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ABSTRACT 
Background.  New persistent opioid use (NPOU) after sur-
gery has been identified as a common complication. This 
study sought to assess the long-term health outcomes among 
patients who experienced NPOU after gastrointestinal (GI) 
cancer surgery.
Methods.  Patients who underwent surgery for hepato-
pancreato-biliary and colorectal cancer between 2007 and 
2019 were identified using the Surveillance, Epidemiology, 
and End Results (SEER)-Medicare-linked database. Mixed-
effect multivariable logistic regression and Cox proportional 
hazard models were used to estimate the risk of mortality 
and hospital visits related to falls, respiratory events, or pain 
symptoms.
Results.  Among 15,456 patients who underwent GI can-
cer surgery, 967(6.6%) experienced NPOU. Notably, the 
patients at risk for the development of NPOU were those 
with a history of substance abuse (odds ratio [OR], 1.45; 
95% confidence interval [CI], 1.14–1.84), moderate social 
vulnerability (OR, 1.26; 95% CI, 1.06–1.50), an advanced 
disease stage (OR, 4.42; 95% CI, 3.51–5.82), or periopera-
tive opioid use (OR, 3.07; 95% CI, 2.59–3.63. After control 

for competing risk factors, patients who experienced NPOU 
were more likely to visit a hospital for falls, respiratory 
events, or pain symptoms (OR, 1.45, 95% CI 1.18–1.78). 
Moreover, patients who experienced NPOU had a greater 
risk of death at 1 year (hazard ratio [HR], 2.15; 95% CI, 
1.74–2.66).
Conclusion.  Approximately 1 in 15 patients experienced 
NPOU after GI cancer surgery. NPOU was associated with 
an increased risk of subsequent hospital visits and higher 
mortality. Targeted interventions for individuals at higher 
risk for NPOU after surgery should be used to help mitigate 
the harmful effects of NPOU.

Keywords  Opioids · Postoperative outcomes · Mortality · 
Healthcare utilization

Opioid use in the United States (U.S.) has been declared 
a public health emergency amid a continuing rise in mis-
use, abuse, and fatal overdoses.1,2 In 2016 alone, more than 
11.5 million people reported misuse of prescription opioids, 
and 1.9 million met the diagnostic criteria for prescription 
opioid abuse.3 Although the factors contributing to this pub-
lic health issue are multifactorial, surgery plays a crucial role 
because a significant number of individuals receive their 
first opioid prescription during the perioperative period.4,5 
Moreover, despite recent efforts aimed at mitigating over-
prescription, the issue of excessive opioid prescription per-
sists.6 Additionally, unused opioids are rarely discarded after 
surgery, creating a reservoir of pills for unintended use.7

Patients undergoing cancer surgery are more likely to 
be prescribed opioids due to the debilitating postopera-
tive pain resulting from the underlying disease and surgical 
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procedures.8 Moreover, individuals with cancer are dis-
tressed, undergo multiple invasive procedures, and may 
encounter uncoordinated prescriptions from multiple pro-
viders.8 In turn, patients with cancer are at a higher risk for 
the development of new persistent opioid use (NPOU) or 
opioid use disorder.7

NPOU occurs when a patient, initially opioid-naïve, is 
prescribed opioids for short-term postoperative pain relief.7,9 
Subsequently, the patient continues to refill opioids beyond 
the expected period for the resolution of pain.7,9 Notably, 
NPOU is increasingly recognized as a serious and com-
mon surgical complication that can lead to chronic opioid 
abuse and fatal overdoses in the long term.10,11 For example, 
Santosa et al.12 reported that NPOU was associated with 
frequent emergency department visits, chronic opioid use, 
and a higher risk of mortality among patients undergoing 
common general surgical procedures.

Despite recent guidelines aimed at curbing opioid misuse, 
NPOU develops in up to 6% of patients undergoing common 
surgical procedures.13 Notably, patients undergoing cancer 
surgery often receive higher doses of opioids postopera-
tively and may face an increased risk for the development 
of NPOU.8 Nevertheless, the incidence, risk factors, and 
long-term health care outcomes of NPOU among patients 
undergoing gastrointestinal cancer surgery remain poorly 
defined. Therefore, the current study sought to evaluate 
the long-term health outcomes of NPOU among patients 
undergoing gastrointestinal cancer surgery using nationally 
representative data. In particular, we sought to characterize 
hospital visits due to falls, respiratory symptoms, and pain 
events, as well as 1 year mortality among individuals who 
experienced NPOU after gastrointestinal cancer surgery.

METHODS

Data Source, Study Population, and Cohort Selection

The Surveillance, Epidemiology, and End Results 
(SEER)-Medicare-linked database was queried to identify 
patients who underwent surgery for gastrointestinal can-
cer. Data on cancer incidence is collected by SEER from 
18 registries across 15 states, representing approximately 
30% of the U.S. population.14 By matching 93% of Medicare 
beneficiaries’ medical claim files to individuals in SEER 
registries, the national Medicare health insurance program 
covers 97% of people age 65 years or older with cancer.14 
The codes of the International Classification of Diseases, 
ninth and tenth editions (ICD-9/10), were used to identify 
patients ages 65 or older who underwent surgery for hepato-
pancreatobiliary (HPB) or colorectal cancer (CRC) between 
2007 and 2019. If a patient underwent multiple eligible pro-
cedures, only the first surgical operation and postoperative 
period were included. Patients were excluded if they were 

not opioid-naive at the time of surgery or if the hospital 
stay for the index surgery exceeded 30 days. Additionally, 
patients were excluded if they were not discharged home or 
if they underwent a subsequent surgery requiring anesthesia 
within 12 months after the index surgery.

Opioid-naive was defined as no pharmacy-dispensing 
claim for any opioid during the 365 to 31 days before sur-
gery.12,15,16 Any opioid prescription in the month before sur-
gery was considered attributable to the procedure, account-
ing for preoperative prescriptions intended for postoperative 
use.12,15,16

For the primary outcome, patients were required to main-
tain continuous enrollment in Medicare parts A, B, and D 
for 12 months before their surgical date and for 6 months 
afterward. For the secondary outcomes, patients were 
required to maintain continuous enrollment for 12 months 
both before and after their surgical date (Fig. 1). The Insti-
tutional Review Board at Ohio State University approved 
this study and waived the requirement for informed consent 
because the data were limited.

Exposure

The exposure of interest was NPOU among opioid-naive 
patients. National Drug Codes were used to identify all 
Medicare part D claims for opioid prescriptions during the 
pre- and postoperative periods. In line with previous stud-
ies, NPOU was defined as an opioid prescription filled dur-
ing both the first 90 day period (excluding the perioperative 
period of 30 days before surgery to 3 days afterward) and the 
subsequent 91 to 180 day period after surgery.12,15,16 Nota-
bly, normal surgical recovery is expected to occur within 
90 days.12,15 This definition is more conservative than the 
60 day threshold used by the International Association for 
the Study of Pain.17

Covariates and Outcomes of Interest

Baseline covariates included patient age, sex, Charl-
son Comorbidity Index (CCI), race/ethnicity (categorized 
as white, black, Hispanic, or other [the “other” category 
included Asian, American Indian, and Alaska Native], 
Social Vulnerability Index (SVI), residential area (metro-
politan vs non-metropolitan), cancer type, disease stage, 
Medicaid eligibility, and admission type (urgent vs elective).

The SVI is generated from census tract-level data and rep-
resents a composite measure of community vulnerability and 
resilience to external pressures.18 The study categorized SVI 
into tertiles, with the first tertile representing the least social 
vulnerability and the third tertile representing the highest 
social vulnerability.
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Additionally, ICD-9/10 codes were used to identify any 
history of comorbid conditions associated with opioid mis-
use, such as substance abuse (excluding opioids) and men-
tal health conditions.19 Mental health conditions included 
anxiety, depression, and psychotic disorders such as bipolar 
disorder and schizophrenia.

The primary outcome of interest was mortality within 181 
to 365 days after index surgery. The secondary outcomes 
included hospital (inpatient and outpatient), or emergency 
department visits related to falls, respiratory events, or pain. 
Notably, patients who died during the year after surgery 
were not included in the secondary outcomes analysis.

A previously defined algorithm was used to capture fall-
related injuries based on ICD-9/10 and Current Procedural 
Terminology codes from inpatient and emergency encoun-
ters.20,21 Moreover, previously validated diagnosis codes 
were used to identify hospital or emergency department 
visits for pain symptoms and respiratory events in claims 
data.12,22

Statistical Analysis

Categorical variables are presented as frequencies and 
percentages, whereas continuous variables are reported 
as medians with interquartile ranges (IQRs). Continuous 
variables were compared using the Wilcoxon rank-sum 

test, whereas categorical variables were assessed using 
either the chi-square test or Fisher’s exact test as appro-
priate. Multivariable logistic regression was used to iden-
tify factors associated with postoperative NPOU develop-
ment. Odds ratios (ORs) and 95 % confidence intervals 
(CIs) were reported. The multivariable analysis used 
patient-level factors including age, sex, CCI score, eth-
nicity, history of substance abuse or mental illness, SVI, 
residential area, cancer type, stage of disease, Medicaid 
eligibility, urgent index surgery, perioperative opioid 
use, and complications during the index hospitalization. 
Moreover, risk-adjusted Cox proportional hazard models 
were used to investigate the association between NPOU 
and survival time.

All statistical analyses were conducted using SAS 9.4 
(SAS Institute, Cary, NC, USA). A p value lower than 0.05 
was considered statistically significant.

RESULTS

Baseline Characteristics

A total of 15,456 Medicare beneficiaries underwent gas-
trointestinal surgery for a malignant indication (hepatic [n 
= 288, 1.9%], pancreatic [n = 948, 6.1%], biliary duct [n = 
459, 3.0%], colorectal [n = 13,761, 89.0%]). The median age 

Patients ≥ 65 years who underwent HPB or CRC surgery, had a hospital stay of 
≤ 30 days, and were discharged home. 

(The Surveillance, Epidemiology, and End Results database, 2007 - 2019)
N = 81,862

N = 22,691

Patients with at least 12 months of insurance coverage prior to and after
surgery and did not die within 1 year of index surgery

No sequential surgery in the 6 months postoperative period
N = 22,646

Final cohort
N = 15,456

Excluded

Excluded

Excluded

Did not have continuous insurance coverage for
pre/post surgery or died within 1 year of index

surgery
N = 59,171

Sequential surgery during the 12 months after index
surgery
N = 45

Prior opioid use
N = 7,190

FIG. 1   Flowchart to identify patients with new persistent opioid use (NPOU)
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was 75 years (IQR, 70–81 years). Most of the patients were 
females (n = 8435, 54.6%), had a CCI score of 2 or lower 
(n = 14,161, 91.6%), and lived in a metropolitan area (n = 
12,682, 82.1%). Notably, 6.9% (n = 1071) of the patients had 
a history of substance abuse (other than opioids), and 14.2% 
(n = 2197) had a prior mental health condition.

A majority of the individuals lived in the West (n = 
7504, 48.6%) or South (n = 5909, 38.2%), followed by the 
Midwest (n = 1085, 7.0%) and Northeast (n = 958, 6.2%) 
regions of the United States. Moreover, most of the individu-
als were white (n = 11,837, 76.6%), with smaller proportions 
of patients of black (n = 953, 6.2%), Hispanic (n=1179, 
7.6%), or other (n = 1487, 9.6%) race/ethnicity.

Stage II disease (n = 5430, 35.1%) was the most com-
mon, followed by stage III (n = 4476, 29.0%), stage I (n 
= 4266, 27.6%), and stage IV (n = 1284, 8.3%) disease. 
Approximately one fifth of the patients were eligible for both 
Medicare and Medicaid (n = 3228, 20.9%), and about one 
half of the patients filled an opioid prescription during the 
perioperative period (n = 8779, 56.8%) (Table 1).

The patients who experienced NPOU were younger 
(73  years [range 69–78  years] vs 75  years [range, 
71–81 years]), had a higher CCI score (CCI >2: NPOU 
[11.6%] vs no NPOU [8.2%]), and were more likely to be 
black (NPOU [9.5%] vs no NPOU [5.9%]) or Hispanic 
(NPOU [10.9%] vs no NPOU [7.4%]) (all p < 0.001). 
Moreover, individuals with a history of substance abuse 
(NPOU [11.6%] vs no NPOU [6.6%]) or mental illness 
(NPOU [16.5%] vs no NPOU [14.1%]), individuals resid-
ing in non-metropolitan areas (NPOU [20.5%] vs no NPOU 
[17.8%]), and the patients from moderate (NPOU [35.7%] 
vs no NPOU [32.7%]) or high (NPOU [37.0%] vs no NPOU 
[33.5%]) SVI areas were more likely to experience NPOU 
after surgery (all p < 0.001).

Furthermore, NPOU was more likely to occur among 
the patients who underwent surgery for stage III (NPOU 
[33.7%] vs no NPOU [28.6%]) or stage IV (NPOU [19.1%] 
vs no NPOU [7.6%]) disease (both p < 0.001). Stratifica-
tion by cancer type showed that the patients who underwent 
surgery for hepatic (NPOU [2.7%] vs no NPOU [1.8%]), 
pancreatic (NPOU [9.7%] vs no NPOU [5.9%]), or biliary 
tract (NPOU [4.1%] vs no NPOU [2.9%]) cancer were more 
likely to experience NPOU (all p < 0.001). Importantly, the 
patients who were prescribed perioperative opioids (NPOU 
[81.3%] vs no NPOU [55.2%]) or received a high postopera-
tive opioid dose (average daily dose [morphine milligram 
equivalents (MME)]: 5.2 [range, 2.8–11.0] vs 1.25 [range, 
0.8–2.1]) were more likely to experience NPOU (both p < 
0.001) (Table 1).

Incidence and Risk Factors for NPOU

The overall incidence of NPOU after a gastrointestinal 
cancer surgical procedure was 6.3% (n = 967). Multivariable 
analysis showed that the factors associated with higher odds 
of experiencing NPOU were a history of substance abuse 
(other than opioid abuse) (OR, 1.45; 95% CI, 1.14–1.84), 
Medicaid eligibility (OR, 1.88; 95% CI, 1.59–2.21), moder-
ate SVI (OR, 1.26; 95% CI, 1.06–1.50), and urgent admis-
sion (OR, 1.31; 95% CI, 1.16–1.49). Furthermore, an 
increased likelihood of NPOU development was associated 
with an advanced disease stage at presentation (reference: 
stage I, stage II [OR, 1.53; 95% CI, 1.25–1.88], stage III 
[OR, 2.16; 95% CI, 1.76–2.25], stage IV [OR, 4.42; 95% 
CI, 3.51–5.82] disease) and the use of perioperative opioids 
(OR, 3.07; 95%, CI 2.59–3.63). The patients who underwent 
surgery for liver (OR, 1.57; 95% CI, 1.02–2.41) or pancreatic 
(OR, 1.76; 95% CI, 1.38–2.25) cancer had higher odds of 
experiencing NPOU than those who underwent resection of 
CRC (Table 2).

Long‑term Health Care Outcomes and Survival

In the 6 to 12 months after gastrointestinal cancer surgery, 
patients with NPOU were more likely to visit the hospital or 
emergency department due to falls, respiratory symptoms, or 
pain (15.2% vs 9.2%; p < 0.001). In the multivariable analy-
sis, after adjustment for clinical and demographic covariates, 
NPOU was associated with 45% higher odds of a hospital or 
emergency department visit due to falls, respiratory symp-
toms, or pain (OR, 1.45; 95% CI, 1.18–1.78; Table 3).

The 1 year overall survival rate was 60.8% (95% CI, 
60.0–61.6%). The patients who experienced NPOU (42.3%; 
95% CI, 39.2–45.4%) had a shorter median overall survival 
than the patients who did not experience NPOU (62.0%; 
95% CI, 61.2–62.8%).

In the risk-adjusted analysis, the patients who experienced 
NPOU had more than a twofold risk of death at 1 year than 
those who did not experience NPOU (1 year: hazard ratio 
[HR], 2.15; 95% CI, 1.74–2.66; p < 0.001; Fig. 2). Moreo-
ver, 578 patients (3.7%) continued using prescription opioids 
beyond 180 days. Notably, there was a dose-related relation-
ship between opioids and mortality. In particular, compared 
with the patients who did not experience NPOU, the risk of 
mortality increased in a stepwise fashion among those with 
NPOU for 6 months (HR, 1.89; 95% CI, 1.36–2.63) and 
those with NPOU for 1 year (HR, 2.33; 95% CI, 1.81–3.01) 
(Table S1).

Sensitivity Analysis

A sensitivity analysis was performed to assess the 
risk of hospital visits and mortality stratified by cancer 
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type and disease stage. The patients who experienced 
NPOU had higher odds of hospital visits regardless of 
disease stage (ref: no NPOU; early stage [OR, 1.50; 

95% CI, 1.07–1.96], advanced stage [OR, 1.48; 95% 
CI, 1.12–1.97). Furthermore, the adjusted risk of mor-
tality was higher among the patients who experienced 

TABLE 1   Baseline 
characteristics of patients with 
and without a new persistent 
opioid use

NPOU new persistent opioid use, CCI charlson comorbidity index, SVI social vulnerability index, HCC 
hepatocellular carcinoma, PDAC pancreatic adenocarcinoma, CRC​ colorectal carcinoma
a Statistical significance denoted by p < 0.05

Patient characteristics Total  
(n = 15,456)
n (%)

NPOU 
(n = 967)
n (%)

No NPOU 
(n = 14,489)
n (%)

p Valuea

Age: years (range) 75 (70–81) 73 (69–78) 75 (71–81) < 0.001
Sex
 Male
 Female

7021 (45.4)
8435 (54.6)

452 (46.7)
515 (53.3)

6569 (45.3)
7920 (54.7)

0.400

CCI
 ≤2
 >2

14,161 (91.6)
1295 (8.4)

855 (88.4)
112 (11.6)

13,306 (91.8)
1183 (8.2)

< 0.001

Region
 Midwest
 Northeast
 South
 West

1085 (7.0)
958 (6.2)
5909 (38.2)
7504 (48.6)

86 (8.9)
89 (9.2)
324 (33.5)
468 (48.4)

999 (6.9)
869 (6.0)
5585 (38.5)
7036 (48.6)

< 0.001

Ethnicity
 White
 Black
 Hispanic
 Other

11,837 (76.6)
953 (6.2)
1179 (7.6)
1487 (9.6)

704 (72.8)
92 (9.5)
105 (10.9)
66 (6.8)

11,133 (76.8)
861 (5.9)
1074 (7.4)
121 (9.8)

< 0.001

History of
 substance abuse
 Mental health illness

1071 (6.9)
2197 (14.2)

112 (11.6)
160 (16.5)

959 (6.6)
2037 (14.1)

< 0.001
0.032

SVI
 Low
 Moderate
 High

512 (33.4)
5050 (32.9)
5162 (33.7)

263 (27.3)
343 (35.7)
356 (37.0)

4849 (33.8)
4707 (32.7)
406 (33.5)

< 0.001

Residential area
 Metropolitan
 Non-metropolitan

12,682 (82.1)
24 (17.9)

769 (79.5)
198 (20.5)

11,913 (82.2)
2576 (17.8)

0.034

Cancer type
 HCC
 PDAC
 Biliary duct
 CRC​

288(1.9)
948(6.1)
459(3.0)
13,761(89.0)

26 (2.7)
94 (9.7)
40 (4.1)
807 (83.5)

262 (1.8)
854 (5.9)
419 (2.9)
12,954 (89.4)

< 0.001

Stage
 I
 II
 III
 IV

466 (27.6)
5430 (35.1)
4476 (29.0)
1284 (8.3)

151 (15.6)
305 (31.5)
326 (33.7)
185 (19.1)

4115 (28.4)
5125 (35.4)
4150 (28.6)
1099 (7.6)

< 0.001

Medicaid eligibility 3228 (20.9) 304 (31.4) 2924 (20.2) < 0.001
Admission type
 Urgent
 Elective

3847 (24.9)
11,593 (75.1)

322 (33.4)
642 (66.6)

3525 (24.4)
10,951 (75.6)

< 0.001

Complications during index surgery 1613 (10.4) 135 (14.0) 178 (10.2) < 0.001
Opioid fill during perioperative period 8779 (56.8) 786 (81.3) 7993 (55.2) < 0.001
Average daily opioid dose 1.4 (0.8–3.0) 5.2 (2.8–11.0) 1.25 (0.8–2.1) < 0.001
All-cause hospital visits 3946 (25.5) 482 (49.8) 3464 (23.9) < 0.001
Hospital visits due to fall, respiratory 

symptoms, or pain
1385 (9.4) 130 (15.2) 1255 (9.0) < 0.001

Mortality 694 (4.5) 111 (11.5) 583 (4.0) < 0.001
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NPOU, irrespective of cancer type (ref: no NPOU; HPB 
[OR, 2.13; 95% CI, 1.46–3.10], CRC [OR, 2.14; 95% CI, 
1.65–2.76) or disease stage (ref: no NPOU; early stage 
[OR, 1.74; 95% CI, 1.16–2.60], advanced stage [OR, 
2.30; 95% CI, 1.80–2.95) (Table S2).

DISCUSSION

As the number of annual opioid overdose-related deaths 
in the United States continues to rise, curbing opioid 
misuse remains a persistent public health crisis.1,2 Notably, 
perioperative opioid use has been identified as a major 
contributor to the current opioid epidemic because more 
than 35% of all opioid prescriptions are for perioperative 
use.23 In turn, perioperative opioids function as a potential 
gateway for continued opioid misuse when patients 
consistently request refills beyond the anticipated time frame 
for pain resolution, resulting in NPOU.16 Notably, patients 
undergoing oncologic procedures may be vulnerable to the 
development of NPOU, as they are commonly prescribed 
higher doses of opioids for extended periods.24

Nonetheless, the incidence and long-term health 
care outcomes of NPOU among patients undergoing 
gastrointestinal cancer surgery remain ill-defined. Therefore, 
the current study was important because it addressed this 
significant literature gap by using nationally representative 
data to evaluate long-term clinical outcomes among 

TABLE 2   Factors associated with new persistent opioid use 
(NPOU) development

OR odds ratio, CI confidence interval, CCI charlson comorbidity 
index, SVI social vulnerability index, CRC​ colorectal carcinoma, 
HCC hepatocellular carcinoma, PDAC pancreatic adenocarcinoma
a Statistical significance denoted by p <0.005

Patient characteristics OR of new persistent 
opioid use (95 % CI)

Sex
  Male
  Female

Ref
0.97 (0.84–1.12)

CCI
  ≤2
  >2

Ref
1.25 (0.96–1.63)

Ethnicity
  White
  Black
  Hispanic
  Other

Ref
1.12 (0.87–1.43)
1.15 (0.91–1.46)
0.56 (0.42–0.74)a

SVI
  Low
  Moderate
  High

Ref
1.26 (1.06–1.50)a

1.13 (0.95–1.35)
Residential area

  Non-metropolitan
  Metropolitan

Ref
0.88 (0.74–1.05)

Cancer type
  CRC​
  HCC
  PDAC
  Biliary duct

Ref
1.57 (1.02–2.41)a

1.76 (1.38–2.25)a

1.36 (0.96–1.92)
Stage

  I
  II
  III
  IV

Ref
1.53 (1.25–1.88)a

2.16 (1.76–2.65)a

4.42 (3.51–5.82)a

Medicaid eligibility 1.88 (1.59–2.21)a

History of substance abuse 1.45 (1.14–1.84)a

History of mental illness 1.04 (0.86–1.25)
Admission type

  Elective
  Urgent

Ref
1.31 (1.16–1.49)a

Perioperative opioid use 3.07 (2.59–3.63)a

TABLE 3   Multivariable regression analysis examining the associa-
tion between new persistent opioid use (NPOU) and long-term health 
outcomesa

OR odds ratio, HR hazard ratio
a Model adjusted for patient age, sex, CCI score, ethnicity, history of 
substance abuse or mental illness, SVI, residential area, cancer type, 
stage of disease, Medicaid eligibility, urgent index surgery, periopera-
tive opioid use, and complications during the index surgery

Outcome No NPOU NPOU

Hospital visits due to falls, respira-
tory symptoms, or pain, (OR; 95% 
CI)

Ref. 1.45 (1.18–1.78)

1 year mortality, (HR; 95% CI) Ref. 2.15 (1.74–2.66)

CRC PDAC HCC Biliary duct

No NPOU NPOU0.4

0.3

0.2

0.1

0.0A
dj
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ili
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FIG. 2   Box plot demonstrating the adjusted risk of 1 year mortality 
among patients with and without new persistent opioid use (NPOU)
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patients who experienced NPOU after gastrointestinal 
cancer surgery. Notably, NPOU was associated with higher 
morbidity and mortality because the odds of hospital or 
emergency department visits related to falls, respiratory 
symptoms, or pain increased by 45%. Moreover, patients 
who experienced NPOU had more than a twofold increase 
in the risk of death 1 year after surgery.

Perioperative pain control is a crucial aspect of surgical 
care, and patients typically receive opioids only for short-
term breakthrough pain control.25 Nonetheless, prior stud-
ies have reported that patients may continue using opioids 
beyond the intended duration.13,26 As such, NPOU use has 
been increasingly recognized as a common postoperative 
complication.13,26 For instance, Roberts et  al.26 studied 
elderly female patients undergoing breast cancer surgery 
and reported that 2.8% of the patients experienced NPOU 
postoperatively. Similarly, Brummett et al.13 reported an 
NPOU incidence of 6.5% after major surgery, similar to 
the 6.3% incidence rate noted in the current study. Nota-
bly, the incidence of NPOU in our cohort was higher than 
that reported for patients who underwent surgery for breast 
cancer.26 This difference may have been attributable to the 
aggressive nature of gastrointestinal cancers, which often 
require extensive surgery and pain control with higher doses 
of opioids for an extended duration, thereby increasing the 
risk for the development of NPOU.27

Importantly, the current study highlighted that individu-
als with a history of substance abuse, Medicaid eligibility, 
or high social vulnerability were at a higher risk for the 
development of NPOU. Notably, these individuals may face 
several social, health, and economic stressors that contrib-
ute to NPOU.28,29 Specifically, individuals residing in areas 
with high SVI have poor health literacy, inadequate access 
to health care facilities, and multiple comorbid conditions 
requiring pain control that can result in continued opioid 
use even when not medically necessary.28,29 Consequently, 
NPOU is a common event among vulnerable patients under-
going high-risk surgery for a malignant indication. There-
fore, before prescribing opioids, clinicians must screen for 
social risk factors that may contribute to the development of 
postoperative NPOU. In turn, referral to appropriate coun-
seling services may be necessary to highlight the potential 
dangers associated with prolonged use of opioids and reduce 
the risk of NPOU.

Persistent use of opioids contributes to an additional 
health care burden, with greater health care use and expen-
ditures in the postoperative period.12,30 Prior studies have 
demonstrated that perioperative opioid prescription carries 
a dose-dependent risk of falls and related injuries, especially 
in the elderly population.20 Additionally, patients with con-
tinuous opioid use after surgery are at risk of respiratory 
depression and other respiratory complications.31 Simi-
larly, the current study noted that Medicare beneficiaries 

with NPOU had 45% greater odds of hospital or emergency 
department visits due to falls, pain symptoms, or respira-
tory events than individuals without NPOU. These findings 
were in line with a study by Santosa et al.12 that observed 
a similar pattern of increased hospital visits due to pain 
among patients with NPOU after common general surgical 
procedures.

Although opioids are commonly used as painkillers, there 
is a lack of evidence demonstrating their long-term effec-
tiveness.32 Opioid-induced hyperalgesia during the acute 
perioperative period is well-documented, and more recently, 
this phenomenon has been observed among individuals 
with prolonged opioid exposure.32,33 In the current study, 
the reasons for frequent hospital visits due to pain among 
the patients with NPOU were likely multifactorial, although 
opioid-induced hyperalgesia may have played an important 
role.34 Importantly, the current data also demonstrated that 
the patients with NPOU were associated with a greater risk 
of mortality 1 year after surgery. This finding may have been 
attributable to several underlying risk factors and may not 
have been solely due to NPOU. For example, the patients 
who experienced NPOU were more likely to have a history 
of prior substance abuse (other than opioids), to reside in 
areas with greater socioeconomic vulnerability, and to pre-
sent with late-stage disease. These factors have been asso-
ciated previously with poor postoperative outcomes and a 
higher risk of mortality.35–37 Nonetheless, the patients with 
NPOU did face an elevated risk of confounder-adjusted 
1 year mortality. Taken together, these factors show that 
NPOU poses a major health care challenge that necessitates 
prompt and effective interventions to alleviate the extensive 
health care burden on patients with gastrointestinal cancer.

The results of the current study underscore the impor-
tance of preoperative risk stratification and comprehensive 
perioperative pain management plans to prevent NPOU. 
In the preoperative setting, patients should be screened for 
NPOU risk factors, and if opioids are prescribed, close mon-
itoring is needed.38 For instance, the Toronto General Hospi-
tal introduced transitional pain services to identify patients 
at risk for opioid misuse and decrease the risk of misuse 
through education, the development of a personalized pain 
management plan, and close follow-up evaluation for weeks 
to months after surgery.39 Moreover, in the postoperative 
period, surgical pain may be managed through multimodal 
analgesia, with a focus on non-opioid medications such as 
acetaminophen, non-steroidal anti-inflammatory drugs, 
gabapentin, and ketamine.40–42 In fact, a combination of non-
opioid analgesics can provide equivalent pain relief among 
patients with cancer.43 Furthermore, Razi et al.44 reported 
that an enhanced recovery after surgery (ERAS) protocol 
was beneficial in reducing inpatient opioid requirements and 
the subsequent development of NPOU among patients with 
lung cancer.
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There is a need for opioid stewardship programs that focus 
on prescription monitoring, patient education, and health 
care provider training.40 In line with this, the Massachusetts 
General Hospital implemented several multidisciplinary 
interventions, including opioid guidelines for common 
surgical procedures, health care provider-focused posters in 
all surgical units, patient opioid awareness brochures, and 
educational seminars for residents, nurses, and advanced 
practice providers.45 As a result, opioid prescription doses 
decreased significantly without the need for refills.45

In general, preventing morbidity and mortality associ-
ated with NPOU requires a multifaceted approach.40 This 
approach should encompass cancer-specific opioid prescrip-
tion guidelines, multimodal analgesia, frequent monitoring, 
increased awareness among patients regarding opioids, and 
health care provider education.40

The current study should be interpreted considering sev-
eral limitations. The use of a large national database in the 
study was a notable strength. However, the retrospective 
design and dependence on an administrative database intro-
duced the potential for residual confounding bias. Addition-
ally, administrative datasets may be subject to coding errors 
and inaccurate data input. The study sample consisted of 
patients 65 years of age or older with Medicare coverage, 
which may have limited the generalizability of the results to 
younger patients and those with private insurance. Substance 
use disorders and mental health conditions are generally 
underreported in the SEER database. Therefore, beneficiar-
ies identified with a substance use disorder or mental health 
condition may not be a true representation of the general 
population. Furthermore, SEER-Medicare data may have 
inadequate sensitivity to measure substance abuse and men-
tal health disorders. Due to database limitations, a granular 
assessment of other painful conditions and mood disorders 
(e.g., severity of impairment or symptoms) that may be driv-
ing persistent use could not be examined. Medicare data do 
not provide details about the reason for opioid prescriptions. 
Moreover, pharmacy claims data provide information only 
on opioid fills, whereas patients may fill opioid prescriptions 
but choose not to use them. Prospective data are needed for 
a better understanding of specific patient-level risk factors 
and underlying causes associated with the development of 
NPOU.

In conclusion, 1 in 15 patients undergoing surgery for 
gastrointestinal cancer experienced NPOU postoperatively. 
As an additional health care burden, NPOU is associated 
with a greater likelihood of mortality and hospital visits 
due to falls, respiratory complications, and pain symptoms. 
These findings underscore the importance of preoperative 
screening, patient opioid awareness, use of non-opioid anal-
gesics, and close monitoring of opioid prescriptions in the 
postoperative period.

SUPPLEMENTARY INFORMATION  The online version con-
tains supplementary material available at https://​doi.​org/​10.​1245/​
s10434-​024-​15435-1.

ACKNOWLEDGMENT  The collection of cancer incidence data 
used in this study was supported by the California Department of 
Public Health pursuant to California Health and Safety Code Sec-
tion 103885; Centers for Disease Control and Prevention’s (CDC) 
National Program of Cancer Registries, under cooperative agree-
ment 1NU58DP007156; the National Cancer Institute’s Surveil-
lance, Epidemiology and End Results Program under contract 
HHSN261201800032I awarded to the University of California, San 
Francisco, contract HHSN261201800015I awarded to the University 
of Southern California; and contract HHSN261201800009I awarded 
to the Public Health Institute. The ideas and opinions expressed in 
this report are those of the authors and do not necessarily reflect the 
opinions of the State of California, the Department of Public Health, 
the National Cancer Institute, the Centers for Disease Control and Pre-
vention, or their contractors and subcontractors.

FUNDING  The authors declare no funding or financial support.

DATA AVAILABILITY  The data for this study were obtained from 
the linked SEER-Medicare database. There are restrictions to the avail-
ability of this data, which is used under license for this study. Data can 
be accessed with permission from the National Cancer Institute and 
Center for Medicare and Medicaid Services.

DISCLOSURE  There are no conflicts of interest.

OPEN ACCESS  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

REFERENCES

	 1.	 Brown CR, Chen Z, Khurshan F, Groeneveld PW, Desai ND. 
Development of persistent opioid use after cardiac surgery. 
JAMA Cardiol. 2020;5:889–96. https://​doi.​org/​10.​1001/​jamac​
ardio.​2020.​1445.

	 2.	 Volkow ND, Blanco C. The changing opioid crisis: development, 
challenges, and opportunities. Mol Psychiatry. 2021;26:218–33. 
https://​doi.​org/​10.​1038/​s41380-​020-​0661-4.

	 3.	 Results from the 2015 National Survey on Drug Use and Health: 
Detailed Tables, SAMHSA, CBHSQ. Retrieved 22 January 2024 
at https://​www.​samhsa.​gov/​data/​sites/​defau​lt/​files/​NSDUH-​
DetTa​bs-​2015/​NSDUH-​DetTa​bs-​2015/​NSDUH-​DetTa​bs-​2015.​
htm.

	 4.	 Levy B, Paulozzi L, Mack KA, Jones CM. Trends in opioid anal-
gesic–prescribing rates by specialty, U.S., 2007–2012. Am J Prev 
Med. 2015;49:409–13. https://​doi.​org/​10.​1016/j.​amepre.​2015.​02.​
020.

https://doi.org/10.1245/s10434-024-15435-1
https://doi.org/10.1245/s10434-024-15435-1
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jamacardio.2020.1445
https://doi.org/10.1001/jamacardio.2020.1445
https://doi.org/10.1038/s41380-020-0661-4
https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm
https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm
https://www.samhsa.gov/data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/NSDUH-DetTabs-2015.htm
https://doi.org/10.1016/j.amepre.2015.02.020
https://doi.org/10.1016/j.amepre.2015.02.020


5291Long‑term Health Outcomes of New …      

	 5.	 Lev R, Lee O, Petro S, et al. Who is prescribing controlled medi-
cations to patients who die of prescription drug abuse? Am J 
Emerg Med. 2016;34:30–5. https://​doi.​org/​10.​1016/j.​ajem.​2015.​
09.​003.

	 6.	 Howard R, Waljee J, Brummett C, Englesbe M, Lee J. Reduc-
tion in opioid-prescribing through evidence-based prescribing 
guidelines. JAMA Surg. 2018;153:285–7. https://​doi.​org/​10.​
1001/​jamas​urg.​2017.​4436.

	 7.	 Bicket MC, Lin LA, Waljee J. New persistent opioid use 
after surgery: a risk factor for opioid use disorder? Ann Surg. 
2022;275:e288–9. https://​doi.​org/​10.​1097/​SLA.​00000​00000​
005297.

	 8.	 Sakamoto MR, Eguchi M, Azelby CM, et al. New persistent 
opioid and benzodiazepine use after curative-intent treat-
ment in patients with breast cancer. J Natl Compr Canc Netw. 
2021;19:29–38. https://​doi.​org/​10.​6004/​jnccn.​2020.​7612.

	 9.	 Hah JM, Bateman BT, Ratliff J, Curtin C, Sun E. Chronic opioid 
use after surgery: implications for perioperative management in 
the face of the opioid epidemic. Anesth Analg. 2017;125:1733–
40. https://​doi.​org/​10.​1213/​ANE.​00000​00000​002458.

	10.	Saraswathula A, Chen MM, Mudumbai SC, Whittemore AS, 
Divi V. Persistent postoperative opioid use in older head and 
neck cancer patients. Otolaryngo-Head Neck Surg Off J Am Acad 
Otolaryngol-Head Neck Surg. 2019;160:380–7. https://​doi.​org/​
10.​1177/​01945​99818​778276.

	11.	Lee JSJ, Hu HM, Edelman AL, et al. New persistent opioid use 
among patients with cancer after curative-intent surgery. J Clin 
Oncol Off J Am Soc Clin Oncol. 2017;35:4042–9. https://​doi.​org/​
10.​1200/​JCO.​2017.​74.​1363.

	12.	Santosa KB, Priest CR, Oliver JD, et al. Long-term health out-
comes of new persistent opioid use after surgery among medicare 
beneficiaries. Ann Surg. 2023;278:e491. https://​doi.​org/​10.​1097/​
SLA.​00000​00000​005752.

	13.	Brummett CM, Waljee JF, Goesling J, et al. New persistent opi-
oid use after minor and major surgical procedures in U.S. adults. 
JAMA Surg. 2017;152:e170504. https://​doi.​org/​10.​1001/​jamas​
urg.​2017.​0504.

	14.	Surveillance, Epidemiology, and End Results Program. SEER. 
Retrieved 18 January 2024 at https://​seer.​cancer.​gov/​index.​html.

	15.	Howard R, Ryan A, Hu HM, et al. Evidence-based opioid-pre-
scribing guidelines and new persistent opioid use after surgery. 
Ann Surg. 2023;278:216. https://​doi.​org/​10.​1097/​SLA.​00000​
00000​005792.

	16.	Howard R, Brown CS, Lai YL, et  al. Postoperative opioid-
prescribing and new persistent opioid use: the risk of excessive 
prescribing. Ann Surg. 2023;277:e1225. https://​doi.​org/​10.​1097/​
SLA.​00000​00000​005392.

	17.	Kehlet H, Rathmell JP. Persistent postsurgical pain: the path 
forward through better design of clinical studies. Anesthesiol‑
ogy. 2010;112:514–5. https://​doi.​org/​10.​1097/​ALN.​0b013​e3181​
cf423d.

	18.	CDC/ATSDR Social Vulnerability Index (SVI). Published 16 
November 2022. Retrieved 13 June 2023 at https://​www.​atsdr.​
cdc.​gov/​place​andhe​alth/​svi/​index.​html.

	19.	Harbaugh CM, Lee JS, Chua KP, et al. Association between long-
term opioid use in family members and persistent opioid use 
after surgery among adolescents and young adults. JAMA Surg. 
2019;154:e185838. https://​doi.​org/​10.​1001/​jamas​urg.​2018.​5838.

	20.	Santosa KB, Lai YL, Brummett CM, et al. Higher amounts of 
opioids filled after surgery increase risk of serious falls and 
fall-related injuries among older adults. J Gen Intern Med. 
2020;35:2917–24. https://​doi.​org/​10.​1007/​s11606-​020-​06015-6.

	21.	Tinetti ME, Han L, Lee DSH, et al. Antihypertensive medications 
and serious fall injuries in a nationally representative sample of 
older adults. JAMA Intern Med. 2014;174:588–95. https://​doi.​
org/​10.​1001/​jamai​ntern​med.​2013.​14764.

	22.	Tang R, Santosa KB, Vu JV, et al. Preoperative opioid use and 
readmissions following surgery. Ann Surg. 2022;275:e99-106. 
https://​doi.​org/​10.​1097/​SLA.​00000​00000​003827.

	23.	Serrell EC, Greenberg CC, Borza T. Surgeons and perioperative 
opioid-prescribing: an underappreciated contributor to the opioid 
epidemic. Cancer. 2021;127:184–7. https://​doi.​org/​10.​1002/​cncr.​
33199.

	24.	Keller DS, Kenney BC, Harbaugh CM, Waljee JF, Brummett 
CM. A national evaluation of opioid-prescribing and persistent 
use after ambulatory anorectal surgery. Surgery. 2021;169:759–
66. https://​doi.​org/​10.​1016/j.​surg.​2020.​11.​006.

	25.	Pyati S, Gan TJ. Perioperative pain management. CNS Drugs. 
2007;21:185–211. https://​doi.​org/​10.​2165/​00023​210-​20072​
1030-​00002.

	26.	Roberts AW, Fergestrom N, Neuner JM, Winn AN. New-onset 
persistent opioid use following breast cancer treatment in older 
adult women. Cancer. 2020;126:814–22. https://​doi.​org/​10.​1002/​
cncr.​32593.

	27.	Szczepaniak A, Fichna J, Zielińska M. Opioids in cancer devel-
opment, progression, and metastasis: focus on colorectal cancer. 
Curr Treat Options Oncol. 2020;21:6. https://​doi.​org/​10.​1007/​
s11864-​019-​0699-1.

	28.	Jalali MS, Botticelli M, Hwang RC, Koh HK, McHugh RK. 
The opioid crisis: a contextual, social-ecological framework. 
Health Res Policy Syst. 2020;18:87. https://​doi.​org/​10.​1186/​
s12961-​020-​00596-8.

	29.	Cragg A, Hau JP, Woo SA, et al. Risk factors for misuse of pre-
scribed opioids: a systematic review and meta-analysis. Ann 
Emerg Med. 2019;74:634–46. https://​doi.​org/​10.​1016/j.​annem​
ergmed.​2019.​04.​019.

	30.	Blevins Peratikos M, Weeks HL, Pisansky AJB, Yong RJ, 
Stringer EA. Effect of preoperative opioid use on adverse out-
comes, medical spending, and persistent opioid use following 
elective total joint arthroplasty in the United States: a large ret-
rospective cohort study of administrative claims data. Pain Med 
Malden Mass. 2020;21:521–31. https://​doi.​org/​10.​1093/​pm/​
pnz083.

	31.	Algera MH, Olofsen E, Moss L, et  al. Tolerance to opioid-
induced respiratory depression in chronic high-dose opioid users: 
a model-based comparison with opioid-naïve individuals. Clin 
Pharmacol Ther. 2021;109:637–45. https://​doi.​org/​10.​1002/​cpt.​
2027.

	32.	Higgins C, Smith BH, Matthews K. Evidence of opioid-induced 
hyperalgesia in clinical populations after chronic opioid expo-
sure: a systematic review and meta-analysis. Br J Anaesth. 
2019;122:e114–26. https://​doi.​org/​10.​1016/j.​bja.​2018.​09.​019.

	33.	Fletcher D, Martinez V. Opioid-induced hyperalgesia in patients 
after surgery: a systematic review and a meta-analysis. Br J 
Anaesth. 2014;112:991–1004. https://​doi.​org/​10.​1093/​bja/​
aeu137.

	34.	Glare P, Aubrey KR, Myles PS. Transition from acute to chronic 
pain after surgery. Lancet Lond Engl. 2019;393:1537–46. https://​
doi.​org/​10.​1016/​S0140-​6736(19)​30352-6.

	35.	Diaz A, Hyer JM, Barmash E, Azap R, Paredes AZ, Pawlik TM. 
County-level social vulnerability is associated with worse sur-
gical outcomes especially among minority patients. Ann Surg. 
2021;274:881–91. https://​doi.​org/​10.​1097/​SLA.​00000​00000​
004691.

	36.	Gold PA, Garbarino LJ, Anis HK, et al. The cumulative effect of 
substance abuse disorders and depression on postoperative com-
plications after primary total knee arthroplasty. J Arthroplasty. 
2020;35:S151–7. https://​doi.​org/​10.​1016/j.​arth.​2020.​01.​027.

	37.	Khalil M, Munir MM, Woldesenbet S, et al. Association between 
historical redlining and access to high-volume hospitals among 
patients undergoing complex cancer surgery in California. Ann 
Surg Oncol. 2023. https://​doi.​org/​10.​1245/​s10434-​023-​14679-7.

https://doi.org/10.1016/j.ajem.2015.09.003
https://doi.org/10.1016/j.ajem.2015.09.003
https://doi.org/10.1001/jamasurg.2017.4436
https://doi.org/10.1001/jamasurg.2017.4436
https://doi.org/10.1097/SLA.0000000000005297
https://doi.org/10.1097/SLA.0000000000005297
https://doi.org/10.6004/jnccn.2020.7612
https://doi.org/10.1213/ANE.0000000000002458
https://doi.org/10.1177/0194599818778276
https://doi.org/10.1177/0194599818778276
https://doi.org/10.1200/JCO.2017.74.1363
https://doi.org/10.1200/JCO.2017.74.1363
https://doi.org/10.1097/SLA.0000000000005752
https://doi.org/10.1097/SLA.0000000000005752
https://doi.org/10.1001/jamasurg.2017.0504
https://doi.org/10.1001/jamasurg.2017.0504
https://seer.cancer.gov/index.html
https://doi.org/10.1097/SLA.0000000000005792
https://doi.org/10.1097/SLA.0000000000005792
https://doi.org/10.1097/SLA.0000000000005392
https://doi.org/10.1097/SLA.0000000000005392
https://doi.org/10.1097/ALN.0b013e3181cf423d
https://doi.org/10.1097/ALN.0b013e3181cf423d
https://www.atsdr.cdc.gov/placeandhealth/svi/index.html
https://www.atsdr.cdc.gov/placeandhealth/svi/index.html
https://doi.org/10.1001/jamasurg.2018.5838
https://doi.org/10.1007/s11606-020-06015-6
https://doi.org/10.1001/jamainternmed.2013.14764
https://doi.org/10.1001/jamainternmed.2013.14764
https://doi.org/10.1097/SLA.0000000000003827
https://doi.org/10.1002/cncr.33199
https://doi.org/10.1002/cncr.33199
https://doi.org/10.1016/j.surg.2020.11.006
https://doi.org/10.2165/00023210-200721030-00002
https://doi.org/10.2165/00023210-200721030-00002
https://doi.org/10.1002/cncr.32593
https://doi.org/10.1002/cncr.32593
https://doi.org/10.1007/s11864-019-0699-1
https://doi.org/10.1007/s11864-019-0699-1
https://doi.org/10.1186/s12961-020-00596-8
https://doi.org/10.1186/s12961-020-00596-8
https://doi.org/10.1016/j.annemergmed.2019.04.019
https://doi.org/10.1016/j.annemergmed.2019.04.019
https://doi.org/10.1093/pm/pnz083
https://doi.org/10.1093/pm/pnz083
https://doi.org/10.1002/cpt.2027
https://doi.org/10.1002/cpt.2027
https://doi.org/10.1016/j.bja.2018.09.019
https://doi.org/10.1093/bja/aeu137
https://doi.org/10.1093/bja/aeu137
https://doi.org/10.1016/S0140-6736(19)30352-6
https://doi.org/10.1016/S0140-6736(19)30352-6
https://doi.org/10.1097/SLA.0000000000004691
https://doi.org/10.1097/SLA.0000000000004691
https://doi.org/10.1016/j.arth.2020.01.027
https://doi.org/10.1245/s10434-023-14679-7


5292	 M. Khalil et al.

	38.	Burns S, Urman R, Pian R, Coppes OJM. Reducing new per-
sistent opioid use after surgery: a review of interventions. 
Curr Pain Headache Rep. 2021;25:27. https://​doi.​org/​10.​1007/​
s11916-​021-​00943-6.

	39.	Katz J, Weinrib A, Fashler SR, et al. The Toronto general hos-
pital transitional pain service: development and implementation 
of a multidisciplinary program to prevent chronic postsurgical 
pain. J Pain Res. 2015;8:695–702. https://​doi.​org/​10.​2147/​JPR.​
S91924.

	40.	Ye Y, Li G, Mariano ER. Perioperative opioid management strat-
egies: do they make a difference in long-term health outcomes? 
Curr Anesthesiol Rep. 2023;13:316–23. https://​doi.​org/​10.​1007/​
s40140-​023-​00589-7.

	41.	Edinoff AN, Askins D, Bobo E, et  al. The emerging role of 
ketamine in acute postoperative pain management. Curr Pain 
Headache Rep. 2023;27:387–97. https://​doi.​org/​10.​1007/​
s11916-​023-​01134-1.

	42.	Lv X, Zhang H, Gao J, et al. Intraoperative dexmedetomidine on 
postoperative pain in gastrointestinal surgery: an observational 
study. Int J Surg. 2023;109:887. https://​doi.​org/​10.​1097/​JS9.​
00000​00000​000360.

	43.	Martinez V, Beloeil H, Marret E, Fletcher D, Ravaud P, Trinquart 
L. Non-opioid analgesics in adults after major surgery: system-
atic review with network meta-analysis of randomized trials. Br 
J Anaesth. 2017;118:22–31. https://​doi.​org/​10.​1093/​bja/​aew391.

	44.	Razi SS, Stephens-McDonnough JA, Haq S, et al. Significant 
reduction of postoperative pain and opioid analgesics require-
ment with an enhanced recovery after thoracic surgery protocol. 
J Thorac Cardiovasc Surg. 2021;161:1689–701. https://​doi.​org/​
10.​1016/j.​jtcvs.​2019.​12.​137.

	45.	Kaafarani HMA, Eid AI, Antonelli DM, et al. Description and 
impact of a comprehensive multispecialty multidisciplinary 
intervention to decrease opioid-prescribing in surgery. Ann Surg. 
2019;270:452–62. https://​doi.​org/​10.​1097/​SLA.​00000​00000​
003462.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11916-021-00943-6
https://doi.org/10.1007/s11916-021-00943-6
https://doi.org/10.2147/JPR.S91924
https://doi.org/10.2147/JPR.S91924
https://doi.org/10.1007/s40140-023-00589-7
https://doi.org/10.1007/s40140-023-00589-7
https://doi.org/10.1007/s11916-023-01134-1
https://doi.org/10.1007/s11916-023-01134-1
https://doi.org/10.1097/JS9.0000000000000360
https://doi.org/10.1097/JS9.0000000000000360
https://doi.org/10.1093/bja/aew391
https://doi.org/10.1016/j.jtcvs.2019.12.137
https://doi.org/10.1016/j.jtcvs.2019.12.137
https://doi.org/10.1097/SLA.0000000000003462
https://doi.org/10.1097/SLA.0000000000003462

	Long-term Health Outcomes of New Persistent Opioid Use After Gastrointestinal Cancer Surgery
	Abstract 
	Background. 
	Methods. 
	Results. 
	Conclusion. 

	Methods
	Data Source, Study Population, and Cohort Selection
	Exposure
	Covariates and Outcomes of Interest
	Statistical Analysis

	Results
	Baseline Characteristics
	Incidence and Risk Factors for NPOU
	Long-term Health Care Outcomes and Survival
	Sensitivity Analysis

	Discussion
	Acknowledgment 
	References




