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Table 1. V95, V90 and D98 of the planning target volume for evaluation (PTV_EV) on field-in-field (FIF) techniques for each patient

Patient # Monitor unit (a) V95 (%) V90 (%) D98 (Gy)

FIF_0 FIF_S FIF_10 FIF_0 FIE_5 FIF_10 FIF_0 FIF_5 FIF_10

R-1 237 (14) 922 90.3 90.6 99.3 99.3 99.9 45.8 458 46.0
R-2 231 (1) 93.4 96.2 95.5 100.0 100.0 100.0 46.9 472 47.1
R-3 234 (12) 99.5 99.6 99.6 100.0 100.0 100.0 48.3 48.4 48.4
R-4 238 (12) 99.3 99.3 99.3 100.0 100.0 100.0 48.2 48.2 48.2
R-5 233 (16) 96.4 96.2 93.4 100.0 100.0 100.0 473 47.3 47.0
R-6 227 (14) 83.2 82.3 77.5 95.4 95.3 92.5 44.1 44.0 43.8
R-7 237 (15) 98.3 98.2 97.8 100.0 100.0 100.0 47.6 47.6 47.5
R-8 228 (12) 91.8 91.6 89.2 99.0 99.0 99.0 45.6 45.6 45.5
R-9 240 (13) 88.6 88.4 86.1 98.3 98.3 98.2 452 452 452
R-10 237(12) 95.4 95.4 94.3 99.9 99.9 99.9 46.6 46.6 46.4
L-1 232 (12) 92.1 92.2 88.0 99.9 99.9 99.9 46.0 46.2 46.0
L-2 239 (12) 72.2 71.3 66.7 94.9 94.8 94.4 44.1 441 44.0
L-3 250 (15) 87.9 87.9 87.7 100.0 100.0 100.0 46.2 46.2 46.2
L-4 232 (10) 99.5 99.5 99.5 100.0 100.0 100.0 48.3 483 48.3
L-5 240 (18) 87.0 86.1 82.7 98.3 98.3 97.8 452 452 45.0
L-6 235 (14) 89.4 87.3 85.9 99.4 99.3 96.3 45.7 45.6 44.8
L-7 238(12) 94.9 94.9 94.9 99.9 99.9 99.9 46.8 46.9 47.0
L-8 238 (12) 97.3 97.3 97.3 99.9 99.9 99.9 47.4 474 47.3
L-9 243 (15) 92.0 91.8 90.9 99.0 99.0 99.0 45.6 45.6 45.6
L-10 232 (10) 97.4 97.5 97.4 100.0 100.0 100.0 47.4 47.5 474
Average 232 (13) 924 92.2 90.7 99.2 99.1 98.8 46.4 46.4 46.3

V95 (90) is the percentage of the PTV_EV that receives more than 95% (90%) of the prescribed dose; D98 is the dose received by 98% of the PTV_EV;
FIF_0, FIF_S and FIF_10 are the virtual plans for FIF techniques with moving isocenters to the posterior direction with 0 (original plan), 5 and 10 mm,
respectively; numbers are shown in italics when the values are smaller than those on FIF_0.

“Monitor unit of the reduction fields.

virtual plans using a physical wedge with a 15° angle were
made and the same measurements were taken on the same
20 patients (Wedge_5 and Wedge_10).

The calculation algorithm was CC Convolution. The grid
size of the calculation matrix was 2 mm.

We used GraphPad Prism version 5 (GraphPad Software
Inc.) for statistical analysis. The paired #-test was used
to compare the results for FIF and wedge techniques.
Differences were deemed significant when two-tailed
P values were <0.05.

RESULTS

The mean total MU was 236 (range: 227—250) per 2 Gy.
The mean percentage of MU of the reduction fields was
5.5% (4.3—7.5). The mean V90, V95 and D98 of the
PTV_EV on FIF techniques were 99.2% (94.9—100), 92.4%
(72.2-99.5) and 46.4 Gy (44.1-48.3), respectively, whereas

the mean V90, V95 and D9§ on wedge plans were 99.8%
(97.9-100), 96.5% (82.8—100) and 47.4 Gy (45.0—49.0),
respectively (Tables 1 and 2). The differences in D98
between the original plans and virtual scenarios for FIF tech-
niques were significantly smaller than those for wedge tech-
niques (Table 3). No statistically significant differences were
observed in the differences in V90 and V95 between plans
for FIF techniques and those for wedge techniques
(Table 3).

DISCUSSION

To the best of our knowledge, this is the first report to focus
on the dosimetric impact of geometrical uncertainties in FIF
techniques for whole breast radiotherapy. Several groups have
reported that geometrical uncertainties have a considerable
impact on intensity-modulated radiation therapy (IMRT) dose
distributions (8—11). Although the FIF technique is a kind of
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1130 Quantification of cold spots in FIF techniques

Table 2. V95, V90 and D98 of the PTV_EV on wedge plans for each patient

Patient # Monitor unit V95 (%) V90 (%) D98 (Gy)
W_0 W_5 W_10 W_0 W_5 W_10 W_0 W_5 W_10

R-1 322 96.1 96.4 96.1 99.9 100.0 100.0 46.6 46.8 46.8
R-2 316 97.4 96.7 95.2 100.0 100.0 100.0 474 47.3 47.1
R-3 318 100.0 99.9 99.8 100.0 100.0 100.0 49.0 48.8 48.4
R-4 323 99.9 99.9 99.9 100.0 100.0 100.0 49.0 48.8 48.6
R-5 317 99.4 98.8 97.5 100.0 100.0 100.0 48.0 47.7 47.5
R-6 310 88.1 85.8 82.6 97.9 97.4 96.7 45.0 44.9 44.6
R-7 322 99.7 99.7 99.6 100.0 100.0 100.0 48.5 48.3 48.1
R-8 293 96.2 95.7 95.0 100.0 100.0 100.0 46.9 46.8 46.6
R-9 326 94.8 94.0 92.5 99.6 99.5 99.4 46.3 46.2 46.0
R-10 323 98.4 98.1 97.6 100.0 100.0 100.0 47.7 47.6 47.4
L-1 316 99.1 98.3 96.8 100.0 100.0 100.0 479 47.6 47.3
L-2 325 82.8 82.0 80.1 98.3 97.9 97.3 45.1 45.0 44.8
L-3 340 97.3 97.7 97.6 100.0 100.0 100.0 474 47.5 47.5
L-4 317 99.9 99.9 99.7 100.0 100.0 100.0 489 48.7 48.4
L-5 324 92.7 91.7 90.1 99.8 99.7 99.6 46.4 46.2 46.0
L-6 321 96.3 95.1 92.8 100.0 100.0 100.0 47.2 47.0 46.7
L-7 324 99.1 98.7 98.1 100.0 100.0 100.0 47.9 47.7 47.6
L-8 322 99.2 99.0 98.5 100.0 100.0 100.0 48.1 47.9 47.7
L-9 328 95.4 94.5 93.2 100.0 100.0 100.0 46.7 46.5 46.3
L-10 314 97.4 97.2 96.6 100.0 100.0 100.0 474 47.4 474
Average 320 96.5 96.0 95.0 99.8 99.7 99.7 474 47.2 47.0

V95 (90) is the percentage of the PTV_EV that receives more than 95% (90%) of the prescribed dose; D98 is the dose received by 98% of the PTV_EV;
Wedge 0, Wedge_S and Wedge_10 are the virtual plans for a physical wedge, moving isocenters to the posterior direction by 0, 5 and 10 mm, respectively;
numbers are shown in italics when the values are smaller than those on Wedge_0.

Table 3. The mean differences (range) of V95, V90 and D98 between original plans and virtual scenarios

Vo5 V90 D98
FIF_S —0.2% (—2.1to +2.8) —0.02% (—0.1 to 0) 0 Gy (—0.1to -+0.3)
Wedge_5 —0.5% (—23 to +0.4) —0.05% (—0.5 to +0.1) —02Gy (—0.31t00.2)
P 0.28 0.3 <0.01
FIF_10 = 1L.7% (—5.7 to +2.1) =0.3% (—3.1 to +0.6) =0.1 Gy (—0.9 to +0.2)
Wedge_10 = 1.5% (—=5.5to0 +0.3) —0.1% (=12 to +0.1) —04Gy(—0.6t00.2)
P 0.76 0.38 <0.01

V95 (90) is the percentage of the volume of the PTV_EV which receives more than 95% (90%) of the prescribed dose; D98 is the dose that 98% of the
PTV_EV receives; FIF_5 (FIF_10) is the virtual plan for FIF techniques with moving isocenters to the posterior direction with 5 (10 mm); Wedge_5
(Wedge__10) is the virtual plan for a physical wedge, moving isocenters to the posterior direction by 5 (10 mm). The bold values indicate statistically

significant differences.

IMRT, our results showed that the quantity of the cold spots
caused by geometrical uncertainties in FIF techniques for
whole breast radiotherapy was similar to that in wedge plans.
This might be partly because the proportion of the reduction
fields was quite low. Most patients do not need a high MU for

reduction fields, but caution might be needed when the
proportion of the reduction fields is a little larger.

Several groups have reported that the FIF technique can
reduce dose inhomogeneity in whole breast radiotherapy
compared with that using physical wedge techniques (3—7).
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An additional benefit of using the FIF technique is that FIF
techniques can reduce MU and dose in the contralateral
breast. Lee et al. (3) have reported that the volumes in the
contralateral breast that receive more than 2 Gy with a pre-
scription dose of 50.4 Gy were 0.3% for FIF techniques, but
2.0% for physical wedge techniques (P < 0.01). By using
the FIF techniques, the incidence of radiation-induced
contralateral breast cancer might be reduced.

The possible disadvantage of using the FIF techniques is
that FIF techniques may increase the uncertainties of dose
calculation on the TPS. If we use fields that are too small or
too irregular as the reduction fields, the TPS may not calcu-
late the MU and the dose distributions accurately.
Furthermore, if we prescribe MU that is too small, the output
from the linear accelerator may become unstable. In such
cases, dosimetric verification should be done for each plan.
For this reason, we regulate the in-house protocol as
described in the Patients and Methods section to ensure the
accuracy of the TPS when we use FIF techniques in order to
eliminate the necessity of dosimetric verification for individ-
ual plans.

A limitation of this study is that it evaluated a small series
of patients and does not have sufficient statistical power to
recognize potential differences in V90 and V95 between
plans for FIF techniques and those for wedge techniques.
Nevertheless, the outcomes of this study offer some gui-
dance to clinicians in an area where data are lacking and
show that the quantity of cold spots caused by geometrical
uncertainties in FIF techniques is similar to that using wedge
techniques.

In conclusion, the quantity of cold spots caused by geo-
metrical uncertainties in FIF techniques for whole breast
radiotherapy was similar to that on for the wedge techniques
and was acceptable.

Jpn J Clin Oncol 2011;41(9) 1131
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Purpose: Several recent studies reported that severe late toxicities including soft-tissue fibrosis and fat
necrosis are present in patients treated with accelerated partial breast irradiation (APBI) and that these
toxicities are associated with the large volume of tissue targeted by high-dose irradiation. The present
study was performed to clarify which patients are unsuitable for APBI to avoid late severe toxicities.
Methods and Materials: Study subjects comprised 50 consecutive patients with Stage 0—II unilateral
breast cancer who underwent breast-conserving surgery, and in whom five or six surgical clips were
placed during surgery. All patients were subsequently replanned using three-dimensional conformal
radiotherapy (3D-CRT) APBI techniques according to the National Surgical Adjuvant Breast and
Bowel Project (N SABP) B-39 and Radiation Therapy Oncology Group (RTOG) 0413 protocol.
The beam arrangements included mainly noncoplanar four- or five-field beams using 6-MV photons
alone.

Results: Dose—volume histogram (DVH) constraints for normal tissues according to the NSABP/
RTOG protocol were satisfied in 39 patients (78%). Multivariate analysis revealed that only long cra-
niocaudal clip distance (CCD) was correlated with nonoptimal DVH constraints (p = 0.02), but that
pathological T stage, anteroposterior clip distance (APD), site of ipsilateral breast (IB) (right/left),
location of the tumor (medial/lateral), and IB reference volume were not. DVH constraints were satis-

fied in 20% of patients with a long CCD (>5.5 cm) and 92% of those with a short CCD (p < 0.0001).

Median IB reference volume receiving >50% of the prescribed dose (IB-Vsg) of all patients was
49.0% (range, 31.4—68.6). Multivariate analysis revealed that only a long CCD was correlated with
large IB-V5 (p < 0.0001), but other factors were not.

Conclusion: Patients with long CCDs (>5.5 cm) might be unsuitable for 3D-CRT APBI because of
nonoptimal DVH constraints and large IB-Vso. © 2012 Elsevier Inc.

Keywords: Partial breast irradiation, Breast cancer, Radiotherapy, 3D-conformal radiotherapy,
Toxicity
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Introduction

Breast-conserving therapy including partial resection and post-
operative whole breast irradiation has constituted standard care for
patients with early breast cancer (1). Some Phase III trials of
postoperative radiotherapy and systematic reviews have revealed
that omission of postoperative radiotherapy increases recurrence
in breasts by threefold, and increases absolute breast cancer
mortality by more than 5% (1, 2). Several reasons, including the
long-term radiation schedule, level of surgeon involvement in the
radiation decision, patient refusal, and comorbidity, lead to
omission of postoperative radiotherapy. In fact, approximately
25% of patients who underwent conservative surgery did not
receive postoperative radiotherapy in the United States
(1991-2002) (3).

Approximately 85% of breast recurrences after breast conser-
vative therapy develop in the vicinity of the tumor bed; several
percent appear “elsewhere” in the breast, and the absolute number
of such failures is very low (4). In the past decade, prospective
clinical trials and retrospective studies evaluated the efficacy and
safety of accelerated partial breast irradiation (APBI) using small
radiation fields and a large fraction size. These studies reported
good treatment outcome and minimal late toxicities after a short
follow-up duration (4—6). However, two recent studies reported
that the large volume of irradiated breast tissue was correlated
with higher incidences of late severe toxicities including soft-
tissue fibrosis and fat necrosis of the breast, which were clearly
associated with marked cosmetic compromise (7, 8). Appropriate
eligibility criteria and treatment schedules for APBI should be
established to avoid late severe toxicities. The present study aimed
to identify patients who are unsuitable for APBI because of the
potential risk of late toxicities including soft-tissue fibrosis and fat
necrosis after APBI using three-dimensional conformal radio-
therapy (3D-CRT).

Methods and Materials
Patients

The study population consisted of 50 consecutive patients with
unilateral breast cancer, at Union for International Cancer Control
7th Stage 0—II, who received breast-conserving therapy between
April 2009 and September 2009. Median patient age was 49 years
(range, 33~73). The right-to-left ratio of the ipsilateral breast (IB)
was 25:25, and the medial-to-lateral ratio of the tumor location
was 19:31. All patients underwent partial breast resection, and five
or six surgical clips were placed at the borders of the surgical bed.
Thirty-one patients had pathological T stage 1 (pT1), 7 patients
had pT2, and 12 patients had pTis. Sentinel node biopsy and/or
axillary node dissection revealed that 47 patients had pathological
N stage 0 (pNO), and 2 patients had pNI. pN stage was not
evaluated for 1 patient.

Radiation treatment planning

All patients were placed in the supine position and underwent
computed tomography (CT) as part of the standard planning for
whole breast irradiation. CT scanning was performed using a 2-
mm thick-slice and a slice step of 2 mm; slices extended to

completely cover the bilateral whole breast, lung, heart, thyroid,
and a 5-cm margin in the cranial and caudal directions. No
respiratory control was used. The following structures were con-
toured for the planning of 3D-CRT: surgical clips, clinical target
volume (CTV), planning target volume (PTV), ipsilateral whole
breast (IB) reference, IB reference excluding PTV (IB-PTV),
contralateral breast, heart, bilateral lungs, and thyroid. To keep the
probability of comparison consistent with outcomes of other
studies, the contouring of IB reference was made up using an
automated contouring method applied by the National Surgical
Adjuvant Breast and Bowel Project (NSABP B-39) and Radiation
Therapy Oncology Group (RTOG 0413) protocol (9). CTV was
defined as the volume bound by uniform expansion of surgical
clips by 1.5 cm in all dimensions, excluding the pectoralis
muscles, chest wall, lung, heart, pericardial fat, and 5 mm beneath
the skin (9). PTV was defined as the volume bound by uniform
expansion of CTV by 1.0 cm in all dimensions. PTV_EVAL, the
volume for dose—volume histogram (DVH) analysis, was defined
as the volume of PTV excluding the first 5 mm of tissue under the
skin, .the posterior breast tissue extent (chest wall and pectoral
muscles), lung, heart, and pericardial fat.

All 50 patients were replanned using 3D-CRT planning system
software (Pinnacle?’ version 8.0m, Pinnacle Treatment System;
Philips, Milpitas, CA). To correctly evaluate heterogeneous tissue
density, the convolution algorithm was used. The NSABP B-39/
RTOG 0413 protocol dose limitation was used as a guideline for
specified normal tissue constraints (9). Beam arrangements
included noncoplanar mainly four- or five-field beams using 6-MV
photons referring to the method reported by Vicini ef al. (10). No
electron beam was used. The exertion of simulation planning was
for minimizing doses to organs at risk, and improving a homoge-
neous dose to the target volume. Beam weights, beam angle, and
wedge angles were manually optimized, such that the targeted
goal was to cover >90% of the PTV_EVAL by a dose >90% of
the prescribed dose (9). The DVH constraints adopted for plan
optimization are shown in Table 1.

A total dose of 30 Gy in five fractions was prescribed to the
International Commission on Radiation Units and Measurements
50 reference point dose (isocenter) (11). The isocenter was placed
in the center of the PTV. This treatment schedule was proposed by
the Department of Radiation Oncology at New York University
using the prone position and parallel-opposed minitangents
external beam therapy (12). The New York University study
demonstrated that this abbreviated regimen was well tolerated,
with only mild acute adverse events and excellent or good
cosmetic outcome. However, given the typical Japanese woman’s
breast size and shape, we had patients assume a supine position
and used a noncoplanar three-, four-, five-, and six-beam
technique.

Data analysis

IB volume, target volumes, and distance of surgical clips were
measured by CT images on the radiation treatment planning (RTP)
system. The craniocaudal surgical clip distance (CCD) was
defined as the longitudinal distance along the body axis between
head-side clip and foot-side clip, and the anteroposterior surgical
clip distance (APD) was defined as the vertical distance between
anterior-side clip and posterior-side clip. The IB reference volume
receiving 50% of the prescribed dose (IB-Vsq) was calculated. The
homogeneity index (HI) was defined as the ratio of maximum dose
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34513 Table 1~ DVH constraints for planning gié
251 IB reference <60% >50% of the prescribed dose IB-V50 <60% 313
250 ; <35% >100% of the prescribed dose IB-V100 <35% 314
253 Contralateral breast Any point <3% of the prescribed dose 0.9 Gy 315
254 Ipsilateral lung <15% >30% of the prescribed dose V30 <15% 316
255 Contralateral lung <15% >5% of the prescribed dose V5 L15% 317
256 Heart ' 318
257 Right-sided lesions , <5% >5% of the prescribed dose V5.<5% 319
258 Left-sided lesions <40% . >5% of the prescribed dose V5 <40% 320
259 Thyroid : Any point <3% of the prescribed dose 0.9 Gy 321
260 Abbreviations: DVH = dose—volume histogram; IB = ipsilateral breast. 322
261 323
262 324
263 of PTV_EVAL to minimum dose of PTV_EVAL. The conformity Median CTV for all patients was 56.3 cm® (range, 11.3—83.6), 325
264 index (CI) was defined as the ratio of volume that was covered by and median PTV for all patients was 2469 cm® (range, 326
265  the minimal dose of PTV_EVAL to the volume of PTV. The 113.4—370.9) (Table 3). The median ratio between IB-PTV and IB 327
266 associations between categorical variables (e.g., site of IB) and reference volume was 74.9% (range, 54.0—86.9). The number of 328
267  patient and tumor characteristics at baseline were anatyzed using external beams ranged from three to six; the four-beam technique 329
268 Fisher’s two-tailed exact test. Statistically significant differences was mainly used for patients with the right breast region, and the 330
269 between two sample means and medians for continuous variables five-beam technique was mainly used for patients with the left 331
270 (e.g., IB reference volume) were analyzed using the Student’s breast region. The median value of mean dose of PTV_EVAL was 332
271 unpaired t-test. A p value of less than 0.05 was considered 30.2 Gy (range, 29.5-30.8). The median value of HI for all 333
272 statistically significant. Multivariate analysis of prognostic factors patients was 1.24 (range, 1.14—1.39), and the median value of CI 334
273 was performed with the Cox proportional hazards model. Statis- for all patients was 1.38 (range, 1.01—2.40). 335
274 tical analyses were performed with JMP software, version 5.1 336
;772 (SAS Institute, Cary, NC). Unsuitable patients for the NSABP B-39/RT0G gg;
277 0413 protocol 339
278 340
279 Results DVH constraints for organs at risk according to the NSABP B-39/ 341
280 . RTOG 0413 protocol were satisfied in 39 patients (78%). Seven 342
281  Outcome of 3D-CRT planning patients showed nonoptimal DVH for the ipsilateral lung; 5 343
282 patients for the contralateral breast; 4 patients for IB-Vsy; 2 344
283 Median IB reference volume of all patients was 824 cm® (range, patients for the heart; and 1 patient for the thyroid. Univariate 345
284 425—1868) (Table 2). Median right IB reference volume was 794 logistic regression analysis revealed that long CCD and medial 346
285  cm’ (range, 463—1556) and the left IB reference volume was 849 tumors were correlated with nonoptimal DVH constraints (p < 347
286 cm® (range, 425—1868), respectively (p = 0.63). Median CCD 0.0001 and p = 0.007, respectively), but pathological T stage 348
287  and APD for all patients were 4.5 cm (range, 2.0-9.5) and 4.2 cm excluding pTis (T1a/T1b/T1c/T2), APD, site of IB (right/left), and 349
288 (range, 0.8—7.6), respectively. IB reference volume were not (p = 0.98, p = 0.54, p = 0.73, and 350
289 351
290 352
291 Table 2 Patients characteristics 353
292 Univariate analysis 354
293 ; : SRR AR S 355
294 All patients (n = 50)  Optimal DVH (n = 39) - Nonoptimal DVH (n = 11) p value 356
295 Pathological T stage : i 357
296 pTis/pT1/pT2 12/31/7 10/24/5 21712 0.82 358
297 pT1a/pT1b/pT1c/pT2* 5/5/20/7 4/4/15/5 1/1/512 : 0.98 359
298 Site of IB 360
299 Right/left 25/25 20/19 516 0.73 361
300 Location of tumor k 362
301 Mediolateral 19/31 8/3 0.007 363
302 IB reference volume (cm?) 364
303 Median (range) 824 (425-1868) 828 (425—1868) - 725 (528—1032) 0.10 365
304 CCD (cm) , 366
305 Median (range) 45 (2.0-9.5) 3.5 (2.0-5.5) 6.0 (4.5-9.5) <0.0001 367
306 APD (cm) 368
307 Median (range) 42 (0.8-7.6) 42 (0.8-7.6) 4.6 (1.0-7.5) 0.54 369
;’82 Abbreviations: APD = a.nteroposteri.or clip distance; CCD = cranif)caudal clip distance; DVH = dose—volume histogram; IB = Ipsilateral breast. g;?
310 * 1 patient was not classified according to subcategory of pathological T stage. 370
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Table 3  Dosimetric characteristics

Dosimetric characteristics Mean Median.  Range
CTV (cm?) 55.5 563 . 11.3-83.6
PTV (cm®) 2474 2469 113.4-370.9
IB=PTV/IB reference (%) 743 749 54.0-86.9
IB-Vygg (%) 127125 5.6=234
IB-Vgs (%) 2477 246 14.6—44.8
IB-Vs4 (%) 48.6 49.0 -31.4-68.6
Ipsilateral mean lung dose (Gy) 4.1 42 1.2-7.6
Ipsilateral lung-Vo gy (%) 12.5 126 3.6—23.1
Contralateral lung-Vi s gy (%) 0.3 0 0-10.1
Heart—VlS Gy (%) 1.0 0 0-74
Heart-Vg ¢y (%) 2.7 0 0-17.1
Thyroid-Vo ¢y (%) 0.5 0 0--25.5
Contralateral breast-Voo gy (%) 0.1 0 0--3.6
Mean dose of PTV_EVAL (Gy) 30.2 302  29.5-30.8
PTV_EVAL-Vy; gy (%) 994 997 96.2=100
Homogeneity index 123124 1.14-1.39
Conformity index 145 1.381.01-240

Abbreviations: CTV = clinical target volume; IB* =" ipsilateral

breast; PTV = planning target volume; PTV_EVAL = volume of
PTV for evaluation.

p = 0.10, respectively). Multivariate analysis revealed that only
a long CCD was correlated with nonoptimal DVH constraints
(p = 0.02). DVH constraints were satisfied in only 20% of
patients with a long CCD (>5.5 cm) and 92% of those with a short
CCD (<5.5 cm) (p < 0.0001) (Fig. 1). Of the 2 patients with
a short CCD (<5.5 cm), | patient with a left upper-inner primary
tumor and a 5-cm CCD, did not satisfy optimal DVH for the
ipsilateral lung and contralateral breast, and the other patient, who
had a right upper-outer primary tumor and a 4.5-cm CCD,; did not
satisfy optimal DVH for the heart and IB-Vso. DVH constraints
were satisfled in 52% of patients with a long CCD (>5.0 cm)
and 93% of those with a short CCD (<5.0 cm) (p = 0.0007).
DVH constraints were satisfied in 0% of patients with a long CCD
(>6.0 cm) and in 90% of those with a short CCD (<6.0 cm) (p <
0.0001). A long CCD was correlated with not only nonoptimal
DVH constraints, but also a large ipsilateral mean lung dose
(MLD) (r = 048, p = 0.0003).

High-risk patients with large IB-Vsq

Median IB-Vso of all patients was 49.0% (range, 31.4—68.6).
Univariate logistic regression analysis revealed that long CCD
(r = 0.72, p < 0.0001) and medial tumors (p = 0.02) were
correlated with large IB-Vsq (Fig. 2, 3). The site of the IB (right/
left), pathological T stage (T1a/T1b/T1c/T2), IB reference
volume, and APD were not correlated with a large IB-Vsq (p =
047, p = 092, p = 0.13, p = 0.10, respectively). Multivariate
analysis revealed that only a long CCD was correlated with large
IB-Vso (p< 0.0001).

Discussion

The Groupe Européen de Curiethérapie-European Society for
Therapeutic Radiology and Oncology Breast Cancer Working
Group and the American Society for Radiation Oncology Health

= Non-optimal DVH
{9%) # Optimal DYH
100
80
g -
e 6
A
40
20 -
[1 R — S SR .
250em <S50cm  255em <SS5em 260cm <60cm
CCD
Fig. 1. Frequency of optimal and nonoptimal dose—volume

histogram - (DVH) constraints according to craniocaudal surgical
clip distance (CCD). Left column indicates that 52% of patients
with long CCD (>5 cm) do not satisfy DVH constraints, whereas
the center and right columns show that only a few patients with
long CCD of >5.5 cm and those with long CCD of >6.0 cm do
not satisfy DVH constraints.

Services Research Committee proposed the patient selection
criteria for use of APBI based on available clinical evidence
complemented by expert opinion (13, 14). The main eligibility
criteria proposed by these task groups included patient age (>60
years), pathological tumor size (<3 cm), negative surgical margin,
unicentric lesion, and pNO (13, 14). These recommendations were
mainly based on the probability of breast recurrence after APBI.
To maintain the efficacy and safety of APBI, potential risk for late
severe toxicities should be considered in addition to the proba-
bility of breast recurrence. The NSABP B-39/RTOG 0413
protocol requires that the ratio of lumpectomy cavity to IB volume
must be <30% based on postoperative/prerandomization CT

70 - \ -
o
. L
L] /“'(

60 — . . e =
o~ L e
B i

.
;" 50 » LI S 2 “g'
= 'l e .
ok n Do »
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. (r=0.72, P<0.0001)
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i 2 3 4 5 6 7 8 9 10
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Fig. 2. Scatter plots for craniocaudal surgical clip distance

(CCD) and ipsilateral breast reference volume receiving >50% of
the prescribed dose (IB-Vsg). Long CCD was strongly correlated
with large IB-V5; (r = 0.72). IB-Vsg. The dotted line indicates the
fitting line.
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Fig. 3. Box plots for tumor location (lateromedial) and ipsi-

lateral breast reference volume receiving >50% of the prescribed
dose (IB-Vsg). The gray line indicates the median value of IB-Vsg.

imaging (9). Unfortunately, the ratio of lumpectomy cavity to IB
volume and that of PTV to IB reference volume are not calculated
until the RTP system operation. Thus, eligibility criteria that
require complex calculations serve as obstacles toward seamless
execution of clinical trials. In the majority of contemporary APBI
series, patients for whom the maximal tumor size is less than 3 cm
have been eligible (5, 14). In our study, pathological T stage
(pT1a/pT1b/pTlc/pT2), which was classified according to patho-
logical maximum diameter of the invasive carcinoma component,
was not associated with nonoptimal DVH constraints of the
NSABP B-39/RTOG 0413 protocol. Some likely explanations for
this are that the pathological T stage does not include the nonin-
vasive carcinoma component and that it does not correlate with
specimen shape (e.g., fan shape, slender oval) or the direction of
the long axis of the specimen. On the other hand, the distance of
surgical clips is directly associated with the size of the resected
specimen, and the CCD strongly correlated with the field length in
the craniocaudal direction and the breast irradiated volume.
Distances between surgical clips are easy to measure with digital
chest X-rays rather than the RTP system operation and they serve
as tools to help predict which patients are unsuitable for 3D-CRT
APBI. However, APD was not closely correlated with either
nonoptimal DVH constraints or large IB-Vso. We applied the
noncoplanar beam technique using tangential beam with a 10—20°
steeper gantry angle and couch angles of 0—30°. With this tech-
nique, the gantry angle arrangement allows one to reduce the field
width in the anteroposterior direction and the irradiated volume, in
which case APD does not correlate closely with field size, irra-
diated volume, or nonoptimal DVH constraints.

Hepel et al. reported that high-, intermediate-, and low-dose
volumes (IB-Vs—IB-Vy) all correlated with incidence of breast
fibrosis after 3D-CRT APBI (7). Improved target coverage with
external beam techniques comes at the cost of a higher integral
dose to the remaining normal breast. With the 3D-CRT APBI
technique, the volume of high-dose region (e.g., IB-Vgg, IB-Vg0)
and that of low-dose region (e.g., IB-V,, IB-V,,) are closely
related. Jagsi er al. reported on the unacceptable cosmesis that
developed in 7 patients among 34 patients after APBI using
Intensity-modulated radiotherapy, noting that IB-Vsg and IB-V o,
correlated with cosmetic outcome (8). They indicated that there
seemed to be a possible threshold at 40%, in which the 5 of 10
patients (50%) with an IB-Vs, >40% experienced unacceptable

cosmesis vs. the 2 of 22 (9%) below that threshold who experi-
enced it (p = 0.02). On the other hand, Formenti et al. reported
good cosmetic outcomes in most patients after performing APBI
with the 3D-CRT technique in a prone position with 30 Gy in five
fractions, noting that IB-Vsq ranged from 23 to 75%, and IB-V g
ranged from 10 to 45% (12). In our simulation study, median IB-
Vso of patients with optimal DVH constraints was 46.9%
(31.4-58.1), and that for patients with nonoptimal DVH
constraints was 59.4% (49.9—68.6) (p < 0.0001, data not shown).
The appropriate threshold of IB-Vs, and that of other parameters
(e.g., IB-V2q, IB-Vgq, maximum dose) as predictive factors of late
soft tissue toxicities has yet to be clarified. Further studies should
be conducted to clarify predictive factors for late soft tissue
toxicities.

Recht er al. reported that the risk of pneumonitis appeared to
be related to the irradiated ipsilateral lung volume treated, and
recommended that ipsilateral lung volume receiving 20 Gy or
higher should be lower than 3%, and that receiving 5 Gy lower
than 20% (6). They indicated that relatively low-dose lung irra-
diation might better help to determine the risk of pneumonitis after
radiotherapy. In our study, a long CCD was correlated with large
ipsilateral MLD (r = 0.48, p = 0.0003), and ipsilateral lung
volume receiving 6 Gy or higher (>20% of the prescribed dose)
(r = 0.63, p < 0.0001).

A limitation of the present study was that we used simulation
data rather than clinical outcomes. A prospective clinical trial
should be conducted to evaluate the utility of these eligibility
criteria and treatment outcomes. In addition, we could not verify
the geometric couch and gantry angle limitations for the Varian
linear accelerator in all patients. However, before the beginning of
this study, we did verify the geometric couch and gantry angle
limitations using a human-body phantom placed on a couch.

Conclusions

Patients with a long CCD, especially 5.5 cm or longer, might be
unsuitable for 3D-CRT APBI from nonoptimal DVH constraints
and large IB-Vsq. Pathological T stage, APD, site of IB (right/
left), tumor location (medial/lateral), and IB reference volume
could not predict whether patients were unsuitable for 3D-CRT
APBL
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