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Abstract: Shoulder morbidity is a well-documented sequela of breast cancer treatment, which
includes various manifestations such as pain, reduced range of motion, and lymphedema, among
others. The multifactorial nature of such morbidities has long been appreciated, and research on
reliable risk predictors of development thereof still continues. Previous studies have demonstrated
the potential of different types of physical therapy to treat such shoulder problems, and the
integration of such interventions into routine care for breast cancer survivors is a requirement in
most high-income countries. Although patients at risk for developing shoulder problems would
most likely benefit from posttreatment physical therapy, currently, there is no gold standard for
identifying this patient group. This is particularly important in low- and middle-income coun-
tries where scarce monetary resources need to be directed specifically to those most in need.
Modulators of the angiogenesis pathway have been implicated in noncancer shoulder conditions
such as rotator cuff disease, adhesive capsulitis, and tendon injuries. The present review sum-
marizes the role of angiogenesis in the development of shoulder morbidity among breast cancer
survivors and sets forth the rationale for our belief that angiogenesis signaling may help explain
a proportion of the reported clinical variability noted in the development of shoulder pain and
dysfunction and upper-limb lymphedema after breast cancer treatment.
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Introduction

Among women, breast cancer is both the most common cause of cancer-related deaths
and the most frequently diagnosed type of cancer (~25% of all cancers) worldwide.!
The International Agency for Research on Cancer estimated 1.7 million new breast
cancer cases among women worldwide in 2012,'? while in South Africa, an age-
standardized incidence rate of 31.4 per 100,000 was estimated in 2011 as provided
by the National Cancer Registry.> More recent prevalence or incidence rates have not
yet been established, either globally or in South Africa.

High 5-year survival rates of up to 89.2% have been reported following breast
cancer treatment.* Although generally lower in low-income countries,* survival rates
will most likely continue to rise due to advances in treatment, increased awareness,
and early detection. Nevertheless, a significant proportion of breast cancer survivors
experience upper extremity problems after treatment, which include pain, tightness,
numbness, lymphedema, and limited range of motion, among others.>° Moreover, previ-
ous studies have suggested that shoulder morbidity after breast cancer treatment may
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persist longer than is commonly reported.>'*!! Although sub-
stantial variability exists among previous reports, 20%—32%
of breast cancer survivors report arm lymphedema and pain
or dysfunction in the shoulder, arm, or breast at least 1 year
after primary treatment.>'>"'" These side effects, especially at
the shoulder or arm, reduce the functional use of the upper
limb of affected patients, limiting their quality of life and
ability to return to work.>!®!° The shoulder girdle comprises
joints (glenohumeral, acromioclavicular, and sternoclavicular
joints), associated muscles, and connective tissue connecting
the upper arm and shoulder area, providing a mechanism
for upper-limb motion. Breast cancer treatment is believed
to place survivors at risk of developing impaired resting
shoulder girdle alignment.? The altered shoulder movement
patterns observed in breast cancer survivors mimic those seen
in known general shoulder conditions such as rotator cuff
disease and adhesive capsulitis.?! In fact, such diagnoses have
been used to describe shoulder and arm morbidities in breast
cancer survivors and have been associated with pain.?*? It
is believed that breast cancer treatment-related impairments
of the shoulder complex place breast cancer survivors at risk
of developing symptomatic rotator cuff disease.?

There is substantial evidence supporting the effectiveness
of different types of physical therapy in reducing upper-limb
pain and lymphedema and improving shoulder range of motion
(and, thus, shoulder function) in breast cancer survivors expe-
riencing upper-limb morbidity.>*?® Nonetheless, the complex
etiology of shoulder morbidity in breast cancer survivors has
long been appreciated, with both treatment-related and patient-
related factors implicated.!®!2!1517.202937 These factors include
treatment type (e.g., type of surgery and the extent of lymph
node surgery), time after treatment, disease characteristics, age,
genetic factors, and the presence of comorbidities and other
phenotypes such as high BMI. However, a large proportion of
the variation in developing pain, and perhaps other morbidities
as well, following breast cancer treatment still remains unex-
plained.’!*® For instance, Wang et al reviewed that absolute
risk increases of only 3%-21% in developing persistent pain
following breast cancer treatment can be explained from a
total of 77 factors.?! Previous findings suggest that shoulder
morbidity after breast cancer treatment is bilateral,'®**3¢ and
it has been shown that “structures unrelated to direct surgery
and/or radiotherapy treatment are affected,™® suggesting a
systemic cause. These collective findings suggest the need to
focus on molecular signaling pathways.

Fibrogenic and inflammatory molecular signaling path-
ways have been implicated in the development of morbidity
following breast cancer treatment as well as other forms of

cancer.**¢ Although such signaling pathways constitute
normal healing and repair processes, aberrant expression
of signaling factors may underlie pathological processes
such as persistent pain, swelling, and dysfunction of the
shoulder complex reported among breast cancer survivors.
According to the central dogma of molecular biology, it
would follow that genetics may also be an important fac-
tor. Indeed, evidence suggesting specific single-nucleotide
polymorphism (SNP)-modulated variation in inflammatory
gene expression has been reported in studies on musculo-
skeletal pain following breast cancer treatment with aro-
matase inhibitors.**® Signaling pathways of inflammation,
fibrosis, and angiogenesis have several links. In addition
to fibrosis and inflammation, angiogenesis has been impli-
cated in noncancer shoulder conditions such as rotator cuff
disease*! and adhesive capsulitis.’> Angiogenesis has also
been implicated in healing and adaptation pathways in non-
cancer musculoskeletal conditions such as tendon injuries™
and in the physiological response to mechanical loading.>**
Evaluation of angiogenesis signaling factors in breast cancer
survivors may, therefore, increase our understanding of the
pathophysiology of upper-limb morbidities in this context
and, perhaps, help explain a proportion of the variability
in the development of such morbidities. In this review, we
discuss the aspects of angiogenesis-related signaling factors
as potential markers of risk for the development of shoulder
morbidity after breast cancer treatment.

Ethical approval
The current review is part of an ongoing study approved by
the Human Research Ethics Committee at the University of
Cape Town, South Africa.

Literature search and selection

Database searches for articles and reviews were conducted
in the following databases: PubMed, Scopus, Web of Sci-
ence, MEDLINE, and CINAHL for articles published from
January 1990 up to July 2016 using the following search
terms: (“breast cancer” OR “breast carcinoma” OR “breast
neoplasm*” OR “breast tumor””) AND (“treatment” OR “ther-
apy”) AND (“shoulder pain” OR “shoulder dysfunction” OR
“lymphoedema” OR “lymphedema” OR “range of motion”)
AND (“angiogenesis” OR “inflammat*”’). A search was also
conducted using the same terms excluding (“breast cancer”
OR “breast carcinoma” OR “breast neoplasm*”” OR “breast
tumor”) and (“treatment” OR “therapy”) to capture articles
implicating angiogenesis in general shoulder conditions
independent of breast cancer treatment. The articles were
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narrowed down by analyzing the titles and then the abstracts.
We retained articles and reviews on the pathophysiology of
shoulder pain and dysfunction both in breast cancer survivors
and in noncancer patients. Trials on the efficacy of treatment
of shoulder pathology were excluded.

Angiogenesis

Angiogenesis, the formation of new blood vessels from the
endothelium of existing vasculature, is a fundamental process
that occurs in both physiological and pathophysiological situ-
ations.*® It is a complex process that results in the transition
of an endothelial cell (EC) from a quiescent to angio-active
phenotype, through the activation of vital cellular events
including EC activation, proliferation, migration, survival,
and extracellular matrix remodeling®’ (Figure 1). Angio-
genesis regulation involves two main transcription factors,
nuclear factor kB (NF-kB) and hypoxia-inducible factors
(HIFs), in separate molecular pathways that induce expres-
sion of angiogenesis-associated signaling factors (cytokines,
growth factors, and receptors).*® The transcription factor

NF-xB links angiogenesis and inflammation processes.>®
Furthermore, inflammatory cells participate in the regulation
of angiogenesis by secreting proinflammatory cytokines that
directly or indirectly influence the activity of ECs.*®
Vascular endothelial growth factor-A (VEGF-A),
the main angiogenesis signaling factor, stimulates EC
proliferation, survival, and migration, mainly through its
receptor VEGF-R2 (also known as KDR; Figure 1).5657
Matrix metalloproteinases (MMPs) catalyze the proteolytic
degradation of the basement membrane, which precedes EC
migration, and their activity is regulated by tissue inhibitors
of metalloproteinases (TIMPs).>” Thrombospondins (THBS-1
or -2) mediate antiangiogenic effects through the suppression
of VEGF-A bioavailability and the inhibition of its activity
through KDR.* VEGF-A signaling through KDR upregulates
some MMPs and endothelial nitric oxide synthase (eNOS),
and the later catalyzes nitric oxide (NO) production which
stimulates vascular permeability, an essential event in angio-
genesis.®®! The adhesion molecules vascular cell adhesion
molecules (VCAMs) and intercellular adhesion molecules,
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Figure | A schematic representation of angiogenesis signaling and suggested links to breast cancer therapy, inflammatory signaling, and matrix remodeling.

Notes: Breast cancer treatments, especially radiotherapy and chemotherapy, are known to induce an inflammatory response and resultant hypoxia in the tissue
microenvironment. This response activates the two main transcription factors involved in angiogenesis regulation, NFkB and HIFI-c, which in turn activate angiogenesis
signaling. Angiogenesis is largely regulated by the main factor VEGF-A and its receptor KDR, which induce the activation, proliferation, migration, survival, and maturation
of endothelial cells.

Abbreviations: ECM, extracellular matrix; eNOS, endothelial nitric oxide synthase; HIF, hypoxia-inducible factor; ICAM, intercellular adhession molecule; MMPs, matrix
metalloproteinases; NF-xB, nuclear factor kB; PDGF, platelet-derived growth factor; THBS, thrombospondins; TIMPs, tissue inhibitors of metalloproteinases; TNF-c, tumor
necrosis factor-alpha; VCAM, vascular cell adhesion molecule; VEGF-A, vascular endothelial growth factor-A.
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which mediate leukocyte infiltration, are also important
components of angiogenesis.®>®* VEGFR-1 also known as
FLT-1, with its relatively higher affinity for VEGF-A and
weak tyrosine kinase activity, is believed to reduce VEGF-A
bioavailability to the main angiogenesis signaling receptor,
KDR, and is therefore antiangiogenic.’’** Even though the
links to angiogenesis are not included, for simplicity, it is
noteworthy that the proinflammatory cytokines IL-1p, IL-6,
and tumor necrosis factor-alpha (TNF-0) also possess pro-
angiogenic effects and can transcriptionally be activated by
HIF or NF-kB**¢ (Figure 1).

The direct determination of angiogenesis involves investi-
gation of changes in microvessel density, which may be done
using ultrasound examination or immunohistochemistry of
tissue biopsies. However, angiogenesis-related factors may
provide useful information regarding angiogenic potential.
The occurrence of angiogenesis depends on the balance
between proangiogenic and antiangiogenic molecules in the
tissue microenvironment® (Table 1). Upregulation of pro-
angiogenic factors promotes angiogenesis by facilitating the
migration, proliferation, and differentiation of ECs into newly
formed capillaries that can subsequently develop into more
mature vessels.’”* The HIF and NF-kB signaling pathways
crossregulate each other,’**” and in effect, the HIF pathway
can be induced in nonhypoxic conditions such as in response
to reactive oxygen species (ROS) and NO.*® Angiogenesis
is also regulated by microRNAs, which either upregulate
or downregulate specific components of the angiogenesis
pathway.56-6

Role of angiogenesis in response to
breast cancer treatment

Angiogenesis is, at least to some extent, involved in the
physiological response of the tumor microenvironment, or
surrounding tissue, to breast cancer treatment, especially the
common adjuvant treatments radiotherapy and chemotherapy.
Moreover, an imbalance of or changes in inflammatory

Table | Examples of proangiogenic and antiangiogenic factors

Proangiogenic Antiangiogenic

VEGF-A Thrombospondins (TSP-1 and TSP-2)
PDGF Angiostatin

SDF IL-12

bFGF Angiopoietin 2

TNF-o. Endostatin

IL-8 Interferon-a, -, and -y

NRP-| FLT-1

Abbreviations: bFGF, basic fibroblast growth factor; IL, interleukin; NRP-I,
neuropilin-1; PDGF, platelet-derived growth factor; TNF-o, tumor necrosis factor-
alpha; VEGF-A, vascular endothelial growth factor-A.

angiogenesis-related cytokines (ARCs) have been dem-
onstrated in breast cancer patients after treatment.®”-*® For
example, De Sanctis et al reported significant increases
in levels of interleukins (IL[s]) IL-1f, IL-2, and IL-6 and
TNF-o 4 weeks after adjuvant radiation therapy, particu-
larly in patients presenting with fatigue.’” Although some
angiogenesis signaling factors are immobilized by various
means such as binding to extracellular matrix components,
some are soluble and thus capable of mediating systemic
effects. This may particularly be important in the develop-
ment of morbidity among breast cancer survivors since it
has been shown that structures outside the direct treatment
field are also affected.*

Radiotherapy and angiogenesis

Radiotherapy involves exposure of the tumor site to a spe-
cific dose of ionizing radiation, usually given in fractions.
More than 50% of early stage breast cancer patients receive
radiation therapy either alone or as an adjuvant treatment.®
Ionizing radiation damages DNA, which induces an intracel-
lular response that leads to death by apoptosis in susceptible
cells.” Rapid proliferating cells, such as tumor cells, are
particularly sensitive to ionizing radiation but DNA damage
is also induced in normal tissue, including ECs, due to the
indiscriminate nature of the treatment.*! Ionizing radiation
also acts indirectly through the generation of ROS and reac-
tive nitrogen species which, in addition to damaging DNA,
inhibit cellular enzymes.”®”" Consequently, when the cell’s
antioxidant and DNA repair capacities are overwhelmed, cell
death by apoptosis occurs.”*"!

The DNA damage from irradiation elicits a biological
response in the tumor microenvironment, which involves the
release of chemokines, cytokines, and adhesion molecules
leading to altered cell—cell interactions and the influx of
inflammatory cells, particularly in ECs of tumor and/or
normal tissue.*>” These mediators are involved in various
molecular pathways including angiogenesis, and they may
participate in the development of normal tissue damage
characteristic of either early (occurring in <6 months after
irradiation) or late (occurring in =6 months after irradia-
tion) radiation toxicity effects.”*’ Radiation also induces
soft tissue fibrosis, which can cause stiffness in the shoulder
girdle leading to reduced range of motion.?**° Fibrosis is also
linked to angiogenesis through its main signaling factor,
transforming growth factor-beta (TGF-B), which can influ-
ence angiogenesis.®’

One of the late toxicity effects of radiation therapy is
damage to the vascular system in the form of lesions, which
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may occur months to several years after treatment.* The
microvessels (i.e., capillaries) appear to be the most sensi-
tive to lesions, and the damage culminates in thrombosis,
necrosis, capillary rupture, or even loss of entire capillary
segments.* The physiological response to vascular damage is
the activation of the angiogenesis pathway. There are several
ways in which radiotherapy-induced vascular damage can
promote angiogenesis. The resultant hypoxia is, in itself,
a trigger for angiogenesis. Inflammatory cells attracted to
the site of radiation damage can potentiate angiogenesis by
secreting inflammatory cytokines that have proangiogenic
signals such as TNF-o, IL-1B, and IL-6 or angiogenesis
factors such as VEGF. For example, macrophages have
been shown to enhance their expression of VEGF-A and
release NO, a stabilizer of HIF-1, in response to irradiation.”
Radiation has also been shown to reduce the expression of
antiangiogenic factors at low doses.”® As a result, there is
ongoing research on the co-use of antiangiogenic drugs to
increase effectiveness of radiotherapy in cancer treatment.’’¢

Clearly, there are conflicting findings on the effect of
irradiation on angiogenesis,*’>’” and it has been suggested
that the effects are dose and time dependent.” Sofia Vala et al
reported that low-dose ionizing radiation promotes EC migra-
tion and, in harmony with their findings, they demonstrated
that low-dose ionizing radiation promotes tumor growth and
metastasis using murine experimental models of leukemia
and orthotopic breast cancer.” Plausibly, the same effect on
angiogenesis can be expected given the low doses that char-
acterize conventional fractionated radiotherapy.

Chemotherapy and angiogenesis
Many different types of chemotherapy drugs administered
in various combinations are used to treat breast cancer. In
a curative setting, cytotoxic drugs are usually given as an
adjuvant (i.e., in addition to surgery and/or radiotherapy)
for primary breast cancer to reduce the risk of recurrence.
Chemotherapy can also be given in a neoadjuvant setting to
shrink the tumor. Although there are many different types
of mechanistically distinct chemotherapy drugs, there are
general side effects associated with most of them such as
fatigue, joint pain, depression, mouth ulcers, hair loss, and
myalgia.* However, there appears to be an involvement of
cytokines in the development of these symptoms, although
cytokine profiles may vary with the type of drug.4>-6378
Taxanes have been shown to have intratumoral anti-
angiogenic effects in murine models of breast cancer.”
Although intratumoral effects on angiogenesis are less rel-
evant to breast cancer survivors, after tumor resection, this

demonstrates the potential of some chemotherapy drugs to
influence angiogenesis. Furthermore, given the integrated
approach that characterizes conventional breast cancer treat-
ment, there may be augmentation of angiogenesis stimuli.
Wood et al suggested that several mechanistically distinct
chemotherapy drugs share a common ability to activate the
enzyme p38 mitogen-activated protein kinase (p38 MAPK),
which induces expression of proinflammatory cytokines such
as TNF-q, IL-1P, and IL-6.* Elevated levels of cytokines
such as TNF-q., IL-6, IL-8, and IL-10 have been reported in
cancer patients undergoing conventional chemotherapy.®*-52
It is noteworthy that these cytokines are also associated with
angiogenesis.

Potential role in healing and adaptation
pathways

Owing to their roles in cellular proliferation, survival, migra-
tion, chemotaxis, matrix remodeling, blood vessel formation,
and links to other molecular pathways such as inflammation,
ARCs and growth factors may play a role in healing and
adaptation pathways after treatment. Angiogenesis-related
growth factors such as basic fibroblast growth factor (bFGF),
platelet-derived growth factor (PDGF), and insulin-like
growth factor-1 are believed to participate in rotator cuff
tendon healing. Genes encoding angiogenesis-related
signaling factors such as VEGF have been shown to be
involved in the response of tendon cells and cartilage discs
to mechanical loading.3** Previous findings suggest a com-
pensatory angiogenesis in lymphedema.® It would follow
that the development of shoulder/arm pain, lymphedema,
and dysfunction after treatment may, perhaps, be a result of
failed healing. Aberrant angiogenesis signaling may lead to
abnormal cell—cell interactions, nonoptimal angiogenesis,
and impairments in matrix remodeling, which collectively
compromises tissue healing.

Potential role in pain, inflammation, and

dysfunction

Angiogenesis-related signaling factors such as IL-1J3, IL-6,
TNF-0, and COX-2 are known to contribute to pain hyper-
sensitivity by inducing the production of prostaglandins and
other proalgesic agents, which activate nociceptors.®* Lymph
node dissection can lead to lymphedema by compromising the
lymphatic system’s ability to return interstitial fluid to main
circulation, which is important in the resolution of inflamma-
tion. However, pro-inflammatory ARCs such as IL-1J3, IL-6,
and TNF-a have the potential to aggravate lymphedema by
enhancing inflammation. Some angiogenesis-related factors
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are involved in extracellular matrix remodeling (Figure 1).
Abnormal collagen and matrix production can potentially
contribute to stiffness in the shoulder joint capsule,® which
can lead to reductions in the range of motion.

Implication in noncancer general

shoulder conditions

Previous studies suggest the importance of angiogenesis in
noncancer musculoskeletal conditions of the shoulder such
as tendon injuries,*® adhesive capsulitis,’? and rotator cuff
disease.’%% For example, such studies have demonstrated
altered vascularity or potential to heal as determined from
fibroblast cellularity, vascularity, and the presence of a sig-
nificant inflammatory component in rotator cuff tears.3¢38
Moreover, previous studies have demonstrated altered expres-
sion of ARCs in such noncancer general musculoskeletal
conditions of the shoulder.>*2858:% For example, altered
levels of cytokines including IL-1f, IL-8, and VEGF have
been shown in rotator cuff disease,’! whereas IL-1[3, TNF-q,
PDGF, and TGF-B were implicated in the pathogenesis of
adhesive capsulitis.®

Genetic aspects
Evidence of a potential genetic component in the develop-
ment of posttreatment morbidity in breast cancer survivors

has been explored and reported in several studies, 33344479193
Most of these studies involved associations between gene
polymorphisms with clinical outcomes such as lymph-
edema, breast pain, fatigue, and anxiety, covering a total
of 17 SNPs and 4 haplotypes from 14 geneg34354447.91-93
(Table 2). However, replication of these findings has not
been achieved, largely due to methodological issues among
the studies which include, but are not limited to, varia-
tions in population structure and size, and heterogeneity in
follow-up periods (or period after surgery) and outcome
measures. Moreover, to date, these studies®*3>#447.9193 haye
largely focused on inflammatory gene polymorphisms, with
one exception.** Clearly, angiogenesis is unexplored even
though evidence shows it is linked to inflammation. Associa-
tions were reported for both increased and decreased risks
of morbidity (Table 2). For example, one study reported an
association between persistent breast pain following breast
cancer surgery and a polymorphism within /L- I receptor type
2 (IL1-R2 1s1,16,74,595 T>C) and also highlighted a haplo-
type, implicating the 3’ untranslated region within /L-710.%
In another study, an association between a polymorphism in
NFKB? gene and the risk of developing lymphedema after
breast cancer treatment was reported.* With the exception
of lymphedema, the clinical outcomes these studies focused
on were not shoulder complex-specific outcomes such as

Table 2 Genes and SNPs that have been reported to be significantly associated with morbidity after breast cancer treatment

Gene SNP/haplotype Association Risk Study
FOXC2 haplotype A03 Lymphedema 3 Miaskowski et al”
ILIB rs16,944 Fatigue T Collado-Hidalgo et al”'
ILIR2 rsl,16,74,595 Severe persistent breast pain T Stephens et al*®
L4 rs22,27,284 Lymphedema 1 Leung et al*
IL6 rs18,00,795 Fatigue T Bower et al*?
ILI10 rsI5,18,111 Lymphedema 1 Leung et al*
haplotype A8 Severe persistent breast pain 1 Stephens et al*®
LCP2 rs3,15,721 Lymphedema N Miaskowski et al®?
NFKB2 rs10,56,890 Lymphedema T Leung et al*
NRP2 rs8,49,530 Lymphedema s Miaskowski et al”
haplotype FOI
SYK rs|,58,689 Lymphedema T Miaskowski et al”
TCLIA* rs71,58,782 Musculoskeletal adverse events T Ingle et al*
rs71,59,713
rs23,69,049
rsl,18,49,538
TNFA rs18,00,629 Fatigue T Bower et al*?
rs17,99,964 Higher anxiety levels 1 Miaskowski et al”
rs30,93,662 T
VCAM| rs31,76,861 Lymphedema N Miaskowski et al®
VEGFC haplotype B03 l

Notes: TCLIA* gene implied due to proximity to the SNPs (all SNPs were [926-7000 bp]) proximal to the TCLIA gene. T, increase; |, decrease.
Abbreviations: NF-kB, nuclear factor kB; SNP, single-nucleotide polymorphism; TCLIA, T-cell leukemia |A; VCAM, vascular cell adhesion molecules.
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movement-related pain or dysfunction, which are known
to reduce quality of life.3435444791-93 There are indications
of a genetic component in the development of noncancer
musculoskeletal shoulder conditions, evident from the
predisposition of siblings to develop rotator cuff disease
or rotator cuff tears.****% In support of this, associations
between several polymorphisms and risk of developing rota-
tor cuff disease have been reported.’® Furthermore, previous
studies have reported associations between polymorphisms
in various genes including genes encoding collagen and
angiogenesis-related factors and risks of musculoskeletal
injuries in sport.”” 1% These factors are components of matrix
remodeling, which is linked to angiogenesis.

Conclusion and knowledge gaps

Angiogenesis is potentially involved in the etiology of shoul-
der pain, lymphedema, and dysfunction and may help explain
a proportion of the interindividual variability in the develop-
ment of such morbidity among breast cancer survivors. It
is involved in the response of the tissue microenvironment
to adjuvant cancer therapies and has potential roles in pain,
lymphedema, and dysfunction pathways. Furthermore, angio-
genesis has been shown to play a role in noncancer shoulder
conditions such as rotator cuff disease.®*%¢ However, there is
a paucity of relevant studies investigating its role in morbidity
after breast cancer treatment. Although several studies have
explored expression profiles of cytokines and growth factors
in breast cancer patients, most of these have focused on a few
clinical symptoms such as cognitive impairments, fatigue,
and breast pain or general pain.t76878808L10L102 Clearly, most
of these symptoms do not reside at the shoulder complex,
the site most associated with limitations in daily activities. In
addition, most focus has been on inflammatory cytokines with
one exception.** Similarly, with one exception,** candidate
genetic associations have largely focused on polymorphisms
in inflammatory cytokine genes. Indeed, the role of angio-
genesis signaling in the development of shoulder complex
morbidity after breast cancer treatment is unexplored despite
that it is linked to inflammation. Therefore, there is a need
to explore and characterize the potential of angiogenesis-
associated signaling factors in explaining interindividual
variability in the development of posttreatment morbidity
in breast cancer survivors. It is noteworthy that most of
the studies that explored signaling factors in posttreatment
morbidities,®”6878808L10L102 wyith one exception,'®! involved a
relatively short follow-up period (or period after surgery),
up to 6 months after treatment, whereas current evidence
suggests that shoulder/arm morbidity in breast cancer
patients can persist for up to 6 years or more after surgery.'®!!

Molecular signaling pathways or symptoms may evolve over
time, and there is a need for longer follow-up periods (or
period after surgery) to investigate this phenomenon.
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