methods

Data source and cohort definition

The present retrospective analysis is based on a prospectively
maintained colorectal database from the Department of
General, Visceral and Transplantation Surgery at the
University of Heidelberg. Overall, 1252 patients with histo-
logically confirmed colon cancer were identified between
January 2001 and June 2014. Exclusionary criteria included
patients with missing demographic data, missing information
pertaining to the use of PDA, an in-hospital or 30-day mortal-
ity, and patients receiving resections due to local recurrence,

R1/2 or Rx resection, and patients who were lost to follow-up
(Fig. 1). A total of 876 patients remained for further analysis.
Those patients were then grouped according to whether or not
they received a PDA.

Data collection, operative technique, definitions,
and follow-up

Informed consent was acquired from patients scheduled to
undergo oncologic colon resection. An independent ethics
committee at the University Heidelberg approved the present
study (S-649/2012). Predefined data were collected frommed-
ical charts and recorded in a prospectively maintained elec-
tronic database. Baseline data included age, gender, ASA
score, body mass index (BMI), type of colonic resection (right
hemicolectomy, resection of transverse colon, left
hemicolectomy, subtotal colectomy), American Joint
Committee on Cancer (AJCC) stage, number of harvested
and po s i t i v e l ymph node s , t umo r g r a d e , a nd
carcinoembryonic antigen (CEA). In addition, the surgical
approach (open vs. laparoscopic) and the administration of
adjuvant chemotherapy (yes/no) were ascertained.

All operations were performed or supervised by experi-
enced colorectal surgeons using highly standardized tech-
niques. The surgical concept of complete mesocolic excision,
in which the undamaged visceral fascia of the mesocolon is
sharply resected from the parietal fascia of peritoneum, was
performed [9]. In cases where the tumor was located in the
right hemicolon, the venous vessels were divided at their in-
flow into the identified superior mesenteric vein. The corre-
sponding arteries were transected at the same level. A mobi-
lization of the duodenum (Kocher maneuver) was not routine-
ly performed. In patients presenting with a carcinoma in the
region of the hepatic flexure, the great curvature of the stom-
ach was freed over a distance of 10 to 15 cm from the right
gastroepiploic arcade. The highly standardized surgical tech-
niques were not changed during the study period.

1,252 consecutive Patients with resection 
of colon cancer (01/2001−06/2014)

876 patients eligible for analysis 

Excluded: 
- Missing baseline characteristics  N= 4
- Lost to follow-up N = 177
- In hospital mortality N = 17
- Operation due to local recurrence N = 41
- R1/R2/Rx resection N = 136
- treatment with PDK unknown N=1

Fig. 1 Patients’ cohort definition
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Barring other contraindications, the decision for or
against the insertion of a peridural catheter was made by
the patient in consultation with the attending anesthesiolo-
gist. The peridural catheter was placed in the lower thoracic
spinal column (thoracic 8/9 ± one level) immediately prior
to surgery. Afterwards, general anesthesia was induced via
the intravenous administration of sufentanil, propofol, and
rocuronium bromide based on a standardized in-house pro-
tocol. Anesthesia was then maintained with an inhaled sed-
ative (sevoflurane p.i. or desflurane p.i.). When necessary,
rocuronium bromide was administered intravenously in re-
petitive dosages to ensure for sufficient muscle relaxation.
In addition, all patients with PDA received an epidural bolus
of 20 μg sufentanil at the beginning of anesthesia.
Meanwhile, analgesia was maintained using either intrave-
nous sufentanil or via the peridural catheter using either
continuous infusion or bolus injections of ropivacain 0.2–
0.5% in combination with sufentanil epidural 10–20 μg.
Postoperatively, analgesia was maintained using one of the
methods listed as follows: (1) PDAwith continuous infusion
of both ropivacain 0.2% and sufentanil epidural (initially at
a dose of 0.5μg/ml) via the peridural catheter. Dosage re-
duction was performed according to the standard operating
procedure for postoperative pain management. Whenever
possible, the administration of sufentanil was reduced and
stopped during the first 2 to 3 days postoperatively; (2)
patient-controlled analgesia (PCA) with intravenous bolus
delivery of oxycodone or piritramide; or (3) nurse-
controlled analgesia with intravenous bolus administration
of oxycodone or piritramide by the ward staff 4–6 times
daily. In addition, peripherally acting analgetics (e.g., para-
cetamol, metamizol) could be administered in all groups
according to individual needs. As soon as patients presented
with sufficient gastrointestinal passage, an oral analgetic
therapy consisting of a fixed combination of oxycodone/
naloxone was initiated 1 or 2 days prior to removal of the
peridural catheter and the end of patient-controlled analge-
sia or the nurse-controlled analgesia, respectively.

Data about the management of patient-controlled in-
travenous analgesia or PDA in the postoperative period
were recorded by members of the Department of
Anesthesiology (University Hospital of Heidelberg,
Heidelberg, Germany) using a database for the docu-
men ta t i on o f ana lge s i a (MEDLINQ, Med l inq
Softwaresysteme GmbH, Hamburg, Germany). The
treatment success was monitored and adjusted if neces-
sary during the daily rounds.

Regular follow-up was performed for 5 years postopera-
tively at the outpatient clinics of the Surgical Department and
at the National Center for Tumor Diseases, Heidelberg,
Germany, according to national guidelines [10]. Adjuvant
chemotherapy was administered routinely to patients with
node-positive disease.

Statistical analysis

Statistical analyses were performed using the R statistical soft-
ware (www.r-project.org). A two-sided p value < 0.05 was
considered statistically significant. Continuous data were
expressed as means ± standard deviation. In order to compare
proportions, chi-square statistics were used, while the t tests
and Mann–Whitney U tests were used for continuous vari-
ables as appropriate. Missing data were imputed using the
random survival forest method [11].

First, the bias with regard to PDAvs. no PDAwas assessed
in terms of age, gender, ASA score, BMI, tumor stage, tumor
grade, CEA level, type of operation, laparoscopic vs. open
surgery, and the need for adjuvant chemotherapy. The same
set of covariates including PDA vs. no PDA were then
assessed as putative prognostic factors for overall, cancer-spe-
cific, and disease-free survival in unadjusted and risk-adjusted
Cox regressions including a backward variable selection pro-
cedure from the full Cox regression model based on Akaike’s
information criterion.

Moreover, a propensity score analysis, as a superior and
more refined statistical method of adjusting for potential base-
line confounding variables, was performed [12–14]. We used
the BMatching^ R package to perform a bipartite weighting
propensity score analysis [15, 16].

Finally, the baseline risk of the matched patients was com-
pared with assurance that no major differences in observed
baseline patients’ characteristics persisted. The prognostic val-
ue of PDA vs. no PDA for overall, cancer-specific, and
disease-free survival was assessed in a stratified Cox regres-
sion analysis applying the subclasses and the weights obtained
by the propensity score analysis.

In sensitivity analysis, first the year of diagnosis was incor-
porated in univariate, multivariable, and propensity score
analysis as a strata term. In addition, in a second step, the
AJCC stage was also incorporated as a second strata term in
univariate and multivariable Cox regression analysis. The es-
timates were based on the Huber sandwich estimator.

Reporting of this study was carried out in accordance with
the STROBE checklist (www.strobe-statement.org). Rene
Warschkow (Master of Science in Medical Biometry)
performed the statistical analysis.

Results

Patient population and baseline characteristics

The patient selection is illustrated in a flow chart in Fig. 1. A
total of 876 patients that underwent R0 resection for primary
colon cancer (AJCC stages I–IV) were analyzed. Of these,
208 patients (23.7%) received a PDA and 668 patients
(76.3%) received conventional intraoperative general and
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postoperative intravenous and oral analgesia. The application
of PDA decreased over time. The last PDAwas applied end of
2010, and thereafter, PDAwas no longer used in patients with
colon cancer. The mean duration of PDA was 4.5 ± 2.1 days
after surgery.

Mean follow-up of the entire cohort was 4.2 ± 3.5 years.
The follow-up for patients receiving a PDA was signifi-
cantly longer than in patients not receiving a PDA (5.2 ±
3.3 vs. 3.9 ± 3.5, p < 0.001). The distribution of baseline
characteristics was similar concerning age, gender, BMI,
tumor grade, and CEA (Table 1). There was no statistical-
ly significant difference in the rate of patients receiving
adjuvant chemotherapy. In contrast, ASA scores and
AJCC stages differed markedly between the two analyzed
groups. Patients treated with PDA were significantly more
often classified as ASA III and IV and presented with
significantly more advanced tumor stages. In addition,
patients operated in minimally invasive laparoscopic tech-
nique were significantly less often treated with PDA.
Although without clinical relevance, the number of har-
vested and the number of positive lymph nodes (median
number and interquartile range of harvested lymph nodes
in patients with and without PDA 18 (13–24) vs. 20 (15–
25); mean number and standard deviation of positive
lymph nodes 2.0 ± 3.3 vs. 1.6 ± 3.2) also differed signifi-
cantly (p = 0.032 and p = 0.015). In patients with PDA, a
right hemicolectomy, transverse colon resection, left
hemicolectomy, and subtotal colon resection was per-
formed in 102 (49%), 14 (6.7%), 67 (32.2%), and 25
(12%) patients, respectively. In patients without PDA,
right hemicolectomy, transverse colon resection, left
hemicolectomy, and subtotal colon resection were per-
formed in 296 (44.3%), 48 (7.2%), 273 (40.9%), and 51
(7.6%) patients, respectively.

PDA as a prognostic factor for overall, cancer-specific,
and disease-free survival

In an unadjusted Cox proportional hazards regression
analysis, a PDA had no significant impact on overall sur-
vival (hazard ratio (HR) of death 1.28, 95% confidence
interval (CI) 0.99–1.65, p = 0.065) (Fig. 2a). The 5-year
overall survival for patients treated with a PDA was
60.0% (95% CI 53.6–67.3%) compared with 70.6%
(95% CI 66.4–75.1%) for patients not treated with PDA
(p = 0.065). Overall survival was, however, dependent on
age, gender, ASA stage, AJCC stage, differentiation of the
tumor, CEA, surgical approach (open vs. laparoscopic),
and the administration of adjuvant chemotherapy
(Table 2). Even after risk adjusting the Cox regression
analysis, PDA had no influence on overall survival (HR
0.87, 95% CI 0.67–1.14, p = 0.319). In this adjusted mul-
tivariable analysis, age, male gender, ASA classification,

advanced AJCC stage, and elevated CEA were shown to
be independent predictors for increased mortality.
Meanwhile, surgical approach (open vs. laparoscopic), tu-
mor differentiation, and the need for adjuvant chemother-
apy did not reach statistical significance. The results were
then confirmed using a backward variable selection.

In an unadjusted Cox proportional hazards regression
analysis, the risk of cancer-specific mortality was signifi-
cantly increased by 63% (HR 1.63, 95% CI 1.13–2.34,
p = 0.010) in patients treated with PDA (Table 2).
Indeed, the 5-year cancer-specific survival for patients
treated with PDA was 75.2% (95% CI 69.1–81.7%) com-
pared with 84.6% (95% CI 81.2–88.2%) for patients not
treated with PDA (p < 0.001) (Fig. 2b). After risk
adjusting for a variety of confounding factors in multivar-
iable Cox regression analysis, it appeared that PDA did
not significantly increase the risk of cancer-specific mor-
tality (HR 0.94, 95% CI 0.64–1.39, p = 0.762) (Table 2).

Similarly, in unadjusted Cox proportional hazards regres-
sion analysis, the use of PDA was a statistically significant
negative prognostic factor for disease-free survival (HR
1.34, 95% CI 1.06–1.69, p = 0.017) (Fig. 2c). The 5-year dis-
ease-free survival for patients treated with PDA was 55.9%
(95% CI 49.4–63.3%) compared with 67.9% (95% CI 63.6–
72.4%) for patients not treated with PDA (p = 0.017).
However, after risk adjustment using multivariable Cox re-
gression, PDAwas no longer associated with an increased risk
for recurrence (HR 0.96, 95% CI 0.76–1.23, p = 0.765).

Propensity score adjustment for patients’
characteristics

To more optimally adjust for the significant imbalances in
patients’ characteristics in those treated with and without
PDA in the univariate- and multivariate-adjusted Cox re-
gression analysis, a propensity score was estimated. The
propensity score for patients treated with PDA was 0.296
± 0.129 compared with 0.219 ± 0.108 in those without
PDA (p < 0.001), thus revealing a strong bias regarding
patients’ characteristics between the 2 groups (Table 1).
During the propensity score matching procedure, one pa-
tient treated with PDA and 45 patients treated without
PDA had to be excluded because their characteristics
could not be matched with patients from the other group.
After the matching procedure, the propensity score was
virtually the same in the two patient groups (0.294 ±
0.126 for patients treated with PDA compared with
0.294 ± 0.127 for patients treated without PDA [p =
0.976]), thus indicating no persisting bias regarding the
observed patients’ characteristics in the two groups.
Patients’ characteristics after propensity score matching
with the corresponding p values are listed in Table 1.
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PDA as a prognostic factor for overall, cancer-specific,
and disease-free survival after propensity score
matching

After adjusting the data according to the propensity
score analysis, it was revealed that the use of PDA
had no impact on overall survival (HR 0.81, 95% CI
0.59–1.11, p = 0.175) (Fig. 2d), cancer-specific survival
(HR 0.72, 95% CI 0.48–1.09, p = 0.111) (Fig. 2e), and
disease-specific survival (HR 0.89, 95% CI 0.66–1.19,
p = 0.430) (Fig. 2f). The 5-year overall survival after
propensity score matching was 60.9% (95% CI 54.8–
67.7%) for patients treated with PDA compared with
54.1% (95% CI 49.5–59.1%) for patients not treated
with PDA. Similarly, 5-year cancer-specific survival
was 75.4% (95% CI 69.5–81.8%) for patients treated
with PDA and 67.6% (95% CI 63.0–72.5%) for patients
not treated with PDA, respectively. The 5-year disease-
free survival was 55.2% (95% CI 49.1–61.9%) for pa-
tients treated with PDA and 51.2% (95% CI 46.7–
56.2%) for patients not treated with PDA, respectively.

Auxiliary analyses

To account for the decreasing application of PDA over time,
several sensitivity analyses were performed.

The survival of patients operated during the period when
PDA was not applied (2011–2014, N = 240) was compared
with the survival of patients operated earlier when PDA was
used (2001–2010, N = 636). There was a non-significant trend
for worse overall (HR 1.46, 95% CI 0.82–2.60, p = 0.170)
cancer-specific (HR 1.08, 95% CI 0.56–2.11, p = 0.812), and
disease-free survival (HR 1.61, 95% CI 0.93–2.80, p = 0.070).

Furthermore, analyses were stratified over three time pe-
riods when PDAwas applied (2001–2010) excluding patients
operated between 2011 and 2014 when PDAwas not used. Of
the included 636 patients in this analysis, 208 (32.7%) re-
ceived a PDA and 428 patients (67.3%) received conventional
intraoperative general and postoperative intravenous and oral
analgesia. In an unadjusted Cox proportional hazards regres-
sion analysis, a PDA had no significant impact on overall (HR
1.20, 95% CI 0.91–1.59, p = 0.196) and on disease-free sur-
vival (HR 1.26, 95% CI 0.97–1.63, p = 0.082). In contrast, the

a b c

d e f

Fig. 2 Comparisons of Kaplan–Meier curves between patients with and without PDAwith regard to overall, cancer-specific, and disease-free survivals
after resection for colon cancer in unadjusted and propensity score-adjusted analysis
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risk of cancer-specific mortality was significantly increased by
75% (HR 1.75, 95% CI 1.16–2.64, p = 0.008) in patients
treated with PDA. After risk adjusting for the confounding
factors and stratification for the year of diagnosis also in mul-
tivariable Cox regression analysis, PDA did not have an im-
pact on overall (HR 0.89, 95% CI 0.65–1.21, p = 0.415),
cancer-specific (HR 1.08, 95% CI 0.69–1.68, p = 0.730),
and disease-free survival (HR 0.97, 95% CI 0.73–1.29, p =
0.818). Also when incorporating the AJCC stage as a second
strata in addition to the strata term for the year of diagnosis in
univariate and multivariable Cox regression analysis, the use
of PDA had no impact on overall (HR 0.93, 95% CI 0.70–
1.23, p = 0.612 and HR 0.90, 95% CI 0.66–1.24, p = 0.515),
cancer-specific (HR 1.04, 95% CI 0.68–1.59, p = 0.857 and
HR 1.12, 95% CI 0.71–1.75, p = 0.635), and disease-free sur-
vival (HR 1.00, 95% CI 0.77–1.29, p = 0.972 and HR 0.94,
95%CI 0.71–1.24, p = 0.662). In none of these analyses, PDA
was selected as a significant predictor in the backward vari-
able selection procedure. In this sensitivity analysis, the pro-
pensity score for patients treated with PDAwas 0.404 ± 0.159
compared with 0.290 ± 0.145 in those without PDA (p <
0.001). During the propensity score matching procedure, 4
patients treated with PDA and 33 patients treated without
PDA had to be excluded because their characteristics could
not be matched with patients from the other group. After the
matching procedure, the propensity score was virtually the
same in the two patient groups (0.396 ± 0.152 for patients
treated with PDA compared with 0.396 ± 0.151 for patients
treated without PDA [p = 0.983]). After adjusting the data
according to the propensity score analysis, it was revealed that
the use of PDA had no impact on overall (HR 0.90, 95% CI
0.66–1.23, p = 0.499), cancer-specific (HR 1.18, 95% CI
0.77–1.79, p = 0.454), and disease-specific survival (HR
0.84, 95% CI 0.62–1.13, p = 0.239).

To further corroborate the data and to investigate if treat-
ment with PDA had a different impact on survival in the sub-
groups of patients with ASA III/IVand ASA I/II, the complete
analysis was repeated for these two different subgroups also
excluding patients operated between 2011 and 2014 when
PDAwas not used.

First, a total of 271 patients classified as ASA III and IV
were included. Of these, 101 patients received a PDA, and 170
patients received conventional intraoperative general and post-
operative intravenous and oral analgesia. In unadjusted Cox
proportional hazards regression analysis, a PDA had no signif-
icant impact on overall (HR 1.08, 95% CI 0.77–1.51, p =
0.665), cancer-specific (HR 1.54, 95% CI 0.91–2.62, p =
0.112), and on disease-free survival (HR 1.08, 95% CI 0.78–
1.49, p = 0.636). Also after risk adjustment in multivariable
Cox regression analysis, PDA did not have an impact on overall
(HR 0.89, 95% CI 0.61–1.30, p = 0.540), cancer-specific (HR
0.87, 95% CI 0.46–1.64, p = 0.667), and disease-free survival
(HR 0.85, 95% CI 0.59–1.23, p = 0.390). In this sensitivityT
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analysis, the propensity score for patients treated with PDAwas
0.468 ± 0.196 compared with 0.316 ± 0.158 in those without
PDA (p < 0.001). During the propensity score matching proce-
dure, 4 patients treated with PDA and 7 patients treated without
PDA had to be excluded because their characteristics could not
be matched with patients from the other groups. After the
matching procedure, the propensity score was virtually the
same in the two patient groups (0.453 ± 0.184 for patients treat-
ed with PDA compared with 0.452 ± 0.185 for patients treated
without PDA [p = 0.986]). After adjusting the data according to
the propensity score analysis, the use of PDA had no impact on
overall (HR 1.00, 95% CI 0.66–1.52, p = 0.983), cancer-
specific (HR 1.38, 95% CI 0.75–2.54, p = 0.303), and
disease-specific survival (HR 0.90, 95% CI 0.60–1.34, p =
0.603) in patients with ASA III and IV.

Second, a total of 365 patients classified as ASA I and II
were included. Of these, 107 patients received a PDA, and 258
patients received conventional intraoperative general and post-
operative intravenous and oral analgesia. In unadjusted Cox
proportional hazards regression analysis, a PDA had no signif-
icant impact on overall (HR 1.27, 95% CI: 0.84–1.91, p =
0.263), cancer-specific (HR 1.63, 95% CI 0.95–2.78, p =
0.082), and on disease-free survival (HR 1.39, 95% CI 0.98–
1.98, p = 0.072). Also after risk adjustment in multivariable
Cox regression analysis, PDA did not have an impact on overall
(HR 0.90, 95% CI 0.59–1.39, p = 0.647), cancer-specific (HR
1.16, 95% CI 0.65–2.08, p = 0.609), and disease-free survival
(HR 1.00, 95% CI 0.69–1.45, p = 0.987). In this sensitivity
analysis, the propensity score for patients treated with PDA
was 0.370 ± 0.148 compared with 0.261 ± 0.142 in those with-
out PDA (p < 0.001). During the propensity score matching
procedure, 1 patient treated with PDA and 22 patients treated
without PDA had to be excluded because their characteristics
could not be matched with patients from the other group. After
the matching procedure, the propensity score was virtually the
same in the two patient groups (0.367 ± 0.144 for patients treat-
ed with PDA compared with 0.367 ± 0.144 for patients treated
without PDA [p = 0.988]). After adjusting the data according to
the propensity score analysis, the use of PDA had no impact on
overall (HR 0.86, 95% CI 0.54–1.37, p = 0.520), cancer-
specific (HR 0.98, 95% CI 0.56–1.71, p = 0.932), and
disease-specific survival (HR 0.95, 95% CI 0.63–1.45, p =
0.826) in patients with ASA I and II.

Discussion

The current study represents the first to apply a propensity
scoring method in order to investigate the putative impact of
PDA on overall, cancer-specific, and disease-free survival in a
large homogenous cohort of patients, with exclusively colon
cancer. The present study revealed a strong bias with regard to
patients’ characteristics. After adjusting for these differences

in propensity score-matched analysis, the initially found neg-
ative impact of PDA on cancer- and disease-specific survival
in univariate analysis disappeared.

In contrast to Holler and colleagues’ study [7] which re-
ported a survival benefit in patients treated with PDA, the
univariate analysis in this investigation revealed a poorer on-
cological outcome in those with PDA. These contradicting
results can be contributed to significant imbalances in pa-
tients’ characteristics in both studies. Whereas in the present
analysis, patients treated with PDA tended to present with
higher ASA scores and more advanced tumor stages, patients
treated with PDA in the Holler et al. study were significantly
younger and had lower ASA scores. However, also in contrast
to the present study, in subgroup analysis, the overall survival
benefit in Hollers’ study was more pronounced in patients
with ASA classification 3 to 4. When analyzing overall sur-
vival, concurring events of death have to be considered espe-
cially in old patients with co-morbidities. As shown in a study
analyzing relative survival in patients with rectal cancer, only
half of the observed deaths in patients with stages I to IVand
only one third of the observed death in patients with stages I to
III undergoing resection were related to cancer. Because the
incidence of colorectal cancer increases with age and approx-
imately 60% of all patients survive for 5 years, colorectal
cancer patients have a relevant risk of dying from causes other
than colorectal cancer itself [17]. Therefore, a perceived better
overall survival does not necessarily mean that the oncological
outcome is improved. In summary, to obtain valid results,
every effort should be made to optimally adjust for all known
confounders. As seen in this study, when using multivariable
Cox regression and propensity score-matched analysis, it
could be shown that the use of PDA did not significantly
impact survival. The poor oncological outcome reported in
the present analysis is, as such, a result of the imbalances
between the two groups rather than the use of PDA itself.

The results of the present analysis also contradicted those
reported in patients receiving radical prostatectomy and resec-
tion of ovarian serous adenocarcinoma. In these studies, pa-
tients treated with PDA had a significantly better oncological
outcome with either a reduced risk of local recurrence or a
longer overall survival when compared with patients operated
on under general anesthesia alone without the addition of PDA
[18, 19]. Furthermore, the excision of a malignant melanoma
under general anesthesia was associated with decreased surviv-
al when compared with excision under local anesthesia [20].
However, a randomized controlled trial including 503 patients
undergoing abdominal cancer surgery could not identify a sig-
nificant improvement of cancer-free survival in patients treated
with PDA [21]. In patients with colorectal cancer, the impact of
PDA on oncological outcome is even more controversial,
whereas one study was able to demonstrate a survival benefit
within the first 2 years after colon cancer resection; another
study was unable to confirm such a benefit [21, 22].
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The underlying question is why should the use of PDA
influence oncological outcome? General anesthesia and surgi-
cal stress may lead to immunodeficiency. This may be the
result of direct suppression of the immune system, especially
natural killer cell activity, or by activation of the hypothalam-
ic–pituitary–adrenal axis and the sympathetic nervous system
[23]. Furthermore, opioids, including morphine, have been
shown to have immunosuppressive effects, thereby
compromising cellular and humoral immune function and,
thus, host defense against malignancies [24–26]. Therefore,
the benefit of PDA use may lie in the decreased immunosup-
pressive effects of surgery and general anesthesia and by re-
ducing the amount of perioperative necessary opioids required
to control pain. In this context, cancer immunogenicity, de-
fined as the ability of a tumor to induce an immune response,
may play a central role. The underlying mechanisms are mis-
sense, frameshift, and splice site mutations, all leading to the
expression of neoantigens. Presumably, tumor immunogenic-
ity increases with the rate of mutations [27]. Consequently,
immunomodulating mechanisms may affect various tumor
entities in different ways. In comparison with immunogenic
tumors like melanomas with high neoantigen expression, co-
lon and rectum cancers show a much lower level of
neoantigen expression [28] and therefore possess lower im-
munogenic tumor potential. Therefore, this effect may play a
smaller role compared with other relevant parameters in rec-
tum and colon cancers

We would like to acknowledge the limitations of the pres-
ent investigation. First, this is a single-institution retrospective
cohort study with the inherent risk of selection bias. However,
it is questionable that a randomized controlled trial investigat-
ing the impact of PDA on oncological outcome in colon can-
cer patients will ever be performed. As such, a cohort study
using the Cox proportional hazard regression analysis as well
as the propensity scoring methods seems adequate. Second,
the application of PDA decreased over time with the last PDA
applied at the end of 2010. However, the possible bias arising
from this change in practice was addressed in several sensitiv-
ity analyses. All the auxiliary analysis confirmed the previous
results. Furthermore, the percentage of patients treated with
PDA was low in our study population. It is possible that the
low sample size may lead to bias or type II error. The exclu-
sion of patients in the propensity score-matched analysis re-
sulted in an additional loss of statistical power. Third, although
risk adjustment was performed for a variety of observed con-
founding factors, potential bias due to unknown or unob-
served confounders cannot be excluded. Finally, the follow-
up for patients treated with PDAwas significantly longer than
for patients not treated with PDA, therefore possibly increas-
ing outcome assessment bias.

In summary, in the present retrospective investigation,
PDA in patients after colon cancer resection was not associat-
ed with a better oncological outcome after risk adjusting in

multivariable Cox regression and propensity score analyses.
Further studies investigating the putative effect of PDA on
oncological outcome after colorectal cancer surgery are need-
ed. The authors of the present study doubt that a randomized
controlled trial investigating the impact of PDA on oncologi-
cal outcome in colorectal cancer patients will ever be success-
fully performed. Therefore, a meta-analysis summarizing data
from optimally adjusted cohort studies will provide the
highest evidence level. In this respect, the present investiga-
tion may help further elucidate the possible association be-
tween PDA and oncological outcome. At present, a possibly
better oncological outcome should not serve as a reason to
treat patients with colon cancer with PDA.
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