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Background and Aim: Cancers originating in the breast, lung and prostate often metasta-

size to the bone, frequently resulting in cancer-induced bone pain that can be challenging to

manage despite conventional analgesic therapy. This exploratory study’s aim was to identify

potential biomarkers associated with cancer-induced pain by examining a sample population

of breast cancer patients undergoing bisphosphonate therapy.

Methods: A secondary analysis of the primary study was performed to quantify serum

cytokine levels for correlation to pain scores. Cytokines with statistically significant correla-

tions were then input into a stepwise regression analysis to generate a predictive equation for

a patient’s pain severity. In an effort to find additional potential biomarkers, correlation

analysis was performed between these factors and a more comprehensive panel of cytokines

and chemokines from breast, lung, and prostate cancer patients.

Results: Statistical analysis identified nine cytokines (GM-CSF, IFNγ, IL-1β, IL-2, IL-4, IL-5,

IL-12p70, IL-17A, and IL-23) that had significant negative correlations with pain scores and

they could best predict pain severity through a predictive equation generated for this specific

evaluation. After performing a correlation analysis between these factors and a larger panel of

cytokines and chemokines, samples from breast, lung and prostate patients showed distinct

correlation profiles, highlighting the clinical challenge of applying pain-associated cytokines

related to more defined nociceptive states, such as arthritis, to a cancer pain state.

Conclusion: Exploratory analyses such as the ones presented here will be a beneficial tool

to expand insights into potential cancer-specific nociceptive mechanisms and to develop

novel therapeutics.
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Introduction
The bone is the common secondary site for some of the most prevalent cancers

including breast, lung, and prostate. Patients with bone metastases, which are often

associated with advanced disease, are living longer with this burden due to

improved cancer therapeutics that prolong lifespan in cancer patients. Cancer-

induced pain (CIP), which is commonly the most severe form of metastatic tumor

development, is a multifaceted and heterogeneous pain state that exhibits character-

istics of neuropathic and inflammatory pain. Currently, CIP is most commonly

treated with radiotherapy, non-steroidal anti-inflammatories, opioids, and bone-

targeting agents such as bisphosphonates and denosumab.1 These options unfortu-

nately do not provide adequate analgesia in cancer patients, with 50% of the cancer

patients having suboptimal pain control and deteriorating quality of life.2 This

observation emphasizes the need to identify novel therapeutic targets that can
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provide adequate analgesia while helping to preserve

a patient’s quality of life. Continued exploration of the

cancer pain state, which may vary by type of the primary

cancer as well as by subtype, is crucial for the develop-

ment of novel therapeutics and the improvement of pain

palliation in cancer patients.

Biomarker studies examining factors associated with

pain development or analgesia have focused on analyzing

factors that characterize non-cancer pain conditions such

as inflammatory or neuropathic pain, which may have

more well-defined nociceptive mechanisms. While cancer

pain shares some features of inflammatory and neuropathic

pain, it also includes unique characteristics that suggest

that it be viewed as an independent pain state.3 Therefore,

establishing biomarker profiles specifically associated with

CIP may inform the application of disease-tailored analge-

sic agents. Several studies that have included CIP patients

primarily focus on identifying markers that will predict an

individual’s analgesic response to radiotherapy but limit

their analysis to urinary markers of bone turnover and do

not address the other modulatory factors that can propa-

gate CIP.4–7

Recent research has indicated that cytokines play a key

role in mediating cancer pain.8 Infiltrating pro-inflammatory

immune cells found within tumors, as well as cancer cells

themselves, release cytokines, which bind to and sensitize

neighbouring nociceptors to painful stimuli and elicit

a central pain response.8 Cancer is a systemic inflammatory

state, and many of the symptoms experienced by cancer

patients, including pain, can be attributed to the action of

cytokines on the peripheral and central nervous systems.9 In

healthy individuals, pro- and anti-inflammatory cytokines

exist in equilibrium which is disrupted in the development

of cancer, with patients showing both immuno-stimulatory

and immunosuppressive profiles.10–12 In a cancer patient,

cytokine levels may vary with disease stage, tumor subtype

and chemotherapy/treatment.13 Given the heterogeneity of

the disease itself and treatment regimens, it has proven diffi-

cult to associate a symptom such as pain, with any one

specific biomarker.12

In an effort to further characterize this complex disease

state and to generate new data for applying more tailored

analgesic regimens, we reanalyzed samples from an exist-

ing clinical trial of breast cancer patients with bone metas-

tases to quantify levels of circulating cytokines and growth

factors in serum collected from cancer patients. This

exploratory, secondary analysis was conducted using sam-

ples from a clinical trial, the TRIUMPH study, whose

primary goal was to examine the efficacy of an altered

bisphosphonate regimen for breast cancer patients with

bone metastases in order to find a more optimal schedule

for intravenous bisphosphonate administration.14,15 Serum

samples and pain data were collected at 0, 12, 24, 36, and

48 weeks, corresponding to the timing of bisphosphonate

administration. We then made further correlations between

the specific factors that best represented changes in pain

from the TRIUMPH study and a more comprehensive

panel of 42 factors that included cytokines, chemokines,

and growth factors. These compounds were analyzed in

a set of 150 patient samples acquired from the Ontario

Tumour Bank (OTB), including 50 samples each from

late-stage breast, lung, or prostate cancer patients.

Methods
Sample Collection for Pain Model
Patient data and serum samples from 57 patients, pro-

vided by the TRIUMPH study were utilized for this

secondary analysis.15 The aim of the TRIUMPH study

was to determine whether switching from 3 to 4 weekly

pamidronate treatments to 12 weekly treatments would be

effective in treating patients with metastatic breast cancer.

All eligible participants were female breast cancer

patients with bone metastases who had a minimum of

3 months of 3–4 weekly intravenous pamidronate treat-

ments in the past. In addition, participants were required

to have serum C-telopeptide (CTx) levels of less than or

equal to 600 ng/L, indicating their status as low-risk for

skeletal-related events. Patients who consented to provide

urine and serum samples for future research had their

blood drawn after an overnight fast but before pamidro-

nate treatment at baseline and weeks 12, 24, 36, and 48.

Patients were also asked to complete the Brief Pain

Inventory (BPI) and Functional Assessment of Cancer

Therapy-Bone Pain (FACT-BP) to assess pain levels at

baseline and weeks 12, 24, 36, and 48. The trial was

approved by the Ontario Cancer Research Ethics Board,

Toronto, Canada. Furthermore, the patient consent

obtained for the trial was written informed consent and

it was conducted in accordance with the Declaration of

Helsinki.

Secondary Sample Accruement
The OTB established by the Ontario Institute of Cancer

Research is a biobank of cancer-related biospecimens

available to researchers undertaking translational research.
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Fifty plasma samples from banked breast, lung, and pros-

tate cancer patients were obtained, with a special request

for samples representing late-stage disease, if possible, in

order to increase the likelihood that the sampled popula-

tion had experienced a metastatic event to the bone. These

patient samples were selected to better reflect the bone

metastasis patients in the TRIUMPH pain model described

above.

Biochemical Analysis
Serum samples were stored at −80°C until use. Prior to

analysis of analyte concentrations, each sample was cen-

trifuged at 14,000 rpm at 4°C for 10 mins. One hundred

microliters of serum was transferred to 0.5 mL microtubes

(Diamed Lab Supplies Inc., Mississauga, Ontario,

Canada). The serum samples from the TRIUMPH study

were sent to Eve Technologies for analysis utilizing the

Human High Sensitivity T-Cell Discovery Array 14-plex

(HDHSTC14). This panel included the following factors:

GM-CSF, IFN-γ, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-
10, IL-12p70, IL-13, IL-17A, IL-23, TNF-α (Table 1). The

secondary plasma samples acquired from the OTB were

analyzed for an array of 42 cytokines/chemokines (EGF,

Eotaxin-1, FGF-2, Flt-3L, Fractalkine, G-CSF, GM-CSF,

GRO(α), IFN-α2, IFN-γ, IL-1α, IL-1β, IL-1Ra, IL-2, IL-3,
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p40), IL-

12 (p70), IL-13, IL-15, IL-17A, IL-18, IP-10, MCP-1,

MCP-3, MDC, MIP-1α, MIP-1β, PDGF-AA, PDGF-AB/
BB, RANTES, sCD40L, TGF-α, TNF-α, TNF-β, VEGF-

A) in addition to TGF-β1, 2 and 3. Eve Technologies uses

multiplex bead technology to analyze multiple analyte

levels simultaneously. All samples were run twice and

the average concentration was then used.

Statistical Analyses
BPI pain severity ratings were acquired from the

TRIUMPH study and a simple univariate linear regres-

sion was run between compiled BPI severity

ratings with each corresponding cytokine measured.

Statistically significant correlations (p<0.05) were input

into a stepwise regression analysis to model which fac-

tors (from 1 to 9) would best predict pain scores. All

possible models were calculated, and model averaging

was used to generate the linear equation for pain pre-

diction. Eight of the 9 cytokines identified in the above

analysis were entered into a correlation matrix using the

quantified levels of the 45 factors from the OTB patient

plasma samples. Of these, all cytokines found to best

predict pain were included, with the exception of IL-23.

Data are reported in a heat map color-coded by

correlation.

Results
Analysis of TRIUMPH Data
Both pain assessment methods (FACT-BP and BPI) indi-

cated that all patients entered the study with low to

moderate pain.15 Based on the primary results of the

TRIUMPH study, BPI severity was the only pain measure

that had prognostic value and was therefore used as the

pain benchmark in developing the pain model used in the

current investigation.15 Mean BPI severity scores were

analyzed over five time points (baseline, 12, 24, 36, and

48 weeks). Pain scores appear to show a general upward

trend over time; however, mean pain scores at each time

point were not statistically different from one another.

The mean baseline score was the lowest at 1.0202,

while 48 weeks reflected the highest mean pain score of

1.95652.

Association Between Cytokine

Concentrations and Pain Severity
In an exploratory analysis to examine whether any of the

cytokines correlated with pain, BPI severity scores were

combined independent of patient number and time point,

and their matched cytokine concentrations were subjected

to a bivariate correlation analysis to identify factors that

Table 1 Correlation of Each Cytokine with Combined BPI

Severity Scores

Pearson r R2 P value

GM-CSF −0.2349 0.055199 0.005

IFN-γ −0.2551 0.065075 0.0023

IL-1β −0.2188 0.047877 0.0091

IL-2 −0.2792 0.078 0.00008

IL-4 −0.2641 0.06977 0.0016

IL-5 −0.2114 0.044688 0.0119

IL-6 −0.06383 0.004074 0.4521

IL-8 0.1459 0.002575 0.5501

IL-10 −0.009846 0.000097 0.9077

1L-12 (P70) −0.2248 0.050546 0.0074

IL-13 −0.1392 0.019378 0.0997

IL-17A −0.2722 0.0741 0.0011

IL-23 −0.1841 0.033911 0.0288

TNFα 0.09002 0.008103 0.2885

Note: Combined BPI severity scores (n=141; all time points available from 57

patients).
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have the strongest correlation with BPI pain severity.

From this analysis, GM-CSF, IFN-γ, IL-1β, IL-2, IL-4,
IL-5, IL-12p70, IL-17A, and IL-23 independently showed

a significant correlation with BPI pain severity scores

(Table 1). These factors were then run in a multivariate,

stepwise regression model to identify which set of factors

have the strongest predictive capacity of BPI severity. All

possible fit models that included 1–9 of the significant

(p<0.05) cytokines from the bivariate regression analysis

were calculated (Table 2). An average of the models with

1 to 9 terms generated a formula (Equation 1) that

provided a predicted pain score based on the concentra-

tions of the above cytokines. Predicted pain scores were

then correlated to report BPI severity pain scores from

the TRIUMPH study using Equation 1, which is illu-

strated in Figure 1 depicting a correlation of R2=0.2.

Equation 1 represents the regression equation gener-

ated from an average of stepwise regression models:

Predicted Pain Severity ¼ 3:36829517303825 þ
� 0:00244231750051036 � ½GM-CSF� þ
� 0:174453925932205 � ½IFN-γ�
þ 0:149440470214165 � ½IL-1β� þ
� 0:051297366788379 � ½IL-2� þ
� 0:0152981266185376 � ½IL-4� þ
0:418800953120134 � ½IL-5� þ
0:0296005411168362 � ½IL-12 p70ð Þ� þ
� 0:0247753365578466 � ½IL-17A� þ
0:00031765498586089 � ½IL-23�

1

To expand the exploration of potential factors that could be

measured in future studies focused on identifying biomar-

kers that define cancer pain, we conducted a correlation

analysis of GM-CSF, IFN-γ, IL-1β, IL-2, IL-4, IL-5, IL-12
(p70), and IL-17A with the second set of 45 factors to

examine how these factors, which were the ones with the

strongest predicative ability of BPI severity, correlated

with additional factors in 3 cancer patient populations.

Due to the heterogeneity of each cancer population, this

data provided information on variations in cytokine and

chemokine profiles and how they correlate with explora-

tory “pain predictive” cytokines. Figure 2 clearly depicts

how patient samplings from breast, lung and prostate

cancers exhibit markedly different correlation profiles

compared to the identified factors.

Discussion
Biomarker analysis may be a promising approach to help

predict pain severity and potentially provide a means to

more objectively measure pain in patients. A recent study

by Niculescu et al (2019) examined blood biomarkers and

their association with pain in psychiatric patients using

a whole-genome approach at the mRNA level.16 They

identified a set of biomarkers with a predictive capacity

for future pain and emergency department (ED) visits for

pain. An interesting finding from this study includes the

fact that future ED visits were better predicted by the

biomarkers in independent cohorts compared to other clin-

ical markers, such as the visual analogue scale (VAS), that

are typically used.16 This shows the potential clinical value

in using biomarkers to predict pain.

The current investigation represents an exploratory

analysis using serum cytokine concentrations to predict

a pain intensity rating in a sample population of meta-

static breast cancer patients, providing a model for iden-

tifying cytokines that can best predict CIP severity.

Table 2 Stepwise Regression Models

Factors Included in Model R2

IL-2 0.0780

IFN-γ, IL-1β 0.1576

IFN-γ, IL-1β, and IL-5 0.1679

IFN-γ, IL-1β, IL-2 and IL-5 0.1781

IFN-γ, IL-1β, IL-2, IL-4 and IL-5 0.1832

IFN-γ, IL-1β, IL-2, IL-4, IL-5 and IL-17A 0.1901

IFN-γ, IL-1β, IL-2, IL-4, IL-5, IL-17A and IL-23 0.1968

IFN-γ, IL-1β, IL-2, IL-4, IL-5, IL-12 (p70), IL-17A and IL-23 0.1992

GM-CSF, IFN-γ, IL-1β, IL-2, IL-4, IL-5, IL-12(p70), IL-17A

and IL-23

0.2014

Notes: Select models with the highest correlation for each model containing 1–9

terms are included. The highest correlation is provided by the model containing all

nine of the cytokines with R2=0.2.
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Figure 1 Pain score predicted using Equation 1 relative to the actual reported BPI

severity score from the TRIUMPH study.
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Figure 2 Correlation between “pain predictors” and a panel of 45 cytokines/chemokines.

Notes: Data represented as heat maps color-coded by correlation from red (highest correlation of 1) to blue (lowest correlation). Factors quantified from plasma collected

from breast (A), lung (B), and prostate (C) cancer patients (n=50 for each cancer type).
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Although exhibiting properties of inflammatory and neu-

ropathic pain, the study of cancer pain will benefit from

this type of analysis in prospective studies with greater

statistical power, as it is clear from this preliminary

analysis that specific cytokine profiles can vary by can-

cer type. The differences between these cancer types

shown here were in line with altered cytokine profiles

identified in a comprehensive review by Lippitz (2013),

which showed that cytokine fluctuations were present in

some cancer types while being absent in others.11 It has

also been shown that variations in subtypes of a single

cancer type can vary a patient’s cytokine profile, with

a general up-regulation in cytokine production as the

disease progresses.13,17

In the current study, all of the cytokines that best

correlated with the BPI pain severity scoring predicted

a decrease in pain intensity when cytokine levels

increased (Pearson r). The review by Lippitz (2013)

can provide some information about this finding since

they examined common patterns in tumor-induced

immune activation and suppression that resulted in dys-

regulated immune responses of cancer patients.11 This

observation highlights that dysfunctional feedback net-

works can potentially influence cytokine production,

potentially changing their common functions in home-

ostasis, and even be associated with the development of

a hypo-responsive state of immune cells in the tumor

microenvironment.18 This may provide some insight into

the negative association of some pro-inflammatory cyto-

kines with pain in the model described here.

Knowledge of the roles of each cytokine used to gen-

erate the predictive equation for pain scores will improve

the understanding of how these factors may inform future

analyses. GM-CSF functions to drive differentiation and

proliferation of stem cells into granulocytes and

monocytes.19 Additionally, it is also often described in

inflammatory and neuropathic pain as a pro-nociceptive

cytokine.20 The IL-2 receptor has been shown to be

expressed on peripheral nerves.21 Similarly, IL-2 is a pro-

inflammatory cytokine that is well known for its role in the

expansion and differentiation of effector T-cells.22

However, it is also involved in controlling the immune

system by allowing the survival of T regulatory cells,

which are important in preventing autoimmunity.

Although this cytokine is considered to be pro-

inflammatory, lower levels of IL-2 have been associated

with cancer progression.11 In addition, in vivo studies have

described anti-nociceptive effects associated with IL-2.

Song et al (2000) found that the intraplantar injection of

IL-2 in rats increased their threshold to pain.23 Similarly,

intrathecal administration of the IL-2 gene (recombined in

a pcDNA3 vector) to rats experiencing chronic neuro-

pathic pain also demonstrated its anti-nociceptive

effects.24 These findings could explain why a negative

relationship between pain in cancer patients and IL-2

levels was observed in the present study.

Additional pro-inflammatory cytokines include TNF-α
and IL-1β, they have both been associated with metastatic

bone pain. Tumor cells secrete IL-1β into the microenvir-

onment, where it binds to ion channels within neighbouring

nociceptors, thereby sensitizing these pain receptors to

further painful stimuli. Pain signals are then transferred to

the brain, resulting in the pain perception. The release of

TNF-α from tumor cells also plays a role in moderating

bone metastasis pain by stimulating osteoclasts, which cre-

ates an acidic environment that may contribute to pain

through acid-sensing nociceptors.25 IL-17A is another pro-

inflammatory cytokine that is predominantly produced by

a specific subtype of CD4+ T-cells.26 It has been linked to

neuropathic pain induced by a spine ligation, stimulating

the movement of astrocytes and other pro-inflammatory

cytokines to the site of inflammation.27 Another pro-

inflammatory cytokine is IL12(p70) which is involved in

the proliferation of natural killer cells and T cells, and helps

to enhance their cytotoxic activity. It was hypothesized to

have been linked with pain development in cancer patients

that were treated with IL-12 in a clinical trial and when it

was injected in plantar tissue in rats, it had an algesic

effect.28 In contrast to TNF-α, IL-1β and IL12(p70), IL-4

is an anti-inflammatory cytokine that is involved in the

suppression of numerous pro-inflammatory cytokines,

such as IL-1β and TNF-α.29 It has been shown to help

mediate analgesic effects of exercising in mice that had

neuropathic pain.30

Little information is available on the direct roles of

IFN-γ, IL-23, and IL-5 in pain. IFN-γ plays an important

role in the expression of the Major Histocompatibility

Complex (MHC), which is a crucial part of the immune

system, as it helps in the detection of antigens. Therefore,

lower levels of IFN-γ production by immune cells have

been associated with various types of cancer.11 In addition,

IFN-γ is produced by immune cells, playing a key role in

CD4+ Th1 cells, which are generally considered to be pro-

inflammatory.31 Higher levels of IL-23 have been

observed in patients with various cancers, including breast

cancer. It is involved in the infiltration of cells from the
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innate immune system into tumors.11 In addition, this

cytokine is involved in the “IL-23/IL-17 axis” of inflam-

mation, inducing naive CD4+ T cells to differentiate into

highly pathogenic helper T cells (Th17) that produce IL-17

and TNF-α, but not IFN-γ.32 IL-5 plays a crucial role in

acquired and innate immunity as it is involved in the

differentiation of B cells and in eosinophil activation.33

IL-5 has been implicated in inflammation involved in

allergic diseases such as asthma, but its role in cancer

and neuropathic pain is less studied.33

Although research on using cytokines as potential bio-

markers for CIP is limited, there are several studies where

cytokines were found to have a strong correlation with

cancer pain. Starkweather et al (2013) analyzed 17 different

inflammatory cytokines in serum samples from 32 patients

with early stages of breast cancer, prior to chemotherapy.34

The study was conducted to examine whether cytokine

levels could be associated with symptoms of cancer, includ-

ing pain. It was found that patients with higher levels of pain

had higher levels of c-reactive protein (CRP), interleukin-

13 (IL-13), interleukin-7 (IL-7), pain interference, depres-

sion, and sleep disturbances.34 Another study conducted by

Laird et al (2011) examined samples from patients with

gastrointestinal, lung, and pancreatic cancer, reporting that

CRP was positively correlated with CIP.35 These studies,

together with the results presented here, will hopefully

advance the utilization of cytokines as biomarkers for CIP.

Important limitations of this study include use of

a relatively small population size to generate the predictive

pain model. Several patient samples had to be omitted, as

some of the cytokine levels were not within the detection

limit of the assay, leading to a further reduction in sample

size. Due to the limited sample size, subgroup analysis

could not be carried out. Given that subgroup analysis was

not possible, patients could not be separated into low and

high pain score groups to compare their cytokine levels. It

should also be noted that patients involved in the

TRIUMPH study had relatively little pain and they were

required to have low CTx levels for trial eligibility. They

were also on a bisphosphonate regimen, and bisphospho-

nates are known to modulate inflammatory cytokine pro-

duction and pain.36–38 Therefore, more datasets and

populations of cancer patients experiencing CIP with

their associated pain scores need to be examined to make

further conclusions. Absence of the pain scores in the

samples received from the OTB is another limitation in

this study, as further correlation between cytokine levels

and pain scores could not be examined. The lack of pain

scores highlights the importance of having pain as

a regular measure for cancer populations and that this

information should become a standard part of tumor regis-

tries and biobanks, so future studies of cancer-related pain

can be completed. Furthermore, the cytokines used to

generate the predictive equation were derived from female

breast cancer patients, and will therefore need to be eval-

uated in males. It is known that there are sex differences in

the immune system, and sex differences in pain.39,40

Although statistically significant, the degree of correlation

in the exploratory analysis is weak, so definite conclusions

cannot be drawn, but it does give some insight into the

potential use of cytokines as biomarkers for CIP.

Conclusion
The current investigation provides an interesting explora-

tory tool to examine the complex relationship between

pain and immune factors that play a role in CIP, especially

in light of the heterogeneous nature of this complex dis-

ease. Unique analyses such as the ones described here are

therefore important in investigating the mechanisms of

CIP as well as identifying potential biomarkers that can

be used to classify this distinctive pain state in patients.

Biomarkers with predictive abilities can be beneficial as

health-care moves toward more personalized treatment

regimens and may help in monitoring the progression of

pain in cancer patients.
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