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Abstract

BACKGROUND: Patients with cancer-related pain are underrepresented in the opioid literature 

despite high opioid exposure and numerous risk factors for adverse opioid outcomes, including 

unnecessary persistent opioid use. The objective of this study was to determine the extent, 

historical trends, and predictors of new-onset persistent opioid use among older adult women after 

active breast cancer treatment.

METHODS: Using Surveillance, Epidemiology, and End Results–Medicare data for opioid-naive 

women diagnosed with stage 0 to III breast cancer at the age of 66 to 90 years between 2008 and 

2013, this study estimated overall and quarterly adjusted probabilities of new-onset persistent 

opioid use, which was defined as receiving ≥90 days’ supply of opioids in the year after active 

breast cancer treatment. Sensitivity analyses were conducted with an alternative definition of 

persistent opioid use: any opioid fill 90 to 180 days after active cancer treatment.
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RESULTS: Nearly two-thirds of the subjects received prescription opioid therapy during cancer 

treatment. Quarterly probabilities of new-onset persistent opioid use after active treatment ranged 

from 2% to 4%; in sensitivity analyses, the alternative outcome definition resulted in predicted 

probabilities ranging from 11.4% to 14.7%. Subjects with more advanced disease, a higher 

comorbidity burden, a low-income status, and greater opioid exposure during active cancer 

treatment were more likely to develop persistent opioid use.

CONCLUSIONS: Persistent opioid use was an infrequent occurrence among older adult patients 

with breast cancer completing cancer treatment between 2008 and 2013. This finding was 

encouraging because of the concerning opioid trends seen in noncancer populations. However, 

opportunities to further mitigate unsafe opioid use as a complication of cancer care, including 

standardization of persistent opioid use definitions, should be explored.
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INTRODUCTION

Improving the quality and safety of opioid prescribing remains a necessary strategy for 

curbing the opioid crisis in America. Prescription opioid overdoses claimed more than 

17,000 lives in 2016 and have quadrupled since 1999.1,2 The misuse of prescription opioids, 

which encompasses taking opioids not as prescribed, using someone else’s opioid 

medication, and taking opioids for their euphoric effects, is also associated with an increased 

risk of engaging in heroin and illicit fentanyl use, which caused an additional 35,000 deaths 

in 2016.2–4

However, recent opioid prescribing recommendations, including the Guideline for 
Prescribing Opioids for Chronic Pain from the Centers for Disease Control and Prevention,5 

are drawn from a body of evidence that is widely considered to be limited and of low quality.
6,7 Notably, individuals with a history of cancer are largely absent from the opioid outcomes 

literature despite representing a sizeable, high-risk population.8 In 2016, there were an 

estimated 16 million cancer survivors living in the United States.9 This number is expected 

to grow 30% over the next 10 years. Patients with cancer experience a high prevalence of 

chronic pain after completing active treatment10–12 and comorbid mental health conditions 

associated with an increased risk for opioid addiction and overdose.13–19

With nearly two-thirds of people with cancer surviving at least 10 years beyond their 

diagnosis,20 it is crucial that we understand the burden of high-risk opioid use among cancer 

survivors resulting from their disease and its treatment. New-onset persistent opioid use 

specifically is being increasingly recognized as a serious and common health care 

complication demanding concerted prevention strategies, including strategies for patients 

undergoing curative cancer treatment.21,22

The purpose of this study was to determine the extent, historical trends, and predictors of 

new-onset persistent opioid use during the first year after the completion of active breast 

cancer treatment among older adult women. Older adult breast cancer survivors represent 
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one of the largest subsets of the cancer survivor population. Older adults also have unique 

opioid-related risks and considerations. Despite having the lowest opioid overdose mortality 

rate of any age group,23 adults who are 65 years old or older have experienced sharp 

increases in opioid-related hospitalizations and emergency department visits24 and opioid 

use disorder treatment admissions in recent years.25 Older adults are physiologically more 

vulnerable to adverse effects of opioids than other age groups because of slower opioid 

metabolism and clearance,26 and they more often obtain opioids for misuse from physician 

prescriptions than younger adults.27 Findings from this research are necessary to inform 

strategies to prevent high-risk opioid use and outcomes as a complication of cancer care, 

particularly among older adults. This study will also help to address major gaps in 

knowledge about the broader impacts of the opioid crisis in the United States on populations 

with cancer-related pain.

MATERIALS AND METHODS

Data

Our study was performed with Surveillance, Epidemiology, and End Results (SEER)-

Medicare linked data for the years 2007–2014.28 The SEER-Medicare database links cancer 

registry data from 19 large cancer registries across the United States with Medicare 

administrative claims data. This study was approved by the institutional review boards of the 

University of Kansas Medical Center and Medical College of Wisconsin.

Study Data and Cohort

We conducted a retrospective cohort study examining the probability and predictors of new-

onset persistent opioid use in the year following the end of active breast cancer treatment. 

We defined the end of active cancer treatment as the last day following the breast cancer 

diagnosis date on which a subject recorded receipt of chemotherapy, radiation, or curative 

cancer surgery. We included women who had been diagnosed with stage 0 to III breast 

cancer between January 1, 2008, and December 31, 2013, at the age of 66 to 90 years and 

who had completed active cancer treatment by December 31, 2013. This ensured a full 12 

months of prediagnosis observation of baseline covariates and a full 12 months of follow-up 

observation after active cancer treatment. Subjects had no prior cancer diagnoses. We 

excluded women with a prescription opioid claim in the 3 months leading up to their cancer 

diagnosis date to better ensure that any opioid use observed after their diagnosis was 

associated with breast cancer treatment. For a reliable assessment of study measures across 

the baseline, active treatment, and follow-up periods, subjects were required to have 

continuous Medicare Part A and B coverage from 12 months before their breast cancer 

diagnosis through the 12 months following the end of their active breast cancer treatment; 

Medicare Part D coverage was required from 3 months before the diagnosis through 12 

months after the end of treatment. We excluded individuals who died or recorded a second 

primary cancer diagnosis during the 12-month follow-up period after the end of active 

cancer treatment or who did not have a full year of follow-up before December 31, 2014.
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Measures

The primary outcome was new-onset persistent opioid use, which was defined as a ≥90-day 

opioid supply from prescription opioid claims recorded during the 12-month follow-up 

period after the end of active breast cancer treatment. For pain management regimens with 

concomitant use of long-acting and immediate-release opioids, we used the cabinet supply 

approach29 to determine total days’ supply for overlapping opioid prescriptions sharing the 

same active ingredient, route, and formulation. For example, a subject with a 5-day period 

with overlapping prescription claims for extended-release oxycodone tablets and immediate-

release hydromorphone tablets would contribute 5 total days to her persistent opioid use 

outcome for that overlapping period because we assumed that these were intended to be used 

simultaneously. Alternatively, a subject with 5 days of overlap between 2 immediate-release 

oxycodone tablet prescription claims would contribute 10 total days to her persistent opioid 

use outcome for that overlapping period because we assumed consecutive use. In addition, 

we assessed the extent of patients’ opioid therapy received during their active cancer 

treatment phase by determining the percentage of active cancer treatment days for which 

patients had a prescription opioid supply available. We also measured select patient-level 

demographic, clinical, and treatment characteristics, as shown in Table 1.

Statistical Analysis

We described outcomes and demographic, clinical, and treatment characteristics for the 

cohort overall and by chemotherapy status. We subset the cohort by receipt of chemotherapy 

because, in prior literature, chemotherapy treatment has been a strong predictor of opioid use 

among patients with cancer.21,30 For our primary analysis, we estimated longitudinal trends, 

measured at the calendar quarter level, of the probability of developing new-onset persistent 

opioid use after active breast cancer treatment overall and by chemotherapy status with a 

modified Poisson model.31 Using the modified Poisson model, we predicted the probability 

of opioid prescribing for each quarter between 2008 and 2013, while controlling for all other 

covariates.31 We obtained adjusted predicted values via marginal standardization.32 In 

addition, on the basis of the modified Poisson model, we estimated the relative risk (RR) of 

the outcome associated with the demographic, clinical, and treatment characteristics across 

the full study period for the entire cohort and by chemotherapy status.33 Statistical 

significance was assumed at P < .05. Analyses were performed with Stata (StataCorp, 

College Station, Texas) and SAS (version 9.4; SAS Institute, Inc, Cary, North Carolina). We 

adhered to Strengthening the Reporting of Observational Studies in Epidemiology reporting 

guidelines for observational cohort studies.34

Sensitivity Analysis

There is a lack of consensus about how to define persistent opioid use in claims data. The 

primary study analyses were replicated with an alternative outcome definition of new 

persistent opioid use: the receipt of any prescription opioid claim in the 90- to 180-day 

period following the index date at the start of follow-up. These findings are reported in the 

supporting information and are discussed in the main body of this article. The purpose of 

these sensitivity analyses is to aid in the interpretation of our primary findings in the context 

of a growing body of literature that often uses this alternative definition of persistent opioid 
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use. We anticipated the alternative outcome definition to be a more inclusive measure of 

persistent opioid use than our chosen measure of a 90-day opioid supply received in a 12-

month period.21,35–38

RESULTS

We analyzed a cohort of 24,631 older adult women who were opioid-naive before receiving 

a new diagnosis of stage 0 to III breast cancer between 2008 and 2013 (see Supporting Fig. 1 

for the cohort selection algorithm). Fifty-seven percent of the overall cohort were diagnosed 

between the ages of 66 and 75 years, and more than 80% were white (Table 1). Two-thirds 

were diagnosed with stage 0 or I breast cancer, and most underwent either partial 

mastectomy (57%) or full mastectomy (36%). Only 16% received chemotherapy, whereas 

half received radiation, 18% initiated hormone therapy, and 3.5% received reconstructive 

surgery. The mean length of active cancer treatment was 72 days for the full cohort. Forty 

percent did not receive any opioid therapy during active cancer treatment; nearly one-quarter 

received opioid therapy for more than 10% of their active cancer treatment period.

Across the entire study period, nearly half the cohort filled at least 1 opioid prescription after 

active cancer treatment, whereas 2.8% developed new-onset persistent opioid use (Table 2). 

Persistent opioid use was more common among those who received chemotherapy than 

those who did not (4.9% vs 2.4%; P < .01) even though there were fewer chemotherapy 

patients filling any opioid prescription after active treatment (41% of the chemotherapy 

group vs 49% of the nonchemotherapy group; P < .01). A higher proportion of the subjects 

who received chemotherapy filled an opioid prescription during their active cancer treatment 

in comparison with the larger nonchemotherapy subset (82% vs 55%; P < .01).

Figure 1 depicts the adjusted longitudinal trends for the predicted probability of 

experiencing new-onset persistent opioid use after the conclusion of active cancer treatment 

for the overall cohort and by chemotherapy status. The estimated quarterly predicted 

probability of new-onset persistent opioid use after active breast cancer treatment in the 

overall cohort was steady from 2008 to 2013 and ranged from 2.2% to 3.6%. There were no 

statistically significant differences in new-onset persistent opioid use across the study 

period. Quarterly probabilities of new-onset persistent opioid use were also low and 

consistent for the larger nonchemotherapy subset of the cohort and ranged from 2% to 3%, 

whereas those who received chemotherapy generally had higher and more varied 

probabilities of new-onset persistent opioid use over time.

In adjusted pooled analyses across the full study period, age, chemotherapy status, type of 

surgical intervention, radiation, hormone therapy, and tumor size were not significantly 

associated with the risk of new-onset persistent opioid use (Table 3). The risk of new-onset 

persistent opioid use significantly increased as the breast cancer stage, baseline comorbidity 

burden, and length of active cancer treatment increased. Black women were less likely to 

develop new-onset persistent opioid use than white women (RR, 0.62; 95% CI, 0.46–0.84; P 
< .01), as were women who did not receive the low-income subsidy or lived in areas with a 

higher median household income. Compared with those who did not receive any opioid 

prescriptions during active cancer treatment, those who had an opioid supply for >0% to 
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10% of their active cancer treatment period had a 40% lower risk of developing new-onset 

persistent opioid use (95% CI, 0.46–0.78; P < .01), whereas there was a significant positive 

association with new-onset persistent opioid use at higher opioid supply levels during active 

cancer treatment. Receiving an opioid supply for more than 10% of active cancer treatment 

days was associated with a 4-fold increase in the risk of developing new-onset persistent 

opioid use (RR, 4.18; 95% CI, 3.49–5.02; P < .01).

Among the 3919 women who received chemotherapy, the risk of new-onset persistent opioid 

use was 35% lower for those with hormone therapy treatment (RR, 0.65; 95% CI, 0.44–0.97; 

P = .03). A diagnosis of stage III disease was associated with a greater risk of new-onset 

persistent opioid use in comparison with those with stage 0 or I disease (RR, 2.27; 95% CI, 

1.21–4.24; P = .01). New-onset persistent opioid use was also more likely as the duration of 

the active cancer treatment period increased. Obtaining a prescription opioid supply for 

more than 10% of the chemotherapy subpopulation’s active treatment days increased the risk 

of new-onset persistent opioid use 33-fold (RR, 33.06; 95% CI, 13.61, 80.31; P < .01). 

Receipt of the low-income subsidy was associated with a 50% greater risk of the outcome, 

as well (95% CI, 1.01–2.28; P = .04).

Sensitivity Analysis

In sensitivity analyses evaluating an alternative persistent opioid use outcome measure, 

which was defined as an opioid claim recorded 90 to 180 days after the end of active cancer 

treatment, longitudinal trends in the predicted probability of new persistent opioid use were 

consistent from 2008 to 2013 at a larger magnitude in comparison with the primary analyses 

(Supporting Fig. 2). The quarterly probability of developing new persistent opioid use after 

active breast cancer treatment in the full cohort ranged from 11.4% to 14.7%. In the 

chemotherapy subset, the predicted probability ranged from 12.3% to 23.6%. In pooled 

analyses using the alternative outcome definition, we estimated similar findings for the 

associations of census tract–level median household income, comorbidity status, tumor 

stage, low-income subsidy, length of active cancer treatment, and proportion of active 

treatment days with opioid supply with persistent opioid use in comparison with the analyses 

using the primary outcome definition (Supporting Table 1). However, in sensitivity analyses, 

partial mastectomy and full mastectomy were protective of the alternative new-onset 

persistent opioid use definition in comparison with no to minimal surgery, as were radiation 

treatment and belonging to the older age categories. Black race was no longer significantly 

associated with new persistent opioid use. Receipt of reconstructive surgery was newly 

associated with an increased risk of persistent opioid use when the alternative outcome 

definition was used (RR, 4.56; 95% CI, 3.83–5.42; P < .01).

DISCUSSION

We examined longitudinal trends of new-onset persistent opioid use in the year following the 

completion of active breast cancer treatment among older adult women. To our knowledge, 

this is the first study to describe historical patterns of persistent opioid use in any clinical 

population. Overall, 1 in 35 older adult women who were not using prescription opioids 

before their breast cancer diagnosis went on to exhibit persistent opioid use after finishing 
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their breast cancer treatment. From 2008 to 2013, the predicted probability of new-onset 

persistent opioid use after breast cancer treatment varied little and hovered close to 3%.

In 2018, nearly half of the estimated 266,120 women diagnosed with invasive breast cancer 

were older adults,39 and 90% of these women are expected to survive for at least 5 years 

after their diagnosis.40 With nearly two-thirds of our previously opioid-naive cohort 

experiencing new exposure to prescription opioids as part of their cancer diagnosis and 

treatment, it is imperative that providers routinely assess the risk of inadvertent downstream 

persistent opioid use at the outset of cancer care. In April 2019, the Centers for Disease 

Control and Prevention issued a clarification regarding their opioid prescribing guidelines, 

which stated that the guidelines do not apply to patients undergoing active cancer treatment.
41 However, the Centers for Disease Control and Prevention stated that cancer pain 

management after active cancer treatment should be informed by guidelines from the 

American Society for Clinical Oncology8 and the National Comprehensive Cancer Network,
42 which urge cautious use of opioids to minimize the risk of abuse and addiction after active 

cancer treatment.

Regardless, it was encouraging to find a low and historically stable probability of new-onset 

persistent opioid use after breast cancer treatment among older adult women. It is also 

possible that the new-onset persistent opioid use we observed in the year after active breast 

cancer treatment may have a legitimate indication for some of these 2% to 3% of women in 

some circumstances. However, our administrative data and the lack of consensus about the 

appropriate role of opioids in treating chronic pain precluded us from determining the 

clinical appropriateness of chronic opioid therapy at the patient level.

That said, there is likely room for improvement in preventing unnecessary persistent opioid 

use and its potentially adverse clinical consequences. We identified predictors in this 

population that could be useful in targeting efforts to prevent unnecessary persistent opioid 

use after breast cancer treatment. Patients who had multiple comorbid conditions at the time 

of their breast cancer diagnosis and those diagnosed with more advanced disease were at 

significantly greater risk of new-onset persistent opioid use. Low-income individuals were 

also much more likely to develop chronic opioid use. Providers should also be cognizant that 

greater opioid exposure during active cancer treatment, measured as the proportion of the 

active treatment period with an opioid supply available, increases the likelihood of 

conferring persistent opioid use after active cancer treatment. However, we recommend 

more detailed analyses in the future of the intensity and temporality of opioid use during 

active cancer treatment and its association with long-term opioid use in survivorship to 

assess the robustness of our measure of opioid exposure during active cancer treatment.

Our findings also underscore the lack of consensus around persistent opioid use 

measurement. We observed a large spectrum in the observed prevalence of new-onset 

persistent opioid use in our cohort between the outcome definition used in our primary 

analyses (90-day prescription opioid supply received in a 12-month period) and the 

alternative definition often used in recent literature (any opioid fill 90 to 180 days after the 

initial opioid exposure). The alternative outcome definition resulted in an observed 
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probability of new-onset persistent opioid use (12%–15%) that was more than 5 times higher 

than the probability with our primary outcome definition (2%–3%).

We cannot deem any measure of persistent opioid use preferable to another on the basis of 

this study alone. However, it is notable that this wide variability in persistent opioid use 

prevalence across definitions of the measure could have implications for the perceived 

severity of the problem and effectiveness of interventions designed to prevent persistent 

opioid use. The alternative definition used in our sensitivity analyses may be beneficial 

because it would have greater sensitivity at capturing individuals who could be screened for 

a potential intervention. However, it identifies a larger subset of the population that initiates 

opioid therapy as persistent opioid users and may inflate the perceived severity of the 

problem at a population level and dissuade providers from prescribing opioid therapy when 

it is clinically appropriate. Conversely, our primary definition of persistent opioid use—or 

more restrictive definitions that have been used previously43–45—may risk understating the 

problem and cause some high-risk patients to be overlooked for interventions to prevent 

unnecessary persistent opioid use. Further work is needed to determine optimal strategies for 

identifying problematic persistent opioid use and how these measures should be tailored on 

the basis of pain indications and population characteristics.

Our study is subject to multiple limitations. As discussed previously, our primary outcome 

definition of new-onset persistent opioid use has high variability based on the measure’s 

definition, so comparisons with previous studies measuring long-term opioid use should be 

made with caution. Our findings may not be generalizable to patient populations with other 

cancer types or in other age groups. The nature of administrative claims data allowed us to 

observe only opioid prescription dispensations covered by a Medicare Part D prescription 

drug plan, so we could not confirm that patients consumed all prescription opioids that they 

filled or whether they consumed opioids obtained from other sources. We were also unable 

to assess the clinical appropriateness of persistent opioid use or examine the effects of the 

timing, intensity, and duration of pain experienced by subjects on their opioid use patterns.

In conclusion, new-onset persistent opioid use in the first year after active breast cancer 

treatment occurred in approximately 3% of older adult women who were opioid-naive 

before a new diagnosis of stage 0 to III breast cancer. The probability of developing 

persistent opioid use in this population has remained steady since 2008. Although persistent 

opioid use was an infrequent consequence of breast cancer diagnosis and treatment, the high 

rates of breast cancer diagnosis and long-term survival as well as current uncertainty about 

what constitutes problematic long-term opioid use patterns may necessitate increased 

scrutiny of the appropriate role of prescription opioids in managing acute and chronic 

cancer-related pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Adjusted quarterly probability of new-onset persistent opioid use from 2008 to 2013: (A) 

overall and (B) by chemotherapy status. The predicted probability of persistent opioid use 

was generated on the basis of marginal standardization (also called standardized predictive 

margins) with adjustments for demographic, clinical, and treatment characteristics. Quarter 1 

in 2008 is not shown because of the small sample size.
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