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ABSTRACT

Background: Preclinical studies suggest that opioids may
promote tumor growth. Genetic polymorphisms have been
shown to affect opioid receptor function and to modify
the clinical effects of morphine. In this study we assessed the
association between six common polymorphisms in the
�-opioid receptor gene, including the well known A118G
polymorphism, and breast cancer survival.
Methods: A total of 2,039 women ages 23–74 yr (38% Afri-
can-American, 62% European-American, 55% postmeno-
pausal) diagnosed with breast cancer between 1993–2001 were
followed through 2006. Genotyping was performed using the
TaqMan platform (Applied Biosystems Inc., Foster City, CA). Ka-
plan-Meier curves, log-rank tests, and Cox proportional hazard
models were used to examine the association between each geno-
type and survival.
Results: After Bonferroni correction for multiple testing,
patient genotype at A118G was associated with breast can-
cer-specific mortality at 10 yr. Women with one or more
copies of the G allele had decreased breast cancer-specific
mortality (P � 0.001). This association was limited to inva-
sive cases only; effect size appeared to increase with clinical
stage. Cox regression model adjusted for age and ethnicity
also showed decreased mortality in A/G and G/G genotypes
compared with A/A genotype (hazard ratio � 0.57 [0.38,
0.85] and 0.32 [0.22, 0.49], respectively; P � 0.006).
Conclusions: These results suggest that opioid pathways
may be involved in tumor growth. Further studies examining

the association between genetic variants influencing opioid
system function and cancer survival are warranted.

� -OPIOID receptor activation by endogenous opioids
(e.g., endorphins) or exogenous opioids (e.g., mor-

phine) results in analgesia.1 Importantly, in addition to this
well known analgesic effect, �-opioid receptor activation has
other less well known effects that may influence tumor
growth and cancer progression.2 Stimulation of �-opioid
receptors on endothelial cells results in angiogenesis.3–6 In
addition, opioids appear to suppress a number of aspects of
immune system function, and some of these effects have been
shown to be mediated by �-opioid receptor activation. 7 For
example, stimulation of �-opioid receptors on immune cells
reduces macrophage and lymphocyte proliferation and cyto-
kine secretion.8–11 Activation of �-opioid receptors in brain-
stem regions modulates hypothalamic-adrenal-pituitary axis
function and increases peripheral glucocorticoids,12 which
may compromise immune function and promote tumor
growth.13,14 Preclinical studies15,16 and limited human data17

have implicated opioid pathways in the progression of several
different types of cancer.

If �-opioid receptor activation mediates processes that
influence tumor growth, then naturally occurring genetic
variations that affect �-opioid receptor function would be
expected to be associated with differences in cancer progres-
sion, and ultimately survival, in cancer patients. A number of
functional genetic variants have been identified within
�-opioid receptor gene.18 The most common and well
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� This article is featured in “This Month in Anesthesiology.”
Please see this issue of ANESTHESIOLOGY, page 9A.

What We Already Know about This Topic

• Exogenous opioids promote tumor growth in animal models
• Longitudinal studies of opioid use and cancer survival in hu-

mans have not been performed

What This Article Tells Us That Is New

• Naturally occurring genetic differences in opioid receptor biol-
ogy were associated with breast cancer survival among a
cohort of more than 2,000 women

• This evidence supports the hypothesis that opioids may be
involved in tumor growth
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known genetic variant is the single nucleotide polymorphism
(SNP) A118G. The G allele results in reduced receptor tran-
scription and response to opioid receptor binding.19 Individ-
uals with one or more G alleles (approximately 30% of Eu-
ropean-Americans and 7% of African-Americans, according
to HapMap database) have been found to have a reduced
analgesic response to opioids.20–23

In this study we explored the association between com-
mon polymorphisms in the �-opioid receptor gene, includ-
ing a functional A118G SNP, and breast cancer survival.
With regard to A118G, we hypothesized that individuals
with one or more copies of the low-response G allele would
experience increased breast cancer survival.

Materials and Methods

The cohort of cancer female patients evaluated in this study
came from the Carolina Breast Cancer Study; the methodol-
ogy of this study is described in detail elsewhere.24 In brief,
new cases of breast cancer from 24 counties of North Carolina
diagnosed between 1993 and 2001 were identified using rapid
case ascertainment. Written informed consent was obtained
upon recruitment. An in-home interview was performed that
included blood sample collection, information on menopausal
status, and an assessment of other potential covariates. Ethnicity
was determined by self-report questions during the interview;
only African-Americans or European-Americans were eligible
for recruitment. Data on estrogen receptor status and tumor

stage at diagnosis were obtained from patient medical records.
Subsequent patient survival outcomes were determined using
National Death Index (NDI) data.

NDI search was performed using the standard criteria as
suggested in the NDI User’s Guide.� An NDI record would
match a submitted record if any of the following seven criteria
were met: 1) Social Security number (SSN); 2) first and last
name, exact month of birth, year of birth within 1 yr; 3) last
name, first initial, middle initial, exact month of birth, year of
birth within 1 yr; 4) first and last name, exact month of birth,
exact day of birth; 5) last name, first initial, middle initial, exact
month of birth, exact day of birth; 6) first name, father’s sur-
name, exact month of birth, exact year of birth; 7) for females
only, first name, exact month and year of birth, and last name
from the submitted record matching birth surname on the NDI
record. As a result of the search, none, one, or more NDI records
could be matched to a given submitted record. In addition to the
variables used in the seven matching criteria, the NDI search
returned an indication of agreement for a number of other vari-
ables. After the search, each possible match record was assigned
a probabilistic match score (the sum of the weights assigned to
each of the variables used in the NDI record match).25 After

� http://www.cdc.gov/nchs/data_access/ndi/ndi_user_guide.htm.
Accessed May 9, 2010.

Fig. 1. Linkage disequilibrium (D’) plots for 679 African-Amer-
ican controls (A) and 1,131 European-American controls (B).
Color represents D’ values (dark red � high inter-single nu-
cleotide polymorphism D’; blue � statistically ambiguous D’;
white � low inter-single nucleotide polymorphism D’), and r2

values are contained within blocks. Block definitions are cal-
culated using the Gabriel et al. method.43

Table 1. Characteristics of the Carolina Breast Cancer
Study Cases

n � 2,039

Age, years
Mean (SD) 51.9 (11.7)
Range 23–74

Ethnicity, n (%)
African-American 766 (38)
European-American 1,273 (62)

Menopausal status, n (%)
Premenopausal 912 (45)
Postmenopausal 1,127 (55)

Stage at diagnosis, n (%)*
In situ 451 (23)
Invasive

I 635 (33)
II 663 (34)
III 153 (8)
IV 44 (2)

Estrogen receptor status, n (%)
Positive 1,045 (59)
Negative 719 (41)

Follow-up period, years
Median 9.0
Range 0.4–13.7

* American Joint Committee on Cancer criteria.
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scoring the potential matches, each record was categorized into
one of five classes: Class 1 (exact match on SSN, first name,
middle initial, last names, sex, state of birth, birth month, and
birth year); Class 2 (SSN matches on at least seven digits and one
or more of the other items from Class 1 may not match); Class
3 (SSN unknown but eight or more of first name, middle initial,
last name, birth day, birth month, birth year, sex, race, marital
status, or state of birth match); Class 4 (same as Class 3 but less
than eight items match); and Class 5 (SSN is known but doesn’t
match). All of Class 1 matches were considered to be true
matches; all of the Class 5 matches were considered false
matches. Records categorized into one of Classes 2, 3, or 4 were
considered either true matches or false matches based on score
cut-off points (44.5 for Class 2, 37.5 for Class 3, and 32.5 for

Class 4). The sensitivity of NDI search is estimated to be 98%
and specificity approximately 100%.26 After a match was ob-
tained, date of death and cause of death were obtained from the
NDI record for each deceased individual. Cause of death was
classified as breast cancer-specific if the first listed underlying
cause of death had International Classification of Disease codes
174.9 (version 9) or 50.9 (version 10).

DNA was extracted from peripheral blood lymphocytes by
standard methods using an automated Nucleic Acid Purifica-
tion System ABI-DNA extractor (Applied Biosystems, Inc.,
Foster City, CA), and subsequently stored before study analyses.
For this study, we chose to examine the association between
breast cancer survival and A118G SNP (rs1799971, located
within the first exon) and five other informative SNPs within

Table 2. Breast Cancer-specific Mortality by OPRM1 Genotype

All Participants (n � 2,039)

OPRM1 Genotype n Died Censored Mortality (CI)*† P Value‡

rs2075572
C/C 589 85 502 0.15 (0.12, 0.20) 0.57
C/G 1,012 164 844 0.17 (0.14, 0.21)
G/G 404 69 335 0.18 (0.14, 0.24)

rs563649
C/C 1,647 272 1,371 0.18 (0.15, 0.20) 0.46
C/T 339 46 290 0.15 (0.10, 0.21)
T/T 23 3 20 0.13 (0.03, 0.47)

rs1799971
A/A 1,682 291 1,386 0.18 (0.16, 0.21) �0.001
A/G 323 26 295 0.09 (0.05, 0.15)
G/G 22 1 21 0.05 (0.00, 0.50)

rs533586
C/C 220 37 183 0.18 (0.12, 0.26) 0.88
C/T 907 147 758 0.18 (0.14, 0.21)
T/T 891 134 752 0.16 (0.13, 0.20)

rs495491
A/A 901 128 771 0.15 (0.12, 0.19) 0.13
A/G 847 141 702 0.18 (0.15, 0.22)
G/G 269 50 218 0.20 (0.14, 0.28)

rs609148
A/A 94 13 81 0.14 (0.07, 0.27) 0.44
A/G 640 95 543 0.16 (0.13, 0.21)
G/G 1,265 209 1,051 0.18 (0.15, 0.21)

* 10-yr mortality estimated using Kaplan-Meier method. † Confidence intervals are Bonferroni-adjusted (� � .0083); log-log transform
was used to compute the confidence intervals for the survivor function. ‡ Log-rank test.

Table 3. Breast Cancer-specific Mortality by OPRM1 A118G Genotype, Stratified by Ethnicity

A118G
Genotype n Died Censored

Mortality
(95% CI)* P Value†

African-Americans (n � 766) A/A 728 176 552 0.26 (0.23, 0.29) 0.31
A/G 34 5 29 0.15 (0.07, 0.33)
G/G 2 0 2 0.00 (NE)

European-Americans, (n � 1,273) A/A 954 120 834 0.13 (0.11, 0.15) 0.070
A/G 289 23 266 0.08 (0.05, 0.13)
G/G 20 1 19 0.05 (0.01, 0.32)

* 10-yr mortality estimated using Kaplan-Meier method; log-log transform was used to compute the confidence limits for the survivor
function. † Log-rank test.
NE � nonestimable.

�-Opioid Receptor Polymorphisms and Cancer Survival

Anesthesiology 2012; 116:896 –902 Bortsov et al.898

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/116/4/896/257151/00000542-201204000-00025.pdf by guest on 19 M
ay 2023



other parts of the �-opioid receptor gene OPRM1 (first intron
[rs495491, rs563649], second intron [rs2075572], third in-
tron [rs533586], and fifth exon [3�-untranslated region],
rs609148).18 Genotyping was performed using the TaqMan
platform (Applied Biosystems, Inc.). Genotyping was repeated
on a 10% random sample of participants. There was 100% call
agreement between original and repeat genotyping. Institu-
tional Review Board at the University of North Carolina at
Chapel Hill (Chapel Hill, North Carolina) approval was ob-
tained before the data collection and genetic analyses.

The Carolina Breast Cancer Study was designed as a case-
control study. In addition to women with breast cancer, pop-
ulation-based controls were selected using a Division of Mo-
tor Vehicles registry for women younger than 65 yr and a
Health Care Financing Administration (now the Centers for
Medicare and Medicaid Services) registry for women 65–74
yr of age. The sampling fractions were designed to ensure fre-
quency-matching to cases by race and 5-yr age group. In this
study, healthy controls were also genotyped in order to assess
Hardy-Weinberg equilibrium and linkage disequilibrium for
the six genotypes evaluated. Controls were used for these anal-
yses rather than cases to avoid potential selection bias.27

Statistical Analyses
Descriptive statistics were obtained for sociodemographic
and clinical characteristics of the sample. Individual SNP and
genotype frequencies for each locus were evaluated. Hardy-
Weinberg equilibrium and linkage disequilibrium between
loci were evaluated in healthy participants from the Carolina
Breast Cancer Study control group using Haploview soft-
ware (Broad Institute of Massachusetts Institute of Technol-
ogy and Harvard, Cambridge, MA).#28

For the purpose of survival analyses, individuals with
breast cancer living at December 31, 2006, and individuals

who died of causes other than breast cancer were censored.
Breast cancer-specific survival was estimated using Kaplan–
Meier method, stratified by ethnicity and stage at diagnosis.
The log-rank test was used to compare survival curves be-
tween genotype groups. Bonferroni correction was applied to
the significance level for the six genotypes assessed to preserve
an overall false positive rate of � � 0.05. Within genotype
A118G, subgroup analyses stratified by ethnicity and cancer
stage were performed using significance level � � 0.05.

Cox proportional hazards regression models were used to
evaluate the effect of genotype on breast cancer-specific sur-
vival, adjusted for potential confounders. The proportional
hazards assumption was tested using log-log survival plots
and the Schoenfeld residuals approach.29 All analyses, unless
otherwise noted, were performed using SAS (version 9.2,
SAS Institute Inc., Cary, NC).

Results

Characteristics of the breast cancer patient cohort are shown
in table 1. A total of 2,039 women (766 African-Americans
and 1,273 European-Americans) were included in the anal-
yses. Invasive breast cancer cases constituted 77%. Median
follow-up period was 9 yr. All six polymorphisms were geno-
typed with success rates of 98% or more. All six polymor-
phisms were in Hardy-Weinberg equilibrium and moderate-
to-high linkage disequilibrium (fig. 1).

After Bonferroni correction for multiple comparisons, the
A118G genotype was significantly associated with breast
cancer-specific mortality (table 2). Breast cancer-specific
mortality was reduced in women with one or two copies of
the G allele (table 2). Analyses stratified by ethnicity, al-
though not reaching statistical significance, revealed the
same direction of effect for both African-Americans and Eu-
ropean-Americans (table 3). Women with at least one copy
of G allele had lower mortality than those with A/A genotype
(table 3). Analysis stratified by stage at diagnosis (table 4, fig.

# http://www.broad.mit.edu/mpg/haploview/. Accessed Au-
gust 15, 2011.

Table 4. Breast Cancer-specific Mortality by OPRM1 A118G Genotype, Stratified by Stage at Diagnosis

Stage at
Diagnosis

A118G
Genotype n Died Censored

Mortality
(95% CI)* P Value†

Carcinoma in situ A/A 350 6 344 0.03 (0.01, 0.08) 0.037
A/G 90 0 90 0.00 (NE)
G/G 9 1 8 0.11 (0.02, 0.57)

Stage I A/A 522 42 479 0.09 (0.06, 0.11) 0.71
A/G 110 5 103 0.05 (0.02, 0.11)
G/G 2 0 2 0.00 (NE)

Stage II A/A 554 127 423 0.24 (0.21, 0.28) 0.075
A/G 91 15 76 0.18 (0.11, 0.28)
G/G 10 0 10 0.00 (NE)

Stages III, IV A/A 182 100 82 0.58 (0.51, 0.66) 0.085
A/G 14 4 10 0.29 (0.12, 0.59)
G/G

* 10-yr mortality estimated using Kaplan-Meier method; the log-log transform was used to compute the confidence limits for the
survivor function. † Log-rank test.
NE � nonestimable.
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2) revealed that this effect was limited to invasive cases only
(stages I–IV), with effect size increasing with cancer stage at
diagnosis. No other polymorphisms were associated with
breast cancer survival (table 2).

A118G genotype was also associated with breast cancer
stage at diagnosis. Women who presented at a more ad-
vanced stage (III–IV) were less likely to have one or more
copies of the G allele than women who presented at an earlier
stage (I–II) or with carcinoma in situ. These differences
reached significance in European-Americans (Cochran-Ar-
mitage trend test P � 0.046), but not in African-Americans
(P � 0.53) (table 5). A118G was not associated with estrogen
receptor status (data not shown).

Because the results from the crude and stratified survival
analyses suggest that the effect of A118G genotype is a linear
function of the number of G alleles, we ran a set of Cox propor-
tional hazard regression models with the predictor variable rep-
resenting the number of G alleles at A118G, a so-called additive
genetic model. The proportional hazard assumption was vio-
lated for cancer stage at diagnosis (P � 0.005). The full Cox
model included interaction terms for A118G genotype X
stage and for A118G genotype X ethnicity. Neither of these
interaction terms were significant (data not shown), there-
fore they were excluded from further models. Because inclu-
sion of postmenopausal and estrogen receptor status did not
change the hazard ratio estimates for A118G genotype, and
because A118 genotype was associated with cancer stage at
presentation, the final model included only age and ethnicity
(table 6, model 1). The association between A118G geno-
type and breast cancer survival remained statistically signifi-
cant (P � 0.006).

As a sensitivity analysis we repeated the survival analyses
using all-cause mortality as an outcome. The results were
yielded the same findings (data not shown).

Discussion
In this study we found that breast cancer-specific mortality was
significantly reduced in patients with a genetic variant in the
�-opioid receptor that reduces opioid response. Ten-year mor-
tality was reduced in patients with at least one variant G allele at
A118G. The protective effect of this polymorphism was limited
to invasive cases only and appeared to increase with stage at
diagnosis. Decreased mortality with one or more G alleles was
observed in both African-Americans and European-Americans,
although the association did not reach statistical significance in
stratified analyses. Having one or more G alleles was also asso-
ciated with having less advanced disease at diagnosis.

Our results are consistent with a post hoc analysis of data
from a longitudinal study of traditional high-dose systemic
opioid treatment versus opioid treatment delivered directly
into the intrathecal space (low systemic opioid exposure) via
an implantable drug delivery system.30 This trial was de-
signed to assess symptomatic outcomes, but a post hoc analy-
sis, although statistically nonsignificant, suggested increased
survival in the implantable drug delivery system group at 6
months (54% vs.. 37%, P � 0.06).30

Other studies have examined the effect of reduced opioid
exposure during the perioperative period on cancer outcomes,
with mixed effects. Two retrospective studies of cancer patients
found a reduced risk of tumor recurrence and metastasis in cases
where an opioid-sparing perioperative regimen was used.31,32

Another study observed this benefit only in patients 65 yr of age
or older,33 and a secondary analysis of a randomized controlled
study showed no difference.34 If opioids influence tumor
growth in an ongoing manner via direct (e.g., angiogenic)
and/or indirect (immune function) mechanisms, then com-

Fig. 2. Kaplan-Meier plots by �-opioid receptor gene poly-
morphism (A118G) (rs1799971) genotype and breast can-
cer stage at diagnosis. (A) Carcinoma in situ, (B) Stage 1,
(C) Stage 2, and (D) Stages III and IV.

Table 5. Proportion of A/G�G/G Genotype by Breast Cancer Stage in African-Americans and European-Americans

Ethnicity Carcinoma In Situ Stage I Stage II Stages III, IV P Value*

European-Americans 26.1% 25.1% 23.9% 13.3% 0.046
African-Americans 5.6% 4.0% 5.9% 1.9% 0.53

* Cochran-Armitage trend test.

Table 6. Cox Proportional Hazards Regression Analysis
for A118G Genotype and Invasive Breast Cancer
Mortality

A118G
Genotype

Hazard Ratio
(95% CI) P Value

Model 1* A/A Reference
A/G 0.57 (0.38, 0.85) 0.006
G/G 0.32 (0.22, 0.49)

Additive genetic model was used, where the predictor variable was
the number of A alleles at A118G (A/A � 0, A/G � 1, G/G � 2).
* Adjusted for age and race.
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bined interventions that reduce both perioperative opioid expo-
sure and longitudinal opioid exposure after hospital discharge
(e.g., via peripherally acting opioid antagonists or implantable
drug delivery systems) may achieve the most benefit.

In our study, the presence of a G allele at A118G appeared to
result in improved survival in both European-Americans and
African-Americans, although the association did not reach sta-
tistical significance in stratified analyses. Of note, available data
suggests that the G allele is less prevalent in African-Americans
than in European-Americans (minor allele frequency of 0.04 vs.
0.16, HapMap database). If having a G allele is indeed associ-
ated with increased breast cancer survival, then ethnic differ-
ences at A118G could contribute to the reduced breast cancer
survival observed in African-Americans.35,36

A limitation of our study is that data on treatment, including
opioid intake among study participants, was not available. The
extent to which any effect of opioids on cancer survival is medi-
ated by endogenous versus exogenous opioids is unknown.
However, limited available evidence suggests that endogenous
opioids may play an important role. A preclinical study found
that baseline levels of endogenous opioids were increased more
than two-fold in animals with cancer compared with controls,37

suggesting that cancer patients may experience chronic increases
in endogenous opioids because of pain, stress, or other causes. In
addition, a recent study found that, unlike wild type mice,
�-opioid receptor-knockout mice exhibited no tumor growth
after injection of Lewis lung carcinoma cells.15 No exogenous
opioids were received by mice in either group, suggesting that an
angiogenic or tumor growth promoting effect was facilitated by
stimulation of the �-opioid receptor by endogenous opioids
alone.

As with any gene association study, another limitation of
this study is that it is impossible to know if differences in
breast cancer survival are actually because of the A118G mu-
tation. This mutation has been shown to result in reduced
transcription19 and reduced cellular response to �-opioid
receptor binding.38 This demonstrated functional conse-
quence increases the possibility that the A118G polymor-
phism may itself cause the biologic changes which result in
differences in breast cancer survival. However, it may be that
the observed association is because of another genetic varia-
tion or variations that are associated with A118G.18

In addition, another limitation of our study is that it in-
cluded European-American and African-American patients
only, and assessed only patients with breast cancer. Further stud-
ies are needed to confirm the association between A118G and
cancer survival in Breast Cancer patients in European-Ameri-
cans and African-Americans, and to assess the influence of
A118G in other cancer types and in other ethnicities. Impor-
tantly, evidence from mechanistic studies in humans suggests
that important differences in the influence of genetic variants
such as the A118G polymorphism across other ethnicities may
exist (e.g., Asian vs. European American39), perhaps in part be-
cause of differences in linkage disequilibrium between A118G
and other functional polymorphisms in OPRM1 or genetic dif-

ferences influencing the function of physiologic systems that
interact with opioid systems.39

Our study used the first underlying cause of death listed in
the NDI to determine breast cancer-specific mortality. Evidence
suggests that variability may exist in the choice of the condition
listed first as the cause of death in the NDI.40 However, an
analysis using all-cause mortality yielded the same findings.

Finally, G/G genotype at A118G was uncommon in the
studied population, and only one death was observed among
22 participants with this genotype. Therefore, mortality es-
timates for this group are imprecise as evident from the wide
confidence intervals (table 2). Therefore, one should be cau-
tious in making any conclusions regarding the presence of
“dose-response” relationship between the number of G al-
leles at A118G and breast cancer mortality.

To our knowledge, this is the first study examining the
association between genetic polymorphisms influencing the
function of opioid pathways and cancer survival.41,42 Such
studies are one useful means of examining the possible influ-
ence of opioid pathways on cancer survival in patients in
whom withholding opioids would be unethical. The results
of this study provide support for the hypothesis that endog-
enous and/or exogenous opioids, acting via the �-opioid
receptor, may influence cancer outcomes.

The authors thank Luda Diatchenko, M.D., Ph.D., Associate Profes-
sor, Center for Neurosensory Disorders, University of North Caro-
lina at Chapel Hill, Chapel Hill, North Carolina, for valuable discus-
sions regarding the results of the study.
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