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Abstract

Breast cancer is a major cause of physical and mental disturbances in women. Cancer and its treatment, exert not
only a serious physical as well as mental toll on the body but also may leave behind permanent painful reminders of
their presence. With improved medical diagnostic, treatment methodology as well as broad cancer research, health
practitioners provide better cancer management with enhanced lifestyle in breast cancer patients and breast cancer
survivors. The prevalence rate of chronic neuropathic pain following breast cancer surgery may exceed 50% and with
anincrease in life expectancy of BCS, providing adequate painrelief is of paramount importance to improve their quality
of life. A large number of risk factors associated to predispose to chronic postsurgical pain. The severity of post-surgical
pain also varies on the type of surgery performed. All treatment methodology like radiotherapy, chemotherapy, and
surgery etc. have their own associate complications and intensity of pain during treatment, even after treatment. The
genetic makeup of patients also influences the pain occurrence and pain intensity, as well as the efficacy of treatment
methodology. Intensive cancer research and pharmacokinetic studies open personalized treatment methodology
based on their genetic constituents, as well as their interaction with the environment to the most effective treatment
methodology and pain management during treatment or post-treatment till her life. A comprehensive association of
drug, therapy, surgery, and their genetic polymorphism will guide the suitable treatment methodology for the better

management of pain and life quality.

Keywords: Breast cancer, Breast cancer survivor, Chronic pain, Pain
management, Life quality.

Introduction

Breast cancer is one of the frequently encountered cancer affecting
women globally. Cancer itself and its treatment broadly speaking, exert
not only a heavy physical as well as mental toll on the body, but also may
leave behind permanent reminders of their presence, with “chronic
pain” being the commonest and most dreadful sequelae. Women may
encounter pain at any stage of cancer as well as during treatment. As
a consequence of advancement in medical research, diagnostics and
improved health care system, a 10-year survival rate of breast cancer
survivors (BCS) in the most developed nations, has been reported to
be as high as 83% [1,2]. It was also reported that these patients have a
poor health related quality of life (HRQOL) for multiple reasons [3].
Saxena et al [4], published a review way back in 2007, which reflected
that the prevalence rate of chronic neuropathic pain following breast
cancer surgery may exceed 50% and with an increase in life expectancy
of BCS, providing adequate pain relief is of paramount importance
to improve their quality of life. According to a recent meta-analysis
concluded for questionnaire data, Emra llhan concluded that, the
pooled prevalence of neuropathic pain among BCS was 32.6% - 58.2
% and for Neuropathic Pain Special Interest group criteria reported
prevalence rates were 29.5% to 57.1%.

Our population is continuously expanding and this is coupled with
an increase in the number of women surviving breast cancer because of
advance in health sector. Pain during or after breast cancer treatment
can be temporary, which fades away with time or for some people will
develop into chronic persistent pain either during or immediately
after cessation of treatment or even months or years after treatment.
Chronic pain is due to a de-arrangement occurring within the nervous
system, classically a stimulus instigating a process of emanating from a
peripheral damage or nociceptive, mechanical or inflammatory, neural
damage or neuropathy.

Breast cancer itself leads to serious sequelae on HRQOL. There

are major psychological, psychosocial, emotional and physical effects
among BCS since diagnosis, to throughout the treatment course and
also immediately or years after cessation of treatment. This significantly
impacts daily life adversely and is proven to be detrimental to the
HRQOL of BCS. Recently, Enien et al [5] observed globally a lower
quality of life among BCS .Also, Aguiar et al [6] demonstrated a
significant poor HRQOL among the females surviving breast cancer
while, Weaver et al [7] reported in another study the physical and
mental HRQOL among BCS as poor as 24.5% and 10.1% respectively.
In an interesting study, Foley et al [8] emphasize on increased attention
that needs to be focused on augmentation of the quality of life of BCS
and targeting towards improvement in physical function, mental health
and social support.

In a very recent study, Cox-Martin et al [9] concluded with a
sample size of 1702 cancer survivors, who had already completed
therapy, that chronic pain among cancer survivors is inversely related
to HRQOL. Another systemic literature search involving 52 females
BCS by Armoogum et al, [10] observed that chronic persistent pain
is intrinsically interlinked with the women’s perception of cancer and
also, added that these BCS did not get enough support. In a recent
survey involving 1,488 young adult cancer survivors(YACSS), it was
concluded that a large percentage of long term YACSs do not actually
fulfill the criteria for life style modifications guidelines for physical
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activities [11].

Persistent pain after breast cancer treatment (PPBCT) is potentially
a debilitating problem among BCS with prevalence as high as 50% as
reported by Hofso et al [12] and Burton et al [13]. More recently, Wang
et al [14] reported that 25% to 60% of patients surviving after breast
cancer surgery continue to suffer from persistent post-surgical pain.
Many other researchers also supported and published data stating
that a large majority of breast cancer patients continue to experience
post-surgical pain [15-20]. It was also reported by clinicians that these
patients have reduced quality of life.[21-24]

Recently, Hamood et al [25] conducted a study, with the purpose
to investigate the prevalence and risk factors associated with self-
reported chronic pain and symptoms related to breast cancer or its
treatment. In their cross-sectional study, among a total of 410 women
who survived breast cancer, 305 women (i.e., 74%) with a median of
7.4 years after diagnosis complained of chronic pain. Other symptoms
commonly reported among BCS, were namely paresthesia (63%),
allodynia (48%) and phantom sensation (15%). Chronic pain alone or
along with other symptoms was observed to be significantly associated
with poorer quality of life. Jensen et al [26] concluded that improved
pain management among BCS would result in a better quality of
life. The findings of their study among the females with a history of
breast cancer on the active patients list of Seatle Cancer Care Alliance
Women’s Wellness Follow Up Clinic reported that chronic pain is the
most frequent problem encountered in BCS. They also found a positive
association between intensity of pain and quality of life, patients with
severe pain having poor HRQOL.

Van den Beuken et al [27] conducted a systematic review of past
40 years among cancer patients and reported in 2007 that the pooled
prevalence of pain is more than 50%.However, in 2016 same group
of authors, Van den Beuken et al [28] conducted a systematic review
meta-analysis and updated the earlier study, with the comment that
the prevalence rate of pain among cancer survivors were 39.3% after
curative cancer treatment, while 55.0% during ongoing treatment and
66.4% in case of advanced or metastatic stage of cancer.

Thus, despite increased advancements in research and health care
facilities on assessment and management of cancer, chronic pain still
continues to be a major troublesome symptom among BCS. The main
purpose of this review article is to examine and update on prevalence of
chronic persistent pain in BCS and to delineate the risk factors involved
in the underlying mechanism for development of chronic persistent
pain. Moreover, this review article will cover up the management
of Persistent Pain after Breast Cancer Treatment (PPBCT), Post
Mastectomy Pain Syndrome (PMPS), Chemotherapy Induced
Neuropathic Pain (CINeP) and Radiation Induced Neuropathic Pain
(RINeP). (Table 1) shows the frequently encountered chronic persistent
pain syndromes observed in Breast Cancer Survivors.

Characteristics of chronic persistent pain among breast

cancersurvivors

BCS experience many symptoms and problems during their
treatment course, which may even persist for months and years after
the treatment, resulting in poorer HRQOL. In an interesting study by
Smith et al [19] common cancer treatment related effects observed
were upper extremity lymphedema, cognitive impairment, depression,
fatigue, pain, sleep disturbance, nausea, vomiting, bone loss, fractures
and also cardiotoxicity, responsible for compromising patient’s daily
routine, regular activities and quality of life in BCS. Among all the
common symptoms in BCS, chronic PPBCT is a potentially the most
debilitating problem among BCS.

Post-mastectomy pain syndrome (PMPS), by definition is
the chronic pain experienced after breast surgery and is typically
neuropathic in nature. It was first reported in 1970, characterized by a
dull aching pain and burning sensation confined to anterior chest wall
and radiating to arm and gets exacerbated on movement. [29] Recently,
Belfer et al [30] conducted a cross-sectional cohort study and reported
that out of 611 total patients who were included in the study, one third
i.e. 32.5% complained of PMPS of severity of more than 3/10 on NRS-
pain. [28] The exact cause of PMPS remain unknown, but various
proposed etiological theories include surgical dissection of ipsilateral
inter-costo-brachial nerve, damage to axillary nerve or possible
formation of neuroma. [15] The typical character of pain in PMPS
was assessed and reported as neuropathic in nature having numbness,
burning, stabbing or pins and needle sensation. [31] Also, there are
different type of sensory disturbances like allodynia, hyperalgesia,
burning and sensory loss which may occur associated as a sequel to the
surgical procedures.[32]

The IASP (International Association for Study of Pain) defines
persistent post-surgical pain as the pain that develops after surgery
and persists at least 2 months.[14] According to IASP Taxonomy, that
when pain is associated with cancer, 3 months is too long to wait before
considering pain as chronic.[33] However, recently IASP task force has
drawn a consensus to define the period as 3 months for referring to it
as chronic pain, which is consistent with the definition of chronicity
in other types of chronic pain, that is the pain persistent beyond the
normal healing time of 3 months.[34]

Macrae et al [35] proposed a better four-point definition for
Chronic Post-Surgical Pain (CPSP) as: (1) the pain which has
developed as a consequence of a surgery, (2) a duration of at least 2
months, (3) no other explanation exists for the pain and (4) the pain is
not a continuation of a pre-existing chronic pain condition for which
the surgery was performed.Furthermore, in 2012, Peuckmann et al [36]
observed in a survey conducted in Denmark, that radiotherapy and
younger age group are risk factors for developing PPBCT. Anderson
et al [17] also published a critical review pointing out radiation therapy
and nerve damage as significant risk factors for development of chronic
pain among BCS.

Table 1: Frequently encountered chronic persistent pain syndromes observed in Breast Cancer Survivors.

Post-SurgicalPain
Syndromes

Post Radiation related Chronic Pain
Syndromes(PRCP)

Post- Surgical scar pain with primary and secondary hyperalgesia
Chronic Post-Surgical Pain (CPSP) or Chronic Persistent Post Surgical Pain (CPPP).

Post Mastectomy Pain Syndrome (CMPS)

Radiation- induced Neuropathic Pain
Radiation-induced Brachial Pain

OTHER PRCP: post radiation peripheral nerve entrapment, radiculopathy, myelopathy, nancardiac chest pain,

pelvic pain, osteonecrosis and pain.

Due to pelvic insufficiency fracture, enteritis orabdominal visceral pain.

Post Chemotherapy related Chronic Pain
syndrome

Chemotherapy-induced peripheral neuropathy (CIPN)
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There is absence of an exact global data of PPBCT because of lack
of its recognition. The incidence of PPBCT is underestimated, as there
are multiple barriers that interfere with patients reporting to their
physicians with pain. Onset or occurrence of pain during treatment
brings along high degree of anxiety among BCS of cancer recurrence.
[37] One of the major barriers still lack of awareness and the belief that
“pain is inevitable”. Peretti-Watel et al [38] conducted an interesting
interview based survey among breast cancer survivors in French
women, and observed 50% of cancer survivors suffer from chronic pain.
Chronic persistent pain among BCS lead to distress, fatigue, reduced
appetite, insomnia, irritability, depression subsequently responsible for
a poor quality of life. It was concluded in a questionnaire-based study,
that pain is necessary on the “road to recovery” and one should learn
to “live with it only”, though we are aware that this s a myth. Women
learn to deal with pain by taking precautions, avoiding certain activities
and thus, limiting their routine daily chores. This eventually leads to
other psychosocial problems namely depression. Depression is not just
a symptom but can lead to life-threatening situation, as patients with
severe depression also get suicidal tendencies.

The International classification of diseases defines persistent post-
operative pain as the pain having greater intensity or different character
than preoperative painand is a continuation of post-operative pain.
[39] Persistent pain among BCS (PPBCS) may also develop after or
during chemotherapy because of chemotherapy-induced peripheral
neuropathy (CIPN), after or during radiotherapy due to radiation
induced peripheral neuropathy (RIPN), hormone therapy, or stem-cell
transplantation, with an overall prevalence of approximately 30% [40].

Thus, in order to benefit the BCS and improve their quality of
life, we need to address pain systematically from the preoperative to
postoperative period for those undergoing surgery for breast cancer.
Clinicians must also, provide pain relief throughout the ongoing
treatment period and also, must follow up and must essentially provide
pain alleviation remedies months to years after cessation oftreatment.

Epidemiology and risk factors of chronic pain amongbreast
cancer survivors

Various studies have been conducted in the past as regard to
prevalence of pain among BCS, and reported a prevalence of chronic
pain in BCS from 25% to 60%. Moreover, a large number of risk
factors have also been reported to predispose to chronic postsurgical
pain [14-15]. Peuckmann and colleagues [36] in their comprehensive
survey reported the prevalence rate of chronic pain as 42% among BCS.
Also, Seigel et al[41]reported that out 226,870 women diagnosed with
breast cancer almost all required surgery as a preliminary treatment,
thus raising our concerns for PPBCS. In another study, conducted by
Gartner et al [32] incidence of PPBCS after breast cancer treatment was
also 25-60%.In a very recent observation study, published in 2020, of
261 female BCS, Divella et al [42] observed that, among the risk factors
surgical complications and weight of the excised breast tissue were two
of the important risk factors for development of chronic neuropathic
pain among BCS.

It was concluded by Wang et al [14] that there exist a high quality
evidence to support a strong association of younger age, radiotherapy,
Axillary Lymph Node Dissection (ALND), presence of pre-operative
pain and acute post-operative pain with persistent pain after breast
surgery. However, ALND has the strongest association for development
of persistent pain, with a risk of 21% of developing persistent post-
surgical pain and the type of surgery namely, breast conserving surgery,
simple mastectomy or modified radical mastectomy were not strong
predictive factors. Also, according to this meta-analysis study Body

Mass Index (BMI), Chemotherapy, Endocrine or hormonal therapy
were found not to be strongly associated with development of chronic
pain [14]. As mentioned in initial part of this review, Gartner et al

[32] reported 74% as prevalence of chronic pain among BCS, theyalso
observed a positive association of persistent pain with mastectomy,
radiotherapy, stage of cancer at diagnosis and inverse correlation with
age.

Fabro et al [43] recently conducted a prospective cohort study on
women undergoing surgery for breast cancer treatment and reported
that the incidence of pain syndrome was 52%. They also reported that
younger age group women (<40 years) and those who underwent ALND
(>15 lymph nodes excision) are at greater risk of developing chronic
pain after surgery. Macdonald et al [31] reported after conducting a
questionnaire-based cohort study among 175 women who complained
of PMPS that the cumulative prevalence of PMPS at a mean of 9 years
post operatively was 52%. Also, there was a statistically significant
lower quality of life score (SF -36), reflecting a poorer quality of life
among BCS.

The severity of post-surgical pain varies depending on the type
of surgery performed [32]. A survey was conducted by Gartner and
colleagues [32] enrolling 3,754 women, between 18-70 years. Among
them, a total of 47% patients reported pain in one or more areas, 13%
reported severe pain of score 8-10/10, 59% had moderate pain of score
4-7/10 and 48% had mild pain of 1-3/10. Among the women who
complaint of severe pain, 77% of them experienced pain daily while
36% of women had mild pain daily. PPBCS is a different pain from
other chronic post-surgical pain syndromes, because it is typically
localised to a particular area. The frequently reported area is over the
breast or anterior chest wall (86%) followed by ipsilateral axilla (63%),
then arm (57%) and same side of body (56%) [32].

Jung et al [15] reported that one of the risk factors for persistent pain
among breast cancer was adjuvant chemotherapy and radiotherapy.
The estimated possible risk of painful neuroma formation after breast
cancer surgery was 23-49%. The main risk factors for prevalence of pain
in breast cancer survivors include age of less than 40 years, preoperative
breast pain, psychological status, intensity of acute post-operative pain
[44-45]. This is in contrast to a more recent study conducted by Juhl et
al [46] who reported that younger age was not an associated risk factor
for development of PPBCT. However, growing evidences support that,
younger women have increasedlevel of anxiety, offered more aggressive
adjuvant treatment and thus a lower tolerance of pain. According to
a cohort study by Smith et al [47] radiation therapy was reported to
be significantly associated with development of post mastectomy pain
syndrome.

Juhl et al [46] enrolled 305 women who underwent a unilateral
mastectomy between 2009-2013 and were evaluated for prevalence,
location, intensity and frequency of pain at surgical site. They
found that 38.3% presented with persistent pain at one area. More
frequently complained area of pain being axilla followed by surgical
site of excised breast, medial arm, thorax and scar area, supporting
previously available data. Among the women who complained of pain,
26% reported pain over one area while 74% reported over more than
one area. The average pain intensity 4.7+2-3/10 on NRS pain scoring
scale 34% complained of mild pain (1-3/10 NRS), 50% complained of
moderate pain then 16% complained of severe pain (8-10/10 NRS). Of
all women, who complained of post-operative pain, 58% experienced
pain every day [46]. In this particular study, an interesting finding
noted was that out of 100 patients who reported pain, 13% had a high
enough PDQ (Pain Detect Questionnaire) score, to indicate a likely
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neuropathic pain, while 16% scored in an ambiguous range and 71%
scored low on PDQ scale indicating nociceptive type of pain. These
authors also reported the factors that seem to be associated with PPBCT
significantly were BMI > 30 kg/m2, patients receiving radiation therapy
and patients who underwent ALND. There was a significant association
observed between dysesthesia and PPBCT. Moreover, 16% of women
experienced phantom breast sensation, and out of which 5% reported
phantom breast pain [46].

However, 9.3% patients had preoperative breast pain which was not
found significantly associated with PPBCT. On the other hand, various
researchers observed that, PPBCT was often reported by some patients
as burning, shooting, stabbing in nature indicating neuropathic pain
[15,31,46,48]. Hence, there observation was contradictory to less
neuropathic component reported by Juhl et al. [46]. This was explained
by Juhl et al, as there was a significant difference among the study
populations. Julh et al, also observed pain among BCS patients, there is
a highly significant positive correlation between higher pain intensity
and the neuropathic painscore.

In an attempt to provide a data on prevalence rate of neuropathic
pain in postoperative breast cancer survivors, Bokhari et al [49]
conducted a prospective, quantitative and longitudinal pilot surveyand
reported that 23% of patients developed neuropathic pain following
breast cancer surgery. Patients of age less than 50 years, undergoing
extensive and invasive surgery, complaining of acute postoperative
pain and inadequate use of analgesics during immediate acute
postoperative period are the potential risk factors for development of
chronic persistent post-surgical pain among BCS. These observations
were further corroborated by the study of Gartner et al [32] who
reported that, the major risk factors associated with chronic post-
surgical pain after breast surgery includes—young age (18-39 years),
adjuvant radiotherapy more than chemotherapy and axillary lymph
node dissection (ALND) more than sentinel lymph node dissection
(SLND).

In 1996, a study specifically demonstrated pain after breast
reconstruction surgery was conducted, by Wallace et al. [50] Women
who had breast implants had a higher prevalence of postoperative pain
(53%) than those who didn’t have implants for breast reconstruction or
underwent mastectomy without reconstruction.

Vilholm et al [51] observed women who complained of PPBCT,
and noted that they also had a higher thermal detection threshold,
increased frequency of cold allodynia and an increase in temporal
pain summation evoked by multiple pin pricks. Gutrup et al [52]
demonstrated that patients with PPBCT had increased frequency of
temporal pain summation at operated site. Thus, both indicating a role
of “neuropathic pain” inthe overall mechanism of PPBCT.

Hormonal disturbances also contribute to development of breast
cancer and thus, hormonal replacements remain one of the treatment
strategies for breast cancer. Hormonal therapy is also associated with
chronic pain, namely involving the musculoskeletal system. Aromatase
Inhibitor (Al) are commonly responsible for arthralgia, that can lead
to painful mobility restrictions and limiting daily activities [53]. Al
such as Anastrazole, Letrozole and Exemestane have shown promising
results in limiting breast cancer, thus are part of standard adjuvant
endocrine therapy [54].

Din et al [55]reviewed the incidence of any musculoskeletal
symptoms in clinical trials of hormonal adjuvants and reported women
on Als have higher rates of incidence of arthralgia than with Tamoxifen.
Crew et al [56]reported among patients on Als experience stiffness,

bodyaches or symmetric pain of hands, arms, knees, feet [56,57]. They
may also develop tenosynovial changes like fluid in tendon sheet,
increasing tendon thickness or even carpal tunnel syndrome [58-
60]. Robidoux et al conducted a prospective pilot study among post-
menopausal breast cancer patients on Al and observed 67% patient
showed no symptoms of pain, 17% experienced low to moderate pain
at base line which did not increase with Al treatment. Thus, assessment
of muscular skeletal pain at baseline and prompt intervention may
help optimize health related HRQOL. Also gene expression profile in
peripheral blood need to be further explored on a larger scale study in
order to stratify markers to identify patients at high risk of developing
arthralgia [61].

These studies reflect high incidence and prevalence of postoperative
pain among breast cancer survivors and those undergoing ongoing
treatment. Pain varies from mild to severe and results in a poor health
related quality of life. To sum up, significant predictors of chronic
pain and poor HRQOL among BCS being younger age, BMI>30kg/
m2, extensive surgery, radiotherapy, lack of awareness, time since
operation, breast implants and ALND more than SLND. The common
risk factor for development of chronic persistent pain among BCS is
listed in (Table 2).

We need to draw a more scrupulous attention towards identification
and treatment of pain among BCS in order to improve their quality and
standard of life.

Mechanism of chronic post-surgical pain among breast
cancer survivors

There are multiple factors responsible for PPBCT. Breast cancer
treatment option includes various types of surgical intervention for
example-mastectomy, lumpectomy, sentinel lymph node biopsy
and axillary lymph node dissection and adjuvant therapies like
chemotherapy, radiotherapy as well as hormonal or endocrine therapy.
The exact mechanism of persistent pain remains unclear. Multiple
surveys and genetic studies have been conducted to elucidate the
mechanism of generation of persistent pain post-operatively.

Saxena et al [62] concluded in a follow up observational study
among females undergoing staging laparotomy for ovarian carcinoma
that 90.5%, 38.1% and 38.1% of patients had moderate pain at 30th,
60th and 90th day post operatively respectively. They concluded,
38.1% incidence of chronic persistent post-surgical pain (CPPP). The
functional status and quality of life of these women was significantly
reduced.

Kehlet et al [16] in 2006 asserted in a review that postsurgical pain
is due to ongoing inflammation or surgical injury to major nerves
resulting in neuropathic pain [13]. The pathophysiology of CPPP can
be based on peripheral and central neuro-plastic changes that arises as
a result of damage and injury to tissue or nerve. The surgical procedure
like mastectomy itself or along with ALND/SLND may lead severe
inter-costo-brachial nerve and thoracic intercostal nerve damage. This

Table 2: Frequently encountered chronic persistent pain syndromes observed in
Breast Cancer Survivors

1. Young age (18-39 years),
2. BMI» 30Kg/m?,
3. Heavybreast,
4. Extensive dissection/ invasive surgery,
5. Adjuvant chemotherapy (CIPN),
6. Axillary Lymph Node Dissection,
7. Breast implants.

Survivor
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gives an impression that PPBCT is of neuropathic in origin [15]. In the
neuropathic pain there is the plasticity of the nervous system which is
responsible for pain without any painful stimuli, thus spontaneous pain
or allodynia (i.e, pain caused by non-painful stimuli) or hyperalgesia
(i.e, increased sensation of pain from a mild painful stimuli).

It is known that pain is a psychological experience and factors
like nociceptive, inflammatory and neuropathic may be involved in
its generation. It is well established fact that inflammation and nerve
injury lead to long term synaptic plasticity which generally multiplies
and maintains the pain signalling and the phenomenon is referred
as pain sensitization. After surgery, pain sensitization occurs, which
causes an increase in post-operative pain through expression of
wound hyperalgesia and thus, considered as an important factor for
development of CPPP [63]. Therefore, analgesic treatment must focus
on drugs or procedures to produce pain desensitization.

The process of transition of acute post-operative pain is complex
and involves multiple factors like biological, psychological and
socioeconomic factors. In the primary efferent sensory neurons of
dorsal root ganglion (DRG), there are nociceptive inputs because
of surgery producing a local molecular change such as release of
nerve growth factors (NGF) and cytokines. These influence tissue
remodelling, wound healing and reinnervation [64]. NGF acts through
its receptor tropomyosin Kkinase, an activating mitogen—activated
protein kinase p38 in DRG, resulting in an increased expression of
cation channels in the free nerve endings making it hyper sensitive.[65]
Other factors like cytokines mostly interleukin—1R and chemokines are
responsible for the incision pain. There are changes observed in the
ionotropic channel’s expression in sensory neurons.

Cao and Wang et al [66] reported that peri-incisional stress
appears to regulate the phosphorylation and trafficking of -amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid/kainite receptors. Thus,
peri-operative stress may contribute to the molecular mechanism of
persistent pain after surgery. Post-operative pain can also be linked
to the activity of hypothalamic-pituitary-adrenal axis, by blocking the
spinal glucocorticoids receptor complexes which prevents the effects of
peri-incisional stress on incision induced pain hypersensitivity.

All these factors possibly are synergistically responsible for
peripheral sensitization that produces primary hyperalgesia and
leads to subsequent changes responsible for development of central
sensitization. Central sensitization is a type of neuro plasticity that
enhances pain signalling by effecting neurons in the spinal cord,
resulting in a long-term adaptive form pain memory. This is mainly
responsible for secondary hyperalgesia that is basically increased pain
sensitivity outside the primary area of injury[67].

The tinel’s sign, is pain along the lateral chest wall and on local
regional blocks this pain is significantly reduced, suggestive on painful
neuroma formation as a potential cause of post-operative chronic pain.
Neuroma pain may arise following surgery, greater risk in lumpectomy
than mastectomy [68]. On resection of intercostal neuroma among
BCS successfully reduces intensity of pain, indicating possible role
of neuroma formation in development of chronic post-surgical pain
among BCS [69].

Mechanism of chemotherapy induced peripheral neuropathy
among breast cancer survivors

One of the frequently occurring side-effects among BCS on anti-
neoplastic agents is chemotherapy induced peripheral neuropathy
(CIPN), responsible for significant pain and reduced quality of life.
Antineoplastic drugs are an effective tool to arrest the progression of

multiplying cancer cells, by targeting various actions. These agents
subsequently also damage the structure of nervous system namely the
large and small neural fibres, sensory and motor fibres, cranial and
autonomic system, demyelinating and axonal structures leading to
neuropathies, commonest being CIPN [70,71].

These changes depend on the properties, dosage and duration of
exposure of chemotherapeutic drugs [72]. Fallon et al [73] reported
that CIPN is agent dependent, with a prevalence rate of 19-85%.lt is
almost 70-100% and is the highest in the case of chemotherapeutic
drugs that are platinum- based, while 11-87% in case of taxanes, 20-
60% in thalidomide and 60-65% in ixabepilone [72]. Although
chemotherapeutic agents may lead to neurotoxicity in both central
and peripheral nervous system, neuropathy is still more prevalent in
peripheral nerves, affecting almost 10-100% patients and the degree of
severity depends on factors mainly duration, dosage and co-existing
comorbidities [74].

CIPN can result from a single high dose or multiple cumulative
exposures of chemotherapeutic agents. It is predominantly sensory
with or without motor or autonomic changes [75]. Recent researchers
have highlighted that the prevalence of CIPN at approximately one
month after treatment is 68.1%, at three months is 60.0% and after six
months is 30.0% [75]. The chemotherapeutic drugs, are an effective
tool against progression of cancer but unfortunately are responsible
for number of side-effects like nausea, vomiting, diarrhoea, anaemia,
immunosuppression, recurrent infections, hair loss, fatigue, infertility,
peripheral neuropathy and most importantly chronic persistent pain
[76]. Paclitaxel and Oxaliplatin, manifest acute pain immediately or
even during treatment [77] but other anti-neoplastic drugs manifest
CIPN symptoms late, i.e. weeks or months after cessations of treatment,
with severity in proportion to the cumulative dose of the agent used
[78]. Thus, women with breast cancer may get free from cancer but
develop debilitating neuropathy during treatment, immediately or late
after cessation of treatment.

The pathophysiology behind CIPN is complex and dependent
on causative agent i.e. the chemotherapeutic drug. According to a
critical analysis by Park et al [79] CIPN may be sensory, motor and or
autonomic with varied severity. Typical signs and symptoms of CIPN
includes characteristics glove and stocking neuropathy, involving feet
and hands. Sensory symptoms develop first and effect the distal most
parts of limbs. They would complain of numbness, tingling, altered
touch, impaired vibration, burning, thermal allodynia, dysesthesia or
paraesthesia, hyperalgesia or electric shock like pain [77]. There can
be paradoxical worsening of symptoms after completion of treatment.
This is referred to as “coasting”, where mild neuropathy deteriorates or
a fresh onset CIPN develops [80]. Pain and sensory deficits may persist
for long after cessation of treatment, i.e., months to years, leaving these
women cancer free but in pain [81]. Patients may experience painful
sensations like spontaneous burning, shooting or even electric shock
like pain, thermal allodynia or hyperalgesia. There can even be sensory
loss of percaption [82]. Motor symptoms are rare and may be in the
form of distal weakness, altered gate or disturbances in maintaining
balance [83]. In worst cases, these patients may experience paresis or
severe disability and immobilization [73].

The chemotherapeutic agents exert neurotoxic effects, mainly of
peripheral nervous system and responsible for causing neuropathic
changes. These can be grouped into-

1. Platinum based antineoplastic drugs namely Oxaliplatin and
Cisplatin,
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2. Vinca alkaloids particularly vincristine and vinblastine,
3. Taxens-Paclitexel, docetaxel,

4. Protease inhibitors like Bortizomib,

5. Epothilones namely Ixabepilone, and

6. Immunomodulatory drugs like thalidomide. The most neurotoxic
drug is platinum-based agents, Taxens, Thalidomide and Ixabepilone.
Bortezomib and Vinca alkaloids are known to be comparatively safer
and hence frequently used [80].

The mechanism of CIPN is multifactorial involving disruptions
of microtubules, oxidative stress and mitochondrial damage. There
are also evidences suggestive of myelin sheath disruption, altered ion
channels and its activities, DNA distortion, immunological changes
and neuroinflammation [84]. There is a characteristic axonal sensory
motor neuropathy. Genetic role in CIPN, have also been reported
with advances in Genome-Wide Association studies (GWAS). They
identified and reported few single nucleotide polymorphism (SNPs)
which are associated with development of CIPN. EPHAS5 and FZD3
have beenimplicated as genes responsible for paclitaxel-induced CIPN,
VAC14 gene associated with docetaxel-induced peripheral neuropathy,
FOXC1 and ITGAL identified for oxaliplatin-induced neuropathy and
CEP72 association with vincristine induced neurotoxicity[85].

The platinum-based drugs, bind with nuclear DNA to inhibit
DNA replication and arrest multiplication of cancer cells. Also, there
is disruption of respiratory cyclical chains, increase in reactive oxygen
species and mitochondrial DNA damage. In addition, they have
influence on calcium signalling pathways and protein kinase function.
These agents also show changes in neuronal and glial cells by altering
their functioning. In interesting study, Janes et al [86]suggested that
inhibition of an astrocyte associated neuro-inflammatory response
predisposes to the protective action of A3AR signalling and this
supports the scientific basis for use of selective A3AR agonist as adjunct
to Oxaliplatin therapy in reducing Oxaliplatin-induced peripheral
neuropathy.[86] In another interesting study, Li C et al[87] studied
in rat model and concluded that, there is a specific signalling pathway
which leads to neuropathic pain produced by Bortezomib. They also
suggest that blockage of TRPAL and TNF is of neuropathic pain
produced by Bortezomib [87]. These mediators can also disrupt blood
brain barrier along with reactive oxygen species and involves in toxicity
induced by chemotherapeutic agents [88]. Thus, there are several
alterations occurring at the level of intracellular organelles, membrane
receptors, ion channels, signalling and neurotransmission, all resulting
in neuro-inflammation, DNA damage and axonal degenerationleading
to development of CIPN.

Cisplatin-induced  peripheral neuropathy usually after a
cumulative dose of more than 350mg/m2 [89]. Oxaliplatin-induced
peripheral neuropathy (OIPN) may be acute transient and may
develop within hours of Oxaliplatin infusion at dose of 85-130 mg/m2
[90]. A cumulative dose, two hours of expansion, low body weight and
duration of exposure are risk factors for developing OIPN[91].

Immunomodulatory drugs, namely Thalidomide, a glutamate acid
derivative, acts as an anticancer drug by blocking the production of
tumour necrosis factor alpha (TNF-J), blocking the activation of
nuclear factor kappa B (NF-1B), or blocking angiogenesis through
inhibition of fibroblast growth factor (FbGF) or vascular endothelial
growth factor (VEGF). Thalidomide typically shows dose dependent
Thalidomide-induced peripheral neuropathy (TIPN), almost in 25 to
75% patients [92]. The risk of developing TIPN increased in a dose

dependent fashion and may develop at a cumulative dose of 20 grms,
limiting maximum daily dose to 200mg [93]. The antiangiogenic
effect of thalidomide is also proposed to be responsible for secondary
ischemia and hypoxia of nerve fibres followed by irreversible neuronal
damage [94,95]. There is additional downregulation of TNF# ad
inhibition of NF-_B, causing dysregulation of neuro-tropins and their
receptors and which brings subsequently neuronal cell death [96].

Taxens class of antineoplastic drugs including Paclitaxel, Docetaxel
and Carbazitaxel interfere with microtubules depolymerisation and re-
polymerization impairing cancer cell growth, CIPN incidence with use
of Taxens is 11-87%, highest with paclitaxel, [72] and predominantly
sensory neuropathy. Mechanism behind CIPN with Taxens principally
is microtubule disruption, mitochondrial damage both in neurons and
non-neuronal cells, axon degeneration, altered calcium homeostasis
and neuroinflammation [97-99].

Epothilones, mainly Ixabepilone shows similar mechanism in
development of CIPN as taxens.There is mild to moderate sensory
neuropathy and less frequent motor involvement and rarely autonomic
symptoms [100]. Mitochondrial dysfunction because of oxidative stress
is postulated mechanism for development of CIPN in women suffering
from breast cancer on Epothilones.

Vinca alkaloids, namely Vincristine, Vinblastine, Vindesin and
Vinorelbine, primarily inhibit the assembly of microtubules and
disrupt axonal transport of neuronal signals. Vincristine induced
axonal neuropathy is also dose dependent [101]. Its mechanism of
action is simple, binding to intracellular tubulin and blocking its
polymerization and further formation of microtubules, inhibiting both
fast and slow transports in peripheral nervous system, inducing distal
axonopathy [70]. The significant relation between Charcot-Marie-
Tooth disease type 1A (CMT1A) and vincristine must be mentioned
here, a single dose of vincristine can result in significant weakness due
to transformation of an asymptomatic carrier. CMT patients cannot be
treated with vincristine. Patients with CMT and ERG2 gene mutation
or CEP72 gene polymorphism are highly sensitive to vincristine
induced neuropathy [102-104]. Neuropathic doses of Vinca alkaloids
are 1.4 mg/m2 per week that may lead to sensory symptoms of painful
paresthesia and distal weakness may occur after dose above 6-8 mg/m2.

Bortezomib and Carfilzomib, reversible proteasome inhibitors
can lead to very painful condition due to sensory neuropathy, with
or without demyelinating neuropathic weakness [105]. Patients on
Bortezomib may develop neuropathic pain syndrome characterized
by chronic, distal and symmetrical neuropathy, that may last for
weeks, months or even after years of cessation of treatment [106].
They may exhibit dose-dependent or dose adjusted neurotoxicity,
length dependent, mixed small and large fibres sensory axonal
neuropathies. Within the peripheral nervous system, Bortezomib
increases the production of TNF4 and interleukin-17, which actwithin
astrocytes to augment sphingolipid metabolism releasing sphingosine-
1- phosphate (SIP), that binds to SIP receptors, ultimately leading to
increase in presynaptic glutamate release at dorsal horn of spinal
cord resulting in neuropathic pain [107]. SIP also has a nociceptive
and inflammatory action contributing to development of neuro-
inflammation and hence, neuropathies [108]. It is suggested to monitor
Vitamin D levels in patients on Bortezomib, as those with low Vitamin
D levels are associated with greater intensity of Bortezomib- induces
neuropathy [109].

Thus, patients undergoing chemotherapy need to be monitored
carefully not only throughout the treatment duration, also after
cessation of treatment. They must be followed up weeks, months and
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year after treatment even though they might be rendered cancer free.
They must be aware and counselled about different signs and treatment
of CIPN, and neuropathic pain should be treated vigorously as it may
further deteriorate their quality of life if not paid adequate attention.

Mechanism of radiation induced neuropathic pain among
breast cancer survivors

Breast cancer survivors may experience a rare but frightening,
progressive and usually irreversible neuropathic pain that may appear
even after several years of radiation therapy. There is compression of
nerves due to radiation induced fibrosis along with direct injury to
nerves caused by axonal damage or demyelination or ischemic changes
[110]. A well-known and more frequently encountered radiation
induced neuropathy (RIPN) is radiation induced brachial plexopathy
(RIBP) following radiation therapy for breast cancer. The patients of
breast cancer treated with radiation therapy typically complaint of
numbness, paraesthesia, dysesthesia, lymphedema or even motor
weakness over shoulder to proximal arm. This is a typical complaint
of radiation induced brachial plexopathy. It is a form of neurogenic
pain that may vary from mild to severe intensity of pain. The onset of
neuropathic pain may vary from as early as six months to twenty years
after radiation therapy [111]. Stoll and Andrew et al reported back in
1966 the first case of radiation induced brachial plexus neuropathy
(RIBPN), following radiotherapy in women who underwent surgery
for breast cancer [112]. With advancement in medical sciences and
invention of various adjuvant techniques and surgeries for treating
carcinomas longevity of patients with primary as well as secondary
cancer have improved to a much larger extent. There are higher rates
of patient compliance for conservative surgery among breast cancer
patients for obvious cosmetic and psychological reasons, increasing
the demand of opting for radiotherapy at an early stage of breast
cancer. Thus, the incidence of RIBPN has also unfortunately increased
drastically with a reported index of 1.2% among BCS who received
radiation therapy [113-115]. RIBPN is a neurological impairment
which may be transient or permanent.

The pathophysiology behind RIPN can be attributed to local
damage of nervous tissue due to initial microvascular injury followed
by fibrosis, also known as radiation induced fibrosis (RIF) [116].
RIPN involves gradual changes leading to worsening of neural tissues
over a period of several years. Firstly, there is an asymptomatic early
phase or the pre-fibrotic phase of chronic inflammation followed
by organised fibrotic phase, characterized by deposits of extensive
extracellular matrix around the involved nerve tissue. Then there is a
late fibro-atrophic phase of poorly vascularized and refractile fibrosis,
[117] which involves cellular proliferation, deposition of extracellular
matrix, production of cytokines like TGF and CTGF. Further reactive
oxygen species play additive role in neural tissue damage. Heightened
free radical generation results into oxidative stress, which accelerates
fibrogenesis. On subsequent repetitive oxidative stress, intensified
fibrogenesis is induced which is responsible for RIPN.

The pathophysiological stages of RIPN basically involves an initial
step of electrophysiological and histochemical changes, which is later
followed by the second step of fibrosis around the nerve along with
injury to vessels supplying these nerves. The endoneurium is also
often thickened with extensive loss of myelin and hyalinization [118].
Following radiation therapy there is failure of cellular proliferation
along with local ischemia, resulting in fibrosis of neural and perineural
tissues with microvascular insufficiency, that progressing towards
nerve entrapment and responsible for conduction blockade.

RIBPN/RIPN is dose dependent phenomenon, i.e. development of

fibrosis is under the control of radiation dosage, specifically of more
than 50Gy or radiation fraction of more than 2Gy per fraction, and use
of concomitant chemotherapy or associated with any vascular diseases
like diabetes and hypertension [118-122].

Role of genetic factors predisposing to post surgical pain
among breast cancer survivors

A recent study evaluating the association between persistent
postoperative pain and 90 genetic markers after varied type of surgeries,
no difference was observed between patients with CPPP and controls
[123-124]. The presence of carriers of minor allele of single nucleotide
polymorphism (SNP) in interleukin 1 receptor (IL-1) were less prone
to pain after breast surgery. While presence of carriers of minor allele
for SNP in IL3 were more prone to develop pain after breast surgery
[125].

In an interesting study conducted by Saxena et al [62] on patients
undergoing staging laparotomy for carcinoma ovary, it was concluded
that genetic predisposition is an important predictive risk factor for the
CPPP development. A total of 21 patients of ASA grade 1-3, between
age 20-70, undergoing staging laparotomy (hysterectomy, bilateral
salpingo-oophorectomy, omentectomy and lymphadenectomy) for
carcinoma ovary with a midline incision were included for the study.
The recruited patients were followed up for 4 months for a detailed
evaluation and assessment of pain. The intensity and quality of
pain was assessed at post-operative day 1,3,14,30,60 and 120, using
Visual Analog Scale (VAS), Numerical Rating Scale- sleep (NRS-
sleep) and Global Perceived Scale (GPE). To assess the neuropathic
component Neuropathic Pain Symptoms Inventory (NPSI) and pain
DETECT questionnaire (PDQ) were used. Also, using Short Form-
12 questionnaires (SF-12) and Activity Assessment Scale (AAS), the
functional status and quality of life were assessed. Estimation of PKA,
PKC and ERK mRNA expression study were done to find out the role
of genetic expression in development of chronic post-surgical pain. It
was observed in their study that 38.1% surgical patients had incidence
of development of chronic post-surgical pain and reflected an up-
regulation in mRNA expression of signal transduction gene (PKA,
PKC and PRK) which was responsible for the development of CPPP
[62]. This demonstrated a positive correlation in mRNA expression of
these three signal transduction gene and CPPP.

Hinriches—Rocker et al focussed on psychological factors, which
involved in development of CPPP, like anxiety, depression, fear
for surgery and pain, lack of awareness, lack of support in patient’s
environment, peri-operative stress are the general psychological
factors responsible for stress induced pain sensitization contributing to
development of CPPP [126].

The generation of chronic post-surgical pain is complex and
multifactorial, involving molecular and genetic interplay with other
physiological factors. There are complex underlying changes triggered
by surgical insults, which predispose to development of post-operative
pain. The transcriptional and post translational changes that occur
in DRG resulting in release of glutamate leading to long term activity
of spinal afferent neurons responsible for central sensitization. These
changes not only are influenced by stress, but also modulated by
use of drugs like opioids and pre-emptive analgesia, regulating the
development of CPPP [63]. NMDA receptors play a crucial role in
establishment of long-term pain, and blockade of NMDA receptors
completely neutralises stress induced hyperalgesia[67].

A large number of studies have proven a strong association
of chronic post-surgical persistent pain among BCS with ALND,

J Pain Relief, an open access journal
ISSN: 2167-0846

Volume9-Issue 3+1000355



Citation: Banerjee A, Saxena AK, Choudhary S, Banerjee BD, Kumar R. et al. (2020) Chronic persistent pain and health related quality of life in breast
cancer survivors: current concepts and future directions. J Pain Relief 355.

Page 8 of 15

LRRT (loco-regional chemotherapy) and chemotherapy. It is to be
emphasized that certain co-morbidities in breast cancer survivors,
such as myalgia, chronic low back pain, migraine, osteoarthritis and
rheumatoid arthritis are important risk factors for the development of
chronic pain following breast cancer treatment. In the opinion of Bredal
et al it is yet not established that, in any case the anxiety or depression
are important risk factors for development of chronic pain among BCS
[127]. The women who received ALND, chemotherapy and LRRT to
the axilla had a much higher risk of developing chronic pain, than who
received one or two of these therapeutic options. However, endocrine
therapy has less or no such risk for development of chronic pain. It is
yet to be explored further, whether anxiety or depression or both are
risk factors of chronic pain post operatively in BCS.

Management of chronic persistent pain among breast cancer
survivors

In-spite of major advancement in understanding and treatment of
chronic pain, it still remains an unsolved and also a common persistent
problem which is potentially debilitating among BCS. Chronic
persistent pain is still an ongoing challenge. The major obstacle in
successful pain management among BCS is variable reporting of
patients to their clinician, variable response to treatment or fear
susceptibility to adverse effects and seek consultation for chronic pain.
Therefore, a rational personalized pain management is necessary,
which consider not only the physical and mental status of patients
but also, the pharmacogenetics and pharmacokinetics of patient and
analgesics.

Pre-operative identification and targeted intervention of women
with high risk factors for developing chronic pain following post breast
cancer surgery, must be done to enhance the post-operative quality of
life of BCS. Strategies aiming at alleviating chronic pain, post breast
cancer surgery among BCS includes, minimal invasive therapies, such
as breast conserving techniques of mastectomy, breast reconstruction,
sentinel lymph nodes dissection over axillary lymph dissection, early
treatment with radiation and chemotherapy, adequate and prompt use
of analgesics peri-operatively and post-operatively.

Saxena and Kumar et al [4] highlighted on the need for proper
assessment of pain in identification of pain syndromes among BCS.
Pain being the most distressing symptoms among BCS, its identification
would guide in formulating adequate treatment strategies. They stress
on the benefits of multimodal analgesia in cooperating pharmacological,
intervention as well as non-conventional techniques that may be
employed prior to or along with and after primary treatment of breast
cancer.

(a) Potential for Prevention of Chronic Persistent Pain Among
Breast Cancer Survivors

Neuropathic pain is a neurodegenerative disease majorly of
iatrogenic origin, and thus, a neuroprotective treatment would help to
reduce post-operative pain. A combination of therapies targeting the
injured nerve to control or reduce the neuropathic changes subsequently
arising in central nervous system (CNS). With aggressive pain
management at the time of surgery and throughout the perioperative
and postoperative period, targeting not just the disturbances in
sensations produced but also at the progression mechanism of pain.
The sensory inflow from the site of nerve injury may be interrupted
with local or regional anaesthetic blocks. This would probably help to
prevent the activity dependent neuroplastic changes of CNS. Other
treatment modalities available are administration of growth factors,
glial cell line—derived neurotropic factor (GDNF), prevention of

microglial activation with drugs like minocycline and preventing
apoptosis in dorsal root ganglion. However, these neuroprotective
strategies still need further evaluation and research.

The pharmacological therapies to prevent CPPP should include
blockade of sodium channels (Nal 1.3, Nal 1.7, N&aJ11.8), potasium
channels openers in sensory neurons, N- type calcium channel
(Ca_2.2) blockers, 2 binding drugs, P2X4 and P2X7 purinergic
receptor antagonist receptor present in microglial cells, caspase
inhibitor and drugs binding to activate glutamate transporters. It
has been well established that damage to major nerve during surgery
is associated with high risk of developing persistent pain post-
operatively. Thus, more precise dissection avoiding nerve damage
would drastically reduce post-operative pain among BCS. In patients
undergoing mastectomy, there has been significant observation made
that preservation of inter-costal brachial nerve might to a large extent
help in alleviating post-operative pain [128-129]. On similar ground,
sentinel lymph node biopsy (SLNB) thereby should be done prior to
ANLD in order to prevent inter-costal nervedamage.

There occurs acute neuroplastic responses and central sensitization
following any injury to tissue is another major proven mechanism
responsible for development of CPPP after breast cancer surgery. Pre-
emptive and aggressive multimodal analgesia play a role in preventing
these changes, thus is favourable for patients to prevent post-operative
pain [130]. COX inhibitors and opioids are suitable therapeutic agents
available at present for pre-emptive multimodal analgesia. In addition,
peri-operative use of intra vascular NMDA antagonist-ketamine,
GABA analogue pregabalin and gabapentin, COX inhibitors—NSAIDS,
acetaminophen, alpha 2 agonist dexmedetomidine and clonidine,
afferent neural blockade with epidural block and analgesia or regional
blocks, all have the potential to prevent central neuroplasticity,
contributing in lower post-operative pain[131-133].

Reuben et al [134] obtained a promising result that peri-operative
administration of Venlafexine is effective in reduction of chronic pain
after breast surgery. Similar results were observed by Fassaulaki et al in
three different studies using peri-operative—mexilitine with gabapentin
and in other EMLA only and in third one EMLA with gabapentin [135-
137].

Thus, primary focus to prevent CPPP and of pivotal role is avoiding
nerve injury, reducing inflammatory responses and use of minimally
invasive surgical techniques. The surgeons should be made aware of the
same and encouraged to adopt techniques minimizing nerve damage.
The secondary focus should be at strategic peri-operative pre-emptive
and multimodal analgesia techniques.

(b) Pharmacological Therapies For Chronic Persistent Pain in
Breast Cancer Survivors

Use of topical capsaicin for CPPP in BCS has been observed to
be associated with significant pain relife. [138]. Anti-epileptic drugs,
gabapentin and serotonin non epinephrine reuptake inhibitors,
venlafaxine had appeared to be effective for CPPP [139-140].
Gabapentin administration prior to surgery shows a lower pain score in
post-operative period and also reduces the use of adjuvant analgesics.
However, its efficacy in long term chronic pain management remains
unclear [141]. Amitryptiline is another good choice of drug for
neuropathic pain, following breast cancer treatment. Pain relief was
greater among BCS on Amitryptiline among BCS on placebo, in a
randomised, double blind, placebo controlled trial by Kalso et al [142].
On the other hand, in another double-blind placebo controlled ftrial
by Tasmuth et al [140] Venlafexine did not have a significant on the
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daily pain diary ratings, but did have a greater relief and maximum
pain incidence.

Use of Eutectic Mixture of Local Anaesthetics (EMLA), Mexiletine
or Gabapentin peri-operatively appeared to reduce acute post-operative
pain, movement associated pain and also reduces post-operative
analgesic consumptions or intensity of persistent pain among BCS.
According to Fassoulaki et al [136]JEMLA alone proved to be effective
in preventing CPPP among BCS. On topical application to breast and
arm areas of the site to be operated one day prior to the surgery reduced
analgesic consumption between two to six days post-operatively. It was
also found to decrease the incidence as well as intensity of pain up-
to three months post-surgery [136]. These findings were supported by
another trial in 2005 on multimodal analgesia using combination of
Gabapentin and local anaesthetics [137].

Intravascular peri-operative lidocaine, was found to reduce the
incidence and severity of persistent pain among BCS. According to
a prospective randomised, double blind, placebo controlled trial by
Grigoras et al[143] it was reported that 11.8% patients in lidocaine
group and 47.4% patients in controlled group reported persistent pain
following BCS at three months followup.

Park et al [144] observed, Dexmedetomidine has a dose dependent
anti-allodynic effect on cold as well as mechanical stimuli in Vincristine
evoked neuropathic model of rats. To study the role of peri-operative
dexmedetomidine on CPPP among BCS, Jain et al [144] conducted a
prospective double-blind trial among women who underwent breast
cancer surgery. The consumption of analgesics and inhalational agents
intra-operatively and post-operatively was significantly lower among
Dexmedetomidine group. Also, the numerical pain score, brief pain
inventory (BPI) score and the short-form of revised McGill Pain
Questionnaire (SF-MPQ?2) scores at rest and with movement was lower
in dexmedetomidine group, with a better quality of life [135]. Thus,
Jain et al concluded that peri-operatively Dexmedetomidine infusion
have a very important role in prevention of chronic pain among BCS
and improving the quality oflife.

Opioids are good choice of drug for moderate to severe pain. While
choosing the opioid, we need to take into consideration its mechanism
of action of along with intensity of pain, patients age, co-morbidities,
as well as other medication and psychological status. Opioids can be
classified based on its affinity for opioid receptor, into complete agonist
or agonist — antagonist. Buprenorphine, partial agonist of u & receptor
and antagonist at receptor, is a commonly used opioid for pain among
cancer survivors. Pure agonists, with a strong affinity for p receptor,
namely morphine and fentanyl, are preferred for management of
chronic pain among cancer survivors. Opioids are administered orally
via plain or sustained release formulations, through transdermal
patches, epidural route or even intravenously in acute or palliative care
among cancer survivors. Tapentadol, is the latest and centrally acting
opioid preparation with a strong analgesic available for management of
pain among cancer survivors [145].

CIPN is one of the major dose-limiting adverse reaction of
chemotherapeutic agents, which are the first line of treatment for breast
carcinoma. The key area of concern with CIPN is its management,
whether it is possible to even prevent it or at-least alleviate the
chemotherapy induced symptoms. Zajaczkowska et al [146] reported
that, patients on life saving chemotherapeutic agents are on potential
risk of developing CIPN. They should have the knowledge about signs
and symptoms of neuropathic pain and instructed to report immediately
on onset of any symptom. These patients should be counselled before
commencement of treatment and advised to report, to their clinician

in case they experience any sign suggestive of neuropathic changes like
altered perception to sensory stimuli.

Patients having high risk of developing CIPN that are: older age
group, co-existing other neuropathies like diabetic neuropath, history
of chronic smoking, impaired creatinine clearance reflecting deranged
renal functions and/or history of cancer related neuropathies must
be identified. These patients should be given additional care and
neurological or electrophysiological examination must be carried
out at each visit to oncologist. The key idea is to prevent the onset of
CIPN and identify it at an early stage. The American Society of Clinical
Oncology (ASCO) does not recommend any particular agent for
CIPN management, however, “duloxetine” has proved to be effective.
There are studies suggestive of use of topical gel containing baclofen,
amitriptyline and ketamine [147-148]. There are limited options
available for treatment of CIPN, hence a better understanding of its
mechanismincluding the genetic role need to be explored and strategies
for its prevention as well as treatment must be formulated [146].

Despite limited availability of evidence for use of other anti-
neuropathic drugs, published guidelines are available for use of both
amitriptyline and gabapentin with proven efficacy for treating CIPN
after trial for neuropathy by Hershman [139]. Topical preparation
available for CIPN are capsaicin 0.025% cream, 5% lidocaine patches.
The use of cannabinoid receptor agonist is still under trail and
evaluation. The other potential treatments under evaluation includes
topical menthol, an in-activator of voltage gated sodium channel of
nociception and tetrodotoxin [149]. Also, Vitamin B1 to B6, B12 and
physical therapy are often routinely advised and have proved to be
helpful [110-150].

Psychological support and counselling first and foremost important
part of management for RIPN and RBPN chronic pain. Non-opioid
analgesics available are benzodiazepines, tricyclic antidepressants,
anti-epileptics and membrane stabilizing drugs, like carbamazepine.
Avoiding aggravating factors like lifting heavy weight, controlling co-
morbid conditions namely high blood pressure, diabetes, stopping
alcohol consumption, smoking or fibrogenic drugs may be useful
in preventing and delaying RIPN and RIBPN. Acute inflammation
may be prevented with corticosteroids [151-152]. Patients should
be counselled on strictly avoiding local trauma to the radiated area
as far as possible. Hyperbaric oxygen therapy reduces tissue oedema
and promotes angiogenesis, fibroblast growth and extra-cellular
tissue matrix, and so may be considered for persistent symptoms of
pain, oedema or erythema. Carl et al [153] conducted a study of 32
women who underwent breast conserving radiation therapy after
25 hyperbaric oxygen therapy sessions and 9 months follow up, has
significantly reduced pain as compared to 12 controls, however fibrosis
and telangiectasia were not affected.Glantz et al [154] demonstrated,
successful use of heparin and warfarin as an attempt to halt progression
and necrosis due to ischemic changes around involved nerve.
Recently,the combined use of pentoxifyllin-tocopherol to significantly
reduce RIPN has been proven by Delanian et al [155] and Hamama et
al [156].

Non-pharmacological and non-invasive techniques are also
available for pain management of RIPN origin pain, namely
transcutaneous electric nerve stimulation (TENS), physiotherapy and
muscle strengthening exercises, which are very useful in alleviating
symptoms of neuropathic pain among BCS presenting with RIPN [115].
It should be noted that neuropathic pain arising as a consequence of
radiation is relatively insensitive to conventional analgesics, like non-
steroidal anti-inflammatory drugs or Acetoaminophen. Pregabalin
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i.e., -isobutyl-G—aminobutyric acid is the drug of choice for RIPN.
Also, tricyclic anti-depressants, amitriptyline and anticonvulsant like
carbamazepine and sodium valproate have shown promising results in
alleviation of paraesthesia and neuropathic pain in RIPN [111]. They
may reduce hyper-excitability of membrane like myokymia, thus acting
as membrane stabilizing drug especially carbamazepine.Myokymia
is a spontaneous, involuntary and localized quivering of muscles,
but insufficient for any movement. Invasive procedures available
for treatment of chronic pain of neurogenic nature, which includes
epidural blocks and injection of steroids as well as local anaesthetic
agents, brachial plexus block and even spinal cordstimulation.

In cases where BCSs fail to respond to non-pharmacological or
pharmacological modalities of treatment of chronic pain. Surgical
treatment is also available for such severe refractory neuropathic pain,
which unresponsive to conventional therapies and/or associated with
neurological motor deficits are external neurolysis. It is a surgical
technique of excising a peri-neural fibrosis and scar tissues from
around the entrapped nerve [157-161].

Another minimally invasive intervention that is paravertebral nerve
blocks during breast cancer surgery have been reported by Kairaluoma
et al, [162] Moller et al, [163] and Coveney et al [164] to reduce acute
post-operative pain and opioid consumption. In a Cochrane review,
Andreae et al [165] compared use of local or regional anaesthetics to
conventional analgesia interventions, and pain was assessed at 6 and
12 months after surgery. They concluded; paravertebral regional nerve
block may have pivotal role in attenuating risk of developing CPPP
after breast surgery in breast cancer. (Table 3) summarizes the available
treatment options.

Future directions-pharmacogenetics and personalized pain
management

World-wide leading cause of mortality at present is cancer,
according to a report by ASCO, the State of Cancer Care in America,
2014 [166]. Although, with advancements in medical sciences, the
number of cancer survivors also have increased tremendously, and is
expected to rise by 35%, from 13.7 million in 2012 to 18 million in
2022 [147]. In the upcoming years, we need to focus our attention
to overcome the barriers in health care for an effective pain treatment

and strategically implement interventions to optimize pain among
BCS. There is need of awareness programme among women (breast
cancer patient) about risk factors of developing chronic pain, and
pharmacological as well as non-pharmacological therapies to attenuate
pain.

The therapeutic efficacy varies among BCS to different treatments,
which may be modulated and determined by pharmacogenetics, as
specific genetic traits affect the metabolism of a drug, by different
pharmacokinetic and pharmacodynamics i.e., the mechanism through
which drug affects the human physiology [167]. Different allelic
variations (SNPs) have been identified in a major enzyme cytochrome
p4502D6, which, involved in opioid metabolism [168]. Genetic
polymorphism in opioid receptor gene is linked with clinical variation
in response to opioid analgesics. Similarly, for NSAIDS metabolism,
CYP2CP and CYP2CA enzymes are responsible and they also have
shown differential effects of genetic polymorphism [169-170]. Genetic
variations in case of Selective Serotonin Reuptake Inhibitor (SSRI)
also play an important role in its bioavailability. Polymorphism of
gene coding for Catechol-O-methyltransferase (COMT) enzyme is
effectively linked to variation in pain perception among individuals.
Thus, genetic polymorphism affects pain experience as well as
therapeutic response of patients to differentanalgesics.

Bach-Rojecky et al [171] reported that, there is a e influence of
epigenetic modulations, in chronic persistent pain and its treatment
efficacy. There is a strong influence of dietary habits, exercise, yoga,
toxins, stress, medication and other similar factors which modulates
the genes involved with pain perception, and predisposing to painful
stimulus. Further, epigenetic modulations may contribute to the onset
of opioid analgesic adverse effects such as addiction or hyperalgesia.
Thus, a universal approach to pain management will not be a successful
story, as all patients have different response to medication due to varied
pharmacogenomics based on genetic polymorphism and epigenetic
modulations. An individualised patient care, monitoring patients
for any side effects and possible review of patient’s single nucleotide
polymorphism of genes related to pain management can be an ideal
approach [172].

Webster et al [173] concluded that each individual carries his/
her own genetic imprint, that determines possibility of developing

Table 3: The holistic approach to treat chronic pain among BCS.

(I) Pharmacological

¢ Non-opioids:
Naproxen sodium.

e.g., Acetaminophen, Non-steroidal anti-inflammatorydrugs,

e Opioids: e.g., Oxymorphone, Morphine, Hydromorphone, Fentanyl

e Co-analgesics includes:

0 Anti-depressants (Amitriptyline)

0 Anti-convulsants (Carbamazipine)

o Corticosteroids (Dexamethasone)

o Amphetamine (Caffeine, Modafinil)

o0 Anti-anxiety (Diazepam, Lorazepam)

oBisphosphonates (Zoledronic acid, Risedronate)
Tropical analgesics eg., EMLA, Lidocaine patch, Cream

(1) Invasive techniques

Regional Nerve blocks

Epidural blocks / Epidural analgesics
Nerve stimulation with cold or heat, vibration, menthol, Capsaicin.
TENS (Trans Cutaneous Electrical Nerve Stimulation)

(1) Surgical

Excising peri-neural fibrosis

Radiation, ablation

(IV) Physical therapy

Cognitive Behavioral Therapy (CBT), Massage, Stretching, Strength training exercise and Yoga.
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chronic pain, its intensity, pain perception and response to prescribed
analgesic. The expression of an individual genetic profile is further
influenced by various environmental factor. The gene-gene and gene-
environment interaction also able to influence pain perception as well
as response to analgesics [173]. Banerjee et al in their studies of gene
environment interaction reported that genetic polymorphism play
crucial role in the development of different cancer as well as cancer
progression [174]. In a recent study, Smith et al [175] concluded that
pharmacogenetics guided therapy for management of chronic pain
has been adopted in few institutions for selective medications that are
metabolised by enzyme CYP2D6. With this personalised approach of
patient care, clinician can use individual’s genotype and phenotype of
specific drug metabolism enzymes to identify predisposing risk factors
to chronic pain and design a possible therapeutic strategy. Hence in
future, medical research in this area would be highly beneficial for the
holistic management of chronic pain among BCS.

The differences in response to various analgesics among BCS at the
molecular level can be explained by genetic influence on drug response,
that is through drug metabolising enzyme drug transporters, structural
alteration in opioid receptors and other analgesic receptor and/or
variability in processing and modulation of perception of pain. Also,
the most important aspect of personalized pain medicine is a holistic
multidisciplinary team approach and evaluation of patients presenting
with chronic persistent pain.

Conclusion

The agony of chronic pain persistent among BCS is undisputedly
and certainly a major issue of concern. It interferes with routine day
to day activities, hampering their physical, mental and social health,
eventually resulting in a poor quality of life. The clinician must draw
an equal attention towards pain management among the survivors and
not just entirely focussed on treating just the cancer. The belief that pain
during or after cancer treatment is inevitable and the fear of women to
come to their clinician for complain of pain must be addressed. Even
mild pain can interfere with daily routine and gradually progress to
other effects like fatigue, anxiety, depression, etc. Pain control is thus,
an important part of health care and women should not hesitate to let
their health care provider know about any discomfort their experience
during or after breast cancer treatment. There has to be an early
implementation of appropriate analgesics and adjuvant drugs. We
should counsel the BCS, that pain is easier to treat when it is mild and
addressed at an early stage and thus, one should not wait for the mild
pain to get severe before seekingrelief.

Pain after surgeries is like lumpectomy, mastectomy or breast
reconstructionistemporaryandduetoacuteinjurytoskin,  subcutaneous
tissue or muscles. Mild analgesics such as NSAIDS, acetaminophen
may show good pain relief. For severe pain a multimodal analgesic
approach, combining opioids (tramadol, fentanyl, morphine, etc.)
and non-opioids (NSAIDS, pregabalin, gabapentin, etc.) might show
positive results in reducing pain. In addition, non-pharmacological
methods that includes yoga, acupuncture, meditation, relaxation and
physical therapy, all are extremely beneficial and must be incorporated
in the regimen of treating persistent pain after breast cancer treatment,
which not only helps the women surviving breast cancer to get
psychological strength but also improves their physical well-being.

Neuropathic pain mainly because of extensive dissection or neural
damage can betreated with a combination of analgesics, antidepressants,
membrane stabilizing agents and gaba-amino-butyric acid. For severe
neuropathic pain lignocaine patch, nerve blocks, epidural blocks and
steroids may be beneficial. CIPN is a significant limiting side-effect

of commonly used chemotherapeutic agents. Patients should be
counselled to report at the earliest for any symptoms of neuropathic
pain like numbness or altered sensory perception. If any signs are
detected detailed neuropathic examination needed to be conducted.
The specific doses of chemotherapeutic agents should then be revised.
Pain as consequence to chemotherapy is characteristically burning,
shooting pain, numbness may respond to duloxetine, as per moderate
recommendation by ASCO and topical gel containing Amitryptiline,
baclofen and ketamine, weak recommendation of ASCO. A3AR
agonist may be useful for OIPN. But because of their limited role,
we need to develop an alternative effective therapeutic approach. It
is equally important that “translation” of various gene identified by
GWAs will show us pattern for prediction of CIPN occurrence after
chemotherapeutic agents.

The process of finding an optimum treatment strategy for each
patient among BCS has been traditionally a hit and trial method.
With advancement and progress in medical sciences a more rational;
approach to pain can be adapted. A physician attending women
presenting with persistent pain after breast cancer treatment, should
obtain a detailed data regarding duration of pain, time since cessation
of treatment, presence of co-morbidities, additional medicines and/
or any predisposing factors. A tailor-made strategy to combat pain
should then be planned. Further research has to be done on epigenetic
mechanism involved in pain perception and analgesic drug action.
Although enormous effort has been put towards pain management
but still chronic pain persists to be an immense challenge for both
clinician and researchers. A new and less explored area is the epigenetic
mechanisms related to pain.

There has been a tremendous progress in the gene targeted therapy
for therapeutic management of malignancy of carcinoma breast. Gene
targeted therapy of pain management is very much in infancy and yet
to see the light of the day. Thus, genome wide association studies need
to be conducted to identify full genetic mapping for pain and analgesia
before making it a widespread part of clinical practice towards pain
management. However, psychological as well as emotional support is
key and most important step towards treatment of chronic pain among
BCS. Patients must be counselled and encouraged to adopt various
non pharmacological techniques for improving the quality of life post
cancer treatment.

In conclusion, the actual recognition of females who are highly
prone to the development of chronic pain following various types of
treatment for breast cancer is essential for chronic persistent pain by
arranging various specific interventions, for reducing the sequelae of
the various types of cancer treatment. In future, this shall also include
the identification of pain genes involved in the pathogenesis of chronic
pain in BCS and subsequently one can plan for gene target therapy. No
doubt more prospective multi-centric scientifically designed clinical
trials and research studies involving larger number of patients, are
required to explore the efficacy of multimodal approach in further
minimizing the development of chronic pain among BCS. In next 5-10
years genes identified by GWAs for CIPN shall determine the role of
gene target therapy.

Hence, this will go a long way in providing a prolonged support
system to expedite the recovery in BCS. In intractable cases of chronic
pain in BCS one should always integrate strategies of cognitive
behavioural therapy, meditation, deep breathing exercises, and yogic
exercises. There is no doubt we should continue our attention for more
advanced research to be able to determine whether improvement in
pain management strategies would also result in enhanced quality of
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life in BCS. Last but not the least all breast cancer survivors should
be counselled and oriented about the possibility of development of
chronic pain and various strategies to alleviateit.
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