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Abstract

This paper discusses the growing problem of persisting pain after successful treatment of breast cancer and presents recom-
mendations for improving pain-related outcomes for this group. We discuss the dominant treatment approach for persisting
pain post-breast cancer treatment and draw contrasts with contemporary treatment approaches to persistent pain in non-
cancer-related populations. We discuss modern application of the biopsychosocial model of pain and the notion of variable
sensitivity within the pain system, moment by moment and over time. We present the implications of increasing sensitivity
over time for treatment selection and implementation. By drawing on transformative changes in treatment approaches to
persistent non-cancer-related pain, we describe the potentially powerful role that an intervention called pain science educa-
tion, which is now recommended in clinical guidelines for musculoskeletal pain, may play in improving pain and disability
outcomes after successful breast cancer treatment. Finally, we present several research recommendations that centre around
adaptation of the content and delivery models of contemporary pain science education, to the post-breast cancer context.
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being alive 5 years after diagnosis [1], but 19.5-21.8% of
them experience persisting moderate-to-severe pain [2, 3].
Breast cancer survivors with persistent pain report worse
scores on assessments of mental health, social functioning
and vitality than pain-free survivors do [4, 5]. Epidemio-
logical data also show that the prevalence and burden of
post-breast cancer pain on activities of daily life, quality of
life and fulfilment of a person’s role in society are substantial
and comparable to those of chronic back pain, fibromyalgia
[6, 7] or arthritis [8].

Management of persisting pain problems in non-can-
cer populations has moved beyond medication-based
approaches. Education, active and psychological therapies
and self-management skills are now considered and recom-
mended as frontline interventions and are endorsed as such
in clinical guidelines almost wherever they exist [9—12]. This
is in stark contrast to how persisting pain after successful
breast cancer treatment is usually approached. There seem
to be no officially endorsed clinical guidelines for managing
post-breast cancer pain. Existing guidelines of the European
Society of Medical Oncology (ESMO) and American Soci-
ety of Clinical Oncology (ASCO) focus either on pain man-
agement during the cancer treatment period [13—16] or on
pharmacological treatments of pain post-cancer in general
without specifying the oncology population [17]. Physical
and psychological therapies are only occasionally men-
tioned, mostly as part of management of cancer treatment
side effects in general and not specifically for pain [13-17].
The role of pain-related education during cancer treatment
is relatively well studied [18] but we contend this is not
the case for persisting pain post-cancer treatment. We sug-
gest that the development, refinement and implementation
of pain-related education in non-cancer pain management
provide an excellent model to guide a similar approach to
pain post-breast cancer. Based on current understanding of
post-breast cancer pain, it seems reasonable to expect similar
impacts to those observed for non-cancer pain, which would
greatly improve outcomes for those 19.5-21.8% of survivors
currently living with persisting pain.

In this perspectives piece, we will discuss (1) the current
approach for persisting pain post-breast cancer treatment; (2)
contemporary understanding of the biopsychosocial model
of pain and the notion of variable sensitivity; (3) biopsycho-
social considerations for post-cancer persistent pain; and (4)
the potentially powerful role that contemporary pain science
education might play in improving outcomes after successful
breast cancer treatment.

1. Current approach for persisting pain post-breast cancer
treatment
Although pain is common after finishing breast cancer
treatment [2, 3], empirical data suggest that it is often
underreported, under-assessed and undertreated [19, 20].
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Two issues seem particularly relevant here. First, some
patients feel uncomfortable discussing their symptoms
or do not want to distract clinicians from other health
issues and the necessary post-cancer follow-up trajec-
tory [21]. As such, health care provider impressions of
the patient’s pain may differ substantially from the true
experience of the patient, resulting in more underreport-
ing [22]. Notably, in palliative cancer care, patient and
provider perspectives on pain appear concordant [23].
This may be because medication-based pain manage-
ment protocols are supported by authoritative systematic
reviews (albeit with incomplete high-quality evidence)
[24] and widely endorsed. Second, although some clini-
cians will draw on a wider clinical skillset and experi-
ence to tailor pain management to specific patients, the
lack of clear evidence for any particular pain manage-
ment approach undermines other clinicians’ confidence
in delivering effective pain management solutions. This
situation has been reported for other symptoms common
post-cancer, for example depression [25]. Regardless of
clinician confidence, there seems a critical need for an
expanded toolbox for managing pain post-breast cancer.

Clinical guidelines for the management of persistent
pain in non-cancer populations endorse non-pharma-
cological approaches [9-12]. This reflects in part the
evidence against pharmacological approaches and sig-
nificant concerns of harm [26]. For opioids specifically,
recent guidelines stress their limited role in persistent
non-cancer pain [26]—empirical data show limited ben-
efit and unacceptable risk [27, 28]. For post-(breast) can-
cer pain, the role of opioids and other types of analgesics
is less studied such that long-term safety and effective-
ness remain to be demonstrated [17]. There may be a
role in neuropathic pain post-breast cancer and generic
internationally endorsed guidelines for the management
of neuropathic pain are available and broadly applicable
[29]. Even with guideline-conformant pharmacological
management of neuropathic pain, only 40 to 60% of
patients will reach 30% pain reduction [30]. As such,
it seems critical and timely that the field prioritizes
research into (additional) innovative, high value pain
reduction approaches in people who have successfully
completed breast cancer treatment.
The biopsychosocial model of pain and the notion of
variable sensitivity

The biopsychosocial model was first proposed over
50 years ago [31]. It was grounded in the early Bio-
logical Systems Theory [32, 33], remains consistent
with the contemporary General Systems Theory [34]
and for the first time accounted for the missing dimen-
sions of the biomedical model. While traditional bio-
medical models focus on pathophysiology and other
biological approaches to disease, the biopsychosocial



Journal of Cancer Survivorship

Fig. 1 The biopsychosocial 5 =
contributors to pain post-breast 3 L
cancer treatment (adapted from 2 3 0

o ) 3
Explain Pain Supercharged oy 2 B
[46]). The experience of pain S %S F
- . Gy s+ 2
is determined not only by the " S, % 5
stimulation of tissues such as Ocrip, (’Q; -\\é
muscles or nerves (biological ribher, / Clorg z;oq’ \\q‘}"
level), but also by how a person ropatp, & o
. . o y NG >
is feeling and thinking about B I o Q i
the pain (psychological level) (g} ,«Q\" KO
as well as one’s personal S, (?0 & ‘oe\\?’

. O¢y, ) \c(\
environment and how one feels O‘eco <F o\
supported within it (social level) o Ve g breast Q’a’\“’
[35] tet‘ls cancer worty
Fri i
€nds pain Self-efficacy

Intimate relationships
Healthcare team

Colleagues

model emphasises the importance of understanding
human health and illness in their fullest contexts [31].
The biopsychosocial approach systematically considers
biological, psychological and social factors and their
complex interactions in understanding health, illness
and health care delivery.

Application of the biopsychosocial model to pain asserts
that pain results from the interaction and integration of
these biological, psychological and social factors (Fig. 1)
[35]. A vast body of literature suggests that this integration
occurs primarily, although not exclusively, within the brain
[36, 37]. That many variables across these domains can
influence pain is relevant to the International Association
for the Study of Pain (IASP) developing a classification
system whereby pain is considered nociceptive (associ-
ated with demonstrable or likely tissue inflammation or
damage), neuropathic (associated with demonstrable nerve
injury or disease) or ‘nociplastic’ (associated with neither)
[38]. ‘Nociplastic pain’ was proposed as a third ‘mecha-
nistic descriptor’ but it does not reflect a particular mecha-
nism [39] and seems to be a classification of exclusion.
Perhaps unsurprisingly, it has had a mixed response from
the field. This classification system is of great relevance
to post-breast cancer pain because nociceptive and neu-
ropathic criteria are sometimes met, but seldom explain
the full pain experience. Of course, this situation is not
unique—the most common and burdensome painful con-
ditions seem to reflect ‘mixed pain states’ [40], such that
it may be more helpful from a clinical reasoning perspec-
tive to consider nociceptive, neuropathic and nociplastic
‘contributions’ to a pain state. Such an approach may well
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reduce the risk that those for whom non-neural tissue or
neural injury is not clearly evident are put in an ‘other’
category, potentially returning us to the inference of ‘real’
and ‘not real’ pains. That all three contributions are often
involved in post-breast cancer pain is probably one rea-
son that single modality or medication-only treatment
approaches are often ineffective.

The other trigger for suggesting a ‘nociplastic pain’
classification is the potentially profound dynamics of
pain system sensitivity. There is now compelling evi-
dence that variations in system responsiveness occur
across time scales, from seconds [41] to years [42].
These changes are mediated by both real-time interac-
tion between sensory, environmental, psychological
and social factors and a range of changes that constitute
one form or another of learning [43]. Persisting pain is
characterised by the latter—increased sensitivity within
the pain-relevant neuroimmune axis. This realization
was triggered by the discovery of enhanced stimulus—
response profiles of spinal nociceptive neurons in animal
models of nerve injury [44], and is now thought to be
mediated by similar enhanced responses throughout the
spinal cord, brain and immune and endocrine systems.
The manifestation of this widespread learning is that
rather than pain serving to protect tissue and promote

healing, it comes to ‘overprotect’ tissue and limit recov-
ery [45].

Biopsychosocial contributors to pain post-breast cancer
treatment

@ Springer
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In the early stage of cancer treatment, acute pain
caused by surgery, radiotherapy and/or chemotherapy
is present in many cases [47]. After surgery and radio-
therapy in particular, (painful) dysfunctions related to
the musculoskeletal system are often described [48].
Chemotherapy-induced peripheral neuropathy is a com-
mon sequela with certain types of chemotherapy (e.g.
taxanes). In this case, nerves may become sensitized and
this results in positive and negative sensory signs and
symptoms, including pain [49]. The most commonly
described radiotherapy-related side effect is fibrosis of
the skin and soft tissues [50]. This is typically a late
and painful effect, with the onset varying up to many
years after radiotherapy. It is hypothesised that ionizing
radiation causes reactive oxygen and nitrogen molecules
that lead to localized inflammation. This inflammatory
process can ultimately evolve into a fibrotic one with
increased collagen deposition, poor vascularity and
scarring, often associated with pain [50]. Hormone
therapy-related arthralgia reportedly affects 36-80% of
women treated with aromatase inhibitors, leading up to
13-22% of women to quit hormone therapy [51]. The
exact mechanism of arthralgia with aromatase inhibi-
tors has still to be unravelled, but fundamental (animal)
studies reveal a possible role of oestrogen deprivation in
peripheral and central nociceptive processing pathways
[51,52].

A wide range of psychological variables have been
found to influence pain in cancer, including mood states
such as anxiety, depression, worry and distress [53, 54],
including cognitive variables related to appraisal of the
likely cause or impact of tissue injury. In musculoskel-
etal pain, such variables might include the perceived
vulnerability of the body part to mechanical load (e.g.
‘my back is damaged’, or ‘it’s bone on bone’). In post-
cancer pain, these variables might also apply (e.g. ‘my
skin is damaged’) but perceived vulnerability to return-
ing cancer might be considered a more potent cognitive
variable. There are two parts to this: reduced threshold
(allodynia) and enhanced responsiveness (hyperalgesia)
for pain in response to changes in tissue environment
and enhanced behavioural responses when pain occurs.
For example, everyday aches and pains can be attributed
to recurrent or new cancer [55]. While recent research
has shown this mostly within the context of childhood
cancer survival [56, 57], studies indicate that survivors
of breast cancer also worry about everyday aches and
pains as indicating a recurrence of their disease [58,
59]. One can easily draw the comparison here with back
pain: the individual with back pain who perceived that
they have a ‘slipped disc’ that may well slip further will
be more likely to experience pain on mechanical loading
of the back and more likely to attribute any back pain
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they do have as reflecting further ‘slipping of the disc’.
The clinical implication for pain science education after
breast cancer is to improve understanding of the multiple
contributors to pain, including psychological factors.

Social factors influence pain. Here, social factors can be
proximal (who you are with, your immediate relationships)
and distal (the ‘social determinants’ of health). There are
many studies that show immediate relationships affect pain
[60, 61], but comparatively little is understood about the
influence of one’s wider social context on pain-related out-
comes. There are some data primarily centred on back pain
[62] and back surgery outcomes [63]. Those data imply that
the demonstrated effects of social determinants of health on
other conditions also apply when it comes to pain. Finally, as
is the case for musculoskeletal pain, consideration of social
factors associated with post-cancer pain must also include
the social impacts of living with persistent post-breast cancer
pain.

Although the biopsychosocial model is well endorsed
for cancer treatment itself [64], the dominant treatment
approach for post-cancer pain remains biomedical; pharma-
cological approaches are often the first and only interven-
tions offered in clinical practice [13—17]. This is surprising
in light of the progress in treatment of cancer-related fatigue,
which has shifted in the past decades to a comprehensive
biopsychosocial framework [65, 66]. Non-pharmacological
approaches, including exercise, activity management, psy-
chosocial support and cognitive behavioural therapy, are
widely recognized to be effective and important components
of contemporary cancer-related fatigue management [65].
Although they are separate conditions, fatigue and pain have
strikingly much in common [67, 68]: they are both poten-
tially consuming feelings that urge self-protection and they
commonly co-occur in many people living with and beyond
cancer [69, 70]. In acute situations, pain and fatigue serve
clear protective value, but as either condition persists, their
protective value decreases, and they can become a primary
cause of disability and other secondary problems. Remark-
ably, this understanding and established biopsychosocial
approach for cancer-related fatigue are not (yet) adopted for
management of post-(breast) cancer pain.

4. The potentially powerful role of contemporary pain sci-
ence education

One transformative learning from people with persistent
musculoskeletal pain was that the very treatments that are
most helpful—active and psychological therapies and self-
management skills—make no sense if one understands pain
to be an accurate reflection of the condition of the body [71].
This observation led to the development of a new psychoe-
ducational intervention, which has become known as ‘pain
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science education’ (see also ‘explaining pain’ or ‘pain neu-
roscience education’). Over 25 clinical trials conducted over
the last two decades have revealed the potentially powerful
impact of pain science education. Two features differenti-
ate pain science education from previous and alternative
notions of pain education. First, contemporary pain educa-
tion integrates foundational pain science discoveries within
the educational content. This content differentiates from
previous educational approaches, which focussed on educa-
tion about cognitive and behavioural responses to pain, and
the structural and functional anatomy of the painful body
part (thereby reflecting the underlying structural-patho-
logical model of pain). Contemporary approaches focus
instead on understanding ‘how pain works’, including the
biological basis of pain’s multifactorial, the notion of vari-
able sensitivity and the ‘over-protective’ nature of persistent
pain. Second, contemporary pain education is grounded in
educational and learning science principles, moving away
from didactic or ‘information provision’ approaches. It is
also distinct from ‘cognitive therapy’ because it seeks to
raise understanding of the biological processes underpin-
ning pain rather than challenge negative patterns of thought
about oneself or the world [72]. Relevant here is that the
impetus for developing contemporary pain science education
was in part the limitation of cognitive behavioural therapy
in challenging unhelpful thoughts and behaviours. Indeed,
empirical data clearly show that consumers, and clinicians,
often conceptualise pain as a marker of the state of body tis-
sues, which, as suggested earlier, renders a biopsychosocial
approach to pain management non-sensical [71]. Meta-anal-
yses show that pain science education has clinical benefit
on pain, disability, pain catastrophizing and kinesiophobia
in the short to medium term [73, 74]. Extensive empirical
support of pain science education has led it to become a
cornerstone treatment in musculoskeletal pain management
[75, 76] and complex regional pain syndrome management
[77] and it is now being integrated into pelvic pain [78] and
osteoarthritis pain [79] management programs.

Pain science education has been defined elsewhere as ‘a
range of educational interventions that aim to change one’s
understanding of the biological processes that are thought to
underpin pain’ [14]. That it is also grounded in educational
and conceptual change science means that it necessarily pro-
gresses in line with those fields. Modern implementation of
pain science education draws heavily on principles of self-
regulated learning, participatory education and Bayesian
learning. Learning objectives broadly cover the idea that
pain is a marker of the perceived need to protect body tissue
rather than a marker of tissue damage or disease.

Pain science education also applies the principles of
deep learning, by targeting learning objectives related to
pain biology, or ‘how pain works’, and thus reconceptualis-
ing the meaning of pain [14]. This approach is consistent

with the common sense model of health—coping decisions
will differ as a function of the meaning individuals assign
to their symptoms (i.e. their illness representation) and this
interpretive process will reflect their past illness experience,
societal expectations and information from friends, media
and medical practitioners [80]. By positioning the consumer
as learner and taking a deep learning approach, pain science
education promotes the consumer’s agency and autonomy,
enabling and empowering them to evaluate treatment options
and make optimal coping decisions.

At this moment, the potential role of education as part of
pain care for cancer populations is already being recognized,
but the results are underwhelming. This may be because up
to now, the tested educational interventions take a biomedi-
cal approach to understanding pain. That these interventions
show little effect in decreasing pain and disability, possi-
bly increasing fear and anxiety [81-84], both of which also
elevate pain and disability [85], mirrors discoveries made
in the musculoskeletal field 20 years ago [86] and is there-
fore not surprising. The misconception—that pain provides
an accurate marker of the state of body tissue—applies to
persistent post-breast cancer pain just as it applies to persis-
tent back pain. Moreover, this misconception is a dominant
although a modifiable barrier to improving outcomes for the
19.5-21.8% of survivors who experience persisting pain and
associated disability after cancer treatment [2, 3], just as it is
for those who experience persistent back pain after an initial
injury. Such comparisons suggest that, in relation to pain-
related education, the cancer field is where musculoskeletal
pain was over two decades ago. That is, in musculoskeletal
pain, it has become clear that the content, delivery principles
and strategies of pain education are critical, not just whether
or not ‘education’ has occurred. We contend that the same
is also likely here and that there is an urgent need to shift
consumer and clinician expectations and community norms
on what pain education for post-breast cancer pain should
look like. At this stage, we suggest that contemporary pain
science education provides the most likely candidate model.

The content of pain science education

To reconceptualise the meaning of pain, tailored, individu-
alized education addressing the concepts that are relevant
to that person with persistent pain should be provided. A
recent mixed-method study in people who had recovered
from a range of chronic pain states revealed three key con-
cepts they considered to hold most value [87]. The first
concept ‘Pain does not mean my body is damaged’ cap-
tures the importance of abandoning pre-existing ideas that
pain indicates tissue damage. Second, ‘Thoughts, emotions
and experiences affect pain’ captures the value of recog-
nising multifactorial (biopsychosocial) influences on pain.
And third, ‘I can retrain my over-protective pain system’
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captures the importance of conceptualising persistent pain
as a persistently heightened protective response that can be
modified [87]. Although these key target concepts identi-
fied in non-cancer population certainly hold value in the
post-breast cancer population as well, the complexity and
unique characteristics of post-breast cancer pain limit sim-
ple transfer from the non-cancer population to the cancer
population. As such, additional cancer-specific concepts
might well be added, just as musculoskeletal-specific
concepts (e.g. ‘an intervertebral disc can’t slip’) might be
dropped. Tailoring pain science education to the cancer
population will need to account for other comorbidities
(for which a lot of biomedical information is provided by
leaflets, books and the internet), serious unique biopsycho-
social factors described earlier, the possible sequelae of
cancer treatments and the already long and often intensive
follow-up and after-care. Cancer-specific concepts that can
be integrated with the key concepts drawn from clinical
trials underway [88] that underpin pain science education
are listed in Table 1.

Research agenda

We argue for new innovative collaborative programs that
incorporate pain science education. To reduce the burden
of post-cancer pain, we should benefit from shifting treat-
ment away from patients as ‘passive therapy receivers’
towards patients enabled by contemporary understanding
and empowered by proactive, psychological and self-man-
agement skills to master their situation and commence a pain
recovery journey. We suggest that this will promote optimal
treatment and coping decisions towards less pain, less pain-
related disability and greater quality of life.

A pressing need is to establish both key cancer-specific
learning objectives or concepts (see Table 1) that are valued
by consumers, scientists and clinicians, as has been done
in the past decades for the non-cancer pain field [87]. The
effects on knowledge, participation, worry, pain and disabil-
ity that have been established for pain science education
in non-cancer pain populations should be tested in those
with post-breast cancer pain. When testing these educational
interventions, innovative, efficient methods that overcome
current barriers to care in breast cancer survivors should
be considered. Relevant here is that most cancer survivors
are already burdened with long-term follow-up of medical
surveillance, and many have limited access to rehabilitation
settings and/or reimbursements. Furthermore, personal bar-
riers including health literacy of the learner, their cultural
background, their cancer-specific psychosocial needs and
the possible underreporting of pain and other symptoms
should be considered [90, 91]. With recent developments
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recognising the critical role of engagement and self-reflec-
tion in order to facilitate deep learning, a patient-centred
educational approach with individually tailored informa-
tion may well be needed [73]. Finally, a lesson still being
learned in the musculoskeletal pain field is the critical need
for adequate training of frontline health care professionals
in contemporary pain science education and (after) care
delivery. That knowledge growth does not fully capitalise
into better care reminds us that health care professionals
need knowledge, skills, confidence and support [92, 93].
Finally, that treatment is strongly influenced by consumer
expectations implies that attention should also be given to
community-level education strategies, for which there are
important social considerations [94].

Innovation in delivery

One innovation that may be particularly suited to this popu-
lation in light of the above is a digital approach for deliver-
ing pain science education. The COVID-19 pandemic has
forced us to switch to digital health interventions (‘eHealth’)
very quickly. The successful integration of digital health
interventions in a sustainable way is now encouraged [95],
also for pain management [96]. For digitally delivered pain
science education, technologies using a conversational agent
may offer benefit [97]. Some patients even prefer a digital
agent over human practitioners [98] and may be significantly
more willing to disclose to them information about them-
selves than in a clinical context [99]. This could prove to be
particularly helpful for people with cancer as they are often
reluctant to report pain due to stoicism [100] and fear of
distracting medical practitioners from treating the underly-
ing disease [101].

Conclusion

In summary, based on the lessons learned in the non-can-
cer pain field, pain science education seems a promising
intervention approach that could help shift the traditional
biomedical model of managing persisting pain after breast
cancer, towards a biopsychosocial model. However, the com-
plexity and specific characteristics of post-breast cancer pain
warrant an extension and modification of the educational
content typically addressed in non-cancer populations with
cancer-specific learning objectives. Also, a digital approach
may be valuable for this specific population. Learnings from
two decades of pain science education in musculoskeletal
pain may well lead to useful tools within both the clinician’s
pain management skillset and the survivors’ self-manage-
ment toolkit. We suspect that this will lead directly to better
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