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Abstract. - OBJECTIVE: Axillary web syn-
drome (AWS) is a complication of surgical pro-
cedures in breast cancer (BC) patients. This
condition with poorly understood incidence and
etiology is characterized by the locoregional de-
velopment of scar tissue, leading to subcutane-
ous cording, motion impairment and pain. The
early identification of patients at risk for AWS
would improve their clinical management. Here,
we sought to characterize the prevalence of and
the risk factors associated with AWS in BC wom-
en after surgery.

PATIENTS AND METHODS: All patients with
BC that underwent axillary surgery referred to
an Outpatient Service for Oncological Reha-
bilitation were retrospectively collected. These
women were assessed two weeks after the sur-
gical procedure for their clinicopathologic fea-
tures, type of therapeutic interventions, and
AWS presence, laterality, pain, localization,
cords type, and number of cords.

RESULTS: Altogether, 177 patients (mean aged
60.65 * 12.26 years) were included and divided
into two groups: AWSPOS (n=52; 29.4%) and
AWSNEG (n=125; 70.6%). Patients with tumor
N =1 (OR=3.7; p<0.001), subjected to mastecto-
my, axillary lymph node dissection (ALND) and
chemotherapy showed significant correlations
with AWS onset (p<0.05). The range of shoul-
der motion limitation (OR=11.2; p<0.001) and the
presence of breast cancer related lymphedema
(OR=3.5; p=0.020) were associated with AWS.

CONCLUSIONS: Mastectomy, ALND, chemo-
therapy, low staging tumors, shoulder range of
motion limitations, and BCRL represent risk fac-
tors for AWS onset. Realizing new strategies for
assessing the individual risk of AWS is a crucial
clinical need to improve the health-related qual-
ity of life of BC survivors.
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Introduction

Breast cancer (BC) is the most common ma-
lignant tumor in women and a leading cause of
mortality. In the recent past, due to the advances
in early diagnosis and effective treatments, the
number of long-term survivors has progressively
increased!. Surgical treatment and post-surgery
breast reconstruction represent milestones of BC
therapeutic interventions**. However, these pro-
cedures may lead to post-traumatic stress disor-
der®, wound complications®, breast cancer related
lymphedema (BCRL)™", BC fatigue'?, and axil-
lary web syndrome (AWS)""*. All these adverse
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events lead to an impairment of the health-related
quality of life, thus requiring a prompt, precise,
and effective treatment.

AWS is one of the least studied disorders affect-
ing BC survivors, as evidenced by the few papers
addressing this topic available in the literature.
This condition, also known as cording, is clini-
cally characterized by a visible and/or palpable
web of string-like structures (i.e., cords) localized
at the subcutaneous level of the site of surgery'.
The most common sites of AWS are the armpit,
the ventral side of the arm, along the forearm, the
wrist, hands or on the base of the thumb'>-'®, The
clinical manifestations of AWS might include
dull or burning pain, traction sensation, and
range of motion (ROM) limitations in flexion and
abduction of the shoulder’”?'. The incidence of
AWS after BC surgery is unclear, ranging from
6%" to 85.4%?2. As previously noticed, however,
only a handful of studies investigated the preva-
lence and the main risk factors associated with
AWS development'*?'-#*. Among these, axillary
lymph node dissection (ALND), the number of
lymph nodes removed, and the extent of axillary
surgery are currently considered risk factors for
AWS development®?%. Moreover, the pathophysi-
ological involvement of the lymphatic and vascu-
lar system in AWS development is controversial
and a possible correlation between AWS and
BCRL is still debated'.

Realizing new strategies for assessing the indi-
vidual risk of AWS in BC survivors after surgery
is a crucial clinical need, and, to our knowl-
edge, the correlation between AWS onset and
tumor-specific biological features and patients’
clinical and therapeutic data has not yet been
investigated. In this study, we sought to charac-
terize the prevalence of AWS in BC women after
surgery referred to an Oncological Rehabilitation
Unit. Moreover, we sought to improve AWS
risk stratification in BC survivors identifying the
role of tumor-specific biological features, coupled
with clinical and therapeutic data.

Patients and Methods

Participants

All data from medical records of surgical-
ly-treated BC patients referred to the Oncological
Rehabilitation Unit of the University Hospital
“Maggiore della Carita” in Novara, Italy in a
2-year period from January 2018 to December
2019 were retrospectively collected. The exclu-

sion criteria were the following: a) age <18 years;
b) first clinical evaluation after >2 weeks from
surgery; c) unavailability of BC pathologic fea-
tures (i.e., TNM classification, cancer stage, his-
tologic subtype, grading; d) unavailability of
therapeutic data; e) other active malignant tu-
mors; f) presence of systemic metastases; g)
previous surgery for BC. The study protocol was
approved by the local Institutional Review Board
and was compliant with the Ethical Guidelines of
the responsible governmental agency. Research-
ers were instructed to protect the participants’
privacy, and all the procedures were conducted
according to the principles of the Declaration of
Helsinki.

Outcome Measures

All patients were clinically assessed by a phys-
iatrist experienced in the evaluation of oncologi-
cal rehabilitation patients at 2 weeks after BC sur-
gery. The presence of AWS was detected through
visual inspection, palpation, passive shoulder
ROM evaluation, active shoulder abduction, el-
bow extension, and wrist extension. The patient
was specifically cross-examined on referred pain,
upper limb tension and/or functional limitations.
A paradigmatic example of AWS after BC sur-
gery is portrayed in Figure 1. The study cohort
was divided into two groups, based on the pres-
ence or absence of AWS, namely AWSP®S and
AWSNES, The study flow-chart is depicted in Fig-
ure 2. The following data were collected:
1. BC characteristics: (a) TNM classification; (b)

Figure 1. Example of breast cancer women with axillary
web syndrome.
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Patients screened for eligibility (n=212)

Exclusion criteria
+ afirstcl | evaluation after more than

Inclusion criteria
+ women aged >18 years
+ diagnosis of BC

| BC women included (n=177) |

BC women with AWS BC women without
(n=52) AWS (n=125)

Figure 2. Study flow-chart.

cancer stage; (c) histologic grading; (d) his-
tologic subtype; (¢) lymphovascular invasion
(LVI); (f) extracapsular extension (ECE) of the
lymph node metastasis; (g) estrogen receptor
(ER), progesterone receptor (PR), Ki67, and
HER?2 status.

2. Therapeutic data: (a) type of breast surgery
(i.e., breast-conserving or mastectomy); (b)
ALND; (c) sentinel lymph node biopsy (SL-
NB); (d) presence of prosthesis; (e) radiation
therapy; (f) hormone therapy; (g) chemother-
apy; (h) neo-adjuvant chemotherapy; (i) tax-
anes; (j) trastuzumab; (k) calcium channel
blocker (CCB); (1) corticosteroids.

3. Clinical features: (a) age; (b) menopause; (c)
diabetes type II; (d) other endocrinopathies;
(e) shoulder flexion and/or abduction ROM
limitations; (f) presence of BCRL; (g) presence
of seroma; (h) presence of tissue necrosis; (i)
presence of hematoma; (j) presence of scar
infection.

4. AWS characteristics: (a) laterality; (b) pain; (c)
localization; (d) type of cords consistency (i.e.
soft or sclerotic); (e) number of cords.

Statistical Analysis

The Shapiro-Wilk test was used to analyze the
normal distribution of the variables. The categor-
ical variables were expressed as absolute num-
bers and percentages, whereas the continuous
variables were expressed as means and standard
deviations. The differences between the groups
were assessed by Fisher exact test for categorical
variables and Wilcoxon rank-sum test for con-
tinuous variables. Furthermore, odds ratios (OR)
with 95% confidence intervals were calculated
in terms of all the risk factors, considered as
categorical variables. Only p-values lower than
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0.05 were considered statistically significant. The
analyses were performed using GraphPad 6 Pack-
age® software (Version 7.0 GraphPad Software
Inc. San Diego, CA, USA).

Results

A total of 177 women (mean age: 60.65 + 12.26
years) were enrolled; 52 (29.4%) were AWSPOS,
as shown in Figure 2. The presence of AWS was
significantly higher in patients with tumor N>1
(OR=3.7; p<0.001), compared to those with stage
1 BC (OR=2.4; p=0.013). There were no statisti-
cally significant differences between groups in
terms of histological grading, type, and all the
other specific tumor characteristics assessed (see
Table 1 for further details). Data about surgical
and pharmacological treatments are summarized
in Table II. Patients that were subjected to per-
formed mastectomy (OR=2.0; p=0.039), ALND
(OR=6.8; p<0.001), neo-adjuvant chemotherapy
(OR=4.1; p=0.016), and chemotherapy with tax-
anes (OR=4.0; p=0.014) showed higher risk of
AWS development. No significant differences
were observed between groups for the other sur-
gical and pharmacological intervention. Shoulder
ROM limitation was strongly associated with
the presence of AWS after surgery (OR=11.2;
p<0.001); BCRL incidence was significantly
higher in AWSFS patients (OR=3.5; p=0.020). No
significant differences emerged between groups
in all the other clinical and demographical char-
acteristics evaluated (Table IIT). Among AWSFPOS
patients (n=52), 38 (73.1%) had the right arm af-
fected, while and 67.3% of the patients reported
pain. The most frequent localization of AWS was
at axillary level (59.6%), whereas few patients
reported AWS localized at the arm (17.3%), at the
cubital fossa (11.5%), and at the forearm (11.5%).
The sclerotic consistency was more frequent than
the soft type (28.8%). Lastly, considering the
number of cords in the AWS group: 33 (63.5%)
had a single cord, 15 (28.9%) had 2 cords, and
4 (7.7%) had three cords which were the highest
number found in this group.

Discussion

In this study, 29.4% of patients in the entire
study cohort of BC women developed AWS with-
in two weeks after surgery. This prevalence was
higher compared to previous studies in litera-
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Table I. Breast cancer characteristics in the study cohort and differences according to presence of axillary web syndrome.

Total BC women AWSF°S BC women AW/SNEG

(n=177) (n=52) (n = 125) p-values
TNM classification
T1 118 (66.7) 29 (55.8) 89 (71.2) 0.158
N=>1 45 (25.4) 23 (44.2) 22 (17.6) <0.001
Cancer stage
Stage 1 95 (53.7) 20 (38.5) 75 (60.0) 0.013
Histological grading
G3 65 (36.7) 23 (44.2) 42 (33.6) 0.171
Histological type
IDC 134 (75.7) 41 (78.8) 93 (74.4) 0.570
LVI 36 (20.3) 15 (28.8) 21 (16.8) 0.099
ECI 28 (15.8) 11 (2L.1) 17 (13.6) 0.258
ER+ 142 (80.2) 42 (80.8) 100 (80.0) 0.835
PR+ 126 (71.2) 38 (73.1) 88 (70.4) 0.856
KI-67 antigen > 15 87 (49.1) 30 (57.7) 57 (45.6) 0.570
HER2/neu+ 42 (23.7) 17 (32.7) 25 (20.0) 0.082
FISH+ 59 (33.3) 20 (38.5) 39 (31.2) 0.082

Categorical variables are expressed as counts (percentages). Fisher exact test was performed as statistical analysis test. A p value
of 0.05 was considered statistically significant. Abbreviations: BC = breast cancer; AWSPOS = with axillary web syndrome;
AWSNEG = without axillary web syndrome; IDC: invasive ductal carcinoma; LCIS: lobular carcinoma in situ; ILC: invasive
lobular carcinoma; LVI: lymphovascular invasion; ECI: extracapsular invasion; ER: estrogen receptor; PR: progesterone
receptor; HER2/neu: human epidermal growth factor receptor 2; FISH: fluorescence in situ hybridization.

ture”?®, confirming that AWS screening should
be implemented after BC surgery in order to set
up prompt and effective diagnostic and therapeu-
tic interventions.

Our study findings confirm the strong correla-
tion between ALND and AWS development, sug-
gesting that more invasive surgical interventions
targeting the lymphatic system could be the cause
of a significant increase in the risk of AWS onset.

Although in a 2019 prospective study'’ the type of
surgery and TNM “N” classification were exclud-
ed as risk factors, we found a higher risk of AWS
in women affected by BC with classification N>1
(OR=3.7; p<0.001). Moreover, for the first time
in literature, our data suggest a possible impact
of neoadjuvant chemotherapy (OR=4.1; p=0.016)
and taxanes in AWS onset (OR=4.0; p=0.014). It
is recognized that AWS might affect the func-

Table Il. Therapeutic data in the study cohort and differences according to presence of axillary web syndrome.

Total BC women AW/SPoS BC women AW/SNEG

(n=177) (n =52) (n = 125) p-values
Type of breast surgery
Conservative 113 (63.8) 27 (51.9) 86 (68.8) 0.039
Mastectomy 64 (36.2) 25 (48.1) 39 (31.2) 0.039
ALND 36 (20.3) 23 (44.2) 13 (10.4) <0.001
SLNB 141 (79.7) 29 (55.8) 112 (89.6) <0.001
Prosthesis after surgery 43 (24.3) 13 (25) 30 (24) >0.999
Radiotherapy 124 (70.1) 35(67.3) 89 (71.2) 0.595
Hormone therapy 134 (75.7) 38 (73.1) 96 (76.8) 0.701
Neo-adjuvant chemotherapy 11 (6.2) 7 (13.5) 4(3.2) 0.016
Chemotherapy with taxanes 57 (32.2) 24 (46.1) 33 (26.4) 0.013
Trastuzumab 29 (16.4) 11 (21.1) 18 (14.4) 0.273
Corticosteroids 21 (11.9) 8 (15.4) 13 (10.4) 0.444

Categorical variables are expressed as counts (percentages). Fisher exact test was performed as statistical analysis test. A p value
of 0.05 was considered statistically significant. Abbreviations: BC = breast cancer; AWSPOS = with axillary web syndrome;
AWSNEG = without axillary web syndrome; ALND: axillary lymph node dissection; SLNB: sentinel lymph node biopsy.
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Table Ill. Clinical features in the study cohort and differences according to presence of axillary web syndrome.

Total BC women AW/SP°S BC women AW/SNEG

(n=177) (n = 52) (n = 125) p-values
Age (years) 60.7 +12.3 60.0+11.8 61.0+12.5 0.737*
Menopause 131 (74.0) 40 (76.9) 91 (79.8) 0.707%%*
Type 2 diabetes mellitus 11 (6.2) 2 (3.8) 9(7.2) 0.511%**
Other endocrinopathies 41 (23.16) 10 (19.2) 31 (24.8) 0.558%*%*
Shoulder ROM limitation 52 (29.4) 34 (65.4) 18 (14.4) <0.001%*
Presence of BCRL 16 (9.0) 9 (17.3) 7 (5.6) 0.020%*
Presence of seroma 72 (40.7) 23 (44.2) 49 (39.2) 0.615%*
Presence of tissue necrosis 3(1.7) 1(1.9) 2 (1.6) 0.615%*
Presence of hematoma 26 (14.7) 6 (11.5) 20 (16.0) 0.495%*
Presence of scar infection 4(2.3) 1(1.9) 3(2.4) > (.999%**

Continuous variables are expressed as means + standard deviations; categorical variables are expressed as counts (percentages).
Statistical analysis tests performed were: *=Wilcoxon rank sum test; **=Fisher exact test. A p-value of 0.05 was considered
statistically significant. Abbreviations: BC = breast cancer; AWSPOS = with axillary web syndrome; AWSNEG = without
axillary web syndrome; ROM = range of motion; BCRL = breast cancer related lymphedema; a: in flexion and/or abduction.

tionality of the shoulder. Hence, we observed that
65.4% of AWSPS women suffer ROM limitation
in terms of shoulder flexion and/or abduction
(OR=11.2; p<0.001). Moreover, more than 2/3 of
AWSFOS patients reported pain mainly localized at
shoulder level, a symptom highly correlated with
the functional limitation of the shoulder. Lastly,
we confirmed that the most frequent localization
of AWS was the axillary level (59.6%), in line
with previous data in literature*?*. Similarly, de-
spite the lack of agreement in the literature about
a possible correlation between BCRL and AWS!®,
we found a significantly higher prevalence of
BCRL in AWSPS women compared to AWSNEC,
It has to be noticed that BCRL is strongly related
to pain and functional limitation at shoulder level,
suggesting a possible overlap between AWS and
BCRL as synergistic disability generators in BC
survivors. Lastly, in contrast with previous litera-
ture’™?*, no significant differences were observed
in terms of perioperative infections or tissue
inflammation.

Albeit AWS is commonly a self-limited con-
dition, which spontaneously resolves usually
within 3 months after the onset" a substantial
proportion of patients developed chronic AWS
lasting for years after surgery and relapses after
resolution®. The incidence is higher in patients
who suffered a greater number of lymph nodes
removed?*?, which is also a well-known risk
factor for the development of BCRL?". Thus, the
interruption of axillary lymphatics appears to
play a pivotal role in AWS development and this
hypothesis is supported by Moskovitz et al'* who
found no cases of AWS after isolated breast sur-
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gery in the absence of axillary node dissection.
If AWS cords development is due to an impair-
ment of the lymphatic vessels, recent advance-
ment in reconstructive microsurgery’'** might
help to downgrade the risk of AWS onset. In
this context, vascularized lymph node transfer
is a well-established method for the treatment of
lymphedema, aimed at improving/restoring the
lymphatic drainage of the affected limb and it
might help to minimize permanent injury to the
lymphatic vessels and surround tissues and slow
down the progression of tissue damage®. Some
studies®**” also showed the role of lympho-venu-
lar anastomosis as an effective surgical strategy
to treat lymphoedema. However, at present, data
about a possible role of lymph node transfer in
reducing AWS onset after BC surgery are lack-
ing; assuming lymphatic dysfunction pathogen-
esis of AWS, rehabilitation intervention is the
most commonly used therapeutic approach to
treat this condition.

It is crucial that rehabilitation should be per-
formed by health professionals specialized in
oncological rehabilitation treatment. This type
of intervention consists of therapeutic exercise
and manual therapy protocols, including myo-
fascial release techniques, scar massage, manual
lymphatic drainage, and complex decongestive
therapy (CDT)*. The latter is the most com-
mon therapy for many types of lymphedema,
involving manual lymph drainage, compression
bandage, skin hygiene practices, lymphedema
reduction exercises and compression sleeves or
garments application®**. More in detail, CDT
aims at achieving and maintaining volume reduc-
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tion*’, improving shoulder ROM in flexion and
abduction, and reducing the number and consis-
tency of cords in AWS patients. The fact that the
same therapeutic rehabilitation protocols used for
BCRL are the same for AWS treatment suggests
again a possible overlap of these two highly dis-
abling pathological conditions after BC surgery.
However, to date, there is no clear evidence about
the best therapeutic approach to treat BC women
affected by AWS.

The main limitation of this study is the retro-
spective monocentric design that could hinder
any robust conclusion about the results obtained.
However, it should be noted that few papers in lit-
erature addressed this topic and the sample in this
study was elevated for focusing on AWS, whose
pathophysiological mechanisms underpinning
have been not adequately investigated. Therefore,
the present study might be considered as a start-
ing point for realizing new strategies in assessing
the individual risk of AWS in BC survivors after
surgery.

Conclusions

To the best of our knowledge, this is the first
study providing data on the correlation between
AWS onset and tumor-specific biological features
and patients’ clinical and therapeutic data in BC
survivors. Albeit AWS is a disabling consequence
of BC surgery often overlooked in the scientific
literature, in our sample it affects 29.4% of BC
survivors. Taken together, our findings suggest
that the number of lymph nodes involved, higher
grading and staging of the tumor, mastectomy,
ALND, chemotherapy, shoulder ROM limitation,
and BCRL might be considered as main risk
factors in AWS onset after BC surgery. Future
studies should focus on improving the individual
risk stratification of AWS in order to implement
prompt and effective rehabilitative interventions
to realize the potential of precision medicine in
BC women after surgery.
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