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Background: Patients with bone metastases undergoing palliative radiation therapy (RT) may experience
changes in both the functional and symptomatic aspects of quality of life (QOL). The European
Organization of Cancer Research and Treatment (EORTC) QOL Questionnaire Core-15 Palliative
(QLQ-C15-PAL) is a validated questionnaire employed to assess QOL specifically in palliative patients.
Our study aimed to identify single-nucleotide variant (SNV) genetic biomarkers associated with changes
in QOL and pain.
Methods: Fifty-two patients who received a single 8-Gy RT for painful bone metastases completed the
EORTC QOL-C15-PAL questionnaire prior to randomization and at 42-day post RT. Saliva samples
obtained at day of RT were sequenced, and SNVs from genes involved in inflammation, radiation response,
immune response, DNA damage, or QOL were assessed for association with changes in global QOL or
the pain scale items using the Cochran-Armitage trend test. The penalized LASSO method with minimum
Bayesian information criterion was used to select a multi-SNV model out of significant SNVs (P<0.005) and
to produce prognostic scores for patients that categorized them into risk groups of low, middle, and high.
Results: The multivariable model predicting global QOL included 14 SNVs, of which HS1BP3 rs35579164
G:C and ABCA1 rs2230805 C>T had the largest positive and negative effect sizes, respectively (HS1BP3: 8.21,
ABCA1: −3.44). The model for the response of QOL pain item included 8 SNVs, of which PLAUR rs4760
A>G and ELAC2 rs11545302 had the largest positive and negative effect sizes, respectively (PLAUR: 5.23;
ELAC: −3.84). The patients’ risk groups were highly predictive of QOL response (P<0.0001) and pain item
response (P<0.0001). In logistic regression analysis accounting for baseline factors of gender and primary
cancer site, the global QOL risk group predicts pain response after RT [OR: 2.1, 95% confidence interval
(CI): 1.2–3.9, P=0.015], but the QOL pain item risk group did not (OR: 0.93; 95% CI: 0.5–1.6, P=0.79).
The multi-SNVs model included SNVs from genes involved in metabolism, membrane transport, cell cycle
control, ciliary structure, and gene expression regulation.
Conclusions: SNVs were significantly associated with changes in global QOL of global domain and
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pain item in patients with bone metastases. Identification of genetic biomarkers predictive of QOL items
may allow patients and health care providers anticipate and better address the needs of the palliative cancer
patient population.
Keywords: Genetic biomarker; single nucleotide variant; palliative radiotherapy; quality of life (QOL); cancer
symptoms
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Introduction
Bone is one of the most common sites with metastases,
and many cancer patients with metastases to the bone can
live for years upon their initial diagnosis (1). However, the
development of metastatic loci in bone can lead to pain and
fracture risk, which greatly impede quality of life (QOL) (2).
QOL encompasses multiple functional and symptomatic
domains of life such as nausea and vomiting, fatigue, and
pain (3). In particular, the presence of pain can negatively
affect almost all other aspects of QOL, including the
functional and emotional domains (4). Since patients with
bone metastases often have survival measured in years,
maintaining their QOL through managing symptoms such
as pain that are associated with disease and treatment is of
increasing clinical importance.
Radiotherapy is effective in the palliation of bone
metastases to improve QOL and manage pain. However,
there is variability in patient response. Studies have found
that altered protein levels, particularly of inflammatory
proteins, are associated with variations in QOL, therefore
pointing to genetic variation as a potential underlying cause
that explains inter-individual differences (5). Moreover,
family and twin studies suggest that around 30–50% of
patient-reported QOL aspects is heritable, strengthening
the argument for genetic predisposition of QOL (6,7).
Single nucleotide variants are differences at individual
nucleic acid bases in DNA in the population, and
represent the most common form of genetic variation (8).
Therefore, it has been the object of association studies
which identify genetic biomarkers predictive of QOL.
For example, Alexander et al. identified single-nucleotide
variants (SNVs) in growth factor genes associated
with QOL in prostate cancer patients (5). Young et al.
identified SNVs neural signalling genes associated with
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QOL and symptom burden in women undergoing cancer
treatment (9). However, SNVs have not been investigated
in the area QOL for patients receiving palliative
radiotherapy for bone metastases. Our study aimed to
identify candidate SNVs that are genetic molecular markers
associated with changes in global QOL and pain in these
patients.
Methods
Patient population
This study was approved by the Ontario Cancer Research
Ethics Board (OCREB) (No. 10-094). Patients provided
informed consent before enrolling in the double-blind
randomized NCIC Clinical Trials Group (NCIC CTG)
Symptom Control 23 (SC. 23) study that assessed the effect
of prophylactic dexamethasone on reducing pain flare in
patients who were receiving palliative radiotherapy for
bone metastases (10). Patients recorded their pain levels
through completing the brief pain inventory (BPI), which
ranked pain from a scale of 0 (no pain) to 10 (worst possible
pain), and analgesic intake from day of radiation therapy
(RT), then every day for 10 days post-RT, and at day 42
post-RT. Patients who reported a pain score of at least 2 at
the treated site were eligible to participate in the study.
Survey analysis
To assess QOL, patients completed the European
Organization of Cancer Research and Treatment (EORTC)
QOL Questionnaire Core-15 Palliative (QLQ-C15PAL) within 10 days of randomization (baseline), then at
day 10 and 42 after RT. Patients with complete QOLC15-PAL data were analysed. The QLQ-C15-PAL is a
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validated tool designed to assess QOL specifically in the
palliative population. It comprises of 15 questions adapted
from the QLQ-C30 core questionnaire. Responses to the
global QLQ and pain items from the QOL-C15-PAL
questionnaire were analysed. Both questions utilised a
Likert scale, but while the QOL item was scored from 1
(very poor) to 7 (excellent), the pain item was scored from
1 (not at all) to 4 (very much). Therefore, higher scores
represent better QOL but higher degree of pain (11,12).
We then performed a linear transformation to obtain
scores on a scale from 0-100. The differences between
baseline and day 42 were used to calculate improvement or
deterioration in QOL and pain, with positive differences
representing improvement in QOL but worsening pain.
Patients with absolute differences between baseline and
day 42 that were greater than 10 were considered clinically
significant and were analysed to determine genomic
associations with change in global QOL and pain.
Genomic analysis
Patients provided saliva samples at day of RT, which was
subsequently sequenced by the Illumina TruSightTM One
Panel for 4,813 genes known to harbour disease-causing
variants. BWA was used to map the raw sequencing data
from Illumina’s MiSeq platform hg19 onto a reference
genome (13). Base quality score recalibration, indel
realignment, duplicate removal, and variant calling were
performed based on GATK Best Practices to identify
single nucleotide variants in the sequenced genes (14).
Finally, ANNOVAR was used to annotate variants that
had functional or clinical relevance, and to assist in variant
filtering and analysis (15).
Variant filtering and selection
Variants from genes implicated in inflammation, radiation
response, immune response, DNA damage, and QOL
were selected for further analysis. On these variants, the
Cochran-Armitage trend test was performed to look for
significant associations with change in QOL and pain.
Variants that had a significance level of P<0.005 underwent
backwards elimination using the HPGENSELECT
procedure on SAS in combination with the LASSO
method of variable selection using the minimum Bayesian
information criterion. The generated multivariable model
with estimated effect sizes were used to calculate prognostic
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scores for QOL and for pain through multiplying the
estimated effect size of each SNV with its corresponding
SNV value. The calculated prognostic score of each patient
was used to divide patients in to risk groups of low (<1/3
quartiles), medium (≥1/3 but <2/3 quartiles), and high (≥2/3
quartiles). Next, the Cochran-Armitage trend test was used
for univariate analysis of the risk groups. For multivariable
analysis, a logistic regression model was fitted to the
risk group model and adjusted for gender and primary
cancer site.
Variants selected in the multivariable model underwent
literature search and pathway analysis to find existing
associations and biological pathways that may be
clinically or biologically relevant in the improvement or
deterioration in QOL and pain.
Results
A total of 52 patients were analysed for global QOL. The
baseline characteristics of these patients are presented
in Table 1. Their median age was 71.5 years old (range
34–95 years), and 54% of patients were female. The most
common primary cancer sites were breast (27%), lung
(27%) and prostate (21%). Patients most frequently had a
Karnofsky performance status of 70–80 (60%) and a high
worst pain score of 7–10 at baseline (58%). Palliative
radiation was most commonly prescribed to the lumbosacral spine (27%) followed by pelvis, hip, or lower
limbs (25%), Cervical-thoracic spine (23%) and Ribs,
clavicle or sternum (23%). Out of 52 patients, 30 (58%)
responded to RT.
Variants associated with the C15-PAL global QOL score
Univariate analysis found 15 variants significantly
associated with change in QOL (Table S1). The most
significant variant was the rs2435351 G>A intronic variant
from the gene RET (P=0.0002). Fourteen of these variants
were selected in the multivariable model (Table 2). The
variant with the largest effect size was the rs35579164
G>C variant of the gene HS1BP3, corresponding to an
amino acid change from proline to arginine at position 348
(effect size =8.21, P=0.0011). The variant with the largest
negative effect size was the rs2230805 synonymous variant
from the gene ABCA1 (effect size =−3.44, P=0.0021). One
gene, FYCO1, contributed two variants to the multivariable
model. These are the rs3796375 G>A variant which

apm.amegroups.com

Ann Palliat Med 2017;6(Suppl 2):S248-S256

Annals of Palliative Medicine, Vol 6, Suppl 2 December 2017
Table 1 Baseline patient characteristics
Characteristic
Median age [range], years

Data
71.5 [34–95]

Sex (%)
Female

28 (53.8)

Male

24 (46.2)

Primary cancer site (%)
Breast

14 (26.9)

Lung

14 (26.9)

Prostate

11 (21.2)

Other or unknown

13 (25.0)

Karnofsky performance status (%)
40–60

18 (34.6)

70–80

31 (59.6)

90–100

3 (5.8)

Worst pain score at baseline (%)
2–4

8 (15.4)

5–6

14 (26.9)

7–10

30 (57.7)

Index site of radiated bone lesion (%)
Lumbo-sacral spine

14 (26.9)

Pelvis, hips, or lower limbs

13 (25.0)

Ribs, scapula, or sternum

12 (23.1)

Cervical-thoracic spine

12 (23.1)

Humerus

1 (1.9)

Response to RT (%)
Responders

30 (57.7)

Non-responders

22 (42.3)

Total n

52

RT, radiation therapy.

produces an amino acid change from alanine to valine
at position 679 (effect size =1.02, P=0.0033), and the
rs3733100 C>G variant which produces an amino acid
change from glycine to alanine at position 321 (effect size
=1.72, P=0.0045).
Univariate analysis of the risk groups derived from
the multivariable model found that risk groups were
highly predictive of a patient’s global QOL response to
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radiotherapy (P<0.0001, Table 3). In multivariable analysis
with logistic regression and accounting for preselected
baseline factors, the risk groups remained significantly
predictive of pain response to radiotherapy [OR: 2.1, 95%
confidence interval (CI): 1.2–3.9, P=0.015]. In univariate
analysis, QOL response was not significantly associated
with pain flare after radiotherapy (P=0.65), and remained
insignificant after adjusting for baseline factors (OR: 1.2;
95% CI: 0.6–2.2, P=0.66).
Two variants were identified in the literature search.
This included rs2230805 C>T from ABCA1, which
produces a membrane transporter of lipids such as
cholesterol. Several studies have investigated the role
of rs2230805 and Alzheimer’s disease, and found that
this variant was significantly associated with disease risk,
possibly through influencing the lipid profile (16-19). A
study by Pasdar et al. investigated the role of rs2230805
and ischemic stroke, but found no associations (20). The
second variant was rs1052131 from the gene SULT2B1,
which produces a protein involved in the metabolism of
steroid compounds. The variant allele was found to be
associated with a reduced risk of esophageal squamous cell
carcinoma (21).
Variants associated with the C15-PAL pain scale score
We identified 9 variants significantly associated with pain
in univariate analysis (Table S2). The most significant
variant was rs76608797 C>A of the aquaporin gene AQP7,
which produces an amino acid change from valine to
phenylalanine at position 152 (P=0.0012). This gene had
a second variant significant in univariable analysis, a G>A
variant at position 33386144 (P=0.0047). Eight of these
variants were selected in the multivariable model (Table 4).
The variant with the largest positive effect size was rs4760
A>G from the gene PLAUR, which produces a protein
change from leucine to proline at position 193 (effect size
=5.23, P=0.0024). The variant with the largest negative
effect size was rs11545302 T>C, a synonymous variant of
the gene ELAC2 (effect size =−3.84, P=0.002).
Univariate analysis of the multi-SNV risk group
model found that the risk groups were highly predictive
of a patient’s pain response to radiotherapy (P<0.0001,
Table 5). However, the risk group did not predict pain
response in logistic model adjusted for age and primary
cancer site- (OR: 0.93; 95% CI: 0.5–1.6, P=0.79).
Three of the variants in the model have been
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chr9

ABCA1

107624029

40901496

4768193

19867771

89221179

56643109

46008790

46009864

21461411

43596179

49102513

35182348

168999670

20818883

Position

rs2230805*

rs268673

rs4147682

rs1139795

rs34208235

rs34818467

rs3796375

rs3733100

rs11413698

rs2435351

rs1052131*

Not available

rs41266325

rs35579164

dbSNP ID

C>T

T>C

A>T

C>T

G>A

A>G

G>A

C>G

A>–

G>A

C>T

–>A

C>T

G>C

R>A

Synonymous

p.Ile921Met

Intronic

Synonymous

3’ UTR

Synonymous

p.Ala679Val

p.Gly321Ala

Intronic

Intronic

Synonymous

Intronic

Synonymous

p.Pro348Arg

Protein change

13, 2, 0

11, 4, 0

13, 2, 0

15, 0, 0

14, 1, 0

15, 0, 0

2, 8, 5

1, 8, 6

11, 4, 0

4, 9, 2

8, 5, 2

10, 5, 0

11, 4, 0

11, 4, 0

QOL improvement
SNV (0, 1, 2)

14, 19, 4

11, 23, 3

16, 21, 0

20, 16, 1

18, 18, 1

21, 15, 1

19, 15, 3

16, 16, 5

37, 0, 0

29, 8, 0

32, 5, 0

36, 1, 0

37, 0, 0

37, 0, 0

QOL deterioration
SNV (0, 1, 2)
Gene function

Cell growth and
differentiation, also
proto-oncogene

Metabolism and
excretion

Cytoskeleton
regulation

Wound healing,
angiogenesis

0.0002

0.0037

0.0017

0.0011

0.0011

P value

Spermatogenesis

Autophagy and
microtubules

Autophagy and
microtubules

0.3029

0.35044

0.2463

0.1853

Cholesterol transport

Peripheral nerve
myelin upkeep

Electron transport
chain

Cellular redox
environment

0.1376 Fatty acid metabolism

0.2196

0.4303

0.433

0.0021

0.0041

0.0043

0.002

0.0034

0.0032

0.0033

0.0045

0.32232 Cardiac muscle protein 0.0011

0.2822

0.1792

0.1179

0.03443

0.0362 Immunity: lymphocyte
activation

ExAC

−3.44

−2.68

−2.01

−0.41

−0.34

−0.16

1.02

1.72

2.18

2.6

2.72

3.2

4.02

8.21

Effect size

*, variant with published clinical associations; chr, chromosome of variant; position, chromosomal location of variant; dbSNPID, SNV identification; R>A, reference allele and
alternative allele; protein change, change of amino acid; 3’ UTR, 3’ untranslated region; QOL improvement or deterioration SNV, number of individuals with 0, 1, or 2 copies
of the alternative allele; ExAC, population frequency of alternative allele from exome aggregation consortium; gene, name of gene harbouring SNV; function, biological
function of gene; P value, significance found in univariate analysis, as determined by the Cochran-Armitage trend test; effect size, estimate of effect on predicting response
to radiotherapy. SNV, single-nucleotide variant; QOL, quality of life.

chr19

PRX

chr3

FYCO1

chr12

chr3

FYCO1

NDUFA9

chr10

NEBL

chr22

chr10

RET

TXNRD2

chr19

SULT2B1

chr16

chr14

CFL2

ACSF3

chr6

SMOC2

chr17

chr2

HS1BP3

TEX14

Chr

Gene

Table 2 Genetic variants associated with changes in QOL
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Table 3 Prognostic risk group by response status for QOL improvement
Response status/prognostic groups

Low

Middle

High

Total

QOL deterioration

17 (100.0%)

17 (100.0%)

3 (16.7%)

39 (75.0%)

QOL improvement

0 (0.0%)

0 (0.0%)

15 (83.3%)

11 (21.2%)

17

17

18

52

Total

published. Beuten et al. found that rs11545302 of
ELAC2, a gene that produces a protein involved in tRNA
processing, transforming growth factor-beta (TGF-β)
signalling, and the DNA damage response pathway, was
significantly associated with prostate cancer risk (22).
This was especially significant in Caucasian men, in a
manner independent from other significant SNVs they
identified (22). The rs41507953 A>G variant of EPHX2
produces an amino acid change from lysine to arginine
at position 55. Gervasini et al. studied three variants of
EPHX2 in renal transplant recipients and found that there
was a trend of the haplotype rs41507953 A/rs751141
A/rs1042032 G being associated with a higher risk of
acute rejection episodes, but it did not reach statistical
significance (P=0.08) (23). Rs520540 A>G is a synonymous
exonic variant of the gene MMP3, which produces a
matrix metalloproteinase that remodels the extracellular
matrix. This SNV has been investigated for association
with sporadic Alzheimer’s disease and ischemic stroke in
multiple studies, but with inconclusive evidence (24-28).
Matarin et al. studied the association between this SNV
and ischemic stroke risk, and found a significant association
in the discovery phase (P=0.02) but no significance in upon
replication (P=0.68) (26). Shibata et al. found that rs520540
did not influence the risk of Alzheimer’s disease (28).
Discussion
Our study identified a predictive multi-SNV model
associated with clinically significant changes in global
QOL or pain in patients with bone metastases who
underwent palliative radiation. Cytochrome proteins are
involved in drug metabolism and synthesis of cholesterol,
steroids and other lipids. For example, CYP7B1 expression
is regulated by androgen and estrogens, and its activity is
associated with cellular proliferation (29). Furthermore,
studies in rat hepatocytes showed that application of
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steroid dexamethasone increased CYP7B1 activity (30). In
the present study, dexamethasone has been prescribed to
a subset of the patient population as part of the primary
objective of the SC23 trial that identified its efficacy in
prophylaxis of radiation-induced pain flare of patients
receiving palliative radiation to bone metastases (10).
While variants of cytochromes have not been identified,
our model identified significant variants from other
genes involved in lipid regulation, metabolism and lipid
transport. This includes a cholesterol transporter (ABCA1),
and enzymes that metabolise fatty acids (ACSF3), betacarotene (BCO1), and epoxides (EPHX2). Therefore,
further investigation and validation of SNVs in these genes
are required to clarify their potential roles in controlling
dexamethasone response, QOL, and response to palliative
radiotherapy.
One of the SNVs identified in our model was from
the gene PRX, which produces periaxin, a protein that
is directly involved influencing pain signalling through
stabilizing the peripheral nervous system myelin. Animal
studies have found that individuals deficient in periaxin
have unstable myelin sheaths, demyelination, and
behaviours associated with peripheral nerve damage such
as mechanical allodynia and thermal hyperalgesia (31).
Clinically, patients with mutations in PRX also display
neuropathy (32). Therefore, the novel rs268673 T:C PRX
SNV we identified may influence pain signalling, and
through this, affect a patient’s QOL.
QOL encompasses multiple functional and symptomatic
domains of life such as nausea and vomiting, fatigue, and
pain (3). Therefore, the potential for genetic biomarkers
obtained non-invasively through saliva samples to predict
global QOL and pain enables targeted management
in these individuals. Our study was limited by small
sample size. Further investigation is required to validate
the candidate SNVs identified in this study in order to
establish a set of genetic biomarkers capable of predicting
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chr9

chr9

chr11 102709425

chr1

chr16 81279120

PTPRD

AQP7

MMP3

IFI44L
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BCO1

chr17 12899963

ELAC2

A>G

R>A
p.Leu193Pro

Protein change

rs11545302*

rs41507953*

rs28370522

rs987495

rs520540*

rs76608797

T>C

A>G

T>C

T>C

A>G

C>A

Synonymous

p.Lys55Arg

Synonymous

p.Ile235Thr

Synonymous

p.Val152Phe

rs146237556 –>AACTT Intronic

rs4760

dbSNP ID

20, 4, 1

25, 0, 0

16, 8, 1

19, 5, 1

9, 12, 4

14, 11, 0

13, 10, 2

17, 8, 0

Pain improvement
SNV (0, 1, 2)

8, 12, 4

16, 6, 2

7, 10, 7

7, 16, 1

1, 13, 10

23, 1, 0

22, 2, 0

24, 0, 0

0.2716

0.0901

0.3405

0.2367

0.5669

0.3171

0.1978

0.1225

Pain worsening
ExAC
SNV (0, 1, 2)
0.0024

P value

0.0012

tRNA processing and
TGF-beta signalling

Metabolism of epoxides

Metabolism of betacarotene

Immunity: interferon
signalling

0.0020

0.0032

0.0042

0.0043

Matrix metalloproteinase- 0.0038
extracellular matrix
remodeling

Cellular transportaquaporin

Signalling molecule,
0.0024
regulation of growth,
differentiation, mitosis,
oncogenic transformation

Cell surface protein
and extracellular matrix
regulator

Gene function

−3.84

−3.61

−2.38

−2.33

−2.21

1.21

2.67

5.23

Effect size

*, variant with published clinical associations; chr, chromosome of variant; Position, chromosomal location of variant; dbSNPID, SNV identification; R>A, reference allele
and alternative allele; Protein change, Change of amino acid; Pain improvement or worsening SNV, number of individuals with 0, 1, or 2 copies of the alternative allele;
ExAC, population frequency of alternative allele from Exome Aggregation Consortium; Gene, name of gene harbouring SNV; function, biological function of gene; P value,
significance found in univariate analysis, as determined by the Cochran-Armitage trend test; effect size, estimate of effect on predicting response to radiotherapy.

chr8

EPHX2

27358505

79095581

33386146

8331574

chr19 44153100

PLAUR

Position

Chr

Gene

Table 4 Genetic variants associated with changes in C15-PAL pain score
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Table 5 Prognostic risk group for association with the C15-PAL pain score
Response status/Prognostic Groups
Pain worsening or stable
Pain improvement
Total

Low

Middle

High

Total

16 (100.0%)

8 (50.0%)

0 (0.0%)

24 (49.0%)

0 (0.0%)

8 (50.0%)

17 (100.0%)

25 (51.0%)

16

16

17

49

patient QOL in cancer patients with bone metastases after
receiving palliative radiotherapy.
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Supplementary
Table S1 Significant variants associated with QOL identified in univariate analysis (P<0.005)
Gene

Chromosome

Location

Genetic change (R>A)

QOL improvement SNV (0, 1, 2)

QOL deterioration SNV (0, 1, 2)

P value

RET*

chr10

43596179

G>A

4, 9, 2

29, 8, 0

0.0002

SMOC2*

chr6

168999670

C>T

11, 4, 0

37, 0, 0

0.0011

HS1BP3*

chr2

20818883

G>C

11, 4, 0

37, 0, 0

0.0011

NEBL*

chr10

21461411

A>-

11, 4, 0

37, 0, 0

0.0011

PLAUR

chr19

44153100

A>G

9, 6, 0

35, 2, 0

0.0017

CFL2*

chr14

35182348

–>A

10, 5, 0

36, 1, 0

0.0017

TXNRD2*

chr22

19867771

C>T

15, 0, 0

20, 16, 1

0.0020

ABCA1*

chr9

107624029

C>T

13, 2, 0

14, 19, 4

0.0021

TEX14*

chr17

56643109

A>G

15, 0, 0

21, 15, 1

0.0032

FYCO1*

chr3

46008790

G>A

2, 8, 5

19, 15, 3

0.0033

ACSF3*

chr16

89221179

G>A

14, 1, 0

18, 18, 1

0.0034

SULT2B1*

chr19

49102513

C>T

8, 5, 2

32, 5, 0

0.0037

PRX*

chr19

40901496

T>C

11, 4, 0

11, 23, 3

0.0041

NDUFA9*

chr12

4768193

A>T

13, 2, 0

16, 21, 0

0.0043

FYCO1*

chr3

46009864

C>G

1, 8, 6

16, 16, 5

0.0045

*, variants selected in multi-SNV model; gene, genetic symbol gene housing variant; chr, chromosome of variant; position, chromosomal location of variant;
R>A, reference allele and alternative allele; QOL improvement or deterioration SNV, number of individuals with 0, 1, or 2 copies of the alternative allele; P-value,
significance found in univariate analysis, as determined by the Cochran-Armitage trend test. SNV, single-nucleotide variant; QOL, quality of life.

Table S2 Significant variants associated with C15-PAL pain scale identified in univariate analysis (P<0.005)
Gene

Chromosome

Location

Genetic change (R>A)

Pain improvement SNV (0, 1, 2) Pain worsening SNV (0, 1, 2)

P value

AQP7*

chr9

33386146

C>A

14, 11, 0

23, 1, 0

0.0012

ELAC2*

chr17

12899963

T>C

20, 4, 1

8, 12, 4

0.0020

PTPRD*

chr9

8331574

–>AACTTAC; CATTCCTG;
AACTGT

13, 10, 2

22, 2, 0

0.0024

PLAUR*

chr19

44153100

A>G

17, 8, 0

24, 0, 0

0.0024

EPHX2*

chr8

27358505

A>G

25, 0, 0

16, 6, 2

0.0032

MMP3*

chr11

102709425

A>G

9, 12, 4

1, 13, 10

0.0038

BCO1*

chr16

81279120

T>C

16, 8, 1

7, 10, 7

0.0042

IFI44L*

chr1

79095581

T>C

19, 5, 1

7, 16, 1

0.0043

AQP7

chr9

33386144

G>A

14, 11, 0

22, 2, 0

0.0047

*, variants selected in multi-SNV model; gene, genetic symbol gene housing variant; chr, chromosome of variant; position, chromosomal location of variant;
R>A, reference allele and alternative allele; Pain improvement or worsening SNV, number of individuals with 0, 1, or 2 copies of the alternative allele; P value,
significance found in univariate analysis, as determined by the Cochran-Armitage trend test.

