Preoperative breast radiation therapy: indications and perspectives
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Abstract

Preoperative breast radiation therapy (RT) is not a new concept, but older studies
failed to change practice. More recently, there has been interest in revisiting pre-
operative RT using modern techniques. This current perspective discusses the
indications, summarises the published literature and then highlights current clinical
trials, with particular attention to combining with novel drugs and optimising

associated translational research.

2066 words (excluding abstract)

Introduction

Postoperative radiation therapy (RT) is indicated for most patients diagnosed with
early breast cancer. However, conventional scheduling of breast cancer treatment is
changing with increasing recognition of advantages of primary systemic therapy.
Preoperative RT, although investigated in the past, was not demonstrated to be
sufficiently advantageous for adoption into common practice. However, there have
been considerable advances in breast RT, including intensity modulated RT (IMRT),
accelerated partial breast irradiation (APBI), simultaneous integrated boost and (SIB)
and image guided radiation (IGRT) that could facilitate preoperative RT. In this
modern setting, preoperative RT may be useful in certain situations, which are
discussed: (i) downstaging to enable conservation surgery, (ii) facilitating breast
reconstruction, (iii) facilitating partial breast irradiation, and (iv) aiding translational

research.

- Downstaging of the tumour to enable conservative surgery

Compared to mastectomy, women who undergo breast conserving surgery have
significantly better body image and long-term quality of life scores[1]. For women
with too locally advanced disease for breast conserving surgery, it may be possible
to downstage the tumour with primary chemotherapy[2]. However, pathological
complete response is less likely obtained with chemotherapy in luminal A disease
and lobular carcinomal3], than in other subtypes. These women are less likely to
undergo conservative surgery following chemotherapy[3]. Primary endocrine
therapy may be an option for these patients, but this practice is still relatively

uncommon and is usually reserved for unfit patients with short life expectancies. An



alternative strategy for women with larger, hormone receptor positive and lower
grade, breast cancers, could be preoperative RT. This could also be considered as
salvage treatment for those who have responded less than anticipated to primary

systemic treatment.

A number of older case series and single arm trials report on preoperative RT with or
without concomitant chemotherapy[4-19] (Table 1). In those that report on
receptor status, hormone receptor positive tumours were less likely to achieve
pathological complete response to chemoradiation (chemoRT) than other
subtypes[16,17], which is unsurprising given the better complete pathological

response rates following chemotherapy for higher risk subgroups.

Those reporting on complications in general found more acute toxicity than would
be expected with modern postoperative breast RT. This is of concern as
moderate/severe toxicity from preoperative chemoRT could delay surgery and may
increase surgical complications. Past experience suggests minimum RT-surgery
interval is 4-6 weeks to minimise complications. Potential contributing factors to the
increased toxicity include concurrent chemotherapy, and RT protocols and
techniques using higher total doses, and simple field-based techniques. Modern RT
techniques may widen the therapeutic ratio: hypofractionated schedules using a
lower total dose reduce acute toxicity compared with conventional schedules[20],
intensity modulated RT[21] and simultaneous integrated boost[22] produce more
homogeneous dose distributions and can reduce acute toxicity and improve long-
term cosmesis. The NeoAPBI trial is exploiting these concepts by sequencing primary

systemic therapy with accelerated partial breast RT in chemo-resistant cancers[23].

Patients with hormone receptor positive cancers may benefit from RT in
combination with endocrine therapy, rather than chemotherapy. This combination
has been trialed[24]; in the series reported by Bollet et al[24] (n=42) 63% underwent
breast conserving surgery, while previously been judged ineligible for this. Patients
underwent surgery at median 8 weeks following completion of RT. Possibly allowing
more time for maximal tumour regression may increase breast conserving surgery
rates further. Continued treatment with endocrine therapy may facilitate safely

increasing this time period, which is investigated in the UK feasibility study Neo-RT.



Facilitating breast reconstruction

Despite the possibilities for downstaging to enable breast-conserving surgery, some
patients will need or choose a mastectomy. Many of these patients will also require
postmastectomy RT and may choose to have breast reconstruction. Scheduling of
these treatments is challenging, since adding RT to a reconstruction results in a
higher complication rate[25]. Most guidelines currently recommend RT prior to
reconstruction[26]. However, this requires two separate surgeries, and there will be
a delay before reconstruction can be performed. Patient satisfaction and quality of

life may be improved by immediate reconstruction following mastectomy[27].

Current practice for breast reconstruction and radiotherapy

There are several challenges involved in delivering RT following breast
reconstruction. Firstly, postoperative healing may cause delay of RT, which could
impact on oncological outcomes. RT delivery is also potentially more difficult due to
shape and consistency of the reconstructed breast, especially in case of implant
reconstruction. Therefore, it may be impossible to obtain required coverage of the
target whilst respecting dose constraints to organs at risk, resulting in a suboptimal

plan (see Figure 1).

The current evidence is very limited as there are no randomised trials addressing RT
timing and reconstruction and most series are small and retrospective. A large
prospective cohort study has been reported by the Mastectomy Reconstruction
Outcome Consortium, consisting of 175 patients receiving autologous reconstruction
and chest wall RT (108 and 67 with immediate versus delayed reconstruction
respectively)[28]. This showed no difference in complication rates, but lower levels
of prereconstruction patient satisfaction in the delayed group, although satisfaction

at one and two years postoperatively was comparable.

An insurance claims-base series of 4781 women who had undergone mastectomy
and reconstruction (80% with implant-based) and RT showed that patients with
irradiated implant reconstructions had twice the odds of having a complication and
11 times the odds of failure compared with irradiated autologous

reconstruction[29]. The highest probability of implant failure was for RT followed by



delayed implant reconstruction, whereas the lowest was for immediate autologous

reconstruction and postoperative RT.

In summary, it appears that delayed implant—based reconstruction after RT carries
the greatest side effects, despite possible advantages for technical RT delivery
before reconstruction. In comparison, toxicity is less with autologous

reconstructions, but optimal timing of RT is unclear.

- Feasibility of RT prior to mastectomy and reconstruction
Preoperative RT delivery, followed by mastectomy and immediate breast
reconstruction may avoid the difficulties described, whilst allowing women to
benefit from having both surgical steps as one procedure. This sequencing has been
described in a number of case series, reviewed by Tansley et al[30] in 2013, who
conclude that oncological outcomes are comparable to standard sequencing.
However, little published evidence was available at the time of review regarding
complication rate. A further series of 111 patients published 2016[31] reported a

rate of primary complications similar to that expected with standard sequencing.

In the UK, the PRADA non-randomised interventional trial will evaluate safety and
long-term cosmetic outcome of reversing the order of mastectomy with immediate

reconstruction, with surgery 2-6 weeks after RT.

- Facilitating partial breast irradiation
It is hypothesised that, in appropriately selected low risk patients, local relapse rates
with partial breast irradiation will be comparable to whole breast RT, and reduced
irradiated volumes will decrease toxicity. A meta-analysis of published results of
reported trials to date[32] does not support this. However, the number of trials
included is limited, and there are several large randomised trials yet to report.
Preoperative rather than postoperative partial breast irradiation may be

advantageous.

Oncoplastic techniques can result in difficulty defining the postoperative tumour

bed; even if surgical clips are inserted as they can be dispersed throughout the



breast (see Figure 2[33]). The tumour bed anticipated from the preoperative
imaging, and the site of the actual target volume, may be significantly different[34].
The high interobserver variability reported amongst oncologists delineating the
clinical target volume for postoperative partial breast irradiation[35] suggests
difficulty ensuring the tumour bed is accurately targeted. Preoperative RT may
reduce the risk of geographic miss, and preoperative imaging has been

demonstrated to correlate with pathological size[36].

It has been shown that the partial breast clinical target volume may be increased by
presence of postoperative seroma[37], and seroma size was an independent
predictor of poor cosmesis in RAPID[38]. Preoperative partial breast RT would avoid
this issue as well. Treatment volumes in the PAPBI trial of preoperative accelerated
partial breast RT were significantly smaller (mean PTV 122cm?) than those in
postoperative partial breast RT studies with comparable mean tumour size[39]
(mean PTV 296cm? in the study by Hepel et al[40]). In addition, the tissue receiving
the highest radiation dose will be removed at surgery following preoperative partial

breast RT.

- Current preoperative partial breast irradiation studies
First results of the PAPBI trial have now been published: cosmetic outcome was
assessed as being good or excellent in 88, 89 and 100% of the 70 patients at 1, 2 and
3 years respectively[39]. For comparison, cosmesis was rated good/excellent in 71%
at 3 years in RAPID[41]. At this early time point, efficacy is difficult to comment on
and further results are awaited. In addition, the PAPBI-2 randomised phase Ill trial

opened September 2016[42].

- Facilitating translational studies
Following the approach of trials of primary systemic treatments, preoperative RT
studies could facilitate translational research by assessing the effect of radiation
directly on the tumour. Opportunities to study response to RT in humans are giving
more reliable information compared to animal models. For example, it has proved
difficult to produce hormone receptor positive patient-derived xenograft models,
and to investigate the effects of a competent immune system[43]. This is particularly

relevant considering RT studies, which are especially challenging following the low



local relapse rates, requiring recruitment of very large patient numbers and

longterm follow-up, to demonstrate an effect.

Assessment of tumour/normal tissue biology

Obtaining tissue samples before and after preoperative RT could facilitate research
on the effects of radiation on both tumour and normal tissues. Greater
understanding of biological effects of RT on breast tissue may increase the scope for
personalisation of RT. Research of this nature is currently planned in trials of
preoperative RT. A secondary goal of the PAPBI trial, alongside the PROBI trial of
preoperative whole breast RT[44], is to develop a gene expression classifier
predictive of radiosensitivity[39]. Neo-RT and Trans-PRADA will perform exploratory
translational research into potential molecular biomarkers of response and into

radiation-induced immune modulation.

Assessment of RT/drug combinations

There is an unmet need for novel RT-drug combinations[45]. Although many
targeted anticancer agents are now in use, little progress has been made identifying
those that will synergise most effectively with RT[46]. The UK National Cancer
Research Institute Clinical and Translational Radiotherapy Research Working
Group have released a consensus statement that assessment of combination with
RT should be part of the design of early phase studies in ‘cases with a good biological
and therapeutic rationale’[45]. For patients with triple negative breast cancer, the
upcoming phase 1 RadioPARP trial[47] will investigate combination of the PARP
inhibitor olaparib with RT either preoperatively, or as salvage following incomplete
response after primary systemic treatment. This exploits the “BRCAness” trait in

many of these tumours, with BRCA1 dysfunction causing DNA repair deficiency.

‘Window of opportunity’ designs are now explored in ‘phase 0’ trials to expedite
identification of active agents, with the advantage that tissue samples are obtained
before and after the treatment of interest and can assess the effects of agents in
treatment-naive patients. Further along the drug development pathway, trialling
RT/drug combinations in the preoperative setting could facilitate seamless phase
/11l trial design, using pathological complete response as an intermediate

biomarker. A recent phase 1b trial reported 25% pathological complete response



rate with PARP inhibitor veliparib added to preoperative RT and capecitabine in

rectal cancer[48]; a combination that will be continued in an expanded cohort.

Imaging biomarkers

The ability to assess prognostic and predictive tumour variables non-invasively in
clinical practice is clearly advantageous, however, progress in validating novel
imaging biomarkers for use in clinical practice has been slow. Studies of
preoperative therapy have advantages for imaging biomarker validation, permitting
correlation of imaging features before and during preoperative therapy with
pathological/molecular endpoints. Increased ability to assess tumour biology with
imaging could in turn facilitate adaptive RT, using strategies such as dose painting,
individualised dose and fractionation schedules and combinations with targeted

agents.

- Conclusion
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Figure legends

Figure 1 shows a transverse section through a computed tomography (CT) radiation therapy
planning scan for a patient with bilateral implant reconstructions. This demonstrates the
challenge to irradiate the chest wall adequately without including unacceptable volumes of
normal tissue, such as heart, lung and contralateral chest wall. Image provided by Dr O. Kaidar-

Person.

Figure 2 shows the surface rendered image of the CT radiation therapy planning scan for a
patient who has undergone oncoplastic breast conservation surgery[33]. The red markers

represent widely scattered tumour bed surgical clips, which may result in a larger boost volume.

Footnotes

1. The list of trials of preoperative radiotherapy in table 2 was compiled through a
combination of literature search, search of clinicaltrials.gov, and personal
communication.

References

[1] Engel J, Kerr J, Schlesinger-Raab A, Sauer H, Holzel D. Quality of Life Following Breast-
Conserving Therapy or Mastectomy: Results of a 5-Year Prospective Study. Breast
2004;10:223-31.

[2] Fisher B, Brown A, Mamounas E, Wieand S, Robidoux A, Margolese R, et al. Effect of
preoperative chemotherapy on local-regional disease in women with operable breast cancer:
findings from National Surgical Adjuvant Breast and Bowel Project B-18. J Clin Oncol
1997;15:2483-93.

[3] Loibl S, Volz C, Mau C, Blohmer J-U, Costa SD, Eidtmann H, et al. Response and prognosis after
neoadjuvant chemotherapy in 1,051 patients with infiltrating lobular breast carcinoma.
Breast Cancer Res Treat 2014;144:153-62. doi:10.1007/s10549-014-2861-6.

(4] Semiglazov VF, Topuzov EE, Bavli JL, Moiseyenko VM, Ivanova OA, Seleznev IK, et al. Primary
(neoadjuvant) chemotherapy and radiotherapy compared with primary radiotherapy alone in
stage llb-llla breast cancer. Ann Oncol Off J Eur Soc Med Oncol 1994;5:591-5.

[5] Touboul E, Buffat L, Lefranc JP, Blondon J, Deniaud E, Mammar H, et al. Possibility of
conservative local treatment after combined chemotherapy and preoperative irradiation for
locally advanced noninflammatory breast cancer. Int J Radiat Oncol Biol Phys 1996;34:1019—
28.

[6] Skinner KA, Dunnington G, Silberman H, Florentine B, Spicer D, Formenti SC, et al. Pre-
operative 5-fluorouracil and radiation therapy for locally advanced breast cancer. Am J Surg
1997;174:705-8.



(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

(20]

[21]

Colleoni M, Nole’ F, Minchella I, Noberasco C, Luini A, Orecchia A, et al. Pre-operative
chemotherapy and radiotherapy in breast cancer. Eur J Cancer 1998;34:641-5.
doi:10.1016/50959-8049(97)10091-0.

Skinner KA, Silberman H, Florentine B, Lomis TJ, Corso F, Spicer D, et al. Preoperative
paclitaxel and radiotherapy for locally advanced breast cancer: surgical aspects. Ann Surg
Oncol 2000;7:145-9.

Calitchi E, Kirova YM, Otmezguine Y, Feuilhade F, Ph D, Piedbois Y, et al. Long-Term Results of
Neoadjuvant Radiation Therapy for Breast Cancer 2001;259:253-9.

Formenti SC, Volm M, Skinner KA, Spicer D, Cohen D, Perez E, et al. Preoperative twice-
weekly paclitaxel with concurrent radiation therapy followed by surgery and postoperative
doxorubicin-based chemotherapy in locally advanced breast cancer: a phase I/Il trial. J Clin
Oncol 2003;21:864-70. doi:10.1200/JC0.2003.06.132.

Lerouge D, Touboul E, Lefranc J-P, Genestie C, Moureau-Zabotto L, Blondon J. Combined
chemotherapy and preoperative irradiation for locally advanced noninflammatory breast
cancer: updated results in a series of 120 patients. Int J Radiat Oncol 2004;59:1062-73.
doi:10.1016/j.ijrobp.2003.12.034.

Chakravarthy AB, Kelley MC, McLaren B, Truica Cl, Billheimer D, Mayer IA, et al. Neoadjuvant
Concurrent Paclitaxel and Radiation in Stage I1/11l Breast Cancer. Clin Cancer Res
2006;12:1570-6. doi:10.1158/1078-0432.CCR-05-2304.

Bollet MA, Sigal-Zafrani B, Gambotti L, Extra J-M, Meunier M, Nos C, et al. Pathological
response to preoperative concurrent chemo-radiotherapy for breast cancer: Results of a
phase Il study. Eur J Cancer 2006;42:2286-95. doi:10.1016/j.ejca.2006.03.026.

Bollet MA, Belin L, Reyal F, Campana F, Dendale R, Kirova YM, et al. Preoperative radio-
chemotherapy in early breast cancer patients: Long-term results of a phase |l trial. Radiother
Oncol 2012;102:82-8. doi:10.1016/j.radonc.2011.08.017.

Shanta V, Swaminathan R, Rama R, Radhika R. Retrospective analysis of locally advanced
noninflammatory breast cancer from Chennai, South India, 1990-1999. Int J Radiat Oncol Biol
Phys 2008;70:51-8. doi:10.1016/j.ijrobp.2007.05.050.

Alvarado-Miranda A, Arrieta O, Gamboa-Vignolle C, Saavedra-Perez D, Morales-Barrera R,
Bargallo-Rocha E, et al. Concurrent chemo-radiotherapy following neoadjuvant
chemotherapy in locally advanced breast cancer. Radiat Oncol 2009;4. doi:10.1186/1748-
717X-4-24.

Adams S, Chakravarthy AB, Donach M, Spicer D, Lymberis S, Singh B, et al. Preoperative
concurrent paclitaxel-radiation in locally advanced breast cancer: pathologic response
correlates with five-year overall survival. Breast Cancer Res Treat 2010;124:723-32.
doi:10.1007/s10549-010-1181-8.

Matuschek C, Bolke E, Roth SL, Orth K, Lang |, Bojar H, et al. Long-term outcome after
neoadjuvant radiochemotherapy in locally advanced noninflammatory breast cancer and
predictive factors for a pathologic complete remission. Strahlentherapie Und Onkol
2012;188:777-81. doi:10.1007/s00066-012-0162-8.

Riet FG, Fayard F, Arriagada R, Santos MA, Bourgier C, Ferchiou M, et al. Preoperative
radiotherapy in breast cancer patients: 32 years of follow-up ScienceDirect. Eur J Cancer
2017;76:562-9. doi:10.1016/j.ejca.2017.01.022.

Brunt AM, Wheatley D, Yarnold J, Somaiah N, Kelly S, Harnett A, et al. Acute skin toxicity
associated with a 1-week schedule of whole breast radiotherapy compared with a standard 3-
week regimen delivered in the UK FAST-Forward Trial. Radiother Oncol 2016;120:114-8.
doi:10.1016/j.radonc.2016.02.027.

Mukesh MB, Barnett GC, Wilkinson JS, Moody AM, Wilson C, Dorling L, et al. Randomized
controlled trial of intensity-modulated radiotherapy for early breast cancer: 5-year results
confirm superior overall cosmesis. J Clin Oncol 2013;31:4488-95.
doi:10.1200/1C0.2013.49.7842.

10



(22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Lee H-H, Hou M-F, Chuang H-Y, Huang M-Y, Tsuei L-P, Chen F-M, et al. Intensity modulated
radiotherapy with simultaneous integrated boost vs. conventional radiotherapy with
sequential boost for breast cancer — A preliminary result. The Breast 2015;24:656—60.
doi:10.1016/j.breast.2015.08.002.

Comparing Sequential Neoadjuvant Treatment Including Chemotherapy and Accelerated
Radiation Focused to the Tumor Bed vs Neoadjuvant Chemotherapy Alone - Full Text View -
ClinicalTrials.gov n.d. https://clinicaltrials.gov/ct2/show/NCT02806258 (accessed April 4,
2017).

Bollet MA, Kirova YM, Antoni G, Pierga J-Y, Sigal-Zafrani B, Laki F, et al. Responses to
concurrent radiotherapy and hormone-therapy and outcome for large breast cancers in post-
menopausal women n.d. doi:10.1016/j.radonc.2007.10.003.

Berbers J, van Baardwijk A, Houben R, Heuts E, Smidt M, Keymeulen K, et al. “Reconstruction:
Before or after postmastectomy radiotherapy?” A systematic review of the literature. Eur J
Cancer 2014;50:2752-62. doi:10.1016/j.ejca.2014.07.023.

Recht A, Edge SB, Solin LJ, Robinson DS, Estabrook A, Fine RE, et al. Postmastectomy
Radiotherapy: Guidelines of the American Society of Clinical Oncology n.d.

Adesiyun TA, Lee BT, Yueh JH, Chen C, Colakoglu S, Anderson KEM, et al. Impact of
sequencing of postmastectomy radiotherapy and breast reconstruction on timing and rate of
complications and patient satisfaction. Radiat Oncol Biol 2011;80:392-7.
doi:10.1016/j.ijrobp.2010.02.039.

Billig J, Jagsi R, Qi J, Hamill JB, Kim HM, Pusic AL, et al. Should Immediate Autologous Breast
Reconstruction be considered in Women who require Post-Mastectomy Radiation Therapy? A
Prospective Analysis of Outcomes. Plast Reconstr Surg 2017:1.
doi:10.1097/PRS.0000000000003331.

Chetta MD, Aliu O, Zhong L, Sears ED, Waljee JF, Chung KC, et al. Reconstruction of the
irradiated breast: a national claims-based assessment of postoperative morbidity. Plast
Reconstr Surg 2017;139:783-92. doi:10.1097/PRS.0000000000003168.

Tansley P, Ramsey K, Wong S, Guerrieri M, Pitcher M, Grinsell D. New treatment sequence
protocol to reconstruct locally advanced breast cancer. ANZ J Surg 2013;83:630-5.
doi:10.1111/ans.12110.

Paillocher N, Florczak AS, Richard M, Classe JM, Oger AS, Raro P, et al. Evaluation of
mastectomy with immediate autologous latissimus dorsi breast reconstruction following
neoadjuvant chemotherapy and radiation therapy: A single institution study of 111 cases of
invasive breast carcinoma. Eur J Surg Oncol 2016;42:949-55. doi:10.1016/j.ejs0.2016.03.024.
Hickey BE, Lehman M, Francis DP, See AM. Partial breast irradiation for early breast cancer.
Cochrane Database Syst Rev 2016;7:CD007077. doi:10.1002/14651858.CD007077.pub3.
Zagar TM, Kaidar-Person O, Jones EL. Team work: mastectomy, reconstruction, and radiation.
Plast Reconstr Surg 2017;5.

Gonzalez Sanchis A, Brualla Gonzalez L, Fuster Diana C, Gordo Partearroyo JC, Garcia-Vilanova
Comas A, Lopez Torrecilla JL, et al. Tumor bed segmentation: First step for partial breast
irradiation. Clin Transl Oncol 2013;15:39-45. doi:10.1007/s12094-012-0884-1.

Yang TJ, Tao R, Elkhuizen PHM, Van Vliet-Vroegindeweij C, Li G, Powell SN, et al. Tumor bed
delineation for external beam accelerated partial breast irradiation: A systematic review.
Radiother Oncol 2013;108:181-9. doi:10.1016/j.radonc.2013.05.028.

Jiang Y, Xia C, Peng W, Yu K, Zhuang Z, Shao Z. Preoperative measurement of breast cancer
overestimates tumor size compared to pathological measurement. PLoS One 2014;9:e86676.
Palta M, Yoo S, Adamson JD, Prosnitz LR, Horton JK, Polgar C, et al. Preoperative single
fraction partial breast radiotherapy for early-stage breast cancer. Int J Radiat Oncol Biol Phys
2012;82:37-42. doi:10.1016/j.ijrobp.2010.09.041.

Peterson D, Truong PT, Parpia S, Olivotto IA, Berrang T, Kim DH, et al. Predictors of adverse
cosmetic outcome in the RAPID trial: An exploratory analysis. Int J Radiat Oncol Biol Phys

11



(39]

(40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

2015;91:968-76. doi:10.1016/].ijrobp.2014.12.040.

van der Leij F, Bosma SCJ, van de Vijver MJ, Wesseling J, Vreeswijk S, Rivera S, et al. First
results of the preoperative accelerated partial breast irradiation (PAPBI) trial. Radiother Oncol
2015;114:322-7. doi:10.1016/j.radonc.2015.02.002.

Hepel JT, Tokita M, MacAusland SG, Evans SB, Hiatt JR, Price LL, et al. Toxicity of three-
dimensional conformal radiotherapy for accelerated partial breast irradiation. Int J Radiat
Oncol Biol Phys 2009;75:1290-6. doi:10.1016/j.ijrobp.2009.01.009.

Olivotto IA, Whelan TJ, Parpia S, Kim D-H, Berrang T, Truong PT, et al. Interim cosmetic and
toxicity results from RAPID: a randomized trial of accelerated partial breast irradiation using
three-dimensional conformal external beam radiation therapy. J Clin Oncol 2013;31:4038-45.
doi:10.1200/JC0.2013.50.5511.

Pre- Versus Postoperative Accelerated Partial Breast Irradiation - Full Text View -
ClinicalTrials.gov n.d. https://clinicaltrials.gov/ct2/show/NCT02913729.

Whittle JR, Lewis MT, Lindeman GJ, Visvader JE. Patient-derived xenograft models of breast
cancer and their predictive power. Breast Cancer Res 2015;17:17. doi:10.1186/s13058-015-
0523-1.

Preoperative Breast Irradiation (PROBI) n.d.
https://www.clinicaltrials.gov/ct2/show/record/NCT02941835.

Sharma RA, Plummer R, Stock JK, Greenhalgh TA, Ataman O, Kelly S, et al. Clinical
development of new drug—radiotherapy combinations. Nat Rev Clin Oncol 2016;13:627—42.
doi:10.1038/nrclinonc.2016.79.

Ataman OU, Sambrook SJ, Wilks C, Lloyd A, Taylor AE, Wedge SR. The clinical development of
molecularly targeted agents in combination with radiation therapy: a pharmaceutical
perspective. Int J Radiat Oncol Biol Phys 2012;84:e447-54. doi:10.1016/j.ijrobp.2012.05.019.
Triple negative breast cancer: combining radiotherapy with PARP inhibitors - Institut
Curie:Cancer organization (research, care, training) n.d. http://www.institut-
curie.org/news/triple-negative-breast-cancer-combining-radiotherapy-parp-inhibitors-
007507 (accessed March 21, 2017).

Czito B, Mulachy M, Deming D, Vaghefi H, Jameson G, Deluca A, et al. The safety and
tolerability of veliparib (V) plus capecitabine (C) and radiation (RT) in subjects with locally
advanced rectal cancer (LARC): Results of a phase 1b study. J Clin Oncol 2015;33:579.

12



Figures and Tables

Figure 1

Figure 2

13



Author (year Number Tumour Total dose Concomitant Response Locoregional
of publication) of characteristics (dose per chemotherapy complications
patients fraction)
in study
Semiglazov® 271 Clinical stage | 60Gy (2Gy) TMF*/none pCRY rate 29.1% Not available
(1994) [Ib-I1Ta for those reciving
concomitant
chemotherapy;
19.4%
radiotherapy
alone
Touboul® 97 Non- 45Gy (1.8Gy) | None 10 year Not available
(1996) inflammatory 25-30Gy locoregional
breast cancer; boost control rate 80%
clinical stage delivered in (76% for those
Illa-lllc those not undergoing
patients not surgery)
undergoing
surgery
(34%)
Skinner® 30 Non- 50Gy (2Gy) 5-fluorouracil pCR rate 17% 30% moist
(1997) inflammatory desquamation
breast cancer;
clinical stage
l1b-lllc
Colleoni’ 23 Clinical T2- 50Gy (2Gy) None pCR rate 8%; Postoperative
(1998) T4/NO-N1 10Gy boost 80% underwent complications
breast conserving | were ‘frequent’
surgery
Skinner® 29 Clinical stage 45Gy (1.8Gy) | Paclitaxel pCR rate 26% Not available
(2000) lb-11I
Calitchi’ 75 Non- 45Gy (1.8Gy) | None pCR rate 11%; Not available
(2001) inflammatory 15Gy boost locoregional
breast cancer; | tointernal control rate at
clinical T2-3 mammary median follow up
nodes 10 years 88%;
100% underwent
breast conserving
surgery
Formenti'® 44 Clinical stage 45Gy (1.8Gy) | Paclitaxel pCR rate 16%; 7% grade 3-4 skin
(2003) 11b-111 14Gy boost 93% underwent toxicity
modified radical
mastectomy
Lerouge11 120 Non- 45Gy (1.8Gy) | None 15 year Not available
(2004) inflammatory 25-30Gy locoregional
breast cancer; | boost control rate
clinical stage delivered in 76.2%
Ila-llic those
patients not
undergoing
surgery
(32.5%)
Chakravarthy12 30 Clinical stage 46.8Gy Paclitaxel pCR rate 34%; 2 patients
(2006) IERIIT) (1.8Gy) 43% underwent experienced
breast conserving | grade 3-4 skin
surgery toxicity
Bollet™" 60 50Gy (2Gy) Vinorelbine and 5- pCR rate 27%; 14% grade 3 skin
(2006; 2012) fluorouracil 69% underwent toxicity

breast conserving
surgery
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Shanta®™
(2008)

Alvarado-
Miranda®®
(2009)
Adams”’
(2010)

Matuschek™®

(2012)

Riet" (2017)

1117

112

105

315

187

Non-
inflammatory
breast cancer;
clinical stage
I1b-1lb

Clinical stage
I1b-11lb; 48%
ER positive
Clinical stage
lIb-lllc; 52% ER
positive

Clinical T1-
T4/NO-N1

Non-
inflammatory
breast cancer;
clinical stage
lla-1llb

40Gy (2Gy)

50Gy (2Gy)
10Gy boost

45Gy (1.8Gy)
14Gy boost

50Gy (2Gy)
10Gy boost
+/-
hyperthermia
45-55Gy
(2.5Gy)

CMF**/ECFT/FACTT

MTCF#/GC#+#

Paclitaxel +/-
trastuzumab

EC§/CMF/ACSS/
mitoxantrone/
none

None

pCR rate 45.1%

pCR (primary and
nodal) rate 29.5%

pCR rate 34%;

5 year
locoregional
control rate
95.2%

pCR (primary
tumour and
nodal) rate 29.2%

10% pCR rate;
30 year
locoregional
control rate 89%

‘Deep
pigmentation and
mild to severe dry
epidermis’, with
occasional moist
desquamation
Not available

Not available

Not available

19% 30 day
postoperative
complication rate;
4% grade 3-4 skin
necrosis

Table 1: Case series and trials reporting patients treated in the 1980s,1990s and early 2000s with
preoperative breast radiotherapy or chemoradiotherapy. *TMF, thiotepa, methotrexate and 5-fluorouracil;
**CMF, cyclophosphamide, methotrexate and 5-fluorouracil; TECF, epirubicin, cyclophosphamide and 5-
fluorouracil; TTFAC, 5-fluorouracil, doxorubicin and cyclophosphamide; #MTCF, mitomycin C and 5-
fluorouracil; $¥GC, gemcitabine and cisplatin; §EC epirubicin and cyclophosphamide; §§AC, doxorubicin and
cyclophosphamide; 9pCR, pathological complete response.

Table 1
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Title Type of study Patient Study design Primary endpoint RT technique
recruitment
target
PAPBI-2 Phase Il 500 patients | Preoperative vs. Cosmetic outcome, Partial breast IMRT
randomised trial postoperative assessed by digital 28.5Gyin5
accelerated partial photographs, patient's | fractions over 1
breast irradiation questionnaires and week
specialist's
questionnaires
NeoAPBI Phase Il 362 patients | Primary Breast pathological Partial breast 3D-
01 randomised trial chemotherapy vs. complete response conformal RT with
primary chemotherapy | rate either: 25Gy in 10
and sequential APBI* fractions twice a
day over 5 days
(maximum 8 days)
or 25Gyin 8
fractions daily
PROBI Phase I/1l non- 94 patients Preoperative whole Postoperative Breast (and
randomised breast radiation complications regional lymph
feasibility trial therapy node) IMRT 46.2
Gy in 21 fractions
over 4 weeks, with
SIB*** to tumour
to 55.86 Gy
NeoRT Phase | non- 43 patients Preoperative breast Proportion of patients | Breast IMRT 40Gy
randomised IMRT** followed by | successfully in 15 fractions over
feasibility trial 20 weeks hormonal completing 3 weeks, with SIB
therapy prior to preoperative radiation | to tumour to 48Gy
surgery therapy and hormonal
therapy followed by
breast surgery
RadioPARP | Phase I trial 30 patients Preoperative or Maximum tolerated Breast RT 50Gy in
postoperative dose of olaparib 25 daily fractions
radiation therapy with over 5 Weeks; 46
concurrent olaparib Gy to nodal regions
in 23 daily fractions
over 4.6 weeks. SIB
with IMRT to
tumour can be
considered..
ABLATIVE | Non-randomised 25 patients Single dose Breast pathological Partial breast
interventional trial preoperative ablative complete response IMRT, with SIB:
radiation treatment; rate single fraction 15
breast conserving Gy to PTVcry, 20
surgery 6 months Gy to PTVgrv
following completion.
PRADA Non-randomised 20 patients Preoperative radiation | Presence of open Breast (and

interventional trial

therapy; mastectomy
and DIEPT flap
reconstruction 2-6
weeks following
completion.

breast wound at 4
weeks after
mastectomy and DIEP
flap reconstruction

regional lymph
node) IMRT 40Gy
in 15 fractions over
3 weeks

Table 2: Novel trials involving preoperative radiation therapy currently in the set up phase, or recruiting patients
(footnote 1). *APBI, accelerated partial breast irradiation; **IMRT, intensity modulated radiation therapy; TDIEP,

deep inferior epigastric perforator; ***SIB, simultaneous integrated boost.

Table 2
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