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Abstract 

Persistent pain after breast cancer surgery (PPBCS) is both common and debilitating, lasting months 

to years after surgery, a mainstay treatment of breast cancer1. The current body of PPBCS evidence 

has focussed on identifying clinical, psychological and treatment related risk factors2,3 however, 

emerging evidence suggests that genomic4 and neurophysiologic factors (as measured by 

preoperative quantitative sensory testing - QST)5 may also contribute. Despite the high prevalence of 

breast cancer and breast cancer surgery, there has been a paucity of PPBCS investigation in New 

Zealand 6. The aim of this thesis was to assess the prevalence and impact of PPBCS in a New Zealand 

population and identify risk factors (clinical, demographic, psychological, neurobiological and 

inherited (genetic)) for PPBCS development. Additionally, this thesis aimed to investigate possible 

longitudinal epigenetic changes that may occur in the postoperative period. In this thesis, PPBCS was 

defined as pain in the ipsilateral breast, axilla, arm, shoulder or chest wall daily ≥6 months after 

surgery. 

Initially, a retrospective cross-sectional study was undertaken on 201 patients who had undergone 

breast cancer surgery 6 to 48 months prior to assessment. PPBCS was reported in 55% of patients with 

23% rating PPBCS as moderate to severe. Moderate to severe pain was categorised by an 11 point 

numerical rating score (NRS) of ≥3. Of those patients with moderate to severe pain, 46% reported 

neuropathic pain. Pain interference, upper limb dysfunction and psychological distress were 

significantly higher in patients with moderate to severe pain (p<0.001). Non-European ethnicity (OR 

5.02, 95% CI 2.05 – 12.25, p<0.001), reconstruction surgery (OR 4.10, 95% CI 1.30 – 13.00, p = 0.02) 

and axillary node dissection (OR 4.33, 95% CI 1.19 – 15.73, p<0.03) were identified as risk factors for 

moderate to severe pain by multivariate logistic regression analysis.  

A prospective cohort study of patients who underwent primary breast cancer surgery followed. This 

study is still ongoing. An interim analysis of 105 patients revealed that 40% of patients reported PPBCS 
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with 15% rating pain as moderate to severe. Approximately 37% of patients with any PPBCS (NRS≥1) 

and 43.7% with moderate to severe PPBCS reported neuropathic pain. Pain interference and upper 

limb dysfunction were greater in patients with PPBCS. Likewise, patients with any PPBCS reported 

greater emotional distress compared to those without. There was no significant difference in 

emotional distress however, between patients with no to mild PPBCS vs moderate to severe PPBCS. 

Risk factors for moderate to severe PPBCS included any preoperative pain (OR 4.7, 95% CI 1.4 – 15.3, 

p = 0.01) and moderate to severe pain at postoperative day 14 (OR 3.2, 95% CI 1.0 – 10.3, p = 0.05). 

Preoperative pain (OR 4.10, 95% CI 1.4 – 11.9, p = 0.01), preoperative anxiety (OR 1.4, 95% CI 1.1 – 

1.8, p = 0.01), preoperative smoking (OR 5.9, 95% CI 1.7 – 20.7, p = 0.01) and moderate to severe pain 

at postoperative day 14 (OR 7.2, 95% CI 2.4 – 21.8, p = 0.001) were identified as risk factors for any 

PPBCS.  

Preoperative QST paradigms (temporal summation [TS], pressure pain 40 [PP40] and conditioned pain 

modulation [CPM]) and candidate gene variants involving neurotransmitter systems (COMT), voltage 

gated ion channel activity (KCNJ6), tetrahydrofolate biosynthesis (GCH1), oestrogen receptor (ESR1) 

and mu opioid receptor (OPRM1) were also assessed as risk factors for PPBCS. There was no 

association between either preoperative QST paradigms  or candidate gene variants (COMT, GCH1, 

ESR1, KCNJ6 and OPRM1) with the development of PPBCS. 

Two exploratory studies were conducted. Firstly, associations between candidate gene variants with 

quantitative sensory testing paradigms (preoperative QST and preoperative to 6 month post-operative 

change in QST scores) were assessed. Small but statistically significant associations between COMT 

gene variants with preoperative TS (rs4680 and rs4633) and preoperative to 6 month change in TS 

(rs6269 and rs4818) were observed. Likewise, small but significant associations between OPRM1 

rs1799971 and preoperative CPM and preoperative PP40 were observed. Potassium channel gene, 

KCNJ6 was associated with a preoperative to 6 month postoperative change in CPM. These 

observations require further investigation.  
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Secondly a longitudinal assessment of COMT DNA methylation over time after surgery was conducted. 

This assessment found that methylation of CpG dinucleotides within the sequences associated with 

COMT rs4680 increased substantially over time whereas those associated with rs4633 decreased. An 

increase in DNA methylation is expected to decrease gene expression and a follow up study assessing 

the degree of COMT transcription is planned outside the scope of this thesis. This finding may partly 

explain the inconsistent associations between clinical pain and COMT gene variants observed in the 

literature.  

This series of studies is the first conducted in New Zealand and shows that PPBCS is a common 

problem. The aetiology is complex and may result from multiple independent pathways which in 

combination result in PPBCS. Assessing epigenetic factors may provide greater insight into the 

aetiology of PPBCS and also explain the variable findings in the published literature.   
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Chapter 1. General Introduction 
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1.1. Chronic Post-Surgical Pain 

“Most narratives about surviving breast cancer end with the conclusion of chemotherapy and 

radiation, painting stereotypical portraits of triumphantly healthy survivors, women who not only 

survive but emerge better and stronger than before…. survivors step out of the shadows and speak 

compellingly about their “real” stories, giving complicated, often painful realities of life after the cure”7 

1.1.1. Introduction 

Acute pain following surgery (both elective and emergent) can be considered a normal consequence 

and developmentally protective mechanism to enhance tissue healing. Pain associated inflammatory 

mediators increase regional blood flow and promote tissue regeneration as well as leading to a 

reduced motor activity to limit further mechanical damage, whilst other factors modulate circadian 

rhythm, temperature homeostasis and emotional responses to surgical stress.  

The treatment of acute pain is often effective, providing relief until tissues have healed and the pain 

invoking processes have resolved. Yet for a number of patients, acute pain may become chronic and 

persist well beyond tissue healing. The consequences can be significant, with symptoms lasting for 

extended periods after surgery, affecting quality of life through functional, psychological and 

socioeconomic impacts. 

The prevalence of chronic post-surgical pain (CPSP) has been estimated between 10-60% 8-16. There is 

a high degree of variability within surgical populations and also between surgical procedures, with 

some operations (e.g. amputation, thoracotomy, mastectomy) having a consistently higher pain 

prevalence whilst others may have a higher pain severity (e.g. arthroplasty) of CPSP. 

If one considers this in the context of the increasing number of surgical operations undertaken 

worldwide, the significance of CPSP becomes evident. The World Health Organisation (WHO) 

estimated the global volume of surgery in 2012 at 313 million surgical procedures17. This represents a 
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33.6% increase from 2004, an increase which, at the time was expected to continue in all economic 

environments18. With a conservative CPSP prevalence rate of 10%, almost 32 million patients 

worldwide may develop CPSP every year, with resulting important individual and societal costs.  

Unlike larger population based surveys from Europe and North America, CPSP in New Zealand (NZ) 

has not been investigated in detail. The NZ Chronic Pain Survey suggested that chronic pain with a 

surgical cause affects approximately 16% of patients with chronic pain. This was a small sample survey 

(n=142) and selected from potentially biased populations, however the prevalence is consistent with 

international data19.  

Regardless of the cause, chronic pain poses significant burden at multiple levels of society20. The NZ 

National Health Survey 2017/2018 estimated that 19.7% (95% CI 18.8% – 20.6%) of NZ adults 

experienced chronic pain6. This accounted for an estimated 770,000 chronic pain patients in New 

Zealand. If the 16% incidence of chronic pain with a surgical cause is applied to this value, an estimated 

123,200 New Zealand patients potentially suffer from CPSP. Future projections are difficult to assess 

accurately, however it is estimated that this number will rise to over 200,000 by 20486. In a healthcare 

system already stretched and underdelivering for all aspects of chronic pain management, escalating 

volumes of surgical procedures will only aggravate an already serious situation21. 

Patients, employers, benefits agencies and health care services are all affected by chronic pain20. On 

the individual level, disability from chronic pain reported in the 2010 NZ Chronic Pain Survey was high, 

with the majority of patients having trouble walking (76%), sleeping (75%), concentrating (64%) and 

maintaining relationships (56%) due to their pain19. Anxiety, depression, insomnia, fear avoidance 

behaviour and risk of suicide are also higher in patients with chronic pain22-25. Wider societal effects 

of chronic pain include increased rates of absenteeism, reduced levels of productivity and increased 

risk of leaving the labour force as well as exposure to adverse drug effects21. 

A recent review was undertaken by the Faculty of Pain Medicine, Australian and New Zealand College 

of Anaesthetists (FPMANZCA) to identify the prevalence, consequences and costs of chronic pain 
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within NZ21. This review estimated the total direct and indirect financial costs of chronic pain between 

$4.4 and $5.3 billion and the burden of disease cost was estimated to be between $8.6 and 9.6 billion. 

Therefore, the total cost of chronic pain in 2016 in NZ was estimated at $13.0 to 14.8 billion21. 

Although no estimate of the direct cost of CPSP in NZ was calculated, application of the NZ Chronic 

Pain Survey CPSP prevalence rate of 16% to the total estimated cost of chronic pain suggests that the 

direct cost of CPSP to NZ may be up to $2.37b per annum. 

Finally, pain requires treatment and on average, sufferers of chronic pain seek treatment at a greater 

rate than the general population24. Postoperative pain management has traditionally been 

pharmacological, with opioids being a major component of treatment. However, as a large component 

of CPSP may be neuropathic in nature, opioid pharmacotherapy may both be ineffective and 

inappropriate26,27. As a result, it is likely that previous approaches to managing CPSP may have 

contributed to the prolonged postoperative opioid use and the current “opioid crisis” seen in many 

high income countries including the UK, USA, Australia, Denmark and Norway28,29.  

The importance of CPSP has grown in both research and clinical settings, having received increasing 

recognition over the past 10 years. Most significant of these have been, the inclusion for the first time 

of CPSP into the latest revision of the International Classification of Disease (ICD-11) disease coding 

system30. In addition, the International Association for the Study of Pain (IASP) designated 2017 the 

‘Global Year Against Pain after Surgery’ in order to raise awareness amongst the general public, media 

and public officials, distributed information about CPSP worldwide, to encourage governments and 

health care agencies to endorse policies addressing CPSP and improve research efforts into this area31. 

Fourteen information sheets in 12 languages were produced as well as convening national and 

international meetings addressing CPSP along with its diagnosis and management. 
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1.1.2. Definition of CPSP 

Historically the definition of CPSP has been vague and inconsistent, causing confusion for clinical 

diagnosis and research methodology. This has hindered clinical identification, diagnosis and treatment 

of CPSP. Furthermore, without standard definitions, interpreting and comparing the existing research 

and scientific literature has proven difficult, resulting in large variation when estimating the incidence 

of CPSP. Because of this, new efforts have been made to standardise the definition to bring it in line 

with other studies of chronic pain30,32.  

The International Classification of Diseases administered by the World Health Organisation and 

currently in its 10th revision (ICD-10) is the international classification standard for reporting disease 

and health conditions for all clinical and research purposes. The 11th revision (ICD-11) has been 

released for advanced preview and will come into effect in 2022. Until the ICD-11, definitions and 

classification for chronic pain states have been lacking, potentially limiting the optimal management 

of patients with these pain states. Recognising this, the latest version (ICD-11) includes appropriate 

diagnostic categories for the classification of CPSP.  

According to the ICD-11, Chronic Post-surgical Pain is defined as: 

“Chronic pain developing or increasing in intensity after a surgical procedure and persisting beyond 

the healing process, i.e. at least 3 months after surgery. The pain is either localised to the surgical field, 

projected to the innervation territory of a nerve situated in this area, or referred to a dermatome (after 

surgery/injury to deep somatic or visceral tissues). Other causes of pain including infection, malignancy 

etc. need to be excluded as well as pain continuing from a pre-existing pain problem.”30 

Sub-codes for common postoperative chronic pain states after certain procedures are also included 

to account for specific features associated with these specific pain syndromes and provide for clarity 

and consistency for diagnosis and epidemiological study30. Examples of these include chronic pain 
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after amputation, spinal surgery, thoracotomy, breast surgery, herniotomy, hysterectomy, 

arthroplasty and other specified chronic post-surgical pain. 

1.1.3. Epidemiology of CPSP 

Prevalence studies on CPSP are either large population based surveys that pool all surgical procedures 

to estimate the overall incidence of CPSP or smaller, procedure-based studies. Regardless of the 

population, inconsistencies in definition, classification of severity, methodology, and measurement 

techniques have resulted in a wide variation in CPSP prevalence estimates (Table 1-1). 

The largest population based CPSP studies estimate the overall incidence of CPSP between 12-40% 

with up to 18.3% reporting moderate to severe, clinically significant pain8,10-12,14,15. 

Table 1-1: The overall incidence of CPSP from large population-based studies. 

Study Population Time 
since 
surgery 
(months) 

n Pain measurement 
and rating scale 

Overall 
CPSP  

Moderate 
– Severe 
CPSP 

Severe 
CPSP 

Crombie et 
al 19988 

Adult 
patients at 
British pain 
clinics 

6-24  1154 No specific rating 
scale described 

22.5% 17% 5.7% 

Johansen et 
al 201212 

Adult post-
surgical 
population 

3  2043 11 point NRS 
rating:  
Mild (0-2/10), 
Moderate (3-6/10), 
Severe (≥7/10) 

40.4% 18.3% 6.6% 

Fletcher et 
al 201510 

European 
multicentre 
adult 
population 

12 889 11 point NRS 
rating:  
Mild (0-2/10), 
Moderate (3-5/10), 
Severe (≥6/10) 

Not 
reported 

11.8% 2.2% 

Hoofwijk et 
al 201511 

Single 
centre adult 
outpatients 

12  908 11 point NRS 
rating:  
Mild (0-3/10), 
Moderate (4-7/10), 
Severe (≥8/10) 

Not 
reported 

15.3% 3.2% 

Pain severity rating was classified by patient responses on 11 point NRS. Differing cut points for pain 
severity class used by each study are shown in the table. 
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Similarly, CPSP prevalence varies when specific surgical procedures are assessed, with higher 

prevalence of CPSP for procedures with higher risk of nerve damage (e.g. amputation, thoracotomy 

and mastectomy) although adjunctive treatments associated with these operations can influence the 

development of CPSP (Table 1-2).  

Table 1-2: The incidence of CPSP after specific surgical procedures. 

Procedure type Incidence of chronic pain  Estimated incidence of severe 
chronic pain (NRS>5/10)  

Amputation 30-85% 5-10% 

Thoracotomy 5-65% 10% 

Mastectomy 11-57% 5-10% 

Inguinal Hernia 5-63% 2-4% 

Coronary artery bypass surgery 30-50% 5-10% 

Caesarean delivery 6-55% 4% 

Hip arthroplasty 27% 6% 

Knee arthroplasty 44% 15% 

Cholecystectomy 31-50% 14% 

Vasectomy 0-79% Not estimated 

NRS: Numerical Rating Scale 0-10. Table modified from Schug et al 201533 

1.1.4. Neuropathic pain and CPSP 

The nature and characteristics of CPSP are poorly described and also dependent on surgery type and 

study methodology. Chronic pain after herniorrhaphy is described as predominantly lancinating or 

burning34 compared to pain after knee joint arthroplasty which is mostly aching, tender and tiring35. 

Neuropathic pain, however, is common and frequently reported by a large proportion of patients with 

CPSP. Again, this is especially true after procedures more prone to direct surgical nerve injury such as 

thoracotomy (66%), mastectomy (68%) or inguinal hernia repair (31%)14,36-38.  

Furthermore, neuropathic pain has been associated with CPSP of higher severity10,39. In a large 

European multicentre study, the incidence of CPSP at 6 and 12 months was reported as: Mild CPSP 

24.4% and 23.4%, moderate CPSP 13.1% and 9.6%, and severe CPSP 2.9% and 2.2%. Within these 

groups, at 6 months and 12 months respectively, neuropathic pain features were reported in 16.3% 



8 
 

 

and 16.3% in the mild CPSP group, 31.3% and 25.4% in the moderate CPSP group and for 30.4% and 

57.1% in the severe CPSP group10. Patients with mild CPSP have significantly lower frequency of 

neuropathic characteristics than those with moderate CPSP (p=0.02 at 6 months and P=0.03 at 12 

months respectively)10. The impact of the neuropathic component not only resulted in greater pain 

severity but also functional impairment. Interestingly the incidence of neuropathic pain in patients 

with severe CPSP increased over the 12 month follow up period. 

Whilst the data are suggestive, no clear causal relationship has been established between the type of 

surgery, nerve injury or tissue damage and development of neuropathic pain and even CPSP40,41. It is 

also recognised that nerve injury occurs frequently, and persistent sensory changes can occur in the 

absence of CPSP. The converse is also true as a multiple studies demonstrate that a portion of patients 

may develop CPSP without neuropathic features27,37.  

1.1.5. Natural history and prognosis 

As the majority of the current literature consists of retrospective cross-sectional evidence or complete 

follow-up within 1 year, large long term prospective studies that exceed 12 month follow-up are 

required to fully understand the natural history of CPSP. From the current prospective population 

based studies, it seems that CPSP may persist for months after surgery although a reduction in CPSP 

incidence over time is observed, suggesting some resolution of symptoms 10,11. Overall, only 45% of 

patients who report CPSP at 6 months after surgery continue to have CPSP at 12 months10.  

Reductions in CPSP incidence are also seen in surgery-specific studies. However, the rate of reduction 

seems to be dependent on surgery type and severity of pain2,42,43. For example, the incidence of 

moderate to severe pain after breast cancer surgery tended to remain constant between 6 and 12 

months after surgery (13% and 14% respectively)2 whereas moderate to severe pain after total knee 

arthroplasty reduced from 21% at 6 months to 16% at 12 months 42. Similarly, the pattern following 

inguinal hernia surgery also seems to reduce in intensity over time 34,44. 
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Whilst poorly managed acute pain has been described as a predictor for CPSP, CPSP is not always a 

continuum from acute pain45. Furthermore, development of pain in patients who were initially pain-

free is also observed, with studies suggesting 3 % of patients without pain at 6 months subsequently 

reported CPSP at 12 months10.  

1.1.6. Risk Factors for CPSP 

The accurate identification of risk factors and improved understanding of CPSP pathogenesis may 

facilitate treatment, and ultimately, prevention of this problem. This is especially important if the risk 

factors are modifiable. Furthermore, identification of vulnerable patients should also guide surgical 

management and improve informed consent. Already, the European Hernia Society has recognised 

the frequency and morbidity associated with chronic pain after herniorrhaphy and because of this, no 

longer recommend surgery in asymptomatic or minimally symptomatic patients 46. Risk factors for 

CPSP can be categorised into Preoperative, Intraoperative and Postoperative factors (Table 1-3). 

1.1.6.1. Preoperative factors 

Pain 

Preoperative pain incidence and severity have commonly been identified as a risk factor for CPSP. 

Patients experiencing higher intensity preoperative pain, either at the operative site, a distant site 

(such as joint arthritis in patients undergoing hernia surgery) or generalised pain conditions (e.g. 

fibromyalgia headache, low back pain, or restless leg syndrome etc38) are more likely to experience 

increased acute postoperative pain and have a higher risk of CPSP. This was first recognised in patients 

undergoing amputation47 but has since been observed in hernia44, breast2,40, gall bladder48 and 

thoracic surgery49. 

Despite the consistency of preoperative pain intensity as a risk factor for CPSP, how preoperative pain 

contributes to CPSP risk is unclear as it is difficult to establish whether higher preoperative pain 

reflects an independent risk factor for CPSP or is a manifestation of other predisposing factors such as 
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preoperative anxiety or catastrophizing. In an attempt to clarify this, Johansen et al conducted a 

population wide study examining 2,043 patients who had any surgical procedure up to 3 years prior. 

They excluded all patients who felt that the pain they had after surgery was similar to preoperative 

pain12. This resulted in a reduction of the incidence of moderate to severe pain (NRS>3/10) from 18% 

to 10.5%. Furthermore, excluding all patients who had any preoperative pain in the area of surgery 

reduced the incidence even further to 6%12. Two explanations have been proposed: the link between 

preoperative pain and sensitisation of nociceptive pathways and the impact of preoperative analgesia 

use (in particular, opioid analgesic drugs). 

Patients prescribed opioid analgesics before surgery report greater acute postoperative pain and are 

at a greater risk for painful prolonged recovery, particularly after orthopaedic procedures50. It is likely 

that these patients who are on long term opioids have aberrant somatosensory responses to painful 

stimuli51. A recent study revealed that regular users of opioids alone were more pain sensitive than 

regular users of non-opioid analgesics52. This may either reflect hyperalgesia as an effect of opioid 

analgesia (opioid induced hyperalgesia) or pre-existing reduction in endogenous pain inhibition which 

increases the likelihood of long term opioid use52. 

Psychological factors 

Increasingly, CPSP, like other chronic pain conditions, has been considered a biopsychosocial 

condition, with social, psychological and biological variables interacting to influence the pain 

experience14. Importantly, psychological factors may either confer risk or protection to CPSP53.  

Negative affective constructs such as general psychological distress54,55, anxiety symptoms42,56, 

depressive symptoms57 and pain catastrophising 56,58 have been long recognised as preoperative risk 

factors with a high level of predictive value for CPSP57. Patients demonstrating these traits before 

surgery are approximately twice as likely to develop CPSP56. 

These associations have also been confirmed through animal studies. Using the rodent hind paw 

incision model, post incisional mechanical hyperalgesia and wound healing are prolonged in rodents 
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exhibiting perioperative stress, depression-like behaviours and sleep disruption, presumably due to 

increased neuroimmune activation 59. 

The converse is also true. Psychologically robust (in terms of positive affect, high dispositional 

optimism and low emotional distress) individuals seem to experience less pain than their vulnerable 

counterparts60,61. In fact, high psychological robustness predicts lower CPSP at 4 months after breast 

cancer surgery61 and is associated with lower pain intensity and physical symptoms after coronary 

artery bypass graft62. 

Finally, there is some supporting evidence that perioperative cognitive behavioural therapy and 

relaxation therapy can reduce persistent pain intensity and physical impairment after surgery, further 

emphasising the importance of psychological factors as potentially modifiable conditions in the 

management and reduction of CPSP 63-65. 

Preoperative nociceptive processing.  

Quantitative sensory testing (QST) is a psychophysical method using standardised mechanical, 

electrical and thermal stimuli to assess sensory and pain perception 66. Through QST, assessment of 

pain perception or static QST (e.g. pain detection, threshold, intensity and tolerance) and central 

nociceptive processing or dynamic QST (e.g. temporal summation of pain67 and conditioned pain 

modulation 68,69) can be conducted. Multiple publications have proposed that QST be used as a method 

of identifying patients at risk for both acute and chronic postoperative pain5,67,70-74. Of these, 

suprathreshold heat pain intensity as well as QST variables related to central pain mechanisms such 

as CPM and TS were more frequently associated with post-surgical pain intensity compared to other 

QST variables5,75. Less efficient CPM assessed before surgery predicted chronic pain after total knee 

replacement67, thoracotomy75, abdominal surgery70 and shoulder surgery70,76,77. Conversely, higher 

levels of temporal summation predicted CPSP after total knee replacement surgery42,67. 

Although these QST variables have shown some consistency with postoperative pain, heterogeneity 

in research methodology, outcomes, surgical procedures and statistical analysis have led to bias and 
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inconsistency in the literature resulting in a call for a more standardised approach when using QST5. 

Furthermore, patient differences in age78, ethnicity, genetics79, psychological factors (e.g. anxiety and 

depression)80, and gender81 all affect QST outcome and thus add further complexity which is not 

accounted for in many earlier studies. As such, well conducted, standardised studies are required to 

identify whether QST measures may be useful for CPSP prediction.  

Demographic factors 

In adults, younger age was consistently identified as a risk factor for CPSP overall3,82. The picture 

however is less clear in the paediatric population. Although younger age (in children) has been long 

thought of as  protective against the development of paediatric CPSP83, recent prospective studies and 

systematic reviews have not found this to be the case. Underdeveloped emotional and communication 

skills may be reasons for this, making understanding and description of pain difficult when studying 

post-surgical pain in these younger children84-86. 

Female gender also appears to be a risk factor for CPSP 87. Female patients reported more severe pain 

in a large prospective study of 22,963 patients who underwent various surgical procedures compared 

to male counterparts82. Other studies have identified demographic risk factors including smoking 

status88, ethnicity 89, education90 and marital status91 which are inconsistently reported and 

controversial, largely again due to differences in study and surgical procedural methodology but also 

due to methods of pain measurement, either as a direct measurement of pain scores or using analgesic 

consumption as a surrogate measure, which adds confusion92,93.  

1.1.6.2. Intraoperative factors 

Anaesthetic factors 

The influence of general anaesthetic technique on CPSP is inconsistent, with current evidence derived 

from small single centre studies with varying methodology94-96. Propofol infusions have been 

suggested as protective against acute pain and subsequently CPSP. As many of the study protocols 

include remifentanil infusions, the influence of subsequent opioid-induced hyperalgesia cannot be 
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excluded and may be confounding95. Factors such as depth of anaesthesia and adjunctive regional 

anaesthesia have also proven conflicting97-99. Recent large international observational studies do not 

identify these factors as conferring risk for CPSP98,99. 

Finally, given the complexity of CPSP, the interaction between anaesthesia protocol and patient 

factors (e.g. genetics) may also influence CPSP development. For example, Chan et al assessed the 

effect of nitrous oxide, as part of a general anaesthetic, in preventing CPSP and concluded that nitrous 

oxide overall had no impact on CPSP. A subgroup of Asian patients carrying homozygous alleles of 

either 1298A>C and 667C>T, two functional polymorphisms in the methylenetetrahydrofolate 

reductase gene (MTHFR), however were less likely to report CPSP when they received Nitrous Oxide 

suggesting a protective phenotype and highlighting the complexity of CPSP aetiology100.  

1.1.6.3. Postoperative factors 

Pain 

One of the most consistent predictive factors for CPSP is high intensity acute postoperative pain38. 

Studies investigating chronic pain after breast surgery2,40, thoracotomy and inguinal hernia repair44 all 

report the association between CPSP and intensity of acute postoperative pain. Severe acute 

postoperative pain is associated with increased risk for CPSP and optimal postoperative pain control 

is associated with reduced risk57. However, it is difficult to assign a causal relationship between severe 

acute postoperative pain and CPSP. Approximately 30% of patients report severe acute pain (NRS>6) 

after surgery although not all develop CPSP82. Conversely, a number of patients who are pain free after 

surgery may develop CPSP10.  

As with chronic preoperative pain, it is difficult to delineate the relationship between acute 

postoperative pain and CPSP as the same dilemma arises. Is acute postoperative pain an independent 

risk factor for CPSP or is a risk factor that is confounded by other risk factors such as anxiety, 

depression and preoperative pain; all of which increase the risk of both severe acute postoperative 

pain and CPSP.  
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Hospital stay and time to discharge  

The studies that address CPSP have mostly been performed in inpatients undergoing elective surgery. 

Given the increase in surgical volume and optimisation of healthcare resource utilisation, there has 

been an increasing trend towards outpatient surgery. Surgical procedures which were once completed 

with an expected inpatient admission are now completed in the outpatient setting. Further study is 

required to assess both acute and chronic postoperative pain after outpatient surgery. Overall, 

Hoofwijk et al have shown that moderate to severe acute pain after outpatient surgery was reported 

by approximately 27% of patients and moderate to severe CPSP was reported by approximately 15% 

of patients 11. These rates are similar, although higher, than those reported by Fletcher et al who 

reported a moderate to severe CPSP incidence of 11% 10.  

A reason for the difference between CPSP rates after outpatient and inpatient surgery may relate to 

access to appropriate medical and nursing care, acute pain intensity and subsequent management. 

Patients in the outpatient setting have poorer access to medical and nursing care and resources and 

thus the treatment of acute postoperative pain may be less optimal after discharge compared to 

inpatients. Investigation of the rates at which patients contact their general practitioners after surgery 

illustrates this well. Approximately one in five patients had unscheduled presentations to health care 

professionals; most frequently for further information and guidance on pain management as a result 

of increased pain at home which would be typically managed quickly as an inpatient in hospital101,102. 

Despite the reports of acute post-surgical pain after outpatient surgery, it is well recognised that CPSP 

does not always develop as a continuum of acute postoperative pain. More work needs to be done to 

clarify whether the association that is often observed between acute postoperative pain and CPSP is 

an indication of the extent of neuroplastic changes induced by the operation, inadequate analgesia or 

a manifestation of shared preoperative predisposing factors14. Furthermore, outpatient surgical 

procedures include many operations which are known to have a high rate of CPSP (e.g. inguinal hernia 

repair, laparoscopic cholecystectomy, total laparoscopic hysterectomy and uncomplicated partial 

mastectomy). Differences in perioperative management may also alter the already high incidence of 
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CPSP after these procedures. Given the move towards outpatient surgery, understanding the risk for 

CPSP after outpatient surgery and identifying at risk patients is paramount. 

Table 1-3: Potential risk Factors for CPSP.  

Preoperative 
Factors 

Pain (moderate to severe lasting more than 1 month) 
Psychological vulnerability 
Depression 
Anxiety 
Neuroticism 
Catastrophising 
Poor coping strategies 
Low sense of control 
Poor social support  
Illness preoccupation 
Negative expectations 
Stress 
Demographic factors 
Female gender 
Younger age 
Monetary gain 
Genetic predisposition 
Epigenetic predisposition 
Reduced endogenous pain inhibition/increase pain facilitation 
Repeat surgery 

Intraoperative 
Factors 

Surgical approach with risk of nerve damage 
Duration of surgery 
Low or high volume surgical unit 
Open vs laparoscopic technique 
Anaesthetic technique 
Avoidance of nitrous oxide anaesthesia 

Postoperative 
factors 

Radiation therapy to site 
Neurotoxic chemotherapy 
Pain (acute, moderate to severe)  
Perioperative pain management 
Depression 
Psychological vulnerability 
Neuroticism 
Anxiety 

Adapted from Schug et al 201533 and Chapman 2017103 
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1.1.7. Risk scores for predicting CPSP 

Preoperative screening tools or risk indices for CPSP may allow patient stratification to assist with 

clinical management. However, at the current time, the problem of CPSP is seemingly too 

heterogenous and complex to allow precise risk stratification by a ‘risk index’. Furthermore, factors 

involved in CPSP development may differ from its maintenance and may be interlinked104. Despite 

these challenges, there have been attempts at developing tools to screen for at-risk patients105-107. 

Risk indices have been described for both CPSP after specific operations and CPSP after all surgical 

procedures. Although most of these tools tend to be derived from smaller, single centre studies and 

lack more extensive validation106-109, a recent model for predicting risk for persistent pain after breast 

cancer surgery was developed using data from Finland (n=860) and internationally validated in 

populations from Denmark (n=453) and Scotland (n=231)105. Preoperative pain in the operative area 

(p<0.001), high body mass index (p=0.039), axillary lymph node dissection (p = 0.008) and severe acute 

postoperative pain intensity at the seventh postoperative day (p=0.003) predicted persistent in the 

final prediction model which performed well in the Danish (ROC-AUC, 0.739) and Scottish cohorts 

(ROC-AUC, 0.740)105.  

Across most published risk indices, similar risk factors have been included. Preoperative pain and pain 

intensity, younger age, axillary lymph node dissection and acute postoperative pain intensity were 

included emphasising the importance of these risk factors for chronic post-surgical pain.  

Overall, the risk indices developed to date do not achieve the sensitivity and specificity required for 

routine clinical use. The authors suggest that despite these inadequacies, the risk index could be used 

to allow caregivers to individualise management and assist with pain coping107,108. An ongoing 

challenge is converting a high risk patient to an appropriate treatment pathway that would alter their 

pain outcome. 
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1.1.8. Mechanisms for CPSP development  

A variety of animal models (rat, mouse and pig) have been used to understand acute and chronic post-

surgical pain pathophysiology and therapeutic interventions. The earliest and still most commonly 

used is the rat plantar incision model110,111. Here a 1 cm incision is made through skin, fascia and 

muscle of the plantar aspect of the hind paw in halothane-anaesthetised rats111. The incision is 

surgically sutured, and animals are allowed to recover permitting measurement of pain behaviour an 

hour after surgery111. Since its first description, this model has been modified with regard to depth 

(skin, fascia and muscle) and location (thigh112, back113) of incision and technique (skin/muscle incision 

and retraction model114,115) in an attempt to mimic surgical trauma. Other animal species have been 

included such as mice114 and pigs116 which more closely resemble surgical trauma in human tissue; 

having similar skin anatomy and metabolism as compared to rodents110.  

Finally, specific surgical pain models have been described (e.g. inguinal hernia repair procedure117, 

post thoracotomy model118, knee surgery model119 and laparotomy model120) and may include specific 

surgical techniques that closely resemble operative conditions to further increase the model fidelity 

and specificity.  

Although the translation to human pain conditions and potential treatment options remain topics of 

continued scrutiny, these models suggest that alterations to peripheral sensitisation, central 

sensitisation and endogenous pain modulation caused by both the intensity of inflammation and 

nerve and tissue damage due to incision contribute to  post-surgical pain development75,121-123. These 

preclinical studies have also demonstrated that post incisional nociception produces cellular and 

mechanical alterations which are distinct from other pain models relying on both nociceptive and 

neuropathic pathways for pain genesis and maintenance122.  
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Peripheral sensitisation 

Peripheral sensitisation refers to an increased responsiveness and reduced threshold of nociceptive 

neurons in the periphery to the stimulation of their receptive fields. These changes are mediated by 

the release of multiple chemical mediators from nociceptors and non-neuronal cells (e.g. mast cells, 

basophils, platelets, macrophages, neutrophils, endothelial cells, keratinocytes and fibroblasts) into 

the wound environment (e.g. chemical factors, neurotrophic factors and other inflammatory factors 

124). The changes resulting from the release of these chemical factors lead to enhanced excitability and 

activation of nociceptors that persist long after the surgical incision and contribute to the 

development and maintenance of post incisional pain related behaviours resulting in CPSP14,49,125. 

A wide range of signalling molecules are involved in mediating peripheral sensitisation including 

protons, ATP, prostaglandins (PGE2), thromboxanes, leukotrienes, endocannabinoids, growth factors 

such as neurotrophins (nerve growth factors), granulocyte or granulocyte macrophage colony 

stimulating factors (G-CSF or GM-CSF), cytokines (IL6, IL1β, TNFα), chemokines, neuropeptides 

(calcitonin gene-related peptide CGRP, substance P, bradykinin, histamine), lipids and diverse 

proteases124,126. 

Multiple mechanisms contribute to peripheral sensitisation. Which mechanism predominates 

however depends on the extent and type of tissue damage, retraction time and the associated 

nociceptors activated127. Deep muscle incision (as opposed to skin incision) in particular appears to be 

important to the development and maintenance of post incisional pain in both animal models128,129 

and human studies130,131. Incision of the muscle layer results in an “ischaemic like” wound environment 

rich in lactate, H2O2 and reactive oxygen species (ROS), with a reduced tissue pH and oxygen tension 

which persists several days after incision 132. Reactive oxygen species and lactate generated in this 

environment activate the c-fibres via the transient receptor potential ankryn 1 (TRPA1) receptor and 

the acid sensing ion channel 3 (ASIC3) respectively, resulting in initiation and maintenance of post 

incisional non-evoked guarding behaviour133,134. Upregulation of ASIC3 expression after incision is also 
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observed in sensory neurons and seems to be important for non-evoked incisional pain, weight 

bearing and heat hyperalgesia 121,122.  

Direct sensitisation of peripheral nociceptors by local release of a variety of mediators including 

cytokines (IL-1β, IL-6, TNFα), chemokine and neuroimmune modulators (histamine, tryptase, 

serotonin, nerve growth factor, CGRPα) have been observed in rodent models. Once these mediators 

are released, the excitability of nociceptor terminals is modulated at the transcriptional or post 

translational level to activate and sensitise the terminals of nociceptors, reducing their threshold and 

increasing their spontaneous discharge135. Of these, nerve growth factor (NGF) released by fibroblasts 

and Schwann cells adjacent to injury and local cytokines, especially IL-1β, IL-6 and the chemokine (C-

X-C motif) ligand 1, are of particular importance in initiating peripheral sensitisation and persistent 

post incisional pain136-138. NGF acts (via tyrosine kinase A, trakA) to recruit multiple downstream 

enzymes (e.g. mitogen activated protein kinase 38) in the dorsal root ganglia which directly 

phosphorylate transducer and amplifier molecules such as TRPV1. This enhances the expression of 

these molecules via transcriptional regulation leading to an acute and prolonged increase in the 

excitability of nociceptors 139.  

These mechanisms facilitate sustained activation of primary afferent neurons and generate primary 

hyperalgesia which in turn drives neuroplastic changes that facilitate the development of central 

sensitisation. NGF also acts on a subpopulation of dorsal root ganglion (DRG) neurons to affect release 

of further neurotrophins such as brain derived neurotrophic factor (BDNF) which plays an important 

role in promoting central sensitisation140.  

Central sensitisation 

Central sensitisation is the increased responsiveness of nociceptive neurons in the central nervous 

system to their normal or subthreshold afferent input. This occurs through various mechanisms 

resulting in neurophysiological and behavioural changes such as an expansion of receptive fields of 

dorsal horn neurons and secondary mechanical hyperalgesia/ allodynia141,142. The repetitive 
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transmission of nociceptive stimuli via Aδ and c- fibre primary afferents to the spinal cord result in 

increased spontaneous firing and persistent amplification of nociceptive and non-nociceptive sensory 

inputs at the dorsal horn and, subsequently, supraspinal levels 143. Central sensitisation is critical for 

the induction and maintenance of both acute and chronic postoperative pain 14. Again, multiple 

mechanisms appear to participate in central sensitisation including factors released from non-

neuronal and immune cells in the spinal cord. However, many of the synaptic mechanisms underlying 

central sensitisation are incompletely understood. Growing evidence suggests that proinflammatory 

cytokines are induced in the spinal cord and contribute to pain hypersensitivity 144. Secretion of 

excitatory substances such as glutamate with modulatory influences from substance P, calcitonin gene 

related peptide (CGRP) and neurotrophic factors (e.g. BDNF) also occurs and facilitates the 

transmission of the nociceptive impulse from the primary afferent to the spinal second order neuron. 

Glutamate is the chief excitatory neurotransmitter in the spinal cord and is a ligand for the calcium 

permeable alpha-amino-3-hydroxy-5-methyl-4-isoxazoleproprionic acid/kainate (AMPA) and N-

methyl- D-aspartate (NMDA) receptors on post synaptic afferents 121. Unlike other chronic pain 

models, the recruitment of NMDAR in post incisional pain models does not seem essential to central 

sensitisation121,127. Rather, in response to the afferent barrage of sensitised nociceptors, spinal 

sensitisation after plantar incision is maintained by the AMPA receptor group which are responsible 

for non-evoked pain and hyperalgesia after incision127. Detailed examination reveals the importance 

of the GluR1 subunit of the AMPA receptor and its role in AMPA-regulated post incisional pain. Recent 

studies have revealed enhanced post incisional phosphorylation of the AMPA receptor GluR1 subunit 

by Protein Kinase C in the spinal cord dorsal horn, which results in increased trafficking of the Ca2+ 

permeable AMPA receptors in the neuronal plasma membrane 145. Furthermore, surgical incision 

enhances the surface delivery of the GluR1 subunit by enhancing the interaction between GluR1 and 

the regulatory transmembrane protein, stargazin146. Through both these mechanisms, the neuronal 

membrane expression of Ca2+  permeable AMPA receptors and subsequently pain hypersensitivity is 

increased 145,146. The findings that the CACNG2 polymorphisms (encoding stargazin) associate with 
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chronic pain after mastectomy further reinforces the central role of the Ca2+ permeable AMPA 

receptor in central sensitisation and CPSP147,148. 

Descending pain modulation 

Transmission of the pain message is relayed from the periphery to both the cortex and limbic brain 

via the spinal cord, and thalamus, resulting in both the sensory and affective components of pain. If 

the ascending excitatory signals from the spinal cord alters in response to changes in nociceptive input 

or abnormal amplification, descending controls that arise from the midbrain and brainstem regions 

will modulate, altering spinal cord sensory processing and subsequently impact pain perception149-152. 

The descending controls form a link between brain and spinal cord to allow top down modulation of 

spinal processing of afferent inputs. These pathways are able to strongly influence the pain experience 

either in a facilitatory or inhibitory fashion123. 

Descending control pathways originate in the midbrain and brainstem region and project toward the 

dorsal horn of the spinal cord. The most studied descending pathway in pain modulation projects from 

the midbrain periaqueductal grey (PAG) to the rostroventromedial medulla (RVM) which sends inputs 

directly onto nociceptive neurons in the spinal cord dorsal horn153, however other areas of the brain 

such as the subnucleus reticularis dorsalis in the medulla also play a key role in the descending 

modulation of spinal nociceptive pathways154. Furthermore, alongside the RVM, there are 

noradrenergic pathways to the spinal cord from the locus coeruleus which allow for higher centres to 

regulate pain at the first synapses in the pathways from the periphery to the CNS155.  

The PAG receives inputs from the forebrain areas and in turn modulates brainstem areas of the 

RVM155. These descending control pathways are bidirectional and mediated by distinct classes of 

neurons in the RVM, classified by their responses to noxious stimuli. Facilitatory “ON-cells” will start 

firing rapidly in response to noxious stimuli, inhibitory “OFF cells” will cease firing just before a noxious 

stimulus 156. The remaining neurons, those without behavioural related changes in firing are classified 

as “NEUTRAL-cells”.  
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In naïve animals, both ON- and OFF-cell populations display fluctuating ongoing activity that tends 

towards facilitation155. However, after acute surgical insult, acute inflammation and nociceptive drive 

results in an increase in ON-cell activity with suppression of OFF-cell activity. The increase in ON-cell 

discharge is mediated by NMDA and neurokinin 1 receptors157,158 and leads to a shift in the balance 

towards a pro-nociceptive modulatory influence in the spinal cord. Usually, the acute injury initiated 

shift in balance so that ON-cells dominate the output of the RVM appears to be self-limiting. However, 

ongoing inflammation and nociceptive drive can initiate the transition from acute to chronic pain and 

is linked to significant physiological and molecular plasticity in the RVM through the modified 

expression of NMDA, AMPA, neurokinin 1, opioid and trk B receptors and glial cell activation159. 

Ongoing peripheral input to the spinal cord is balanced by endogenous pain modulation where the 

activity of the ON- and OFF- cells in the RVM system is rebalanced but unstable due to ON- and OFF-

cell sensitisation where both ON-and OFF-cells respond to stimuli normally considered innocuous 159. 

This balance between pain sensitisation and endogenous pain modulation may be important in the 

development of CPSP. Several animal studies report that pain sensitisation after the initial surgical 

nociceptive insult may persist even after pain behaviour wears off, suggesting that animals with 

previous injury are in a new biologic state associated with a high level balance between endogenous 

analgesic systems and pronociceptive-systems that mask one another 122.  

The chief neurotransmitters involved with the descending control are serotonin (5-HT) and 

noradrenaline (NA)149 however endogenous opioids, cannabinoids and dopamine (DA) also play an 

inhibitory role160. The output from the RVM to the spinal cord is facilitated by the release of 5-HT. 

While neither the PAG or RVM contain noradrenergic neurons, both regions communicate with 

noradrenergic sites important to pain modulation including the A5 (locus coeruleus), A6 and A7 

(Kölliker-Füse) nuclei which are the major source of NA to the spinal cord161. Serotonergic systems can 

result in both excitatory (pronociceptive) effects through activation of 5-HT3 receptors and inhibitory 

(antinociceptive) effects through 5-HT7 or 5HT2A receptors. Noradrenergic systems however may be 

considered more straightforward, providing antinociceptive effects through activation of inhibitory 
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alpha 2-adrenoceptors on spinal circuits 150,155. Endogenous opioids also play a role in inhibitory pain 

modulation for example, the enkephalinergic inhibitory mechanisms which, through locally released 

enkephalins inhibit neurotransmitter release via Gi-mediated inhibition of voltage gated calcium 

channels and depress postsynaptic excitation Gi mediated activation of GIRK-type potassium channels 

(coded by the KCN genes)126. Finally, Dopamine (DA) has been implicated in modulation of nociception 

in the spinal cord dorsal horn and at the PAG 162,163. The action of DA on pain can be by direct 

modulation through interaction with D1 or D2 dopamine receptors or indirect modulation via opioid 

receptors160. Morphine administration leads to an increase in D2 receptor expression in the spinal cord 

and improves the interactions between opioid receptors and D2 receptors; moreover, it has been 

demonstrated that morphine induced sensitisation can be reversed by blocking of the D2 receptor164. 

Interestingly, multiple gene variants involved with the synthesis and metabolism of these 

neurotransmitters (e.g. COMT, GCH1), their receptors (e.g. OPRM1) or subsequent neuronal function 

(KCN genes) have previously been associated with acute and chronic pain states and possibly provide 

insight into CPSP development and potential targets for identification of pain susceptible individuals.  

1.1.9. Genetic influences on chronic post-surgical pain 

There is large interindividual variation in the development, severity, response to development and 

treatment of CPSP even when patients undergo similar surgical operations. This is the case even when 

demographic, clinical and psychological risk factors are accounted for and as such, there is growing 

interest in factors such as patient genetics and epigenetics. Given that heritability of various chronic 

pain states is estimated between 16-50%, an important portion of the interindividual variation in CPSP 

outcome may be due to genetics165,166. Identifying the genetic variants contributing to this risk offers 

an opportunity not only to improve the predictive models and better identify at risk patients, but also 

develop insights into CPSP pathophysiology and facilitate development of specific therapies tailored 

to the individual patient.  
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Heritability of pain 

The heritability of pain can be a result of large contributions of one or several “major genes” with high 

penetrance (monogenic trait). In this situation, the major genes have high penetrance and the pain 

phenotype develops early in life, with little influence from environmental factors (such as surgery). 

The pain phenotype in these affected individuals is a result of Mendelian inheritance and rare (e.g. 

erythromelalgia). 

More commonly, pain is seen as a complex trait likely requiring interactions between multiple 

common genetic variants (each having a small but additive effect on the overall pain state) and several 

environmental influences167,168. Unlike the large phenotypic consequences of high impact mutations 

in monogenic traits, the minor contributions of the mutations in complex diseases interact to 

modulate risk or protection by altering the function of the resultant protein168,169. To support this 

hypothesis, current genetic association studies in chronic pain have found that approximately 90% of 

the SNPs associated with chronic pain occur on non-coding, regulatory regions (introns or intergenic 

regions) emphasising these modulatory roles169.  

Human genetic studies 

Candidate gene association studies prevail in CPSP. The candidate gene approach relies on a priori 

knowledge of the potential role that selected genes (or their products) may play in chronic pain and 

then assesses the association between a particular allele or alleles of the gene and CPSP170,171. 

Candidate gene studies, however, are not designed to identify unknown pain genes which would in 

turn allow discovery of new pathways and novel mechanisms. Despite this, several genotypes have 

been identified as high priority candidates for increased susceptibility for chronic pain and post-

surgical pain per se. Unfortunately, replication of these studies has been inconsistent with follow up 

studies finding no association, association in the opposite direction, association in some but not other 

cohorts, or associations with different SNPs from those initially reported 172,173.   
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The second approach, the genome wide association study (GWAS), allows for a hypothesis-free 

approach to pain gene association. GWAS aims to identify new variants associated with CPSP by 

identifying genetic locations (SNPs) that differ significantly between cases (patients with chronic pain) 

and controls (patients who are pain free)170. SNPs found only in one subgroup draw the investigator’s 

attention to the causative gene. The genes in which these SNPs are located offer clues about the 

mechanisms behind the phenotype that can followed up in further confirmatory studies.  

Only two GWAS have been published in the context of post-surgical pain; one investigating acute post-

surgical pain, and response to analgesic medications after oral surgery174 and another investigating 

neuropathic pain after total knee or hip joint replacement175. Both these studies identified gene 

variants associated with these pain states. However, both had a relatively small sample size and poorly 

defined the pain phenotype, leading to uncertainty when interpreting the results. 

The major issues in assembling robust GWAS are high cost and large cohorts of patients for adequate 

statistical power170. As such there have been few GWAS investigating pain traits, many of which are 

plagued by small sample size. To overcome this issue, GWAS for similar pain conditions have been 

analysed by meta analyses, pooling the number of patients. These meta analyses have been reported 

for migraine176-178 and chronic widespread pain179. It was once hoped that large GWAS and meta 

analyses of GWAS would provide much information on genes influencing chronic pain. However even 

an analysis of 59,574 patients suffering from migraines and 316,078 control subjects178 revealed that 

experiments with large sample sizes (that should be able to detect most SNPs associated with a given 

phenotype) rarely explain even a fraction of heritability. In this study, despite the large numbers, the 

odds ratios of individual SNPs ranged between 0.89 and 1.11 and together, could not account for more 

than 10-20% of the genetic variance observed 178,180. Much of this “missing heritability” is unexplained 

calling for an analysis of not only patient and treatment factors but also gene- gene interactions and 

gene- environment interactions (epigenetics) 181. 
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Genes associated with CPSP 

Multiple gene variants have been associated with CPSP, however due to to varying methodology, small 

studies and inconsistent findings in genetic association studies, replication of these associations have 

been inconsistent. Furthermore, validation of results in independent populations are required. This 

paucity of data suggests not only that the field is young but more so that the subject matter is complex, 

and methodology varied. 

A systematic review by Hoofwijk et al182 and a critical review by Zorina-Lichtenwalter169 et al have 

attempted to summarise the literature for CPSP gene associations, offering gene variants such as 

genes involving neurotransmitter systems (COMT), voltage gated ion channel activity (KCNS1 and 

CACNA2D3), immune responses (HLA-B and HLA-DBQB1), NF-kappa-B proteins (NFkB1) and 

interleukin signalling (ILR1A, ILR1R2, IL4, IL10, IL13, IFNG1, TNF-α), tetrahydrofolate biosynthesis 

(GCH1), neuroendocrine receptor interactions (protein kinase c (PRKCA), purine receptor signalling 

(P2X7R), dopamine receptor (DRD2), opioid receptor (OPRM1)), nicotinic cholinergic receptor 

(CHRNA6) and opioid drug transport (ABCB1)4,183-186. Of these, COMT, OPRM1, GCH1 and potassium 

channel gene variants have received the most attention. However, when included in meta-analysis, 

only potassium channel variant KCNS1 (rs734784) G allele marginally increased the risk of CPSP 

(Additive genetic model; odds ratio: 1.511; 95% CI 1-2.284; p = 0.05) reflecting the critical gaps in our 

knowledge of CPSP genomics 4.  

Potassium Channels: Potassium channels have been implicated with nociceptive transmission and 

conduction due to their role in action potential generation and propagation. The channels are 

tetrameric proteins containing subunits which may be altered based on genetic variants182. Multiple 

SNPs have been assessed for pain association. KCNS1 which codes for the potassium channel alpha 

subunit was assessed in four post-surgical patient cohorts. Patients possessing the KCNS1 rs734783 

SNP A>G minor allele reported increased pain after lumbar discectomy, limb amputation and higher 

pain sensitivity to experimental pain paradigms 187. Similarly, those with the KCNS1 rs13043825 minor 
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allele reported an increased prevalence of CPSP after spinal discectomy but not limb amputation.  

Interestingly the KCNS1 associations were not reported when assessed in patients undergoing breast 

surgery 187,188.  Variations in other potassium channel genes (KCNA1, KCND2, KCNJ3, KCNJ6, KCNK9) 

have been associated with persistent pain after breast cancer surgery 188. The minor alleles of 

rs4766311, rs1737637, rs12995382and rs2532323 were associated with lower prevalence of CPSP and 

the minor alleles of rs1072198, rs1761121, rs858003, rs2835925, rs2014712 and rs2545457 were 

associated with a higher prevalence of CPSP 188.  

COMT: The COMT gene encodes the catechol-O-methyltransferase (COMT) enzyme, which is 

responsible for the metabolism of selective neurotransmitters (e.g. dopamine, noradrenaline and 

adrenaline) involved in nociception (especially the descending inhibitory pain pathways) and 

influences opioid receptor binding. The enzyme can be categorised as soluble COMT (S-COMT) or 

membrane bound (MB-COMT). In human studies, low COMT activity has been associated with 

increased sensitivity to acute post-operative pain189,190 and other previously identified post-surgical 

pain risk factors including experimental pain191,192, anxiety, and depression193. The COMT 

polymorphism rs4680 has received the most research attention. This polymorphism is coded by 

472G>A, which causes the substitution of valine by methionine at the amino acid position 158 

(Val158Met). This in turn decreases COMT thermostability, resulting a 3-4 fold reduction in COMT 

enzyme activity. The allelic affects are codominant, so that individuals with the met/met genotype 

have the least COMT enzyme activity 194,195. The met/met genotype also has significant associations 

with acute and chronic pain states, including CPSP 196-198. Additionally, haplotypes of the COMT gene 

(composed of rs4680, rs6269, rs4633 and rs4818) have been associated with low, medium and high 

sensitivity to experimental pain, differences in endogenous pain control via the mu-opioid receptor, 

susceptibility for common musculoskeletal pain conditions and increased persistent pain sensitivity 

following lumbar discectomy195,197.  
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GCH1: GCH1 encodes Guanosine-5-triphosphate (GTP) cyclohydrolase, an enzyme that catalyses the 

rate limiting step for the synthesis of tetrahydrobiopterin (BH4), an intrinsic regulator in 

catecholamine and nitric oxide biosynthesis199. In humans, the minor allele of rs4411417 was 

associated with an increased prevalence of CPSP after several surgical procedures (RR 1.27, 95%CI 

1.00-1.62, p=0.046) 182. Furthermore,  a haplotype of GCH1 (population frequency 15%), identified by 

studying three SNPs (rs8007267, rs3783641, and rs10483639), is associated with reduction in pain 

intensity after discectomy for persistent radicular low back pain and persistent post-surgical pain after 

herniotomy198. Individuals homozygous for this haplotype were also shown to have reduced 

experimental pain sensitivity200. As such ‘BH4 blocking drugs’ are currently in development as 

potential analgesics in an attempt to modify the neurochemical processing 201.  

OPRM1: The mu-opioid receptor gene OPRM1 has been studied in various pain contexts especially 

with regard to opioid pharmacogenetics and pain sensitivity. The most widely studied gene variant of 

OPRM1 is rs1799971 (A118G) where an A to G substitution in exon 1 results in an amino acid 

substitution at codon 40 from asparagine (Asn) to Aspartic acid (Asp). The molecular and cellular 

mechanisms by which the A118G polymorphisms contributes to mu-opioid receptor function however 

is poorly understood 202. 

Studies have suggested that the minor G allele increases the receptor affinity for β endorphin203, 

although subsequent studies have reported no difference in binding affinity functional coupling or 

internalisation of receptor204. Alternatively, an epigenetic mechanism has been proposed as the G 

variant introduces a new CpG methylation site into the OPRM1 gene locus resulting in a reduction in 

the expression of the G variant allele at both the RNA and protein levels 204-206. Further adding 

complexity, the minor G allele varies in according to patient ethnicity with 24% in Hispanics, 25-47% 

in Asians and 14% in Caucasian202 and in addition to interaction between ethnicity and gene variant79, 

may demonstrate sex/gene interaction207.  
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Clinically, studies have associated the OPRM1 minor G allele with opioid analgesia, tolerance, demand 

and dependence, postoperative pain intensity, and experimental pain. The direction and magnitude 

of these effects are however inconsistent. Furthermore, similar to studies assessing the association 

between the G allele and acute post-surgical pain208 and neuropathic pain209, a recent meta-analysis 

did not find an association between OPRM1 and CPSP 4. 

Epistasis 

Gene x gene interactions (epistasis) have been suggested as possible mechanisms explaining missing 

heritability. Again, the results of epistasis studies, like other genetic studies in pain, have been 

inconsistent and even conflicting.  

Interactions between COMT, GCH1 and ESR1 polymorphisms have been shown to influence COMT 

activity though a gene/gene interaction relationship. The epistatic relationships were demonstrated 

in patients with temporomandibular disorder and have not been investigated in persistent post-

operative pain210. ESR1 encodes the oestrogen receptor alpha, a nuclear hormone receptor which 

binds oestrogen, and in the context of pain, causes the downregulation of COMT gene expression and 

thus activity 211. In the presence of two copies of the ESR1 minor A allele (SNP rs3020377),  patients 

with the protective COMT val158 allele exhibit reduced COMT enzyme activity, increased bodily pain 

and poorer self-reported health210. GCH1 has the opposite effect on COMT. Those patients with two 

copies of the GCH1 rs10483639 minor C allele and the risk-conferring COMT met allele (rs4680) 

exhibited normalised COMT activity and increased mechanical pain thresholds210. 

Treatment studies investigating the interactions between OPRM1 and COMT also demonstrate 

epistasis. Carriers of the OPRM1 AA and COMT Met/Met genotype required the smallest opioid dose 

to relieve cancer pain212 but had the least analgesia from fentanyl in labour and delivery213. In the 

postoperative population, Khalil et al showed that carriers of the OPRM1 AA and COMT val/val 

genotype again required the lowest opioid dose for analgesia compared other combinations214 

however Yao et al found no significant effect 215. Studies on analgesic efficacy when discussing pain 
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however may prove to be misleading as analgesic efficacy is also subject to pharmacogenetic 

variations which may not reflect genetic variation in pain sensitivity. Also, it may not be appropriate 

to compare the interactions between these genes across pain contexts due to different environmental 

influences and different patient populations.  

  



31 
 

 

1.1.10. Epigenetics 

Although chronic pain conditions have a median heritability of 45%216, findings from genetic studies 

are only able to explain some of the individual differences in pain perception. Moreover, the genetic 

basis for CPSP has been elusive due to poor replicability, inconsistent findings and lack of 

investigations into both gene- gene and gene- environment interactions. There is increasing evidence 

that environmental factors (e.g. medications217, surgical incision 218, and intraoperative nerve 

damage219) may influence changes in chromosomes that lead to stable and/or heritable changes in 

gene function without concomitant changes in DNA sequence and may be involved in pain chronicity 

and transition to CPSP 140,220,221. This mechanism may also account for the interpersonal differences in 

pain sensitivity in twin studies222. Given the alterations to receptor and pain mediator expression 

observed in peripheral and central sensitisation and modified descending pain modulation, it is very 

likely that environmentally-influenced alterations to gene expression may  at least partly underlie the 

mechanism of transition to CPSP 140,183,223-225. These gene-environment interactions and subsequent 

alterations to gene transcription are summarised as epigenetics. There are multiple molecular 

mechanisms underlying epigenetic modification however the most widely studies in the context of 

pain include DNA methylation and histone modification 180. 

DNA methylation (covalent addition of a methyl group to the 5’ position of the cytosine-phosphate-

guanine (CpG) dinucleotide sequences in the DNA) influences gene expression through interference 

with DNA transcription 226. This modification has been linked to many physiological processes such as 

embryo development, aging, cancer (including breast cancer), psychiatric disorders and drug 

addiction218. Importantly, methylation of DNA at CpG rich islands has also been associated with pain 

states including CPSP 206,217-219,223,227-230. DNA methylation seems to play a functional role in incisional 

nociceptive sensitisation in rodent models 218,219. Hypermethylation at OPRM1 may be one pathway 

controlling this process218. Clinical studies have also attempted to assess the relevance of epigenetic 
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alteration in chronic pain states and CPSP 206,217,228,231. DNA methylation of selected cytokine genes231, 

TRPA1 223,229 and OPRM1 206,217 have been associated with CPSP.  

Pain can also be associated with DNA demethylation. Demethylation of P2X3 receptor gene promotor 

and its binding of transcription factor p65 resulted in P2X3 receptor protein regulation in the DRG and 

diabetic neuropathic pain in rats 232.  

One of the difficulties when investigating epigenetics lies in the selection of accessible cells that will 

reflect epigenetic changes in the appropriate tissue associated with the investigated condition. 

Various studies have used leukocytes to assess epigenetic change in pain 206,217,228-231. There is growing 

evidence that leukocytes produce and respond to morphine and reflect epigenetic changes of more 

central, inaccessible tissues 233-236. For example, it was recently shown that the pattern of DNA 

methylation in the promoter region of the prodynorphin gene in human brain tissue collected at post 

mortem matched peripheral blood mononuclear cells virtually identically 237. In addition, the 

expression and activity of genes of the inflammatory infiltrate at the site of the surgical incision, make 

circulating leukocytes a highly appropriate and easily accessible material to study these putative 

epigenetic changes.  

This emerging field of study within pain medicine provides an exciting biological mechanism for the 

development of persistent pain. Understanding possible epigenetic changes to genes associated with 

post-surgical pain may provide important information to potentially both optimise pain management 

and improve pain prevention. Animal studies already suggest that targeting these epigenetic 

mechanisms may lead to the development of novel analgesic medications 224. 
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1.2. Persistent Pain After Breast Cancer Surgery  

1.2.1. Introduction 

Breast cancer is the most common cancer in Australian and New Zealand women, accounting for over 

18,000 new diagnoses annually238,239. Surgery, a mainstay treatment in >90% of breast cancer cases 

decreases 5-year mortality to less than 10%239,240. Women who undergo breast cancer surgery are at 

risk of persistent pain which affects up to 60% of patients (regardless of type of surgery) with one in 

four of these patients reporting moderate to severe pain 40,241-243. Furthermore, research indicates that 

pain may persist with up to 80% of women who report pain at 3 months after surgery reporting pain 

at 5 years 243. The impact of persistent pain after breast cancer surgery (PPBCS) on patients’ quality of 

life is significant due to negative effects on emotional distress and physical disability 243-246. Ironically, 

cancer survivorship presents a growing clinical challenge of pain clinicians and researchers due to the 

growing importance of morbidity (such as chronic pain) associated with cancer treatment. 

Many women feel unsupported and underprepared for the physical impact and emotional experience 

of (PPBCS) 247. Patients report that pain after surgery is their most troubling symptom and it is difficult 

to manage58. Persistent pain is intrinsically interwoven with women’s experiences of cancer and due 

to the lack of preparation and support, the pain is largely unexpected 247. Improvements in quality of 

life can be made not only by addressing PPBCS but also if supportive care is tailored to the needs of 

both patients and their carers 248,249.  

1.2.2. Persistent pain after breast cancer surgery 

Persistent pain following breast surgery has been recognised as early as 1978 250. Since then, multiple 

terms have been coined to describe chronic pain after breast surgery, including postmastectomy pain 

syndrome (PMPS), persistent or chronic pain after breast surgery and persistent postmastectomy 

pain. Terms such as persistent pain after breast cancer surgery (PPBCS) have also been used as most 

of the investigation has focused on breast surgery for breast cancer. This term is also used in this thesis 
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to describe this pain. Despite these, no standardised nomenclature has been formalised. Regardless, 

the syndrome has received much research attention with multiple reports on the incidence, outcomes 

and risk factors associated with the syndrome. As a result, the chronic pain after breast surgery has 

emerged as an accepted and common complication of breast surgery 40.  

In addition to its variable nomenclature there also is no standardised definition of PPBCS. In 1986, the 

International Association for the Study of Pain (IASP) defined post-mastectomy pain syndrome as 

persistent pain soon after mastectomy/lumpectomy affecting the anterior thorax, axilla and/or medial 

upper arm251 with no specific time frame described. However the acceptance and utilisation of this 

definition was low and as a result, there are multiple other definitions in the literature described, with 

disagreement in the location, duration of chronicity, type of breast procedure included, neuropathic 

descriptors and intensity 252. The lack of a standard definition has led to inconsistencies in the 

outcomes measured and consequently make it difficult to compare studies in the literature. To 

address this issue, Waltho et al proposed a consensus definition for both research and clinical 

purposes after assessing seven domains among all definitions of PPBCS in published literature 252. Post-

mastectomy pain syndrome (PMPS) as defined by Waltho et al, is “pain that occurs after any breast 

surgery; is of at least moderate severity; possesses neuropathic qualities; is located in the ipsilateral 

breast/chest wall, axilla, and or arm; lasts at least 6 months; occurs at least 50% of the time; and may 

be exacerbated by movements of the shoulder girdle”252. Their definition acknowledges the finding 

that PMPS has a large neuropathic component (up to 68%)26,37 and may be exacerbated by movement. 

It also acknowledges that the pain may be exacerbated by adjunctive treatments for breast cancer 

and thus to account for these, a duration of 6 months or more is required before pain after breast 

cancer surgery can be considered chronic. Radiation therapy in particular may be an independent 

source of ongoing inflammatory pain253. More recently, Schug et al have provided specific CPSP sub-

codes in their submission to the ICD-11, which includes “chronic pain after breast surgery” 30. These 

codes were intended to be used in combination with the appropriate surgery codes of the ICD-11. 

Additional to their definition for CPSP, chronic pain after breast surgery is chronic pain that develops 
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after a surgical procedure in the breast area; develops after a surgical incision to the anterolateral 

chest wall and in some cases the ipsilateral axillary region and may be aggravated by movement. 

These two recent proposals demonstrate the difficulty in defining PPBCS. Although well considered, 

Waltho’s definition may be interpreted as being too restrictive, excluding many patients due to the 

requirement of neuropathic pain and higher pain severity. Moderate to severe pain is reported in 

around 14% of patients and although there is a large neuropathic component, not all patients report 

neuropathic pain30. The converse is true for the ICD-11 sub-code which is possibly too inclusive for 

research purposes. As with Waltho’s definition, there were no restrictions for type of surgery which 

intentionally included both cancer and non-cancer breast operations. Unlike Waltho’s definition, there 

was no modification to time frame from 3 to 6 months (possibly taking into consideration the 

differences in post-surgical adjuvant treatments) nor was there any specific definition on location of 

pain experience. 

Other issues in the current literature centre around when and how PPBCS is measured. PPBCS has 

been measured as soon as 2 months after breast cancer surgery and up to 6 years after surgery across 

studies.  

1.2.3. Epidemiology of PPBCS 

Persistent pain after breast cancer surgery is reported to affect up to 60% of patients but there is a 

large variation in the reported prevalence 40,241-243. Most earlier studies have been performed in 

Europe or North America however recent investigations into PPBCS in Africa254, Asia255-258 and 

Australia243 have all revealed a similar prevalence of pain ranging from approximately 30-60% despite 

purported improvements in anaesthetic technique259. Pain is usually described intermittently (1 to 3 

days a week), located commonly in the breast followed by the axilla and less commonly in the chest 

wall or the arm58. PPBCS is usually described as burning and/or shooting with tactile allodynia (pain 

on light touch)241,260. 
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Natural history 

Prospective longitudinal studies have suggested that PPBCS incidence is longstanding with a very small 

reduction in incidence over time, if at all58,243,261. Furthermore, the reduction in incidence may be 

dependent on pain severity as patients with moderate to severe PPBCs report no reduction in 

incidence from 6 months to one year post breast cancer surgery but rather a 1% increase from 13% to 

14% 2.  

Neuropathic pain 

Neuropathic pain has always been strongly associated with PPBCS since its first description in 1978 250. 

Since then, studies have indicated that up to 68% of PPBCS patients describe neuropathic pain features 

26,37,262-264. These prevalence rates are higher than those reported for other types of cancer in which 

estimates range from 19 – 39% 26.  

Furthermore, acute postoperative neuropathic symptoms such as burning, radiating pain associated 

frequently with paraesthesia and hypersensitivity near the operative site262 at 1 week after surgery 

have been associated with development of PPBCS 37, findings confirmed by a recent prospective 

multicentre study 265.  

1.2.4. Mechanisms for PPBCS development 

Nerve injury and peripheral mechanisms of PPBCS development 

Because of this large neuropathic component, iatrogenic nerve injury and neuroinflammation during 

surgical procedures has been suggested as a possible causative factor for PPBCS 14,260. The findings, 

however, are contradictory. Although previous studies have correlated nerve damage during axillary 

intervention with PPBCS266, other studies investigating sparing of the intercostobrachial (ICBN) nerve 

during surgery have not found a reduction in the prevalence of PPBCS. Furthermore, a recent finding 

that axillary surgery with ICBN preservation increases the risk for PPBCS development makes the 

picture even more confusing 2. A recent systematic review suggested that studies in which fewer 
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participants underwent axillary surgery or had less invasive surgeries to preserve breast tissue had a 

lower prevalence of neuropathic pain than those undergoing extensive mastectomies and axillary 

lymph node dissections 26,263. Furthermore, studies in which chemotherapy with taxane-based 

regimens were used reported a higher rate of neuropathic pain 26,266. Regardless, it is likely that 

damage (macroscopic or microscopic) to either thoracic intercostal nerves or intercostobrachial 

nerves by mastectomy and axillary surgery, respectively may contribute to both the development of 

neuropathic pain and PPBCS.  

Factors such as perioperative anxiety, arm symptoms, higher cancer stage, Non-European ethnicity 

(African American race), history of diabetes mellitus or fibromyalgia have also been suggested risk 

factors for persistent neuropathic pain after breast cancer surgery 263,266. Identification of genetic risk 

factors for the neuropathic component of PPBCS is still in its infancy. Some work into identifying 

genetic risk factors have also been conducted 267. Studies have identified association between patients 

with PPBCS with a neuropathic component and variants in the interleukin-1 receptor type 2 (IL1R2), 

interleukin- 10 (IL10) 268and the purinergic receptor 7, (P2RX7)269.  

Interestingly, polymorphisms in CACNG2 have been associated with both PPBCS147 and susceptibility 

to chronic pain following nerve injury148, alluding to a possible role for central sensitisation and 

confirming the important role of nerve injury in PPBCS. CACNG2 encodes for stargazin, a protein 

intimately involved in the trafficking of glutamatergic AMPA receptors, a receptor implicated in the 

spinal/central amplification of nociceptive signalling after post-incisional pain in rodent models.   

Central mechanisms of PPBCS development 

As previously mentioned, central sensitisation due to persistent stimulation via peripheral afferents is 

important in the transition to CPSP. This may also be the case for PPBCS. Previous retrospective studies 

have revealed evidence of alterations to central processing of pain in patients with PPBCS including 

increased temporal summation using mechanical stimuli 270 and decreased descending inhibition 

(CPM)271 regardless of complete mastectomy or lumpectomy272. Prospective studies have been lacking 
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and have not attempted to assess alterations to central processing but rather assess the predictive 

value of preoperative variability in pain perception using static QST paradigms (rather than measures 

of central processing i.e. temporal summation and conditioned pain modulation) with mixed results 

273,274. A recent study by Lötsch et al investigated preoperative quantitative sensory testing as a 

predictive factor for PPBCS 274. The results from 763 participants subjected to a preoperative tonic 

cold pain test were analysed using machine learning techniques leading to a prediction model that 

was able to exclude PPBCS in patients with a 94.4% accuracy. Furthermore, results from this study 

further suggests that patients who were better able to suppress pain may be protected against the 

development of PPBCS through mechanisms of central pain modulation.  

Recently, the central sensitisation index (CSI) has been applied to assess central sensitisation in breast 

cancer survivors 275-277. This questionnaire has been use to assess for symptoms of hypersensitivity of 

the central nervous system such as altered sensitivity to environmental stimuli such as light, cold/heat, 

food, stress and chemical stimuli 278. In the breast cancer populations studied, central sensitisation 

and pain catastrophizing were found to be associated with PPBCS257,275 . Patients reporting more 

severe pain quality and higher levels of pain catastrophizing were found to also have a higher degree 

of central sensitisation-related symptoms276. Patients in the high central sensitisation-related 

symptoms group also showed significant impairments in functional capacity compared to other 

groups277.  

1.2.5. Risk factors for PPBCS 

Clinical and Demographic factors: 

To date, research into PPBCS has largely focussed on clinical, demographic and psychological risk 

factors (e.g. catastrophizing, anxiety and depression), treatment and prevention. Despite sharing 

many risk factors with CPSP, there have been some factors (especially surgical and treatment related 

factors) which may be specific to PPBCS. Younger age, greater acute post-operative pain and 

preoperative pain, radiotherapy and axillary lymph node dissection have all been frequently and 
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consistently identified across individual studies and meta analyses as strong predictors for PPBCS 3,279. 

Additional risk factors such as higher BMI, non-white ethnicity, lower blood pressure, neuropathic 

symptoms within the first 3 post-operative days, high opioid requirements within the first 24 hours 

post operatively, hormone therapy and chemotherapy may also be important 2,279.  

More recently, composite risk factors such as acute pain trajectory (as a product of pain severity and 

resolution) have been identified as risk factors for CPSP and PPBCS280,281.  This has also been applied 

to PPBCS and patients with more severe acute pain and poor pain resolution in the first seven days 

after surgery have an increased risk of pain at 6 months after surgery even after controlling for age, 

preoperative pain, axillary surgery, total mastectomy, chemotherapy and radiation therapy 258.  

Gene association studies:  

There have been few studies on the genetics (either as a risk factor for developing persistent pain or 

as a factor that influences treatment or outcome) of PPBCS. Adding genetic risk factors to the clinically-

based prediction models for PPBCS could improve the identification of at-risk patients and allow the 

potential for optimisation of analgesic therapy with a long term perspective, such as breast cancer 

recurrence282.  

Inherited differences due to Single Nucleotide Polymorphisms (SNP) in genes or haplotype 

combinations of SNPs that tend to be inherited together may also be responsible for the variability in 

developing pain after breast cancer surgery 283. Although there have been only limited numbers of 

studies investigating genetic associations with PPBCS, preliminary candidate gene association studies 

have found associations between PPBCS and polymorphisms across genes involved with potassium 

ion channels (KCNA1, KCND2, KCNJ3, KCNJ6, KCNK9, KCNS1, KCNK3) 188, inflammation and cytokine 

production (IL1, IL10) 268, the µ opioid receptor (OPRM1) 284, neuroendocrine systems (COMT) 285, ATP-

gated purinoreceptor (P2X7R) 269, voltage dependant calcium channel gamma subunit 2 

(CACNG2)147,148 and endocannabinoid metabolism (FAAH) 286. Overall however, investigations into 

associations between genetic polymorphisms in well-established pain genes such as COMT with PPBCS 
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susceptibility have been underpowered resulting in mixed or inconclusive results requiring 

confirmatory studies 190,285,287. Only CACNG2 has undergone replication in 2 independent samples of 

women undergoing mastectomy147. Furthermore, how these genes confer risk for persistent pain, the 

degree to which these genes influence pain after breast cancer surgery and therefore which analgesics 

to use remains unknown 183.  

1.2.6. Prevention and management of PPBCS 

Due to the scale of the problem, prevention and management of PPBCS has also become a large area 

of research. Psychosocial and pharmacological interventions and alteration to anaesthetic technique 

have all been suggested as possible modifiers to PPBCS incidence.  

Investigation into the role of general anaesthetic modality in the development of PPBCS has provided 

mixed results. Both halogenated volatile general anaesthetic agents288 and propofol infusions95 for 

maintenance of anaesthesia have both been reported as conferring protection for PPBCS. However, 

larger prospective multicentre studies have demonstrated no significant difference between the two 

modalities 98,289.  

Similarly, there has been conflicting evidence regarding the role of regional anaesthetic technique in 

the development of PPBCS. It has been suggested that reducing the intensity and incidence of acute 

post-surgical pain through regional anaesthetic techniques, the risk of peripheral and central 

sensitisation can be reduced thereby reducing the transition into PPBCS38,49,290. Several randomised 

controlled trials have been conducted to assess whether regional anaesthesia using a PECS block291,292 

or thoracic paravertebral block293-295 may reduce PPBCS. These studies however have either been small 

or suffer from methodological issues, with mixed results showing either a protective association291 

256,296 or no association at all292,293,297. Furthermore, due to these issues, any inference from a 

systematic review or meta-analysis is ultimately flawed 97,295,298. To address this, a large, prospective, 
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international multicentre trial has recently been conducted which did not show an association 

between regional anaesthesia and PPBCS98.   

Dose and type of local anaesthetic used in regional anaesthesia vary across studies and systemic 

absorption of local anaesthetic may influence pain outcomes. Perioperative intravenous lignocaine 

infusions have been shown to reduce the incidence of  both CPSP 299 and PPBCS 300-302. In addition to 

influencing chronic pain outcomes, systemic lignocaine may also have implications on cancer biology 

and progression 303,304 

Psychological robustness in terms of positive affect and optimism were associated with lower acute 

and chronic pain after breast cancer surgery 60. Therefore, investigation into perioperative 

psychological interventions to prevent PPBCS though reducing both preoperative and postoperative 

psychological distress and optimising treatment expectations warrants further investigation. Self-

management strategies form the core of the psychological interventions for PPBCS, aiming to reduce 

not only pain intensity but also addressing fatigue, depression, anxiety and stress 305. Preliminary 

evidence suggests that cognitive behavioural therapy based psychological interventions may reduce 

post-surgical pain intensity and disability 64. Furthermore, optimizing treatment expectations and 

mindfulness based interventions such as acceptance and commitment therapy may offer a promising 

approach to improving postoperative pain65,306. Hypnosis has also been studied, and despite significant 

reductions in pain in patients undergoing this form of treatment, the evidence is sparse, requiring 

further research307.  

Importantly no studies to date have taken a multidisciplinary approach to the prevention and 

treatment of PPBCS. As the aetiology of PPBCS is likely to be multifactorial, it seems likely that a 

multimodal approach which incorporates preoperative psychosocial, intraoperative anaesthetic and 

surgical technique modification and acute postoperative pain and psychological management is 

required. Furthermore, despite the evidence of various treatment and prevention strategies, few have 

been adopted clinically, leaving the incidence and impact of PPBCS largely unchanged.  
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1.3. Conclusion  

CPSP is now understood to be a significant and growing health and wellness issue in the 21st Century. 

It has important patient, healthcare, societal and economic sequelae. Breast cancer treatment has 

progressed from a disease where mortality reduction was the end game to now looking at quality of 

life, recovery and survivorship. Several studies have attempted to identify multiple clinical, 

demographic and psychological risk factors for PPBCS. Unfortunately, none of these studies have 

prospectively included a comprehensive investigation of combined genomic, neurophysiological, 

clinical, demographic and psychological predictors for PPBCS. 

1.4. Hypothesis and Objectives 

1.4.1. Hypotheses 

• Moderate to severe persistent pain (NRS ≥3/10 on Brief Pain Inventory) for more than 6 

months after breast cancer surgery affects a large proportion (>20%) of New Zealand patients.  

• Patients with moderate to severe persistent pain ≥ 6 months after breast cancer surgery will 

have poorer functional outcomes and higher rates of emotional distress compared to patients 

with no to mild pain.  

• Genes, neurophysiological and psychosocial factors may influence PPBCS independently, and 

in interaction with environmental (demographic and clinical) factors. 

• Alterations to gene expression in response to environmental factors (clinical and treatment) 

may contribute to transition to PPBCS. 
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1.4.2. Objectives:  

• To assess the prevalence and impact of PPBCS in the New Zealand population through both 

retrospective and prospective investigation.  

• To identify possible demographic, psychological, clinical and surgical risk factors related to the 

development of PPBCS through retrospective and prospective investigation. 

• Assess whether preoperative or pre to postoperative changes in nociceptive processing 

(conditioned pain modulation, temporal summation and pressure pain 40) relate to the 

development of PPBCS. 

• Assess whether inherited genetic variation in previously reported genes associated with 

chronic pain (COMT, GCH1, ESR1, KCNJ6 and OPRM1) associate with PPBCS.  

• Assess the longitudinal changes in DNA methylation of CPG islands in the COMT gene over the 

perioperative period to 6 months after surgery.  
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Chapter 2. Methods 
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2.1. Study design and overview 

Two studies were conducted to assess the incidence, impact and risk factors for PPBCS. The first study 

(Study 1) was a retrospective questionnaire-based cross-sectional study and the second study (Study 

2) was a prospective cohort study. Study 2 also included an exploratory study to assess DNA 

methylation of selected genes from before surgery to 6 months after surgery in attempt to evaluate 

if longitudinal epigenetic modification occurred over the perioperative period to 6 months after 

surgery. Details of study design, patient selection and inclusion criteria are described in the relevant 

chapters.  

2.2. Ethics and locality approval 

Ethical approval to conduct study 1 (retrospective cross-sectional study) was granted by the New 

Zealand Health and Disabilities Ethics Committee (16/NTA/48/AM02). Locality approval for data 

collection was granted by the Awhina Research and Knowledge Centre, WDHB (RM13332). 

Ethical approval to conduct study 2 (prospective cohort study) was granted by the New Zealand Health 

and Disabilities Ethics Committee (16/NTA/55/AM06). Locality approval for data collection was 

granted by the Awhina Research and Knowledge Centre, WDHB (RM13274). 

2.3. Outcome measures and Definitions: 

2.3.1. Definitions 

Breast cancer surgery 

Breast cancer surgery was defined as primary surgery to treat breast cancer using mastectomy, breast 

conserving surgery (lumpectomy or partial mastectomy) or/and sentinel node biopsy or axillary 

dissection. 
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Persistent pain after breast cancer surgery (PPBCS) 

PPBCS was defined as pain in the ipsilateral breast, axilla, arm, shoulder or chest wall daily ≥6 months 

after surgery. Patients who received bilateral mastectomy were directed to answer questions with 

respect to the side in which they suffered the most pain. 

2.3.2. Outcome measures 

Questionnaires 

Validated, self-complete questionnaires were used to assess the prevalence, character and impact of 

pain experienced. In Study 1, these questionnaires were mailed to patients for self-completion. In 

Study 2, these questionnaires were used before surgery, and at postoperative review at day 14 and 6 

months. Study questionnaires included the Short Form Brief Pain Inventory (BPI), Short Form McGill 

Pain Questionnaire II (SF-MPQ-2), Douleur Neuropathique en 4 interview (DN4 interview), the 

Disabilities of the Arm, Shoulder and Hand questionnaire (DASH) and the Depression, Anxiety and 

Stress 21 questionnaire (DASS21). Patients were directed to complete the pain related (BPI, SF-MPQ-

2 and DN4 interview) and functional (DASH) questionnaires with respect to any pain in the breast or 

chest wall, arm and shoulder on their operative side. Patients who received bilateral mastectomy were 

directed to answer questions with respect to the side in which they suffered the most pain. In the case 

of study 2, if patients reported no pain before surgery, they were directed to complete the DASS21 

and DASH questionnaires only. These were sent to the selected patients by mail (Study 1) or 

completed at each study clinic appointment (Study 2).  

Pain prevalence and interference - Short Form Brief Pain Inventory (BPI) 

The Short Form Brief Pain Inventory (BPI) was used to assess pain severity intensity and pain 

interference308. PPBCS was measured at the 6 month review from the Brief Pain Inventory (question 

5-“average pain”). Pain was categorised according to the 11-point numerical rating scale (0 = “none”, 

10 = “worst possible”) where a score of 0-2/10 was considered no to mild pain, 3-5/10 moderate pain 
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and ≥6/10 severe pain10. Similar to previous studies, the NRS cut-off point of ≥3/10 was used to define 

clinically important pain10,58. 

Pain interference was measured using the BPI scores from the seven sub-item pain interference 

question (question 9). The interference of pain was assessed by asking patients to rate the 

interference with general activity, mood, walking ability, normal work, relations with other people, 

sleep and enjoyment of life on an 11-point NRS. Patient scores for these seven subitems were 

averaged to produce a numerical rating score out of 10 (0= “no interference”, 10= “worst possible 

interference”). 

Analgesic medication use at the time of questionnaire completion was also measured by the BPI 

(question 7). Patients were asked to list the current treatments for pain experienced in the areas 

outlined in the definition of PPBCS and to describe effectiveness based on percent relief (100% = total 

relief, 0% = no relief). 

Pain characteristics - Short Form McGill Pain Questionnaire 2 (SF-MPQ-2) 

The Short Form McGill Pain Questionnaire 2 (SF-MPQ-2) was used to assess specific features of 

patients’ pain. Patients were asked to rate each of 22 pain descriptors using an 11-point numerical 

rating scale (0-10). The average score for each subscale was then calculated to assess the specific pain 

features (continuous, intermittent, neuropathic and affective) and combined to form a total score by 

calculating the average score over the 22 items.  

Neuropathic Pain - Douleur Neuropathique en 4 interview (DN4 interview) 

The Douleur Neuropathique en 4-interview (DN4 Interview) was administered to patients to screen 

for neuropathic pain309. The DN4-interview is an abbreviated version of the DN4 and consists of 7 

items grouped into four questions relating to the pain description (burning, painful cold, electric 

shocks) and to its associated abnormal sensations (tingling, pins and needles, numbness and itching). 

Scores for these 7 items were combined to form a total score. For the diagnosis of neuropathic pain, 

a combined total score of ≥3 was required309.  
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Upper limb functional disability - Disabilities of the Arm Shoulder and Hand (DASH) 

Upper limb function was assessed using the Disabilities of the Arm, Shoulder and Hand questionnaire 

(DASH). Patients were asked to rate difficulty on performing common upper limb tasks and 

interference with daily life using a 5-point Likert scale. The scores for all 30 items were then used to 

calculate a DASH score out ranging from 0 (no dysfunction) to 100 (most severe dysfunction)310.  

Psychological distress - Depression, Anxiety and Stress Scale (DASS21) 

Depression, anxiety and stress were assessed through the short version Depression and Anxiety Stress 

Scale (DASS21) questionnaire. The DASS21 is a 21 item self-report questionnaire composed of three 

subscales (depression, anxiety and stress), each with seven items311. Responses are measured on a 

four-point rating scale on how each item applied to the patient (0=Did not apply to me at all; 3= 

Applied to me very much or most of the time). Items for each of the three subscales were added 

together to give three scores, each out of 21. Higher scores represented greater depression, anxiety 

or stress.  
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2.4. Risk factors 

Possible risk factors for the development of PPBCS were collected for both Study 1 and Study 2 and 

are summarised in Table 2-1. Additional factors collected specifically for either Study 1 or Study 2 are 

highlighted in yellow and green respectively. Patient nociceptive processing (quantitative sensory 

testing) and patient genomics were also assessed as possible risk factors for PPBCS in Study 2.  

Table 2-1: Study factors collected for inclusion in a risk factor analysis for study 1 and study 2 

Perioperative time period   
Preoperative Intraoperative Postoperative 

Age in years at surgery (<50, 
50-65, >65) 

Type of breast surgery 
(mastectomy vs breast 
conserving surgery), 

Radiation therapy vs none 

BMI in kg/m2 (<25, 25-30, >30) Axillary surgery (sentinel node 
biopsy vs axillary node 
dissection vs none) 

Adjuvant chemotherapy vs 
none 

Living with a partner vs living 
alone 

Repeat surgery vs none Hormone therapy vs none. 

Smoker (current, ex, non), Reconstruction surgery vs 
none 

Months since final breast 
operation (6-12, 12-24, >24) 

Self-reported Ethnicity 
(European vs non-European) 

Anaesthetic modality (volatile, 
propofol infusion) 

Pain (any pain BPI NRS ≥1/10 
and moderate to severe pain 
BPI NRS ≥3/10) 

Highest education (primary, 
secondary, tertiary 
undergraduate, tertiary 
postgraduate) 

Intercostobrachial nerve 
(handled or transected) 

Neuropathic pain day 14 (DN4 
interview ≥3/7) 

Diastolic BP in mmHg (<90, 
≥90) 

  

Pain (any pain BPI NRS ≥1/10 
and moderate to severe pain 
BPI NRS ≥3/10) 

  

Neuropathic pain day 14 (DN4 
interview ≥3/7) 

  

Preoperative psychological 
distress (DASS21) 

  

QST (TS, PP40, CPM)   

Gene variants   

Factors common to both Study 1 and 2 are not highlighted. Factors additional to common factors and 
specific to study 1 are highlighted in yellow. Factors additional to common factors and specific to Study 
2 are highlighted in green. BPI = Brief Pain Inventory, DASS21 = Depression, anxiety and Stress scale 
21 questionnaire, DN4 interview = Douleur Neuropathique en 4 interview, QST = quantitative sensory 
testing, TS = Temporal Summation, PP40 = pressure pain 40, CPM = conditioned pain modulation  
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2.4.1. Clinical and demographic risk factors 

Possible risk factors for the development of PPBCS were obtained from the patient, the questionnaire 

and their medical record; these were chosen based on findings from the existing literature.  

Clinical factors collected included in both studies were age in years (<50, 50-65, >65), BMI in kg/m2 

(<25, 25-30, >30), living with a partner vs living alone, smoker (current, ex, non), type of breast surgery 

(mastectomy vs breast conserving surgery), axillary surgery (sentinel node biopsy vs axillary node 

dissection vs none), repeat surgery vs none, reconstruction surgery vs none, radiation therapy vs none, 

adjuvant chemotherapy vs none, and hormone therapy vs none. Patient ethnicity was categorised 

according to the self-identified ethnicity categories suggested by the New Zealand census. Due to their 

small sample size, those who belonged to the Māori, Pacific Island, Asian and Other categories were 

pooled into the Non-European ethnicity category.  

An additional factor specific to Study 1 included months since final breast operation (6-12, 12-24, >24). 

Additional clinical factors specific to Study 2 included preoperative pain (any pain BPI NRS ≥1/10 and 

moderate to severe pain BPI NRS ≥3/10), preoperative neuropathic pain (DN4i≥3/7), preoperative 

psychological distress, highest educational level attained (primary, secondary, tertiary undergraduate, 

tertiary postgraduate), diastolic BP in mmHg (<90, ≥90), preoperative pain (any pain BPI NRS ≥1/10 

and moderate to severe pain BPI NRS ≥3/10), general anaesthetic modality for primary breast surgery 

(volatile inhalational anaesthetic, propofol based total intravenous anaesthesia), surgical division of 

the intercostobrachial nerve (divided vs intact), postoperative pain at day 14 (any pain BPI NRS ≥1/10 

and moderate to severe pain BPI NRS ≥3/10) and postoperative neuropathic pain at day 14 (DN4i≥3/7).  

2.4.2. Quantitative Sensory Testing 

Temporal summation  

Temporal summation was assessed using a 225.1g Von Frey filament applied to a 1cm2 area of skin on 

the volar forearm ipsilateral to the operative side. Initially, a single stimulus was applied, and the 
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patient was asked to rate the pain intensity on a 0-100 numerical pain rating scale (0=no pain; 100= 

worst pain imaginable). Then, a series of 10 repetitive standardised punctuate stimuli at a frequency 

of 1 Hz was applied to the same site and the patient was asked to rate the pain intensity of the last 

stimulation on the numerical rating scale. Temporal summation was calculated as the difference in 

pain intensity between the first and last stimulation67.  

Pressure pain 40 

To assess pressure pain 40 (PP40), pressure of increasing intensity was applied to the nailbed of the 

subject’s thumb on the operative side using a digital, handheld, pressure algometer (Sbmedic 

Electronics, Solna, Sweden) with a probe area of 1cm and a ramping rate of 10kPa s-1. Patients were 

advised to push a button to discontinue the application of pressure at pressure pain 40, the point at 

which the patient rated the pain experienced as 40 on a numerical pain rating scale of 0-100 (0=no 

pain; 100= worst pain imaginable) 312. PP40 was obtained as the average of three measures before 

conditioning (T1) with a 1-minute rest given between measures. 

Conditioned pain modulation 

To assess conditioned pain modulation (CPM), PP40 was reassessed (T2) after a conditioning stimulus 

where the patient was directed to immerse her contralateral foot in a cold-water bath (0-3°C) (cold 

pressor test). Patients were instructed to keep their foot in the water for 2 minutes. If the sensory 

experience became “unbearable” they were permitted to withdraw their foot early. Whilst their foot 

was in the water, patients were asked to rate their pain on an 11-point NRS (0-10) at 10 second 

intervals. After foot withdrawal, pressure PP40 was immediately obtained from the average of three 

measures (T2) with a 1-minute rest between measures. CPM was calculated as the percentage change 

in the average pressure required to reach pressure pain 40 between T1 and T2 multiplied by -1 so that 

negative values indicated inhibition 313. 
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2.4.3. Inherited factors 

SNP selection and genotyping 

Gene variants encoding Catechol-o-methyl transferase (COMT) enzyme, opioid receptor mu 1 

(OPRM1), Guanosine-5-triphosphate (GTP) cyclohydrolase (GCH1), oestrogen receptor alpha (ESR1), 

Potassium inwardly rectifying channel subfamily J member 6 (KCNJ6) were selected based on 

published associations with CPSP and/or PPBCS. Justification for gene selection will be made in the 

relevant chapter study design.  Single nucleotide polymorphisms (SNPs) assessed are summarised in 

Table 2-2.  

Table 2-2: SNPs assessed in candidate gene association study for PPBCS.  

Gene product Gene SNP 

Catechol-O-methyltransferase COMT rs4680 
rs4818 
rs6269 
rs4633 

Guanosine-5-triphosphate (GTP) cyclohydrolase GCH1 rs8007267 
rs3783641 
rs10483639 

Oestrogen receptor alpha ESR1 rs3020377 
rs2234693 
rs9340799 

Potassium inwardly rectifying channel subfamily J 
member 6 

KCNJ6 rs2835925 
rs858003 
rs2835859 

Mu opioid receptor OPRM1 rs1799971 
rs563649 
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DNA extraction from whole blood 

Whole blood (8.5ml) was collected into PAXgene blood DNA tubes (Qiagen, Hilden, Germany). 

Samples were frozen at -20⁰C for 24 hours and subsequently stored at -80⁰C according to the 

manufacturer’s instructions until they were required for extraction of genomic DNA (gDNA). The 

extraction of gDNA was performed according to the manufacturer’s instructions using the PAXgene 

Blood DNA Kit (Qiagen, Hilden, Germany).  

DNA extraction procedure 

The frozen blood sample was thawed and transferred to a processing tube containing 25 ml Buffer 

BG1 to lyse the cells. The blood and Buffer BG1 mixture was inverted 5 times and centrifuged for 5 

minutes at 2500 g. The supernatant was discarded, and the remaining pellet was washed in Buffer 

BG2 (5 ml) and vigorously mixed by vortexing for 5 seconds. The sample was again centrifuged for 3 

minutes at 2500 g and the supernatant discarded. The pellet was resuspended in Buffer BG3 with 

PreAnalytiX protease (1% v/v) and vortexed for 20 seconds to re-dissolve the pellet. The sample was 

incubated in a water bath at 65 ⁰C for 10 minutes to optimise conditions for protease activity and 

allow protein digestion. The sample was removed from the water bath and immediately vortexed (5 

s). Isopropanol (100%, 5 ml) was added sample to precipitate the DNA. The sample was inverted 20 

times and centrifuged (3 min, 2500 g).  

The supernatant was discarded, and the DNA pellet was dried for 1 minute by inversion of the tube 

on absorbent paper. Ethanol (70% v/v, 5 ml) was added to the DNA and the sample was vortexed. The 

sample was centrifuged (2500 g, 5 min) the supernatant discarded, and the tube was inverted for 10 

minutes to dry the DNA pellet. The DNA was dissolved in Buffer BG4 and incubated at 65 ⁰C for 1 hour 

followed by incubation overnight at room temperature until assessment of quality and concentration 

of extracted DNA.   
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Assessment of quality and concentration of extracted DNA 

Assessment of the quality and concentration of DNA was conducted using the NanoDrop 2000 UV-Vis 

spectrophotometer (Thermo Fisher Scientific Inc., MA, USA), according to the manufacturer’s 

instructions. The absorbance of a 2 μl aliquot of the DNA sample at 260 nm, 230 nm and 280 nm was 

determined. Calculation of DNA concentration was undertaken from the absorbance at 260 nm using 

Beer’s Law using the NanoDrop 2000 software (Thermo Fisher Scientific Inc., MA, USA). Assessment 

of sample purity was undertaken using the absorbance ratios A260/A280  and A260/A230.  A260/A280 values 

of approximately 1.8 and A260/A230 of between 2.0-2.2 were considered indicative of a pure DNA 

sample. The DNA sample was then stored at -20⁰C before analysis.  

DNA MassArray analysis of DNA genotype  

SNP Genotyping was performed by Mr Chandrakanth Boothpur (Grafton Clinical Genomics, University 

of Auckland, Auckland, NZ) using the Sequenom® MassArray iPlex platform (Sequenom®, San Diego, 

CA, USA).  

In principle, the Sequenom MassArray iPlex platform genotyping method relies on distinguishing 

allele-specific primer extension products by mass spectrometry (Matrix Assisted Laser 

Desorption/Ionisation Time of Flight [MALDI-TOF]). This is converted to genotype calls by the 

SpectroTYPER software (Sequenom®, San Diego, CA, USA) 314. Details and protocols of the 

commercially available procedure have been published previously 314,315.  

The SNPs tested are outlined in Table 2-3 with the corresponding primer sequences used in the iPLEX 

assay.   
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Table 2-3: Reference sequences accession numbers and Sequenom primer sequences 

Gene Accession  Primer Sequence Extended primer sequence 

COMT rs6269 Forward 
Reverse 

5’-ACGTTGGATGCAAGGCTGGCATTTCTGAAC 
5’-ACGTTGGATGTTGCTTGGAGTGCCACCATC 

TCGCCCCCTTGTGTT 

rs4818 Forward 
Reverse 

5’-ACGTTGGATGACTGTGGCTACTCAGCTGTG 
5’-ACGTTGGATGAAATCCACCATCCGCTGGG 

ACCAGGGGCGAGGCT 

rs4633 Forward 
Reverse 

5’-ACGTTGGATGTCATGGGTGACACCAAGGAG 
5’-ACGTTGGATGTAGGTGTCAATGGCCTCCAG 

GCGCATCCTGAACCA 

rs4680 Forward 
Reverse 

5’-ACGTTGGATGATCACCATCGAGATCAACCC 
5’-ACGTTGGATGTTTTCCAGGTCTGACAACGG 

ccCACACCTTGTCCTTCA 

GCH1 rs8007267 Forward 
Reverse 

5’-ACGTTGGATGACAATAGGAGCGTGTGTTTG 
5’-ACGTTGGATGAGGCACAATCAGAGAACCAG 

AGCGTGTGTTTGAACAGTA 

rs3783641 Forward 
Reverse 

5’-ACGTTGGATGACACTGCAGTCTACTCAACC 
5’-ACGTTGGATGTAGAAACCCTTCCATGCCTG 

gCCCACCTGACTCATTTGCC 

rs1048363
9 

Forward 
Reverse 

5’-ACGTTGGATGGATCCAGGAAAAGGAGGAAG 
5’-ACGTTGGATGAATGCCTGGGTGTGTGTATG 

GGTGTGTGTATGTACAACTTC 

ESR1 rs3020377 Forward 
Reverse 

5’-ACGTTGGATGATCCTGGTATGCTGTGTGAG 
5’-ACGTTGGATGGAGGCTGTTCGAATGAAACC 

tgACCGAAACAACTGTGGAG 

rs2234693 Forward 
Reverse 

5’-ACGTTGGATGACACATGTTCTGTGTTGTCC 
5’-ACGTTGGATGCTGGGAAACAGAGACAAAGC 

TCCAAATGTCCCAGC 

rs9340799 Forward 
Reverse 

5’-ACGTTGGATGTGAGTTCCAAATGTCCCAGC 
5’-ACGTTGGATGTTAGAGACCAATGCTCATCC 

cATGCTCATCCCAACTC 

KCNJ6 rs2835925 Forward 
Reverse 

5’-ACGTTGGATGTGCTGACTTTTGGAGCCTTG 
5’-ACGTTGGATGAGTGCTCTGCACACACATTC 

cTTCAAGTGTTCCACTGATCT 

rs858003 Forward 
Reverse 

5’-ACGTTGGATGTGGTAATGGTCCAGCAGGAG 
5’-ACGTTGGATGTTCCATCTTGTACCTGTCTC 

CCTGTCTCTAGTACCCAAA 

rs2835859 Forward 
Reverse 

5’-ACGTTGGATGAGAGCTGTCTCAAGAGGTCC 
5’-ACGTTGGATGTAAGTCCGAAGAAGTGAGGG 

tAGGTCCAGAGTCCAG 

OPRM1 rs1799971 Forward 
Reverse 

5’-ACGTTGGATGGGGTCAACTTGTCCCACTTA 
5’-ACGTTGGATGTGATGGCCGTGATCATGGAG 

agGTCCCACTTAGATGGC 

rs563649 Forward 
Reverse 

5’-ACGTTGGATGGTCTTTAGATCATGCAGGTC 
5’-ACGTTGGATGGAAGAAGTTTCTCCCCAAAAG 

ATGCAGGTCTATAACCAA 
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Calculation of allele and genotype frequencies 

The major and minor allele frequencies of each individual SNP were calculated as described in 

Equation 2.1 and Equation 2.2. Expected genotype frequencies were calculated using the Hardy-

Weinberg equation (Equation 2.3).  

Equation 2-1: Calculation of the frequency (p) of a major allele (A). 

𝑝 = 𝑓(𝐴𝐴) +
1

2
(𝐴𝑎) 

Equation 2-2: Calculation of the frequency (q) of a minor allele (a). 

𝑞 = 𝑓(𝑎𝑎) +
1

2
(𝐴𝑎) 

Equation 2-3: The Hardy-Weinberg equation. p = major allele frequency, q = minor allele frequency. 

𝑝2 + 2𝑝𝑞 + 𝑞2 = 1 

The observed allele frequencies in the patient cohorts were compared to the expected allele 

frequencies calculated from the Hardy-Weinberg equation. Deviation between observed and 

expected frequencies were assessed by the Pearson’s Chi-squared (2) test (equation 2.4) using 

Microsoft Excel (Microsoft Corporation, Richmond, WA). A p value of <0.05 considered statically 

significant.  

Equation 2-4: Pearson’s Chi-squared test statistic, where χ2 is Pearson’s cumulative test statistic, Oi 

is the observed frequency, Ei is the expected frequency, and n is the number of cells in the table being 

analysed. 

𝜒2 =∑
(𝑂𝑖 − 𝐸𝑖)

2

𝐸𝑖

𝑛

𝑖=1
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DNA MassArray analysis of CpG methylation 

DNA (CpG) methylation analysis was performed on the MassArray platform (Sequenom®, CA, USA) by 

Mr Chandrakanth Boothpur (Grafton Clinical Genomics, University of Auckland, Auckland, NZ). This 

commercially available protocol involved mass-based re-sequencing of PCR amplified bisulphite 

converted DNA by MALDI-TOF mass spectrometry as previously published  316,317. Assay validation and 

data analysis were performed using MassArray EpiTyper 1.2 Software (Sequenom®, CA, USA).  
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2.4.4. Statistics 

Descriptive statistics 

Statistical analyses were performed using Graphpad Prism 8 for Windows (GraphPad Software, San 

Diego, CA, USA) or IBM SPSS Statistics for Windows, version 25.0 (IBM Corp, Armonk, NY, USA). 

Descriptive statistics and frequency distributions were calculated to estimate the prevalence of PPBCS 

(≥1/10), moderate to severe PPBCS (≥3/10), and neuropathic pain (DN4i ≥ 3/7) and, the percentage of 

patients with moderate to severe PPBCS whose pain was also neuropathic in nature. A pain score of 

≥3/10 was considered clinically significant PPBCS10,58. Normality of the outcome measures was 

assessed using the D’Agostino-Pearson omnibus K2 and Shapiro-Wilk tests, histograms and Q-Q plots. 

The means with standard deviation were reported for normally distributed data and medians with 

interquartile ranges for non-normally distributed data. Given the exploratory nature of these studies, 

multiple testing was not adjusted for318-321. 

Between group comparisons in clinical and QST variables 

Differences in proportions were tested using the χ2 test or Fisher’s exact test. 95% Confidence intervals 

for proportions were calculated using the modified Wald method. Depending on data distribution, 

independent t-tests, one way ANOVA, Kruskal-Wallis test and Mann-Whitney U tests were used to 

examine between group differences between continuous variables as appropriate. Paired t test and 

Wilcoxon matched pairs signed rank test were used to evaluate change scores from preoperatively to 

6 months postoperatively. A p value of < 0.05 was considered statistically significant.  

Statistical analysis for genotyping 

Before genetic association analysis, Hardy-Weinberg equilibrium was assessed for all SNPs using the 

χ2 test. The dominant (MM+Mm vs mm), recessive (MM vs Mm+mm) and additive (MM vs Mm vs mm) 

genetic models (where, M= major allele and m = minor allele) were used to complete genotype- 

phenotype association analyses. The overdominant (Mm vs MM+mm) genetic model was used for any 



59 
 

 

gene where the genotype frequency of Mm suggests a role for heterozygote advantage. The genotype 

association with both pain categories and QST paradigms were assessed. The χ2 test or Fisher’s exact 

test were used to compare proportions. The Mann-Whitney U test and Kruskal-Wallis test were used 

to compare nonparametric phenotypic data and the Independent t-test or one-way ANOVA were used 

to compare parametric phenotypic data. Association between pain and QST measures with three 

COMT haplotypes comprising COMT SNPs rs6269, rs4633, rs4818 and rs4680 (encoding GCGG, ATCA 

and ACCG) were conducted. Subsequently, COMT haplotype pairs (diplotypes) comprising the 

aforementioned haplotypes were compared to PPBCS and QST measures individually and, due to low 

frequency of the individual diplotypes, then grouped according to Matic et al322. The diplotype 

groupings are as follows: patients with GCGG/GCGG or GCGG/ATCA diplotypes were combined and 

classified as “group 1”, ATCA/ATCA or GCGG/ACCG diplotypes were combined and classified as “group 

2” and ACCG/ACCG or ACCG/ATCA diplotypes were combined and classified as “group 3”.  

Logistic regression for identification of risk factors 

Univariate logistic regression was performed to test the influence of clinical and experimental factors 

as risk factors for any PPBCS (≥1/10) or moderate to severe PPBCS (≥3/10). Multivariate binary logistic 

regression analyses using a forced entry method were then used to identify risk factors associated 

with any PPBCS or moderate to severe PPBCS. Variables were selected for entry into the multivariate 

models based on either univariate association at the p ≤ 0.10 level or previously published associations 

with PPBCS 3,279. Multivariate models for associations with any pain and moderate to severe pain were 

constructed. Adjusted odds ratios and confidence intervals were calculated. Model goodness of fit and 

effect size were assessed using the Hosmer & Lemeshow and Nagelkerke R2 tests. Multicollineraity 

between model variables were assessed using the variance inflation factor (VIF). Multicollinearity was 

not considered problematic if factors had a VIF < 5323.  
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Chapter 3. Study 1: The Prevalence, Impact, and Risk Factors for 

Persistent Pain After Breast Cancer Surgery in a New Zealand 

Population – a Retrospective Cross Sectional Study  
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3.1. Background 

Following international trends, breast cancer is the most common cancer affecting New Zealand 

women239. Surgery is the mainstay of treatment for breast cancer, and when combined with radiation 

therapy, chemotherapy or hormone therapy, the 5-year mortality rate is less than 10%239,240. When 

ranked worldwide, breast cancer incidence rates are the highest in New Zealand and Australia with 

the highest mortality rates estimated in Melanesia324. Despite this, there are no data on the 

prevalence, incidence, risk factors or impact of PPBCS in New Zealand patients. Importantly, 

extrapolating international data to the New Zealand population carries uncertainty, not only from the 

regional differences in ethnicity, socioeconomic background and cancer treatment trends, but also 

due to the variation in methodology used to in the current PPBCS literature. In addition, as the 

majority of PPBCS studies are from Europe and North America, there is an under-representation of 

the Pacific Island peoples that form part of the New Zealand population 

Pacific Islander patients tend to present younger, come from more deprived areas and have larger 

more aggressive cancer that require more aggressive treatment325. The influence of these factors on 

PPBCS is uncertain, however younger age2,3,61,241,242,326-328, non-European ethnicity 326, type and extent 

of surgery 2,3,279, axillary lymph node dissection 2,3,61,241,242,279,329, chemotherapy 279  and radiation 

therapy 3,241,279,328 have all been associated with increased PPBCS rates and severity in other 

populations.   

As has previously been highlighted, study methodology also makes comparison and subsequent 

applicability of the data to other populations difficult. Definitions of PPBCS differ widely with respect 

to severity, chronicity and location of pain and may not account for the ongoing adjunct treatments 

for breast cancer which may contribute to the development and maintenance of PPBCS39. 

Complicating this further are the different pain measurement tools and differing cut-off points used 

to classify pain severity (e.g. mild, moderate, severe). This has resulted in a wide variation in estimates 

of prevalence, risk factor association and impact of PPBCS across studies.  
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This investigation into PPBCS in New Zealand therefore had four main aims. These were to: 1) estimate 

the prevalence of moderate to severe PPBCS in a New Zealand population; 2) evaluate the proportion 

of patients with moderate to severe PPBCS whose pain was neuropathic in nature; 3) describe 

differences in physical function and psychological distress between those with and without moderate 

to severe PPBCS and, 4) identify risk factors for the development of moderate to severe PPBCS in this 

population. 

3.2. Study design 

The study was designed as a retrospective questionnaire-based cross-sectional study of patients who 

met the inclusion criteria and completed breast cancer surgery at North Shore Hospital and Elective 

Surgery Centre administered by the Waitematā District Health Board, (WDHB) in Auckland, New 

Zealand between January 1, 2013 and December 31, 2016 (6 – 48 months prior to recruitment). All 

patients who underwent surgery at WDHB were included in the WDHB hospital breast cancer 

database. Patients’ data were arranged by year of primary surgery and sorted numerically according 

to a randomly assigned number using computer-generated randomisation (Excel; Microsoft Office 

365, Richmond WA). Patients were then selected sequentially from this randomised population in 

blocks of 10 and assessed for suitability for inclusion to the study until the required sample size was 

reached. 

Based on the median of the previously reported prevalence of moderate to severe persistent pain 

after breast cancer surgery of 19.5%2,241,242,330, a sample size of approximately 200 patients was 

required to provide an estimate of the prevalence of moderate to severe PPBCS with a confidence 

limit of 5.5% on each side. 

To be eligible to participate in the study, participants must have 1) had a diagnosis of breast cancer; 

2) undergone breast cancer surgery with or without axillary surgery; 3) completed surgery more than 

6 months prior; 4) been at least 18 years old; and 5) been able to read and write English. Patients who 
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had previous aesthetic breast surgery, or had distant malignancy or metastasis were excluded from 

the study.  

Invitation letters and validated questionnaires (BPI, SF-MPQ-2, DN4 interview, DASH and DASS21) 

were sent to the selected patients (Methods Chapter 2). A stamped, addressed envelope was included 

for return of the questionnaires. Patients who returned incomplete questionnaires or did not return 

questionnaires within 3 weeks of mailing were contacted by telephone to clarify missing questions 

and non-return. Patients who were unwilling to participate in the study or who did not return 

questionnaires after 2 telephone reminders were excluded from the study. 

Possible risk factors for the development of PPBCS was collected from the questionnaires, patient 

medical record and/or the patient. Details of the questionnaires used, risk factors collected, and the 

statistical analysis have been described in Methods Chapter 2.  
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3.3. Results 

A total of 403 patients who had received primary breast cancer surgery and were alive and free of 

recurrence by September 2016 were randomly selected from the hospital breast cancer database. The 

patient medical records were then assessed and 28 excluded due to prior breast surgery or distant 

metastases. Questionnaires were mailed to the remaining 375 patients and 214 were returned (return 

rate 57%). Of these responders, a further 13 were excluded from the study as they described pain in 

body locations that did not fall into the study definition for PPBCS. A total of 201 patients were 

included in the final analysis and a flowchart of the inclusion process is depicted in Figure 3-1.  

Figure 3-1: Flowchart of patient inclusion process 

 

 

The characteristics of the patients who were mailed the questionnaire and included or excluded are 

presented in Table 3-1. Patient ages ranged from 28 years to 94 years. The mean (SD) age of included 

patients was 62.6 (13.1) years and the median (IQR) time since surgery was 21 (11-32) months. The 

inclusion group consisted of fewer patients with Non-European ethnicity compared with the exclusion 
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group. This difference was statistically significant (p<0.001). There were no other statistically 

significant (p≥0.05) differences between the included and excluded patient demographic 

characteristics or treatment modalities. There were no significant differences between the included 

and excluded patients in terms of surgical and adjunct treatments. 
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Table 3-1: Demographic and patient characteristics of the entire population that underwent breast 
cancer surgery and received questionnaires (n = 375).  

Variables are presented as n (%) unless indicated. Continuous variables are presented with mean and 
standard deviation in parenthesis. Non-parametric data are presented as median with interquartile 
range in parenthesis. Distribution between included and excluded groups are compared by student t-
test for parametric data, Mann-Whitney U test for non-parametric data or chi square for assessment 

of distribution. Non-European ethnicity: Māori, Pacific Island, Asian and Other self-identified 
ethnicity. Mastectomy: simple/total mastectomy, radical /modified radical mastectomy and 
skin/nipple sparing mastectomy.  Breast conserving surgery: excision biopsy, lumpectomy, wide local 
excision, partial mastectomy, sector resection or quadrantectomy. Repeat surgery: re-resection, 
breast conserving surgery converted to mastectomy or 2-step axillary lymph node dissection. 
Reconstruction surgery: Expander or implant prosthesis, autologous flap reconstruction. ASA = 
American Society of Anesthesiologists; BMI = body mass index; SD = Standard Deviation; IQR = 
Interquartile range; SNB = sentinel node biopsy; AND = axillary node dissection. Statistically significant 
results are indicated in bold.   

Demographic and Patient Characteristics Total included 
(n=201) 

Total excluded 
(n=174) 

p value 

Mean age (SD) years 62.6 (13.1) 60.2 (13.1) 0.67 

Median BMI (IQR) kg/m2 26.9 (23.6 – 31.6) 28 (25.0-33.0) 0.05 

Ethnicity European 163 (81%) 115 (66%) < 0.001 

Non-European 38 (19%) 59 (34%)  

Living with Partner Yes  124 (61.7%) 107 (61.5%) 0.97 

No 77 (38.3%) 67 (38.5%)  

Smoking status Non/Ex  178 (88.6%) 151 (86.8%) 0.60 

Current 23 (11.4%) 23 (13.2%)  

Mean age at primary breast surgery (SD) 
years 

59.6 (12.9) 58.13 (13.1) 0.67 

ASA score 1  57 (28.4%) 55 (31.6%) 0.42 

2  121 (60.2%) 93 (53.5%)  

3  23 (11.4%) 25 (14.4%)  

4  0 (0%) 0 (0%)  

Median months since final breast surgery 
(IQR) 

21 (11-32) 20 (10 - 32) 0.66 

Surgery Type Mastectomy 73 (36.3%) 72 (41.4%) 0.32 

Breast conserving  128 (63.7%) 102 (58.6%)  

Axillary Surgery   
 

None 37(18.4%) 21 (12.1%) 0.14 

SNB 119.9 (59.2%) 103 (59.2%)  

AND 45 (22.3%) 50 (28.7%)  

Reconstruction 
 

Yes 27 (13.4%) 24 (13.8%) 0.92 

No 174 (86.6%) 150 (86.2%)  

Repeat Surgery 
 

Yes 61 (30.3%) 51 (29.3%) 0.83 

No 140 (69.7%) 123 (70.7%)  

Adjuvant 
Chemotherapy 

Yes 51 (25.4%) 58 (33.3%) 0.09 

No 150 (74.6%) 116 (66.6%)  

Adjuvant 
Radiotherapy 

Yes 131 (65.2%) 115 (66.1%) 0.85 

No 70 (34.8%) 59 (33.9%)  

Hormone Therapy Yes 92(45.8%) 91 (52.3%) 0.21 

No 109 (54.2%) 83 (47.7%)  
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3.3.1. Prevalence of PPBCS 

Overall, 111 (55.2%, 95% CI: 48.1%-62.2%) patients experienced persistent pain (≥ 6 months) in the 

breast, axilla, arm or shoulder ipsilateral to their breast surgery. Of these, 46 (22.9% , 95% CI: 17.3%-

29.3%) reported their average daily pain experience as moderate to severe (≥3/10 NRS) with a median 

pain score of 4 (IQR: 3-5). 

The distribution of pain scores is shown in Figure 3-2 in which 90 (44.%, 95% CI: 37.8%-51.9%) patients 

reported no pain, 65 (31.8%, 95% CI, 25.9%-39.3%) reported mild pain (NRS: 1-2/10), 38 (18.9%, 95% 

CI: 13.7%-25.0%) patients reported moderate pain (NRS: 3-5/10) and 8 (3.9%, 95% CI: 1.7%-7.7%) 

patients reported severe pain (NRS≥ 6/10).  

Figure 3-2: Distribution of PPBCS pain scores across all patients 6 – 48 months after breast cancer 
surgery  

 

Pain is categorised according to the 11-point NRS of average daily pain experienced in the last 24 hours 
(BPI question 5), where 0 is “no pain” and 10 is “worst pain imaginable”.  

When divided into European and Non-European self-identified ethnic groups, 29 (18%, 95% CI: 12%-

24%) patients who identified as European (n=163) reported moderate to severe PPBCS with a median 

pain score 4 (IQR: 3-5), compared to 17 (45%, 95%CI, 30%-61%) patients who identified as Non-

European (n=38) with a median pain score 4 (IQR: 3-6). Within the Non-European group, 12 (64%, 95% 
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CI: 41% – 85%) patients who identified as Māori and Pacific Islander (n=19) reported moderate to 

severe pain with a median pain score 5 (IQR: 3-6) compared to 5 (26%, 95%CI, 6%-46%) patients who 

identified as Asian and Other (n=19) with a median pain score 3 (IQR: 3-3).  

Patients were stratified into three separate groups according to when they received surgery. Sixty-

one patients underwent surgery between 6-12 months previously, 55 between 12-24 months and 85 

between 24-48 months. The prevalence of moderate to severe PPBCS between 6-12 months after 

surgery was 31% (95% CI: 20-43%), between 12-24 months after surgery was 26% (95% CI: 14-37%) 

and 24-48 months after surgery was 15% (95% CI: 8%-23%).  

3.3.2. Pain characteristics 

The Short Form McGill Pain Questionnaire 2 was used to assess pain quality. Overall, patients reporting 

moderate to severe PPBCS reported higher scores (p<0.001) for each of the SF-MPQ-2 subscales 

(Continuous, Intermittent, Neuropathic and Affective) compared to patients who reported no to mild 

PPBCS (Table 3-2). In terms of the continuous component of the SF-MPQ-2, patients who had 

moderate to severe PPBCS most frequently reported items to report their pain were “tender” (76.1%), 

aching” (87.0%) and “throbbing” (56.5%). For the intermittent component, “sharp” (58.7%) was the 

most common item used to describe moderate to severe PPBCS. In the affective component, “tiring” 

(63.0%) was the most frequently chosen term to describe PPBCS (Table 3-3).  
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Table 3-2: Qualities of PPBCS as described by the SF-MPQ-2 

Due to non-parametric distribution of the data, median values with interquartile range in parenthesis 
are presented for each SF-MPQ-2 subscale. Mann-Whitney U test was used to compare groups. 
Statistically significant results are indicated in bold 

Table 3-3: Descriptors of pain from the SF-MPQ-2 in patients experiencing moderate to severe PPBCS 
(NRS≥3) 

6 months  Moderate to severe PPBCS (n=46) 

Continuous pain Throbbing 1.0 (0.0-4.0) (n=26, 56.5%) 

Cramping 0.0 (0.0-0.0) (n=11, 23.9%) 

Gnawing 
0.0 (0.0-3.0) (n=16, 34.8%) 

Aching 
4.0 (2.0-6.0) (n=40, 87.0%) 

Heavy 
0.0 (0.0-4.0) (n=19, 41.3%) 

Tender 3.0 (1.0-5.0) (n=35, 76. 1%) 

Intermittent pain Shooting 0.0 (0.0-3.0) (n=20, 43.5%) 

Stabbing 0.0 (0.0-4.0) (n=21, 45.7%) 

Sharp 
2.0 (0.0-5.0) (n=27, 58.7%) 

Splitting 0.0 (0.0-0.0) (n=11, 23.9%) 

Electric shock 0.0 (0.0-2.0) (n=15, 32.6%) 

Piercing 0.0 (0.0-2.0) (n=17, 37.0%) 

Affective Descriptors Tiring 3.0 (0.0-5.0) (n=29, 63.0%) 

Sickening 0.0 (0.0-0.0) (n=10, 21.7%) 

Fearful 0.0 (0.0-2.0) (n=13, 28.3%) 

Punishing 0.0 (0.0-0.0) (n=8, 17.4%) 

Neuropathic pain Hot burning 0.0 (0.0-3.0) (n=17, 37.0%) 

Cold freezing 0.0 (0.0-0.0) (n=9, 19.6%) 

Pain by light touch 2.0 (0.0-3.0) (n=29, 63.0%) 

Itching 1.0 (0.0-4.0) (n=26, 56.5%) 

Tingling 3.0 (0.0-7.0) (n=30, 65.2%) 

Numbness 3.0 (0.0.0-7) (n=33, 71.7%) 

Results are presented as median (IQR) and n (%). SF-MPQ-2 = Short Form McGill Pain Questionnaire-
2. Pain was categorised based on the 11 point NRS where Moderate/ Severe PPBCS was NRS≥3.  

  

Questionnaire Variable No to mild PPBCS 
(n=155) 

Moderate to severe 
PPBCS (n=46) 

p value 

SF-MPQ-2 Continuous 0.0 (0.0 – 0.5) 1.8 (1.0 – 3.4) <0.001 

Intermittent 0.0 (0.0 – 0.0) 1.4 (0.0 – 2.4) <0.001 

Neuropathic 0.0 (0.0 – 0.2) 2.3 (1.0 – 3.8) <0.001 

Affective 0.0 (0.0 - 0.0) 0.8 (0.0 – 2.5) <0.001 
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3.3.3. Neuropathic pain  

The DN4 interview and the SF-MPQ-2 was used to assess the frequency and quality of neuropathic 

pain. Overall, 28.8% (n= 32) of patients with PPBCS reported neuropathic pain, with a DN4 interview 

score of ≥ 3. The proportion of patients with neuropathic pain was significantly higher (p<0.001) in 

patients who reported moderate to severe PPBCS (n=21, 45.6%) compared to those who reported no 

to mild PPBCS (n=11, 7.1%). The SF-MPQ-2 neuropathic component items most used to describe 

moderate to severe PPBCS were “pain by light touch” (63.0%), “itching” (56.5%), “numbness” (71.7%) 

and “tingling” (65.2%) (Table 3-4). 

3.3.4. Analgesic use 

Analgesic use to manage PPBCS varied among the patients. A comparison of analgesic medication use 

is presented in Table 3-4. Of all patients who reported PPBCS, only 44 patients (39.6%) were receiving 

treatment with regular analgesic medications. Use of pain medications by patients with moderate to 

severe PPBCS was reported by 31 patients (67.4%). The most common medication used by this group 

of patients was paracetamol (n=26, 56.5%) followed by non-steroidal anti-inflammatory analgesia 

(diclofenac, ibuprofen or meloxicam) in 8 patients (17.4%). Opioid use (codeine or tramadol) was 

reported by 4 patients (8.7%) and, 3 (6.5%) used amitriptyline or nortriptyline. Combination analgesic 

drug use was infrequent (1.9%). 
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Table 3-4: Comparison of analgesic medication use between patients with no to mild PPBCS versus 
moderate to severe PPBCS. 

Analgesic Medication  No/Mild PPBCS  
(n=155) 

Moderate/Severe  
PPBCS (n=46)  

p value 

Paracetamol 11 (7.1) 26 (56.5) <0.001 

NSAID 5 (3.2) 8 (17.4) <0.001 

Opioid 2(1.3) 4 (8.7) 0.01 

Other 0(0) 3 (6.5) 0.01 

Number of patients 
receiving analgesic 
medication 

13 (8.4) 31 (67.4) <0.001 

Variables are presented as n (%) unless indicated. Fisher’s exact test or chi square were utilised for 
assessment of distribution. NSAID: Non-steroidal anti-inflammatory drug (Ibuprofen, Diclofenac and 
Meloxicam). Opioid: Codeine / Tramadol. Other: Amitriptyline / Nortriptyline. Statistically significant 
results are indicated in bold 

3.3.5. Location of pain 

The chest wall and breast (n=31, 67.4%) and the axilla (n=24, 52.2%) were the most commonly 

reported sites of pain in patients reporting moderate to severe PPBCS; with shoulder and arm pain 

reported in 14 (30.4%) and 16 (34.8%) patients respectively. Most patients (n=36, 78.3%) reported 

pain at two or more sites. 

3.3.6. Impact of pain 

Compared to patients with no to mild PPBCS, patients who reported moderate to severe PPBCS had 

higher pain interference in all the pain interference sub-items of the BPI (all p<0.001) (Table 3-5, Figure 

3-3). Sleep, enjoyment of life, mood, and normal work items received the highest pain interference 

scores.  

Patients who reported moderate to severe PPBCS also reported greater difficulty with common upper 

limb activities with a significantly higher total DASH score, and higher scores in each individual DASH 

subitem (all p<0.001). Specifically, patients with moderate to severe PPBCS reported the greatest 

difficulty in opening a tight or new jar (question 1), lifting a heavy object (question 11), changing an 
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overhead lightbulb (question 12) and performing recreational activities where force or impact would 

be taken in the arm (question 18).  

Finally, psychological distress measured by the DASS21 total score and all three subscales of 

depression, anxiety and stress were significantly higher in patients suffering moderate to severe PPBCS 

(all p<0.001, Table 3-5, Figure 3-4). 

Table 3-5: Comparison of pain interference (BPI), upper limb dysfunction (DASH) and psychological 
distress (DASS21) between patients with no to mild PPBCS versus moderate to severe PPBCS 

Pain interference is derived from the BPI total pain interference score and BPI pain inventory subitems. 
Total DASH scores are used to estimate upper limb dysfunction. Psychological distress was measured 
as a total DASS21 score and Depression, Anxiety and Stress sub-item scores. Median values with 
interquartile range in parenthesis are presented due to non-parametric distribution of the data. 
Mann-Whitney U test was used to compare groups. Statistically significant results are indicated in bold 

 

  

Questionnaire Variable No to mild  PPBCS  
(n=155) 

Moderate to severe  
PPBCS  (n=46) 

 p value 

BPI Total Pain 
interference 

0.0 (0.0 – 0.3) 3.0 (1.3 – 5.0) <0.001 

 General activity 0.0 (0.0 – 0.0) 2.0 (0.0 - 5.3) <0.001 

 Mood 0.0 (0.0 – 0.0) 3.0 (0.0 – 5.0) <0.001 

 Walking ability 0.0 (0.0 – 0.0) 0.0 (0.0 – 3.0) <0.001 

 Normal work 0.0 (0.0 – 0.0) 3.0 (1.0 – 6.3)  <0.001 

 Relations 0.0 (0.0 – 0.0) 1.0 (0.0 – 4.0) <0.001 

 Sleep 0.0 (0.0 – 1.0) 4.0 (2.0 – 7.0) <0.001 

 Enjoyment of life 0.0 (0.0 – 0.0) 3.0 (1.0 – 6.3) <0.001 

     

DASH Total Score 1.7 (0.0 – 9.2) 27.5 (14.2 – 43.5) <0.001 

     

DASS21 Total Score 4.0 (0.0 - 9.0) 11.0 (5.5 – 19.3) <0.001 

 Depression 1.0 (0.0 – 2.0) 3.0 (1.0 – 5.0) <0.001 

 Anxiety 1.0 (0.0 – 2.0) 3.0 (1.0 – 7.0) <0.001 

 Stress 2.0 (0.0 – 4.0) 5.0 (1.8 – 8.0) <0.001 
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Figure 3-3: Pain interference derived from the BPI in patients with no to mild PPBCS and moderate to 
severe PPBCS >6 months after breast cancer surgery 
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Results are presented as median (IQR) and are categorised as no to mild PPBCS (NRS 0-2/10) or 
moderate to severe PPBCS (≥3/10) based on the 11 point Numerical Rating Scale (NRS). Clinically 
relevant pain is considered as pain with NRS ≥3/10. Pain interference is derived from the BPI total pain 
interference score and BPI pain inventory subitems. Mann-Whitney U test was used to compare 
groups. Psychological distress was measured as a total DASS21 score and Depression, Anxiety and 
Stress sub-item scores. A statistically significant difference (p<0.001) was demonstrated between the 
no-mild PPBCS and moderate-severe PPBCS groups across all subitems of the BPI. 
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Figure 3-4: Depression, Anxiety and Stress scores in patients with no to mild PPBCS and moderate to 
severe PPBCS at >6 months after breast cancer surgery.  
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Results are presented as median (IQR) and are categorised as no to mild PPBCS (NRS 0-2/10) or 
moderate to severe pain (≥3/10) based on the 11 point Numerical Rating Scale (NRS). Clinically 
relevant pain is considered as pain with NRS ≥3/10. Psychological distress was measured as a total 
DASS21 score and Depression, Anxiety and Stress sub-item scores. Mann-Whitney U test was used to 
compare groups. A statistically significant difference (p<0.001) was demonstrated between the no to 
mild pain and moderate to severe pain groups across all subitems of the DASS21. 
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3.3.7. Risk factors 

Fourteen variables were included in the univariate analysis. Non-European ethnicity (OR= 3.7, 95% CI: 

1.8 – 8.0, p<0.001), age less than 50 years (OR= 3.5, 95% CI: 1.4-8.6, p=0.01), axillary lymph node 

dissection (OR= 5.5, 95% CI: 1.7 – 18.2, p=0.01), reconstruction surgery (OR= 2.7, 95% CI: 1.2 – 6.4, p 

= 0.02), and time between 6-12 months since surgery (OR= 2.5, 95% CI 1.1 – 5.6, p = 0.03) were 

significantly associated with moderate to severe PPBCS (Table 3-6).  

When multivariate analysis was utilised, only Non-European ethnicity (OR= 5.0, 95% CI 2.1 – 12.3, 

p<0.001), reconstruction surgery (OR= 4.10, 95% CI 1.3 – 13.0, p = 0.02) and axillary node dissection 

(OR= 4.3, 95% CI 1.2 – 15.7, p = 0.03) remained significantly associated with moderate to severe PPBCS 

(Table 3-7). The Hosmer and Lemeshow Goodness of fit test was 4.7, p=0.46 and Nagelkerke R2 was 

0.249 indicating no concerns with overall model fit. 

When ethnicity, axillary surgery and reconstruction surgery were assessed together, while other 

covariates (age at surgery, radiation therapy and months since surgery) were kept in the model, their 

variance inflation factors (VIF) ranged between 1.1-1.3 which indicates no potential for 

multicollinearity.  
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Table 3-6 : Univariate logistic regression analysis of 14 patient, demographic and treatment factors in 
patients with moderate to severe PPBCS  

Factor Category n (%) Adjusted 
odds 
ratio 

95% Confidence 
Interval 

p value 

Lower Upper 

† Age (years) <50 44 (21.9) 3.5 1.4 8.6 0.01 

50-65 86 (42.8) 1.9 0.8 4.3 0.15 

>65  71 (35.3) 1 - - - 

† Ethnicity European  163 (81.1) 1 - - - 

Non-European 38 (18.9) 3.7 1.8 8.0 0.001 

† Axillary Surgery No  37 (18.4) 1 - - - 

SNB 119 (59.2) 2.1 0.7 6.5 0.20 

AND 45 (22.4) 5.5 1.7 18.2 0.01 

†Reconstruction 
Surgery 

No  174 (86.6) 1 - - - 

Yes 27 (13.4) 2.7 1.2 6.4 0.02 

† Time since 
surgery (months) 

6-12  61 (30.3) 2.5 1.2 5.6 0.03 

12-24  55 (27.4) 1.9 0.8 4.4 0.14 

>24  85 (42.3) 1 - - - 

† BMI (kg/m2) <25  72 (35.8) 1 - - - 

25 – 30  70 34.8) 1.2 0.5 2.8 0.61 

>30  59 (29.4) 2.0 0.9 4.5 0.10 

Living with 
Partner 

No  77 (38.3) 1 - - - 

Yes 124 (61.7) 0.8 0.4 1.5 0.41 

Smoker No  128 (63.7) 1 - - - 

Current 23 (11.4) 1.5 0.6 4.0 0.42 

Ex 50 (24.9) 0.9 0.4 1.9 0.70 

Diastolic BP 
(mmHg) 

<90  168 (83.6) 1 - - - 

≥90  33 (16.4) 1.9 0.8 4.3 0.12 

† Breast Surgery  Breast conserving  128 (63.7) 1 - - - 

Mastectomy  73 (36.3) 1.9 1.0 3.7 0.07 

† Repeat Surgery No  140 (69.7) 1 - - - 

Yes 61 (30.3) 1.3 0.7 2.6 0.46 

† Radiation 
Therapy 

No  70 (34.8) 1 - - - 

Yes 131 (65.2) 1.3 0.6 2.6 0.48 

† Adjuvant 
Chemotherapy 

No  150 (74.6) 1 - - - 

Yes 51 (25.4) 1.8 0.9 3.7 0.10 

† Hormone 
Therapy 

No  109 (54.2) 1 - - - 

Yes 92 (45.8) 1.8 0.9 3.4 0.10 

Mastectomy: simple/total mastectomy, radical /modified radical mastectomy and skin/nipple sparing 
mastectomy.  Breast conserving surgery: excision biopsy, lumpectomy, wide local excision, partial 
mastectomy, sector resection or quadrantectomy. Repeat surgery: re-excision or completion 
mastectomy. Reconstruction surgery: Expander or implant prosthesis, and autologous flap 
reconstruction. SNB = sentinel node biopsy; AND = axillary node dissection. Factors entered to build 
the multivariate model have been marked with (†). Significant results have been highlighted in bold. 
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Table 3-7: Multivariate logistic regression analysis of predictors for developing moderate to severe 
PPBCS 6-48 months following breast cancer surgery  

Factor 

Category 

n (%) 

B 
S.E. 
  

Wald 

2 

  
df 
  

p value 
  

Odds 
Ratio 

95% C.I. for 
Odds Ratio  

Lower Upper 

Age at surgery <50 44 (21.9) 0.4 0.5 0.5 1 0.49 1.5 0.5 4.1 

50-65 86 (42.8) 0.0 0.5 0.0 1 0.99 1.0 0.4 2.6 

>65 (ref) 71 (35.3)         

Axillary 
surgery 

None (ref) 37 (18.4)         
SNB 119 

(59.2) 0.3 0.6 0.3 1 0.59 1.4 0.4 4.8 

AND 45 (22.4) 1.5 0.7 5.0 1 0.03 4.3 1.2 15.7 

Radiation 
Therapy 

No (ref) 70 (34.8)         

Yes 131 
(65.2) 0.4 0.5 0.8 1 0.37 1.5 0.6 4.0 

Ethnicity European 
(ref) 

163 
(81.1)         

Non-
European 

38 (18.9) 
1.6 0.5 12.5 1 <0.0001 5.0 2.1 12.3 

Reconstruction No (ref) 174 
(86.6)         

Yes 27 (13.4) 1.4 0.6 5.8 1 0.02 4.1 1.3 13.0 

Time since 
surgery 
(months) 

6-12 61 (30.3) 
0.9 0.5 3.6 1 0.06 2.4 1.0 6.0 

12-24 55 (27.4) 
0.3 0.5 0.5 1 0.47 1.4 0.5 3.6 

>24 (ref) 85 (42.3) 
        

 Constant  -1.6 0.8 4.2 1 0.04 0.2 0.0 0.0 

Repeat surgery: re-excision or completion mastectomy. Reconstruction surgery: Expander or implant 
prosthesis, and autologous flap reconstruction. SNB = sentinel node biopsy; AND = axillary node 
dissection. Significant results are highlighted in bold. Hosmer and Lemeshow Goodness of fit test = 
4.7, p=0.46; Nagelkerke R2=0.249 
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3.4. Discussion  

3.4.1. Prevalence of PPBCS 

This is the first study investigating the prevalence, impact and risk factors for PPBCS in a New Zealand 

population. Over half (55%) of patients who underwent surgery for breast cancer developed pain in 

the ipsilateral shoulder, axilla, breast, chest wall or arm that they experienced at least daily and was 

present 6 months to 4 years after surgery. Furthermore, 23% suffered from moderate to severe PPBCS 

(≥3/10), with 46% of these patients describing symptoms consistent with neuropathic pain. Most of 

the patients in this study experienced pain in more than one area, with breast or chest wall and axilla 

being the most common sites of pain. The prevalence of PPBCS appeared to diminish somewhat with 

time, with the highest number of patients being affected between 6-12 months after surgery. This 

reduction of PPBCS prevalence mirrors findings by previous studies that found a small but definite 

reduction of pain prevalence over time2,61,259.  These results fall within previous estimates (25-60%) of 

PPBCS with 15-25% of patients suffering from moderate to severe PPBCS61,105,241,330-332. Furthermore, 

these results are very similar to findings by Bruce et al who reported a prevalence of moderate to 

severe PPBCS of 25% with 40% positive for neuropathic pain according to the DN461.  

Prevalence of PPBCS differed with patient ethnicity. Patients identifying as European reported less 

moderate to severe PPBCS (18%) compared to those who identified as Non-European (45%). These 

results are intriguing but must be interpreted with caution due to the relatively small sample size 

which also prevented statistical analysis of specific ethnicities within the non-European groupings (e.g. 

Māori, Pacific Islanders, Asian and Other). Despite this, the prevalence of moderate to severe PPBCS 

was higher in Māori and Pacific Islanders (65%) compared to other ethnic groups included in this study 

(European (18%), Asian and Other (26%)). Further investigation with a larger sample is required to 

clarify the prevalence and aetiology of PPBCS in these populations.  
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3.4.2. Risk Factors 

Non-European ethnicity was the strongest risk factor for the development of PPBCS in this cohort. 

Although this is similar to results from other studies326, the sample in this study included Pacific 

peoples (Māori and Pacific Islanders), an ethnic grouping which has not been investigated previously. 

Although Māori and Pacific Islander patients have a 10% lower incidence of breast cancer when 

compared to patients of European/Other New Zealand ethnicities 333, Pacific Island women tend to 

present younger, have more advanced disease that requires more radical treatment and have poorer 

outcomes which are associated with worse disease-free and overall survival325,333,334. Younger age, 

difference in tumour characteristics and lower socioeconomic status are all thought to impact 

PPBCS333. In addition to ethnic differences in treatment and tumour characteristics, genetic 

differences may exist in both the New Zealand European and Non-European population that 

contribute to variations in pain sensitivity and postoperative opioid use79,335. This requires further 

investigation. Cultural differences in pain context and meaning may also influence how patients of 

different ethnicities report and communicate their pain experience. Thus, applying these 

questionnaires to this group, although validated in multi-ethnic English-speaking populations, may 

introduce bias. This was controlled for by excluding patients who were not fluent in English and 

required an interpreter, as documented in their medical record. However, this resulted in many Non-

European patients being excluded from the study. Furthermore, despite assuming English fluency if 

no interpreter was required, the level of comprehension when completing the questionnaire was 

unknown.  

The remaining two risk factors identified by this study were surgical treatments. Similar to reports by 

Tasmuth et al, reconstruction surgery after breast cancer surgery was a significant risk factor for 

moderate to severe PPBCS336. For statistical analysis, all patients who underwent reconstruction 

surgery (tissue expander or implant prosthesis and autologous flap reconstruction) after breast cancer 

surgery were combined into a single group due to small numbers. As previous reports have suggested 
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that reconstruction technique may influence development and maintenance of PPBCS due to the 

degree of surgical trauma and invasiveness of surgery337-339, future investigation utilising larger 

samples is required to understand the contribution of reconstruction technique to the development 

of PPBCS. Demographic differences between reconstruction and non-reconstruction populations may 

also be important as previous studies found that patients who underwent reconstruction were 

younger and of higher education340,341 both previously associated with PPBCS3,279. 

Finally, axillary node dissection continues to be a strong risk factor for moderate to severe PPBCS and 

may be related to increased axillary tissue trauma and associated intercostobrachial nerve damage 

(either macroscopic or microscopic)2,342,343. The proximity of the intercostobrachial nerve to the 

axillary node dissection site and the finding that a large proportion of patients with moderate to severe 

PPBCS reported neuropathic features (especially when compared to patients with no to mild PPBCS), 

make nerve damage associated with axillary dissection a likely causative factor for PPBCS, at least in a 

subgroup of patients.  

3.4.3. Analgesic Use 

This study found that most patients with moderate to severe PPBCS reported using analgesic 

medications, with over the counter simple analgesics (paracetamol and NSAIDs) being the most 

common drugs used with only a low incidence of combination analgesic and opioid use. As up to 50% 

of patients with moderate to severe PPBCS reported neuropathic pain, the widespread use of simple 

analgesics is likely insufficient. Furthermore, given the high prevalence of neuropathic pain, more 

specific anti-neuropathic medications (e.g. tricyclic antidepressants and/or gabapentinoids) may have 

been more appropriate344. Reasons for this low use of appropriate analgesia may be due to patients 

not presenting to either specialist or primary care physician to address symptoms or failure of these 

groups to prescribe a potentially more appropriate medication. The level and type of analgesic use in 

this cohort is similar to previously published findings however, there are very few studies published 

that investigated trends relating to pharmacological treatment of PPBCS345. The range of analgesic 
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medications used in this study population may reflect the lack of clarity surrounding treatment of 

PPBCS and may also demonstrate a potential lack of awareness of the importance of a neuropathic 

component in this condition. While further study is required to assess the efficacy, compliance and 

acceptability of the medications prescribed, the variation in analgesic use hints at the difficulty in 

treating PPBCS. Because of this, management of PPBCS should follow the steps of identifying at risk 

patients, perioperative risk modification and appropriate treatment of established PPBCS through 

pharmacological (including more targeted neuropathic pain medications) and non-pharmacological 

techniques. Patients’ use of non-pharmacological methods of pain treatment was not captured, 

however the observed prevalence and impact of moderate to severe PPBCS in this population suggests 

that treatment by both pharmacological and non-pharmacological means is generally inadequate and 

can be improved.  

3.4.4. Impact 

Previous studies have reported that patients with moderate to severe PPBCS have greater pain 

interference, psychological distress and functional impairment after treatment compared with their 

no to mild PPBCS counterparts260,328,346. This study supports these findings and suggests that pain 

interference items of “sleep”, “mood”, “normal work” and “enjoyment of life” from the BPI were most 

impacted by moderate to severe PPBCS , similar to findings by Ferreira et al347. Also, psychological 

distress was significantly higher in patients with moderate to severe PPBCS compared to those with 

no to mild PPBCS, as evident in the greater DASS21 total score and in the individual sub-scales of 

depression, anxiety and stress270. This is similar to previous studies327 although this study was unable 

to establish if this was pre-existing or a consequence of PPBCS due to the retrospective study design. 

This distinction is important as preoperative anxiety and depression have been identified as risk 

factors and psychological robustness (in terms of pragmatic outlook and optimism) as protective 

factors for PPBCS3,60,270. 
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The findings of significant upper limb dysfunction support a recent study by Anderson et al who 

reported that approximately 50% of women had functional impairments, especially in movements 

that require reaching above the head or carrying groceries, a median of 14 months after breast cancer 

surgery 348. Again, while moderate to severe PPBCS appears to adversely affect upper limb function, a 

causal relationship was not able to be ascertained.  

3.4.5. Limitations 

The limitations of this study fall into those related to the sample and those related to the design. 

Firstly, this was a retrospective mail out study that relied on patient completion and return of 

questionnaires and as such is vulnerable to self-selection bias, misclassification bias, recall bias and 

questionnaire fatigue. To reduce these factors, patients were telephoned to clarify a non-response, 

incomplete completion or uncertain questionnaire answers. Despite this, the study had a response 

rate of 57%. The most common reasons for not participating in the study were that the questionnaire 

brought back difficult memories of the breast cancer or the patients did not have time to complete 

the questionnaire. 

As this was a retrospective study, data were limited to the medical record and patient recollection and 

thus potentially biased and missing important risk factors for PPBCS including preoperative pain levels, 

preoperative psychological variables and acute postoperative pain. Assessment of causality for upper 

limb dysfunction, psychological distress and pain interference was also not possible. Secondly, Non-

European patients were under-represented in this study sample. One reason for this may be due to 

the English language requirement for completion of the questionnaires. Despite this, Non-European 

ethnicity was found to be the strongest risk factor for PPBCS, further emphasising its importance. 

Thirdly, the relatively small sample size prevented a more comprehensive analysis of the composite 

risk factors of Ethnicity and Reconstruction Surgery limiting the investigation of PPBCS prevalence in 

Non-European populations (Māori and Pacific Islanders, and Asian and Other).  
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Finally, in the analysis, patients were divided into those reporting minimal or no PPBCS (NRS 0-2/10) 

and those reporting moderate to severe PPBCS (NRS ≥3/10). This division does not allow 

differentiation between those patients with moderate and those with severe PPBCS. However, the 

limited number of patients in the sample reporting severe PPBCS (4%, ≥6/10 NRS) prevented such an 

analysis. Furthermore, a NRS cut-off point of ≥3/10 has previously been used, as any ongoing pain that 

is at or above this intensity is considered clinically important and likely to adversely affect patient 

function, mood and quality of life 10,58 as observed in this cohort.  
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Chapter 4: Study 2. Understanding Persistent Pain After Breast 

Cancer Surgery in a New Zealand Population - a Prospective Cohort 

Study:   
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4.1. Background 

Despite the research attention, identification of patients at risk of developing PPBCS is still imprecise. 

Although multiple risk factors have been proposed, there is little consensus among these. 

Furthermore, the predictive models provided in recent prospective studies have only been able to 

explain up to 30% of the variance in PPBCS2. 

Development of chronic pain follows a biopsychosocial model dependent on the interaction of 

inherited, psychological, clinical and environmental risk factors and protective factors to control the 

transition of pain from acute to persistent170. Based on this model, an increasing number of 

prospective studies have incorporated assessment of patient neurophysiology and genetic factors 

with the more commonly published clinical, demographic and psychological factors286,349. Combining 

these factors with an adequate follow-up duration allows for a comprehensive assessment of PPBCS 

in attempt to improve predictive models and better understand the pathogenesis of PPBCS. 

The role of preoperative QST has not been widely studied in women undergoing breast cancer surgery. 

Only a handful of prospective studies have attempted to associate preoperative neurophysiological 

risk factors (by assessing QST) with the development of PPBCS273,274,286,349.  As these studies have been 

small, even the authors have called for confirmatory research. However, a few small prospective 

studies have associated neurophysiological risk factors with CPSP in the contexts of total knee 

replacement, thoracotomy, abdominal surgery and shoulder surgery75,76. The association between 

QST and CPSP in other surgical contexts suggests that an individual’s propensity to develop post-

surgical pain may be at least partly distinguished by assessing the function of their nociceptive 

pathways preoperatively, calling for further research utilising more formalised protocols, larger 

sample size and consideration of patient, clinical and genetic factors.  

Assessing possible genetic risk factors to the clinically-based prediction models for PPBCS could also 

improve the identification of at risk patients and improve the potential for management. Furthermore, 

understanding the genomics of PPBCS may elucidate the role of molecular pathways in human 
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nociception and analgesia more generally, which may be translatable to other chronic pain states. 

Despite its promise, current understanding of genetic contribution to PPBCS is in its infancy with few 

studies showing associations and even fewer replication studies undertaken in different populations. 

Those that have been done have been inconsistent, with some studies reporting no or even 

contradictory associations suggesting greater complexity than can be solely explained by inheritance.  

This prospective study into PPBCS therefore had four main aims. These were to: 1) undertake a 

detailed prospective, longitudinal clinical study to confirm the expected high prevalence of PPBCS; 2) 

confirm that the development of PPBCS relates to previously reported demographic, psychological, 

clinical and surgical risk factors; 3) assess whether inherited genetic variation in COMT, GCH1, ESR1, 

KCNJ6, and OPRM1 associate with PPBCS.; 4) investigate whether nociceptive processing (conditioned 

pain modulation, temporal summation, pressure pain-40) differs in patients who develop PPBCS 

compared to those who do not. 

4.2. Study design 

The study was designed as a prospective cohort study of patients who underwent primary breast 

cancer surgery at North Shore Hospital and Elective Surgery Centre administered by the Waitematā 

District Health Board, (WDHB) in Auckland, New Zealand since October 15, 2016. Ethical and locality 

approval details have been described previously (Methods Chapter 2). The study is ongoing however 

recruitment has been suspended at the time of thesis submission due to the COVID-19 pandemic and 

ongoing limitations in recruitment, testing and follow up. 

 Patients who met the inclusion criteria were provided with information and invited to participate in 

the study. To be eligible to participate in the study, participants must have 1) had a diagnosis of breast 

cancer; 2) undergone breast cancer surgery with or without axillary surgery; 3) been at least 18 years 

old; and 4) been able to read and write English. Patients who had previous breast surgery, or had 

distant malignancy or metastasis were excluded from the study.  
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Study data was collected from questionnaires (BPI, DN4 interview, SF-MPQ-2, DASH and DASS21), 

patient medical record and/or patient self-report at various time points before and after surgery 

(Table 4-1). Patients included in the study were assessed before surgery (within 14 days before the 

operation), within the first 24 hours after surgery, approximately 14 days after surgery and 

approximately 6 months after surgery. Intraoperative and recovery room data were collected from 

the patient medical record.  

The incidence and impact of PPBCS (pain interference, psychological distress and upper limb 

dysfunction) were measured approximately 6 months after surgery using the previously described 

questionnaires (Methods Chapter 2). Possible risk factors for the development of PPBCS were 

collected before surgery, within 24 hours and approximately 14 days after surgery as summarised in 

Table 4-1. Details of the possible risk factors collected (demographic, clinical, neurophysiological and 

inherited) and the statistical analyses have been described in the Methods Chapter 2. Details of the 

questionnaires used, risk factors collected, and the statistical analysis have been described in the 

Methods Chapter 2. 

Details of the QST testing have been described in Methods Chapter 2. Patients underwent QST testing 

preoperatively and at 6 months postoperatively. An attempt to utilise a standardised protocol for QST 

was made. The protocol for temporal summation was derived from well-established methods 66,350. 

The test was performed in triplicate and an average of temporal summation across the three trials 

was calculated given the adequate short term test-retest reliability 351. 

The protocol for conditioned pain modulation was derived from consensus recommendations from 

Yarnitsky et al312. As such, a suprathreshold pressure of pressure pain-40 (PP40) was chosen as the 

test stimulus. A cold pressor test was used as the conditioning stimulus and maintained for up to 2 

minutes to ensure that a pain level of >4/10 (NRS) was reliably elicited, as this is considered sufficient 

to induce a saturated CPM effect352-354.  
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Table 4-1: Summary of study procedures completed at each patient follow up period 

Assessment Information collected Pre-Surgery  
(1) 

Intraoperative 
(2) 

Within 24h 
Post-op (3) 

14 days  
Post-op (4) 

6 months  
Post-op (5) 

Patient factors Past medical history, demographic and 
treatment details 

X    X 

Intraoperative 
factors 

Anaesthetic modality, analgesia use, 
surgical technique and nerve injury  

 X    

Genomic DNA (Genotyping) X     

DNA (CpG Methylation) X  X X X 

Neurophysiology QST (TS, CPM, PP40) X    X 

Psychological  DASS21 X   X X 

Pain  BPI, DN4i, SF-MPQ-2 X   X X 

NRS and analgesia  X  X X X 

Function DASH X   X X 

Data collected at each timepoint is indicated by “X”. QST = Quantitative Sensory Testing, NRS = Numerical Rating Scale, BPI = Brief Pain Inventory, SF-MPQ-
2= Short Form McGill Pain Questionnaire 2, DN4i = Dolour Neuropathique en Four interview, DASH = Disabilities of the Arm, Shoulder and Hand, DASS21 = 
Depression, Anxiety and Stress Scale 
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4.2.1. Anaesthetic and analgesia procedures 

No routine premedication was given. All patients received a general anaesthetic using volatile general 

anaesthesia or total intravenous anaesthesia. All patients received dexamethasone (4-8 mg) with or 

without droperidol (0.625 mg) intraoperatively as post-operative nausea and vomiting (PONV) 

prophylaxis. Intraoperative analgesia included NSAID (parecoxib), and opioid analgesia (fentanyl, 

morphine or oxycodone). Local anaesthetic was infiltrated into the wound before surgical closure of 

the wound. Choice and dose of local anaesthetic was left to each surgeon’s preference. 

Postoperatively, patients received a multimodal analgesia regimen including paracetamol, NSAID 

(ibuprofen, diclofenac or celecoxib), tramadol, and a standardised antiemetic protocol 

(dexamethasone, ondansetron, cyclizine and/or droperidol) as required. Patients who had poorly 

controlled pain received intravenous/oral opioids (fentanyl, morphine or oxycodone) with/without 

gabapentin as required for rescue analgesia. Perioperative ketamine or regional anaesthesia was not 

permitted. Reasons for deviations from this protocol were recorded.  

4.2.2. Sample size calculation 

A sample size of approximately 220 patients was required to provide an estimate of the prevalence of 

moderate to severe PPBCS with a confidence limit of 5.5% on each side. Calculation of this sample size 

was based on the median of the previously reported prevalence of moderate to severe persistent pain 

after breast cancer surgery of 19.5%2,241,242,330, and adjusted to account for 10% loss to follow-up 

(which has been the experience of similar previous studies241). 
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4.3. Results prevalence and impact 

The study is ongoing. The following is the analysis of the 118 patients who have completed 6 month 

follow-up at the time of writing.  

4.3.1. Participants 

One hundred and thirty nine patients were approached to participate in the study. A total of 118 

patients were recruited to the study. Of these, 105 patients completed follow-up and were included 

in the analysis. Thirteen patients (11.0%) were excluded or lost to follow up. Reasons for patient 

exclusion include violation of anaesthetic protocol (n=2), distant metastases (n=1), recent surgery or 

trauma (n=2) and uncontactable or unwilling to continue with study (n=8).  

Median (IQR) time from preoperative review to surgery was 5 days (IQR: 7-11 days); 87.6% of patients 

underwent surgery within 2 weeks of preoperative review. Time from surgery to acute pain 

assessment was median 15 days (IQR: 13-17 days) with PPBCS assessment at median 6.9 months (IQR: 

6.5–7.5 months).  

4.3.2. Patient characteristics 

Demographic and treatment characteristics of patients included or excluded from analysis are 

presented in Table 4-2 and Table 4-3. There were no statistically significant (p≥0.05) differences 

between the included and excluded patient demographic characteristics or surgical and adjunctive 

treatment modalities. 
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Table 4-2. Demographic and patient characteristics of the entire population (n=118) that underwent 
breast cancer surgery and were recruited to the study.  

Participant characteristics Total 
included 
(n=105) 

Total 
excluded 
(n=13) 

p 
value 

Age at Primary Breast Surgery, mean (SD)  58.4 (12.2) 62.9 (13.9) 0.21 

BMI, median (IQR) 27.9 
(24.8-31.8) 

31.2 
(24.0 – 37.4) 

0.29 

Ethnicity European  84 (80.0) 10 (76.9) 0.73 

Non-European  21 (20.0) 3 (23.1)  

 Māori 8 (7.6) 1 (7.7)  

 Pacific Island 5 (4.7) 2 (15.3)  

 Asian 7 (6.7) 0 (0)  

 Other 1 (0.9) 0 (0)  

Living with 
Partner 

Yes  60 (57.1) 6 (46.2) 0.55 

No  44 (41.9) 7 (53.8)  

Highest 
education 

Primary/Secondary  48 (45.7) 8 (61.5) 0.13 

Tertiary undergraduate  45 (42.9) 2 (15.4)  

Tertiary postgraduate  12 (11.4) 3 (23.1)  

Smoking Current  13 (12.4) 2 (15.4) 0.67 

Non/Ex  92 (87.6) 11 (84.6)  

 Never 59 (56.2) 10 (76.9)  

 Ex-Smoker 33 (31.4) 1 (7.7)  

Comorbidities Depression  15 (14.3) 4 (30.8) 0.11 

Anxiety  17 (16.1) 4 (30.8) 0.24 

Hypertension  39 (37.1) 4 (30.8) 0.77 

Diabetes  8 (7.6) 2 (15.4) 0.30 

Chronic Pain (>3 month)  34 (32.4) 4 (30.8) >0.99 

Variables are presented as n (%) unless indicated. Continuous variables are presented with mean and 
standard deviation in parenthesis. Non-parametric data are presented as median with interquartile 
range in parenthesis. Distribution between included and excluded groups are compared by student t-
test for parametric data, Mann-Whitney U test for non-parametric data or Fisher’s Exact test for 
assessment of distribution. BMI = body mass index; SD = Standard Deviation; IQR = Interquartile range.   



92 
 

 

Table 4-3. Breast Cancer treatment characteristics of the entire population (n=118) that underwent 
breast cancer surgery and were recruited to the study.  

Treatment Factors Total 
included 
(n=105) 

Total 
excluded 
(n=13) 

p value 

Primary Surgery 
Type 

Complete  36 (34.3) 3(23.1) 0.54 

Partial  69 (65.7) 10 (76.9)  

Axillary Surgery None  11 (10.5) 0 (0) NV 

SNB  86 (81.9) 11(84.6)  

AND  18 (17.1) 2 (15.4)  

ICBN Identified  55(52.4) 7 (53.8) 0.57 

Handled  51 (48.6) 7 (53.8) 0.56 

Preserved  73 (69.5) 11 (84.6) 0.34 

Reconstruction Yes  14 (13.3) 1 (7.7)  

No  91 (86.7) 12 (92.3)  

 Expander 
Prosthesis 

9 (8.6) 1 (7.7) 0.24 

 Oncoplastic 5 (4.7) 0 (0)  

Repeat breast 
cancer surgery 

Yes  19 (18.1) 1 (7.7) 0.69 

No  86 (81.9) 12 (92.3)  

 Complication  8 (7.6) 0 (0)  

 Completion 
Mastectomy 

5 (4.7) 0 (0)  

 Re-excision 6 (5.7) 1 (7.7)  

Adjuvant 
Chemotherapy 

Yes  45(42.9) 4 (30.7) 0.55 

Adjuvant 
Radiotherapy 

Yes  71(67.6) 10 (76.9) 0.75 

Hormone 
Therapy 

Yes  85 (81.0) 9 (69.2) 0.29 

Trastuzumab Yes  18 (17.1) 1 (7.6) 0.69 

Variables are presented as n (%) unless indicated. Continuous variables are presented with mean and 
standard deviation in parenthesis. Non-parametric data are presented as median with interquartile 
range in parenthesis. Distribution between included and excluded groups are compared by student t-
test for parametric data, Mann-Whitney U test for non-parametric data or chi square for assessment 
of distribution. Mastectomy: simple/total mastectomy, radical/modified radical mastectomy and 
skin/nipple sparing mastectomy.  Breast conserving surgery: excision biopsy, lumpectomy, wide local 
excision, partial mastectomy, sector resection or quadrantectomy. Repeat surgery: re-resection, 
breast conserving surgery converted to mastectomy or 2-step axillary lymph node dissection. 
Reconstruction surgery: Expander or implant prosthesis, autologous flap reconstruction. ASA = 
American Society of Anaesthesiologists; BMI = body mass index; SD = Standard Deviation; IQR = 
Interquartile range; SNB = sentinel node biopsy; AND = axillary node dissection. p values marked with 
NV indicate non valid chi square results due to insufficient sample size. 
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4.3.3. Development of pain from baseline to 6 months 

Preoperative pain 

Before surgery, 24 (22.8%, 95% CI: 14.8%-30.8%) patients reported pain in the breast, chest wall, axilla, 

arm or shoulder on the side of surgery in the 24 hours prior to review. The median pain score was 3 

(IQR: 2 - 4). Of all patients, 14 (13.3%, 95% CI: 6.8%-19.8%) rated their pain as moderate to severe 

(NRS≥3) with a median pain score of 4 (IQR: 3-5). Patients reporting any preoperative pain experienced 

pain largely in the shoulder (n=13, 54.2%) and breast/chest wall (n=13, 54.2%) with half of patients 

who suffered pain reporting pain in multiple sites (n=12, 50%). Patients who reported moderate to 

severe pain before surgery similarly report this pain mainly in the shoulder (n=10, 71.4%) and 

breast/chest wall (n=6, 42.9%), with over half of these patients reporting pain in multiple sites (n=9, 

64%) (Figure 4-1A).  

The incidence of preoperative chronic pain (pain that had lasted at least 3 months) at any site in the 

body was also assessed. Overall, 34 (32%) patients reported chronic pain. Of these patients, half (n=17, 

50.0%) report pain in the areas included in the PPBCS definition and half (n=17, 50.0%) report pain at 

other sites.  

Acute pain after breast cancer surgery 

Patients were reviewed approximately 14 days after surgery to assess acute post-surgical pain in the 

breast/chest wall, shoulder, arm or hand. Overall, 77 patients (73.3%, 95% CI: 64.8%-81.8%) described 

acute post-surgical pain at these sites, with a median pain score of 2 (IQR: 1-3). Moderate to severe 

pain was reported in 30 (28.5%, 95% CI: 19.9%-37.1%) patients with a median pain score of 4 (IQR: 3-

5).  

Again, the breast/chest wall and axilla were the most common sites of pain. This was observed in 

patients reporting any pain (breast/chest wall n=62, 80.5%; axilla n=63, 81.1%) and those reporting 

moderate to severe pain (breast/chest wall n=26, 86.7%; axilla n = 24, 80.0%). Pain in the upper arm 
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was also commonly reported in both groups. Of the patients experiencing pain, most patients 53 

(70.0%) reported pain in multiple sites (Figure 4-1B).  

Persistent pain after breast cancer surgery 

Patients were reviewed approximately 6 months after surgery to assess pain in the breast/chest wall, 

shoulder, arm or hand. Persistent pain was described in 42 (40.0%, 95% CI: 30.63%-49.37%) patients 

with a median pain score of 2 (IQR: 1-3). Of these, 16 (15.2%, 95% CI: 8.3%-22.1%) reported their 

average daily pain experience as moderate to severe (≥3/10 NRS) with a median pain score of 4 (IQR: 

3-4).  

As with previous time points, pain at 6 months was most commonly reported in the breast/chest wall 

(n=32, 76.2%) and axilla (n=28, 66.7%), with a majority of patients (n=27, 64.3%) reporting pain in 

multiple sites. Similarly, the breast/chest wall (n=14, 87.5%) and axilla (n=12, 75.0%) were the most 

reported sites of pain in patients who reported moderate to severe PPBCS at 6 months (Figure 4-1B).  
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Figure 4-1 (A,B): Localisation of pain in patients reporting any pain (NRS≥1) and moderate to severe pain (NRS≥3) at three time points; before surgery (Pre-
operative), 14 day post-operative review (14d) and 6 month post-operative review (6m).  
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4.3.4. Intensity and qualities of persistent pain after breast cancer surgery 

Most women reported mild PPBCS (median NRS 2, IQR: 1-3) (Figure 4-2). The Short Form McGill Pain 

Questionnaire 2 was used to assess pain quality. In terms of the continuous component of the SF-

MPQ-2, patients reporting PPBCS most frequently selected “tender” (73.8%), “aching” (66.7%) and 

“throbbing” (42.9%) as terms to describe their pain (Table 4-4). These terms were also the most 

frequently selected in patients reporting moderate to severe PPBCS: “tender” (75.0%); “aching” 

(87.5%); “throbbing” (56%). For the intermittent component, “shooting” (54.8%), “stabbing” (54.8%) 

and “sharp” (54.8%) were the most common terms to describe PPBCS (Table 4-5). Similarly, patients 

reporting moderate to severe PPBCS also utilised the same descriptors albeit with greater frequency: 

“shooting” (75.0%), “stabbing” (68.8%) and “sharp” (75.0%).  In the affective component, “tiring” was 

the most frequently chosen term for all patients who report PPBCS (57.1%) and those who reported 

moderate to severe PPBCS (68.8%). 

 Figure 4-2: Distribution of average PPBCS pain scores approximately 6 months after breast cancer 
surgery.  

0 1 2 3 4 5 6 7

0

20

40

60

80

Average Pain Score (NRS)

N
u

m
b

e
r 

o
f 

p
a
ti

e
n

ts

 

Pain is categorised according to the 11 point numerical rating scale of average pain experienced in the 
last 24 hours (BPI question 5) where 0 is “no pain” and 10 is the “worst pain imaginable”.  
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Table 4-4: Comparison of pain descriptors from the SF-MPQ-2 between patients without PPBCS and 
those experiencing any PPBCS. 

Subscale Descriptor No PPBCS 
(NRS = 0) n= 63 

Any PPBCS 
(NRS ≥1) n =42 

p value 

Continuous 
pain 

Throbbing 0.0 (0.0-0.0) (n=2, 3.2%) 0.0 (0.0 -3.0) (n=18 , 42.9%)  

Cramping 0.0 (0.0-0.0) (n=1, 1.6%) 0.0 (0.0-0.0) (n=8 , 19.0%)  

Gnawing 0.0 (0.0-0.0) (n=2, 3.2%) 
0.0 (0.0-0.0) (n=9 , 21.4%) 

 

Aching 0.0 (0.0-0.0) (n=5, 7.9%) 
2.0 (0.0-4.0) (n=28 , 66.7%) 

 

Heavy 0.0 (0.0-0.0) (n=2, 3.2%) 
0.0 (0.0-1.0) (n=13 , 31.0%) 

 

Tender 0.0 (0.0-0.0) (n=8, 12.7%) 2.0 (0.3-4.0) (n=31 , 73.8%)  

Total 0.0 (0.0- 0.0) 1.0 (0.7 – 2.0) <0.001 

Intermittent 
pain 

Shooting 0.0 (0.0-0.0) (n=4, 6.3%) 1.0 (0.0-3.0) (n=23 , 54.8%)  

Stabbing 0.0 (0.0-0.0) (n=4, 6.3%) 1.0 (0.0-2.8) (n=23 , 54.8%)  

Sharp 0.0 (0.0-0.0) (n=6, 9.5%) 
1.0 (0.0-3.0) (n=23 , 54.8%) 

 

Splitting 0.0 (0.0-0.0) (n=0, 0.0%) 0.0 (0.0-0.0) (n=4 , 9.5%)  

Electric 
shock 

0.0 (0.0-0.0) (n=1, 1.6%) 
0.0 (0.0-0.0) (n=3 , 7.1%) 

 

Piercing 0.0 (0.0-0.0) (n=3, 4.8%) 0.0 (0.0-0.0) (n=7 , 16.7%)  

Total 0.0 (0.0-0.0) 1.0 (0.0 – 1.4) <0.001 

Affective 
Descriptors 

Tiring 0.0 (0.0-0.0) (n=5, 7.9%) 1.0 (0.0-3.0) (n=24 , 57.1%)  

Sickening 0.0 (0.0-0.0) (n=0, 0.0%) 0.0 (0.0-0.0) (n=6 , 14.3%)  

Fearful 0.0 (0.0-0.0) (n=1, 1.6%) 0.0 (0.0-0.0) (n=9 , 21.4%)  

Punishing 0.0 (0.0-0.0) (n=0, 0.0%) 0.0 (0.0-0.0) (n=2 , 4.8%)  

Total 0.0 (0.0-0.0) 0.4 (0.0 – 1.0) <0.001 

Neuropathic 
pain 

Hot 
burning 

0.0 (0.0-0.0) (n=2, 3.2%) 0.0 (0.0-1.0) (n=12 , 28.6%)  

Cold 
freezing 

0.0 (0.0-0.0) (n=0, 0.0%) 0.0 (0.0-0.0) (n=4 , 9.5%)  

Pain by 
light touch 

0.0 (0.0-0.0) (n=5, 7.9%) 0.0 (0.0-2.0) (n=20 , 47.6%)  

Itching 0.0 (0.0-0.0) (n=11, 17.5%) 0.0 (0.0-2.0) (n=20 , 47.6%)  

Tingling 0.0 (0.0-0.0) (n=13, 20.6%) 0.0 (0.0-1.0) (n=17 , 40.5%)  

Numbness 0.0 (0.0-0.0) (n=18, 28.6%) 0.0 (0.0-3.5) (n=20 , 47.6%)  

Total 0.0 (0.0 – 0.50) 0.7 (0.3 – 1.4) <0.001 

     

Overall SF-
MPQ-2 total 

 0.0 (0.0 – 6.0) 18 (8.0 – 37.5) <0.001 

Results are presented as median (IQR). The Mann-Whitney U test was used for between group 
comparisons. SF-MPQ-2 = Short form McGill pain questionnaire 2, NRS = numerical rating score. 
Statistically significant results are indicated in bold. 
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Table 4-5: Comparison of pain descriptors from the SF-MPQ-2 in patients experiencing no to mild 
PPBCS (NRS=0-2) and moderate to severe PPBCS (NRS≥3). 

Subscale Descriptor No to mild PPBCS (NRS = 0-
2) 
n=89 

Moderate to severe PPBCS 
(NRS≥3) n=16 

p value 

Continuous 
pain 

Throbbing 0.0 (0.0-0.0) (n=11 , 12.4%) 3.0 (0.0-4.0) (n=9, 56.3%)  

Cramping 0.0 (0.0-0.0) (n=4 , 4.5%) 0.0 (0.0-1.0) (n=5, 31.3%)  

Gnawing 
0.0 (0.0-0.0) (n=5 , 5.6%) 

0.0 (0.0-1.0) (n=4, 25.0%)  

Aching 
0.0 (0.0-0.0) (n=19 , 21.3%) 

4.0 (2.0-4.0) (n=14, 87.5%)  

Heavy 
0.0 (0.0-0.0) (n=6 , 6.7%) 

1.0 (0.0-2.0) (n=8, 50.0%)  

Tender 0.0 (0.0-1.0) (n=27 , 30.3%) 4.0 (2.0-6.0) (n=12, 75.0%)  

Total 0.0 (0.0 – 0.7) 1.9 (1.4-3.1) <0.001 

Intermittent 
pain 

Shooting 0.0 (0.0-0.0) (n=15 , 16.9%) 3.0 (1.0-6.0) (n=12, 75.0%)  

Stabbing 0.0 (0.0-0.0) (n=16 , 18%) 3.0 (0.0-5.0) (n=11, 68.8%)  

Sharp 
0.0 (0.0-0.0) (n=17 , 19.1%) 

4.0 (1.0-4.0) (n=12, 75.0%)  

Splitting 0.0 (0.0-0.0) (n=0 , 0.0%) 0.0 (0.0-0.0) (n=4, 25.0%)  

Electric 
shock 0.0 (0.0-0.0) (n=2 , 2.2%) 

0.0 (0.0-0.0) (n=2, 12.5%)  

Piercing 0.0 (0.0-0.0) (n=5 , 5.6%) 0.0 (0.0-2.0) (n=5, 31.3%)  

Total 0.0 (0.0 – 0.3) 1.6 (0.6 – 2.7) <0.001 

Affective 
Descriptors 

Tiring 0.0 (0.0-0.0) (n=18 , 20.2%) 3.0 (0.0-5.0) (n=11, 68.8%)  

Sickening 0.0 (0.0-0.0) (n=0 , 0.0%) 0.0 (0.0-1.0) (n=6, 36.5%)  

Fearful 0.0 (0.0-0.0) (n=7 , 7.9%) 0.0 (0.0-0.0) (n=3, 18.8%)  

Punishing 0.0 (0.0-0.0) (n=0 , 0.0%) 0.0 (0.0-0.0) (n=2, 12.5%)  

Total 0.0 (0.0- 0.0) 0.8 (0.0-1.7) <0.001 

Neuropathic 
pain 

Hot burning 0.0 (0.0-0.0) (n=8 , 9.0%) 0.0 (0.0-2.0) (n=6, 36.5%)  

Cold 
freezing 

0.0 (0.0-0.0) (n=2 , 2.2%) 0.0 (0.0-0.0) (n=2, 12.5%)  

Pain by 
light touch 

0.0 (0.0-0.0) (n=16 , 18.0%) 1.0 (0.0-3.0) (n=9, 56.3%)  

Itching 0.0 (0.0-0.0) (n=22 , 24.7%) 1.0 (0.0-2.0) (n=9, 56.3%)  

Tingling 0.0 (0.0-0.0) (n=22 , 24.7%) 1.0 (0.0-1.0) (n=8, 50.0%)  

Numbness 0.0 (0.0-2.0) (n=30 , 33.7%) 1.0 (0.0-5.0) (n=8, 50.0%)  

Total 0.2 (0.0 – 0.8) 1.2 (0.1-2.7) <0.001 

     

Overall SF-
MPQ-2 total 

 3.0 (0.0 – 14.0) 38.0 (14.8-50.3) <0.001 

Results are presented as median (IQR). The Mann-Whitney U test was used for between group 
comparisons. SF-MPQ-2 = Shor form McGill pain questionnaire 2, NRS = numerical rating score. 
Statistically significant results are indicated in bold.  
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4.3.5. Neuropathic pain 

Neuropathic pain was assessed at each timepoint utilising the DN4 interview and the SF-MPQ-2. A 

DN4 interview score of >3 was considered neuropathic pain. Before surgery, 5 (20.8%) patients who 

reported preoperative pain described neuropathic pain. In patients who reported postoperative pain, 

the incidence of neuropathic pain was 45.5% (n=35) at 14 day review and 35.7% (n=15) at 6 month 

review. The incidence of neuropathic pain in patients who reported moderate to severe post-

operative pain was 46.7% (n=14) at 14 day review and 43.8% (n=7) at 6 months (Figure 4-3A-F). 

Overall, the prevalence of neuropathic pain was higher in patients who reported moderate to severe 

pain (n=7, 43.8%) compared to those reported no to mild pain (n=8, 9.0%) (p <0.001).  

Within the any PPBCS group, of those patients who reported neuropathic pain at 6 months after 

surgery (n=15) , 80% (n=12) reported neuropathic pain at postoperative day 14. Similarly, within the 

moderate to severe PPBCS group, of those patients who reported neuropathic pain at 6 months after 

surgery (n=7), 71% (n=5) patients reported neuropathic pain at postoperative day 14. 

At 6 months after surgery, the most frequent terms utilised in the neuropathic component of the SF-

MPQ-2 in all patients with PPBCS were “pain by light touch” (47.6%), “itching” (47.6%), “numbness” 

(47.6%) and “tingling” (40.5%). Similarly, patients who reported moderate to severe PPBCS most 

frequently used “pain by light touch” (56.3%), “itching” (56.3%), “numbness” (50.0%) and “tingling” 

(50.0%) to describe the neuropathic component of the SF-MPQ-2 (Table 4-5). 
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Figure 4-3 (A-F): Proportion of patients with any pain and moderate to severe pain reporting neuropathic pain before surgery, 14 day and 6 month 
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4.3.6. Analgesia 

Analgesic use varied among patients after surgery (14 days and 6 months postoperative).  

At postoperative day 14, 68 (88.3%) of patients with any pain reported analgesic use with 53 (68.9%) 

utilising combination analgesia (Table 4-6). When analgesic use in patients with moderate to severe 

pain at postoperative day 14 was assessed, all patients (n=30, 100%) were receiving analgesic 

medication. Furthermore, the majority (n=25, 83.3%) were receiving multiple analgesia. (Table 4-7) 

Table 4-6: Analgesic medication use approximately 14 days after surgery between patients with no 
pain and any pain 

Analgesic use   No Pain (n=28) Any Pain (n=77) 

Simple Paracetamol  6 (21.4) 54 (70.1) 

 
NSAID 

Yes  1 (3.6) 21 (27.3) 

No  27 (96.4) 56 (72.7 ) 

 Diclofenac 0 (0.0) 4 (5.2) 

 Ibuprofen 1 (3.6) 11 (14.3) 

 Celecoxib 0 (0.0) 6 (7.8) 

Opioid Yes  0 (0.0) 15 (19.5) 

No  28 (100.0) 62 (80.5 ) 

 Tramadol 0 (0.0) 7 (9.1) 

 Morphine 0 (0.0) 0 (0.0) 

 Oxycodone 0 (0.0) 0 (0.0) 

 Codeine 0 (0.0) 8 (10.4) 

Anti-neuropathic 
agents 

Yes  0 (0.0) 6 (7.8) 

No  28 (100.0) 71 (92.2) 

 Nortriptyline 0 (0.0) 1 (1.3) 

 Gabapentin 0 (0.0) 5 (6.5) 

Any analgesia Total  12(42.9) 68 (88.3) 

  Single analgesic 10 (35.7) 15 (19.4) 

 Multiple analgesics 2 (7.1) 53 (68.9) 

Results are presented as n (%) and are categorised as no pain (NRS 0/10) and any (≥1/10) based on 
the 11 point numerical rating scale. Statistical comparison was not conducted due to the small number 
of patients receiving analgesia. NSAID: Non-steroidal anti-inflammatory drug  
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Table 4-7: Analgesic medication use approximately 14 days after surgery between patients with no to 
mild pain and moderate to severe pain 

Analgesic use   No to Mild Pain 
(n=75) 

Moderate to 
Severe Pain(n=30) 

Simple Paracetamol  34 (45.3) 26 (86.7) 

 
NSAID 

Yes  11 (14.7) 11 (36.7) 

No  64 (86.5)  

 Diclofenac 2 (2.7) 2 (6.7) 

 Ibuprofen 6 (8.0) 6 (20.0) 

 Celecoxib 3 (4.0) 3 (10.0) 

Opioid Yes  3 (4.0) 12 (40.0) 

No  72 (96.0) 18 (60.0) 

 Tramadol 2 (2.7) 5 (16.7) 

 Morphine 1 (1.3) 0 (0.0) 

 Oxycodone 0 (0.0) 0 (0.0) 

 Codeine 0 (0.0) 7 (23.3) 

Anti-neuropathic 
agents 

Yes  2 (2.7) 4 (13.3) 

No  73 (97.3) 26 (86.7) 

 Nortriptyline 0 (0.0) 1 (3.3) 

 Gabapentin 2 (2.7) 3 (10.0) 

Any analgesia Total  50 (66.7) 30 (100.0) 

  Single analgesic 20 (26.7) 5 (16.7) 

 Multiple analgesics 30 (40.0) 25 (83.3) 

Results are presented as n (%) and are categorised as no pain (NRS 0/10) and any (≥1/10) based on 
the 11 point numerical rating scale. Statistical comparison was not conducted due to the small number 
of patients receiving analgesia. NSAID: Non-steroidal anti-inflammatory drug  
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Of all patients who reported PPBCS, 17 (40.5%) patients reported analgesic use with the majority of 

these patients (n=10, 23.8%) utilising unimodal analgesic therapy (Table 4-8).  

The most common analgesic medication used by patients who reported any PPBCS was paracetamol 

(n= 17, 40.5%) followed by anti-neuropathic agents such as amitriptyline, nortriptyline or gabapentin 

(4, 9.5%), NSAIDs (n=3, 7.2%) and opioids (n=2, 4.8%).  

A similar finding was seen in patients reporting moderate to severe PPBCS (Table 4-9), in which, 8 

(50.0%) patients reported analgesic use. The majority of patients (n=5, 31.3%) in this group however 

reported using multiple analgesics to treat pain.  

Table 4-8: Analgesic medication use approximately 6 months after surgery between patients with no 
PPBCS and any PPBCS 

Analgesic use   No PPBCS (n=63) Any PPBCS (n=42) 

Simple Paracetamol  0 (0.0) 17 (40.5) 

 
NSAID 

Yes  1 (2.0) 3 (7.1) 

No  62 (98.0) 39 (92.9) 

 Diclofenac 0 (0.0) 1 (2.4) 

 Ibuprofen 0 (0.0) 2 (4.8) 

 Celecoxib 1 (2.0) 0 (0.0) 

Opioid Yes  0 (0.0) 2 (4.8) 

No  63 (100.0) 40 (95.2) 

 Tramadol 0 (0.0) 0 (0.0) 

 Morphine 0 (0.0) 0 (0.0) 

 Oxycodone 0 (0.0) 0 (0.0) 

 Codeine 0 (0.0) 2 (4.8) 

Anti-neuropathic 
agents 

Yes  0 (0.0) 4 (9.5) 

No  63 (100.0) 38 (90.5) 

 Nortriptyline 0 (0.0) 2 (4.8) 

 Gabapentin 0 (0.0) 2 (4.8) 

Any analgesia Total  1 (2.0) 17 (40.5) 

  Single analgesic 1 (2.0) 10 (23.8) 

 Multiple analgesics 0 (0.0) 7 (16.7) 

Results are presented as n (%) and are categorised as no pain (NRS 0/10) and any (≥1/10) based on 
the 11 point numerical rating scale. Statistical comparison was not conducted due to the small number 
of patients receiving analgesia. NSAID: Non-steroidal anti-inflammatory drug   
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Table 4-9: Analgesic medication use approximately 6 months after surgery between patients with no 
to mild and moderate to severe PPBCS 

Analgesic use   No to mild PPBCS 
(n=89) 

Moderate to 
severe PPBCS 
(n=16) 

Simple Paracetam
ol 

 
9 (10.1) 8 (50.0) 

 
NSAID 

Yes  2 (2.2) 2 (12.5) 

No  87 (97.8) 14 (87.5) 

 Diclofenac 0 (0.0) 1 (6.3) 

 Ibuprofen 1 (1.1) 1 (6.3) 

 Celecoxib 1 (1.1) 0 (0.0) 

Opioid Yes  1 (1.1) 1 (6.3) 

No  88 (98.9) 15 (93.8) 

 Tramadol 0 (0.0) 0 (0.0) 

 Morphine 0 (0.0) 0 (0.0) 

 Oxycodone 0 (0.0) 0 (0.0) 

 Codeine 1 (1.1) 1 (6.3) 

Anti-neuropathic 
agents 

Yes  1 (1.1) 3 (18.8) 

No  88 (98.9) 13 (81.3) 

 Nortriptyline 1 (1.1) 1 (6.3) 

 Gabapentin 0 (0.0) 2 (12.5) 

Any analgesia Total  10 (11.2) 8 (50.0) 

  Single analgesic 8 (9.0) 3 (18.8) 

 Multiple analgesics 2 (2.2) 5 (31.3) 

Results are presented as n (%) and are categorised as no to mild (NRS 0-2/10) and moderate to severe 
(≥3/10) based on the 11 point numerical rating scale. Statistical comparison was not conducted due 
to the small number of patients receiving analgesia. NSAID: Non-steroidal anti-inflammatory drug  
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4.3.7. Impact of persistent pain after breast cancer surgery 

Pain interference 

Patients reporting any PPBCS at 6 months had significantly greater pain interference in all sub-items 

of the BPI (all p<0.001, Table 4-10).  In particular, sleep, general activity and normal work items 

received the highest scores 

Table 4-10: Six month postoperative pain interference (BPI), upper limb dysfunction (DASH) and 
psychological distress (DASS21).  

Results are presented as median (IQR) and are categorised as mild (1-2/10), moderate (3-5/10) and 
severe (≥6/10) based on the 11 point numerical rating scale. Nonparametric data are compared using 
the Mann-Whitney U test. BPI: Brief pain inventory. DASH: Disability of the shoulder and hand 
questionnaire. DASS21: 21-Item depression, anxiety and stress scale. Statistically significant results 
are indicated in bold. 

 

  

Questionnaire Variable No PPBCS 
(n= 63) 

Any PPBCS 
(n=42) 

p value 

BPI Total Pain interference 0.0 (0.0-0.0) 1.1 (0.1-2.6) <0.001 

General activity 0.0 (0.0-0.0) 1.0 (0.0-3.0) <0.001 

Mood 0.0 (0.0-0.0) 0.5 (0.0-3.0) <0.001 

Walking ability 0.0 (0.0-0.0) 0.0 (0.0-1.75) <0.001 

Normal work 0.0 (0.0-0.0) 1.0 (0.0-3.0) <0.001 

Relations 0.0 (0.0-0.0) 0.0 (0.0-1.0) <0.001 

Sleep 0.0 (0.0-0.0) 2.0 (0.0-4.0) <0.001 

Enjoyment of life 0.0 (0.0-0.0) 0.5 (0.0-3.0) <0.001 

DASH Total DASH Score 0.80 (0-9.2) 12.6 (5.6-27.7) <0.001 

DASS21 Depression 0.0 (0.0-1.0) 1.0 (0.0-3.0) 0.053 

Anxiety 0.0 (0.0-1.0) 2.0 (1.0-4.3) <0.001 

Stress 0.0 (0.0-2.0) 4.0 (1.0-10.0) 0.01 

Total Score 1.0 (0.0-7.0) 9.5 (2.8-15.3) 0.003 
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Compared to patients with no to mild PPBCS, patients who reported moderate to severe PPBCS had 

higher pain interference in all the pain interference sub-items of the BPI (all p<0.001, Table 4-11). 

Sleep, enjoyment of life, mood, and normal work items received the highest pain interference scores.  

Table 4-11: Six month postoperative pain interference (BPI), upper limb dysfunction (DASH) and 
psychological distress (DASS21).  

Results are presented as median (IQR) and are categorised as mild (1-2/10), moderate (3-5/10) and 
severe (≥6/10) based on the 11 point numerical rating scale. Nonparametric data are compared using 
the Mann-Whitney U test. BPI: Brief pain inventory. DASH: Disability of the shoulder and hand 
questionnaire. DASS21: 21-Item depression, anxiety and stress scale. Statistically significant results 
are indicated in bold. 

 

  

Questionnaire Variable No to Mild  
PPBCS  (n=89) 

Moderate to 
Severe  PPBCS  
(n= 16) 

p value 

BPI Total Pain interference 0.0 (0.0-0.0) 2.5 (0.7-3.3) <0.001 

General activity 0.0 (0.0-0.0) 2.0 (0.0-4.0) <0.001 

Mood 0.0 (0.0-0.0) 2.5 (0.0-4.0) <0.001 

Walking ability 0.0 (0.0-0.0) 1.0 (0.0-3.0) <0.001 

Normal work 0.0 (0.0-0.0) 3.0 (0.0-3.8) <0.001 

Relations 0.0 (0.0-0.0) 0.0 (0.0-1.0) <0.001 

Sleep 0.0 (0.0-0.0) 4.0 (0.5-5.0) <0.001 

Enjoyment of life 0.0 (0.0-0.0) 3.0 (0.0-4.5) <0.001 

DASH Total DASH Score 3.3 (0-12.9) 20.4 (6.9-39.0) <0.001 

DASS21 Depression 1.0 (0.0-2.0) 1.0 (0.3-3.0) 0.31 

Anxiety 1.0 (0.0-3.0) 3.0 (1.0-5.0) 0.20 

Stress 2.0 (0.0-6.0) 5.0 (0.5-8.0) 0.18 

Total Score 4.0 (1.0-10.0) 9.0 (3.3-15.8) 0.12 



107 
 

 

Upper limb dysfunction 

Patients who reported moderate to severe PPBCS also reported greater difficulty with common upper 

limb activities with a significantly higher total DASH score, and higher scores in each individual DASH 

subitem (all p<0.001). Specifically, patients with moderate to severe PPBCS reported the greatest 

difficulty in opening a tight or new jar (question 1), lifting a heavy object (question 11), changing an 

overhead lightbulb (question 12) and performing recreational activities where force or impact would 

be taken in the arm (question 18).  

Psychological distress 

Finally, when psychological distress was assessed by the DASS21 questionnaire, patients suffering any 

PPBCS had significantly higher DASS21 total scores (p=0.003) compared to patients without PPBCS. 

Patients with PPBCS also reported higher anxiety and stress subscales compared to patients not 

reporting PPBCs (all p<0.05, Table 4-10). There was no significant difference in the depression subscale 

however between the no PPBCS and any PPBCS groups.  

When comparing the no to mild and moderate to severe PPBCS groups, no significant differences in 

the total score, depression, anxiety and stress subscales were observed (p>0.05, Table 4-11).  
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4.4. Quantitative Sensory Testing 

4.4.1. Participants 

Quantitative sensory testing as previously described was conducted by 2 practitioners on a total of 

105 patients at the preoperative review and at 6 months after surgery. Of all patients, only one refused 

to participate in assessment of conditioned pain modulation (CPM) at 6 months for fear of pain due 

to conditioning stimulus and was withdrawn from QST analysis. Patient demographics and pain data 

have been presented previously (section 4.3.2). Patients were classified based on the severity of PPBCS 

at 6 months after surgery as previously described (section 4.3.2).  

4.4.2. Temporal summation 

There was no significant difference in preoperative temporal summation (TS) between patients who 

did not report PPBCS (NRS=0) at 6 months after surgery compared to those who reported any PPBCS 

(NRS>1) (p=0.31) (Table 4-12). Similarly, there was no difference in preoperative TS between patients 

who reported no to mild PPBCS (NRS≤2) and moderate to severe PPBCS (NRS≥3) at 6 months after 

surgery (p=0.67) (Table 4-13). (Figure 4-4).  

Table 4-12: Comparison of quantitative sensory testing paradigms when categorised into no PPBCS 
(NRS=0) vs any PPBCS (NRS≥1) at 6 months postoperatively 

  Pain Category  

No PPBCS (n=63) Any PPBCS (n=41) p value 

Preoperative TS (NRS 0-100) 1.0 (0.0-6.7) 1.5 (0.3-9.5) 0.31 

PP40 (kPa) 364.7 (249.7- 533.0) 330.9 (250.8-402.7) 0.25 

CPM (mean % 
change (SD))  

-9.1 (19.8) -12.5 (21.4) 0.39 

Difference between 
preoperative and 6 
months postoperative 
(change score) 

TS (NRS 0-100) 0.0 (-2.3-2.0) 0.0 (-3.0-2.7) 0.95 

PP40 (kPa) 0.3 (-70.3- 51.7) 31.7 (-49.7-122.7) 0.09 

CPM (%) -4.5 (-18.1-7.6) 4.1(-10.7-12.2) 0.27 

Results are presented as median (IQR) unless specified and were categorised based on the 11 point 
numerical rating scale. Parametric data were compared using the students t test. Nonparametric data 
were compared using the Mann-Whitney U test.   
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Table 4-13: Comparison of quantitative sensory testing paradigms when categorised into no to mild 
PPBCS (NRS=0-2) vs moderate to severe PPBCS (NRS≥3) at 6 months postoperatively 

  Pain Category  

No to mild PPBCS 
(n=88) 

Moderate to severe 
PPBCS (n=16) 

p value 

Preoperative TS (NRS 0-100) 1.3 (0.0 – 6.7) 1.3 (0.1 – 11.3) 0.67 

 PP40 (kPa) 360.7 (250.9– 298.2) 311.0 (255.6 – 411.2) 0.56 

 CPM (%) -8.9 (20.8) -18.9 (16.5) 0.07 

Difference between 
preoperative and 6 
months postoperative 
(change score) 

TS (NRS 0-100) 0.0 (-2.2 – 2.0) 0.0 (-3.4 – 2.6) 0.61 

PP40 (kPa) -4.7 (-76.1 – 65.6) 62.4 (5.9 – 121.6) 0.03 

CPM (%) -4.4 (25.6) 3.9 (14.5) 0.21 

Results are presented as median (IQR) unless specified and were categorised based on the 11 point 
numerical rating scale. Parametric data were compared using the students t test. Nonparametric data 
were compared using the Mann-Whitney U test. Statistically significant results are indicated in bold. 

Figure 4-4: Comparison of temporal summation (TS) scores categorised by PPBCS pain category. 
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TS is reported as measured at preoperative review and categorised as no PPBCS, any PPBCS, no to 
mild PPBCS and moderate to severe PPBCS. There was no significant difference between preoperative 
TS for the no PPBCS vs any PPBCS and no to mild PPBCS vs moderate to severe PPBCS groups. Data are 
presented as median (IQR). Error bars represent IQR. Groups are compared by the Wilcoxon matched-
pairs signed rank test. 
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When comparing the change of TS preoperatively and after 6 months postoperatively (TS change 

score), there was no significant difference between patients reporting no PPBCS and any PPBCS 

(p=0.95) (Table 4-12) or patients reporting no to mild PPBCS and moderate to severe PPBCS (p=0.21) 

(Table 4-13).  
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4.4.3. Pressure pain 40 

Patients who reported PPBCS at 6 months after surgery (NRS ≥1) did not demonstrate a significant 

difference in preoperative PP40 scores compared with those who did not report PPBCS (p=0.25) (Table 

4-12, Figure 4-5). Similarly, there was no significant difference in preoperative PP40 for patients 

categorised into no/mild PPBCS and moderate/severe PPBCS (p=0.56) (Table 4-13, Figure 4-5).  

Figure 4-5: Comparison of preoperative pressure pain 40 (PP40) scores categorised by PPBCS pain 
category 
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Pressure pain 40 (PP40) is reported as measured at preoperative review and categorised as no PPBCS, 
any PPBCS, no to mild PPBCS and moderate to severe PPBCS. There was no significant difference 
between preoperative PP40 for the no PPBCS v any PPBCS and no to mild PPBCS v moderate to severe 
PPBCS groups. Data is presented as median (IQR). Error bars represent IQR. Groups are compared by 
the Wilcoxon matched-pairs signed rank test. 
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There was no significant difference found when comparing the change from preoperative to 6 months 

postoperative in PP40 between the no PPBCS and any PPBCS groups (p=0.09) (Table 4-12). A significant 

difference however was found when comparing the preoperative to 6 month postoperative change in 

PP40 for the no to mild PPBCS and the moderate to severe PPBCS groups (p=0.03) (Figure 4-6, Table 

4-13). 

Figure 4-6: Comparison of preoperative to postoperative pressure pain 40 (PP40) change scores 
categorised by PPBCS pain category 
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Pressure pain 40 (PP40) change score is calculated as the difference between preoperative PP40 and 
PP40 measured at 6 month review and categorised as no to mild PPBCS and moderate to severe 
PPBCS. There was a significant difference between PP40 change score between the no to mild PPBCS 
and moderate to severe PPBCS groups (p=0.03). Data is presented as median (IQR). Error bars 
represent IQR. Groups are compared by the Mann-Whitney U test. 
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4.4.4. Conditioned pain modulation 

The median (IQR) peak pain rating of the cold pressor conditioning stimulus was 8 (5-10) 

preoperatively and 9 (6-10) at 6 months postoperatively (p = 0.09). Compared to baseline(test) PP40, 

there were significant increases (p<0.05) in PP40 after cold pressor conditioning stimulus 

preoperatively and 6 months postoperatively in the no PPBCS, any PPBCS, moderate/severe PPBCS 

and no/mild PPBCS groups indicating functional endogenous descending pain inhibition in all groups 

at both time points. 

CPM efficacy was calculated as the % change in PP40 after the conditioning stimulus compared to the 

baseline (test) PP40. The individual preoperative CPM data for the entire patient population is 

presented in Figure 4-7. 
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Figure 4-7: Preoperative conditioned pain modulation (CPM) efficacy in all of the patients studied. 
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Each bar represents an individual subject’s CPM efficacy (measured as % change in pressure pain40 
from the baseline (test) value). Negative CPM values indicate inhibition.  

There were no significant differences in preoperative CPM efficacy between the no to mild PPBCS vs 

moderate to severe PPBCS groups (p= 0.07) (Table 4-13, Figure 4-8) or the no PPBCS vs any PPBCS 

groups (p= 0.39) (Table 4-12, Figure 4-9).  
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Figure 4-8: Preoperative CPM efficacy in patients reporting no to mild PPBCS vs moderate to severe 
PPBCS 6 months after breast cancer surgery. 
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Negative CPM values indicate inhibition. Data is presented as Mean (SD). Groups are compared by the 
student t test. There was no significant difference in CPM values between the no to mild pain groups 
and the moderate to severe pain group 
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Figure 4-9: Preoperative CPM efficacy in patients reporting no PPBCS vs any PPBCS 6 months after 
breast cancer surgery. 
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Negative CPM values indicate inhibition. Data is presented as mean (SD). Groups are compared by the 
student t test. There was no significant difference in CPM values between the no pain group and the 
any pain group 

There was no significant difference found when comparing the change in CPM efficacy from 

preoperative to 6 months postoperative between the no PPBCS and any PPBCS groups (p=0.27) (Table 

4-12), or the no to mild PPBCS and the moderate to severe PPBCS groups (p=0.21) (Table 4-13). 
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4.5. Inherited Factors 

Genetic data were available for all of the 105 patients recruited to the study.  

The frequencies of single-nucleotide polymorphisms (SNP) and genotypes for COMT, GCH1, ESR1, 

KCNJ6 and OPRM1 genes are summarised in Table 4-14. All SNP were in Hardy-Weinberg equilibrium 

(HWE), with the exception of OPRM1 rs1799971, which significantly deviated from the expected 

distribution. For each SNP the minor allele frequencies (MAF) observed were broadly similar to that 

expected for a predominantly European cohort. Further assessment according to ethnicity was not 

undertaken due to the relatively small number of Non-European participants.  

Within COMT, the genotype frequencies for the following SNP pairs: rs6269-rs4818 and rs4633-

rs4680, were identical, reiterating the strong linkage disequilibrium known for these SNP. Similar to 

previous studies, 4 COMT haplotypes based on rs6269, rs4633, rs4818 and rs4680 were observed. The 

most common COMT haplotype was “ATCA” with a frequency of 47.1%, and the second most common 

haplotype was “GCGG” with a frequency of 36.2%. The haplotype “ACCG” was observed with a 

frequency of 16.2%. There was only 1 (0.5%) instance of the “GCCG” haplotype in this population. The 

most common COMT diplotypes (haplotype of each chromosome pair) were “GCGG/ATCA” and 

“ATCA/ATCA” with observed frequencies of 36.2% and 22.9% respectively.  

In this cohort of women with breast cancer two genes COMT and ESR1 appear to display heterozygote 

advantage, with the Major/minor allele (Mm) the most prevalent genotype (Table 4-14). 
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Table 4-14. The minor allele frequencies and genotypes of COMT, GCH1, ESR1, KCNJ6 and OPRM1 in 
the cohort of 105 women with breast cancer  

Gene SNP Major > minor 
allele (M>m) 

MAF Genotype n Frequency HWE 
p-value 

COMT rs6269 A>G 0.37 AA 41 0.39 0.64 

    GA 51 0.49  

    GG 13 0.12  

 rs4633 C>T 0.47 CC 30 0.29 0.79 

    CT 51 0.49  

    TT 24 0.23  

 rs4818 C>G 0.36 CC 41 0.39 0.46 

    CG 52 0.50  

    GG 12 0.11  

 rs4680 G>A 0.47 GG 30 0.29 0.79 

    GA 51 0.49  

    AA 24 0.23  

GCH1 rs8007267 C>T 0.17 CC 73 0.70 0.53 

    CT 28 0.27  

    TT 4 0.04  

 rs3783641 T>A 0.19 TT 70 0.67 0.45 

    TA 30 0.29  

    AA 5 0.05  

 rs10483639 G>C 0.18 GG 71 0.68 0.71 

    GC 30 0.29  

    CC 4 0.04  

ESR1 rs3020377 A>G 0.40 AA 37 0.35 0.93 

    GA 51 0.49  

    GG 17 0.16  

 rs2234693 T>C 0.47 TT 26 0.25 0.19 

    CT 59 0.56  

    CC 20 0.19  

 rs9340799 A>G 0.34 AA 46 0.44 0.78 

    GA 46 0.44  

    GG 13 0.12  

KCNJ6 rs2835925 A>G 0.25 AA 59 0.56 0.82 

    GA 40 0.38  

    GG 6 0.06  

 rs858003 G>A 0.27 GG 55 0.52 0.72 

    GA 43 0.41  

    AA 7 0.07  

 rs2835859 T>C 0.10 TT 86 0.82 0.96 

    CT 18 0.17  

    CC 1 0.01  

OPRM1 rs1799971 A>G 0.14 AA 81 0.77 0.010 

    AG 19 0.18  

    GG 5 0.05  

 rs563649 C>T 0.08 CC 90 0.86 0.09 

    CT 13 0.12  

    TT 2 0.02  

 SNP = single-nucleotide polymorphism, MAF = Minor Allele frequency. HWE = Hardy-Weinberg 
equilibrium. Deviations from HWE were compared using Chi Square test. P value of <0.05, considered 
statistically significant, are shown in bold.   



119 
 

 

4.5.1. Gene associations with PPBCS 

All of these 105 patients had complete pain-characteristic data. Patients were categorised into groups 

according to PPBCS intensity based on the 11 point NRS as previously described. i.e. no PPBCS vs any 

PPBCS;  no to mild PPBCS vs moderate to severe PPBCS. To explore the possible genotypic-phenotypic 

associations between each of the 15 SNP and these PPBCS categories the following genetic models 

were assessed: Dominant (MM+Mm vs mm), recessive (MM vs Mm+mm) and additive (MM vs Mm vs 

mm), where, M= major allele and m = minor allele. The overdominant (Mm vs MM+mm) model was 

also used for COMT and ESR1, since in this cohort the genotype frequency of Mm suggests a role for 

heterozygote advantage. Due to low frequency of the mm genotype, the following could not be 

assessed using the additive model when undertaking comparisons for no PPBCS versus any PPBCS: 

COMT (rs6269) and all SNP in GCH1, KCNJ6 and OPRM1. For the same reason, comparison of gene 

associations in the no to mild PPBCS vs moderate to severe PPBCS groups using the additive model 

could only be assessed for ESR1 rs3020377, rs9340799 and KCNJ5 rs858003. 

No statistically significant differences (p > 0.05) were found for allele or genotype frequency of any of 

the SNP assessed in patients classified as either (A) no PPBCS vs any PPBCS or (B) no to mild PPBCS vs 

moderate to severe PPBCS.  Similarly, there was also no significant difference in COMT haplotype or 

diplotype frequency in (A) no vs any PPBCS groups (p= 0.57) or (B) no to mild vs moderate to severe 

PPBCS groups (p= 0.65).  Finally, there was no statistically significant differences (p > 0.05) in allele or 

genotype frequency for any of the individual SNP in patients categorised with vs without neuropathic 

PPBCS. 

Out of all of these possible associations only rs1799971 in OPRM1 and rs6269 in COMT had p-values 

≤ 0.1. These associations were observed for rs1799971 genotype frequency in no PPBCS vs any PPBCS 

using the dominant genetic model (p=0.08) and observed for rs6269 genotype frequency in no to mild 

PPBCS vs moderate to severe PPBCS using the overdominant genetic model (p=0.10). These SNPs were 
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chosen for inclusion in the logistic regression analysis as risk factors for any PPBCS or moderate to 

severe PPBCS, described later in this chapter.  

4.5.2. Gene association with quantitative sensory testing paradigms  

An exploratory association analysis between preoperative QST paradigms and genotype was then 

conducted. Change between preoperative and postoperative QST scores were also assessed for 

associations with patient genotype for each of the 15 SNP.  

Of the 105 patients with genotype data, one patient did not have compete QST data available. Due to 

low frequency of the minor allele, the dominant and additive models were unable to be assessed for 

GCH1 (rs8007267 and rs10483639); KCNJ6 (rs2835859) and OPRM1 (rs563649).  

No association was observed between QST paradigms tested (TS, PP40 and CPM) and GCH1 and ESR1 

SNPs under the genetic effect models (dominant, additive and recessive) however.  

Temporal Summation 

Significant associations (p<0.05) were observed between COMT genotype and temporal summation 

(TS) pain intensity scores for both rs4680 and rs4633, when assessed using the additive, recessive and 

overdominant genetic effect models (Table 4-15). The median preoperative (IQR) temporal 

summation (TS) scores were significantly (p<0.05) higher in individuals with GA genotype at rs4680 

(4.0, IQR 0.7-10) than in individuals with GG or AA genotype (0.5, IQR 0-3.1 and 0.8, IQR 4.8 

respectively). The model with the highest statistical significance was the overdominant model 

(p=0.002). These two SNPs (rs4680 and rs4633) are in strong linkage disequilibrium, i.e. co-inherited. 

Individuals with CG genotype for rs4633 also had the highest median preoperative temporal 

summation scores relative to either the CC or GG genotype (Table 4-15). The model with the highest 

statistical significance for association between rs4633 genotype and preoperative TS score was also 

the overdominant model (p=0.002).  
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No associations between genotypes for the other COMT SNP (rs6269 and 4818) or SNP in GCH1, ESR1, 

KCNJ6 and OPRM1 and preoperative TS scores were observed.  

Table 4-15 Significant associations between COMT rs4680 or rs4633 genotypes and preoperative 
temporal summation. 

Gene SNP Model Genotype n Preoperative  
Temporal Summation  

p value 

COMT rs4680 Additive GG 30 0.5 (0.0 -3.1) 0.01 

    GA 51 4.0 (0.7-10)  

    AA 24 0.8 (0.0 -4.8)  

  Recessive AA+GA 75 1. 7 (0.3-9.3) 0.04 

    GG 30 0.5 (0-3.1)  

  Overdominant AA+GG 54 0.7 (0.0-4.3) 0.002 

    GA 51 4.0 (0.7-10.0)  

COMT rs4633 Additive CC 30 0.5 (0.0 -3.1) 0.009 

     CT 51 4.0 (0.7-10)  

     TT 24 0.8 (0.0 -4.8)  

   Recessive TT+CT 75 1.7 (0.3-9.3) 0.04 

     CC 30 0.5 (0.0 -3.1)  

   Overdominant CC+TT 54 0.7 (0.0-4.3) 0.002 

     CT 51 4.0 (0.7-10.0)  

Results were presented as Median (IQR) unless stated. SNP = Single nucleotide polymorphism 
Temporal summation was calculated as the change in pain intensity on a 0-100 numerical rating scale 
between the 1st and 10th stimulus. Nonparametric data were compared using the Mann-Whitney U 
test. Statistically significant results are highlighted in bold. 

However, there was no association between COMT rs4680 or rs4633 and change in the preoperative 

vs postoperative TS (TS change score) under any genetic model. In contrast, the other two SNPs in 

COMT (rs6269 and rs4818) demonstrated significant associations (p<0.05) with relative change in TS 

postoperatively (Table 4-16). Patients who possessed the homozygous dominant GG genotype for 

rs6269 or the homozygous dominant GG genotype for rs4818 reported significantly (p<0.05) greater 

gain in TS between preoperative and postoperative testing. Furthermore, a similar trend was observed 

under the additive model for rs4818. These two SNPs are in strong disequilibrium (i.e. co-inherited). 
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Table 4-16 Significant associations between COMT rs6269 or rs4818 genotype and temporal 
summation change score (preoperative to postoperative). 

Gene SNP Model Genotype n Temporal summation 
change score  

p value 

COMT rs6269 Dominant AA+GA 91 0.0 (-2.7 – 1.7) 0.04 

      GG 13 2.0 (0.0 – 5.0)  

 COMT rs4818 Dominant CC+CG 92 0.0 (-2.7 – 1.6) 0.03 

      GG 12 2.2 (0.0-5.0)  

    Additive CC 40 0.0 (-6.2- 0.7) 0.046 

      CG 52 0.0 (-1.6 – 2.2)  

      GG 12 2.2 (0.0 – 5.0)  

Results are presented as median (IQR). Parametric data were compared using the students t test. 
Nonparametric data were compared using the Mann-Whitney U test. SNP = Single nucleotide 
polymorphism. Statistically significant results are indicated in bold. 
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The COMT diplotype (haplotype on each chromosome derived from rs4680, rs6269, rs4633 and 

rs4818) was then assessed. All COMT diplotypes were assessed individually and subsequently grouped 

as previously reported due to small sample size322. A statistically significant (p=0.04) difference in 

median preoperative temporal summation pain intensity was observed relative to individual 

diplotypes (Table 4-17) and diplotype groupings (Table 4-18). However, no significant associations 

between COMT haplotypes and preoperative to postoperative TS change scores were observed.  

Table 4-17: Association between individual COMT diplotypes and preoperative temporal summation 

Results are presented as median (IQR). Nonparametric data were compared using the Kruskal Wallis 
test. Statistically significant results are indicated in bold 

Table 4-18: Association between COMT diplotype groupings and preoperative temporal summation 

Diplotype grouping,  based on Matic et al322 n Preoperative  
Temporal Summation  

p 
value 

Group 1 (ACCG/ACCG or ACCG/ATCA) 17 4.0 (0.8 – 12.5) 0.01 

Group 2 (ATCA/ATCA or GCGG/ACCG) 37 0.7 (0.0 – 2.2) 

Group 3 (GCGG/GCGG or GCGG/ATCA) 50 2.7 (0.25 – 9.5) 

Results are presented as median (IQR). Nonparametric data were compared using the Kruskal Wallis 
test. Statistically significant results are indicated in bold 

Pressure pain 40 

There were no significant associations between patient genotypes for COMT, GCH1, ESR1, KCNJ6 and 

OPRM1 and preoperative PP40 scores. However, patients who possessed the OPRM1 rs1799971 G 

allele (GG and AG) had significantly greater (p=0.02) preoperative to postoperative increase in median 

PP40 (median PP40 change score = 73.2kPa, IQR: -36.4 – 138.5) compared to those patients who were 

Diplotype  n Preoperative 
Temporal Summation 

p value 

ACCG/ACCG 4 0.9 (0.4 – 30.3) 0.04 

ACCG/ATCA 13 6.0 (1.5 – 12.5) 

ATCA/ATCA 24 0.9 (0.0 – 4.8) 

GCGG/ACCG 13 0.3 (0.0 – 1.3) 

GCGG/GCGG 12 2.3 (0.0 – 6.7) 

GCGG/ATCA 38 2.7 (0.3 – 10.3) 
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homozygous recessive (AA), (median PP40 pressure change score = 2.2kPa, IQR: -76.1 – 55.7). No other 

SNP associated with preoperative to postoperative change score. 

Conditioned pain modulation 

Patients who possessed the OPRM1 rs1799971 G allele demonstrated significantly greater (p<0.05) 

inhibitory preoperative conditioned pain modulation after cold pressor conditioning stimulus 

compared to patients with the A allele when assessed using the dominant, additive and recessive 

genetic effect models (Table 4-19).  

Table 4-19: Significant associations between OPRM1 rs1799971 genotype and preoperative 
conditioned pain modulation (CPM) efficacy  

Gene SNP Model Genotype N CPM efficacy (%)  p value 

OPRM1 rs1799971 Dominant AA+AG 100 -7.7 (-20.4-3.3) 0.003 

   GG 5 -30.0 (-41.2--23.8)  

  Additive AA 81 -6.8 (-19.7-4.4) 0.01 

   AG 19 -10.2 (-28.8--0.4)  

   GG 5 -31.2 (-45.0--19.1)  

  Recessive AA 81 -6.8 (-19.7-4.4) 0.01 

   GG+AG 24 -17.5 (-31.9--4.8)  

Results are presented as median (IQR). Nonparametric data were compared using the Kruskal Wallis 
test. CPM = Conditioned pain modulation, SNP = Single nucleotide polymorphism. 

However, when assessing preoperative to postoperative change in CPM (CPM change score), patients 

with the OPRM1 rs1799971 AA genotype demonstrated significantly greater (p=0.03) inhibitory 

change (median CPM change score = -4.2%, IQR: -18.8 – 9.6) when compared to patients with either 

the GG or AG genotypes (median CPM change score = 4.1%, IQR: -4.2 - 13.9).  

Similarly, patients who possessed the KCNJ6 rs2835925 GG or GA genotypes also reported greater 

(p=0.03) inhibitory CPM change (median CPM change score = -8.9%, IQR: -18.5 – 7.2) compared to 

those who possessed the homozygous AA genotype (median CPM change score  = 3.7%, IQR -12.0 – 

14.2). 
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4.6. Risk factor analysis 

Univariate and multivariate logistic regression were then performed to assess the possible risk factors 

for both PPBCS and moderate to severe PPBCS.  

4.6.1. Risk factors for any PPBCS at 6 months after surgery 

Twenty nine variables were included in the univariate analyses for any PPBCS and six of these factors 

were found to be significantly associated with PPBCS (Table 4-20). These factors were any 

preoperative pain (OR = 3.2, 95%CI: 1.4 – 7.4, p=0.01), preoperative total DASS21 score (OR= 1.1, 

95%CI: 1.0 – 1.2, p=0.004), preoperative DASS21 anxiety score (OR =1.3, 95%CI: 1.1 – 1.6, p=0.01 ), 

preoperative DASS21 stress score (OR= 1.2, 95%CI: 1.0 – 1.3, p= 0.01), any pain at 14 days after surgery 

(OR= 4.3, 95%CI: 1.5 – 12.3, p= 0.01) and moderate to severe pain (≥ 3/10 average pain intensity) at 

14 days after surgery (OR= 4.8, 95%CI: 1.9 - 11.9, p= 0.001).  
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Table 4-20: Univariate logistic regression analysis of associations of patient, demographic and 
treatment factors and any PPBCS 6 months after surgery 

Factor Category n (%) Adjusted 
odds ratio 

95% 
Confidence 
Interval 

P 
value 

Lower Upper 

† Age (years) <50 33 (31.4) 1.0 - - - 

50-65 37 (35.2) 0.9 0.3 2.3 0.77 

>65  35 (33.3) 0.8 0.3 2.1 0.66 

† Ethnicity European  84 (80) 1.1 0.4 3.0 0.84 

Non-European 21 (20) 1.0 - - - 

† Smoker Never 59 (56.2) 1.0 - - - 

Current 13 (12.4) 1.9 0.8 4.8 0.15 

Ex  33 (31.4) 1.4 0.4 5.5 0.6 

† BMI (kg/m2) <25  27 (25.7) 2.3 0.8 6.7 0.12 

25 – 30  43 (41) 2.0 0.8 5.1 0.16 

>30  35 (33.3) 1.0 - - - 

† Preoperative Pain No 69 (65.7) 1.0 - - - 

Any 36 (34.3) 3.2 1.4 7.4 0.01 

Preoperative Pain  No to Mild 85 (81) 1.0 - - - 

Moderate to Severe 20 (19) 1.7 0.6 4.4 0.31 

† Preoperative DASS21 Total Score  1.1 1.0 1.2 0.004 

† Preoperative DASS21 Depression sub score  1.2 1.0 1.4 0.08 

† Preoperative DASS21 Anxiety sub score  1.3 1.1 1.6 0.01 

† Preoperative DASS21 Stress sub score  1.2 1.0 1.3 0.01 

† Preoperative QST CPM  1.0 1.0 1.0 0.39 

Preoperative QST TS  1.0 1.0 1.0 0.82 

† Breast Surgery  Breast conserving  69 (65.7) 1.0 - - - 

Mastectomy  36 (34.3) 1.6 0.7 3.6 0.28 

† Axillary Surgery No  9 (8.6) 1.0 - - - 

SNB 78 (74.3) 0.4 0.1 2.2 0.27 

AND 18 (17.1) 0.9 0.3 2.4 0.79 

ICBN Handled or 
Transected 

No 52 (49.5) 1.0 - - - 

Yes 53 (50.5) 0.8 0.4 1.8 0.63 

ICBN Transected No 73 (69.5) 1.0 - - - 

Yes 32 (30.5) 1.5 0.6 3.5 0.34 

† Reconstruction 
Surgery 

No  91 (86.7) 1.0 - - - 

Yes 14 (13.3) 1.1 0.4 3.6 0.82 

Anaesthetic modality TIVA 45 (42.9) 0.6 0.3 1.4 0.23 

Volatile 60 (57.1) 1.0 - - - 

† Pain at 14 days No 28 (26.7) 1.0 - - - 

Any 77 (73.3) 4.3 1.5 12.3 0.01 

† Pain at 14 days No to mild  75 (71.4) 1.0 - - - 

Moderate to severe 30 (28.6) 4.8 1.9 11.9 0.001 

† Neuropathic pain 14 
days  

No 66 (62.9) 1.0 - - - 

yes 39 (37.1) 2.1 0.9 4.7 0.07 

† Repeat Surgery No  82 (78.1) 1.0 - - - 

Yes 23 (21.9) 1.5 0.6 3.8 0.39 

† Radiation Therapy No  34 (32.4) 1.0 - - - 



127 
 

 

Yes 71 (67.6) 1.6 0.7 3.8 0.27 

Adjuvant Chemotherapy No  60 (57.1) 1.0 - - - 

Yes 45 (42.9) 0.9 0.4 1.9 0.69 

Hormone Therapy No  20 (19) 1.0 - - - 

Yes 85 (81) 1.0 0.4 2.7 1.00 

† rs6269  GA+AA 54 (51.4) 1.0 - - - 

GA 51 (48.6) 1.8 0.8 3.9 0.15 

† rs4680 GG 30 (28.6) 1.0 - - - 

 GA 52 (48.6) 1.3 0.4 3.8 0.67 

 AA 24 (22.9) 1.1 0.4 2.9 0.89 

rs1799971  AA+AG 100 (95.2) 1.0 - - - 

GG 5 (4.8) 0.0 0.00 0.00 1.0 

Mastectomy: simple/total mastectomy, radical /modified radical mastectomy and skin/nipple sparing 
mastectomy.  Breast conserving surgery: excision biopsy, lumpectomy, wide local excision, partial 
mastectomy, sector resection or quadrantectomy. Repeat surgery: re-excision or completion 
mastectomy. Reconstruction surgery: Implant or Expander prosthesis, and autologous flap 
reconstruction. SNB = sentinel node biopsy; AND = axillary node dissection. ICBN: Intercostobrachial 
nerve. Factors marked with (†) were assessed for inclusion in the multivariate model. Statistically 
significant associations are shown in bold 

Variables were then selected based on either univariate association at the p ≤ 0.10 level or previously 

published associations with PPBCS to build the most parsimonious multivariate model for associations 

with persistent pain, these have been marked † in Table 4-20.  

Of these variables, the resulting model (Table 4-21) found that the odds ratio for experiencing PPBCS 

was approximately 6 times higher for current smokers (OR= 5.9, 95%CI: 1.7 – 20.7, p=0.01), 4 times 

higher for patients who experienced any preoperative pain (OR= 4.1, 95%CI: 1.4 – 11.9, p=0.01) and 7 

times higher for patients who experienced moderate to severe pain at 14 days after surgery (OR=7.2, 

95%CI: 2.4 – 21.8, p= 0.001). For each unit higher on the preoperative DASS21 anxiety sub-scale, 

patients were also at a higher risk of reporting PPBCS (OR= 1.4, 95%CI: 1.1 – 1.8, p=0.01).  
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Table 4-21: Logistic regression predicting likelihood of PPBCS based on any preoperative pain and 
preoperative DASS21 anxiety sub score, smoking status and moderate to severe pain at postoperative 
day 14 

Factor Category n (%) B S.E. Wald 

2 
 

df p value 
  

Odds 
Ratio 

95% 
Confidence 
Interval 

Lower Upper 

Preoperative 
pain  

No (ref) 69 
(65.7) 

        

Any 36 
(34.3) 

1.4 0.5 6.7 1 0.01 4.1 1.4 11.9 

Preoperative 
Anxiety 
DASS21  

Continuous 
score  
(0 – 21) 

 
0.3 0.1 7.2 1 0.01 1.4 1.1 1.8 

Smoking 
status  

No (ref) 59 
(56.2) 

        

Current 13 
(12.4) 

1.8 0.6 7.7 1 0.01 5.9 1.7 20.7 

Ex 33 
(31.4) 

0.1 0.9 0 1 0.95 1.1 0.2 6.1 

Pain at 
postoperative 
day 14  

No to mild 
(ref) 

28 
(26.7) 

        

Moderate to 
severe 

77 
(73.3) 

2 0.6 12.1 1 0.001 7.2 2.4 21.8 

Constant   -3.3 0.7 19.5 1 <0.0001 0 0 0 

Significant results are highlighted in bold. Hosmer and Lemeshow Goodness of Fit test = 11.4, p=0.12,  
Nagelkerke R2= 0.386. Statistically significant results are indicated in bold 

Variance inflation factors (VIF) for current smoker, preoperative pain, preoperative DASS score for 

Anxiety and pain at 14 days postop categories ranged between 1.02-1.20 when assessed together. 

This indicates low potential for multicollinearity for these factors. The Hosmer and Lemeshow 

Goodness of Fit test was 11.4, p=0.12 and Nagelkerke R2 was 0.386, indicating no concerns with overall 

model fit. 
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4.6.2. Risk factors for moderate to severe PPBCS at 6 months after surgery 

The same twenty nine variables were then assessed by univariate analyses for associations with 

moderate to severe PPBCS (Table 4-22). Of these variables, three factors associated with moderate to 

severe PPBCS at 6 months post-surgery. These were any pain before surgery (OR= 5.6, 95%CI: 1.8 - 

17.9, p= 0.003) moderate to severe pain before surgery (OR= 4.5, 95%CI: 1.4 – 14.4, p= 0.01) and 

moderate to severe pain at 14 days postoperatively (OR= 4.2, 95%CI: 1.4 – 12.5, p= 0.01). 
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Table 4-22: Univariate logistic regression analysis of associations of patient, demographic and 
treatment factors and moderate-to severe PPBCS 6 months after surgery  

Factor Category n (%) Adjusted 
odds ratio 

95% 
Confidence 
Interval 

p value 

Lower Upper 

† Age (years) <50 33 (31.4) 1.0 - - - 

50-65 37 (35.2) 0.7 0.2 2.5 0.60 

>65  35 (33.3) 0.5 0.1 1.8 0.29 

† Ethnicity European  84 (80) 1.4 0.4 4.9 0.59 

Non-European 21 (20) 1.0 - - - 

Smoker Never 59 (56.2) 1.0 - - - 

Current 13 (12.4) 1.7 0.5 5.7 0.42 

Ex  33 (31.4) 0.6 0.1 6.0 0.67 

† BMI Category <25  27 (25.7) 3.0 0.7 13.5 0.14 

25 – 30  43 (41) 2.1 0.5 8.7 0.32 

>30  35 (33.3) 1.0 - - - 

† Preoperative Pain No 69 (65.7) 1.0 - - - 

Any 36 (34.3) 5.6 1.8 17.9 0.003 

† Preoperative Pain No to Mild 85 (81) 1.0 - - - 

Moderate to Severe 20 (19) 4.5 1.4 14.4 0.01 

Preoperative DASS21 TOTAL score  1.0 1.0 1.1 0.22 

Preoperative DASS21 Depression sub 
score 

 1.1 0.9 1.4 
0.28 

Preoperative DASS21 Anxiety sub score  1.1 0.9 1.4 0.29 

Preoperative DASS21 Stress sub score  1.1 0.9 1.2 0.30 

† Preoperative QST CPM  1.0 1.0 1.0 0.08 

Preoperative QST TS  1.0 1.0 1.1 0.36 

† Breast Surgery  Breast conserving  69 (65.7) 1.0 - - - 

Mastectomy  36 (34.3) 1.2 0.4 3.6 0.77 

† Axillary Surgery No  9 (8.6) 1.0 - - - 

SNB 78 (74.3) 0.4 0.0 4.6 0.49 

AND 18 (17.1) 0.6 0.2 2.1 0.40 

ICBN Handled or 
Transected 

No 52 (49.5) 1.0 - - - 

Yes 53 (50.5) 1.0 0.3 2.8 0.97 

ICBN Transected No 73 (69.5) 1.0 - - - 

Yes 32 (30.5) 2.0 0.7 5.9 0.22 

Reconstruction 
Surgery 

No  91 (86.7) 1.0 - - - 

Yes 14 (13.3) 0.9 0.2 4.5 0.92 

† Anaesthetic modality TIVA 45 (42.9) 0.4 0.1 1.3 0.13 

Volatile 60 (57.1) 1.0 - - - 

† Pain at 14 days No 28 (26.7) 1.0 - - - 

Any 77 (73.3) 6.5 0.8 52 0.08 

† Pain at 14 days No to mild 75 (71.4) 1.0 - - - 

Moderate to severe 30 (28.6) 4.2 1.4 12.5 0.01 

Neuropathic pain 14 
days 

No 66 (62.9) 1.0 - - - 

yes 39 (37.1) 1.9 0.6 5.5 0.25 

Repeat Surgery No  82 (78.1) 1.0 - - - 

Yes 23 (21.9) 1.8 0.6 5.8 0.33 
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† Radiation Therapy No  34 (32.4) 1.0 - - - 

Yes 71 (67.6) 1.5 0.5 5.1 0.50 

Adjuvant 
Chemotherapy 

No  60 (57.1) 1.0 - - - 

Yes 45 (42.9) 0.6 0.2 1.7 0.31 

Hormone Therapy No  20 (19) 1.0 - - - 

Yes 85 (81) 1.0 0.3 4.0 0.97 

† rs6269  GA+AA 54 (51.4) 1.0 - - - 

GA 51 (48.6) 2.7 0.9 8.4 0.09 

† rs4680 GG 30 (28.6) 1.0 - - - 

 GA 52 (48.6) 1.4 0.3 6.6 0.67 

 AA 24 (22.9) 1.3 0.3 5.4 0.72 

rs1799971  AA+AG 100 (95.2) 1.0 - - - 

GG 5 (4.8) 0.0 0.00 0.00 1.0 

Mastectomy: simple/total mastectomy, radical /modified radical mastectomy and skin/nipple sparing 
mastectomy.  Breast conserving surgery: excision biopsy, lumpectomy, wide local excision, partial 
mastectomy, sector resection or quadrantectomy. Repeat surgery: re-excision or completion 
mastectomy. Reconstruction surgery: Implant or Expander prosthesis, and autologous flap 
reconstruction. SNB = sentinel node biopsy; AND = axillary node dissection. ICBN: Intercostobrachial 
nerve. Factors marked with (†) were assessed for inclusion in the multivariate model. Statistically 
significant associations are shown in bold 

Fifteen of these variables were then selected for entry into a multivariate model based on either 

univariate association at the 0.10 level or previously published associations with PPBCS. These factors 

have been marked † in Table 3.  

The resulting model found that the odds for experiencing moderate to severe PPBCS was 

approximately 5 times higher for patients with any preoperative pain (OR= 4.7, 95%CI: 1.4-15.3, 

p=0.01) and approximately 3 times higher for patients with moderate to severe pain at 14 days 

postoperatively (OR= 3.2, 95%CI: 1.0-10.3, p= 0.046), (Table 4-23). The Hosmer and Lemeshow test 

was 2.3, p = 0.33 and Nagelkerke R2 was 0.209, indicating no concerns with overall model fit. Variance 

inflation factors for preoperative pain and pain at 14 days categories was 1.05 when assessed 

together, indicating low potential for multicollinearity.  
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Table 4-23: Logistic regression predicting likelihood of moderate to severe PPBCS based on any 
preoperative pain and moderate to severe pain at postoperative day 14 

 Factor Category n (%) B S.E. Wald 

2 
 

df Sig. Odds 
ratio 

95% 
Confidence 
Interval 

Lower Upper 

Preoperative 
pain 

No (ref) 69 
(65.7) 

        

Any 36 
(34.3) 

1.5 0.6 6.5 1 0.01 4.7 1.4 15.3 

Pain at 
postoperative 
day 14 

No to 
mild (ref) 

75 
(71.4) 

        

Moderate 
to severe 

30 
(28.6) 

1.2 0.6 4 1 0.046 3.2 1 10.3 

Constant   -2.9 0.5 30.2 1 <0.001 0.1 0 0 

Significant results are highlighted in bold. Hosmer and Lemeshow Goodness of Fit test = 2.3, p = 0.33,  
Nagelkerke R2: 0.209. Statistically significant results are indicated in bold 
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4.7. Discussion 

4.7.1. Prevalence 

Presented is an interim analysis of a prospective cohort study on PPBCS in a New Zealand population. 

At the time of this analysis, 105 patients had completed 6 month follow-up. Patients were assessed 

before surgery, at postoperative day 14 and at 6 months after surgery. Preoperatively, 23% of patients 

reported any pain with 14% reporting moderate to severe pain. A majority of patients reported 

preoperative pain in the shoulder with the breast or chest wall identified as the second most described 

location of pain. Of all patients with preoperative pain, 21% (n=5) described neuropathic pain. There 

are few prospective studies that quantify preoperative neuropathic pain. Bruce et al described the 

prevalence of preoperative neuropathic pain in the upper body in the week preceding breast cancer 

surgery at 32%61. In the current study, patients were asked to complete questionnaires according to 

pain symptoms experienced in the breast or chest wall, axilla, shoulder or arm ipsilateral to the surgical 

side in the last 24 hours prior to review. It may be that the more restrictive criteria for pain 

measurement in this study resulted in the lower prevalence of preoperative neuropathic pain when 

compared to Bruce et al. 

As expected, a peak in recorded pain prevalence was reported acutely at postoperative day 14 review 

(any pain: 73%, moderate to severe pain: 29%), with correspondingly elevated rates of neuropathic 

pain (any pain: 46%, moderate to severe pain: 47%). The prevalence decreased over time, and when 

assessed at 6 months after surgery, the prevalence of any PPBCS was 40% with approximately 15% of 

all patients rating their pain as moderate to severe. Regardless of intensity, pain was mainly described 

in the breast/chest wall and axilla with the majority of patients reporting pain at multiple sites during 

these postoperative reviews. The PPBCS prevalence observed in this study was similar to those 

reported by Andersen et al who described the prevalence of any PPBCS 12 months after surgery as 

42% and moderate to severe PPBCS as 14%2. In the current study, PPBCS was quantified as the average 
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pain experienced in the last 24 hours, suggesting again that the prevalence of PPBCS may be higher if 

a less restrictive measurement time frame was employed. That said, the restrictive 24 hour time 

period may limit recall bias  and more accurately quantify clinically important PPBCS that affects 

patients regularly.  

At 6 months after surgery, neuropathic pain was common, affecting 36% of patients who reported any 

pain and 44% of patients who reported moderate to severe PPBCS. The neuropathic pain prevalence 

in this study falls within the previously reported prevalence range of 30% - 57%26. Iatrogenic damage 

to the intercostobrachial nerve has been suggested as a causative factor for PPBCS2. This hypothesis 

has been partially supported here by a high and relatively stable neuropathic pain prevalence from 14 

days to 6 months after surgery. Most patients who reported PPBCS with neuropathic pain features at 

6 months also reported neuropathic pain at 14 days (80%, n=12 in the any pain group and 71%, n=5 in 

the moderate to severe pain group). However, approximately 64% (n=27) of patients reporting any 

pain and 56% (n=9) of patients reporting moderate to severe pain do not report neuropathic features 

suggesting that nerve damage may not be implicated in the aetiology of PPBCS for these patients. In 

contrast, there were a small number of patients who developed new neuropathic pain at 6 months 

(20%, n=3 and 29%, n=2 patients in the any pain and moderate to severe pain groups respectively) 

which may reflect neuroplastic change rather than surgical nerve damage. There may be multiple 

possible reasons for the varying degree of neuropathic pain in patients who reported PPBCS. Surgeons 

were asked to report gross intercostobrachial nerve damage, and this was assessed as a risk factor for 

PPBCS. There was however no association between intercostobrachial nerve injury and PPBCS in both 

the univariate and multivariate logistic regression analysis although the reporting of intercostobrachial 

nerve injury may be inconsistent between surgeons. What is more likely is that the aetiology of 

neuropathic pain may have multiple contributing factors related to adjuvant therapies 

(chemotherapy, radiotherapy or hormone therapy) surgical technique, patient medical history and 

psychological distress and cannot solely be attributed to intraoperative nerve damage3,279. 

Furthermore, approximately 11% (n=7) of patients report neuropathic symptoms such as numbness 
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and paraesthesia without describing pain, further supporting a complex aetiology for neuropathic 

pain.  

4.7.2. Pain quality and management 

This is the first prospective study to examine PPBCS quality using the SF MPQ-2. Interestingly, pain 

was described utilising descriptors from all subscales confirming that the aetiology is likely to be 

complex, with mixed pain presentations frequently occurring. The most common descriptors for 

moderate to severe PPBCS were: aching (87.5%), tender (75%) and throbbing (56.3%); sharp (75.0%), 

shooting (75.0%) and stabbing (68.8%); tiring (68.8%); itching (56.3%), pain by light touch (56.3%), 

numbness (50.0%) and tingling (50.0%).  

Furthermore, this analysis provided insight into how patients experience pain which may direct 

treatment for specific aspects of PPBCS. For example, recent evidence indicates that topical capsaicin 

is superior to pregabalin in reducing the intensity and area of allodynia355, a common symptom which 

affected around 56% of patients in this study. 

4.7.3. Impact of PPBCS 

Patients reported sleep as the most affected category on pain interference, followed by normal work 

and enjoyment of life. The impact of PPBCS in this study was similar to previous reports347. Chronic 

pain has been associated with sleep disturbances in a bidirectional manner, with pain disrupting sleep, 

and sleep deprivation or disturbance increasing pain356,357.  Moreover, short term sleep disturbance 

has been shown to prolong postoperative pain, possibly due to opioid receptor reduction in the spinal 

cord and dorsal root ganglion358. It may therefore be important to actively manage sleep in attempt 

to reduce its impact on PPBCS.  

Interestingly, there was no significant difference in total DASS21 score and the subscales of 

depression, anxiety and stress for no to mild PPBCS vs moderate to severe PPBCS categories. However, 
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patients in any PPBCS category had significantly greater anxiety and stress when measured by the 

DASS21. This supports findings previous studies327. 

Finally, as upper limb dysfunction was greater in patients who suffered from PPBCS. The statistical 

differences in DASH scores between patients who suffered no PPBCS vs any PPBCS and no to mild 

PPBCS vs moderate to severe PPBCS were clinically significant having exceeded the 10 point difference 

in DASH score which signifies a minimal clinically important change 359.  

4.7.4. Risk Factors 

Any preoperative pain, preoperative anxiety (according to the DASS21 subscale), current smoking 

status and any pain at postoperative day 14 were identified as risk factors for any PPBCS (NRS≥1) using 

multivariable regression analysis. Furthermore, when assessing risk factors for moderate to severe 

PPBCS (NRS≥3), any pain at postoperative day 14 and moderate to severe preoperative pain were the 

most important factors identified.  

Current smoking was identified as a positive risk factor for any PPBCS but not moderate to severe 

PPBCS. Although current smoking has been described as a risk factor for acute post-surgical pain186 

and other chronic pain contexts360, this positive association has not been reported in PPBCS studies 

which report either no association2, or a decreased risk for PPBCS279. Previous smoking history (ex-

smoker) on the other hand has been associated with increased PPBCS106, which was not observed in 

the current study. The relationship between smoking and PPBCS is complex. Evidence suggests that 

nicotine smoking can produce an acute analgesic effect (nicotine induced analgesia361) which is offset 

by an increased risk for pain resulting from smoking related long term neuroplastic changes362 and 

alterations to endogenous pain modulation363. Furthermore, maintenance and development of 

peripheral neuropathic pain has been associated with an increased blood carbon monoxide level 

resulting from smoking364,365. Finally, chronic pain, anxiety, smoking and patient genetics may also be 
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interrelated, further adding complexity to this picture 360,366. Despite these suggestions, 

multicollinearity was not identified between anxiety and smoking status in this study.  

While biological associations may underlie the relationship between smoking and PPBCS, it should be 

noted that patient reporting of smoking in this study lacks granularity. Preoperative smoking status 

recorded at the preoperative clinic review does not provide details on the duration and intensity of 

smoking history for current and previous smokers, or how recently previous smokers had stopped 

smoking which, given the possible mechanisms described above, may prove important. Furthermore, 

patient smoking status between surgery and diagnosis of PPBCS at 6 months was not recorded, and it 

may be that neuroplastic changes during this time may influence the development of PPBCS greatly.  

Increased preoperative anxiety was identified as a risk factor for any PPBCS but not moderate to 

severe PPBCS in this study. This finding supports a recent systematic review, where anxiety and 

distress were strong predictors of PPBCS but the association with depression was inconsistent and 

weak55. How preoperative anxiety influences PPBCS development is less clear. Anxiety may influence 

top down endogenous modulation of pain and in conjunction with long term inflammation and 

increased peripheral and spinal nociceptive and neuropathic input may result in PPBCS 367, yet it could 

be that preoperative anxiety represents an endophenotype of gene variants such as COMT rs4680, 

which have previously been associated with not only chronic pain states (including CPSP) but also 

anxiety and psychological distress 368. Despite these reported associations, multicollinearity between 

anxiety, acute postoperative pain and any PPBCS was not identified in the multivariate model for any 

PPBCS, suggesting independence of these factors. It is difficult to ascertain whether anxiety is a 

causative factor of PPBCS. Any future attempt to investigate this will require both clinical and animal 

based investigation given the complex relationship between PPBCS and anxiety. 

Finally, both preoperative pain and pain at 14 days were significant risk factors in both PPBCS models 

in this study, supporting previous findings2,3,369.  
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All of the risk factors reported in this study are potentially modifiable, suggesting that detailed risk 

modification should be addressed by future intervention studies which aim to reduce PPBCS incidence. 

This should include not only psychosocial and lifestyle modification but also treatment of pain both 

before surgery and in the early postoperative period as the data reported in this study indicate that 

utilisation of analgesia in patients with PPBCS was limited at both the 14 day and 6 month review. 

Paracetamol and NSAIDs were the most utilised drugs to manage PPBCS but may not be adequate 

given the high prevalence of neuropathic pain at both the 14 day and 6 month postoperative review 

and limited use of anti-neuropathic agents. Given the importance of moderate to severe pain at the 

14 day review as a risk factor for PPBCS and the high rate of neuropathic pain persistence between 14 

days and 6 months after surgery, a greater level of appropriate pharmacologic intervention was 

required. 

4.7.5. Quantitative Sensory Testing 

Quantitative sensory testing was conducted both before surgery and at 6 months after surgery in an 

attempt to assess the contribution of nociceptive pathway function to PPBCS and characterise the 

effect of breast cancer treatment on nociceptive processing. 

Although preoperative temporal summation, pressure pain 40 and conditioned pain modulation were 

assessed in this study, there were no significant associations between these QST measures and any 

PPBCS or moderate to severe PPBCS in the univariate analysis. Conditioned pain modulation was 

included when building the multivariate model but did not reach significance as a risk factor. These 

findings support previous studies in breast cancer surgery populations, which also failed to 

demonstrate any relationship between preoperative mechanical TS and CPM to PPBCS349. 

The evidence that preoperative CPM and TS may be associated with CPSP in general is varied and 

conflicting 5. Heterogeneity in study populations, design and QST methodology likely contribute 

greatly to this. Previous population based studies assessing individual variance in QST measures in 
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healthy subjects found CPM efficacy to vary widely; being greater in individuals of younger age78, 

higher educational level81 and women during the ovulatory phase of their menstrual cycle370. 

Furthermore, factors associated with CPM assessment also introduced heterogeneity where patients 

with greater attention to the conditioning stimulus370, premature withdrawal from cold pressor test 

(conditioning stimulus) and high pain ratings for the test stimulus had larger CPM responses81. 

Temporal summation and pressure pain thresholds, also increased with age78 and showed large 

interindividual variability under stress371. Finally, patient and treatment factors such as medical 

comorbidity and medication use may influence CPM response and obscure any relationship to PPBCS 

372.  

Despite the lack of association between QST measures and PPBCS, an exploratory comparison of the 

preoperative to 6 month postoperative change in QST measures between the PPBCS pain categories: 

no PPBCS vs any PPBCS and no to mild PPBCS vs moderate to severe PPBCS was conducted. A 

significant increase in PP40 (i.e. reduced pressure pain sensitivity) was observed in the moderate to 

severe pain group compared to no to mild pain group, supporting previous reports that pain after 

breast surgery was associated with presence of sensory loss, the more widespread the loss, the more 

pain 108,373-375. This suggests that at least for the neuropathic component of the pain, higher extent of 

nerve damage corroborates with higher pain intensity373. In contrast to PP40 however, no between 

group differences were observed in TS or CPM change scores.  

Previous assessment of the test-retest reliability of dynamic QST measures over a timeframe similar 

to this study (>4 months) in patients undergoing cancer surgery has not been conducted. Hence, the 

lack of a significant difference in the change scores of TS and CPM across the various pain groups must 

be considered with caution, particularly with the added effect of adjuvant cancer treatments and 

other biopsychosocial stressors during this 6 month period. Thus, the test-retest reliability of QST 

paradigms over many months is unclear and may be an important source of heterogeneity. Until 

recently the test-retest reliability of QST paradigms have been studied utilising static QST methods 
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over short time frames, with the longest duration between assessments being 4 months376. Although 

static QST demonstrates high test retest reliability over time, dynamic QST showed considerable 

variability, possibly owing to the more complex nature of these responses as well as methodological 

factors376. The assessment of CPM using pressure pain threshold as the test stimulus showed particular 

variability and did not show adequate reliability over time376 and thus, a more reliable suprathreshold 

test stimulus was used in this study312.  

4.7.6. Genetics 

Greater appreciation of the interindividual differences in PPBCS risk has also led to a more 

comprehensive assessment of inherited risk factors. Genetic factors have been included into risk 

prediction models in more recent publications in attempt to improve the predictive models and 

provide a more comprehensive understanding of PPBCS development. Yet, the reported associations 

between a several different gene variants and PPBCS or CPSP have been unconvincing, with conflicting 

associations and a lack of confirmatory studies. In the current study, an exploratory assessment of 

association between gene variants (COMT, OPRM1, GCH1, ESR1 and KCNJ6) previously associated with 

chronic pain and PPBCS was conducted. No associations between genotype or haplotype was 

observed with PPBCS. This is perhaps not surprising given the relatively small effect of each gene 

variant, possible epistatic interactions and the limited sample size of this interim analysis however, 

the environmental factors that influence gene expression (epigenetics) may be more important in the 

context of PPBCS given the adjuvant breast cancer treatments and the 6 month duration before PPBCS 

diagnosis. 

An exploratory assessment of the effect of gene variants on preoperative QST and the change between 

preoperative QST and 6 month postoperative QST was conducted. Although statistically significant 

differences were observed, the importance of these differences are unclear as the observed 

differences were small and the limited sample size may have resulted in a disproportionate 

distribution of alleles, especially for the rare alleles with minor genotype numbers of less than 10 
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individuals. Despite these caveats, some interesting associations were identified. These included a 

greater preoperative mechanical temporal summation was observed in patients carrying the 

heterozygous COMT rs4680 GA genotype or COMT rs4633 CT genotype compared to their homozygote 

counterparts (p=0.002) and a small but significant difference in preoperative TS between the COMT 

diplotypes (p=0.04). Few studies have previously assessed the association between TS to heat pain 

and COMT gene variants (rs6296, rs4818, rs4633, rs4680) in healthy individuals however, the results 

have been conflicting194,377. Diatchenko et al have suggested that variation in rs4680 accounts for 

variation in temporal summation of pain observing an increased temporal summation associated with 

the minor A allele, but that other SNPs of the COMT haplotype exert a greater influence on resting 

nociceptive sensitivity194. The results in this thesis differed from these published results as the 

heterozygous GA genotype had the greatest increase in TS. 

Additionally, preoperative to postoperative TS change scores were significantly higher in patients 

possessing the homozygous GG genotype for both rs6269 and rs4818. Here, the change in temporal 

summation may signify neuroplastic change due to an underlying epigenetic mechanism which must 

be investigated further. This is especially so since the G allele at rs6269 introduces a CpG island which 

may be methylated and, in turn, this could alter gene expression. 

These findings warrant further investigation as they suggest that specific polymorphisms within the 

same gene may act in a complex manner to influence pain. Furthermore, given that the strongest 

effect of COMT was seen with either the chemical/inflammatory or thermal pain, these modalities 

should be considered in the future as appropriate test stimuli194,377.  

Additional to the above findings, associations between carriers of the G allele of OPRM1 rs1799971 

were observed to have significantly greater inhibitory preoperative CPM (p<0.05). This is in conflict 

with previous reports of decreased endogenous pain modulation in the G allele carriers in patients 

with and without primary dysmenorrhea378. Patients in that study however were of a single ethnicity 

(Han Chinese) and given the ethnic differences in pain sensitivity attributed to OPRM179, further 
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investigation is required in populations with differing ethnic makeup. Furthermore, multiple gene-

gene interactions have been reported to regulate endogenous pain modulation, adding further 

complexity379,380.  

With regards to preoperative to postoperative QST change scores, patients possessing the OPRM1 

rs1799971 AA genotype demonstrated significantly greater (p=0.03) inhibitory CPM change scores 

compared to carriers of the G allele and carriers of the OPRM1 G allele (GG and AG) had significantly 

greater (p=0.02) increase in median PP40 when compared to those patients who were homozygous 

recessive (AA).  

The G allele of OPRM1 rs1799971 has been associated with higher pressure pain thresholds compared 

with carriers of the A allele in males381. This was not the case in females382. Furthermore, longitudinal 

difference in pressure pain as seen in this study has not been previously performed.  

Finally, patients who possessed the KCNJ6 rs2835925 GG or GA genotypes also reported greater 

(p=0.03) inhibitory CPM change compared to those who possessed the homozygous AA genotype. 

Similar to OPRM1, the allele distributions for KCNJ6 were extremely small and thus any inferences 

made are tenuous. Furthermore, the test retest reliability of CPM over 6 months is unclear. Therefore, 

these associations need to be tested in more robust conditions with greater patient numbers, 

especially since this is an interim analysis of this study.  

What is clear from this study is that PPBCS is a complex condition. Unlike clinical conditions which are 

greatly influenced by a single genes with large effect sizes (e.g. BRCA1 and breast cancer), multiple 

genetic and clinical factors with varying and possibly interacting effects may influence PPBCS 

development and maintenance. Assessing PPBCS associations with a handful of gene variants without 

accounting for clinical, demographic and psychological factors therefore may be too simplistic to 

identify possible genetic risk factors and interactions between these factors for this complex clinical 

pain syndrome. Moreover, the genes assessed in this study are principally involved with nerve function 
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and thus other gene variants such as inflammatory genes (e.g. IL6) should also be assessed to reflect 

the variety of molecular changes due to surgical incision, pain sensitisation and modulation.  

The associations between pain and gene variants may also be context dependent; related to not only 

context related patient factors (e.g. medical treatment and psychological state)383 but also 

environmental influences on gene expression, possibly contributing to the inconsistencies in gene 

associations in the published literature. Patients in this study all have a diagnosis of breast cancer, a 

disease with both genetic and epigenetic aetiologies, and therefore it is also likely that other genetic 

or epigenetic influences interact to influence PPBCS development in this instance384-386. 

Genotype distribution may also be altered in different disease contexts and this could also influence 

the likelihood of observing associations. This may be the case for COMT, since an apparent 

heterozygote advantage was observed. COMT is involved in the metabolism of catechol-oestrogens 

and any gene variants which affect enzyme activity could theoretically influence the risk of developing 

breast cancer. Another factor which can influence the prevalence of each individual genotype group 

is ethnicity. Indeed, the only SNP that did not conform to Hardy Weinberg equilibrium was OPRM1 

rs1799971. This may be due to the known ethnic variation in the A>G minor allele frequency of 

rs1799971 (Asian > 0.40, European = 0.14, African = 0.13 and African American= 0.05 387,388 ) as well as 

a possible association with breast cancer risk 389,390. 

In this study, the contribution of each gene variant to PPBCS development and intensity must be 

considered in light of the limited sample size and in some cases a low frequency of the minor allele. 

The sample size is sub-optimal as this is a preliminary analysis of an ongoing study. The original sample 

size calculation was performed for the primary end point of moderate to severe PPBCS and not genetic 

influences on PPBCS. Although the current analysis represents an interim analysis of 118 patients, any 

results must be seen as exploratory and followed up with a study size with sufficient power for genetic 

association analysis.  
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Chapter 5. Perioperative Longitudinal DNA Methylation of COMT – 

An Exploratory Study  
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5.1.  Introduction 

The relationship between patient genotype and CPSP has been inconsistent. Heterogeneity in study 

methodology and population differences have commonly been suggested as reasons for this however, 

epigenetic regulation of gene expression may also contribute to these inconsistencies.  

Although there was no association between COMT genotypes and PPBCS observed in chapter 4, the 

data presented were suggestive of associations between COMT genotypes and temporal summation, 

that appear to transpose between baseline (pre-surgery) and 6 months post-surgery. This could be 

due to random variation. Alternatively, this could be due to epigenetic regulation of this gene via a 

perioperative gene-environment interaction. 

Differences in gene expression can occur at the transcriptional and/or translational level. A number of 

epigenetic mechanisms can lead to a change in gene transcription and these include chromatin 

restructuring, DNA methylation and changes in transcription factor availability. For example, de-

acetylation of histones leads to a compact closed chromatin structure, which prevents the 

transcriptional machinery accessing the DNA. Another example is DNA methylation where genes that 

are enriched in CpG dinucleotides (CpG islands) within the promoter region, or adjacent to the 

transcription start site, are susceptible to methylation. Hyper-methylation of these regions blocks the 

initiation of the transcription process. Since both of these processes, histone acetylation and DNA 

methylation are controlled by enzymes, these events can ‘silence’ gene expression in a dynamic and 

reversible manner. 

Epigenetic research into the acute to chronic pain transition is still in its infancy however recent 

publications have suggested the possible role of epigenetic changes in chronic post-surgical pain206,228. 

This includes data from pre-clinical animal models of surgical damage and pain, suggesting that 

epigenetic changes observed in glial cells correlate with changes observed in peripheral blood 

leukocytes230.  
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Two isoforms of COMT exist, a membrane bound isoform found predominantly in the brain391 and a 

soluble (cytosolic) form that has widespread tissue distribution, including expression in the peripheral 

nervous system and in blood leucocytes392.  

These isoforms are the consequence of alternative transcripts driven by different promoters, exon 1 

versus exon 2 respectively (Figure 5-1). Both isoforms share the first coding region (exon 3), although 

this exon is smaller in soluble COMT393.  

A number of CpG enriched regions occur in COMT, in particular when CpG sites in exon 1 are highly 

methylated this promoter is silenced and soluble COMT is transcribed (and vice versa)394.   

The val158met SNP (rs4680) is located at the end of exon 4 and the other SNPs (rs6269, rs4633 and 

rs4818) of the haplotype assessed in this thesis are located within CpG islands in intron 2 and exon 3 

respectively. These SNPs (summarised in Table 5-1) can either remove or form a cytosine or guanine 

and could potentially alter the number of CpG dinucleotides within these regions and thereby 

influence epigenetic regulation of COMT. The region of interest spans 44 CpG sites across intron 2, 

exon 3 and exon 4.  

Table 5-1: Summary of the COMT SNP analysed in this chapter 

SNP number Nucleotide 
change 

Chromosomal location  

rs6269 A>G Chr22: 19962429 Intronic variant 

rs4633 C>T Chr22: 19962712 Coding variant  

rs4818 C>G/ C>T Chr22: 19963684 Coding variant 

rs4680 G>A Chr22: 19963748 Missense coding variant 
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Figure 5-1: Diagram of the gene structure of soluble isoform of COMT  

 

 

The focus of this chapter was to assess the methylation status of CpG sites within selected regions of 

COMT which cover these four SNP, in DNA collected from peripheral blood leucocytes. To then 

determine if these SNPs influence CpG methylation within the adjacent regions and finally, a 

descriptive analysis of changes in CpG methylation status within individuals at 14 days and 6 months 

post-surgery compared with baseline.  

This is the first study to examine longitudinal changes in COMT DNA methylation during breast cancer 

treatment. 
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5.2. Study methods and design 

Genomic DNA was extracted (as described in Methods chapter 2) from peripheral blood leucocyte 

samples collected before surgery, 14 days and 6 months postoperatively. All 105 patients were 

included in the analysis. Genomic DNA was treated with bisulfite, which reduces unmethylated 

cytosine (C) bases into uracil (U) and leaves methylated-cytosine bases unaltered. The target sequence 

was then amplified by PCR, when the C-to-U changes are amplified as thymine (T), whereas the 

methylated cytosine sites remain as C. The PCR amplicon produced was then transcribed into a single 

stranded RNA molecule and cleaved at base specific sites by T7 endoribonuclease. The mass of each 

of the fragments was then determined by matrix-assisted laser desorption/ionization time-of-flight 

mass spectrometry (DNA MassARRAY, service provided by Grafton Clinical Genomics, Auckland, NZ). 

The size ratio of the cleaved products and the abundance of each fragment was indicative of the 

proportion of DNA methylation in the interrogated sequence. This was analysed using EpiTYPER 

software, to determine the presence or absence of a methylated CpG at each location in the 

interrogated sequence for each individual sample.  

The proportion of methylated CpG reflects the average DNA methylation within the heterogeneous 

pool of PMBC collected from an individual. Due to the diploid nature of the human genome, sites could 

be broadly classed as hypo-methylated (0%), hemi-methylated (50%) or hyper-methylated (100%).  

Regions of interest were selected based on the location of the SNP assessed in chapter 4. Primer 

sequences used for each region are listed in Table 5-2.  
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Table 5-2: Primer sequences for each COMT region assessed 

Gene target sequence 
identifier 

Left primer Right primer 

COMT_rs4818_01 aggaagagagGTGTTTGG
GGATTTAAGTTTTTTTT 

cagtaatacgactcactatagggagaaggctTCAA
ACATACACACCTTATCCTTCA 

COMT_rs6269_01 aggaagagagTAGAGGAT
TTTTGGGTTGTTTGG 

cagtaatacgactcactatagggagaaggctCCCC
TTTACTTAAAATACCACCATC 

COMT_rs4633_01 aggaagagagGTTTTTGT
TGTTGGTAGTTGTGTT
G 

cagtaatacgactcactatagggagaaggctCAAC
TTCTCCTATAAAAACTTTAATACCT 

COMT_rs4680_02 cagtaatacgactcactatag
ggagaaggctTACTAAAA
AAATCTTTCCTCAACCC 

cagtaatacgactcactatagggagaaggctTACT
AAAAAAATCTTTCCTCAACCC 

 

5.3. Results 

The COMT target sequences assessed (Table 5-2) were confirmed by BLAST 

(https://blast.ncbi.nlm.nih.gov/) to be located within COMT on chromosome 22 (GRCh38.p12). The 

location of each sequence relative to each SNP are summarised in Table 5-3 below.  

The results were provided as a service (Grafton Clinical Genomics) and EpiTYPER software reported 

the proportion of methylation in each of the interrogated fragments. Each of these “fragment calls” 

are +10nt higher than the location of the CpG site due to the insertion of a 10mer nucleotide 5’ tag in 

the forward primer for PCR amplification of target sequences. 

  

https://blast.ncbi.nlm.nih.gov/
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Table 5-3: Relative locations of COMT target sequence in relation to the SNP of interest 

Identifier rs4680 
Target sequence 311nt Chr22:19963621-19963931 
Location of G>A rs4680 (chr22:19963748)  
CG location of CpG dinucleotides: 13 BOLD are sites identified by EpiTYPER, the site# 
quoted in this software are +10nt.  

GGGGGCCTAC TGTGGCTACT CAGCTGTGCG CATGGCCCGC CTGCTGTCAC CAGGGGCGAG 
GCTCATCACC ATCGAGATCA ACCCCGACTG TGCCGCCATC ACCCAGCGGA TGGTGGATTT 

CGCTGGC TG AAGGACAAGG TGTGCATGCC TGACCCGTTG TCAGACCTGG AAAAAGGGCC 

GGCTGTGGGC AGGGAGGGCA TGCGCACTTT GTCCTCCCCA CCAGGTGTTC ACACCACGTT 
CACTGAAAAC CCACTATCAC CAGGCCCCTC AGTGCTTCCC AGCCTGGGGC TGAGGAAAGA 
CCCCCCCAGC A 
 

Identifier rs4633 
Target sequence 354nt Chr22: 19962541-19962894 
Location of C>T rs4633  (chr22:19962712)  
CG location of CpG dinucleotides: 12 BOLD are sites identified by EpiTYPER, the site# 
quoted in this software are +10nt.  
n.b. The TSS (ATG) is -12nt from start of this sequence 

GCCTCTGCTG TTGGCAGCTG TGTTGCTGGG CCTGGTGCTG CTGGTGGTGC TGCTGCTGCT 
TCTGAGGCAC TGGGGCTGGG GCCTGTGCCT TATCGGCTGG AACGAGTTCA TCCTGCAGCC 

CATCCACAAC  CTGCTCATGG GTGACACCAA GGAGCAGCGC ATCCTGAACC A GTGCTGCA 

GCATGCGGAG CCCGGGAACG CACAGAGCGT GCTGGAGGCC ATTGACACCT ACTGCGAGCA 
GAAGGAGTGG GCCATGAACG TGGGCGACAA GAAAGGTGGG GTCCGGGCCA 
GCAGGTGCTC AGCTCTGGGA CAGGGACCCA GGACCAGGCA TCAAAGCCCT TACAGGAGAA 
GCTG 
 

Identifier rs4818 
Target sequence 277nt chr22: 1963497-19963773 
Location of C>G/C>T rs4818 (chr22:19963684)  
CG location of CpG dinucleotides: 11 BOLD are sites identified by EpiTYPER, the site# 
quoted in this software are +10nt. 

GTGCCTGGGG ATCCAAGTTC CCCTCTCTCC ACCTGTGCTC ACCTCTCCTC CGTCCCCAAC 
CCTGCACAGG CAAGATCGTG GACGCCGTGA TTCAGGAGCA CCAGCCCTCC GTGCTGCTGG 
AGCTGGGGGC CTACTGTGGC TACTCAGCTG TGCGCATGGC CCGCCTGCTG TCACCAGGGG 
CGAGGCT AT CACCATCGAG ATCAACCCCG ACTGTGCCGC CATCACCCAG CGGATGGTGG 
ATTTCGCTGG CGTGAAGGAC AAGGTGTGCA TGCCTGA 
 

Identifier rs6269 
Target sequence 237nt chr22:19962230-19962467  
Location of A>G rs6269 (chr22:19962429)  
CG location of CpG dinucleotides: 5 BOLD are sites identified by EpiTYPER, the site# 
quoted in this software are +10nt. 
n.b site #209 containing A>G SNP produces a new CpG site 

TAGAGGATCC CTGGGCTGCC TGGGGAAGCA CCCAGGGCCA GGGAGTGTGA CCCTGCAGGC 
TCCACACAGG ACTGCCAGAG GCACACACCT GCTCTGTCTA CCCGAGGGCA CCAGAGGGCA 
CGAGAAGGCT GGCTCCCTGG CGCTGACACG TCAGGCAACT GAGGCACAAG GCTGGCATTT 
CTGAACCTTG CCCCTCTGC AACACAAGGG GGCGATGGTG GCACTCCAAG CAAAGGG 
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The extent of methylation in the patient samples, at all the timepoints, at each CpG dinucleotide site 

in the four sequences which span the four SNP of interest are shown below (Figure 5-2 A-D).  

For the sequence which contains rs4680, three sites could not be called by Epityper software CpG# 

83, #131 and #137. This 354 nucleotide (nt) region of the COMT gene was on average hyper-

methylated (proportion of median methylation values over 10 sites = 0.91 ±0.07). However, two sites 

had notably large range of methylation values. The minimum-maximum methylation at sites CpG#166 

and CpG#213, were 0.48-1.0 and 0.42-1.0 respectively. 

For the sequence which contains rs4633, two sites could not be called by Epityper software CpG#113 

and #209. This 354 nt region was in general hyper-methylated with the exception of the following 

sites; CpG#182 which displayed clear trimodal distribution, as well as the sites CpG#104, #168 and 

#196 which display a very wide range of values (with minimum-maximum methylation of 0.45-1.0; 

0.03-1.0 and 0.25-1.0, respectively). 

For the sequence which contains rs4818, one site CpG#207 could not be called by Epityper software. 

This 277nt region was in general hyper-methylated with the exception of site #219 (minimum-

maximum methylation 0.63-1.0). 

For the sequence which contains rs6269, one site could not be called by Epityper software CpG#131). 

In general, this 237nt region was in general highly methylated with median values greater than 0.74 

across the five CpG sites. 
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Figure 5-2 (A-D): The proportion of methylation at each individual CpG site (numbered by Epityper 
call) of the four COMT sequences investigated in the patient samples. 
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MassARRAY data were not available for some locations. All samples (baseline, 14 day and 6 month 
post operation are included). The median ± IQR of methylation values are shown, the IQR may be 
smaller than the symbol. 
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Some of the CpG sites which displayed substantial variation in methylation were then selected for 

further detailed analysis. 

For the sequence ID rs4680, the proportion of methylated CpG at site #213 was assessed in each 

patient at each sample time (Figure 5-3). The proportion of methylation at CpG#213 significantly 

increased (p<0.0001) in a linear manner over time (baseline, 14 day and 6 months post operation). Six 

months post operation CpG site #213 was hypermethylated in the majority of patients (median, IQR: 

0.97, 0.89-1.0.).  

Figure 5-3: The increase in proportion of methylation at CpG site#213 with time post-surgery. 
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Mixed effects model (one way ANOVA matched pairs) with linear trend test was used to assess 
differences as there were missing values in the paired data, test for linear trend p<0.0001. 
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The proportion of methylation at CpG#213 was then assessed relative to rs4680 genotype (Figure 5-

4). There was a significant gene-dose dependent (linear) effect on proportion of methylated CpG at 

site #213 at all timepoints assessed. Methylation increased over time in each genotype category (GG, 

p =0.0099; GA p =0.0019 & AA, p = 0.0053, respectively). Patients with GG genotype for COMT rs4680 

had the highest proportion of CpG methylation at all timepoints (median, IQR baseline = 0.84, 0.63-

0.95; 14 day = 0.89, 0.75-0.98; 6 month = 1.0 0.95-1.0).  

Figure 5-4: The relationship between proportion of methylated CpG at site #213 in each of the rs4680 
genotype categories at each sampling timepoint. 
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There was a linear trend across genotype GG vs GA vs AA and methylation at baseline, 14 days and at 
6 months (p<0.001; one way ANOVA linear trend test). Methylation however, increased over time for 
each genotype category (GG, p=0.0099; GA p=0.0019 & AA, p= 0.0053, respectively). 

Analysis of the proportion of methylation over time (baseline, 14 day and 6 months post-surgery) for 

the following for sites CpG#104, #168 #182 and #196 in the sequence which covers rs4633 was then 

undertaken (Figure 5-5 A-D). A significant decrease (p<0.0001) in methylation over time was observed 

for sites CpG#104, #168 and #196. However, there was no apparent change in the methylation status 
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of site CpG#182 over time, but there was a clear trimodal distribution of the methylation values at this 

site (Figure 5-5 C). 

Figure 5-5 (A-D): The change in proportion of methylation at selected CpG sites in sequence ID rs4633 
with time post-surgery. 
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Mixed effects model (one way ANOVA matched pairs) with linear trend test was used to assess 
differences as there were missing values in the paired data, test for linear trend for each CpG site 
assessed: CpG 104 p<0.0001, CpG 168 p<0.0001, CpG 182 p=0.64, CpG 196 p<0.0001.  

The rs4633 (C>T) SNP is located within the fragment that reports site CpG#182, this SNP inserts a CpG 

site and is located -1nt upstream. There was a correlation (p<0.0001) between rs4633 genotype and 

proportion of methylation at CpG#182 (Figure 5-6 A, B). At baseline the median for methylation at this 

site was highest (0.85; IQR 0.85-0.87) in subjects who were wild type (CC) and lowest (0.08; IQR 0.07-

0.11) in patients who were homozygous variant (TT). The heterozygote (CT) individuals had 
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intermediate values (0.46; 0.44-0.49). The same relationship was observed at 6 months post-surgery 

(Figure 5-6 B). 

Figure 5-6 (A,B): The relationship between rs4633 genotype and methylation at CpG#182 located +1nt 
downstream of this SNP at (A) baseline and (B) at 6 months post-surgery. 
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Mixed effects model was used to assess differences as there were missing values in the paired data, 
test for linear trend p=<0.0001 
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For sequence ID rs4818 there was little, or no variation observed at any site over the three timepoints 

(Figure 5-7 A-C). Site #219 had the most variable methylation pattern; however, this did not 

significantly change between baseline, 14 day and 6 month post-surgery (median IQR 0.82, 0.72-0.83 

vs. 0.82, 0.79-0.83 vs 0.83, 0.81-0.84 respectively). 

Finally, methylation changes over time in sequence ID rs6269 were assessed (Figure 5-8 A-C). No 

substantial changes were observed over time, of note the rs6269 A>G SNP inserts a new CpG site 

(located at site #209). Only individuals with GG, or GA genotype can be methylated at this site, no 

obvious effects of this genotype on methylation status in this region of COMT sequence were observed 

(data not shown). 
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Figure 5-7 (A-C): No change in methylation status of CpG sites in sequence ID rs4818 over time post-
surgery. 
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The median ± IQR of methylation values are shown, the IQR may be smaller than the symbol  
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Figure 5-8 (A-C): No change in methylation status of CpG sites in sequence ID rs6269 over time post-
surgery. 
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5.4. Discussion 

In summary, methylation of CpG dinucleotides within the two of the four COMT sequences assessed 

changed substantially over time post-surgery. For the sequence encompassing rs4680, methylation 

increased at site CpG#213 over time. A change from hemi-methylated to hyper-methylated is 

expected to silence gene expression. The extent of methylation at this site also appears to be 

influenced by the rs4680 genotype, even though this G>A SNP is located 77nt upstream of this CpG 

site. 

In contrast, for the sequence encompassing rs4633, three sites (CpG#104,#168,#196) were hyper-

methylated at baseline and methylation decreased substantially post-surgery. Most notably, the 

rs4633 (C>T) SNP appears to strongly influence methylation of CpG#182, which is located +1nt from 

this SNP. The TT genotype was hypo-methylated, and the CC genotype were hyper-methylated and 

heterozygotes (CT) were hemi-methylated at this site, these relationships did not change over time. 

There were no substantial changes in the methylation status of CpG sites in nucleotide sequences 

around rs4818 or rs6269 over time or with genotype at these loci. 

A recent study 395 in 28 twin pairs, also noted an effect of rs4633 genotype on methylation status of a 

CpG site (termed CG2b) in COMT. This site is located at Chr22: 19962540, 170nt upstream of CpG#182. 

This study also reported that the mean proportion of methylation at CG2b and another site (CG1, 

Chr22: 19962531) correlated with COMT rs4633, rs4680 and rs6269 haplotype.  

Hyper-methylation is expected to decrease gene expression whereas hypo-methylation is expected to 

increase gene expression. COMT rs4680 and rs4633 are in strong linkage disequilibrium (i.e. co-

inherited). At baseline, individuals with GG genotype for rs4680 and CC for rs4633 were hyper-

methylated (CpG#213 and CpG#182). These individuals would be expected to have lower COMT 

transcription (mRNA levels) than individuals who are carriers of the variant allele (A and T) at each of 

these SNP. However, in rs4680 GA and AA genotype individuals, 6 months post-surgery CpG#213 
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changed from hemi- to hyper-methylated. The importance of this finding within the pain context is 

unclear and requires further investigation. Moreover, assessing the data presented in chapter 4 

(genetic association with PPBCS and QST)in light of these findings similarly do not provide any insight 

into the functional outcomes of these methylation changes in this study.  

Although this change is expected to decrease transcription in these individuals compared to baseline, 

further investigation is needed to assess the functional effects on DNA transcription and subsequently 

protein synthesis. Future studies will assess changes in COMT mRNA expression in patient samples 

pre- vs 6 months post-surgery to investigate whether these temporal epigenetic methylation changes 

do indeed result in gene silencing. 

Genetic association studies with CPSP typically have not considered the effects of epigenetic alteration 

on gene expression. By assessing the longitudinal changes to DNA methylation of COMT sequences 

during the perioperative period, this study clearly indicates that COMT gene variants are subject to 

epigenetic change. If these epigenetic changes silence gene expression in the expected manner, 

epigenetic mechanisms may account for the inconsistent associations in association between COMT 

(and other gene variants) and CPSP. Furthermore, these epigenetic alterations could underlie 

mechanisms associated with neuroplasticity, sensitisation and modulation in pain pathways resulting 

in CPSP. Finally, epigenetic alteration may provide a therapeutic target to disrupt the development of 

CPSP. This is the first study investigating longitudinal changes of COMT methylation over the 

perioperative period and therefore, further confirmatory studies of COMT epigenetic alteration, gene 

expression and subsequent enzyme function are required. Furthermore, similar analysis is required 

for the other genes in this study (e.g. GCH1, ESR1, KCNJ6 and OPRM1). In light of this, an analysis of 

the methylation status of CpG sites in nucleotide sequences which cover rs1799971 of OPRM1 are 

ongoing. This data analysis is outside the timeframe of this thesis. 

Of note the technique used to determine proportion of methylated CpG at these sites in COMT used 

MassArray analysis. However, the standard EpiTYPER software protocol does not routinely account 
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for the presence of SNP. The data reported in this thesis were reanalysed by Grafton Clinical Genomics 

based on COMT genotypes at these loci. An alternative method, direct sequencing of bisulfite-treated 

DNA, could be undertaken to confirm this data, this is outside the timeframe of this thesis.  
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Chapter 6. Final Discussion and Conclusion 
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Persistent pain after breast cancer surgery is recognised internationally as an important major health 

concern which affects a large proportion of patients, months to years after surgery. This is the first 

series of studies which have specifically addressed PPBCS in the New Zealand population. Two studies 

with differing methodologies were conducted to assess the prevalence, impact and risk factors of 

PPBCS in a New Zealand population. 

6.1. Summary of Results 

Through this investigation, the rate and impact of PPBCS were found to be as common and as 

debilitating in New Zealand patients as in their international counterparts, emphasising the 

importance of identification, prevention and management of this condition. Approximately 55% and 

40% of patients reported any pain in the retrospective and prospective studies, respectively. 

Furthermore, when assessing moderate to severe pain, 22.9% reported pain in the retrospective study 

compared to 15.2% when measured prospectively. The prevalence of neuropathic pain was high. In 

the retrospective and prospective studies, 28.8% and 37.0% respectively of patients with any PPBCS 

described neuropathic pain, whilst 45.6% and 43.7% of patients with moderate to severe PPBCS 

reported neuropathic pain in the retrospective and prospective studies respectively.  

The descriptors of PPBCS were similar between the prospective and retrospective study with a 

combination of nociceptive and neuropathic pain qualities in both studies. 

The reported impact of PPBCS was also consistent between both retrospective and prospective studies 

with significantly higher pain interference scores and upper limb disability described in patients 

experiencing moderate to severe pain. Assessment of psychological distress in the retrospective study 

revealed that patients with moderate to severe pain reported significantly higher overall psychological 

distress, depression, anxiety and stress. In contrast, there was no significant difference between 

patients reporting moderate to severe pain compared to those who reported no to mild pain when 

measured prospectively.  
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Despite these findings, analgesic use among the patients was relatively low with approximately 40% 

of patients suffering pain receiving analgesics in both studies. Furthermore, the majority of patients 

receiving analgesics were utilising unimodal simple analgesics. In patients who reported moderate to 

severe pain, use of simple analgesics was more common with 67% and 50% of patients in the 

retrospective and prospective studies, respectively indicating that despite the high prevalence, impact 

and disability from PPBCS, few patients underwent appropriate pharmacological management. 

There was limited concordance in the identified risk factors for moderate to severe PPBCS between 

the prospective and retrospective studies, even though all risk factors identified in this thesis have 

been reported in previous publications.  

An exploratory analysis of associations between development of PPBCS and preoperative QST and 

inherited factors was also conducted in the prospective study. No clear associations were found for 

any of these factors with risk of PPBCS. There were, however, statistically significant associations 

between preoperative QST measures (TS, PP40 and CPM), as well as the extent of preoperative to 

postoperative change in some of these tests, with COMT, OPRM1 and KCNJ6 genotypes when assessed 

using genetic inheritance models. 

Finally, an assessment of the longitudinal change in the CpG methylation status of the COMT locus 

was undertaken. Four regions of the gene were assessed, and these nucleotide sequences 

incorporated the location of the SNP assessed in this thesis. Substantial changes in in CpG methylation 

were observed at particular CpG sites from before to 6 months after surgery. Most notably there were 

statistically significant increases in methylation post-surgery at some CpG sites and conversely, 

decreased methylation in the post-surgical samples at other CpG sites.  Certain COMT genotypes also 

associated with extent of CpG methylation. Since changes in CpG methylation status can silence the 

expression of genes, these dynamic epigenetic changes in the genome may give some insights into the 

lack of direct association between PPBCS and COMT genotype.  
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Importantly it must be remembered that results from the prospective study represent an interim 

analysis of an ongoing study and thus, the data require further confirmation in the complete cohort 

of patients.  

6.2. Prevalence of PPBCS and neuropathic pain 

Despite using similar questionnaires to measure pain and its impact and sampling from a similar single 

hospital population, the prevalence of moderate to severe PPBCS differed somewhat between the 

prospective and retrospective study, an important finding. The limitations of retrospective versus 

prospective studies which may account for this. Regardless, the prevalence of PPBCS was high (>40%) 

in this thesis and is similar to international reports2,61,328,332.  

The incidence of PPBCS varied over time. At 14 days after surgery, the incidence of any pain in the 

breast, chest wall, axilla, shoulder and arm on the surgical side was 73%, with 29% of all patients 

reporting moderate to severe pain. These numbers reflect the poor control of pain in the perioperative 

period which may contribute to the development of PPBCS. Furthermore, approximately 47% of 

patients with any pain and moderate to severe pain report neuropathic pain at 14 days after surgery. 

Given the large proportion of patients suffering from pain at this time, the number of patients with 

neuropathic pain is large. Although analgesic use at this timepoint was common, prescribing of 

analgesics against neuropathic pain was uncommon. Anti-neuropathic agents (nortriptyline or 

gabapentin) were prescribed in approximately 8% (n=6) patients who had any pain and 13% (n=4) 

patients who had moderate to severe pain, a rate that was disproportionate to the incidence of 

neuropathic pain. Although not found in this study, Andersen et al suggest that acute neuropathic 

pain, within one week of surgery, was a risk factor for PPBCS2. This suggests the importance of not 

only optimal pain management acutely but also the role for more targeted and specific treatment of 

early neuropathic pain to reduce the prevalence of PPBCS.  
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The incidence of PPBCS 6 months after surgery seems to decrease from approximately 73% at 

postoperative day 14 to approximately 40% at 6 months. Similarly, the incidence of moderate to 

severe PPBCS halved from approximately 29% at postoperative day 14 to 15% at 6 months. This 

dramatic reduction was not observed in the incidence of neuropathic pain which reduced slightly from 

46% at postoperative day 14 to 36% at 6 months in the patients reporting any PPBCS and remained 

relatively unchanged in patients reporting moderate to severe PPBCS (47% at postoperative day 14 to 

44% at 6 months)  

Despite this high prevalence of neuropathic pain after surgery, many patients do not describe typical 

neuropathic symptoms. This suggests an alternative aetiology to PPBCS in addition to that of nerve 

damage. This is also supported by the results of the univariate and multivariate regression analyses 

which revealed no association between intercostobrachial nerve damage and PPBCS. As such, other 

physiological processes such as persistent central sensitisation that occur by mechanisms independent 

of nerve damage396,397 may be at least partly responsible for PPBCS aetiology. Ultimately, multiple 

independent pathways may lead to PPBCS development, and similar to elevated blood sugar levels in 

diabetes mellitus, the outcome of pain at 6 months in PPBCS may represent a common final 

consequence of differing aetiologies.  

The Short Form McGill Pain Questionnaire 2 was used to provide deeper insights into the pain 

experience with the capture of intermittent, affective, continuous and neuropathic descriptors of 

PPBCS. The descriptors selected by patients to describe moderate to severe PPBCS were remarkably 

similar between the retrospective and prospective studies. Common to both studies, the words used 

to describe moderate to severe PPBCS included aching, tender and throbbing for the continuous 

subscale; sharp, stabbing and shooting for the intermittent subscale; tiring for the affective subscale 

and tingling, numbness and pain on light touch for the neuropathic subscale. This combination of 

neuropathic and nociceptive symptoms again points to the complex and potentially mixed aetiology 

of PPBCS and may provide information for potential treatment(s) that target specific pain phenotypes. 
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It also provides insight into the difficulty in treating PPBCS, which will require a multimodal analgesia 

approach to address the nociceptive, neuropathic and (potentially) nociplastic features associated 

with this pain syndrome.  

6.3. Analgesia 

In both retrospective and prospective studies, patients were asked to indicate which analgesic 

medications they used to manage pain in the breast, chest wall, shoulder, axilla and arm.  

In the retrospective study, 40% and 67% of patients with any pain and moderate to severe PPBCS 

respectively reported analgesic utilisation with most patients utilising paracetamol and NSAIDs and a 

low prevalence of combination analgesic and opioid use.  

 In the prospective study, the extent of analgesic utilisation was high at 14 days after surgery with 

approximately 88% and 100% of patients with any pain and moderate to severe pain, respectively 

using analgesics. However, this prevalence fell to approximately 41% and 50% for patients with any 

pain and moderate to severe pain, respectively when assessed at 6 months. These reported rates of 

analgesic use are consistent between studies. 

The appropriateness of pharmacological management may be challenged for two reasons. Firstly, 

prescribing of anti-neuropathic agents at both 14 days and 6 months after surgery was 

disproportionate to the actual incidence of neuropathic pain, as previously mentioned. Secondly, the 

rate of multimodal analgesic prescribing was low with the majority of patients receiving no analgesic 

or simple analgesic only, despite the reported rates of moderate to severe pain.  

This finding suggests that either patients are not seeking medical management for pain after surgery 

or are receiving inadequate medical management due to poor understanding of the nature of pain 

and the most appropriate analgesic regimen for PPBCS. Potentially both primary healthcare providers 

and surgeons caring for these patients need education and guidance as to the most appropriate pain 
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management strategy to manage both acute and PPBCS. Additionally, investigation to determine the 

most appropriate therapeutic approach for PPBCS is still required given the varied efficacy of current 

analgesics. 

Management of chronic pain involves both pharmacological and non-pharmacological techniques.  As 

this thesis only measured pharmacological management of pain in both the acute and chronic settings, 

it may be that patients were also engaged with psychosocial and physical therapies which were not 

measured.  

6.4. Impact of PPBCS 

Between the two studies, the impact of moderate to severe PPBCS was very similar with patients 

reporting sleep being the most affected category on pain interference for both studies, followed by 

normal work and enjoyment of life. In the prospective study, when comparing no PPBCS versus any 

PPBCS, significant differences were observed in stress and anxiety but not the depression subscale of 

DASS21. However, when comparing no to mild pain versus moderate to severe pain there was no 

significant difference in total DASS21 score in any of the subscales of depression, anxiety and stress. 

This is in contrast to findings from the retrospective study, where there was a clear and significant 

difference between all scores of the DASS21 questionnaires. Although previous research is also mixed, 

with some papers reporting a relationship between anxiety and depression and PPBCS270 and others 

reporting no difference398, the lack of difference in the prospective study could represent a type II 

error given the smaller sample size of the interim analysis. Alternatively, the slightly higher DASS21 

scores seen in the retrospective study may be related to the longer time since surgery at the time of 

assessment. Psychological distress may be related to the duration a patient suffers from PPBCS, 

possibly due to increasing fear of cancer recurrence, which is known to persist for years after breast 

cancer treatment399. Moreover, as the retrospective study was a self-administered questionnaire- 

based study, patients may have been more comfortable to reveal information on their emotional state 
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as compared to the prospective study where questionnaires were completed in the presence of a 

clinician researcher. Finally, the reciprocal relationship between psychological factors such as anxiety 

and depression and PPBCS make it difficult to understand whether the significant difference in 

emotional distress associated with moderate to severe PPBCS observed in the retrospective study was 

a consequence of the breast cancer treatment or whether it was present before surgery. Anxiety was 

identified as a preoperative risk factor for any PPBCS in the prospective study, suggesting at least part 

of this difference is preoperative in nature, as demonstrated previously55. 

Finally, upper limb disability was assessed in both studies using the Disabilities of the Arm, Shoulder 

and Hand questionnaire (DASH), a 30 item self-report questionnaire that assesses patients’ ability to 

perform common upper limb activities in the past week 400. Both studies revealed that patients who 

suffered from moderate to severe pain had greater interference in performing common upper limb 

activities, reporting a difference of between DASH scores of greater than 20 points in both the 

prospective and retrospective studies. As a 10 point difference in the DASH score represents a minimal 

clinically important change, this difference can be considered both clinically and statistically 

significant359.  

Patients in both studies reported greatest difficulty in opening a tight or new jar, lifting a heavy object, 

changing an overhead lightbulb and taking force or impact in the affected arm. Similar to the findings 

in this thesis, the most frequently documented upper limb impairments in previous research included 

reduced grip, lifting, carrying and reduced range of motion of the shoulder 401-404. Furthermore, there 

is consensus amongst these studies that long term upper limb dysfunction is common, may persist for 

years and has a large effect on patient quality of life after breast cancer surgery, stressing the 

importance of early upper limb rehabilitation after surgery 405-408.   
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6.5. Risk factors 

Risk factor analyses for moderate to severe PPBCS were also conducted in both studies. Limitations 

due to the retrospective design of Study 1 meant that certain important perioperative risk factors such 

as preoperative pain and psychological distress, acute postoperative pain and perioperative QST were 

unable to be collected and thus a more comprehensive study of possible factors influencing PPBCS 

called for use of a prospective design. Due to the number of patients reporting moderate to severe 

PPBCS in the interim analysis of the prospective study, the number of factors included in the final 

model was restricted to prevent overfitting.  

The factors identified in both studies were consistent with previous studies3,279. The retrospective 

study identified both surgical factors (axillary dissection and reconstruction) and ethnicity as risk 

factors for moderate to severe PPBCS. Surgical risk factors included both axillary dissection (commonly 

associated with PPBCS) and breast reconstruction, which has received less attention. In these studies, 

all patients who underwent reconstruction were combined into a single group for logistic regression 

analysis and thus a larger study is required to understand the contribution of different reconstruction 

techniques to PPBCS. Interestingly, Non-European ethnicity was identified as a risk factor for PPBCS in 

the retrospective study. In addition to cultural differences in interpretation, communication and 

experience of pain symptoms that may lead to variation when completing questionnaires, ethnic 

differences in pain sensitivity attributed to genetic differences may also influence risk for 

PPBCS79,335,409. The minor allele of OPRM1 is known to be present in different frequencies in different 

ethnic groups and this could influence pain sensitivity387,388. Furthermore, certain variants in genes 

such as COMT may have a greater effect on pain sensitivity and experience in certain ethnic groups 

compared to others. For example, Somogyi et al found that the incidence of post-surgical pain was 

significantly higher in Singaporean Chinese patients who carried the variant COMT rs4680 genotypes 

compared to their Singaporean Malay or Indian counterparts 410. How ethnicity contributes to 

differences in PPBCS is unclear due to the difficulty in differentiating between genetic, psychosocial 
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and cultural components of pain, inaccuracy of self-reported ethnicity and diversity within these 

ethnic groups410. Further investigation of differences in PPBCS outcome by ethnicity is required. 

Risk factors for any PPBCS and moderate to severe PPBCS were identified from the prospective study 

and differed somewhat from those identified in the retrospective study. However, the number of 

factors in the final multivariate models were limited by the sample size of the interim analysis. 

Preoperative risk factors for any PPBCS included anxiety (as measured by the DASS21 anxiety 

subscale), current smoking status and any preoperative pain. Additionally, moderate to severe pain at 

postoperative day 14 was also identified as a risk factor for any PPBCS. Risk factors for moderate to 

severe PPBCS included any preoperative pain, moderate to severe preoperative pain and moderate to 

severe pain at postoperative day 14. Preoperative and acute postoperative pain are significant risk 

factors found in the two studies in this thesis that have been commonly reported in both the PPBCS 

and CPSP literature. Despite this, it is not clear to what extent the relationship is causal or whether it 

at least partly signifies a patient who generally reports higher intensity pain or who is inherently more 

pain sensitive 3,279,411. As a result, an attempt to utilise preoperative quantitative sensory testing (QST) 

to assess patient nociceptive pathway function and its contribution to the development of PPBCS was 

undertaken. However, there were no associations identified between preoperative QST paradigms 

(CPM, TS and PP40) and the development of PPBCS using either between group or multivariate logistic 

regression analyses. A type II error is possible due to the sample size of the interim analysis. It is 

expected that recruitment of the complete cohort (n=220) will allow for a more robust investigation 

of this association. However, the lack of a strong association is supported by recent studies that have 

either failed to demonstrate any relationship273,349 or only a limited relationship412 between 

preoperative QST paradigms and the development of PPBCS. 

Preoperative QST may provide important information regarding post-operative pain trajectory, 

analgesic requirement and ultimately, development of PPBCS. However, the association between 

preoperative QST and CPSP is not consistent across studies5 and significant heterogeneity may be 
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introduced by confounding factors such as age, cognitive and emotional factors, ethnicity, 

comorbidities, motivation and both QST modality and tissue specific constituents413. Responses to QST 

rely on patient’s subjective assessment of the testing and conditioning stimuli (in the case of CPM) 

and on modality-specific variables such as stimulus intensity duration, rate and application of dynamic 

or static modes of testing. Many of the studies demonstrating a positive predictive value of QST for 

CPSP have been conducted in patients who have a degree of baseline pain caused by an underlying 

pathology that requires surgical management (e.g. hip or knee arthroplasties67,414-419 and inguinal 

herniotomy108) . Due to their history of chronic pain, it may be that many of these patients already 

have significant “pro-nociceptive” neuroplasticity in nociceptive pathways before surgery, and this 

may at least partially explain the better predictive ability of preoperative QST measures in these 

populations. In contrast, the majority of patients undergoing breast cancer surgery are pain-free at 

the time of surgery. Furthermore, breast cancer surgery generally represents the start of patients’ 

treatment pathway which may include intraoperative nerve damage, adjuvant chemotherapy, 

radiation therapy and/or hormone therapy and the emotional distress that results from these and 

other psychosocial stressors. The effects of these treatments on the function of nociceptive pathways 

may be substantial. Given these differences, it may be that postoperative neuroplasticity in 

nociceptive pathway function may be of greater importance that preoperative QST in the 

pathogenesis of PPBCS. Quantifying this with a preoperative to 6 month postoperative QST change 

score was attempted but no relationship between change in TS and CPM to PPBCS development was 

observed. However long term reliability of dynamic QST measures is questionable and there is likely 

notable measurement error that could mask any such association.  

The relationship between QST measures of nociceptive processing and PPBCS remains unclear. 

Therefore, an adequately powered study that accounts for patient heterogeneity and minimises 

heterogeneity associated with QST methodology is required to further investigate this relationship. 

Werner et al have called for inclusion of all potential risk factors (pre, intra and early, and late 

postoperative assessments) in order to account for the relative role of the different pathogenic 
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mechanisms that may confound any possible association420. Kehlet and Rathmell421 have also 

suggested collection of these important factors, many of which were included in this thesis. However, 

in the future, other studies should place more emphasis on collection of early postoperative 

neurophysiologic assessment, pain trajectory and treatments.  This study focused on selected, largely 

dynamic, QST variables to minimise participant burden with tests also chosen on their ability to be 

readily adapted to a clinical context, without the need for expensive equipment.  As supramaximal 

heat pain test stimulus for CPM and temporal summation of pressure pain were recently shown to 

have the most consistent association with acute and chronic pain after surgery5, these should probably 

be incorporated into any future QST protocol .    

6.6. Exploratory studies 

An exploratory investigation of association between gene variants and preoperative QST was 

conducted. Due to small between group differences in the QST measures and the relatively small 

sample size, the importance of these statistically significant findings is difficult to interpret.  The 

association between gene variants and QST was assessed in two ways. Firstly, preoperative QST 

paradigms were assessed for associations with gene variants and secondly, the preoperative to 

postoperative change in QST scores was assessed for associations with gene variants. Accepting the 

possible error introduced by small sample size and variable test-retest reliability of QST, genotypes for 

SNPs in COMT, OPRM1 and KCNJ6 had statistically significant associations with QST measures. An 

association between preoperative TS and COMT was observed where the heterozygous COMT rs4680 

GA genotype or COMT rs4633 CT genotype had greater preoperative TS scores compared to their 

homozygote counterparts (p=0.002). Likewise, there was a small but significant difference in 

preoperative TS between the COMT diplotypes. Carriers of the G allele of OPRM1 rs1799971 were also 

observed to have significantly greater inhibitory preoperative CPM. 
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When the preoperative to postoperative QST change scores were assessed, TS increased to a greater 

extent in patients possessing the homozygous GG genotype for both COMT rs6269 and rs4818. 

Patients possessing the OPRM1 rs1799971 AA genotype demonstrated significantly greater inhibitory 

CPM change scores compared to carriers of the G allele. Moreover, carriers of the OPRM1 G allele (GG 

and AG genotype) had significantly greater increases in PP40 when compared to those patients who 

were homozygous recessive (AA).  

Finally, patients who possessed the KCNJ6 rs2835925 GG or GA genotypes also reported greater 

inhibitory CPM change compared to those who possessed the homozygous AA genotype. 

These associations need further investigation for multiple reasons. Firstly, although previous studies 

have hinted at associations between single QST measurements and gene variants, the majority of 

these studies have been conducted in healthy, pain-free participants with stringent selection criteria. 

Given that patient heterogeneity may influence QST measurements, larger numbers of patients are 

required than this interim analysis provides. Furthermore, gene association with QST paradigms seem 

to be context, sex and modality specific377. In studies that have associated pain sensitivity to COMT 

gene variants, a heat stimulus or chemical/inflammatory stimulus has been suggested as the most 

appropriate test stimulus194,377. Moreover, there are multiple gene interactions which could influence 

pain sensitivity and these need to be considered in the analysis. More recently, a number of studies 

have suggested epigenetic factors may also influence experimental pain outcomes206,228.  

The association of gene variants with longitudinal changes in QST scores after surgery have not been 

reported previously and this represents a novel opportunity to investigate the possible epigenetic 

changes in genes over the post-surgical period, which may result in altered gene expression and 

subsequently, QST scores. A discussion of these epigenetic changes is detailed below. However as 

stated above, this approach requires strong confidence in the test-retest reliability of QST paradigms. 

Confirmatory studies using larger sample sizes should be conducted.  
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Since there was a longitudinal change in the association between TS scores and COMT gene variants, 

an exploration into the change in CpG methylation status of the COMT gene in peripheral blood 

leucocytes over time was conducted for each individual patient. The four DNA sequences assessed 

span the loci of the SNP variants (rs6269, rs4633, rs4818, rs4680) studied in this thesis. This region of 

the COMT gene assessed incorporates some of the promoter region as well as the initial coding exon 

for s-COMT, hence CpG methylation status in this region is likely to influence gene expression.  This 

study revealed highly significant increases in CpG methylation in some, but not all, nucleotide regions. 

Further work is required to assess whether these changes do indeed result in silencing of COMT gene 

expression. These studies are planned and are outside the timeframe of this thesis. However, if COMT 

gene mRNA expression is substantially decreased over time after breast cancer surgery, this would be 

expected to dominate over any inherited effects on the expression or activity of COMT enzyme.  These 

epigenetic changes (CpG methylation) may account for the lack of association of COMT genotypes 

with PPBCS at 6 months post-surgery. It may also at least partly explain why genetic information did 

not improve the model fit for in the risk factor analysis.  Further consideration of the as yet unknown 

factors which influence these epigenetic changes, rather than inherited risk factors, may in the future 

provide insight into which patients are at risk of PPBCS. 

6.7. Research Design and Limitations 

Research design has an important influence of study results.  As the current literature can be divided 

into retrospective and prospective investigational types, these methodologies were employed to 

assess the differences that arise from these different techniques.  

There are several possible reasons for these differences. Responder and volunteer bias may have been 

introduced when recruiting to the studies and completing the questionnaires. The retrospective study 

had a return rate of 57%. Various reasons were given for non-participation which included not wanting 

to relive the negative feelings, anger and bad memories about the cancer diagnosis and treatment. 



177 
 

 

Additionally, patients without pain may have had less motivation to complete and return the 

questionnaires compared to those with pain (or vice versa) resulting in a volunteer or responder bias.  

Recruitment to the prospective study may have also been influenced by volunteer bias despite efforts 

to reduce this by approaching all eligible patients for participation in the study and being invited to 

participate by both the breast care nurses at the surgical planning clinic session and the researcher by 

telephone.  

How patients completed the questionnaires may have also introduced response bias. Patients in the 

prospective study completed these questionnaires in the presence of research personnel who were 

available to answer queries and clarify answers which was not possible for patients in the 

retrospective study, who were required to self-administer and complete the questionnaire.  

6.7.1. Questionnaires 

Questionnaires are used in most previous investigations to quantify prevalence, interference and 

impact of PPBCS. However, the individual questionnaires used in other studies have varied widely, 

including the use of some non-validated measures.  

In this thesis, five validated, commonly used, self-administered questionnaires were used to measure 

the prevalence and impact of PPBCS and to align with the chronic pain literature. When deciding which 

questionnaires to use, consideration was given to the quality and utility of the questionnaires within 

the PPBCS context and limiting the time to complete the questionnaires - to avoid questionnaire 

fatigue and optimise completion and return by mail422,423.  

The Brief Pain Inventory (BPI) was used to quantify the prevalence of any PPBCS (NRS>0) and moderate 

to severe PPBCS (NRS≥3). The BPI is a widely used clinical and experimental pain tool that measures 

pain severity and impact of pain on functioning (interference) in the last 24 hours using a 0 to 10 

numerical rating scale 308. Initially developed for assessment of cancer pain, it has been validated and 

used in clinical pain assessment, epidemiological studies and in the effectiveness of pain treatment of 
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multiple pain states including persistent post-operative pain10,100,424-426. Furthermore, it has been 

translated into 14 different languages, having shown reliability and validity across cultures and 

languages. The BPI was used in this context based on its widespread use and its reliability and validity 

across various chronic pain states, including PPBCS426,427.  

The Douleur Neuropathique en 4 interview (DN4-interview) was used to screen for neuropathic pain 

in both the prospective and retrospective studies309. Unlike the original DN4, which consists of the 

interview questions and physical examination, the DN4-interview consists only of 7 items relating to 

the pain description (burning, painful cold, electric shocks) and to its associated abnormal sensations 

(tingling, pins and needles, numbness and itching). By removing the physical examination component, 

it was possible to mail the DN4 interview to patients for use as a screening questionnaire.  

Recent reports have found that the complete DN4 (interview questions and physical examination) had 

the highest level of diagnostic test accuracy for neuropathic pain after treatment for breast cancer26. 

However, in other studies, the DN4 interview showed similar sensitivity and specificity for diagnosing 

neuropathic pain compared to the original DN4 428,429. Thus, it is likely that both the DN4 and the DN4 

interview could stratify possible and definite neuropathic pain DN4 in patients after breast cancer 

surgery 430.  The difference in the incidence of neuropathic pain observed between the prospective 

and retrospective studies in this thesis was small. This may reflect the high level of diagnostic test 

accuracy provided by the DN4 for neuropathic pain after treatment for breast cancer26.  

Pain quality was assessed by the Short Form McGill Pain Questionnaire 2 (SF-MPQ-2). The SF-MPQ-2 

was developed specifically and validated to assess both neuropathic and non-neuropathic aspects of 

chronic pain due to an increased interest in accurate discrimination among types of pain431-433. 

Although there is some support for its construct validity and convergent validity431,432, there are 

relatively few studies as yet that have specifically evaluated its reliability and validity433. Despite this, 

the SF-MPQ-2 has been translated in over 22 languages and used in a variety of chronic pain contexts 

including chronic post-surgical pain433,434. Moreover, as PPBCS has traditionally been described as 
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having a large neuropathic component, the SF-MPQ-2, which particularly evaluates symptoms 

relevant to both neuropathic and nociceptive pain is well suited and may provide some insight in the 

mixed aetiology of PPBCS.  

The impact of PPBCS on patient upper limb function was assessed using the Disabilities of the Arm, 

Shoulder and Hand questionnaire (DASH). The DASH questionnaire is a 30 item self-report 

questionnaire that assesses patients’ ability to perform common upper limb activities in the past week 

400.  It has had extensive use in assessing disability and rehabilitation following breast cancer 

surgery359,405,406,435. Furthermore, it has been validated for use as a functional assessment of the arm 

following breast cancer surgery436,437.  The DASH questionnaire has excellent reproducibility for the 

DASH score and correlates well with changes in the patient’s condition 438.  

Depression, anxiety and stress were assessed through the short version Depression and Anxiety Stress 

Scale (DASS21) questionnaire. The DASS21 is a 21 item self-report questionnaire that assesses 

depression, anxiety and stress311. The conceptual basis of DASS is a three part model comprising 3 

subscales: anxiety, depression and stress and provides a global measure of psychological distress311. 

The questionnaire has been used in multiple clinical contexts because of its ease of use and positive 

psychometric properties, including in a cancer population439.  

6.7.2. Pain intensity and the use of cut-off points 

Pain intensity rating and the use of cut-off points to delineate mild, moderate and severe pain also 

affect how PPBCS is reported by patients and subsequently reported in the literature. A numerical 

rating of a patient’s experience of pain in the past 24h in the breast, chest wall, arm, shoulder at 6 

months or more after surgery, was used as the basis of PPBCS diagnosis in this thesis. To ensure some 

degree of consistency with previous studies into CPSP10, a NRS cut-off point of 3/10 was used to 

delineate between mild pain and moderate pain in this thesis. Whilst other publications have utilised 

4/10 as the cut-off point between mild and moderate pain2,61, there is no established consensus as to 
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the specific threshold of a NRS for CPSP or PPBCS.  Investigation into the most appropriate cut-off 

points to categorise the severity of acute postoperative pain has been conducted and revealed that 

cut-off points 3 and 5 were most appropriate to delineate moderate and severe pain based on a NRS 

from the BPI440. Myles et al have assessed the Patient Acceptable Symptom State Score and minimal 

clinically important difference when measuring acute postoperative pain using the visual analogue 

scale, reporting that analgesic interventions that provide a change of 10mm for the 100mm pain visual 

analogue scale signify a clinically improvement or deterioration, and a VAS of 33 or less signifies 

acceptable pain control after surgery441. Similar investigation incorporating patient acceptable 

symptom state utilising the 11 point NRS should be conducted to understand clinically important cut-

off points for acute and chronic pain after surgery and PPBCS. 
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6.8. Future Research 

The analyses in this thesis relied on questionnaires to accurately identify pain and its impact. The BPI 

in particular was used to identify pain and relied on patients appropriately rating their average pain in 

the past 24 hours. For this thesis, this was the most pragmatic method to assess PPBCS as consistency 

in pain measurement was required in both the prospective and retrospective studies to allow 

comparison and optimise completion of the questionnaires. Furthermore, based on previous 

publications10, a cut-off point of 3/10 was used to delineate at least moderate PPBCS that was 

considered clinically important. Due to the complex nature of pain and its impact, it may be more 

appropriate to assess a patient acceptable symptom state to identify cut-off points for clinically 

important pain. 

This thesis proposed a novel assessment of the character of PPBCS using the SF-MPQ-2. Given the 

combination of intermittent, continuous, affective and neuropathic features it is likely that multiple 

factors may contribute in an additive or synergistic manner to result in PPBCS. Future sub analyses of 

this and other questionnaires should therefore be conducted to provide further detail on possible 

PPBCS subgroups which may provide insight into aetiology and appropriate management of this 

condition. 

In an effort to improve the predictive power of the risk prediction models and shed light on the 

possible aetiology of PPBCS, the prospective study assessed preoperative neurobiological factors (as 

measured by QST) and patient genetics as risk factors however no associations were observed. Due to 

the size of the interim analysis, a type II error must be considered, although alternative reasons related 

to the heterogeneity of QST and epigenetics may be possible. 

The value of quantitative sensory testing in prediction of post-surgical pain is unclear. However, given 

the heterogeneity in the breast cancer population, this is not surprising. Despite consensus statements 

regarding the conduct of QST, the ideal protocol for CPSP prediction may be population- and 

procedure-specific requiring attention to the timing (preoperative vs acute postoperative), modality 
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and location of testing. This may be even more important when attempting longitudinal testing such 

as in this thesis. Although not clinically useful at this stage, further detailed investigation to understand 

the most appropriate testing protocol for the breast cancer population is important and should be 

undertaken. Such investigation must include multiple testing modalities, include both static and 

dynamic QST, various locations and multiple time points. Analysis should also take patient and 

treatment factors into account. More work is required in this area. 

Similarly, inclusion of genetic factors into risk prediction models for CPSP requires further investigation 

with more attention paid to gene-gene interactions and most importantly possible epigenetic 

changes. This thesis did not find association between the selected gene variants and PPBCS. However, 

an additional layer of complexity influencing this association may be explained by longitudinal 

epigenetic changes influencing gene expression as suggested in chapter 5. This finding is important 

given that it may explain the inconsistencies in associations between gene variants and CPSP (and pain 

at large) in the literature and may be required to truly understand the contribution of inherited factors 

to PPBCS and other types of CPSP. Follow up assessment of the effect of longitudinal DNA methylation 

on DNA transcription is required and planned. Furthermore, future assessment of the influence of 

alternative epigenetic mechanisms (e.g. histone modification) on COMT and the other genes 

previously associated with pain are also required.  

6.9. Conclusion 

Persistent pain after breast cancer surgery was found to be a common, debilitating and inadequately 

managed clinical problem in New Zealand. The estimates of prevalence, although varying between the 

prospective and retrospective studies, fell within the estimate range provided by the international 

literature. Despite this, the management of PPBCS in New Zealand appeared to be inadequate, 

possibly due to a lack of recognition and poor understanding of appropriate management strategies. 

Identification of patients at risk for PPBCS therefore remains important.  
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The risk factors identified in this thesis align with the large number of risk factors that have been 

proposed in the literature. Risk factors identified in the prospective study include preoperative pain, 

postoperative pain at 14 days, anxiety and current smoking status. These suggest that identification 

and management of at risk patients should occur before surgery and incorporate multimodal 

strategies that continue for the duration of the perioperative period until at least 6 months after 

surgery to minimise the risk and impact of PPBCS.  

The majority of risk factors for PPBCS identified by this thesis are modifiable and fall within the remit 

of anaesthesiologists and surgeons. Of greatest importance to anaesthesiologists are the findings that 

pain before surgery and at 14 days after surgery are the risk factors for moderate to severe PPBCS. As 

the prevalence and intensity of pain at postoperative day 14 was found to be high, with a high 

neuropathic component, greater input into the providing appropriate management of perioperative 

pain is required. Moreover, the importance of appropriate surgical planning that carefully weighs up 

treatment and the risk of developing PPBCS is emphasised by the retrospective study which identified 

mainly surgical risk factors (axillary dissection and reconstruction surgery) for PPBCS.  

Although there are multiple investigations into PPBCS, none have provided an adequate 

understanding of the aetiology of the condition which is likely to be complex. This thesis emphasises 

the importance of an appropriately sized prospective study which incorporates multiple demographic, 

psychological, clinical, neurobiological, genetic and epigenetic factors to properly assess PPBCS and 

subsequently reduce the burden of this pain syndrome. Given the growing success in breast cancer 

treatment, greater emphasis must be placed on reducing the morbidity associated with treatment in 

the growing number of breast cancer survivors.  
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