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— ABSTRACT

Background: Persistent pain after breast cancer
surgery affects up to 60% of patients. Early
identification of those at higher risk could help
inform optimal management. We conducted a
systematic review and meta-analysis of obser-
vational studies to explore factors associated
with persistent pain among women who have
undergone surgery for breast cancer.

Methods: We searched the MEDLINE, Embase,
CINAHL and PsycINFO databases from inception
to Mar. 12, 2015, to identify cohort or case-
control studies that explored the association
between risk factors and persistent pain (lasting
> 2 mo) after breast cancer surgery. We pooled
estimates of association using random-effects
models, when possible, for all independent
variables reported by more than 1 study. We
reported relative measures of association as
pooled odds ratios (ORs) and absolute measures
of association as the absolute risk increase.

Results: Thirty studies, involving a total of
19 813 patients, reported the association of
77 independent variables with persistent pain.
High-quality evidence showed increased odds
of persistent pain with younger age (OR for

every 10-yr decrement 1.36, 95% confidence
interval [CI] 1.24-1.48), radiotherapy (OR 1.35,
95% ClI 1.16-1.57), axillary lymph node dissec-
tion (OR 2.41, 95% Cl 1.73-3.35) and greater
acute postoperative pain (OR for every 1 cm
on a 10-cm visual analogue scale 1.16, 95% ClI
1.03-1.30). Moderate-quality evidence sug-
gested an association with the presence of
preoperative pain (OR 1.29, 95% Cl 1.01-1.64).
Given the 30% risk of pain in the absence of
risk factors, the absolute risk increase corre-
sponding to these ORs ranged from 3% (acute
postoperative pain) to 21% (axillary lymph
node dissection). High-quality evidence
showed no association with body mass index,
type of breast surgery, chemotherapy or
endocrine therapy.

Interpretation: Development of persistent
pain after breast cancer surgery was associ-
ated with younger age, radiotherapy, axillary
lymph node dissection, greater acute post-
operative pain and preoperative pain. Axillary
lymph node dissection provides the only high-
yield target for a modifiable risk factor to pre-
vent the development of persistent pain after
breast cancer surgery.

espite a 10-year survival rate of 83%,'
D between 25% and 60% of surviving

patients who have undergone surgery
for breast cancer experience persistent postsur-
gical pain,>® which is associated with reduced
quality of life and functional impairment.'%!3
Systematic reviews summarizing proposed risk
factors for persistent pain after breast cancer
surgery — including demographic, intraopera-
tive and postoperative factors — have had sev-
eral limitations, including outdated searches,
inadequate attention to risk-of-bias assessment,
lack of statistical pooling of measures of associ-
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ation and failure to evaluate the quality of evi-
dence.>!'* We conducted a systematic review
and meta-analysis of observational studies to

identify risk factors for persistent pain after

breast cancer surgery, addressing the limita-
tions of previous reviews.

Methods

We completed our systematic review in accor-
dance with the MOOSE statement' and regis-
tered our protocol with PROSPERO (registration
CRD42014013338).
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Data sources and searches
Our searches, with no language restrictions,
encompassed the MEDLINE, Embase, CINAHL
and PsycINFO databases from inception to Mar.
12, 2015 (Appendix 1, available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.151276/-/DC1), as
well as review of reference lists of eligible studies
and 6 previous systematic reviews.>!-14

We included cohort or case—control studies
that explored risk factors for persistent pain after
breast cancer surgery using an adjusted analysis.
We used criteria of the International Association
for the Study of Pain (IASP) to define persistent
postsurgical pain as pain that develops after sur-
gical intervention and lasts at least 2 months,
with exclusion of other potential causes for the
pain.'® Studies were ineligible if they included,
in all available models, significant associations
with variables collected after baseline; in such
instances, the status of the predictor may be a
result, rather than a cause, of the pain (see
Appendix 2, available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.151276/-/DC1). When
more than 50% of study populations overlapped
between articles, we included only the study
with the largest sample size.

Study selection

Ten reviewers (L.W., SAK.,BR,HYK, 6 AK,
Y.C, S.C, C.P.B.deA., S.R.P., Z.1.) worked in
pairs to screen, independently and in duplicate,
the titles and abstracts of identified citations and,
subsequently, the full texts of potentially eligible
studies. The reviewers resolved disagreements by
discussion or with the help of an adjudicator
(L.W.orJ.WB.).

Data extraction and quality assessment

We used criteria from Users’ Guides to the Medi-
cal Literature' to assess risk of bias, including
representativeness of the study population, valid-
ity of outcome assessment, loss to follow-up and
whether predictive models were optimally
adjusted (Appendix 3, available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.151276/-/DC1).
Using standardized, pilot-tested data extraction
forms and a detailed instruction manual, pairs of
reviewers extracted data from 10 articles inde-
pendently and in duplicate. Piloting was accom-
plished by having each reviewer team extract
data from the same 2 articles. After 100% agree-
ment was achieved for these 10 articles, data
were extracted from each remaining article by
a single reviewer and verified by a second
reviewer. Disagreements were resolved by dis-
cussion. If a study reported multiple regression
models, we used predefined criteria to select
1 model for data extraction (Appendix 4, avail-

able at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.151276/-/DC1).'

Data synthesis and analysis

We measured inter-rater agreement of full-text
screening with the kappa statistic (x).!"” We
reported the median and interquartile range
(IQR) for intensity of persistent pain across eli-
gible studies, converting all reported measures
of pain intensity to a 10-cm visual analogue
scale.?® When investigators reported the associ-
ation of body mass index (BMI) or age as cat-
egorical data, we converted to continuous data
(Appendix 5, available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.151276/-/DC1).2122

We pooled all factors assessed for an associ-
ation with persistent pain that were reported by
more than 1 study, and present odds ratios
(ORs) and associated 95% confidence intervals
(CIs). If a study provided the measure of asso-
ciation as a relative risk, we converted the rela-
tive risk to an OR.”? We used random-effects
models for all meta-analyses.?*

When pooling was not possible, we explored
the consistency of association between pooled
results and studies reporting the same predic-
tors that could not be pooled. We used the fol-
lowing 3 criteria to identify predictors that were
not amenable to pooling and showed promise
for future research: a statistically significant
association with persistent pain of p < 0.01, a
large magnitude of association (OR = 2.0) and a
sample size of 500 or more.

To avoid overestimating the strength of
association by restricting statistical pooling to
predictors that appeared in adjusted regression
models, we imputed an OR of 1 for predictors
that were tested in bivariable analyses but
because of nonsignificance were excluded from
adjusted analyses or were included in multivari-
able analyses with the only information pro-
vided being that they were “not significant.”
We imputed an associated variance for all such
predictors using the hot deck approach.?

To calculate the absolute risk increase for
each predictor amenable to meta-analysis, we
estimated the baseline risk for persistent post-
surgical pain (30% in the low-risk group, who
underwent sentinel lymph node biopsy) using
data from the study with the largest sample size
among studies at low risk of bias.?® We per-
formed all statistical analyses using Stata statis-
tical software version 13.1. All comparisons
were 2-tailed, with a threshold p of 0.05.

Publication bias
For meta-analyses with at least 10 studies,?*?’
we assessed publication bias by visual assess-
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ment of asymmetry of the funnel plot and per-
formed the Begg rank correlation test?® and the
Egger test.”

Subgroup analyses, meta-regression

and sensitivity analyses

We evaluated heterogeneity for all pooled esti-
mates through visual inspection of forest plots,”
because statistical tests of heterogeneity can be
misleading when sample sizes are large and Cls
are therefore narrow.*

We generated 4 a priori hypotheses to ex-
plain variability between studies, assuming
larger association with persistent pain and (1) a
high pain threshold (moderate to severe pain v.
no to mild pain), (2) trials having greater risk of
bias (on a component-by-component basis), (3)
longer duration of follow-up and (4) larger pro-
portion of patients lost to follow-up. We did not
conduct subgroup analyses if there was only
1 study in a given subgroup. We performed
sensitivity analyses examining the effect of im-
puting data for nonsignificant postulated predic-
tors and of converting categorical data for BMI
and age to continuous data.

Quality of evidence

We used the Grading of Recommendations
Assessment, Development and Evaluation
(GRADE) approach to summarize the quality of
evidence for all meta-analyses.”’3! Given the
high baseline risk we found for persistent pain
after surgery for breast cancer (30%), we esti-

full-text review stage. For the 3 studies in
which eligibility was unclear, we obtained clar-
ification from the authors.’”3%¢! Among 8 stud-
ies for which some data needed for our analysis
were not included in the published report, we
obtained missing data from the authors of
2 studies.

Definitions of persistent pain varied across
the studies (Appendix 6, available at www.cmaj.
ca/lookup/suppl/doi:10.1503/cmaj.151276/-/DC1).
Persistent postsurgical pain was reported at least
3 months after breast cancer surgery (range 3.28—
72.50 mo) in all eligible studies. Seven studies
reported that other causes of persistent pain had
been excluded,??37:38:424446.52 hyt only 1 study
explicitly used the IASP criteria for defining
persistent postsurgical pain.** The median sam-
ple size was 416 (IQR 250-772), and the
median duration of follow-up was 24 months
(IQR 1242 mo) (Appendix 7, available at www.

Citations identified through
database searching
n=9818

—— Excluded
¢ Duplicates n = 2955

4

Titles and abstracts screened
n = 6863

—— Excluded n =6323

¢ Not a cohort or case—control study n =4377
¢ No breast cancer surgery n =464
¢ No adjusted analysis for persistent pain n = 1482

mated that a 10% increase in the absolute risk
would likely be sufficient for clinicians to
address modifiable risk factors, which can be
directly targeted in an effort to prevent persistent
pain. We estimated that an absolute difference in
risk of 20% between groups at low and high risk
for persistent pain would be sufficient for clin-
icians to selectively target nonmodifiable risk
factors to identify high-risk candidates for inter- : No breast cancer surgery n = 32

vention. Therefore, we rated down for impreci- » No adjusted analysis for persistent pain n =229
sion if the 95% CI associated with the risk differ- * Abstract or letter n=14

4

Full-text articles assessed for eligibility
n =540

—— Excluded n =510
Not a cohort or case-control study n =224

ence included 10% for modifiable risk factors, or Duplicates n =3

. . Overlapping with other studies n =5
20% for nonmodifiable risk factors. Significant factors measured after baseline n =3

\4

Results
Studies included in qualitative synthesis

n=30

Of 6863 unique records, 492 English and 48
non-English language articles were potentially
eligible; of these, 29 cohort studies?**>-* and
1 case—control study® proved eligible for our
review (Figure 1). We excluded 5 studies with
overlapping populations and 3 studies reporting
significant factors that were collected after
baseline (Appendix 2). There was near-perfect
agreement (K = 0.86) between reviewers at the  Figure 1: Flow diagram of study selection.

Y

Studies included in quantitative
synthesis (meta-analysis)
n=22
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Table 1 (part 1 of 2): GRADE evidence profile: predictors of persistent pain after breast cancer surgery

Quality assessment

Anticipated absolute effect

Relative
Risk of Publication effect Baseline Risk difference
Predictor bias Inconsistency  Indirectness Imprecision bias Overall (95% Cl) risk* (95% Cl)
Age: every 10-yr decrement
11030 No No serious No serious No serious Undetected; High OR 1.36 30% 7% more (5%
patients serious inconsistency  indirectness imprecision symmetric (1.24-1.48) for to 9% more)
(22 studies), risk of funnel plot; age patients with
median biast Begg test 70 yrt per 10-yr
follow-up p = 0.8; Egger decrement of
12 mo testp=0.8 age having
persistent pain
Radiotherapy: yes v. no
9468 No No serious No serious No serious Undetected; High OR 1.35 30% 7% more (3%
patients serious inconsistency indirectness imprecision symmetric (1.16-1.57) to 10% more)
(16 studies), risk of funnel plot; patients with
median biast Begg test radiotherapy
follow-up p =0.6; Egger having
23.5 mo testp=0.2 persistent pain
Axillary lymph node dissection (ALND): yes v. no or ALND v. sentinel lymph node biopsy
7699 No No serious No serious No serious Undetected; High OR 2.41 30% 21% more (13%
patients serious inconsistency  indirectness imprecision symmetric (1.73-3.35) to 29% more)
(13 studies), risk of funnel plot; patients with
median biast Begg test ALND having
follow-up p > 0.9; Egger persistent pain
12 mo test p = 0.5
Acute postoperative pain, measured with 10-cm pain scale: better indicated by lower values
1387 No No serious No serious No serious Uncertain: High OR 1.16 30% 3% more (1%
patients serious inconsistency  indirectness imprecision only 5 studies (1.03-1.30) for to 6% more)
(5 studies), risk of 1cm patients with
median biast ona per 1-cm
follow-up 10-cm increment of
17.5 mo scalet acute pain on
10-cm pain scale
having
persistent pain
Preoperative pain: yes v. no
2504 No No serious No serious Serious Uncertain: Moderate OR 1.29 30% 6% more (0%
patients serious inconsistency  indirectness imprecision§  only 8 studies (1.01-1.64) to 11% more)
(8 studies) risk of patients with
median biast preoperative
follow-up pain having
7.5 mo persistent pain
BMI: every 5-point increment
3178 No No serious No serious No serious Uncertain: High OR 1.1 30% for 2% more (0%
patients serious inconsistency  indirectness imprecisionfl  only 8 studies (0.99-1.24) BMI to 5% more)
(8 studies) risk of 25 kg/m?t  patients with
median biast per 5-point
follow-up increment of
12 mo BMI having
persistent pain
Breast surgery: BCS v. mastectomy/modified radical mastectomy
8566 No No serious No serious No serious Undetected; High OR 1.08 30% 2% more (2%
patients serious inconsistency  indirectness imprecisiony  symmetric (0.90-1.30) less to 6%
(17 studies), risk of funnel plot; more) patients
median biast Begg test with BCS having
follow-up p =0.2; Egger persistent pain
17.5 mo testp=0.8
Chemotherapy: yes v. no
8481 No No serious No serious No serious Undetected; High OR 1.12 30% 2% more (0%
patients serious inconsistency  indirectness imprecisionf  symmetric (0.98-1.29) less to 6%
(17 studies), risk of funnel plot; more) patients
median biast Begg test with
follow-up p =0.6; Egger chemotherapy
12 mo test p > 0.9 having

persistent pain
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cmaj.ca/lookup/suppl/doi: 10.1503/cmaj.151276/
-/DC1).2632%0 In 11 (37%) of the 30 studies,
regression models included only variables that
were significant in bivariable analysis (and thus
more vulnerable to chance),3>3441:42:44.46,48.49,57-59
and 22 (73%) of the 30 studies failed to present
data for nonsignificant predictors in their
adjusted analysis.32:3437:39-5053.55-60

Twenty-three studies reported the prevalence
of persistent pain after breast surgery, with a
median prevalence of 37.5% (IQR 30%-—
51%)‘26,32—38,40—42,44—494,51,52,54,57—59 TWenty Studies
reported the intensity of persistent postsurgical
pain;26’3“0*43’45’47*48*50‘52'53’56’58 the median value
was 3.22 cm (IQR 2.75-4.12 cm) on a 10-cm
visual analogue scale (where values < 4 cm cor-
respond to mild pain, values 4-7 cm correspond
to moderate pain, and values > 7 cm correspond
to severe pain®?).

Risk of bias

Reported protection against bias among studies
exploring predictors of persistent pain was lim-
ited, with 26 (87%) of the 30 studies not meet-
ing at least 1 of our risk-of-bias criteria (Appen-
dix 8, available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.151276/-/DC1).32:34-52:54-57.59.60
All but 3 studies®=7¢ (90%) reported ade-
quately adjusted regression models. We de-
tected no evidence of publication bias (Table 1;
funnel plots available by request to the authors).

Predictors of persistent pain

The 30 studies, involving a total of 19 813
patients, reported the association of 77 factors with
the development of persistent pain. On the basis of

our criteria, we conducted meta-analyses for 9 pre-
dictors of persistent pain. High-quality evidence
showed a significant association between persis-
tent pain after breast cancer surgery and 2 non-
modifiable factors (Table 1): younger age (OR for
every 10-yr decrement 1.36, 95% CI 1.24-1.48
[Figure 2]; absolute risk increase 7% [95% CI
5%-9%] for every 10-yr decrement from age 70)
and radiotherapy (OR 1.35, 95% CI 1.16-1.57
[forest plot available by request to the authors];
absolute risk increase 7%, 95% CI 3%—-10%). We
found a significant association between persistent
pain and 3 modifiable factors (Table 1): axillary
lymph node dissection (OR 2.41, 95% CI 1.73—
3.35, high-quality evidence by GRADE [Figure
3]; absolute risk increase 21%, 95% CI 13%—
29%), greater acute postoperative pain (OR for
every 1-cm increment on a 10-cm visual analogue
scale 1.16, 95% CI 1.03-1.30, high-quality evi-
dence by GRADE [forest plot available by
request]; absolute risk increase 3% [95% CI
1%—6%] for every 1-cm increment on a 10-cm
visual analogue scale) and presence of pre-
operative pain (OR 1.29, 95% CI 1.01-1.64,
moderate-quality evidence by GRADE [forest plot
available by request]; absolute risk increase 6%,
95% CI1 0%—-11%).

High-quality evidence showed no association
between persistent pain and BMI (OR for every
5-point increment 1.11, 95% CI 0.99-1.24), type
of breast surgery (breast-conserving surgery v.
mastectomy or modified radical mastectomy, OR
1.08, 95% CI 0.90-1.30), chemotherapy (OR
1.12, 95% CI 0.98-1.29) or endocrine therapy
(OR 1.07, 95% CI 0.94-1.22) (Table 1; forest
plots available by request). The results from

Table 1 (part 2 of 2): GRADE evidence profile: predictors of persistent pain after breast cancer surgery

Quality assessment

Anticipated absolute effect

Relative
Predictor Risk of Publication effect Baseline  Risk difference
bias Inconsistency  Indirectness Imprecision bias Overall (95% Cl) risk* (95% Cl)

Endocrine therapy: yes v. no
8312 No No serious No serious No serious Undetected; High OR 1.07 30% 1% more (1%
(11 studies), serious inconsistency  indirectness imprecisionfl  symmetric (0.94-1.22) less to 4%
median risk of funnel plot; more) patients
follow-up biast Begg test with endocrine
27 mo p =0.3; Egger therapy having

test p=0.2 persistent pain

Evaluation; OR = odds ratio.
largest sample size among the studies at low risk of bias.?®

each risk-of-bias component and the estimates of association.

factors.

Note: BCS = breast-conserving surgery; BMI = body mass index; Cl = confidence interval; GRADE = Grading of Recommendations Assessment, Development and
*Baseline risk based on the subpopulation of patients undergoing sentinel lymph node biopsy with lowest absolute risk of persistent pain in the study with the
tQuality was not rated down on the basis of risk of bias, because the subgroup analyses and meta-regression did not show any significant difference between

$The reference groups for age, acute postoperative pain and BMI were obtained from the largest study among those with low risk of bias that explored each of
these predictors (i.e., age 70 as reference,?® BMI of 25" and acute postoperative pain of 1 cm on a 10-cm visual analogue pain scale®).
§Quality was rated down on the basis of imprecision because the 95% Cl associated with the risk difference included the predefined threshold of 10% for
modifiable factors, which means that clinical actions based on the estimate of the lower or upper boundary may be different.
11Quality was not rated down on the basis of imprecision, even though the 95% ClI for the pooled effect overlapped a risk difference of 0 (no effect), because
clinical actions based on the estimate of the lower or upper boundary would not change, according to the predefined threshold of > 20% for nonmodifiable
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the 7 studies®¥>42:50533556 that reported 1 or more
of the 9 predictors that we subjected to meta-
analysis but whose data could not be pooled
were consistent with our pooled analyses
(Appendix 9, available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.151276/-/DC1).

Appendices 10 and 11 (available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cmaj.151276/-/
DC1) present the associations with persistent pain
for the 68 factors that were not amenable to meta-
analysis. Two of these factors (overall comorbid-
ity and radiotherapy dosage) met our criteria as
promising for future study.

Subgroup analyses, meta-regression

and sensitivity analyses

We found no evidence to support a difference in
associations with predictive factors when consider-

ing different thresholds for defining persistent
pain, representativeness of the study population,
whether a validated measure to capture pain was
used, duration of follow-up or the proportion of
patients lost to follow-up (Appendix 12, available
at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.151276/-/DC1). The finding that predictive
power did not differ across thresholds for defining
persistent pain was strengthened by 2 cohort
studies that used separate regression models for
both high and low thresholds of persistent pain and
reported similar associations across predictors.?6*
Whether or not we incorporated missing data for
nonsignificant predictors or converted categorical
data for age and BMI to continuous data (Appendix
13, available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.151276/-/DC1) did not apprecia-
bly influence the results.

No. of Adjusted Older age associated i Younger age associated
Study patients OR (95% Cl) <— with persistent pain ' with persistent pain —>
Tasmuth et al., 199746 509 1.22 (0.17-9.04) < E ® >
Warmuth et al., 199848 330 1.49 (1.20-1.85) E ——
Ververs et al., 200147 400 1.00 (0.68-1.46) ————
Swenson et al., 200245 247 1.66 (1.08-2.55) i —
Husen et al., 200640 370 1.57 (1.27-1.95) E ——
Poleshuck et al., 200642 93 1.67 (1.10-2.55) i —_—
Steegers et al., 20084 103 1.87 (1.04-3.35) i ®
Yang et al., 20105 183 1.22 (0.65-2.30) 5 ®
Alves Nogueira Fabro et al., 201232 173 1.87 (1.04-3.35) i o
Andersen et al., 201233 1631 1.18 (0.94-1.50) —;—0—
Bantema-Joppe et al., 201234 532 1.41 (1.15-1.74) i ——
Lundstedt et al., 20124 873 1.69 (1.29-2.22) i ——
Mejdahl et al., 201326 2406 1.13 (0.98-1.30) *E—O—
Wilson et al., 20134 470 1.00 (0.68-1.46) —+—
Hofso et al., 201354 188 1.00 (0.53-1.88) %
Couceiro et al., 201457 250 1.66 (1.36-2.02) E —e—
Bruce et al., 20143 289 1.67 (1.09-2.57) i —_—
De Oliveira et al., 201437 300 1.49 (1.23-1.81) i —e—
Johansen et al., 2014°2 183 1.00 (0.53-1.88) %
Meretoja et al., 201458 860 1.00 (0.76-1.31) —+—
Bell et al., 20145 518 1.21 (0.95-1.54) —;—0—
Shahbazi et al., 201560 122 1.31 (0.67-2.56) ; ®
Overall 136 (1.24-1.48) . &
0.2 0|.5 ‘ll I2 5
Adjusted OR (95% ClI)

CMAJ

Figure 2: Meta-analysis of the association between persistent pain and age (per 10-year decrement). Cl = confidence interval, OR = odds ratio.
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Interpretation

We found high-quality evidence that younger age,
radiotherapy, axillary lymph node dissection and
greater acute postoperative pain were associated
with persistent pain after breast cancer surgery,
and we found moderate-quality evidence for an
association with preoperative pain. The strongest
of these associations was with axillary lymph
node dissection, with an absolute increase in risk
of persistent pain of 21%. High-quality evidence
showed that BMI, type of breast surgery, chemo-
therapy and endocrine therapy were not associ-
ated with persistent pain (Table 1). Investigators
have tested 68 additional predictors that could not
be statistically pooled (Appendices 10 and 11).
Preliminary evidence suggested that 2 of these
predictors may warrant additional study: overall
comorbidity and radiotherapy dosage.

The most recent systematic review that
explored risk factors for persistent pain after
breast cancer surgery identified 8 studies that
met our eligibility criteria.® That review pre-
sented a qualitative synthesis concluding that

axillary lymph node dissection and radiother-
apy appeared to be risk factors for persistent
pain.’ We have confirmed and quantified these
associations through meta-analyses, and we
have established 3 additional risk factors:
younger age, the presence of preoperative pain
and greater acute postoperative pain. We also
identified high-quality evidence that BMI, type
of breast cancer surgery, chemotherapy and
endocrine therapy are not important predictors.
Typically, investigators present associations
with predictors of persistent breast cancer pain
as relative measures (e.g., OR, relative risk).
However, it is the absolute risk increase that
must guide clinical decision-making. Most
efforts to reduce persistent postsurgical pain
have focused on pharmacologic approaches to
reduce preoperative or acute postoperative pain.
Recent systematic reviews have found no com-
pelling evidence to support the prevention of
persistent postsurgical pain by perioperative
administration of intravenous ketamine, oral
gabapentin, oral pregabalin, nonsteroidal anti-
inflammatory drugs, intravenous steroids, oral

No. of Adjusted SLNB/no ALND associated | ALND associated with
Study patients OR (95% CI) <— with persistent pain : persistent pain —>»
Swenson et al., 200245 247 4.85 (1.78-13.21) E &
Husen et al., 20064 370 6.30 (3.30-12.03) E —_—
Steegers et al., 20084 103 3.83 (1.72-8.52) i B —
Yang et al., 2010 183 1.16 (0.38-3.54) ; ®
Alves Nogueira Fabro et al., 201232 174 1.00 (0.33-3.05) %
Andersen et al., 201233 1631 1.46 (1.08-1.97) i ——
Bantema-Joppe et al., 201234 532 1.00 (0.52-1.91) —+—
Mejdahl et al., 201326 2406 2.04 (1.60-2.60) E ——
Wilson et al., 20134 470 1.32(0.64-2.72) —E—.—
Hofsg et al., 2013% 188 2.49 (1.12-5.54) E S S—
Bruce et al., 201435 235 2.97 (1.09-8.09) E ®
De Oliveira et al., 201437 300 7.70 (4.30-13.79) i ———>
Meretoja et al., 20148 860 2.50 (1.75-3.57) i ——
Overall 2.41 (1.73-3.35) E ‘

i

0.0725 1
Adjusted OR (95% CI)

Figure 3: Meta-analysis of the association between persistent pain and axillary lymph node dissection (ALND). Cl = confidence interval,

OR = odds ratio, SNLB = sentinel lymph node biopsy.

CMAJ

7



RESEARCH

8 CMAJ

N-methyl-D-aspartate blockers, oral mexiletine,
intravenous fentanyl, intravenous lidocaine,
oral venlafaxine or inhaled nitrous oxide.®*5
Given that the absolute increase in chronic pain
associated with preoperative or greater post-
operative pain is modest (Table 1), any reduc-
tion in persistent pain achieved through phar-
macologic reduction of perioperative pain will
likely be obscured by the random error from all
other determinants of long-term pain. In other
words, it would require a very large (and thus
implausible) reduction of perioperative pain to
result in detectable effects in randomized trials
examining the impact on chronic postoperative
pain.

We found one association in which the absolute
increase would be sufficient to suggest targeted
interventions. Women who underwent axillary
lymph node dissection experienced a 21% increase
in the absolute risk of chronic postoperative pain.
Although axillary staging is associated with persis-
tent pain, the risks of omitting axillary nodal sam-
pling include increasing the number of patients
who are understaged and undertreated and who
experience reduced survival.$ Thus, omission of
axillary staging is not an appropriate approach to
modifying pain risk. However, modification of sur-
gical procedures related to axillary dissection con-
stitutes a promising stand-alone target for risk
reduction. Preliminary evidence suggests that senti-
nel lymph node biopsy, rather than standard axil-
lary treatment,® may reduce the risk of chronic
pain after breast cancer surgery. Moreover, preser-
vation of intercostobrachial nerves during axillary
lymph node dissection reduces the incidence of
postmastectomy pain syndrome after surgery®’
and reduces the risk of sensory deficits after axil-
lary clearance.”” Accordingly, the American Soci-
ety of Clinical Oncology now recommends sentinel
lymph node biopsy for patients with early-stage
breast cancer, followed by dissection only if the
biopsy result is positive,” because this approach is
associated with less pain and equivalent rates of
axillary relapse compared with axillary dissection.”

Awareness of nonmodifiable risk factors could
influence management by allowing identification
of women at high risk of postoperative pain who
might then be targeted for interventions — for
example, psychotherapy or interventions such as
paravertebral blocks in addition to general anes-
thesia, for which preliminary evidence suggests
possible benefit.”> We postulated that increases of
absolute risk of 20% or more would be required
to warrant targeting a high-risk population: none
of the individual nonmodifiable associations that
we identified met this threshold (Table 1). How-
ever, a combination of risk factors might serve to
identify a population warranting special attention.

Strengths and limitations

The strengths of our review include explicit eligi-
bility criteria and a comprehensive search with no
language restrictions, which identified 23 cohort
studies that were not included in previous sys-
tematic reviews.>!%* We assessed the risk of bias
in individual studies and used the GRADE
approach to appraise the quality of evidence. We
converted the intensity of persistent postsurgical
pain to a 10-cm visual analogue scale across
studies to optimize the interpretation of our find-
ings. We have presented statistical pooling of
associations between predictive factors and the
risk of persistent pain. Our approach included
imputing data for missing nonsignificant predic-
tors (to avoid overestimating associations), and
we conducted subgroup and sensitivity analyses
that confirmed robust associations. Finally, we
have presented not only relative but also absolute
risk increases, which greatly strengthens infer-
ences about the importance of the associations
and possible implications for clinical care.

Our study had some limitations. We were
unable to pool data for predictors from studies that
used different continuous outcome measures to
assess persistent pain in linear regression
models 3639433033555 However, the results from
these studies were consistent with the results from
studies amenable to pooling. We used the IASP cri-
teria for the definition of persistent pain in this
review; however, 14 of the included studies did
not report whether their assessment of persistent
postsurgical pain excluded other causes of
pain;26,33—36,43,45,47,48,50,5l,54,56,58 as SuCh, they may haVe
overestimated the prevalence of persistent pain.

Conclusion

Development of persistent pain after breast can-
cer surgery was associated with younger age,
radiotherapy, axillary lymph node dissection,
greater acute postoperative pain and preoperative
pain. Axillary lymph node dissection provided
the only high-yield target for a modifiable risk
factor, and no single nonmodifiable risk factor
changed risk sufficiently to define a target popu-
lation for an intervention to prevent persistent
pain. Future research should establish the associ-
ation between overall comorbidity, radiotherapy
dosage and persistent postsurgical pain, and
determine whether axillary nerve-sparing tech-
niques are effective for reducing chronic pain
after breast surgery.
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