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Editor’s key points

† Clinical and laboratory
evidence suggest that
pain and opioid use are
associated with survival in
cancer.

† A retrospective analysis of
pain and opioid use was
conducted in 209 patients
with advanced lung
cancer.

† More severe pain and
greater opioid use were
independently associated
with shorter overall
survival.

† Prospective studies are
required to determine if
reducing opioid use
without sacrificing
analgesia can improve
outcomes.

Background. Pain is associated with shorter survival in non-small cell lung cancer (NSCLC).
Lung cancer cells express opioid receptors. Opioids promote angiogenesis, tumour growth,
and metastases, and shorten survival in animal models.

Methods. We examined retrospectively if long-term opioid requirement, independently of
chronic pain, is associated with reduced survival in 209 patients with stage IIIB/IV NSCLC.
Opioid doses were converted to average oral morphine equivalents (OME). Patients were
stratified by proportion of time they reported severe pain, and required ,5 or ≥5 mg day21

OME. Effects of pain, opioid requirement, and known prognostic variables on overall survival
were analysed.

Results. Severe pain before chemotherapy initiation was associated with shorter survival
(hazards ratio 1.39, 95% confidence interval, 1.02–1.87, P¼0.035). The magnitude of pain
and opioid requirement during first 90 days of chemotherapy were predictive of shorter
survival: patients with no/mild pain and requiring ,5 mg day21 OME had 12 months longer
median survival compared with those requiring more opioids, experiencing more pain, or
both (18 compared with 4.2–7.7 months, P≤0.002). Survival differences (16 compared with
5.5–7.8 months, P,0.001) were similar when chronic pain and opioid requirement were
assessed until death or last follow-up. In multivariable models, opioid requirement and
chronic pain remained independent predictors of survival, after adjustment for age, stage,
and performance status.

Conclusions. The severity of chronic cancer-related pain or greater opioid requirement is
associated with shorter survival in advanced NSCLC, independently of known prognostic
factors. While pain adversely influences prognosis, controlling it with opioids does not
improve survival. Prospective studies should determine if pain control using equi-analgesic
opioid-sparing approaches can improve outcomes.
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Cancer-related pain is common, negatively impacts quality of
life (QOL), and often requires opioid analgesics. Two-thirds of
patients with advanced malignancies experience pain, with
almost 50% experiencing moderate–severe pain.1 Opioid
medications are the mainstay of treatment of severe, chronic
cancer pain.2 3 Experimental studies and retrospective clinical
analyses raise concern that opioids might promote cancer
progression and reduce survival.4 – 16

However, pain at diagnosis is itself associated with shorter
survival in lung cancer17 18 and other malignancies.19 – 22

Pain may induce cancer progression via tumour innervation23

and release of tachykinins such as substance P,24 endogen-
ous opioid peptides that modulate immune function,25 or

cyclo-oxygenase-mediated prostaglandin release.26 27 There-
fore, it is unclear whether reduced survival in patients treated
with opioids is due to opioids, pain, or both. Since pain has a
direct impact on QOL and perhaps disease outcomes, it is crit-
ical to understand the independent contribution of pain and
opioids to cancer progression and survival in order to develop
strategies to improve cancer outcomes.

Lung cancer is the most common malignancy worldwide,28

and ranks third highest for pain prevalence among all malig-
nancies.1 Preclinical data on cellular mechanisms and murine
models demonstrate that opioids promote lung cancer pro-
gression and metastasis and reduce survival.5 6 12 14 Opioids
directly activate mitogenic signalling via m-opioid receptors
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(MOR), and also by co-activating receptor tyrosine kinases
including vascular endothelial growth factor receptor-2 and
epidermal growth factor receptor in endothelial4 and lung
cancer cells,5 6 12 14 respectively, and promote epithelial–
mesenchymal transition.14 MOR expression is increased in
human lung cancer specimens compared with normal
human lungs,5 29 and even higher in lung cancers with metas-
tases to lymph nodes.30 Opioids might therefore be associated
with lung cancer progression in patients.

In a retrospective study of patients with advanced prostate
cancer receiving androgen-deprivation therapy, we found
that greater opioid requirement and higher MOR expression
in the tumour are independently associated with shorter
progression-free survival and overall survival (OS).16 Halabi
and colleagues22 confirmed and extended our findings to
patients with advanced prostate cancer receiving first-line
chemotherapy, reporting that opioid use is an independent
prognostic factor for survival. Some prospective studies
suggest that systemic exposure to endogenous or pharmaco-
logical opioids promotes cancer progression in patients with
astrocytomas,31 pancreatic cancer,32 and various advanced
solid tumours including lung cancer.33

However, the above studies did not differentiate between
impact of pain and opioid use independently of the other. Pre-
vious studies also did not evaluate the effect of chronic
(ongoing) pain or long-term quantitative opioid exposure on
cancer outcomes. Further, there is marked inter-patient vari-
ability in treatment of pain and use of opioids depending
upon individual patient pain thresholds and patient and pro-
vider preferences.2 3 Therefore, we objectively determined
the effect of chronic cancer-related pain and quantitative sys-
temic opioid use, independent of each other, on survival of
patients with advanced non-small cell lung cancer (NSCLC).

Methods
Patients

We retrospectively studied 209 patients diagnosed with stage
IIIB or IV NSCLC from 2003 to 2010 at the Minneapolis Veterans
Affairs Health Care System (MVAHCS) treated with palliative
chemotherapy to determine whether chronic pain, opioid re-
quirement, or both are associated with survival. Patient char-
acteristics, clinical, and pharmacy data were obtained from
patient records, the tumour registry, and VA Data Support
Services. The study was approved by the institutional Human
Subjects Committee.

Opioid requirement

All oral and transdermal outpatient opioid prescriptions dis-
pensed from any VA in the USA from 2002 to 2012 were
collected to determine the total opioid quantity dispensed
per prescription. All opioids were converted to oral morphine
equivalents (OME) using an equi-analgesic conversion table.16

Average daily opioid requirement was calculated for three
distinct treatment intervals: (i) 90 days before chemotherapy
initiation, (ii) 90 days after chemotherapy initiation, and
(iii) chemotherapy initiation to death or last follow-up.

Pain levels

All pain values recorded from inpatient and outpatient clinical
encounters were collected. Pain levels were analysed for the
same three treatment intervals used for opioids. Pain severity
was categorized in accordance with the Brief Pain Inventory:
low (0–3), moderate (4–6), and severe (7–10).34 For analysis
of pain during the 90 days before chemotherapy, we used
the patient’s maximum reported pain level to maintain
consistency and comparability with previous studies which
assessed pain before treatment initiation.17 21

Pain–opioid groups

For treatment intervals after chemotherapy initiation, both
pain and opioid requirement were separated into high and
lowgroups, to betterassess for interactions. The categorization
of pain levels, opioid requirement, and patient groupings are
shown and explained in Table 1. Briefly, pain was stratified by
the proportions of time a patient reported severe or moder-
ate–severe pain. Patients requiring ≥5 mg day21 OME were
considered to have high opioid use. We previously found that
this cut-off (5 mg day21 OME) distinguished patients who
used either short courses of opioids intermittently or required
opioids only occasionally from patients who required ongoing
scheduled opioids.16 Four subgroups were created based on
the severity of pain and quantitative opioid requirement
(Table 1), reflecting clinical scenarios observed in clinical

Table 1 Categorization of pain level and opioid requirement.
Patients were stratified into low pain (LP) or high pain (HP) groups,
based on the proportion of time they reported severe, or
moderate–severe, pain. Categorization of patients into low opioid
(LO) or high opioid (HO) groups was based on an opioid requirement
cut-off of 5 mg day21 OME. Four subgroups were created based on
pain level and opioid requirement: (i) low pain/low opioid (LPLO:
reference group against which the other three groups were
compared), (ii) high pain/low opioid (HPLO), (iii) low pain/high opioid
(LPHO), and (iv) high pain/high opioid (HPHO). Analyses were
performed separately using the severe pain or moderate–severe
pain categorizations

Low pain (LP)
group

High pain (HP)
group

Severe pain (7–10) ,10% of all
recordings

≥10% of all
recordings

Moderate–severe pain
(4–10)

,25% of all
recordings

≥25% of all
recordings

Low opioid (LO)
group

High opioid
(HO) group

Average opioid
requirement
(mg day21 OME)

,5 ≥5

Pain Opioid requirement
Low High

Low LPLO LPHO

High HPLO HPHO
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practice:2 3 (i) low pain/low opioid (LPLO), (ii) low pain/high
opioid (LPHO), (iii) high pain/low opioid (HPLO), and (iv) high
pain/high opioid (HPHO). The LPLO (reference) group included
patients experiencing minimal pain and requiring no or
minimal opioids. The LPHO group included patients with good
pain control with high opioid utilization; the HPLO group com-
prised patients experiencing higher levels of pain but no or
minimal opioid utilization (perhaps due to patient preference
or intolerability to opioids, or prescribing practices, a well-
recognized phenomenon).2 3 The HPHO group included
patients experiencing higher levels of pain, despite higher
opioid use. This grouping thus aimed to separate patients
with chronic severe pain alone (HPLO) from those with higher
opioid exposure alone (LPHO) from the reference group with
neither of these factors (LPLO).

Statistical analysis

The Cox proportional hazards regression models were used to
compare the subgroups for OS. Effects of individual factors
on OS were evaluated using the Kaplan–Meier analyses. For
the multivariable Cox models, OS was analysed after adjust-
ing for known prognostic factors at the time of diagnosis
(age, performance status, and stage of disease). Indicator
variable coding was used to compare pain–opioid subgroups
(LPLO, HPLO, LPHO, HPHO), with the LPLO group as the
reference group.

Results
Patient characteristics

The majority of patients were male (98%), had stage IVdisease
(71%), and had good performance status (75% had ECOG PS of
0–1) (Table 2). Nearly half had experienced severe pain (i.e. at
least one pain recording ≥7) during 90 days preceding chemo-
therapy, with a similar proportion receiving opioids before
chemotherapy. These percentages show the population to
be relatively high functioning with advanced disease, yet
balanced with regard to baseline pain and opioid requirement.
The predominantly male VA population precludes generaliza-
tion of our results to women.

Association of pain level and opioid requirement
with survival

We examined in univariable models whether pain level or
opioid requirement at different time periods during the
course of the disease were associated with survival (Table 3).
Chronic severe pain, moderate–severe pain, or high opioid re-
quirement in the first 90 days of chemotherapy, or during the
entire treatment period (chemotherapy initiation to death or
last follow-up), was significantly associated with shorter OS.
However, while patients experiencing a maximum pain level
≥7 before initiation of chemotherapy had shorter survival,
greater opioid requirement before chemotherapy initiation
was not associated with OS.

Table 2 Baseline patient characteristics

All patients (n5209)

Median age at diagnosis, yr (range) 63 (45–83)

Sex (male, female) [n (%)] 205, 4 (98, 2%)

Stage IIIB, IV [n (%)] 61, 148 (29, 71%)

ECOG scale performance status [n (%)] 0 42 (20)
1 115 (55)
2 46 (22)
3 6 (3)
4 0 (0)

Histological subtype [n (%)] Adenocarcinoma 81 (39)
Squamous cell carcinoma 49 (23)
Non-small cell lung cancer, NOS 65 (31)
Large cell carcinoma 7 (3)
Others 7 (3)

Highest pain level at diagnosis (before initiation of chemotherapy) [n (%)] None (level 0) 42 (20)
Mild (level 1–3) 26 (12)
Moderate (level 4–6) 46 (22)
Severe (level 7–10) 95 (46)

Pain level of the entire cohort at diagnosis (before initiation of chemotherapy) Median, level 6

Opioid requirement at diagnosis, OME day21 (before initiation of chemotherapy) [n (%)] None (0 mg day21 OME) 77 (37)
Minimal (0.01–4.99 mg day21 OME) 44 (21)
Moderate (5–29.99 mg day21 OME) 48 (23)
High (≥30 mg day21 OME) 40 (19)

Opioid requirement of entire cohort at diagnosis (before initiation of chemotherapy) Average, 28.7 mg day21 OME
Median, 2.6 mg day21 OME

Opioids, pain, and lung cancer outcomes BJA

i111



Individual effects of pain level and opioid
requirement on survival

We next attempted to differentiate individual associations of
pain and opioids with survival, using pain/opioid groupings
[LPLO (reference group), HPLO, LPHO, and HPHO] as described
in the Methods section. Analyses were performed for two
time intervals in the clinical course (first 90 days of chemother-
apy, and chemotherapy initiation to death or last follow-up)
and for two pain stratifications (severe pain and moderate–
severe pain). The probabilities of survival in each of these
groups were estimated using the Kaplan–Meier analyses
(Fig. 1).

Association of pain and opioid requirement in the first
90 days after chemotherapy initiation with survival

Survival of patients in the LPLO (reference) group was signifi-
cantly longer compared with the HPLO, LPHO, and HPHO
groups (median survival 17.9 compared with 5.7, 6.5, and 6.1
months, respectively, log-rank P-value¼0.002) stratified on
the presence of severe pain (Fig. 1A). Similarly, markedly differ-
ent survivals were observed between the LPLO group and
the other three groups when patients were stratified on the
presence of moderate–severe pain (17.9 compared with 5.7,
7.7, and 4.2 months, respectively, log-rank P-value¼0.001;
Fig. 1B). These findings suggest that higher levels of pain,
greater opioid requirement early in the treatment period, or
both are predictive of shorter survival in patients with
advanced NSCLC.

Association of pain and opioid requirement during
the entire clinical course with survival

Remarkably similar differences in survival were observed
between the reference LPLO group and the other three
groups when pain level and opioid requirement were assessed
from chemotherapy initiation to death or last follow-up. The
median survival in the LPLO group was significantly longer
compared with the HPLO, LPHO, and HPHO groups (16.0 com-
pared with 5.5, 6.5, and 7.8 months, respectively, log-rank

P-value,0.001) stratified by severe pain (Fig. 1C). Again,
similar survival differences were seen using the moderate–
severe pain stratification for this treatment interval (16.4 com-
pared with 6.4, 7.1, and 7.7 months, respectively, log-rank
P-value≤0.001) (Fig. 1D). These findings indicate that the pres-
ence of chronic pain or high opioid requirement is associated
with markedly shorter survival in patients with advanced
NSCLC. Patients experiencing little to no pain and also consum-
ing ,5 mg OME day21 had considerably longer survival.

Multivariable analyses of pain, opioids, and known
prognostic factors

Finally, we evaluated if chronic pain level, opioid requirement,
or both are associated with differences in survival when clinical
prognostic variables (age, performance status, and stage of
disease) are included in the multivariable Cox regression ana-
lyses (Table 4). Longer survival of patients in the LPLO reference
group remained significant for both pain classifications (severe
pain or moderate–severe pain) and both treatment intervals
(first 90 days after chemotherapy initiation or chemotherapy
initiation to death or last follow-up). In all these analyses,
age, performance status, and stage also remained significantly
associated with survival, confirming the validity of the data set
and outcomes. Of particular relevance, these results indicate
that chronic pain, higher opioid requirement in the first
3 months of treatment, or both are individually and independ-
ently predictive of shorter survival in patients with advanced
NSCLC.

Discussion
QOL and survival are influenced by pain and its treatment in
cancer patients. However, it is not known if pain and analgesics
influence these outcomes independent of one another or if
their effects are interdependent. We found in this retrospective
study that the presence of either chronic severe pain or
greater quantitative opioid requirement was associated with
markedly shorter survival in patients with advanced NSCLC,
independent of known clinical prognostic factors.

Table 3 Association of chronic pain and opioid requirements with overall survival. *Maximum pain before chemotherapy: high—had at least one
pain level ≥7 in the 90 days before chemotherapy initiation; low—had all pain levels ,7 in the 90 days before chemotherapy initiation. †Opioid
requirements during various time intervals: high: average opioid utilization of ≥5 mg day21 OME during time interval selected; low: average opioid
utilization of ,5 mg day21 OME during time interval selected. ‡Severe pain during various time intervals: high: pain levels ≥7 on ≥10% of
recordings during time interval selected; low: pain levels ≥7 on ,10% of recordings during time interval selected. }Moderate–severe pain during
various time intervals: high: pain levels ≥4 on ≥25% of recordings during time interval selected; low: pain levels ≥4 on ,25% of recordings during
time interval selected

Predictor interval Predictor Hazard ratio for overall survival (95% CI) P-value

90 days before chemotherapy initiation Maximum pain level (high vs low)* 1.39 (1.02–1.87) 0.035
Opioid requirement (high vs low)† 0.92 (0.68–1.25) 0.606

First 90 days after chemotherapy initiation Severe pain (high vs low)‡ 1.43 (1.02–2.00) 0.040
Moderate–severe pain (high vs low)} 1.61 (1.17–2.21) 0.003
Opioid requirement (high vs low)† 1.45 (1.07–1.96) 0.016

Chemotherapy initiation to last status date Severe pain (high vs low)‡ 1.35 (0.99–1.86) 0.061
Moderate–severe pain (high vs low)} 1.53 (1.11–2.11) 0.009
Opioid requirement (high vs low)† 1.83 (1.32–2.55) ,0.001
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A: Opioid requirement and severe pain
 during first 90 days of chemotherapy
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B: Opioid requirement and moderate–severe pain
 during first 90 days of chemotherapy
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C: Opioid requirement and severe pain
 during the entire clinical course
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D: Opioid requirement and moderate–severe pain
 during the entire clinical course

Fig 1 Overall survival of patients experiencing different levels of chronic pain and requiring varying amounts of opioids (defined as described in
the Methods section and Table 1) was estimated using the Kaplan–Meier method. The presence of higher levels of pain, greateropioid requirement,
or both was strongly associated with shorter survival. Statistical analysis is provided in the Results section. The panels show the overall survival of
patients stratified by opioid requirement and (A) severe pain during the first 90 days of chemotherapy, (B) moderate-severe pain during the first 90
days of chemotherapy, (C) severe pain during the entire clinical course (from initiation of chemotherapy to death or last follow-up), and
(D) moderate-severe pain during the entire clinical course.
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The independent impact of chronic pain on clinical out-
comes can be difficult to discern because it is often incorpo-
rated into QOL assessment instruments that generate global
QOL scores. To specifically examine influence of chronic pain
by itself on survival, we took advantage of the VA’s electronic
databases that document every pain level reported by
inpatients and outpatients over the entire course of disease;
these databases provide comprehensive assessments since
patients in the VA system are rarely lost to follow-up or
receive treatment elsewhere. To minimize the disproportion-
ate impact of single pain levels (which can fluctuate widely),
we categorized patients by the severity of chronic pain by
calculating the proportion of times a patient reported pain
above certain levels on a 0–10 scale over a longer period of
time. This approach also allowed us to incorporate into our
analyses all pain levels from any clinical encounter patients
had in the VA system.

Prior reports have separately shown that pain and opioid re-
quirement are prognostic factors for OS in various malignan-
cies,16 17 22 but none of these studies simultaneously
examined the individual or combined effects of both these
interrelated factors. Segregating severity of pain from opioid
utilization poses a major challenge in such analyses. We were
able to identify subgroups of patients experiencing higher
levels of pain but not exposed to much opioid (HPLO group),
those experiencing little or no chronic pain but exposed to
larger quantities of opioids (LPHO group), and those experien-
cing greater pain and exposed to higher amounts of opioids
(HPHO group).2 3 Comparing these groups with a reference
group of patients without much pain or opioid exposure
(LPLO group) allowed exploration of the potential impact of
pain alone (HPLO group), opioids alone (LPHO group), or both
factors on clinical outcomes. This strategy was able to identify
highly significant and independent associations of pain and
opioid requirement on overall survival and might provide a
useful method to evaluate the influence of these interrelated
factors in other malignancies.

These clinical data complement earlier studies from our la-
boratory showing that chronic opioid administration leads to
increased cancer progression and metastasis and reduced
survival in mice with breast cancer.7 15 Hyperalgesia continued
to increase in both control and morphine-treated mice over
time, but co-treatment with morphine and celecoxib (a
COX-2 inhibitor) reduced hyperalgesia and also cancer progres-
sion and metastasis and improved survival, suggesting that
pain is associated with cancer progression and survival.7

Opioid-induced hyperalgesia could amplify existing pain, and
might be an additional factor contributing to inferior outcomes
in cancer. Thus, the present clinical observations together with
earlier animal studies demonstrate that pain might critically
influence survival, independent of opioid use. Of course, our
retrospective study demonstrating this association cannot
prove causation, which must await further prospective studies.

Recent studies in humans support the hypothesis gener-
ated by preclinical studies that stimulation of opioid receptor
signalling promotes cancer progression, which could influence
survival. Madar and colleagues29 showed using positron emis-
sion tomography that human lung cancers express higher
levels of opioid receptors in vivo compared with adjacent
normal lung tissue; binding of ligands (and thus likely also
pharmacological and endogenous opioids) was effectively
blocked by opioid antagonists in tumour tissue in vivo. These
findings suggest that it might be possible to block potential
adverse effects of opioid receptor signalling in cancers. The
need to examine the possible benefit of such strategies is
underscored by our observation that both increased MOR ex-
pression and greater opioid requirement are independently
associated with shorter progression-free and overall survival
in prostate cancer patients.16

Pain at diagnosis of metastatic NSCLC has been cited as a
prognostic factor. In a comprehensive literature search of
pain in patients with stage IIIB or IV NSCLC, we found
that pain at diagnosis was significantly associated with
shorter survival on univariable analyses in �80% of studies

Table 4 Independent associations of chronic pain and opioid requirements with overall survival in multivariable models including known
prognostic factors. *Severe pain: high pain (HP)—had pain levels ≥7 on ≥10% of recordings during time interval selected; low pain (LP)—had pain
levels ≥7 on ,10% of recordings during time interval selected. †Moderate–severe pain: high pain (HP)—had pain levels ≥4 on ≥25% of recordings
during time interval selected; low pain (LP)—had pain levels≥4 on ,25% of recordings during time interval selected. ‡Four subgroups were created
based on pain levels and opioid requirements, as detailed in Table 1: (i) low pain/low opioid (LPLO: reference group against which the other three
groups were compared; hazard ratio¼1.00), (ii) high pain/low opioid (HPLO), (iii) low pain/high opioid (LPHO), and (iv) high pain/high opioid (HPHO)

First 90 days after chemotherapy initiation Chemotherapy initiation to last status date

Severe pain* Moderate–severe pain† Severe pain* Moderate–severe pain†

Predictor Hazard ratio
(95% CI)

P-value Hazard ratio
(95% CI)

P-value Hazard ratio
(95% CI)

P-value Hazard ratio
(95% CI)

P-value

HPLO‡ 2.62 (1.45–4.73) 0.001 2.11 (1.24–3.61) 0.006 3.21 (1.69–6.09) ,0.001 2.82 (1.61–4.96) ,0.001

LPHO‡ 1.91 (1.28–2.85) 0.002 1.80 (1.17–2.79) 0.008 2.07 (1.34–3.20) 0.001 2.15 (1.25–3.71) 0.006

HPHO‡ 2.01 (1.26–3.21) 0.003 2.12 (1.37–3.29) 0.001 2.28 (1.45–3.58) ,0.001 2.66 (1.69–4.21) ,0.001

Age 1.03 (1.01–1.05) 0.002 1.03 (1.01–1.04) 0.005 1.03 (1.01–1.05) 0.001 1.04 (1.02–1.06) ,0.001

Performance
status (ECOG)

1.28 (1.04–1.58) 0.022 1.28 (1.03–1.59) 0.026 1.28 (1.05–1.58) 0.017 1.28 (1.03–1.58) 0.025

Stage (IIIB vs IV) 1.52 (1.25–1.86) ,0.001 1.52 (1.25–1.86) ,0.001 1.46 (1.19–1.78) ,0.001 1.46 (1.20–1.78) ,0.001
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(unpublished results). Pain remained significant when clinical
variables including age, gender, performance status, and
stage of disease were included in multivariable analyses in
some studies.17 18 However, none of these studies assessed
the impact of chronic (long-term) pain, opioid requirement,
or MOR expression on outcomes. Consistent with these
reports, we observed that level of pain at diagnosis was signifi-
cantly associated with survival. However, given the subjective
and highly variable nature of pain, determination of a single
pain level at diagnosis cannot reliably reflect the intensity (or
influence) of long-term chronic pain experienced by patients
with advanced malignancies.

Poor survival of patients in the LPHO group could be related
to the adverse effects of opioids. Alternatively, it is possible that
pathways activated by pain23 – 27 continue to exert detrimental
effects in advanced malignancies even after the perception of
pain is relieved by opioid analgesics. Further investigation is
required to distinguish between these possibilities.

Our study analysed the association of chronic pain (from
diagnosis till death) and quantitative, long-term opioid re-
quirement with survival in patients with advanced cancer.
Several retrospective35 – 39 and one prospective40 studies
have examined the association of recurrence or survival with
anaesthetic technique, short-term perioperative opioid ad-
ministration in patients operated for early stage malignancies,
or both. However, the pharmacological effects of opioids,
immune function, opioid receptor expression, and activity are
likely different in the two settings.

Measuring predictors (pain level and opioid requirement)
concurrently with outcome (survival) up till the time of death
can introduce statistical bias. We therefore also analysed the
association of predictors (pain and opioids) restricted to the
first 90 days of chemotherapy (during which few patients
died), with subsequent survival. Restricting analysis to the
first 90 days after chemotherapy initiation also helped reduce
the disproportionate impact of increasing pain and opioid re-
quirement as patients approached the end of life (hospice
care). In addition to avoiding statistical bias, our findings with
this approach indicate that severity of pain and quantitative
opioid requirement early in the clinical course of advanced
NSCLC are strongly and independently predictive of survival.
Demonstrating significant and remarkably comparable asso-
ciations with both pain predictors (severe pain or moderate–
severe pain) and both analysis intervals further strengthens
the validity of our findings.

Limitations of this study include the following: (i) it is retro-
spective, (ii) opioid prescriptions dispensed were used as a
measure of actual opioid consumption, (iii) the confounding
effect of tumour location and extent on pain levels, opioid
requirements and outcomes could not be entirely excluded,
(iv) it included various histologies that are grouped under
NSCLC, (v) it did not specifically distinguish cancer-related pain
from pain related to chemotherapy or radiation, and (vi) non-
steroidal anti-inflammatory drug use during chemotherapy,
although very infrequent, was not incorporated in the analysis.

In conclusion, we report that patients with advanced
NSCLC experiencing more severe chronic cancer-related pain

or having greater long-term opioid requirement experience
shorter survival, independently of the influence of known prog-
nostic factors. Importantly, while pain is an independent prog-
nostic factor, controlling it with opioid medications was not
associated with improve outcomes. Prospective investiga-
tions are warranted to determine if managing pain with
opioid-sparing approaches improves survival in patients with
advanced malignancies. Until results of such studies are
available, clinical practice aimed at relieving cancer pain
should not be changed.
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