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Radiation-induced brachial plexopathy and hypofractionated regimens
in adjuvant irradiation of patients with breast cancer-a review
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Abstract

In order to increase the availability of adjuvant radiotherapy of breast cancer patients and make it more convenient and
cheaper, in numerous cancer centres, the dose per fraction has been increased from 2 Gy to 2.25-2.75 Gy and the total dose
has been decreased from 50 Gy to 40—45 Gy. The risk of developing any late complications after conventionally fractionated
megavoltage radiotherapy is estimated to be below 1%. The aim of this review is to determine whether hypofractionated
regimens increase the risk of damage to the brachial plexus. A review of the published literature shows that the use of doses
per fraction in the range from 2.2 Gy to 4.58 Gy with the total doses between 43.5 Gy and 60 Gy causes a significant risk of
brachial plexus injury which ranged from 1.7% up to 73%. The risk of radiation induced brachial plexopathy was smaller
than 1% using regimens with doses per fraction between 2.2 and 2.5 Gy with the total doses between 34 and 40 Gy. Surgical
manipulations in the axilla and chemotherapy have to be taken into account as additional factors which may increase the risk

of brachial plexopathy.

In breast cancer patients brachial plexus morbidity
may result from trauma during axillary surgery or
from postoperative irradiation [1—4]. Figure 1 shows
schematically the topography of the brachial plexus
and outlined the operated and irradiated axillary,
supra- and infraclavicular nodes area. The irradiated
volume includes, among other tissues, the brachial
plexus.

The effectiveness of postoperative radiotherapy
in diminishing the risk of local relapse in breast
cancer patients has been well established [5,6].
Three recent randomised trials showed that long-
term survival was significantly better in postmas-
tectomy patients treated with adjuvant radiation
and chemo- or hormonotherapy than in non-
irradiated women receiving only systemic treatment
[7-9]. This benefit was confirmed in the meta-
analysis of the Early Breast Cancer Trialists’
Collaborative Group [6]. The overall survival
benefit in postoperative irradiated patients is
assured provided that modern radiotherapy tech-
niques are used [10]. Therefore, adjuvant irra-

diation is considered as routine practice for high
risk breast cancer patients with more than 3
positive nodes. Some studies however showed an
even higher benefit with postmastectomy radio-
therapy in patients with 1-3 positive nodes [11—
13]. Following publication of these studies the
number of patients referred for postoperative
irradiation has risen abruptly. To shorten the
waiting time for postoperative irradiation and to
make the treatment more convenient for patients
and cheaper in many cancer centres, hypofractio-
nation is used. However, there is concern that a
short-course fractionation schedule may be asso-
ciated with the higher risk of late complications to
the brachial plexus. The risk of developing brachial
plexopathy after conventionally fractionated mega-
voltage radiotherapy is estimated to be below 1%
[14,15].

The aim of this literature review is to determine
whether shortened fractionation regimens are asso-
ciated with an increased risk of radiation induced
brachial plexopathy.
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Figure 1. Schematic representation of the brachial plexus in
relation to the borders of irradiated field and operated area.

The association between irradiation schedule
and radiation-induced brachial plexopathy

Kori et al. [1] reviewed 22 cancer patients with
radiation induced brachial plexopathy (RIBP). The
interval between radiotherapy and the appearance of
first symptoms ranged from 3 months to 26 years
with a median of 4 years. In patients who received
the total dose over 60 Gy, the signs and symptoms of
plexopathy appeared during the first year post
therapy, while in those who were received less than
60 Gy, the interval exceeded one year. Stoll et al. and
Bentzen et al. [16,17] found that the interval
between radiotherapy and the beginning of RIBP
depends on the total dose and the dose per fraction.
This interval becomes shorter when dose per frac-
tion and/or total dose increases. Earlier reports
described brachial plexus damage with high fraction
doses-more than 4 Gy (Table I). Stoll et al. [16]
diagnosed RIBP in 73% and 15% of patients, who
were treated by a 4 MV photons with a total dose of
55 Gy in 4.58 Gy per fraction and 51 Gy in 4.25 Gy
per fraction to the brachial plexus accordingly.
Patients were treated with one field to the supracla-
vicular lymph node region after total mastectomy.
The biological equivalent dose (BED) in both
radiation regimens was 90 Gy and 80 Gy respec-
tively. The calculation was made for the o/ model,
where o/} was 2 Gy. The third group of 139 patients
presented by Stoll et al. [16] were treated with
orthovoltage irradiation giving a total dose 43.5 Gy
to the brachial plexus in 10 fractions. In 14 (10%) of
them developed symptoms of brachial plexopathy.
The BED was 69 Gy given in 2 Gy per fraction. The
follow-up was up to 30 months [16]. Johansson et al.
[18] reported a series of 71 patients who underwent
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radical mastectomy with subsequent °°Co irradia-
tion to the peripheral lymph nodes to a prescribed
total dose of 44 Gy in 4 Gy per fraction. Only two of
the three fields were irradiated daily: supraclavicular,
axillary or parasternal. Because of an overlap of the
treated volume, the total dose delivered to the
brachial plexus was 57 Gy in 16—17 fractions over
3—4 weeks. The BED was 78 Gy given in 2 Gy per
fraction. Within 34 years after completion of the
therapy full plegia of the extremity developed in 11
of 12 patients-92%. Massive fibrosis was found in
the irradiated volume. Severe radiation-related com-
plications were due to the high doses per fraction
and the hot spots produced by fields overlapping
owing to changes in the patient’s position between
treatment of the supraclavicular and axillary fields.

An independent review of patients with RIBP in
the United Kingdom performed by Royal College of
Radiologists also highlighted changes in patient
position during radiotherapy as a major factor
increasing the risk of inadvertent field overlap [19].
Barr et al. [20] reported on the postirradiation
complications following breast-conserving surgery.
The total radiotherapy dose received by the brachial
plexus was 51 Gy in 3.4 Gy per fraction. The BED
was 69 Gy given in 2 Gy per fraction. RIBP was
found in 2.4% of the women. Powell et al. [21]
studied the incidence of RIBP in a series of 449
patients randomised into two arms: the first one
irradiated with mean total dose of 45 Gy in 15
fractions (mean dose per fraction 3 Gy — BED =56
Gy) and the second one with 54 Gy in 27-30
fractions (dose per fraction 1.8-2 Gy — BED =51
Gy). The incidence of plexopathy was 5.9% in the
low total and high fractional dose arm and 1% in the
high total and low fractional dose arm. This con-
firmed the thesis that dose per fraction is an
important risk factor for the development of plexo-
pathy. Basso-Ricci et al. [22] diagnosed RIBP in 16
of 490 patients (3.2%) in whom the total dose to the
plexus was 60 Gy in 2 Gy per fraction. The
technique used was characterized by a high risk of
field overlap and a dose to the plexus higher than
expected from the prescribed dose. No RIBP was
observed after changes in the irradiation technique
and lowering the total dose to the supraclavicular
nodes to 49 Gy with 1.96 Gy per fraction in a group
of 200 patients. Bajrovic et al. [23] observed RIBP in
19 of 140 (14%) patients who were irradiated with
%9Co on supraclavicular field with a total dose 52 Gy
with 2.6 Gy per fraction to the brachial plexus.
Delouche et al. [24] observed RIBP in 2 of 117
patients (1.7%) irradiated to the total given dose of
60 Gy in 2 Gy per fraction.

Nowadays it is believed that RIBP can be avoided
using three-dimensional planning and techniques
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Table I. The incidence of radiation-induced brachial plexopathy (RIBP) in respect to dose per fraction and total dose to brachial plexus.

Author No. of patients Median Follow-up [years] Dose per fraction [Gy] Total dose [Gy] RIBP % BED'
Stoll [16] 2)33 2.5 4.58 55 73 90
b)84 2.5 4.25 51 15 80
c)139 2.5 4.35 43.5 10 69
Johansson [18] 71 34 3.52 57 63 78
Barr [20] 250 3 3.4 51 2.4 69
Powell [21] a)338 5.5 3 45 5.9 56
b)111 5.5 1.8 54 1 51
Basso-Ricci [22] 490 5 22 60° 3.2 60°
Bajrovic [23] 140 8 2.6 52 14 59.8
Fairchild [26] 1142 8 2.5 40 <1 45
Livsey [31] 1665 5 2.27 34 no 36
Ragaz [9] 164 12.5 2.19 35 no 36.7
Olsen [32] 128 4 2.17 54.25 15 57
Delouche [24] 117 10 2 60 1.7 60
Fowble [14] 697 10 2 50 <1 50
Pierce [15] 724 6.5 2 50 0.4 50

!BED - Biological Equivalent Dose, a/f =2 Gyl* 21,

2Average dose (combination of 17 treatments of 1.8 Gy, 3.4, 5.2 Gy).

3Fraction and total dose were higher due to field overlap.

which deliver the proper dose to the brachial plexus
and irradiate all volumes without a change in
patient’s position during treatment. The irradiation
of all fields during one fraction using megavoltage
equipment with isocentric techniques and multi-leaf
asymmetric collimators may decrease the risk of
RIBP and other serious late side effects [18,25].
The main controversy now surrounds differences
in fractionation schedules. In the majority of radio-
therapy centers worldwide the total dose of radical
adjuvant irradiation in breast cancer is 46-50 Gy
delivered over 4.5—5 weeks with 2 Gy per fraction.
However, in numerous radiotherapy centers, parti-
cularly in the United Kingdom and Canada, for
20-30 years, fractional doses have been higher:
2.25-2.75 Gy, and total doses lower: 40—-45 Gy
[26-28]. As a result of such an approach, the
duration of therapy is shorter, falling in the range
of 3—4 weeks. It has been estimated that in the
United Kingdom 2/3 of breast cancer patients
irradiated with curative intent are treated with this
schedule [29]. The START randomised controlled
trial in the United Kingdom has compared different
fractionation schedules in breast cancer: 50 Gy in 25
daily fractions, 40 Gy in 15 daily fractions, 39 and
42 Gy in 13 fractions in 5 weeks [30]. Results are
awaited. Table I and Figure 2 summarize the
published data on the risk of RIBP in relation to
the delivered dose and fractionation schedule with
respect to BED. When the total dose to the plexus
was between 43.5 and 60 Gy with dose per fraction
between 2.17 and 4.58 Gy, the incidence of RIBP
ranged from 1.7% to 90% and increased with longer
time of follow-up. Even when the dose per fraction
was low and ranged between 2 and 2.17 Gy, but the

total dose was not decreased, between 54.25 and
60 Gy and BED was higher than 55 Gy, the RIBP
rose steeply with the dose from 1.7% to 15%. Higher
than expected rates of RIBP observed in some
groups of patients were probably due to errors in
irradiation technique and the higher doses to the
brachial plexus than those prescribed.

Retrospective studies by Livsey et al. from Man-
chester [31] and Fairchild et al. from Vancouver [26]
reported that shortened radiotherapy courses using
higher doses per fraction in the range of 2.27 and
2.5 Gy and smaller total doses of 34—-40 Gy (BED
36—45 Gy), were associated with an the incidence of
RIBP below 1%, thus similar to that observed after
total dose 50 Gy with 2 Gy per fraction [14,15].
There were no cases of brachial plexopathy during
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Figure 2. Relationship between incidences of radiation-induced
brachial plexopathy (RIBP) and biological effective dose (BED).
The reference line indicates the 5% level of RIBP.



the median follow-up of 12.5 years among 164
irradiated patients in the randomised study reported
by Ragaz et al. [9]. The total dose to the brachial
plexus was 35 Gy with 2.19 Gy dose per fraction
(BED - 36.7 Gy).

These studies strongly suggest that short-course
radiotherapy with a small increase of dose per
fraction from 2 Gy to 2.19-2.5 Gy and decrease
of the total dose from 50 Gy to 34—40 Gy is safe
for the brachial plexus, provided the BED is not
higher than 51 Gy (Table I). Moreover, retro-
spective clinical studies with long-term results
revealed that the effectiveness of shortened radio-
therapy in lowering the risk of local recurrence is
comparable to that obtained with conventional
fractionation [26—28]. However, in some studies
the median time period was relatively short (5-8
years) which have let to the underestimation of the
rate of incidence of RIBP.

The addition of adjuvant chemotherapy to radio-
therapy may result in increased risk of brachial
plexopathy (Table II). RIBP developed in 20 of
1117 (1.8%) women who were irradiated using 4
MV X-rays to supraclavicular and/or axillary nodes
with total dose of 50 Gy with 2 Gy per fraction with
or without chemotherapy at the Joint Centre for
Radiation Therapy in Boston [15]. In 17 patients
(85%) the signs and symptoms of brachial plexus
injury resolved completely. In the remaining three
patients with severe brachial plexus impairment, the
dose to the axilla estimated at 5 cm depth was 51, 52
and 53.5 Gy. The main factor in the development
of plexopathy was adjuvant systemic treatment given
at the discretion of the medical oncologist. The
following cytostatic drugs were used in different
combinations and sequencing with radiotherapy:
cyclophosphamide, methotrexate, 5-fluorouracil,
vincristine, prednisone, and rarely doxorubicin.
The incidence of brachial plexopathy was found in
4.5% (15/330) of patients treated with radiation and
chemotherapy compared to 0.6% (5/787) of those
who were treated with radiation alone (p <0.0001).
Analysis of the total radiation dose and use of
chemotherapy showed that brachial plexopathy de-
veloped in 1.3% (13/991) of patients who received
50 Gy or less (0.4% without chemotherapy versus
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3.7% with chemotherapy) and in 5.6% (7/126) who
were given total dose over 50 Gy (3.2% without
chemotherapy versus 7.9% with chemotherapy) to
the brachial plexus.

The Danish Breast Cancer Cooperative Group
(DBCG) conducted another study which compared
the complications in breast cancer patients following
postmastectomy irradiation treated with and without
adjuvant chemotherapy [32]. One hundred and sixty
one relapse free patients were invited to undergo
neurological examination. Mean follow-up was 50
months (range 13-99). One hundred twenty-eight
patients (79%) responded. The mean dose to the
supraclavicular-axillary area was 54.25 Gy in 2.17
Gy per fraction with 8—14 MV photons. In 82/128
patients (64%), intravenous CMF chemotherapy
was given. Radiotherapy was given sequentially
between first and second course of chemotherapy.
Brachial plexopathy was observed in 19/128 (15%)
of patients. Seven of them (5.5%) developed perma-
nent disability due to brachial plexus damage and
twelve (9.5%) mild and transient plexopathy. Among
these 19 women with RIBP, in 13% (17/128)
chemotherapy had been given, compared to 1.6%
(2/128) patients without chemotherapy (p =0.01)
(Table II). The tolerance of the brachial plexus to
chemo-radiation and the timing of combined radio-
therapy with newer regimens of chemotherapy such
as the taxanes require further study.

Conclusions

It has been found that the use of doses per fraction in
the range 2.2 Gy and 4.58 Gy with the total doses
between 43.5 Gy and 60 Gy causes a significant
increase of the risk of brachial plexus injury from
1.7% up to 73%. The risk of radiation induced
brachial plexopathy was smaller than 1% after
administrating of doses per fraction between 2.2
and 2.5 Gy with the total dose between 34 and 40
Gy. When biological effective dose was above 55 Gy,
the risk of radiation-induced brachial plexopathy
increased rapidly. Surgical manipulations in the
axilla and chemotherapy have to be taken into
account as additional factors which may increase
the risk of brachial plexopathy.

Table II. The incidence of radiation-induced brachial plexopathy (RIBP) in respect to total axillary radiation dose (TD) and chemotherapy

CT.

Author RIBP/ number TD <50 Gy TD <50 Gy TD >50 Gy TD >50 Gy
of patients % no CT % with CT % no CT % with CT %

Pierce [15] 20/1117(1.8) 0.4 3.7; p=0.0002 3.2 7.9; p=NS

Olsen [32] 19/128*(15) - - 1.6 13; p=0.01

*Number of patients who presented for neurological evaluation of 161 recurrence-free patients.
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