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Abstract

Background The perioperative period of major oncologic
surgery is characterized by immunosuppression, angio-
genesis, and an increased load of circulating malignant
cells. It is a window period in which cancer cells may seed,
invade, and proliferate. Thus, it has been hypothesized that
the use of regional anesthesia with the goal of reducing
surgical stress and opioid and volatile anesthetic con-
sumption would avoid perioperative immune suppression
and angiogenesis and ultimately cancer recurrence.
Questions/purposes We performed a systematic review
of the literature on the use of regional anesthesia and
postoperative analgesia to improve cancer-related survival
after oncologic surgery. Our primary topic of interest is
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survival after orthopaedic oncologic surgery, but because
that literature is limited, we also have systematically
reviewed the question of survival after breast, gastroin-
testinal, and genitourologic cancers.

Methods We searched the PubMed and Embase databases
with the search terms: “anesthesia and analgesia”, “local
neoplasm recurrence”, “cancer recurrence”, “loco-regio-
nal neoplasm recurrence”, “disease-free survival”, and
“cumulative survival rates”. Our initial search of the two
databases provided 836 studies of which 693 were rejected.
Of the remaining 143 studies, only 13 articles qualified for
inclusion in this systematic review, based on defined
inclusion criteria. All these studies had retrospective
design. Due to the high heterogeneity among the identified
studies and the complete absence of randomized controlled
trials from the literature on this topic, the results of a meta-
analysis would be heavily confounded; hence, we instead
performed a systematic review of the literature.

Results No eligible studies addressed the question of
whether regional anesthesia and analgesia have an impact
on survival after musculoskeletal cancer surgery. Only one
relevant clinical study was identified on regional breast
cancer survival; it suggested a benefit. The literature on
gastrointestinal and genitourinary surgery was larger but
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mixed, although some preliminary studies do suggest a
benefit of regional anesthesia on survival after oncologic
surgery in those patient populations.

Conclusions Although basic science studies suggest a
potential benefit of regional anesthesia and stress response
reduction in cancer formation, we found little clinical
evidence to support the theory that regional anesthesia and
analgesia improve overall patient survival after oncologic
surgery.

Introduction

Forty years ago, the overall prognosis for patients with
malignant musculoskeletal tumors was dismal. Fortunately,
overall survival has improved, a result of improvements in
surgical techniques and perioperative care [1, 14]. How-
ever, despite better survival, many patients still develop
local recurrence or distant metastasis after primary tumor
resection [14]. Recurrences are related to the biology of the
tumor, poor tumor responsiveness to chemotherapy and/or
radiation, micrometastasis, and circulating malignant cells
present in the blood stream before, during, and after sur-
gery [1, 36].

Preclinical evidence suggests that tumor growth is
facilitated by surgical stress, volatile anesthetics, opioids,
and blood transfusions [4]. For instance, surgical stress
induces the release of catecholamines that act on adrenergic
receptors located in the membrane of cancer cells, thus
stimulating their proliferation and invasiveness [33, 34].
Opioids are the most commonly used analgesics in the
perioperative period. Opioids activate the L receptors
located on the surface of non-small-cell lung and breast
cancer cells, triggering their proliferation and invasion [24].
In contrast, morphine induces apoptosis in other cancer cell
lines such as lung and breast carcinoma [18, 19]. In healthy
humans and in those with cancer, the administration of
fentanyl or morphine is associated with increased plasma
concentrations of IL-10, suggesting a predominant antiin-
flammatory and immune suppressive profile [10, 21, 38].

The perioperative period is characterized by intense
inflammation manifested by increased circulating concen-
trations of proinflammatory cytokines such as IL-1f and
IL-6 [29]. These two cytokines stimulate the activity of the
cyclooxygenase-2 (COX-2) enzyme [20]. Increased activ-
ity of the COX-2 enzyme has been linked to cancer
formation. In the perioperative period, the administration
of the COX inhibitor etodolac to animals having surgery
diminished the number of metastases, suggesting that the
perioperative administration of COX inhibitors may reduce
tumor burden after oncologic surgery [16]. In summary, the
overall effect of the perioperative period on cancer biology
is tumorigenic and immunosuppressive.

A number of clinical studies in various surgical disci-
plines have sought to determine whether regional
anesthesia and analgesia improve survival after oncologic
surgery, and Chen and Miao [5] recently conducted a meta-
analysis of such studies. However, that study included all
human cancers in its analysis, likely introducing consid-
erable bias in the interpretation of the results since
recurrence rates of different cancers vary, confounding the
effect of the regional anesthesia on recurrence. Moreover,
the dataset in that study demonstrated significant hetero-
geneity, and the authors did not discriminate between
intraoperative and postoperative regional analgesia. For
these reasons, we believed it was important to perform a
systematic review of the literature on the use of regional
anesthesia and postoperative analgesia to improve cancer-
related survival after oncologic surgery. Our primary topic
of interest is survival after orthopaedic oncologic surgery,
but because that literature is limited, we also have sys-
tematically reviewed the question of survival after breast,
gastrointestinal, and genitourologic cancers.

Search Strategy and Criteria

We searched the PubMed and Embase databases in the first
week of March 2013. We queried the PubMed database for
studies published between January 1, 1945, and March 7,
2013, and searched the Embase database for publications
between January 1, 1980, and March 7, 2013. The fol-
lowing search terms were used: ‘“anesthesia and
analgesia”, “local neoplasm recurrence”, “cancer recur-
rence”, “loco-regional neoplasm recurrence”, “disease-
free survival”, and “cumulative survival rates”. We elec-
tronically searched all manuscripts and limited our findings
to manuscripts published only in English. We did not
include any conference proceedings in our search.
Abstracts of possible qualifying studies were retrieved
and examined for relevance. Two independent authors
(JPC, MH) reviewed the selected manuscripts, and after
careful discussion of each manuscript, a final decision was
made based on the adherence to a priori determined
inclusion and exclusion criteria. The inclusion criteria
included (1) patients with cancer, (2) adults, (3) primary or
metastatic tumor resection, (4) general anesthesia and/or
regional anesthesia or analgesia used in the perioperative
period, and (5) randomized controlled trials (RCTs), pro-
spective trials, and cohort studies comparing the above-
mentioned anesthesia and analgesia techniques. Case ser-
ies, case reports, experimental translational or basic science
studies, and narrative reviews were excluded for the ana-
lysis but still considered as proof of knowledge or concept.
Since our search identified no RCTs, we assessed the
quality of the included observational studies by using the
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836 studies found in
initial search

Y

693 studies rejected

Y

130 studies not eligible due
to poor description of
outcomes or intervention

143 studies for full- .
text review

A 4
13 studies eligible for
qualitative and
quantitative analysis

Fig. 1 A flow diagram illustrates the process of article selection for
analysis.

STROBE checklist [35]. All the publications that met the
inclusion criteria were graded based on the determinants
for quality of evidence published by the Oxford Centre for
Evidence-based Medicine Level of Evidence: Level 1:
systematic review of RCTs; Level 2: RCTs; Level 3:
nonrandomized controlled cohort studies; Level 4: case
series or case-control or historically controlled studies; and
Level 5: expert opinion [32].

The initial search of the two databases provided 836
studies of which 693 were rejected (Fig. 1). From the 143
papers considered for full revision, we excluded 130
because there was no mention of anesthesia-analgesia
techniques or clinically relevant outcomes. Hence, only 13
articles were included in the systematic review [2, 3, 6-8,
11, 13, 15, 17, 23, 25, 28, 37]. All these studies had ret-
rospective design (Level 2b according to the Oxford Centre
for Evidence-based Medicine Level of Evidence) and were
published between 2006 and 2013. We identified six
reviews, one meta-analysis, and one study that compared
neuraxial anesthesia and general anesthesia for brachy-
therapy placement. The identified meta-analysis [S] was
not included in the analysis; however, we hand-searched its
references and confirmed that no new studies have been
published since its publication.

Of the selected papers, there were important differences
in sample sizes, statistical analysis (multivariate Cox pro-
portional analysis with or without propensity score
matching), cancer histology, timing of the initiation of the
regional analgesia (intraoperative versus postoperative),
and type of local anesthetic or opioid used and even no
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report of the type of local anesthetic solutions used. Per-
haps more importantly, the outcome being evaluated was
defined differently in each study. These differences, com-
pounded by the retrospective and observational design of
the articles, may be responsible for the controversial
results. Considering the high heterogeneity among the
identified studies, we did not conduct a meta-analysis due
to the difficulty in coalescing consistent end points across
relevant studies and the inability to generate summary
statistics. Hence, we conducted a systematic review of the
literature instead. The studies were summarized in an
evidence table providing the informative details of each
study (Table 1). We describe study findings according to
the origin of the cancers.

Results

Regional Analgesia/Anesthesia and Musculoskeletal
Cancer Recurrence

In this systematic review, we identified no qualifying
studies that assessed the impact of regional anesthesia and
analgesia on cancer recurrence after musculoskeletal on-
cologic surgery. Due to the variety of cancers within this
group of tumors and their aggressive nature, it is difficult to
speculate whether the use of any intraoperative and post-
operative regional analgesia techniques would have a
significant impact on recurrence-free survival or overall
survival.

Regional Analgesia and Breast Cancer Recurrence

Only one study investigated the effect of regional analgesia
on breast cancer recurrence [13]. The authors studied 129
patients and demonstrated that the use of paravertebral
block in patients who had a mastectomy with axillary
clearance was associated with better recurrence-free sur-
vival rate than that in patients treated with intravenous
(morphine) patient-controlled analgesia (IVPCA) (6% and
24 %, respectively, p = 0.013). All patients received gen-
eral anesthesia, and as expected, those treated with
additional paravertebral block had lower postoperative pain
scores and opioid consumption. The lower recurrence rates
observed in the regional analgesia group was perhaps due
to a lower number of local and axillary recurrences. This
suggests either a regional benefit of the paravertebral block
or a higher rate of surgical failures in the IVPCA group,
although all patients underwent surgery by the same sur-
geon. This study has several limitations, including the
relatively small sample size and its retrospective and
observational design, and perhaps due to lack of propensity
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score matching analysis, it probably greatly overestimates
effect size.

The same group of authors conducted a series of elegant
clinical and experimental investigations to understand the
findings of their original retrospective study. They dem-
onstrated in vitro that morphine, independent of 1 receptor
activation, induced proliferation and invasion in two dif-
ferent cells lines of breast cancer [12]. In another series of
clinical studies, the authors randomized patients with breast
cancer undergoing mastectomy to general anesthesia with
sevoflurane-opioid versus propofol-paravertebral block.
They found that the serum of those patients who received
propofol-paravertebral block inhibited in vitro breast can-
cer cell proliferation but not migration and had better
control of stress response markers, metalloproteinases, and
transforming growth factor B but higher levels of vascular
endothelial growth factor C [9, 10, 26, 31].

In summary, the use of paravertebral analgesia was
associated with a predominantly antitumor environment;
whether this finding correlates with prolonged survival
rates is still unknown. There are two large RCTs currently
underway to answer this question (NCT01179308 and
NCT00418457).

Postoperative Neuraxial Analgesia and Gastrointestinal
Cancer Recurrence

The literature on gastrointestinal tumors is larger, but the
results on the question of whether regional anesthesia
techniques are associated with increased survival are
inconclusive, perhaps owing to the diversity of tumor types
in the published studies. Six studies on gastrointestinal
cancers examined the impact of regional anesthesia on
cancer recurrence and/or overall survival. Four of them
studied colorectal cancer, one a variety of cancers but
predominantly colorectal cancer, and one hepatocellular
carcinoma [6-8, 23, 28]. While the conclusions were
similar, there are important differences between the stud-
ies. First, the study by Cummings et al. [7] was a large
population-based retrospective study of 40,377 patients
without a clear description of the postoperative type of
analgesia technique in the nonepidural group. In contrast,
Day et al. [8] included 457 patients originally enrolled in
RCTs, and this led to a more uniform postoperative intra-
venous analgesia technique. Also, Day et al. [8]
distinguished between patients receiving epidural or spinal
analgesia. The findings of these two studies are in agree-
ment with a post hoc analysis of the Multicentre Australian
Study of Epidural Anesthesia (the MASTER Anesthesia
Trial). The MASTER Anesthesia Trial was a prospective
RCT in which patients were allocated to abdominal surgery
under combined epidural-general anesthesia and

@ Springer

postoperative epidural analgesia versus general balanced
anesthesia and postoperative intravenous opioid analgesia
[28]. In that particular study, no association was found
between the use of epidural anesthesia and recurrence-free
survival. In a recent study of 655 patients, Gupta et al. [17]
demonstrated that patients with rectal cancer treated with
epidural analgesia had a better overall survival, but those
with colon cancer did not (Table 1). These results are
similar to those of Christopherson et al. [6]. Unfortunately,
neither of those studies could establish whether the cause
of death was cancer-related or not. Hence, based on these
findings, it is difficult to speculate whether epidural anal-
gesia had a clinically meaningful impact on cancer
recurrence in patients with rectal cancer [6, 16].

In marked contrast to the above-mentioned studies, a
retrospective study by Lai et al. [23] of patients with
hepatocellular carcinoma who underwent radiofrequency
ablation under either epidural or general anesthesia dem-
onstrated an association between the use of epidural
anesthesia and decreased recurrence-free survival (hazard
ratio: 4.31; 95% CI: 2.24-8.29; p < 0.001). However, there
was no association between regional anesthesia and overall
survival (hazard ratio: 1.26; 95% CI: 0.81-1.97; p = 0.312).
Interestingly, in the multivariate Cox analysis, the intra-
operative and postoperative use of opioids was not
associated with worse outcomes. The authors speculated
that radiofrequency ablations may be more effective under
general anesthesia because the referred pain usually
observed during epidural anesthesia was better controlled
under general anesthesia. Thus, longer or more frequent
radiofrequency treatments could be given.

In summary, there is no clear evidence that the use of
regional analgesia is associated with improved recurrence-
free survival or overall survival in patients with gastroin-
testinal cancer.

Postoperative Neuraxial Analgesia and Genitourologic
and Gynecologic Cancer Recurrence

Six retrospective studies have addressed the question of
whether regional analgesia, specifically neuraxial analge-
sia, has a significant impact on recurrence after
genitourologic cancers [2, 3, 11, 15, 25, 37] (Table 1). The
results of three studies conducted in patients with prostate
cancer are inconsistent [2, 15, 37]. The use of postoperative
epidural analgesia improved biochemical parameters
associated with cancer recurrence (rise in prostate-specific
antigen after surgery) in the study by Biki et al. [2], who
included 225 patients, but not in the study by Wuethrich
et al. [37]. Interestingly, Wuethrich et al. [37] identified an
improvement in clinical progression survival (defined as
the time from surgery to clinical progression or death) but
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not in cancer-specific and overall survival. Forget et al.
[15] conducted the largest study that included 1111 patients
and found that the use of regional analgesia was not
associated with better biochemical recurrence-free sur-
vival. It is difficult to explain why these studies differed so
dramatically in their main outcome. However, potential
reasons include the possibility of confounding, differences
in the definitions of the biochemical recurrence-free sur-
vival (defined as a postoperative rise in prostate-specific
antigen > 0.2 ng/mL), and different anesthesia techniques.

The results of the three retrospective studies in patients
with ovarian cancer likewise differed importantly from one
another [3, 11, 25]. Briefly, de Oliveira et al. [11] dem-
onstrated that only the use of combined intraoperative
epidural-general analgesia followed by postoperative epi-
dural analgesia (n = 26) was associated with better
recurrence-free survival compared to either general anes-
thesia/intravenous analgesia (n = 127) or general
anesthesia/postoperative epidural analgesia (n = 29). This
is in agreement with Lin et al. [25] who showed in 143
patients that surgery under epidural anesthesia/analgesia
was more beneficial to patient survival than surgery under
general anesthesia and postoperative intravenous opioid
analgesia. The findings of these two studies highlight the
importance of the intraoperative use of epidural anesthesia,
which was associated at least in the work of de Oliveira
et al. [11] with less perioperative use of opioids. However,
Capmas et al. [3] showed that the use of epidural analgesia
was not associated with better survival. These studies
suggest that intraoperative opioids and surgical stress may
be linked with minimal residual cancer growth either by
acting directly on cancer cells or indirectly by causing
immunosuppression, although this last statement is merely
speculative.

In summary, the literature is mixed on a potential benefit
of regional anesthesia on cancer survival outcomes after
ovarian and prostate cancer surgery.

Discussion

Local anesthetics are the main drugs used in regional
anesthesia and analgesia for postoperative pain manage-
ment of patients with orthopaedic oncologic diseases.
These drugs have effects on cancer cells. For instance,
lidocaine decreases the ability of fibrosarcoma and osteo-
sarcoma cells to invade and form metastases [27]. Opioids
are the most commonly used analgesic in the perioperative
period. Researchers have investigated the effects of mor-
phine in osteosarcoma cells; interestingly, morphine does
not appear to enhance the in vivo growth of those cells
[22]. Increased activity of the COX-2 enzyme has been
linked to cancer formation. Osteosarcoma and Ewing’s

sarcoma cells express high levels of the enzyme and the
administration of COX-2 inhibitors appears to decrease
tumor growth and invasion [30]. In summary, the preclin-
ical evidence suggests that current analgesic and anesthetic
approaches may influence the proliferation and invasive-
ness characteristics of musculoskeletal cancer -cells.
Whether these basic science findings will translate into
clinically beneficial treatments is far from clear; this
question was the main topic of this systematic review.

This systematic review had a number of limitations, and
our findings should be interpreted in light of these. The
literature on nonmusculoskeletal tumors was mixed and
limited due to the retrospective nature of the studies.
Although we found no studies that addressed cancer-related
survival in patients undergoing orthopaedic tumor surgery,
we will not know whether regional anesthesia has a signif-
icant impact on cancer recurrence until an RCT is conducted
in this population of patients. Phase III RCTs should be done
to test the efficacy of perioperative interventions on cancer-
related survival outcomes; however, several challenges are
present in the design, development, and conduction of such
clinical trials. For instance, the conduction of such trials will
be difficult in musculoskeletal tumors due to the low inci-
dence in the population, which will limit the accrual of
patients into the study. Lack of funding and poor coopera-
tive effort among perioperative physicians will also be
major challenges to performing RCTs.

Surgery remains one of the main therapies for many
types of solid organ tumors including musculoskeletal
Unfortunately, several clinical interventions,
including surgery and general anesthetics and analgesics,
may either increase immunosuppression or stimulate can-
cer growth [4]. The use of regional anesthesia and
analgesia to avoid volatile anesthetics and opioid-related
immunosuppression and to ameliorate surgical stress may
therefore be an attractive option in the hopes of decreasing
the likelihood of cancer recurrence. A recent meta-analysis
[5] indicated that the use of regional anesthesia and anal-
gesia was not associated with better recurrence-free
survival but was associated with improved overall survival.
However, as discussed in the Introduction, there were
several problems associated with that report, which
prompted us to conduct our systematic review. While we
are able to present preclinical instead of clinical data in this
systematic review about patients who were treated for
nonmusculoskeletal tumors, we found no clinical studies
addressing whether regional anesthesia may improve can-
cer-related survival in patients undergoing musculoskeletal
oncologic surgery.

In conclusion, while a number of good basic science
papers have proposed plausible reasons why regional anes-
thesia may reduce cancer recurrences, the clinical literature
is small, heterogeneous, and mixed in terms of its results.

cancers.
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The question has not yet been investigated in musculoskel-
etal tumor surgery. We believe it ought to be. Multicenter
RCTs are needed to test the hypothesis that regional anes-
thesia and analgesia might improve recurrence-free survival
and overall survival after oncologic surgery.
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