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within the lymphatic drainage
system in breast cancer: A single
center study on toxicity and
oncologic outcome
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Background and purpose: In breast cancer patients, the increasing de-

escalation of axillary surgery and the improving resolution of diagnostic

imaging results in a more frequent detection of residual, radiographically

suspect lymph nodes (sLN) after surgery. If resection of the remaining suspect

lymph nodes is not feasible, a simultaneous boost to the lymph node metastases

(LN-SIB) can be applied. However, literature lacks data regarding the outcome

and safety of this technique.

Materials andmethods:We included 48 patients with breast cancer and sLN in this

retrospective study. All patients received a LN-SIB. Themedian dose to the breast or

chest wall and the lymph node system was 50.4 Gy in 28 fractions. The median

dose of the LN-SIB was 58.8 Gy / 2.1 Gy (56-63 Gy / 2-2.25 Gy). The brachial plexus

was contoured in every case and the dose within the plexus PRV (+0.3-0.5mm) was

limited to an EQD2 of 59 Gy. All patients received structured radiooncological and

gynecological follow-up by clinically experienced physicians. Radiooncological

follow-ups were at baseline, 6 weeks, 3 months, 6 months and subsequent

annually after irradiation.

Results: The median follow-up time was 557 days and ranged from 41 to 3373

days. Overall, 28 patients developed I°, 18 patients II° and 2 patients III° acute

toxicity. There were no severe late side effects (≥ III°) observed during the follow-

up period. The most frequent chronic side effect was fatigue. One patient (2.1 %)

developed pain and mild paresthesia in the ipsilateral arm after radiotherapy.

After a follow-up of 557 days (41 to 3373 days), in 8 patients a recurrence was

observed (16.7%). In 4 patients the recurrence involved the regional lymph node

system. Hence, local control in the lymph node drainage system after a median

follow-up of 557 days was 91.6 %.
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Conclusion: If surgical re-dissection of residual lymph nodes is not feasible or

refused by the patient, LN-SIB-irradiation can be considered as a potential

treatment option. However, patients need to be informed about a higher risk

of regional recurrence compared to surgery and an additional risk of acute and

late toxicity compared to adjuvant radiotherapy without regional dose escalation.
KEYWORDS

lymph nodes, breast cancer, simultaneous integrated boost, toxicity, axillary therapy,
nodal positivity
Introduction

A positive lymph node status in breast cancer is associated with

a significant decrease of the 5 year-survival-rate (1). Nevertheless, in

lymph-node positive patients, locoregional treatment of the lymph

node drainage system has the potential to decrease the rate of

distant and local recurrences and improve the oncological outcome

(2, 3). In recent years several large trials have investigated the

optimal role of radiotherapy and axillary surgery in this setting:

The AMAROS trial showed comparable local control rates for

breast cancer patients with positive sentinel lymph nodes after

axillary lymph node dissection (ALND) or regional nodal

irradiation (RNI) (4). Further, the results of the Z0011 trial

suggest that even axillary incidental lymph node irradiation

during tangential whole-breast-irradiation may suffice to achieve

similar oncologic outcomes after positive “sentinel lymph node

biopsy (SLNB) only” compared to ALND (5, 6). The major

advantage of SLNB (+/- radiotherapy) over ALND is the

reduction of side effects such as lymphedema and shoulder

mobility dysfunction, due to a less invasive approach (7). Thus, in

patients with clinically node-negative disease (cN0) without

neoadjuvant chemotherapy, “SLNB only” (+/- RNI) has become

the standard therapy.

For patients with clinically involved lymph nodes (icN+)

however, axillary dissection remains the preferred therapy

according to current guidelines. ALND usually comprises

resection of level I and II of the axilla. Due to the questionable

oncological benefit of an extensive lymphadenectomy (> 10 LN)

and the associated toxicity, the trend is towards more limited lymph

node removal in ALND (8, 9). A potential alternative to ALND in

clinically nodal positive patients is the concept of targeted axillary

dissection (TAD). Here, biopsy confirmed axillary nodes are being

clip-marked prior to surgery and removed in addition to the

sentinel lymph nodes. This concept is primarily being used after

neoadjuvant chemotherapy. Recent studies have shown promising

results using this approach in patients with clinical positive lymph

nodes (10–12).

The progressive de-escalation of axillary surgical therapy and

improved resolution of diagnostic imaging prior to radiotherapy

lead more frequently to a detection of morphologically abnormal

lymph nodes remaining within the axilla levels I-IV and the internal
02
mammary region after completion of surgical treatment. In case of

confirming a suspect finding (e.g. in ultrasonic examination),

further procedure should be discussed in an interdisciplinary

tumor board.

In some cases, remaining pathological lymph nodes or areas at

risk cannot be addressed surgically, e.g. due to previously repeated

interventions or refusal by the patient. According to the NCCN

guidelines, in these cases, a supplemental boost to gross residual

lymph nodes can be delivered (13). However, evidence supporting

this recommendation is lacking. Even though large randomized

trials (e.g. MA.20 trial and the EORTC 22922), have shown that

regional lymph node radiotherapy is improving locoregional

control rates after surgery, none of these randomized trials have

investigated a dose escalation for clinically apparent residual lymph

node metastases.

Compared to a sequential boost, the use of simultaneous

integrated boost (SIB) allows to keep the total duration of the

treatment the same and enables a better homogeneity in dose

distribution (14). The use of SIB for pathological lymph nodes is

well established in radiooncological treatment concepts of other

cancer entities such as prostate carcinomas, head and neck cancers

and cervical cancer (15–17). Nevertheless, to our knowledge, no

previous data on SIB-irradiation on the lymphatic system is

available for breast cancer patients.

Thus, in this study, we aim to provide preliminary data on

oncological outcome and toxicity after the use of SIB irradiation

(LN-SIB) of radiographically suspect lymph nodes (sLN) in breast

cancer patients.
Materials and methods

Patient collective

We included 48 adult women (n=47) and men (n=1) with

histologically confirmed invasive breast cancer and residual clinical

positive lymph nodes after surgery in this retrospective study. The

patients gave their informed consent for treatment and the study

was approved by the local ethics board (2022-364-S-NP).

The mean patient age at time of diagnosis was 55 years and

ranged from 30 to 83 years. Initial tumor stages were predominantly
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stadium II (n=19) and III (n=23). Beyond, we included 4 patients

with affection of cervical lymph nodes (stadium IV). Most patients

received either mastectomy (60,4 %, n=29) or breast-conserving

surgery (BCS, 31.25 %, n=15) as primary treatment of the breast. In

30 (62.5 %) patients, a neoadjuvant systemic therapy was applied. A

concomitant systemic therapy was performed in 14.6% of patients

(n=2 Capecitabine, n=1 Olaparib, n=3 endocrine therapy, n=1

combined chemotherapy/antibody therapy (Trastuzumab

and Capecitabine)).

Primary treatment of the axillary lymph nodes had been ALND

in 30 patients (62.5 %), SLNB in 13 patients (27.1 %) and TAD in

one patient (2 %). Median number of resected lymph nodes were 12,

(range 1-33), with a median of 2 positive lymph nodes (range 0-25).

4 patients (8.3 %) did not receive any specified axillary treatment

prior to radiotherapy due to metastatic breast cancer. In all patients,

residual sLN were clinically detected prior to radiotherapy (in

planning CT, MRI or PET-CT). In 44 cases, postoperatively

detected LNs showed radiographically pathological features. In 4

cases, postoperative imaging revealed LN-clips that were placed

preoperatively prior to systemic therapy indicating non-removed

lymph node metastases. The treatment decisions were discussed

interdisciplinary with explicit consideration of another individual

surgical intervention before consensus of radiotherapy.
Radiotherapy

All patients were treated at the Department of Radiation

Oncology of the Technical University in Munich (TUM) between

01/2010 and 12/2020.

Every patient underwent planning computer tomography of the

thorax (Somatom Emotion 16 scanner (Siemens Healthineers,

Erlangen, Germany). All treatment plans were created in Eclipse

15.6 (Varian Medical Systems, Palo Alto, CA, USA) using VMAT

technique. Contouring and treatment planning was performed

according to current guidelines (18–20) and all treatment plans

were approved in house by a board of attending radiation

oncologists. The prescribed dose to the breast or chest wall was

50.4 Gy in 28 fractions except for two cases (51 Gy in 30 fractions/

54 Gy in 30 fractions). One patient terminated radiotherapy early

after a total dose of 45 Gy to the breast (25 of 28 planned fractions).

N=18 patients had in addition to the LN-SIB a simultaneous

integrated boost to the primary tumor region with a median dose

of 59.4 Gy (range 56-64 Gy/2-2.25 Gy). Indications for an

integrated boost to the tumor bed after lumpectomy were

premenopausal status, ≥T2 tumor, G3 grading, HER2 positivity

or triple negative breast cancers (21).

All patients received elective lymph node irradiation in addition

to breast or chest wall radiotherapy. Elective lymph node irradiation

comprised the supra-/infraclavicular region (level III-IV) and the

internal mammary region. In addition, the axillary levels I and II

were included in case of a positive SLNB/TAD or if remaining

suspect lymph nodes were detected in these levels after ALND. The
Frontiers in Oncology 03
cervical lymph nodes were only included in case of cervical lymph

node involvement. The LN-SIB-PTV was confined to

radiographically suspect lymph nodes defined as GTVn plus an

isotropic margin of 0.6-0.8 cm with exclusion of any lung tissue and

the skin (3-5 mm from body contour). The boost dose to the LN-

SIB-PTV was determined individually for each patient depending

on the location and the size of the LN-SIB. The dose in the LN-SIB-

PTV was prescribed to the D50% and D98% was aimed to be >95 %.

The brachial plexus was contoured in every case and the dose within

the plexus PRV (+0.3-0.5mm) was limited to an EQD2 of 59 Gy.
Follow-up and data collection

All patients received structured radiooncological and gynecological

follow-up by clinically experienced physicians. Intervals for

radiooncological procedures follow-up were at 0 weeks, 6 weeks, 3

months, 6 months and subsequent annually after irradiation according

to institutional standard operation. Gynecological follow-up was

performed according to national guidelines. Every appointment at

the department of radiation oncology included a full anamnesis and

physical examination of the breast. Acute and late side effects were

classified according to international Common Toxicity Criteria of

National Cancer Institute (version 5.0). Retrospective assessment of

acute side effects (radiodermatitis/desquamation, edema of the breast/

arm respectively and fatigue) was performed based on the documented

side effects (CTCAE) during treatment and follow-up within <6 weeks

after irradiation. For evaluation of late side effects (radiodermatitis/

desquamation, edema of the breast/arm, fibrosis, fatigue, brachial

plexopathy, arm or shoulder pain, Pneumonitis, cardiac disease) and

oncological outcome, we analyzed follow-up data ≥ 6 weeks after

irradiation. For both acute and late toxicity we only report the highest

toxicity grade during treatment and/or follow-up. In case of a lymph

node recurrence, we evaluated spatial correlation of recurrence and

LN-SIB volume.
Results

Median follow-up time was 557 days (82.4 weeks) and ranged

from 41 to 3373 days.
LN-SIB

The median dose to the LN-SIB-PTV was 58.8 Gy/2.1 Gy (range

56-63 Gy/2-2.25 Gy). The median SIB-volume was 49.8 cm2 (range

5.0-759.4 cm2). The median number of included sLN in the SIB

Volume was 5.

In most patients, SIB of the sLN included only one axillary level

(n=22). In 7 Patients the SIB overlapped two lymph node levels. In 7

patients three or more levels were at least partly included in the SIB

volume. The localization of LN-SIB is delineated in Figure 1.
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Acute side effects

Overall, 28 patients developed only I°, 18 patients II° and 2

patients III° acute toxicity. Skin reactions were observed in all

patients (n=48; 100%). 95.8% (n=46) experienced only mild or

moderate skin toxicity (≤ II° CTCAE). 2 patients showed severe skin

toxicity. In one of them, radiotherapy had to be terminated after a

total of 45 Gy due to the severe skin reactions with moist

desquamation. However, the areas with moist desquamation were

limited to the breast and in no proximity to the LN-SIB. Beyond

this, there was no high graded toxicity. Detailed acute toxicity data

is listed in Table 1 and summarized in Figure 2.
Late side effects

There were no severe side effects (≥ III°) observed during the

follow-up period. Moderate (CTCAE grade II) late toxicity was

observed in six patients. The most frequent chronic side effect was

fatigue, though this was only mildly expressed (Table 2).

Two patients suffered from polyneuropathy I° after systemic

therapy. One patient developed a plexopathy with mild paresthesia

immediately after radiotherapy and neuropathic pain in the
Frontiers in Oncology 04
ipsilateral arm after a period of 17 months. Electromyography

revealed normal, however significantly reduced values compared

to contralateral side. AMRI of the brachial plexus and spine showed

no signs of inflammation or tumor progression but an

uncovertebral arthrosis with subsequent stenosis of the spinal

canal at the level of C5/6.
Oncologic outcome

After a median follow-up of 557 days, 40 patients had neither a

breast cancer recurrence nor progress of the LN within the LN-

SIB (Figure 3).

In 8 cases patients developed a recurrence during the follow-up

period (16.7%). In 4 patients, recurrence involved the regional

lymph node system. The remaining patients developed local

recurrence in the breast (n=1) or distant metastases (n=3)

without recurrence or progress within the regional lymph node

system. Of 4 patients with recurrence within the regional lymph

node system 3 patients developed a recurrence or progress within

the LN-SIB target volume (Figure 4; Figure 2C). The median time to

recurrence within the LN-SIB volume was 189 days (108 to 373

days). Patients with lymphatic recurrence within LN-SIB volume

had slightly larger SIB target volumes (54.7 cm2 vs. 49.8 cm2) and a

slightly lower prescription dose (median: 56.25 Gy/2.1 Gy; range

56-58.8 Gy/2-2.25 Gy) compared to the remaining patients.
Discussion

With this study, we present preliminary data for the use of SIB-

irradiation on sLN in patients with invasive breast cancer.

Assessment of acute and late toxicity showed mostly mild or

moderate skin reactions, fatigue and edema of the breast or arm.

There were no late toxicities reported higher than II° according to

CTCAE. However, there was one case of brachial plexopathy of

unknown cause. Despite residual lymph node metastases prior to

radiotherapy only 3 patients developed a recurrence within the LN-

SIB volume after a median follow-up of > 1.5 years.

With the increasing de-escalation of axillary surgery, evidence

for tailored radiotherapy approaches to the axilla is urgently needed.

The most comprehensive data regarding toxicity of lymph node

irradiation exist from the randomized EORTC 22922, MA 20 trial

and AMAROS trial (2, 4, 22). The toxicity rates of EORTC 22922
TABLE 1 Summary of acute toxicity (absolute and relative numbers) classified with CTCAE.

CTCAE

0° I° II° III°

Radiodermatitis* – n=29 (60.4 %) n=17 (35.4 %) n=2 (4.2 %)

Edema of the breast n=34 (70.8 %) n=11 (22.9 %) n=3 (6.3 %) –

Edema of the arm n=41 (85.4 %) n=5 (10.4 %) n=2 (4.2 %) –

Fatigue n=18 (37.5 %) n=27 (56.3 %) n=3 (6.3 %) –
fr
*Desquamation (dry or moist) occurred in n=10 patients (20.8%).
FIGURE 1

Number of patients (n=48) with LN-SIB in the axillary levels I, II, III,
IV, the internal mammary region or the cervical lymph nodes. Note
that LN-SIB included more than one lymph node level in 26
patients, which accounts for differences from total number of
patients. *also comprises interpectoral lymph nodes.
ontiersin.org

https://doi.org/10.3389/fonc.2023.989466
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Klusen et al. 10.3389/fonc.2023.989466
and MA.20 trial were comparable to the toxicity rates of our

current trial:

In the EORTC 22922 trial, chronic skin toxicity was found in

13.6% of all patients after irradiation of internal mammary and

medio supraclavicular lymph nodes, including fibrosis in 7.9% and

radiodermatitis in 1.4%. Edema of the breast, chest wall or arm was

observed in 4.2% of patients. No information was provided on acute

side effects. It should be noted that in these studies only 7.4%

(control group) respectively 8.3% (nodal irradiation group) of

patients were underdoing axillary irradiation.

In the MA.20 trial side effects were only reported from

moderate or higher intensity (≥II°). Acute skin reactions were

found in 49.5% of patients; fatigue occurred in 19% of patients.
Frontiers in Oncology 05
Chronic skin reactions were reported in 6.9%. Lymphedema could

be objected in 8.4% of patients.

For the AMAROS trial in which full dose coverage to the

axillary levels I and II was given in the treatment arm, a

lymphedema rate of 15 % was reported after one year. The lower

rate of lymphedema compared to our trial is most likely attributed

to the fact that patients in the treatment arm received “SLNB only”,

whereas in our study most patients received ALND. A recent study

by Naoum et al. showed that the type of axilla-surgery is the most

important risk factor for the development of lymphedema and

regional radiotherapy has only a minor impact (23).

One case of brachial plexopathy of unknown cause occurred

during follow-up. Even though the immediate onset of paresthesia
B

C

A

FIGURE 2

Toxicity and Oncological Outcome after LN-SIB. (A) Acute and (B) Late toxicity (CTCAE in % and total numbers (n=48)) (C) Regional control within
LN-SIB.
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FIGURE 3

Controlled LN after LN-SIB. Case of a patient receiving a LN-SIB to a remaining sLN in Level I. FDG-PET/CT imaging after 36 months shows
regression without signs of recurrence within the lymphatic drainage system. *Dose 58.8 Gy in 28 Fx.
TABLE 2 Summary of late effects (absolute and relative numbers) classified by CTCAE.

CTCAE

0° I° II° III°

Radiodermatitis* n=44 (91.6 %) n=3 (6.3 %) n=1 (2.1 %) –

Edema of the breast n=37 (77.1 %) n=11 (22.9 %) – –

Edema of the arm n=35 (72.9 %) n=10 (20.8 %) n=3 (6.3 %) –

Fibrosis n=34 (70.8 %) n=10 (20.8 %) n=4 (8.3 %) –

Fatigue n=28 (58.3 %) n=20 (41.7 %) – –

Brachial plexopathy n=47 (97.9 %) – n=1 (2.1 %) –

Pain of arm or shoulder n=45 (93.8 %) n=2 (4.2 %) n=1 (2.1 %) –

Pneumonitis n=48 (100 %) – – –

Cardiac Disease n=48 (100 %) – – –
F
rontiers in Oncology
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*Dry desquamation occurred in n=2 patients (4.2 %).
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and the normal plexus-MRI are not typical for radiogenic plexopathy

and the symptoms could also be related to a diagnosed uncovertebral

arthrosis, a causal relationship cannot be ruled out. Meta-analyses have

shown that brachial plexus constraints of EQD2 60–66 Gy are safe even

when hypofractionated RT is being used (24). It should be noted that

the dose distribution in theMA.20, the EORTC and the AMAROS trial

was more inhomogeneous compared to modern treatment planning.

In a previous study we showed that the field design of the AMAROS

trial resulted in median doses up to >56 Gy in the axillary levels I and II

(25). Taking this into account a LN-SIB with a dose of 58.8 Gy and

brachial plexus sparing using modern 3D-based VMAT treatment

planning might lead to similar maximal doses to the lymphatic
Frontiers in Oncology 07
drainage system and the brachial plexus compared patients included

in the randomized AMAROS trial.

In earlier trials, the median time of brachial plexopathy after

radiotherapy was 7 months. Therefore, the follow-up data regarding

brachial plexopathy in our study (2.1 %) is relevant despite short

follow-up of only 1.5 years.

Nevertheless, since long-term follow-up data is lacking, patients

receiving a LN-SIB should be informed about a higher risk of

brachial plexopathy due to the dose-response relationship of

brachial plexopathy. This applies particularly to patients receiving

large LN-SIBs as there is emerging evidence that there is a volume

effect associated with the brachial plexus (26).
FIGURE 4

Recurrence within LN-SIB. Case of a patient with initial response to LN-SIB of a LN in level I 3 months after RTx and recurrence 10 months after RTx.
**Dose 58.8 Gy in 28 Fx.
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We observed recurrence of the primary tumor region in 4.2%.

Lymphatic recurrences were diagnosed in 8.3 %. In 6.25%

recurrence occurred within the LN-SIB. In comparison, the MA-

20 trial reported locoregional recurrence in 4.3%. In EORTC trial, a

local recurrence was found in 5.6%, a regional recurrence in 2.7%.

Recurrence rate in AMAROS trial was 1.2 % in axillary radiotherapy

group after 5 years. However, the follow-up in these studies was

much longer (AMAROS trial: 6.1 years, MA20 trial: median 9.5

years, EORTC trial: 10 years). Thus, recurrence data from our study

exceeded preliminary data from mentioned trials. The differences

can be explained by an unfavorable patient collective with inclusion

of recurrent and even metastatic patients. Further residual

macroscopic lymph node metastases after surgery are a risk factor

per se. Given the high-risk features of our patient collective, a local

control within the LN-SIB volume of 94 % after >1.5 years median

follow-up seems reasonable. However, it can be assumed that higher

doses are necessary to achieve persisting long-term tumor control in

the lymph node system. Previous studies focusing on incomplete or

unresected breast cancer showed that doses of EQD2 >76 Gy are

necessary to achieve control rates that are comparable to control

rates of surgery (27, 28). Since the prescribed dose to remaining

lymph nodes in the axilla is limited by the tolerance of the brachial

plexus and the risk of lymphopathy, surgery of macroscopically

remaining lymph nodes is the undisputed gold standard. However,

the current study shows that LN-SIB represents a potential

alternative treatment option if LN-dissection or picking cannot be

carried out or is refused by the patient. The limitations of the

current studies, apart from the retrospective nature, are the short

follow-up, the insufficient correlation of the toxicity with follow-up

time and SIB location and an incomplete recording of some side

effects (e.g. telangiectasias, hyperpigmentation). To draw definitive

conclusion on this topic a longer follow-up and prospective

randomized trials are needed.
Conclusion

Surgical re-dissection is the undisputed gold standard for

residual lymph node metastases after breast cancer surgery. If re-

dissection of residual lymph nodes is not feasible or refused by the

patient, LN-SIB-irradiation can be considered as a potential

treatment option. However, patients need to be informed about a

higher risk of regional recurrence compared to surgery and an
Frontiers in Oncology 08
additional risk of acute and late toxicity compared to adjuvant

radiotherapy without regional dose escalation.
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