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Abstract
Purpose Pain commonly occurs in cancer patients, and has
been associated with shorter survival. However, the impor-
tance of pain is less clear when analyzed with other known
prognostic variables. This systematic reviewwas performed to
better understand how pain impacts overall survival (OS) in
common cancers when key clinical variables are included in
multivariate analysis.
Methods A Medline search was completed to find studies
examining the relationship between pain, clinical variables,
and OS in patients with breast, colorectal, lung, or prostate
cancer. Multivariate analysis included known prognostic var-
iables including age, performance status, disease burden, and
laboratory parameters.
Results Fifty studies met inclusion criteria. In patients with
breast, colorectal, and lung cancer, pain was not a significant
prognostic factor for OS on multivariate analysis in most stud-
ies. In contrast, several studies suggest that pain is an indepen-
dent prognostic factor for OS in advanced prostate cancer, even
when relevant clinical prognostic variables are included.
However, analgesic use was often used as a surrogate for pros-
tate cancer pain, making it difficult to determine whether pain
or opioid exposure was more important in influencing survival.

Conclusions Pain may be associated with shorter survival in
patients with cancer, but the mechanism for this relationship is
unknown. The available evidence is insufficient to definitively
determine if pain independently influences survival in patients
with breast, colorectal, or lung cancer. The majority of studies
in prostate cancer show pain to be an independent prognostic
factor for OS, and often also incorporate opioid analgesic use
in multivariate analysis. Prospective studies are needed to bet-
ter understand how opioid utilization and pain may affect can-
cer progression and survival in diverse malignancies.

Keywords Pain . Survival .Multivariate analysis . Quality of
life . Prognosis . Neoplasms

Introduction

For many cancer patients, pain is the most feared symptom of
their disease. Although pain can be managed with a variety of
approaches, these are not always effective [1, 2]. As a result,
patients often suffer from increasing pain over the course of
their disease. A meta-analysis has found prevalence of pain to
reach 64% in patients with advanced malignancy, and it con-
tinues to affect 33% of cancer patients even after completion
of curative treatment [3].

The presence of pain, along with other symptoms such as
fatigue and appetite loss, causes considerable distress and sig-
nificantly affects quality of life (QOL) during and after treat-
ment [1]. Many reviews have noted the effect of QOL predic-
tors on survival, often with worse symptoms being prognostic
for shorter survival [4–6]. A large meta-analysis of 30 trials on
a variety of cancer types found pain to be a significant prog-
nostic factor for survival on multivariate (MV) analysis [7].
However, most studies reported have one or more of three
limitations: (1) Pain is assessed at only one time-point, which
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is usually at diagnosis, (2) Multivariate analyses often include
other QOL variables, but do not include key prognostic clin-
ical variables such as performance status, disease burden, or
laboratory values, and (3) Opioid requirements are rarely
included.

Opioid analgesics are often prescribed to treat cancer pain,
but have been shown to promote angiogenesis, tumor growth,
and metastases via the mu opioid receptor (MOP-R), and to
shorten survival in animal models [8–10]. MOP-R is
overexpressed in several human malignancies [8, 11, 12],
and the level of MOP-R expression may influence the activity
of pharmacological opioids and inadvertently promote cancer
progression. We previously reported that both the level of
MOP-R expression in prostate human biopsy tissue samples
and opioid exposure were independently associated with infe-
rior progression-free and overall survival (OS) in patients with
advanced prostate cancer [13]. We also observed that higher
opioid exposure and more severe pain were predictive of
shorter survival in patients with advanced non-small cell lung
cancer [14].

To better delineate the independent prognostic importance
of pain in cancer, we searched the literature to identify studies
in which pain as well as the major known clinical prognostic
variables were included in MV analysis of survival in four
common malignancies.

Methods

AMedline search was completed to find articles published on
or before May 5, 2016 that examined pain as a prognostic
factor for OS in breast, colorectal, lung, and prostate cancers.
The detailed Ovid Medline search strategy used is shown in
the Appendix A Additional articles were found by examining
the citations in included publications.

Key words included in the domain of the search were sub-
headings of Bsurvival^ as well as Bneoplasms^. Articles also
contained Bpain^ or Bquality of life^ as determinant symptoms
and utilized an MV analysis. Papers were limited to those
studying humans and published in the English language.
Only papers reporting the effect of pain and OS in the four
most common cancers (breast, colorectal, lung, and prostate)
were included.

Studies were manually excluded if they failed to include
Boverall survival^ in their analysis. This included studies that
only reported Bprogression-free survival,^ Bcancer-specific
survival,^ or other outcomes. Studies were also excluded if
they lacked clinical variables in their MV analysis or if they
did not examine pain

Two reviewers (DZ and PG) completed the initial Medline
search and selected relevant articles based on their titles and
abstracts. Three reviewers (DZ, KA, and GS) then further

examined the papers to extract relevant data and synthesize
the information into tables.

Extracted data included the sample size (n), cancer
type/population, pain assessment methodology/tool utilized,
clinical variables included in the MVanalysis, and the results
of the significance of pain in univariate (UV) and MVanaly-
ses. UV analysis focused on baseline pain alone and its asso-
ciation with overall survival, whereas MV analysis assessed
pain and OS when controlling/adjusting for other key clinical
variables. Clinical variables were chosen based on their prog-
nostic relevance in the respective malignancies. Laboratory
variables include both those that are used as tumor markers
(e.g., prostate specific antigen (PSA)) and other key factors
(e.g., hemoglobin levels). Additional comments are also
listed to provide insight into any unique features of each
study.

To evaluate the quality of studies, we defined a system
based on the type of pain assessment methodology listed.
Studies utilizing validated quality of life instruments (e.g.,
FLIC, Functional Living Index-Cancer; EORTC QLQ-
C30, European Organization for Research and Treatment
of Cancer Quality of Life-Core 30 Questionnaire; EORTC
QLQ-LC13, European Organization for Research and
Treatment of Cancer Quality of Life Lung Cancer
Modular Supplement ; MDASI, M. D. Anderson
Symptom Inventory; and SF36v2, Short Form 36v2) were
felt to have a more robust analysis. We gave studies incor-
porat ing these instruments a top-t ier assessment
(BValidated PRO^). Inferior studies were those that incor-
porated simpler numerical assessments (BOther PRO,^ e.g.,
visual analogue scale) or used surrogate markers for pain
(BSurrogate,^ e.g., pain assessed by degree of opioid
consumption).

While performance status (PS) was included as a clinical
variable in many studies, a specific range was often required
for inclusion. Of the 38 studies that included PS as a clinical
variable, 16 limited the scores for patient inclusion in the
methods (often only patients with PS score of ECOG ≤2 were
included).

The criteria for what was deemed statistically significant
was decided by the original authors. Most utilized a p value of
≤0.05 for significance. However, p values deemed significant
ranged from 0.01–0.1.

Results

The initial Medline search yielded a total of 841 results. After
further review, 43 articles were selected from this initial
search. Another seven articles were added upon review of
citations in the initial publications, leading to a total of 50
selected articles. Major findings from these articles are shown
in Tables 1–4, separated by cancer type.
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Breast cancer

Table 1 outlines studies on patients with breast cancer
[15–21]. Of the seven studies matching the required charac-
teristics, five found pain to be significantly associated with
worse OS on UVanalysis [16, 17, 19–21], yet pain remained
significant on MV analysis in only two studies [17, 19].
Although all seven studies used clinical variables in their
MVanalyses, they varied in their choice of variables. The five
papers that used two or more clinical variables did not find
pain to be significant onMVanalysis, or did not include it due
to a lack of significance on UV analysis [15, 16, 18, 20, 21].
The largest sample size was 1511, including all stages of
breast cancer, and this study found pain to only be significant
on UVanalysis [20]. In summary, the studies utilizing two or
more clinical variables in the MV analyses generally found
that in patients with breast cancer, pain was a significant prog-
nostic factor for survival on UV but not on MVanalysis.

Colorectal cancer

The six studies examining the relationship between pain and
OS in colorectal cancer patients are outlined in Table 2
[22–27]. Four of the six studies found pain to be a significant
prognostic factor for OS on UVanalysis [22, 24–26], but only
two studies found it to be significant on MVanalysis [25, 26].
All studies were in patients with either advanced or metastatic
colorectal cancer. Maisey et al. found pain to be significant on
both UV and MV analyses and contained the largest sample
size and the four most significant clinical variables (perfor-
mance status, stage, laboratory parameters, and disease bur-
den) [25]. This study strongly suggests pain is a significant
prognostic factor for OS. However, more recent studies that
also included multiple relevant clinical variables did not con-
firm pain as an independent prognostic factor in colorectal
cancer [22, 24].

Lung cancer

Lung cancer was the most commonly examined tumor type,
with nearly all studies on non-small cell lung cancer
(NSCLC). These 20 reports are summarized in Table 3
[28–47]. Among these, 14 found pain to be a significant prog-
nostic factor for OS on UVanalysis [28–32, 34, 35, 37, 39, 41,
43–46], while ten found it to be significant on MV analysis
[28, 30–32, 34, 36, 38, 39, 43, 45]. In the two papers that used
five of the six most commonly included clinical variables,
neither found pain to be a significant prognostic factor for
OS on MVanalysis [42, 44]. However, three of the four stud-
ies that used fewer (only four) clinical variables found pain to
be significant on MVanalysis [31, 32, 38], showing the vari-
ability of significance in lung cancer patients. Three studies
utilized a bootstrapping statistical model in an attempt to

validate their findings, and all three found pain to be signifi-
cant on MV analysis [28, 31, 32]. Finally, Sundstrom et al.
included the use of steroids and analgesics in UV and MV
analyses [46]. Both steroid and analgesic use were significant
on UVanalyses, and steroid use retained significance on MV
analysis. In summary, while 70% of the studies found pain to
be significant on UVanalysis, only 50% found it to be signif-
icant on MV analysis. These studies are quite heterogeneous
with differences in disease stage, sample sizes, and clinical
variables included in the MV analyses, making it difficult to
ascertain the importance of the independent influence of pain
on survival.

Prostate cancer

A large number of studies evaluated the influence of pain on
survival in patients with prostate cancer and are shown in
Table 4 [48–64]. Of the 17 studies reviewed, 12 found pain
to be significant as a prognostic factor on UVanalysis [48, 49,
53, 56–64], and 11 found pain to be of prognostic significance
for OS on MVanalysis [48–50, 53–56, 59–61, 64]. Given the
importance of PSA in prostate cancer, all but two studies in-
corporated PSA values in the MVanalysis. [48–61, 64]. Nine
studies used four common clinical variables [48, 49, 51,
54–56, 60, 61, 64], and eight of these papers found pain to
be a significant prognostic factor for OS on MVanalysis [48,
49, 54–56, 60, 61, 64]. These findings in patients with prostate
cancer differ sharply from findings in the other three cancers,
in which pain did not remain significant as a prognostic factor
for OSwhen important clinical variables were included inMV
analysis. The largest study on patients with advanced, castrate
resistant-prostate cancer (n = 1901), found pain to be signifi-
cant on both UV and MV analyses [64]. This report also in-
cluded a verified QOL tool, bootstrapping, and four common-
ly used clinical variables, enhancing the validity of the find-
ings. Finally, analysis of prostate cancer differed from others
in that analgesic usage was often examined. Five studies de-
fined pain by analgesic use [48, 51, 55, 57, 59], of which three
found pain to be significant on MV analysis [48, 55, 59].
Halabi et al. included opioid analgesic use in the MVanalysis,
and found it to be a significant prognostic factor for OS [61].

All cancers—summary

In summary, considerable evidence indicates that pain is an
independent prognostic factor in advanced prostate cancer.
However, pain was often connected to or assessed by analge-
sic use, making it difficult to determine if pain or opioid use
was more important factor influencing survival in patients
with prostate cancer. The available evidence is insufficient to
definitively determine whether or not pain independently in-
fluences survival in patients with breast, colorectal, or lung
cancer.
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Discussion

We reviewed 50 studies that examined the prognostic influ-
ence of pain and other key clinical variables in patients with
breast, colorectal, lung, or prostate cancer. The majority of
studies found pain to be an adverse prognostic factor for OS
on UVanalysis in all these malignancies. However, when key
prognostic variables such as age, gender, disease burden, per-
formance status, and laboratory parameters were included, the
association of pain with survival became less clear in breast,
colorectal, or lung cancer. Pain does appear to be an indepen-
dent adverse prognostic factor for OS in patients with ad-
vanced prostate cancer.

Molecular and cellular mechanisms underlying the poten-
tial influence of pain on clinical outcomes remain incomplete-
ly defined. Potential mechanisms by which pain might pro-
mote cancer progression and shorten survival may include (a)
pain-induced impairment of host immune response, allowing
malignant cells to grow/spread more easily [65, 66], (b) re-
ducing the ability of patients to undergo intensive anti-cancer
therapies, via pain-mediated impairment of performance sta-
tus, QOL, and nutritional intake [67], and/or (c) increasing the
activation of mu-opioid receptors (MOP-R), either by pain-
induced stimulation of endogenous opioids (e.g., endorphins),
or increased consumption of pharmacological opioid analge-
sics. Since most of the studies included in this review were
observational, it is hard to draw firm conclusions as to which
mechanism may explain our findings.

Of these possible mechanisms, increased consumption of
pharmacological opioids remains an important plausible ex-
planation for the association between pain and shorter OS.
Analgesic use, often differentiated into opioid versus non-
opioid usage, was used in five studies as a surrogate for pain
level in prostate cancer [48, 51, 55, 57, 59], and was a signif-
icant prognostic factor in three of these. Halabi et al. found
opioid use itself to be a significant prognostic factor for OS in
MV analysis [61]. These findings are consistent with our re-
cent retrospective studies showing that greater opioid expo-
sure is associated with inferior OS in both prostate and lung
cancer [13, 14]. However, it is critical to emphasize that opi-
oids remain a first-line treatment for advanced cancer-related
pain and dyspnea, and their use should not be limited at this
time. Opioids provide great comfort in a palliative/terminal
settings, and their use in these situations has not been shown
to hasten death [68].

Previous reviews assessing QOL scores and OS in a variety
of cancers have reported mixed results on the prognostic in-
fluence of pain [4–6]. Many studies have evaluated the rela-
tive importance of pain compared to other QOL variables, and
were unable to take into account the critical importance of
known clinical prognostic variables. In the current review,
we only included studies where at least one key clinical vari-
able such as age, performance status, disease burden, andT
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laboratory markers were included in the MV analysis. Both
gender and race could also impact patients’ pain experience.
While gender is not a relevant variable for breast and prostate
cancer studies, there is often a higher percentage of male pa-
tients making up the colorectal and lung cancer cohorts, which
could impact results. Ethnicity was rarely reported in any
study, and we opted to omit it from our results.

While there was marked heterogeneity in the prognostic
variables included in the MV analysis, we found that pain
remains a potentially important adverse prognostic factor for
survival in advanced prostate cancer. The current review also
permits critical evaluation of the strongest studies (i.e., those
with larger sample sizes, using validated QOL tools, and con-
taining at least three of the four important clinical variables
such as performance status, stage, laboratory parameters, and
disease burden) in MV analysis. Of the 12 studies that met
these more stringent criteria, six found pain to be significant
on MV analysis, the majority of which were performed in
patients with prostate cancer [25, 34, 54, 59, 61, 64].

Reaching definitive conclusions about the prognostic rele-
vance of pain is further limited by the inherent difficulty in
assessing pain and comparing it across studies. Such limita-
tions include (a) the subjective nature of pain, (b) fluctuation
over short periods of time, (c) progressive increase with pro-
gression of malignancy, (d) usual assessment at a single time
point (often at initial evaluation/diagnosis, and (e) influence of
other variables (e.g., emotional distress, amount/type of anal-
gesic ingested prior to pain measurement). All of these factors
might have impacted baseline pain measurements collected in
various studies, and contributed to the variability in their find-
ings. Finally, most papers did not report how often patients
were lost to follow up. In addition, many of these articles were
sub-studies of larger clinical trials, or pooled results from a
combination of clinical trials, making it difficult to precisely
define the exact duration of the follow-up periods across
studies.

Severe cancer-related pain usually occurs only when ma-
lignancies reach an advanced stage. It was therefore appropri-
ate that most studies evaluating the influence of pain on sur-
vival only included patients with advanced stage malignan-
cies. In fact, among the six studies that included patients with
all stages of cancer [20, 29, 37, 38, 62, 63], five found that
pain was not significant on MVanalysis.

As emphasized by us [13], tracking opioid analgesic con-
sumption may be easier, more objective and quantitative than
monitoring pain levels (particularly if only a single baseline
value is used), and may therefore prove to be a more reliable
surrogate indicator of pain in future studies. There are several
basic science and pre-clinical studies underlying the hypothe-
sis that opioid exposure may lead to cancer progression in
humans [8–10, 69–71]. Further supporting this notion, we
found that both pain and opioid exposure are predictive of
markedly shorter survival in a retrospective analysis of 204

patients with advanced NSCLC [14]. Nevertheless, because it
is difficult to dissociate pain from opioid analgesic use, both of
which may influence clinical outcomes, future prospective
studies should incorporate longitudinal assessments of pain
(ideally with validated patient-reported outcome tools) togeth-
er with analgesic utilization focusing on amounts of opioid
ingested.

In conclusion, we examined the association of pain with
survival in patients with breast, colorectal, lung, or prostate
cancer. In 50 studies that met selection criteria, pain appeared
to be a significant prognostic factor for OS on univariate anal-
ysis, but had varied results depending on the type of cancer
analyzed and number and type of clinical variables used in
multivariate analysis. Most prostate cancer studies showed
pain to be an independent prognostic factor for OS and often
incorporated opioid analgesic use in multivariate analysis.
Prospective, longitudinal studies that include all relevant clin-
ical variables are needed to better understand how pain and
opioid utilization may impact cancer progression and clinical
outcomes.
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APPENDIX

Ovid Medline search strategy 5/5/2016: Search Term
(# of results):

Domain

1. exp Survival Analysis/ or exp Survival/ or exp Survival
Rate/ (335733)

2. survival.m_titl. (99487)
3. 1 or 2 (394998)
4. exp Neoplasms/ (2827457)
5. 3 and 4 (201726)

Type of analysis

6. exp Multivariate Analysis/ (97772)
7. (multivariate$ or multivariable$ or proportional

hazard$).mp. (324009)
8. (multiple variab$ or model$).mp. (2557125)
9. 6 or 7 or 8 (2720285)
10. 5 and 9 (67631)

Support Care Cancer



Determinant symptoms

11. exp pain/ or exp pain perception/ or exp pain
measurement/ (352715)

12. pain.ti,ab. (411189)
13. 11 or 12 (562254)
14. 10 and 13 (728)
15. quality of life.mp. or exp quality of life/ (210088)
16. 10 and 15 (1501)
17. 14 or 16 (2079)
18. limit 17 to (English language and humans) (1972)

Type of cancer

19. exp breast neoplasms/ (242234)
20. exp prostatic neoplasms/ (104251)
21. exp lung neoplasms/ (192487)
22. exp colorectal neoplasms/ (166417)
23. 19 or 20 or 21 or 22 (674548)
24. 18 and 23 (841)
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