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ABSTRACT

Duroduction: Breast edema following cancer treatment is very
rarely documented.

The aim of this study was to investigate tissue water content in
skin and upper subcutis in women treated for breast cancer with
breast conserving surgery and radiotherapy (RT) to the breast and
compare the changes with the healthy breast.

Material and methods: One hundred eighteen patients were
measured prior to, during and 2 and 4 wevks afterend of RT.
Local edema in the four quadrants of both breasts was measured
with MoistereMeterD (Delfin Technologies Lid, Finland). A
parameter, tissue dieleciric constant (TDC), directly proportional
to tissue water content to the effective depth of 2.5 mm, was
calculated. Breast edema was defined as a TDC ratio exceeding
£.40 (mean + 2SD) between the irradiated and healthy breast.

Results: Difference in TDC ratio (p < 0.001) between the operated
and healthy breast was found at each measurement time-point. The
incidence of breast edema was 31.4% before start of the RT
treatment, increasing during RT and was 62.6% at 4 weeks afier
completion of RT. The mean pre-RT TDC ratio 1.30 £ 0.29
increased during the first week of therapy to 1.43 ¢ 0.33 and
stayed elevated through the observation period (p < 0.001).
Pre-RT patients with scar in quadrant 4 showed higher TDC ratio
{(p =0.02) (n=T1, TDC ratio 1.36 (1.31) than patients with no
scar tissue in quadrant 4 (n = 46, 2 TDC ratio 1.20 + 0.23).

Conclusion: The healthy breast can act as a control to provide a
ratio between the breasts. Based on the evaluation of the mean
TDC ratio, the incidence of breast edema was found to be high

(> 30%). The TDC values illustrating edema in the operated breast
were higher compared to the healthy breast at all measurement
time~points, also pre-RT, suggesting a high influence of surgery on
breast edema. However, axillary surgery did not seem to increase
breast edema more than sentinel lymph node biopsy. It was also
shown that patients with scar in the fourth quadrant are more likely
to have a higher TDC ratio. The higher weekly doses in the
hypofractionated RT seem to induce more edema than
conventional fractionation.

Keywords: Breast cancer, breast edema, breast surgery,
radiotherapy, tissue dielectric constant

INTRODUCTION

It is well-known among clinicians that breast edema may oceur
after breast cancer treatment, still it is often an overlooked side
effect. Breast edema is very rarely documented and only in a few

studies the incidence has been estimated. Ronki et al. ¢ found
subcutaneous edema of the breast, measured with ultrasound one
year after surgery and radiotherapy (RT) to the breast, in 70% of
the patients with axillary node dissection and in 28% with sentinel
node biopsy. Goffman et al. @ found an incidence of breast edema
only in about 10% of the patients in a similar material but more
than 2 years after cancer treatment using clinical signs like
erythema and changes similar fo peau d’orange of the breast and
the patients complains about swelling, heaviness, redness, and pain
as criterion of breast edema. It was also argued that these
symptoms are distinetly different from the minor swelling often
seen during RT(2). Constantine et al. @ clinically scored breast
edema on a 10-point scale and found that 17% of the patients
freated for ductal carcinoma in situ experienced breast edema
during and within 90 days of RT, Nuutinen et al.® using dielectric
technique observed that skin tissue water content in irradiated and
contralateral breasts decreased during RT. These observations
were associated with the radiation-associated obstruction of skin
capillaries. Previously, Papp et al have noticed using the same
technique with experimental bum injuries in landrace pigs that a
superficial bum injury damaging skin vasculature induces edema
in subcutis ®.

‘Wide differences in the incidence of breast edema are most likely
due to the method and phase where the edema has been evaluated.
Breast edema may also consist of several edemas of different
origin, Radiation-induced edema during RT and at 3-6 months
post-RT during delayed acute reaction originating mostly from
failure to microvasculature may be impossible to distinguish from
lymphedema resulting in damage to lymphatic vessels. Therefore,
in the following we use the term breast edema to describe edema
which may have different origin.

Recently, a new device, MoistereMeterD, with a technique based
on electromagnetic waves measuring tissue water content, has
been introduced showing potential fo measure breast edema @,
Since the MoistereMeterD enubles the measurement of different
quatlrants of the breast, the technique may lead to improvement in
conservative treatinent of breast edema. Inthe present
investigation we examined tissue water content in skin and upper
subcutis in women treated for breast cancer with breast conserving
surgery and RT to the breast, prior to, during and 2 and 4 weeks
after RT treatment and compared to changes with healthy breast.

MATERIALS AND METHODS
Patients

Two hundred sixty breast cancer patients treated with breast
conserving surgery and sentinel lymph node biopsy (SNLB) or
axillary lymph node dissection (ALND) and RT to the breast at the
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Department of Oncology at Skine University Hospital, Sweden,
were included in the study.

Patients with preoperative chemotherapy, recurrent cancer,
concursent diseases that may interfere with measurement of
lymphedema and difficulties in participating in the study, for
example dementia, were excluded.

Measurements

Local tissue water was measured with the TDC technique
(MoistureMeterD, Delfin Technologies Ltd, Finland). The device
transmits a very high frequency electromagnetic {EM) wave of
300 MHz into an open-ended coaxial probe in contact with the
skin. A major part of the EM energy is absorbed by tissue water
while the rest is reflected back to the coaxial line and an electrical
parameter, tissue dielectric constant (TDC), directly praportional
to tissue water content in skin and upper subcutis, is calculated ™.
‘With the TDC technique local tissue water of both breasts was
measared to the effective depth of 2.5 mm. The effective depth
illustrates the depth where the EM field has attenuated to 37% of
the value at the skin surface. The TDC scale ranges from 1 to 78
based on the percentage of fluid of the measurement site where the
TDC value 1 illustrates that the object has no water and 7§ that
object has 100% of water.

Body Mass Index as calculated by the individual's body weight
divided by the square of their height expressed in kg/m?.

Design
Measurements of local tissue svater with the TDC technique were
made within a week before start of RT and at the end of each week

with RT treatment (Jasting for 3 or 5 weeks) and 2 and 4 weeks
post-RT.

Procedure

Adjuvant chemotherapy was in general given to patients with
axillary node metastasis, in 6 cycles within three weeks starting
approximately four weeks after surgery. For these patients RT was
started after completion of chemotherapy and for patients without
chemotherapy RT started approximately eight weeks after surgery.
Prescribed dose of radiotherapy was 42.5 Gy in 16 fractions duxing
22 days (later called the hypofractionated three weeks schedule) to
patients & 40 years withont node metastasis . Patients younger
than 40 years received conventional fractionation up to 50 Gy in
25 fractions during 5 weeks and one patient an additional boost of
16 Gy in 8 fractions to the pre-operative tumor volume with
adequate margins for microscopic disease, movements, set-up
uncertainties and beam specificities. Al patients with more than 2
node metastasis, a T3 or Grade 3 tumor received 50 Gy in 25
fractions during 5 weeks.

To determine the normal variation of the TDC values, both breasts
in fifteen healthy women (57.1 + 4.7 years, BMI 24.2 » 2.9 kg/im?)
were measured. The TDC threshold ratio for breast edema was
defined as a value that equals or exceeds the mean TDC ratio of
these 15 healthy right and left breasts plus 258D, Based on the
measurements the TDC threshold ratio = 1.40 was then
determined. In practice, a TDC ratio 1.40 illustrates that the tissue

water in the affected breast skin and upper subcutis is 40% highe
than that in the contralateral side.

Affected and contralateral breast TDC values were measured with
the patient in a supine position. The probe was placed in the
middle of each quadrant of the breast with the edge of the probe 10
mm from the areola. Three repeated measurements were made in. |
each quadrant. The mean TDC value for the total breast (4
quadrants) was then caleulated. However, quadrant(s) with scar
tissue were excluded. To eliminate individual differences in tissue
water confent the TDC ratio between the affected and healthy
breast for each patient was calculated.

Height was measured at the first visit and body weight at each
measurement occasion to calculate changes of body mass index
(BMI) during the follow-up period.

Statistics

Paired sample t-test was used for the study group to detect
differences at different time~points. Independent sample t-test w.
used for comparison between groups. No imputation was used fo
missing data. A level of significance was set af 0.05 and two tail
p-values are reported. All statistical analyses were performed
using IBM SPSS Stafistics 21.

RESULTS
Patients

Of the tvo hundred sixty patients recruited {o the study 138
patients declined to participate and four patients dropped out after
the pre-RT measurement. Finally, 118 patients were included
{Table 1).

Table 1 - Characteristics of the breast cancer treated patients _?
(0 = 118) taking part in the study. .

Age (years)* 613 =84
Affected site, left/right, n (%) 57(48.3) /61 (51.7)
Sentinel node/Axillary dissection,
n {3%) 96 {81.4) / 22 {18.6)
Tumor size {mm)™ 147272
Scar in quadrant, n (%) ‘
No 1/2/3/4 8{68)/5(4.2)/11(9.3)/20(169
1+2/24-3/3+4/ 144 1{0.8)/4(34)/6(.1)/44(37.3)
1424471 +3+412+3+4 1{08)/1(0.8)7/1@08
0,F 16 (13.6)
Radiotherapy
Total dose 42.5 Gy/50 Gy/66 Gy,
n (%) 96 (81.4) /21 (17.841(0.8)
Chemaotherapy, yesimo, n (%} 16 (13.6) / 102 (86.4)
BMI (kg/m?* 270x44

(o) With multifocal tumors In 15 patients the size of sach tumor were added up fo a total
) S‘urgaw ;.-g?ldered 1o be performed In O quadrants are illustrated In Figure 1.
oan & 180,




The majority (81.4%) of the patients had surgery with SLNB and
related hypofractionated radiotherapy to breast up to 42.5 Gy. The
rest (18.6%) had ALND and RT to breast and axilla to 50.0 Gy.
Scar tissue in the breast was most frequent (36%) in quadrants 1
and 4 followed by quadrant 4 (17%) only (Table 1), A scar that did
not interfere with any quadrant was frequent (14%) (Figure 1).

Figure 1 - The 4 quadrants of the breasts were marked before the
TDC probe was placed in the middle of each quadrant of the brenst
with the edge of the probe 10 mm from the areola.
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BMI was 27.0 2 4.4 at start and 27.3 2 5.3 kg/m* at end of the
study with no significant change.

In order to determine that the healthy group was representative for
the study group a matching was made. At start of the study the
women in the study group and healthy group of fifteen women
were similar by age (57.6 vs 57.1 years) and BMI (24.2 v5 24.2
kg/m®). The mean TDC values (30.0 vs 29.6) in the healthy breast
of the study group and comresponding breast in the healthy group,
also indicated no difference between the groups.

TDC values

In the study group there was a higher TDC value in the operated
breast compared to the non-operated breast at all measurement
occasions (p < {1,001} (Table 2). The TDC value increased during
the first week of RT in the operated breast and stayed elevated
throughout the observation period (p <0.001). An increased TDC
value was also found in the healthy breast at 4 weeks post-RT

{p <0.05) {Table 2).

Breast edema incidence and TDC ratio

Due to the individual variation of TDC values in the healthy group
(ranging from 19.8 to 39.4) the absolute TDC value is not useful to
determine the incidence of breast edema. Therefore, a TDC ratio
between the right and left breasts was calculated. Despite minor
increase of TDC values in the non-operated breast at 4 weeks post
RT (Table 2) the TDC ratio was determined as a ratio between
operated and non-operated breast at each time-point. Accordingly,
there was a significant difference in TDC ratio (p < 0.001)
between the operated and healthy breast at each measurement
time-point. The incidence-of breast edema was 31.4% before start
of the RT treatment, increasing during RT and was 62.6% at4
weeks after completion of RT. The mean pre-RT TDC ratio
increased during the first week of radiotherapy to 1.43 and stayed
elevated through the observation pericd (p < 0.001) (Table 3).
Although the mean TDC ratio was lower in the sentinel node
biopsy group than in the axillary node dissection group during the
whole observation period the difference was not significant.
Therefore, the groups are not stratified for surgery and the data
presented in Table 3 include all patients.

Comparison between the SLNB and the ALND groups

Although the ALND group had a higher TDC ratio (n = 24,

1.36 = 0.25) than the SLNB group (n = 95, 1.2940.30) before RT
the difference was not significant.

‘When comparing patients with scar tissue in quadrat4 (n= 71,
TDC ratio 1.36 + 0.31) to patients with no scar tissue in quadrant 4
(n =46, a TDC ratio 1.20 % 0.23) a significant difference between
the groups was found before RT {p = 0.02).

Comparison between conventional and hypefractionated RT

For patients receiving conventional fractionation to 50 Gy (n =22)
the measurements were made also at 4 and 5 weeks during
radiotherapy (Table 4). The TDC ratio of the hypofractionated
group (n = 96) was higher at all time points compared with pre-RT
{p < 0.001) but in the group of conventional fractionation only at
the end of the five week schedule (p < 0.01). The difference
hetween the groups was significant only at end of the third week
{p = 0.01), i.e. at the end of the three wecks schedule (Table 4).

Table 2 « TDC values (mean + 1SD) in the healthy and operated breast prior to and during radiotherapy treatment and 2 and 4 weeks

after RT.
Healthy Operated
n
Pre RT 118 218x48 38.0+935*
End of 1% week of RT 112 277 x47 392£89%
£nd of 2% week of RT 112 278 £ 50 39.1 298%™
End of 3 week of RT m 275x45 391 £ 9.8
2 weeks after AT 99 283 +44 39.1 x99 %~
4 weeks after RT 101 283 =42 398 9.0 %

{9 Significant {p < 0.001) Increass In compared to healthy breast.
{* Significant {p <.0.001} Increase compared to pra RT for opaerated braast,
{4 Significant {p « 0.01) Increase compared to pre BT for heaithy braast.



Table 3 ~ Incidence of edema (TDC ratio = 1.4 between the breasts), TDC ratio meansSD values and range in the breast prior to and

during radiotherapy treatment and 2 and 4 weeks after.

Edema TDG ratlo
fn n (%) mean=SD range
Pre RT 118 37(31.4) 1.30+0.29 0.91-213
End of 1% week RT 112 53 (47.3) 1.4320.33* 0.88-2.28
End of 2 week RT 112 53 (47.3) 1.44:+0.35* 0.77-2.37
End of 3 waek RT 111 51(45.9) 1.44+0.37* 0.75-2.50
2 weeks after RT 98 45 (45.9) 1.44+0.36* 0.74-2.39
4 weeks after RT 101 53 (62.6) 1.47+0.35* 0.79-2.47

{4 Significant {p = 0.001) Increass compared to pra BT,

Table 4 - Comparison of TDC ratios (mean = 1SD) of the breasts between patients treated with breast conserving surgery with ndjumnt

radiotherapy to 42.5 Gy in 3 weeks or 50.0 Gy in 5 weeks.

RT 425 Gy RY 50,0 Gy RT 42,5 Gy/50,0 Gy
n mean+SD n mean+8D p-valise
Pre RT 9 132+029 2 1232028 =0.232
End of 1% week RT 91 1.45 £ 0.29* 22 131 =030 =0.087
End of 2" week RT 91 144 +0.33* 22 1312033 = 0.088
End of 3 wesk RT 9 147 = 0.32¢ 20 1.26 = 0.31 =0.011*
End of 4* week RT - - 21 1.29 = 0.31
End of 5* week RT - - 20 1.34 = 0.30*
2 vigeks after RT 80 141 =032 18 129033 =0.780
4 weeks after RT 83 143031 19 1.30 %023 = 0.101

{9 Significant {p < 0.001) Increase comparad to pre AT,
{9 Sianificant (p < 0.01) Increase compared to pra RY.
(" Significant dfference In comparison between 42.5 Gy and 50 Gy treatment schadule.

DISCUSSION

The incidence of breast cdema cannot be assessed based on the
results in this study since the reference measurements were not
performed before the breast operation. However, matching of the
study group with the healthy group indicates that the TDC values
of the contralateral healthy breast in the study group did not differ
from those of a healthy population. The healthy breast in the study
group could thus act as control to provide a reference ratio
between the breasts. Similar assumption is made when arms of
healthy and operated side are compared with breast cancer
treatment related arm lymphedema ™%,

The slight increase of the TDC values found in the healthy breast
in the study group 4 weeks post-RT may be explained by the fact
that the lymph collaterals between the breasts have opened up.
Normally there is an anatomical lymphatic midline in the thoracic
part of the body where lymph transportation is directed into the
axilla of each side %2, However, the midline is richly provided
with collaterals between the two sides. When the irradiated side
can no Jonger be emptied sufficiently through the normal passage,
lymph fluid will instead find new pathways through the collaterals
into the healthy side.

A significantly higher mean TDC value was found in the operated
breast compared to the healthy breast at all measurement occasions

and also pre-RT. Also the incidence of breast edema, based on th
evaluation of the mean TDC ratio, was found to be high (> 30%)
The duration between breast surgery and start of radiotherapy
treatment was rather short, about 8 weeks with almost all patients
Therefore, the high incidence of breast edema may be explained
by a post-surgery wound healing including an inflammatory
process. However, 16 patients (14%) had chemotherapy delaying
the start of radiotherapy with 4 to 5 months, Still, the
chemotherapy group had an equally high TDC value before RT
(1.27 £ 0.28). Although the patients receiving chemotherapy had a
much longer period of recovery after surgery than the non-
chemotherapy group, the finding saggest that the surgery has a
more extensive and long-lasting influence on the drainage of
edema from the breast.

The influence of surgery on the edema/lymphedema drainage fmm
the breast becomes even clearer when looking at the fact that '
patients having surgery to the 4th quadrant also had significant
higher TDC values than those with no surgery to quadrant 4. The
influence of scar tissue in the breast seems to be even more '
important for edema formation than axillary dissection as we
noticed that seven patients (6%6) that had the TDC ratio >1.80
(indicating 80% edemu compared with contralateral healthy
breast) all were found among patients with SLNB surgery. In this:
group the most frequent quadrant with scare tissue was quadrant 4,




Quadrant 4 is the quadrant situated closest to the axilla and
through this quadrant runs most of the lymph drainage from the
breast (except for quadrant 1) "2, Thus lymph nodes from this
region as well as the scar tissue cause more edema than injury to
other parts of the breast.

During 3 weeks of RT a significant increase (11.4%) of TDC ratio
was found in the hypofractionated group receiving 42.5 Gy

{p < 0.001). However, respective increase was 8.9% until the fifth
week in patients with-conventional fractionation up to 50 Gy.
Although the difference is small the higher weekly doses in the
hypofractionated RT seem to induce more edema, most likely due
to the inflammatory process related to RTY* ', This finding is in
contrast with the UK START trial where standard fractionation
induced more edema than hypofractionated RT“®. The reason for
the difference may be related to the assessment of edema which in
the START trial was clinical evaluation of the whole breast while
in the present investigation our quantitative approach was based on
superficial edema measurements. Also timing of the edema
evaluation may influence the results since the START trail provide
results from a 10-year follow-up.

CONCLUSION

The healthy breast can act as control to provide a reference TDC
ratio between the breasts. Based on the evaluation of the mesn
TDC ratio, the incidence of breast edema was found to be high

(> 30%). The TDC values in the operated breast were higher
compared to the healthy breast at all measurement time-points,
also pre-RT, suggesting a high effect of surgery on breast edema.
However, axillary surgery did not seem to increase breast edema
more than sentine] lymph node biopsy. It was also shown that
patients with scare in the fourth-quadrant are more likely to have
higher TDC ratio, i.e. edema of the breast. The higher weekly
doses in the hypofractionated RT seem to induce more edema than
the conventionally fractionated RT.
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