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Abstract

Background: Patients with cancer may be at risk of high opioid use due to physical and psychosocial factors, although little
data exist to inform providers and policymakers. Our aim is to examine overdoses from opioids leading to emergency
department (ED) visits among patients with cancer in the United States. Methods: The Healthcare Cost and Utilization Project
Nationwide Emergency Department Sample was queried for all adult cancer-related patient visits with a primary diagnosis of
opioid overdose between 2006 and 2015. Temporal trends and baseline differences between patients with and without
opioid-related ED visits were evaluated. Multivariable logistic regression analysis was used to identify risk factors associated
with opioid overdose. All statistical tests were two-sided. Results: Between 2006 and 2015, there were a weighted total of
35 339 opioid-related ED visits among patients with cancer. During this time frame, the incidence of opioid-related ED visits
for overdose increased twofold (P< .001). On multivariable regression (P< .001), comorbid diagnoses of chronic pain (odds ra-
tio [OR] 4.51, 95% confidence interval [CI] ¼ 4.13 to 4.93), substance use disorder (OR ¼ 3.54, 95% CI ¼ 3.28 to 3.82), and mood
disorder (OR ¼ 3.40, 95% CI ¼ 3.16 to 3.65) were strongly associated with an opioid-related visit. Patients with head and neck
cancer (OR ¼ 2.04, 95% CI ¼ 1.82 to 2.28) and multiple myeloma (OR ¼ 1.73, 95% CI ¼ 1.32 to 2.26) were also at risk for overdose.
Conclusions: Over the study period, the incidence of opioid-related ED visits in patients with cancer increased approximately
twofold. Comorbid diagnoses and primary disease site may predict risk for opioid overdose.

Prescription opioids are commonly used in the management of
pain in patients with cancer (1). Such patients may present with
pain due to the disease process (2) or adverse effects from treat-
ment (3). Patients with cancer are also vulnerable to emotional
or psychological distress that might complement or exacerbate
their physical pain, increasing their likelihood of nonmedical
opioid use (4,5). Furthermore, cancer survivors continue to have
higher opioid prescribing rates long after their disease has been
treated (6–11). This may be in part due to chronic pain syn-
dromes, which have been described in long-term cancer survi-
vors (12).

Although guidelines exist for the treatment of cancer-
related pain in adult patients (13,14), the optimal management
of such symptoms can be challenging. Patients with advanced
cancer can be on high doses of narcotics with various times of
onset along with other sedating medications. Confusion may
abound as to how to properly take these medications, leading to
unintended aberrant opioid use. Patients engaging either

unintentionally or actively in high-risk opioid use may be sus-
ceptible to both nonfatal and fatal overdoses. Such overdoses
may lead to emergency department (ED) visits, and severe cases
may result in respiratory intubation or even death (15,16). ED
visits for opioid overdose have been studied extensively among
the general population (17–20), although little is known about
such visits among patients with cancer. One cohort study found
that patients with cancer who used opiates after surgery were
more likely to visit the ED compared with noncancer opiate
users (21). Another study characterized temporal trends in and
factors associated with opioid-related hospitalizations among
patients with cancer (22). Yet not all overdoses result in hospi-
talizations, so lower acuity patients who were discharged from
the ED would not have been captured.

To date, no study to our knowledge has examined opioid-
related ED visits among patients with cancer on a national level.
A national analysis of ED visits and hospitalizations from opioid
overdoses in patients with cancer would help illuminate the
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current state of high-risk opioid use in this population, thereby
enabling providers and policymakers to devote greater attention
and resources to these patients. This study describes recent
trends in opioid-related ED visits among patients with cancer
and identifies clinical risk factors associated with opioid over-
dose in the cancer population.

Methods

Study Sample and Covariates

This study used the Nationwide Emergency Department
Sample (NEDS) published by the Healthcare Cost and Utilization
Project (HCUP) of the Agency for Healthcare Research and
Quality. The NEDS is the largest all-payer ED database in the
United States, yielding approximately 25 to 35 million ED visits
each year across more than 950 hospitals in 34 states. It repre-
sents a 20% stratified sample of US hospital-based EDs. Each ED
visit is given a discharge weight so that a national estimate may
be obtained. These weights are assigned by HCUP during the
sampling process based on ratios of total ED visits to ED visits
sampled in the NEDS. All diagnoses reported in the NEDS were
based on the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) system until
September 30, 2015, after which the Tenth Revision (ICD-10-CM)
was used. This study was granted an institutional review board
exemption by the Yale Human Investigations Committee.
Informed consent was also waived because the study was retro-
spective and data were deidentified.

The NEDS was queried from 2006 to 2015 for adult patients
age 18 years and older. Patients with a diagnosis of cancer were
identified using ED visits in which a cancer diagnosis was coded
using Clinical Classifications Software (CCS) codes 11 to 45 as de-
scribed previously (23). Patients with nonmelanoma skin cancer
and carcinoma in situ were excluded from analysis given the low
likelihood for cancer-related pain requiring opioids. Opioid-
related ED visits were identified by selecting those with a primary
diagnosis of any opioid overdose, which we categorized into pre-
scription opioids (ICD-9-CM: 965.00, 965.02, 965.09; ICD-10-CM:
T40.0, T40.2, T40.3, T40.4, T40.6) or heroin (ICD-9-CM: 965.01; ICD-
10-CM: T40.1) as described previously (24). ICD-10-CM codes to
identify opioid overdoses were provided by HCUP (25) and have
been used in other published analyses (26,27). A flow diagram de-
scribing the patient selection criteria is depicted in Figure 1.

ED visits and inpatient stays were characterized by demo-
graphic factors (age, sex, survey year, urban or rural designa-
tion), socioeconomic factors (insurance type, median household
income by ZIP code), hospital characteristics (teaching status,
trauma designation, region), comorbid risk factors for opioid
overdose (bone metastases, substance use disorder, chronic
pain, mood disorder), Elixhauser comorbidity index, primary
cancer type, and inpatient outcomes (respiratory intubation, ad-
mission, death, length of stay, total charges). Urban or rural des-
ignation was based on the National Center for Health Statistics
six-level classification scheme for US counties. Metropolitan
counties with a population of at least 50 000 were defined as ur-
ban, consistent with the grouping used in an HCUP brief (28).
The Elixhauser Comorbidity Index is a validated method to de-
scribe comorbidity burden in large administrative datasets (29).
Index scores characterizing in-hospital mortality were created
based on the code provided by HCUP. Of note, index scores were
not created for ED visits with ICD-10-CM diagnoses, because a
validated tool has yet to be created by HCUP for this new

medical classification system. However, ICD-10-CM data only
comprised a small (3%) proportion of the cohort.

Comorbid risk factors were obtained from secondary diagno-
ses for each ED visit. Patients with bone metastases were identi-
fied using codes previously validated in other administrative
datasets (ICD-9-CM: 198.5; ICD-10-CM: C79.51, C79.52) (30,31).
Substance use disorder was an aggregated category derived
from CCS codes for alcohol (CCS: 660) and drug use disorder
(CCS: 661) and ICD codes for tobacco use disorder or nicotine de-
pendence (ICD-9-CM: 305.1; ICD-10-CM: F17, Z72.0). Because
ICD-9-CM diagnosis codes for pain were created on October 1,
2006, analysis of comorbid chronic pain in this study began on
January 1, 2007. This category included all ICD codes for chronic
pain (ICD-9-CM: 338.2, 338.3, 338.4; ICD-10-CM: G89.2, G89.3,
G89.4), because any etiology of chronic pain could potentially be
related to a patient’s cancer diagnosis. Mood disorder used a
single CCS code (CCS: 657), which primarily identifies patients
with a history of depression or bipolar disorder. A full list of ICD
and CCS codes used to define the study variables is detailed in
Supplementary Table 1 (available online).

Statistical Analysis

Temporal trends and incidence rates of opioid-related ED visits,
as well as comorbid risk factors for opioid overdose, among
patients with cancer were analyzed. Similar trends were also
evaluated among nonopioid-related cancer visits. Annual inci-
dence was estimated by dividing the weighted number of ED
visits by the number of adult cancer survivors for that given
year, obtained from the National Health Interview Survey. For
the purpose of this study, a cancer survivor was defined as any
patient who had ever been diagnosed with cancer, in accor-
dance with the definition from the National Cancer Institute
(32). The Cochran-Armitage test for trend was used to assess for
changes in the incidence of ED visits over time. Unadjusted uni-
variate analysis was carried out through baseline comparison
between patients with cancer presenting with or without an
opioid-related ED visit using the Pearson’s v2 test for categorical
variables and an analysis of variance for continuous variables.
Multivariable logistic regression was used to evaluate the asso-
ciation between comorbid risk factors and opioid overdose for
both the entire cohort as well as for patients with metastatic
disease (CCS: 42). Because temporality of cancer diagnosis can-
not be determined from ICD coding, we used metastatic disease
as a surrogate for patients with active cancer, given the low
cure rates for most histologies. Further multivariable models
were created for each of the top 10 most common primary can-
cers to determine the association between primary cancers and
opioid-related ED visits. Hypothesis testing was two-sided, and
P less than .05 was used to indicate statistical significance for all
comparisons. A Bonferroni correction was applied to the multi-
variable models to adjust for multiple comparisons with a sta-
tistical significance threshold of P less than .004. Weighted
frequencies were incorporated in all analyses to produce na-
tional estimates. Data analysis was carried out using STATA
v16.0 (StataCorp LP, College Station, TX).

Results

Characteristics of Study Sample

A weighted total of 43 891 464 ED visits occurred for adult
patients with cancer between 2006 and 2015, of which 35 339
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(0.08%) were opioid related. The overall incidence of opioid-
related ED visits during the study period was 23.9 per 100 000
cancer survivors. In 2015, there were 5324 opioid overdoses
among patients with cancer, increased from 2078 in 2006. The
majority of opioid-related visits involved prescription opioids
(94.3%), whereas heroin comprised a minority (5.7%) of overdo-
ses. A comparison of baseline characteristics of opioid-related
and nonopioid-related ED visits is detailed in Supplementary
Table 2 (available online). The five most common primary can-
cers among opioid-related ED visits were breast (16.4%), lung
(15.6%), prostate (7.2%), head and neck (6.9%), and colon (6.4%)
(Supplementary Table 3, available online).

Temporal Trends in Opioid-Related ED Visits

During the study period, the incidence of opioid-related ED vis-
its per 100 000 cancer survivors increased by twofold from 15.7
in 2006 to 32.3 in 2015 (Ptrend, <.001) (Figure 2). Meanwhile, the
incidence of nonopioid-related ED visits in survivors increased
by 1.3-fold from 25 946 in 2006 to 33 121 in 2015 (Ptrend, <.001)
(Supplementary Figure 1, available online). The incidence of co-
morbid risk factors among patients with cancer both with and
without opioid overdoses is described in Figure 3 and
Supplementary Figure 2 (available online), respectively. Among
patients with opioid overdoses, ED visits with comorbid chronic
pain increased the most over time (threefold), followed by sub-
stance use disorder (2.9-fold) and mood disorder (2.8-fold),

whereas those with bone metastases increased the least (1.3-
fold) (Ptrend, <.001). Comorbid risk factors for nonopioid cancer
visits demonstrated similar trends, with the largest increase
seen in visits with secondary diagnoses of chronic pain (4.3-
fold) and the smallest in patients with bone metastases (1.2-
fold) (Ptrend, <.001).

On multivariable logistic regression, comorbidities statisti-
cally significantly associated with opioid-related ED visits
among patients with cancer (P< .001 for all; reference: not hav-
ing that comorbidity) included having bone metastases (odds
ratio [OR] ¼ 1.52, 95% confidence interval [CI] ¼ 1.34 to 1.72),
substance use disorder (OR ¼ 3.54, 95% CI ¼ 3.28 to 3.82), mood
disorder (OR ¼ 3.40, 95% CI ¼ 3.16 to 3.65), and chronic pain (OR
¼ 4.51, 95% CI ¼ 4.13 to 4.93) (Table 1). Similarly, among patients
with metastatic cancer (P< .001 for all), chronic pain (OR ¼ 2.84,
95% CI ¼ 2.33 to 3.46) and substance use disorder (OR ¼ 2.72,
95% CI ¼ 2.27 to 3.25) most strongly predicted for opioid over-
dose (Supplementary Table 4, available online). Primary cancers
associated with the greatest odds for an opioid-related visit
(P< .001 for all; reference: not having that cancer) included head
and neck cancer (OR ¼ 2.04, 95% CI ¼ 1.82 to 2.28) and multiple
myeloma (OR ¼ 1.73, 95% CI ¼ 1.32 to 2.26) (Figure 4). Among
sociodemographic and hospital-related factors (P< .004 for all),
younger age, higher Elixhauser comorbidity index, Medicare or
Medicaid insurance (vs private), and West location (vs
Northeast) were associated with a higher likelihood for opioid-
related visits (Supplementary Table 5, available online).

All ED visits (2006–2015) 
(N = 1 306 760 526) 

Excluded noncancer ED visits 
(N = 1 260 067 510) 

Excluded age <18 y 
(N = 526 128) 

Final study popula�on  
 (N = 43 891 464) 

Nonopioid-related cancer visits 
(N = 43 856 125) 

Opioid-related cancer visits 
 (N = 35 339) 

Excluded nonmelanoma skin cancer 
(N = 2 211 147) 

Excluded carcinoma in situ 
(N = 64 277) 

Figure 1. Flow diagram demonstrating inclusion and exclusion criteria in the study.

A
R

T
IC

LE

940 | JNCI J Natl Cancer Inst, 2020, Vol. 112, No. 9

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/112/9/938/5679776 by Stang M

ongkolsuk Library user on 23 Septem
ber 2020

https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz233#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz233#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz233#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz233#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz233#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz233#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz233#supplementary-data


Discussion

This study provides a national analysis of opioid overdoses
among patients with cancer resulting in ED visits and inpatient
hospitalizations. During the study time frame, the incidence of
opioid-related ED visits in patients with cancer doubled and in-
creased at a faster rate compared with nonopioid-related visits
in patients with cancer. ED visits with comorbid chronic pain,
substance use disorder, and mood disorder increased the most
during the study period and were most strongly associated with
opioid overdoses. Diagnoses of head and neck cancer and multi-
ple myeloma predicted for opioid-related ED visits.

These findings provide important insight into recent tempo-
ral trends in opioid overdoses in patients with cancer. To date,
much media attention and scrutiny has been focused on opioid
overdoses across the general population (33), although little is
known about high opioid use among patients with cancer.
Multiple studies suggest the risk of nonmedical opioid use
among patients with cancer may be higher than previously
thought, with estimated rates of 18–20% (5,34,35), and the rate
of fatal overdoses is about 0.5–0.6 per 100 000 (36). Although our
reported incidence of opioid-related ED visits in patients with
cancer was small (23.9 visits per 100 000 cancer survivors), the
absolute number of overdoses per year was just over 5000 in
2015, with a rate that is increasing and outpacing the rise in
nonopioid-related cancer visits. This increase may be partially
explained by a concurrent rise in comorbid risk factors for high
opioid use, including chronic pain, mood disorders, and sub-
stance use disorder. Chronic pain was the strongest risk factor
for opioid overdose in our analysis, and multiple reports show
that nearly 30% of cancer survivors may be living with chronic
pain (37,38), particularly those who undergo multimodality
treatment (9). Mood disorders such as depression may exist in
10–20% of cancer survivors (39), and fear of recurrence may be
reported in up to 80% of survivors. Patients with cancer and an
underlying anxiety disorder may also receive a greater number
of opioid prescriptions (40). A history of substance use disorder
has been shown to be a strong risk factor for prolonged opioid
use or misuse in patients with cancer (22,41,42). Notably, comor-
bid chronic pain or substance use disorder were most strongly
associated with opioid overdose in patients with metastatic
cancer, highlighting the need for appropriate pain management
and addiction counseling for patients with active cancer.
Together, these findings indicate a growing need for providers
to address issues related to cancer survivorship and ensure that
patients maintain a high quality of life both during and after
treatment.

Figure 2. Temporal trends in opioid-related emergency department visits among

patients with cancer by opioid type, 2006–2015. Two-sided Ptrend less than .001

for prescription opioid and heroin overdoses.

Figure 3. Temporal trends in opioid-related emergency department visits among

patients with cancer by comorbid risk factor, 2006–2015. Two-sided Ptrend less

than .001 for all risk factors. Temporal trends for chronic pain were analyzed be-

ginning in 2007 to account for new diagnosis codes created on October 1, 2006.

Table 1. Multivariable analysis for comorbidities associated with opi-
oid-related ED visits among patients with cancer, 2006–2015

Variable* OR (95% CI) P†

Bone metastases 1.52 (1.34 to 1.72) <.001
Substance use disorder 3.54 (3.28 to 3.82) <.001
Mood disorder 3.40 (3.16 to 3.65) <.001
Chronic pain 4.51 (4.13 to 4.93) <.001

*Model adjusted for sociodemographic factors, including age, sex, Elixhauser co-

morbidity index, household income, survey year, insurance type, and urban or

rural designation; hospital-related factors, including geographic region, teaching

status, and trauma designation; and primary cancer type. Reference categories

are not having that comorbidity. CI ¼ confidence interval; ED ¼ emergency de-

partment; OR ¼ odds ratio.
†All P values were two-sided and derived from a multivariable logistic regression

analysis.

Figure 4. Forest plot depicting the association between primary cancers and opi-

oid-related emergency department visits as assessed by multivariable models,

adjusting for sociodemographic and hospital-related characteristics. Reference

is not having that cancer. Two-sided P less than .001 for head and neck, multiple

myeloma, colon, and prostate.
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This study also revealed that diagnoses of head and neck
cancer and multiple myeloma independently predicted for opi-
oid overdose among the top 10 most common cancers in this
cohort. These findings suggest that disease-specific factors
might explain high-risk opioid use in patients with these can-
cers. Examples of such factors include locally advanced cancer
stage, receipt of prior systemic therapy or radiotherapy, or se-
verity of pain. In head and neck cancer, multiple reports have
demonstrated a higher T-stage (42,43) and induction chemo-
therapy predict for long-term opioid use (41). Meanwhile,
patients with multiple myeloma are known to develop osteo-
lytic metastases, which are not only more painful than osteo-
blastic lesions (44) but also are more prone to fractures. Given
the high incidence of bone metastases (90%) and fractures (80%)
in patients with multiple myeloma (45,46), those with advanced
disease may experience a high degree of pain, which could
translate to increased opioid use. Notably, these factors could
not be accounted for in this analysis, because they are either
not captured or undercoded in the NEDS. Therefore, further ex-
ploration into disease-specific factors might help elucidate the
impact of a patient’s primary cancer on the risk for opioid
overdose.

Finally, it is important to place the findings of this study in
the context of the opioid epidemic and ongoing legislative
efforts to curb opioid overdoses. The time frame of this investi-
gation coincides with a period of widespread national adoption
of controlled-substance and dispensing laws regulating opioid
prescribing. One report found no association between enact-
ment of these laws and reductions in potentially hazardous use
or overdose of opioids in the disabled Medicare population (47).
These findings dovetail with the results from our study showing
a steady increase in opioid overdose rates among patients with
cancer over time. Therefore, we believe that clinicians should
be aware of the risk of overdose among patients with cancer
who are prescribed opioids. A thorough understanding of this
issue as well as comorbidities that may increase the risk of this
outcome will likely help encourage oncologists to more closely
monitor the appropriateness of opioid use among their patients.
Heightened awareness of this problem may also serve to in-
crease patient referrals to specialized multidisciplinary pallia-
tive care and pain management services. Furthermore, given
the concerns about national legislation restricting opioid access
to patients with cancer-related pain (48), perhaps strategies to
reduce overdoses in the oncologic population, such as targeted
outpatient monitoring and improved patient education, should
occur in the clinic. Going forward, it will be imperative to devise
solutions that both protect patient access to pain medications
as well as reduce potentially hazardous opioid use among
patients with cancer.

The limitations of this study are inherent to those of obser-
vational datasets and retrospective analyses. First, opioid-
related visits were defined by the primary discharge diagnosis,
and it is possible that this may fail to capture overdoses that
were coded using a secondary diagnosis. However, including
secondary diagnoses would potentially compromise the specif-
icity of the cohort and include nonopioid-related visits. Second,
because the NEDS provides only visit-level data, it is not possi-
ble to calculate the true incidence of opioid overdoses at the pa-
tient level. Third, treatment-level data are sparse, so it is not
possible to accurately determine whether patients were under-
going active treatment for cancer. Although treatment history
of radiotherapy or chemotherapy is available through
International Classification of Diseases coding, this is underused in
the NEDS and therefore was not examined in our study.

Similarly, cancer staging data are limited except for secondary
diagnoses of metastatic disease. Fourth, our definition of
chronic pain may capture patients with long-term pain from
etiologies unrelated to their cancer diagnosis. Finally, the NEDS
does not code for race or ethnicity, a demographic variable that
has a known association with opioid use. Yet given the overall
paucity of data on opioid-related overdoses in patients with
cancer, the NEDS is one of the few databases that can be used to
study this topic effectively.

Opioid overdoses in patients with cancer are a major na-
tional issue. Although opioid-related ED visits comprised a
small proportion of all cancer-related visits, the incidence in-
creased twofold during the study period, totaling over 5000 vis-
its in 2015 and outpacing the growth rate of nonopioid visits in
patients with cancer. Visits with secondary diagnoses of chronic
pain, substance use disorder, and mood disorder increased
markedly over time and were strongly associated with opioid
overdoses. A growing proportion of cancer survivors with co-
morbid conditions linked to high opioid use may in part explain
the rising rate of opioid-related ED visits. As patients with can-
cer experience greater longevity, it will be vitally important for
providers both to understand the realities of cancer survivor-
ship and meet the needs of this burgeoning population.
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