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Association of Opioid Use in the Week
Before Death Among Patients With
Advanced Lung Cancer Having Sepsis
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Abstract
Opioid use can induce immunosuppression; however, it is unclear whether opioid use increases infections in patients with
advanced cancers. This study assessed the association between opioid use in the week before death and mortality among patients
with advanced lung cancer having sepsis. Data on opioid usage in the week before death, general information, and clinical
information of the patients were collected retrospectively. The primary outcome was the association between opioid use in the
week before death and mortality after sepsis. The study included 980 patients who died of advanced lung cancer between January
2003 and June 2017 (sepsis related: 413, unrelated to sepsis: 567). The average morphine equivalent daily dose in the final week
was higher in the sepsis group (313.5 + 510.5 mg) than in the nonsepsis group (125.2 + 246.9 mg, P < .001). A significant
association was found between the average morphine equivalent daily dose in the final week and mortality due to sepsis (odds
ratio: 1.02, 95% confidence interval: 1.01-1.02, P < .001). This was especially evident when the dose was increased by 10 mg in the
final week. Furthermore, older age, male sex, and a lower body mass index were associated with an increased risk of mortality
after developing sepsis. Opioid use in the week before death may be associated with mortality for patients with advanced lung
cancer having sepsis.
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Introduction

Lung cancer is a major global health issue and one of the dead-

liest types of cancer.1 Lung cancers are often diagnosed at an

advanced stage and therefore require appropriate palliative

care.2,3 The key purpose of palliative care for patients with

advanced cancer is to provide appropriate pain control and,

consequently, an improved quality of life.4 Opioids are often

used for this purpose5 and are prescribed by clinicians in accor-

dance with World Health Organization guidelines.6

However, recent reports about the effects of opioids on the

immune system suggest that they may have negative impacts

on the long-term outcomes of patients with cancer.7 Specifi-

cally, the immune suppression caused by opioid use may

increase infection rates,8,9 especially for patients with

advanced cancer who are often already immunocompromised

due to chemotherapy or malnutrition.10 A previous study

suggested a possible association between the excessive use of

opioids and shortened survival times for patients with advanced

non-small cell lung cancer (NSCLC).11 A more recent study

reported that the increased use of opioids results in increased

infection rates in patients with advanced cancer.12 Because

patients with advanced lung cancer are often exposed to
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infections and consequent sepsis,13 further studies on this topic

are needed.

To our knowledge, no studies have assessed the association

between the occurrence of sepsis in patients with advanced

lung cancer and the amount of opioid use; thus, our study aimed

to assess this association. We hypothesized that patients with

terminal stage advanced lung cancer who died due to sepsis

were associated with higher quantities of opioid consumption

compared to patients who died of other causes.

Materials and Methods

This retrospective observational study was approved by the

institutional review board (approval number: B-1707/408-

104). Because this was a retrospective review of patient med-

ical records, the requirement for informed consent was waived.

The study used the medical records of all adult patients (�19

years of age) who were diagnosed with advanced lung cancer

and died while hospitalized at the single tertiary academic

hospital between January 2007 and June 2017. Advanced lung

cancer was defined as a primary lung cancer that was found to

be inoperable at the time of diagnosis. Small-cell lung cancer

(SCLC) was defined as an extensive stage cancer at the time of

diagnosis, whereas NSCLC was defined as a stage IIIB or IV

cancer. Lung cancer staging was conducted according to the

7th edition of the American Joint Committee on Cancer guide-

lines.14 Exclusion criteria for patient selection were as follows:

inaccurate information on opioid usage in the final week before

death, palliative surgery performed in the week before death, or

the occurrence of other primary cancers between the time of

diagnosis and death. The study center was a 1360-bed tertiary

care hospital as of July 2017. All medical records have been

managed and stored electronically since 2003.

Definition of Sepsis in Patients With Advanced
Lung Cancer

To define sepsis at the time of death for patients with lung

cancer, we used the standards obtained from 2 previously con-

ducted studies12,15: (1) a positive blood culture test in the week

before death; (2) an abnormally high white blood cell count,

neutrophil/granulocyte ratio, C-reactive protein level, and pro-

calcitonin level in the week before death; and (3) a Sepsis-

related Organ Failure Assessment (SOFA) score of �2.

Patients who exhibited either the first or second criterion con-

currently with the third criterion were considered to have sep-

sis. The selection of patients with sepsis was based on this

definition and was verified by the 2 main investigators of this

study, who are certified intensivists.

Measurements

We collected data on each patient’s sex, age, body mass index

(BMI, kg/m2), histology of cancer (SCLC or NSCLC), year of

death, presence of distant metastasis, history of chemotherapy/

radiotherapy, history of smoking, cause of death, and the

average morphine equivalent daily dose (MEDD, mg) in the

final week before death. Distant metastasis only included

metastases of the bones or major organs. Cause of death was

categorized as sepsis, respiratory failure without sepsis, cardi-

ologic, neurologic, or others (eg, unclear, gastrointestinal

bleeding, acute kidney injury, endocrinologic). The infection

source was further categorized as respiratory, digestive, geni-

tourinary, unknown, or others (eg, skin, wound, cardiac, brain,

spinal cord, brain). To calculate the average MEDD in the final

week, the total opioid usage in the 7 days preceding and

including the date of death was accurately measured. Using a

standard conversion ratio, the sum of these values was divided

by 7 to calculate the average MEDD for the final week16

(Appendix A).

Outcomes

The primary outcome of this study was the potential associa-

tion between sepsis as a cause of death in patients with terminal

stage advanced lung cancer and opioid usage (based on the

average MEDD for the week before death). The secondary

outcome was the clinical factors associated with the occurrence

of sepsis in patients with terminal stage advanced lung cancer.

Statistical Methods

The patients were grouped into quartiles based on opioid usage.

The w2 test was used to estimate possible demographic differ-

ences in the categorical data for each group. Analysis of var-

iance was also used to find differences in the demographic data

between the groups of continuous data, along with the Scheffe

test. Similarly, a w2 test and t test were used to compare the

groups with sepsis at the time of death and those without sepsis.

Finally, univariable and multivariable logistic regression

analysis was performed to determine whether opioid usage was

independently associated with sepsis at the time of death. All

covariates (age, BMI, histology of cancer, distant metastasis,

receipt of chemotherapy or radiotherapy, history of smoking,

and year of death) were included in the multivariable model for

adjustment. Our main independent variable, the average

MEDD in the last week, was included in 2 different multivari-

able models as a continuous variable and as a categorical vari-

able in quartile to avoid multicollinearity in the models.

Hosmer-Lemeshow test was used to confirm goodness of fit

of the 2 multivariable models. The results of the multivariable

model were presented as odds ratio (OR) with 95% confidence

interval (CI). Additionally, the restricted cubic spline was used

to present the log odds of development of sepsis according to

average MEDD for the final week. R software (version 3.6.0;

R Foundation, Vienna, Austria) was used for all analyses, and

P < .05 was considered to be statistically significant.

Results

A total of 1085 Asian adult patients with advanced lung cancer

died while hospitalized at the institution between January 2007
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and June 2017. The following patients were excluded from the

study: 24 patients who had an additional primary cancer at the

time of death, 12 patients who died within a week after a

palliative operation, and 69 patients who had inaccurate

records on opioid usage in the final week before death. In all,

980 patients were included in our analysis. Of these patients,

413 died of sepsis and 567 died of other causes.

Baseline Characteristics by Average MEDD in the
Final Week

Table 1 shows the baseline patient characteristics by average

MEDD in the final week of life by quartiles. The proportions of

deaths due to sepsis were significantly different between the

quartiles of opioid usage: quartile 1 (<30 mg): 44.0% (102/

232); quartile 2 (30-60 mg): 30.7% (62/202); quartile 3 (60-

165 mg): 33.7% (98/291); and quartile 4 (>165 mg): 58.8%
(150/255; P < .001). In addition, age (P < .001), presence of

distant metastasis (P ¼ .007), history of chemotherapy (P <

.001), history of radiotherapy (P¼ .006), and the cause of death

(P < .001) were significantly different between the quartiles.

Figure 1A and B are restricted cubic splines that show the

relationship between average MEDD in the final week and the

log odds of death caused by sepsis and death caused by sepsis

due to respiratory infection, respectively. The log odds of mor-

tality from sepsis and from sepsis caused by respiratory infec-

tion tended to increase with increased average MEDDs in the

final week of life.

Baseline Characteristics by Sepsis Diagnosis

Table 2 shows the differences between patients who died of

sepsis and patients who died of other causes. Patients who died

of sepsis had significantly higher average MEDDs in the final

week of life compared with patients who died of other causes

(sepsis: 313.5 + 510.5 mg vs nonsepsis: 125.2 + 246.9; P <

.001). In addition, the proportion of males (sepsis: 78.7% vs

nonsepsis: 70.0%; P ¼ .003) and age (sepsis: 69.7 + 9.9 years

vs nonsepsis: 65.7 + 11.7 years; P < .001) were also signifi-

cantly higher among patients who died of sepsis. Body mass

index was significantly lower in the sepsis group (sepsis: 21.0

+ 3.6 kg/m2 vs nonsepsis: 21.7 + 3.5 kg/m2; P¼ .003), as was

the proportion of patients with distant metastases (sepsis:

22.8% vs nonsepsis: 28.9%; P ¼ .031). Respiratory infection

was the most common infection type (91.3%).

Figure 2 shows the average MEDD before and after the

diagnosis of sepsis in patients with advanced lung cancer.

The average MEDD before sepsis diagnosis was lower than

the average MEDD after the diagnosis of sepsis (MEDD before

sepsis: 105.3 + 148.2 mg vs MEDD after sepsis: 223.5 +
148.2 mg; P < .01).

Logistic Regression Analysis for the Occurrence of Sepsis

Table 3 shows the results of uni- and multivariable logistic

regression analyses for death due to sepsis in patients with

advanced lung cancer. A significant association was observed

between the 10 mg increase of average MEDD in the final

week of life and death from sepsis (OR: 1.02, 95% CI:

Table 1. Baseline Characteristics of Patients With Advanced Lung Cancer for Average MEDD in Last Week by Quartiles.a

Variable

Average MEDD in Last Week

P ValueQ1 < 30, n ¼ 232 30 � Q2 < 60, n ¼ 202 60 � Q3 < 165, n ¼ 291 165 < Q4, n ¼ 255

Sex: male 170 (73.3) 148 (73.3) 210 (72.2) 194 (76.1) .768
Age, years 70.1 (10.9) 68.1 (11.5) 65.5 (10.8) 66.5 (10.8) <.001
Body mass index, kg/m2 21.3 (3.6) 21.3 (3.8) 21.7 (3.4) 21.4 (3.6) .294
Histology of cancer

NSCLC 186 (80.2) 154 (76.2) 230 (79.0) 199 (78.0)
SCLC 46 (19.8) 48 (23.8) 61 (21.0) 56 (22.0)

Distant metastasis (bone or major organ) 43 (18.5) 62 (30.7) 89 (30.6) 64 (25.1) .007
Chemotherapy 19 (8.2) 43 (21.3) 66 (22.7) 58 (22.7) <.001
Radiotherapy 94 (40.5) 87 (43.1) 151 (51.9) 137 (53.7) .006
History of smoking 205 (88.4) 174 (86.1) 251 (86.3) 228 (89.4) .622
Cause of death <.001

Sepsis 102 (44.0) 62 (30.7) 98 (33.7) 150 (58.8)
Respiratory failure without sepsis 103 (44.4) 122 (60.4) 168 (57.7) 94 (36.9)
Cardiovascular disease 5 (2.2) 3 (1.5) 6 (2.1) 3 (1.2)
Neurologic disease 13 (5.6) 7 (3.5) 5 (1.7) 3 (1.2)
Othersb 9 (3.9) 8 (4.0) 14 (4.8) 5 (2.0)

Year of death .011
2007-2010 90 (38.8) 52 (25.7) 89 (30.6) 70 (27.5)
2011-2014 81 (34.9) 73 (36.1) 108 (37.1) 113 (44.3)
2015-2017 61 (26.3) 77 (38.1) 94 (32.3) 72 (28.2)

Abbreviations: MEDD, morphine equivalent daily dose; NSCLC, non-small cell lung cancer; SCLC, small-cell lung cancer.
aPresented as mean with standard deviation or number with percentage.
bOthers: Unclear, gastrointestinal bleeding, acute kidney injury, endocrinologic disease.
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1.01-1.02, P < .001; model 1). As a categorical variable, in the

Q4 group, the average MEDD in the final week of life was

associated with death from sepsis, compared with that in the

Q1 group (Q4, OR: 1.82, 95% CI: 1.62-3.49, P < .001; model

2). In addition, age (OR: 1.03, 95% CI: 1.02-1.05, P < .001),

male sex (OR: 1.48, 95% CI: 1.07-2.05, P < .001), and BMI

(OR: 0.95, 95% CI: 0.91-0.99; P ¼ .013) were also signifi-

cantly associated with death from sepsis (model 1).

Discussion

Our study shows that patients with terminal stage advanced

lung cancer who died of sepsis used higher quantities of opioids

compared with patients with terminal stage advanced lung can-

cer who died of other causes; this result was statistically sig-

nificant in the multivariate logistic analysis. This finding is in

agreement with the results of a study in which the daily

increased oral morphine equivalent was associated with a risk

of infection in patients with advanced cancer.12 A unique char-

acteristic of our study is that it only included deaths caused by

sepsis in patients with terminal stage advanced cancer. In addi-

tion, our study suggests that the risk of death due to sepsis is

positively associated with increased age, male sex, and NSCLC

cancer type.

This study shows that excessive opioid use by patients with

advanced cancer could contribute to the development of

sepsis. Because sepsis is common among hospitalized patients

with cancer,17 this finding may have clinical significance.

Figure 1. Restricted cubic spline showing opioid dosages for the occurrence of (A) sepsis and (B) sepsis by respiratory infection in patients with
lung cancer. MEDD indicates morphine equivalent daily dose (mg).

Table 2. Demographics and Baseline Characteristics According to
Sepsis in Patients With Advanced Lung Cancer.a

Variable

Patients With Advanced
Lung Cancer (n ¼ 980)

P
Value

Sepsis
(n ¼ 413)

Nonsepsis
(n ¼ 567)

Sex: male 325 (78.7) 397 (70.0) .003
Age, years 69.7 (9.9) 65.7 (11.6) <.001
BMI, kg/m2 21.0 (3.6) 21.7 (3.5) .003
MEDDb (mg) 313.5 (510.5) 125.2 (246.9) <.001
Cancer type .212

NSCLC 332 (80.4) 437 (77.1)
SCLC 81 (19.6) 130 (22.9)

Distant metastasis (bone or
major organ)

94 (22.8) 164 (28.9) .031

Chemotherapy 61 (14.8) 125 (22.0) .004
Radiotherapy 186 (45.0) 283 (49.9) .131
History of smoking 361 (87.4) 497 (87.7) .909
Infection source <.001

Respiratory 377 (91.3) 0 (0.0)
Digestive 13 (3.1) 7 (1.2)
Genitourinary 4 (1.0) 0 (0.0)
Othersc 6 (1.5) 0 (0.0)
Unknown 13 (3.1) 0 (0.0)

Abbreviations: BMI, body mass index; MEDD, morphine equivalent daily dose;
NSCLC, non-small cell lung cancer; SCLC, small-cell lung cancer.
aPresented as mean with standard deviation or number with percentage.
bMEDD: Average MEDD in last week.
cOthers: Skin, wound, cardiac, brain, spinal cord, bone.
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Furthermore, effective pain control that avoids excessive

opioid use is now an important issue in the palliative care of

patients with advanced cancer.18 Therefore, our findings sug-

gest that opioid dosage may affect mortality from sepsis for

patients with advanced lung cancer.

Because of the effects of opioids on the immune system, we

hypothesized that the excessive use of these drugs may be

associated with death due to sepsis in patients with advanced

lung cancer. The suppression of the immune system through

opioid usage and the consequent worsening of long-term onco-

logic outcomes are important issues, although they are still

controversial.19 Furthermore, it remains unclear how opioids

affect the immune system, and the findings pertaining to

induced immunosuppression and immunostimulation are

Figure 2. Opioid use before and after sepsis diagnosis in patients with advanced lung cancer. MEDD indicates morphine equivalent daily
dose (mg).

Table 3. Univariable and Multivariate Logistic Regression Analysis for Development of Sepsis in Patients With Advanced Lung Cancer.a

Univariable Model

P Value

Multivariable Model

P ValueOdds Ratio (95% CI) Odds Ratio (95% CI)

Age, years 1.04 (1.02-1.05) <.001 1.03 (1.02-1.05) <.001
Male sex (vs female) 1.58 (1.18-2.13) .002 1.48 (1.07-2.05) <.001
BMI, kg/m2 0.95 (0.91-0.98) .003 0.95 (0.91-0.99) .013
NSCLC (vs SCLC) 1.22 (0.89-1.67) .213 1.40 (0.99-1.97) .058
Distant metastasis 0.72 (0.54-0.97) .031 0.94 (0.68-1.31) .718
Chemotherapy 0.61 (0.44-0.86) .004 0.70 (0.48-1.00) .049
Radiotherapy 0.82 (0.64-1.06) .132 0.97 (0.72-1.30) .835
History of smoking 0.98 (0.67-1.44) .909 0.77 (0.51-1.17) .219
Year of death

2007-2010 1 1
2011-2014 1.03 (0.76-1.40) .847 0.85 (0.62-1.19) .854
2015-2017 0.96 (0.69-1.32) .789 0.74 (0.51-1.06) .101
MEDDb per 10 mg (model 1) 1.02 (1.01-1.02) <.001 1.02 (1.01-1.02) <.001
MEDDb in quartile (model 2)
Q1 < 30 1 1
30 � Q2 < 60 0.56 (0.38-0.84) .005 0.68 (0.42-1.05) .058
60 � Q3 < 165 0.66 (0.46-0.94) .020 0.87 (0.60-1.27) .474
165 < Q4 1.82 (1.27-2.61) .001 2.38 (1.62-3.49) <.001

Abbreviations: BMI, body mass index; CI, confidence interval; MEDD, morphine equivalent daily dose; NSCLC, non-small cell lung cancer; SCLC, small-cell lung
cancer.
aHosmer-Lemeshow test ¼ w2 ¼ 12.17, df ¼ 8 (P ¼ .144) in model 1, w2 ¼ 10.78, df ¼ 8 (P ¼ .215) in model 2.
bMEDD: Average MEDD in last week.
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paradoxical.20,21 However, unlike previously conducted stud-

ies, our findings show that the excessive use of opioids is

associated (although weakly) with infections in patients with

advanced cancer.12 In general, a patient with advanced cancer

is already in an immunocompromised state, and their condition

worsens as the cancer progresses to the terminal stage.10 Based

on the results of a previous study, which reported increased

rates of opportunistic infections in opioid abusers,8 we suggest

that the excessive use of opioids by immunocompromised

patients with advanced cancer can increase infection rates.

A few points should be considered in the interpretation of

our study’s findings. First, infection and sepsis in the patients

may not have been affected by the immune system, but by

various other factors. For example, in the case of aspiration

pneumonia, mental status and swallowing difficulty are impor-

tant causative factors.22 In the case of urinary tract infections,

the time taken for Foley catheter insertion inevitably has

effects, whereas all nosocomial infections are likely to be

affected by the length of the hospitalization period.23 Further-

more, chemotherapy history and nutritional status should also

be considered. Despite the fact that our study could not con-

sider the type and number of chemotherapy agents/treatments

administered and the exact assessment of the nutritional status

could not be performed, factors such as the history of che-

motherapy and BMI had no effects on death due to sepsis in

patients with advanced lung cancer. Therefore, considering the

drawbacks arising from the retrospective nature of this study,

the excessive use of opioids has a significant association, rather

than a clear causal relationship, with death due to sepsis in

patients with advanced lung cancer. Moreover, the difference

in the ORs between the average MEDD in the final week and

death caused by sepsis was 1.002, which is extremely close to

the value of 1 and further supports our hypotheses.

Another important issue is the appropriateness of the defi-

nition of sepsis, considering the characteristics of patients with

advanced lung cancer. Infection and sepsis, severe sepsis, and

septic shock cannot be easily distinguished, and their defini-

tions change often.24 We used the standards suggested by Shao

et al12 who defined infection in patients with advanced cancer.

Thus, the first step in defining the infection was based on the

results of a blood culture test. Then, laboratory test results were

considered, including white blood cell counts, neutrophil gran-

ulocyte ratios, C-reactive protein levels, and procalcitonin lev-

els. Second, to assess organ dysfunction, SOFA scores were

used. Lastly, the systemic inflammatory response syndrome

(SIRS) sign was used in parallel. Patients with advanced lung

cancer can have symptoms similar to those of SIRS due to the

unstable hemodynamic status that results from various reasons

other than infection.25 Therefore, an SIRS assessment in

patients with terminal stage advanced lung cancer would have

low specificity and was not performed in this study. However,

there are no established tools or systems that can effectively

judge and define sepsis in patients with lung cancer; therefore,

additional studies must be conducted.

This study had a few limitations, including the retrospective

design of the experiment. Second, we only accurately assessed

opioid use (amount) in the final week before death; the rate of

increase in opioid usage, according to disease progression,

could not be considered. Third, the changes and developments

that the clinics underwent, along with the changes in the phy-

sicians, across the 15 years (2003-2017) of the study could not

be taken into consideration. Lastly, to calculate the sums of the

different types of opioids, conversions needed to be performed;

the accuracy of the conversion method we used is still contro-

versial.26 However, this study’s strength lies in the fact that it is

the first study to assess the association between opioid usage

and death from sepsis in patients with advanced cancer.

In conclusion, our study showed a significant association

between the amount of opioids used in the final week before

death and death due to sepsis in patients with advanced lung

cancer.
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