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Investigation of the relationship between the cranial collector and
the incidence of lymphedema in patients with breast cancer after
adjuvant treatments

Katsumi Ikeda', Yoshinari Ogawa', Yuri Kamei', Chika Watanabe', Shinya Tokunaga’,
Hiroko Fukushima’®, Takeshi Inoue’

'Department of Breast Surgical Oncology, *Department of Medical Oncology, *Department of Pathology, Osaka City General Hospital, Osaka, Japan
Contributions: (I) Conception and design: Y Ogawa; (II) Administrative support: Y Ogawa, Y Kamei, C Watanabe, S Tokunaga, H Fukushima, T
Inoue; (II) Provision of study materials or patients: Y Ogawa, Y Kamei, C Watanabe; (IV) Collection and assembly of data: Y Ogawa, Y Kamei, C
Watanabe, S Tokunaga, H Fukushima, T Inoue; (V) Data analysis and interpretation: Y Ogawa; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

Correspondence to: Katsumi Tkeda. Department of Breast Surgical Oncology, Osaka City General Hospital, 2-13-22 Miyakojima-hondori, Miyakojima-
ku, Osaka 534-0021, Japan. Email: bfaqt406@cwo.zaq.ne.jp.

Background: The cranial collector (CC) is known as a direct drainage lymphatic duct from the extremities
to the axilla and running near the axillary vein. It might be helpful in avoiding incidence of lymphedema (LE)
in patients with axillary lymph node dissection (ALND). However, it is not clear how the CC may influence
for the incidence of LE after ALND and adjuvant treatments.

Methods: A study was performed from December 2009 to April 2018 in 217 patients with breast cancer
who underwent ALND with axillary reverse mapping (ARM). The ARM was performed by fluorescence
imaging following the injection of indocyanine green into the ipsilateral arm. In 208 of the 217 patients, we
investigated the relationship between the CC status identified by ARM and the incidence of LE in patients
administered adjuvant treatments.

Results: We identified the CC in the axilla of 81 of the 208 patients. The CC-negative patients had a
significantly greater incidence of LE than that in CC-positive patients (P=0.0007, hazard ratio: 2.54). Among
127 CC-negative patients, younger age and adjuvant chemotherapy (mostly anthracycline and/or taxanes)
were significant risk factors for LE. In contrast, radiation, especially that with supraclavicular radiation
(SCRT) was a significant risk factor for LE in CC-positive patients.

Conclusions: The CC status of patients undergoing ALND might affect the incidence of LE after the

adjuvant chemotherapy or radiation.
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Introduction Thompson et al. and Nos et al. in 2007, axillary reverse
mapping (ARM) procedures may reduce the incidence of
complication and a cause of severe morbidity in patients LE (4,5 ) ARM was developed .to identify and preserve the
with breast cancer undergoing axillary lymph node lymphatic ducts of the arm during ALND or SNB, thereby

dissection (ALND) (1). ALND is associated with a 14-40% minimizing the incidence of LE. Tummel ez 4/. reported
risk of LE, and even sentinel lymph node biopsy (SNB) that ARM was effective for reducing of the incidence of LE

Upper extremity lymphedema (LE) is a well-known

is associated with a 6-10% risk (1-3). First described by with oncologic safety, which were low rates of metastases in
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identified lymph nodes derived from the extremity (ARM
nodes) and low axillary recurrence rate in the patients
who underwent ARM procedures with a SLNB and/or
ALND (6). However, a comprehensive review of ARM in
breast cancer surgery revealed that 0-52% of successfully
identified ARM nodes harbored cancer (7-9). We also
reported breast cancer metastasis in ARM nodes in 24%
and 2.9% of clinically node-positive and node-negative
axilla patients, respectively (10).

Thus, there is a need to identify other ways to reduce
the incidence of LE by using information from the ARM
rather than sparing the ARM nodes or lymphatic ducts in
the ALND field. Pavlist and colleagues reported that the
individual lymphatic drainage collectors from the upper
extremities to the axilla in cadavers were divided into a
cranial, a caudal and a medial collector according to the
location and connection with axillary lymph nodes (11).
The cranial collector (CC) mostly traveled along the
axillary vein and was a direct connection between the upper
extremities and the apex of the axilla. In contrast, the caudal
and medial collectors led to the central area of the axilla
and often connected the central axillary lymph nodes. The
authors speculated that preservation of any these collectors
during ALND might reduce the risk of LE. We also
previously reported that a CC running near the axillary vein
was a negative risk factor for LE (12). However, patients
with breast cancer who undergo ALND often require
several adjuvant treatments after surgery. These adjuvant
treatments, especially chemotherapy and radiotherapy,
could influence the residual lymphatic drainage pathways
of postoperative patients, which may lead to LE (13-22).
The present study focused on the potential use of the
CC to avoid the development of LE and investigated the
differences in the incidence of LE according to the CC
status and adjuvant treatments in patients who underwent

ALND.

Methods
Patients and breast cancer treatments

From December 2009 to April 2018, 1,352 patients with
primary breast cancer underwent breast surgery at our
hospital. Of these patients, 339 required ALND and
101 were enrolled in the first our previous clinical study
(10,12), and 116 were enrolled in the second our clinical
study. The period of the first study was from December
2009 to November 2012 and the second study underwent
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from July 2014 to April 2018. Both studies were approved
by the institutional review board of our hospital. Written
informed consent was obtained from all of the patients who
participated in the studies. In this study, we retrospectively
investigated the data of the patients with jointing our
two previous studies. Of 217 enrolled patients combing
ALND, six were lost to follow-up and three had missing
data regarding their lymphatic pathway during operation.
Finally, we retrospectively evaluated the relationship
between the CC status and LE incidence after adjuvant
treatments, such as radiation therapy and chemotherapy,
in 208 patients (Tuble I). Their mean age and body mass
index (BMI) were 58.5 (range, 33-88) years and 23.4 (range,
13.5-53.4) kg/m’, respectively. Primary systemic therapy
(PST) was administrated to 51 (24%) of the 208 patients:
the regimens were most commonly anthracycline and/
or taxane-based chemotherapy. Among fifty-one clinically
node-positive patients who received PST, 17 (33%) patients
had a conversion to pathologically node negative status
in consequence of ALND. Adjuvant chemotherapy was
administered to 95 (46%) of the 208 patients: the regimens
were also anthracycline and/or taxane-based chemotherapy
in 82 (86%) of the 95 patients. Postoperative radiation was
administered to 90 (43%) of the 208 patients: all patients
who received postoperative mastectomy radiation therapy
(PMRT) underwent both chest wall and supraclavicular
radiation therapy (SCRT), whereas 12 (24%) of 50 patients
who received whole breast radiation had undergone SCRT.

SNB procedure

In the patients with clinically node-negative axilla, 1-2 mL
of indigocarmine (Daiichi Sankyo, Co., Ltd., Tokyo, Japan)
was administered via intra-dermal injection to the areolar
region with a 26-gauge needle after the induction of general
anesthesia and before the patient was prepared for surgery.
ALND was performed if frozen sections of the sentinel
nodes revealed micrometastasis.

ARM and ALND procedure

Patients with clinically node-positive axilla initially received
an intra-dermal injection of 0.5-1.0 mL (5 mg/mL)
indocyanine green as a tracing agent (ICG; Diagnogreen;
Daiichi Sankyo, Co., Ltd., Tokyo, Japan) at the upper and
inner ipsilateral arm using a 1-mL syringe with a 26-gauge
needle under general anesthesia before preparation for
breast surgery. After massaging for approximately 5 min,
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Table 1 Background features of the patients

Characteristics Value (n=208)

Surgery, n [%]

Lumpectomy 58 [28]
Mastectomy 137 [66]
ALND alone 13 [6]
PST, n [%]
A.-based CT 47 [23]
T.-based CT 45 [22]
Others 51[2]
None 157 [76]
Adjuvant treatments, n [%]
A-based CT only 21 [10]
T-based CT only 73]
Aand T CT 54 [26]
Other CT 10 [5]
Tamoxifen 63 [30]
Aromatase inhibitor 75 [36]
Trastuzumab 32 [15]
None 22 [11]
Radiation therapy, n [%]
WBRT 38[18]
WBRT + SCRT 12 [6]
PMRT 01[0]
PMRT + SCRT 40[19]
None 118 [567]

Table 1 (continued)

the fluorescence signal was detected using an invisible
near-infrared fluorescence imaging system (PDETM;
Photo Dynamic Eye; Hamamatsu Photonics Company,
Hamamatsu, Japan.) as flowing to the axilla from the upper
extremity. Patients who had positive sentinel nodes as
shown on SLNB received an ICG injection before ALND
in a manner similar to that for patients with clinically
node-positive axilla. After performing lumpectomy or
mastectomy for breast cancer, we started to explore ARM
nodes in the axillary field. ARM nodes and lymphatic ducts
were identified as fluorescent objects in the axilla even if
they did not exhibit a green-colored stain. The locations
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Table 1 (continued)

Characteristics Value (n=208)

Clinical stage, n [%]

| 33 [16]

1] 109 [52]

1 54 [26]

Y 2[1]

Unknown 10 [5]
Subtype, n [%]

Luminal 129 [62]

Luminal—Her-2 31[15]

Her-2 en-riched 17 [8]

Triple negative 24 [12]

Unknown 7 [3]
The mean number of LNs [range]

Removed LNs 14.5 [0-34]

Positive LNs 3.3 [0-26]

ALND, axillary lymph node dissection; PST, primary systemic
treatment; A, anthracycline; T, taxane; CT, chemotherapy;
WBRT, whole breast radiation therapy; SCRT, supraclavicular
radiation therapy; PMRT, postmastectomy radiation therapy;
LNs, lymph nodes.

of all identified ARM nodes were marked on the map
according to the surgical landmarks of the axilla as our
previously reported. The limits of ALND were defined by
the axillary vein, superiorly; the anterior serratus muscle,
medially; and the anterior edge of the latissimus dorsi
muscle, laterally. When fluorescent ARM nodes were
located in the ALND field, they were separately removed to
evaluate the pathological findings. On the other hand, when
identified ARM nodes were outside the ALND field, they
were spared. When we would start to dissect the just below
the axillary vein, we evaluated the existence of CC not to
disrupt the CC running around the vein during lymph node
dissection.

Evaluation of LE

A systematic review and meta-analysis of lymphedema after
breast cancer revealed that the most common method of
lymphedema measurement was arm circumference and
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Figure 1 The intra-operative image by photodynamic eye camera
in a 62-year-old woman with breast cancer. Cranial collector (CC)
was traveling above the axillary vein from lateral to medial filed in
the axilla. White arrow, Cranial Collector; V, the axillary vein; Mj,

the major pectral muscle.

the incidence of arm lymphedema seemed to increase with
time up to 2 years from diagnosis or surgery, after which
incidence seemed to decrease (23). So, LE was assessed by
circumferential arm measurements collected at baseline
(admission date), 6 months postoperatively, and annually for
two or three years postoperatively. We measured both arms
at four locations; i.e., the palm, wrist, 5 cm below the elbow,
and 10 cm above the elbow, as described by the Japanese
Breast Cancer Society (24). A 2-cm increase at any level
relative to the baseline or the healthy opposite arm was
defined as LE positivity.

Evaluation of the LE incidence-CC status, and adjuvant
treatments

We investigated the effect of chemotherapy or radiotherapy,
especially anthracycline and/or taxane-based chemotherapy
or supraclavicular radiation, on the incidence of LE
according to the CC status.

Statistical analysis

Stat-Mate version IV for Windows (ATMS Company,
Tokyo, Japan) was used to perform statistical analyses. We
used the chi-squared test or the Mann-Whitney U tests
to estimate the differences in the clinico-pathological and
ARM-associated data of the LE-positive and LE-negative
patients. Two-tailed P values <0.05 were considered
statistically significant. The odds ratios for LE incidence
with respect to the multivariate clinicopathological and
ARM-associated data were calculated using a logistic
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multivariate regression model. The Kaplan-Meier method
was used to estimate and plot the cumulative incidence
of LE with or without radiation therapy and adjuvant
chemotherapy.

Results
Incidence of LE

At a median follow-up of 24.2 months (range, 0-39 months),
68 of 208 (32.7%) patients had developed LE. LE first
occurred within 6 months after surgery in 34%, one year in
66%, 2 years in 86%, and 3 years in 96% of these patients.
Eight patients developed LE a few days after surgery: none
of these patients had a CC in the ALND field. The patients
with LE received manual lymphatic drainage from medical
lymphatic drainage therapists as soon as possible at the
division of outpatient service for LE in our institute.

Identification of CC and ARM mnodes in node positive
patients

Under fluorescence imaging using a PDETM System, we
identified ARM lymph nodes and CC in 185 (89%) patients
and 81 (39%) patients, respectively (Figure I). All identified
CC could be preserved, whereas the identified ARM nodes
could be spared in 12 of 185 patients because these nodes
were mostly located in ALND field at the axilla. Metastatic
ARM nodes were identified in 68 of 177 (38.4%) patients
with ARM nodes removed from the ALND field.

Relationship between the CC and adjuvant treatment on
the incidence of LE

We investigated how adjuvant treatments, radiotherapy,
or chemotherapy affected the incidence of LE in patients
with or without CC (CC status). CC-negative patients had
a significantly greater incidence of LE compared to that in
CC-positive patients [log-rank tests; P=0.00069: HR: 2.54;
95% confidence interval (CI), 1.43-3.85] (Figure 2). Among
127 CC-negative patients, younger age, greater number
of metastatic lymph nodes, and adjuvant chemotherapy
were significantly positive risk factors for the incidence of
LE (P=0.002, 0.05, and 0.002, respectively). In contrast,
positive ARM lymph nodes and radiation therapy were
significant risk factors for LE in 81 CC-positive patients
(P=0.047 and 0.0009, respectively) (Table 2). In univariate
analysis, anthracycline and/or taxane-based chemotherapy
was significantly used in the patients with LE compared
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Figure 2 LE incidence of the patients with or without cranial collector (CC).
Table 2 Comparison of the patients with or without LE based on CC status
CC positive patients (n=81) CC negative patients (n=127)
Variables
LE+ [n=15] LE- [n=66] P value LE+ [n=53] LE- [n=74] P value
Age 54.6+12.9 59.2+12.1 0.30 54.5+11.2 61.3+13.5 0.002
BMI 22.9+4 .1 22.9+4.5 0.84 24141 23.5+5.3 0.18
Positive LNs 0.76 0.05
0-3 12 [80] 55 [83] 34 [64] 59 [80]
>4 3 [20] 11 [17] 19 [36] 15 [20]
Removed LNs 13.916.1 13.2+5.6 0.85 15.9+7.0 14.7+7.2 0.38
Positive ARM LNs 0.047 0.40
Yes 8 [53] 15 [23] 21[40] 24 [32]
No 4 [27] 37 [56] 26 [49] 42 [57]
Unknown 3 [20] 14 [21] 6[11] 8 [11]
PST 0.09 0.98
Yes 6 [40] 13 [20] 13 [25] 18 [24]
No 9 [60] 53 [70] 40 [75] 56 [76]
Adjuvant chemotherapy 0.10 0.002
Yes 11 [73] 30 [45] 31 [58] 23 [31]
No 4 [27] 36 [55] 22 [42] 51 [69]
Radiation therapy 0.0009 0.819
Yes 12 [80] 22 [33] 24 [45] 32 [43]
No 3 [20] 44 [67] 29 [55] 42 [57]

Data are shown as mean + SD or number [percentage]. LE, lymphedema of the upper extremity; CC, cranial collector; BMI, body mass
index (kg/m?); LNs, lymph nodes; ARM LNs, identified lymph nodes derived from the upper extremity by axillary reverse mapping; PST,

primary systemic treatment.
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Table 3 Relationship between CC status and the LE incidence after anthracycline and taxane-based adjuvant chemotherapy and SCRT

CC positive patients (n=81)

CC negative patients (n=127)

Variables
LE+ (n=15) LE- (n=66) P value LE+ (n=53) LE- (n=74) P value
Adjuvant chemotherapy, n [%]
Aand/or T CT 0.20 0.02
Yes 9 [60] 25 [38] 25 [47] 20 [27]
No 6 [40] 41 [62] 28 [53] 54 [73]
Radiation therapy, n [%]
SCRT 0.0008 0.98
Yes 9 [60] 12 [18] 13 [25] 18 [24]
No 6 [40] 54 [82] 40 [75] 56 [76]

LE, lymphedema of the upper extremity; CC, cranial collector; A, anthracycline; T, taxane; CT, chemotherapy; SCRT, supraclavicular

radiation therapy.

to the patients without LE in CC-negative patient
group (chi-square test; P=0.02). Conversely, SCRT was
significantly performed for the patients with LE compared
to the patients without LE in CC-positive patient group
(chi-square test; P=0.0008) (7able 3). The estimate of
the cumulative incidence of LE with the Kaplan-Meier
method indicated that anthracycline and/or taxane-based
chemotherapy was a significant positive risk factor for LE
in CC-negative patients (log-rank tests; P=0.004; HR: 2.1;
95% CI, 1.31-4.28) (Figure 3). And SCRT was a significant
risk factor for LE in CC-positive patients (log-rank tests;
P=0.0001; HR: 5.76; 95% CI, 3.29-41.2) (Figure 4).

Multivariate analysis of LE risk factors revealed
younger age, greater number of positive lymph nodes, and
anthracycline and/or taxane-based chemotherapy to be
independent risk factors for LE in CC-negative patients,
while SCRT was an independent risk factor in CC-positive
patients (Figure 5).

Discussion

A number of studies have reported the risk factors of breast
cancer-related LE, including ALND, postoperative regional
node radiation, chemotherapy, higher BMI, and older age
(1-4,13-23,25-28). In addition, we reported that the lack
of CC and RM node metastasis based on ARM could be
independent risk factors for LE in patients undergoing
ALND (12). Although the existence of the CC is a negative
risk factor for LE, patients with a preserved CC during
ALND may have a further risk of developing LE due to
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adjuvant treatments. In this investigation, postoperative
radiation, especially SCRT, was associated with incidence
of LE in CC-positive patients. In contrast, adjuvant
chemotherapy, especially anthracycline and/or taxane-based
chemotherapy, was associated with the incidence of LE in
CC-negative patients. Previous studies have also indicated
that adjuvant chemotherapy is a potental risk factor for LE
(13,17). Taxane-based chemotherapy is of interest in breast
cancer-related LE literature because of taxane-induced
fluid retention in patients during treatment (13,14,17-21).
Nguyen et al. reported in a large cohort study that
anthracycline chemotherapy (without RT) increased the
S-year incidence of breast cancer-related lymphedema
(BCRL) from 3.5% (ALND only) to 8.4%, a different that
was not statistically significant (P=0.10), while anthracycline
plus taxane chemotherapy had a much higher 5-year
incidence of 33.6% (P<0.001) (22). We could not distinguish
which anthracycline or taxane would impact the incidence of
LE in CC-negative patients because both anthracycline and
taxane were used sequentially in most patients in the present
study. However, previous studies reported taxane-based
chemotherapy maybe a risk factor of LE (19-22,25). In the
present study, PST was not a risk factor for LE. Taxane-
based chemotherapy was a risk factor for LE in the adjuvant
but not the neo-adjuvant setting. Park et 4/. reported that
the change in BMI was most significant just after the fourth
cycle of taxane in the neo-adjuvant setting; however, the
change in body weight was not a significant factor for the
incidence of LE (26). Kim ez 4. also reported that adjuvant
chemotherapy was not significantly correlated with LE in

Ann Breast Surg 2019;3:4
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Figure 3 LE incidence of the patients with or without adjuvant chemotherapy (CT) classified by Cranial Collector (CC) status. (A) CC
positive patients with or without CT; (B) CC negative patients with or without CT; (C) CC positive patients with or without anthracycline
and/or taxane based CT. (D) CC negative patients with or without anthracycline and/or taxane based CT. AT, anthracycline and/or taxane;

NS, not significant.

313 patients with clinically node-positive breast cancer who
underwent neoadjuvant chemotherapy followed by surgery
with ALND (27). The systemic edema caused by taxane in
adjuvant setting may lead to LE due to the disruption of the
lymphatic pathways in the axilla by ALND. This assumption
may be supported by the observation that anthracycline
and/or taxane-based chemotherapy was associated with a
higher incidence of LE in CC-negative patients only. The
CC might have a role in preventing the development of LE
by addressing systemic edema related to the side effects of
taxane. Especially, docetaxel causes systemic edema more
frequent than paclitaxel according to the review (25). As one
of the possibilities how the CC status would be the clinical
consequences and implications, we would choice paclitaxel
as adjuvant chemotherapy instead of docetaxel for CC-
negative patients. Although the identification rate of CC
was 39% that is relatively low, we expect that it could be
useful to reduce the incidence of LE by changing adjuvant
treatments according to the CC status in future.

A number of studies reported radiation therapy to be a
major and independent risk factor for LE (13,15-18,28).

© Annals of Breast Surgery. All rights reserved.
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Warren et al. demonstrated that regional lymph node
radiation, including SCRT, significantly increased the risk
of LE compared to breast or chest wall radiation alone
(HR: 1.7; 95% CI: 1.07-2.7) (28). In this study, SCRT was a
risk factor for LE in CC-positive patients. We hypothesize
that SCRT may result in the development of fibrosis
surrounding the tissue where the CC was running, which
may interrupt the lymphatic flow from the CC. Because
the CC generally travels along the axillary vein, the SCRT
field may be planned to include this area. Planning of the
SCRT to avoid the CC pathway in CC-positive patients
may reduce the incidence of LE in this group of patients.
This supposition should be assessed in a clinical trial in
addition to oncologic safety for local recurrence because
the radiation filed would be partially omitted. In contrast,
CC-negative patients may require more intensive care when
taxane-based chemotherapy is administered. Thus, CC
status might be also useful when planning surveys for LE
after ALND.

Surgeons may not perform ALND in clinically-negative
axilla patients with either negative or one or two positive

Ann Breast Surg 2019;3:4
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Figure 4 LE incidence of the patients with or without radiation therapy (RT) classified by Cranial Collector (CC) status. (A) CC positive
patients with or without RT; (B) CC negative patients with or without RT; (C) CC positive patients with or without supraclavicular radiation
therapy (SCRT); (D) CC negative patients with or without SCRT.

CC positive patients

Age [ J
Positive LNs ——
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A and/or T H®
SCRT ¢
0.001 0.01 0.1 1 10 100
Odds ratio
95% ClI
OR Upper Lower P values
Age 0.971 0.913 1.032 0.345
Positive LNs 0.188 0.027 1.332 0.094
Positive ARMLNs 2.460 0.967 6.259 0.059
Aand/or T 2.965 0.704 12.490 0.139
SCRT 18.184 3.448 95.901 0.001

CC negative patients
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0.001 001 0.1 1 10
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95% ClI
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Positive ARMLNs ~ 0.934 0.516 1.690 0.822
Aand/or T 2.461 1.093 5.539 0.030
SCRT 0.510 0.185 1.403 0.192

Figure 5 The odds ratio of each risk factor for LE incidence of the patients by classified Craneal Collector status in multivariate analysis.
LNs, lymph nodes; ARM LN, identified lymph nodes derived from the arm by axillary reverse mapping; A and/or T, anthracycline and/or
taxane-based adjuvant chemotherapy; SCRT, supraclavicular radiation therapy.
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sentinel nodes by SNB (29-33). Several studies have assessed
the feasibility of omitting ALND in patients with clinically-
positive axilla, who converted to clinically-negative
axilla following neo-adjuvant chemotherapy (34,35).
Furthermore, ongoing prospective randomized phase III
clinical trials are evaluating the role of ALND or regional
nodal radiation therapy in patients with breast cancer with
positive sentinel lymph node disease after neoadjuvant
chemotherapy (36,37). However, the patients who do not
meet the criteria for inclusion in these clinical trials are still
at risk of LE after ALND. Information from the ARM may
be helpful in reducing the risk of LE or planning surveys
for LE in patients requiring ALND.

"To our knowledge, this is the first report to evaluate the
impact of postoperative radiation (especially, SCRT) or
adjuvant chemotherapy (anthracycline and/or taxane-based
chemotherapy) on the incidence of LE according to ARM
lymphatic drainage pathways. However, the limitations
of our current study are retrospective investigation and
including the patients who received various treatments
in addition to ALND. Further studies are needed to
investigate how to apply this information to reduce the
incidence of LE in patients who require ALND.

Conclusions

In our series, the CC status of patients undergoing ALND
impacted on the incidence of LE after chemotherapy and
radiation therapy.
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