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Abstract

Introduction: Intraoperative radiation therapy is an emerging option for adjuvant therapy for
early stage breast cancer, although it is not currently considered standard of care in the United
States. We applied time-driven activity-based costing to compare two alternative methods of breast
intraoperative radiation therapy, including treatment similar to the techniques employed in the
TARGIT-A clinical trial and a novel version with CT-guidance and high-dose-rate brachytherapy.

Methods and Materials: Process maps were created to describe the steps required to deliver
intraoperative radiation therapy for early stage breast cancer at each institution. The components
of intraoperative radiation therapy included personnel, equipment, and consumable supplies. The
capacity cost rate was determined for each resource. Based on this, the delivery costs were
calculated for each regimen. For comparison across centers, we did not account for indirect
facilities costs and interinstitutional differences in personnel salaries.

Results: The CT-guided, high dose-rate form of intraoperative radiation therapy costs more to
deliver ($4,126.21) than the conventional method studied in the TARGIT-A trial ($1,070.45). The
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cost of the brachytherapy balloon applicator ($2,750) was the primary driver of the estimated
differences in costs. Consumable supplies were the largest contributor to the brachytherapy-based
approach, while personnel costs were the largest contributor to costs of the standard form of
intraoperative radiation therapy.

Conclusions: When compared to the more established method of intraoperative radiation
therapy using a portable superficial photon unit, the delivery of treatment with CT guidance and
high dose-rate brachytherapy is associated with substantially higher costs. The excess costs are
driven primarily by the cost of the disposable brachytherapy balloon applicator and, to a lesser
extent, additional personnel costs. Future work should include evaluation of a less expensive
brachytherapy applicator in order to increase the anticipated value of brachytherapy-based
intraoperative radiation therapy.
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intraoperative radiation therapy; breast cancer; time-driven activity-based costing; brachytherapy;
high dose-rate

Introduction

In the United States, rising costs in cancer care in general, and radiation oncology in
particular, have prompted attention to the importance of value within the specialty of
radiation oncology.12 Mariotto and colleagues projected that costs for cancer care in the
United States will increase from $124.57 billion in 2010 to $157.7-173 billion in 2020, with
a 32% increase expected in annual costs for breast cancer care.® Porter has defined value as
the measure of outcomes achieved for a patient per dollar expended, thus placing patient
care and outcomes at the focus of value.*® In order to estimate costs of health care delivery
to inform value considerations, Kaplan and colleagues described a bottom-up analysis
technique called time-driven activity-based costing (TDABC) as a method to effectively
evaluate the cost of a given medical treatment. TDABC follows a formalized, step-by-step
process to track the personnel, equipment, and facilities costs associated with a treatment to
estimate overall costs.®” Within radiation oncology, TDABC has been used to evaluate the
costs associated with various radiation therapy options for prostate, cervical, endometrial
and breast cancers.8-12

In this report, we apply TDABC to compare two alternative methods of breast intraoperative
radiation therapy (IORT). Breast IORT is an emerging adjuvant radiation therapy option for
early stage breast cancer that involves the use of a single fraction of radiation therapy at the
time of breast conserving surgery (BCS) in order to directly expose the highest-risk areas of
the tumor bed to radiation before wound closure.13 Patient enthusiasm for the convenience
of breast IORT has driven substantial interest in this treatment approach.141° The largest
prospective trial of breast IORT to date is the TARGIT-A trial, which randomized patients to
IORT versus whole breast irradiation (WBI).16:17 Results from the TARGIT-A trial revealed
5-year breast cancer recurrence rates of 3.3% after conventional breast IORT (CB-IORT),
compared to 1.3% after WBI. The observed difference in recurrence rates satisfied the
TARGIT-A trial’s pre-specified statistical definition of equivalence for IORT and WBI,16.17
but elicited concerns and controversy among physicians.1® The TARGIT-A trial and the
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available commercial systems for IORT employ portable IORT units that can be used in an
unshielded, standard operating room to deliver treatment with low-energy photons. This
form of treatment, which we refer to as CB-IORT, is capable of delivering approximately 20
Gy to the lumpectomy cavity surface and 5-7 Gy at 1 cm depth.19:20 There are concerns
with CB-IORT in its current form, particularly in regard to the lack of intraoperative imaging
of the tumor bed available during the procedure, as well as the poor dosimetry outcomes
resulting from the physical limitations of low-energy photons.19:21.22

Our institution developed Precision Breast IORT (PB-IORT) to improve upon the technical
aspects of CB-IORT, allowing for an increase in the delivered dose beyond the lumpectomy
cavity, and to potentially narrow the difference in recurrence rates between IORT and WBI
with this novel approach (compared to CB-IORT).2324 PB-|ORT applies high dose-rate
(HDR) brachytherapy techniques to deliver a form of IORT with computed tomography
(CT) image guidance, customized CT-based treatment planning, and the use of an
Irididum-192 HDR source to deliver a higher, more conformal radiation dose (12.5 Gy to 1
cm depth) than in CB-IORT (5-7 Gy to 1 cm depth).23:24 We have shown that CT imaging
leads to actionable findings in one-quarter of PB-1ORT cases, leading to applicator
repositioning, sculpting dose off of uninvolved normal tissue, or other clinical actions prior
to radiation treatment, suggesting that image-guidance would also significantly benefit CB-
IORT delivery.2! PB-IORT delivers a substantially higher biological equivalent dose than
CB-IORT, but less than standard adjuvant therapy options like WBI and accelerated partial
breast irradiation (APBI).24 PB-IORT is currently being studied in a Phase 11, multicenter
trial with a primary endpoint of local breast tumor recurrence (NCT02400658;
R0O1CA214594-02).

While PB-IORT seems promising, the ultimate value of this novel approach to breast IORT
will depend upon the costs of delivery as well as the observed outcomes. We conducted this
study to compare delivery costs of PB-IORT and CB-IORT. This is a two-institution study of
TDABC for CB-IORT in a regular operating room at one center and PB-IORT in a
brachytherapy suite with an integrated CT-on-rails unit at a second center. The current
TDABC analysis focuses on IORT delivery costs at each institution, but not account for
differences in reimbursement or cost-effectiveness between the IORT methods or in
comparison with other adjuvant radiation therapy approaches.

Methods and Materials

Clinical management (PB-IORT)

The currently open clinical trial of PB-IORT (NCT02400658) enrolls patients who have
opted for BCS treatment for early stage breast cancer and have met the following criteria:
age =45 years, invasive cancer or ductal carcinoma in situ (DCIS), tumor size <3 cm and
node negative disease. Exclusion criteria include: history of ipsilateral breast cancer treated
with RT, BRCA gene mutation, and receipt of neoadjuvant chemotherapy. These clinical
trial selection criteria were designed to be similar to partial breast brachytherapy guidelines
from the American Brachytherapy Society.2> All patients complete informed consent for the
trial prior to treatment, and the study is approved by the University of Virginia (UVA)
Institutional Review Board for Health Sciences Research. A more complete overview of the
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treatment protocol has been previously published,23 but a brief review of the way the
procedure is performed at UVA is provided here. After BCS is performed, a multi-lumen
balloon brachytherapy applicator (Contura®; Hologic, Inc., Bedford, MA) is placed on the
lumpectomy bed by the breast surgeon, and a CT scan is immediately acquired using the CT-
on-rails unit available in the brachytherapy suite (Siemens Somatom®, Siemens Healthcare;
Erlangen, Germany). Following confirmation of correct applicator placement on CT,
commercial software (BrachyVision © V. 11.0; Varian Medical Systems; CA, USA) is used
to contour and plan treatment. The treatment plan and written directive are signed and safety
checks completed prior to treatment delivery. Through the entire course of PB-IORT, the
patient is under anesthesia and stationary, and the applicator is immobilized. Once all
necessary precursor steps have been performed, HDR brachytherapy treatment is delivered
in a single, 12.5 Gy fraction to the planning target volume (PTV) via an HDR afterloader
(Varian Varisource© iX HDR afterloader; Varian Medical Systems; CA, USA). The
radiation oncologist is present for contouring, parts of radiation treatment planning, and
during delivery of HDR brachytherapy. All steps of care occur within the brachytherapy
suite. An initial Phase I clinical trial of 28 patients showed that PB-IORT was both safe and
feasible. PB-IORT was delivered in <90 minutes in 93% of patients (time from CT scan to
completion of PB-IORT delivery), with median treatment time of 67.2 minutes.23

Clinical management (CB-IORT)

Time-driven

The CB-IORT treatment method, performed at Medstar Georgetown University Hospital,
has been described in-depth previously.28 A brief overview, however, is provided here.
Eligible patients were identified by the treating surgeon and/or radiation oncologist during
evaluation prior to surgery. Clinical selection criteria include: patient age > 50 years,
infiltrating ductal carcinoma, tumor size < 3cm, estrogen receptor and progesterone receptor
positivity, node-negative, grades 1 or 2, and no lymphovascular invasion. On days when
IORT will be performed, a medical physicist performs quality assurance for the IORT unit
(INTRABEAMT™ radiotherapy system; Carl Zeiss, Oberkochen, Germany). In the operating
room immediately following BCS, the IORT unit is located next to the patient and the
chosen applicator is inserted into the lumpectomy cavity. Dose calculations are verified and
the treatment is delivered. The radiation oncologist is present during applicator placement
into the lumpectomy cavity and treatment delivery. CB-1ORT delivery time has been
measured to be a mean of 22.3 minutes (range, 17.5 to 45.3 minutes).26

activity-based costing

Process maps were created for each institution to represent all treatment steps involved in
delivering CB-IORT (Figure 1) and PB-IORT (Figure 2). For each step, the specific
resources involved were determined based upon input from staff members and by
observation before and during treatment delivery. Capacity cost rates (CCR) for each
resource were calculated by dividing the annual costs by total annual capacity for the
resource. Annual personnel costs were determined from institutional salary and fringe
benefit data from one institution, to allow comparison of dollar amounts without adjusting
for interinstitutional salary variations. Equipment and facility costs were determined by the
administrative department with a 10-year time horizon for equipment (and annual service
contract included) for PB-IORT; for CB-1ORT, we applied cost estimates from a 2018 cost
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analysis.2” Additional general institutional overhead factors were not applied to equipment
costs for either procedure. The amount of time spent at each step was estimated through
interview of staff members and corroborated with observations. Because treatment time
varies among procedures, the personnel time estimates represent an approximate average per
case. We endeavored to include personnel time attributable to IORT and to exclude time
spent performing BCS or participating in other care activities as the time and personnel
associated with these steps is equivalent between IORT methods. Some personnel (e.g.,
anesthesia staff) are captive in a single space in an off-site location during PB-1ORT, rather
than covering additional OR spaces, and the additional time required of these individuals
was included in the cost analysis. The costs of anesthesia equipment and medications were
not included in the analysis, as these do not impact the radiation center and are not likely to
be altered significantly by IORT delivery. We assumed capacity for 4 IORT cases per day,
based on the capacity of personnel, equipment and facilities (irrespective of actual patient
volumes). The total cost of care was then calculated by multiplying the CCR by the time
estimate for the process step and adding any additional costs of consumable products.

PB-IORT costs more to deliver ($4,126.21) than CB-IORT ($1,070.45), driven in large part
by substantial difference in consumable supplies between cases, $2,750 per multi-lumen
balloon applicator used during PB-IORT (Table 1). Consumable supplies were the largest
contributor to PB-IORT costs, while personnel costs were the largest contributor to CB-
IORT costs. Personnel costs were higher for PB-IORT than CB-IORT (Table 1), with similar
attending radiation oncologist expenses for the two options (Table 2). Overall costs for
personnel, equipment supplies for CB-1ORT vs PB-IORT are summarized in Table 1 and
selected personnel costs are shown in Table 2.

Equipment costs were substantially higher for PB-IORT than CB-IORT (Table 1 and
Supplementary Table 3), with the CT-on-rails unit and the HDR brachytherapy afterloader
unit contributing most of the costs. Attending surgeon time and costs were higher for CB-
IORT than PB-1ORT, since the surgical team must spend time waiting for IORT delivery
rather than completing other clinical tasks (as done during PB-10RT). Full details for
personnel time and costs, equipment and supplies are included in the Supplementary
Materials.

Discussion

We applied TDABC methods to compare the costs of two forms of IORT for early stage
breast cancer, and found that an HDR brachytherapy-based form of IORT (PB-IORT) is
substantially more expensive to deliver than CB-IORT. The higher costs of PB-IORT were
driven largely by the cost of a disposable brachytherapy balloon applicator, but the costs of
nurses, physicists and other personnel also contributed to the increased cost of delivery. This
comparative study provides useful information for centers considering implementation of a
breast IORT program and highlights potential areas to for cost reduction to reduce the gap in
delivery costs between CB-IORT and PB-IORT. Based on this analysis, the most promising
area to cut costs from PB-IORT is the category of consumable supplies.
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The ultimate value of PB-IORT will be determined by patient outcomes as well as costs,*®
so the value of PB-IORT will depend on how clinical outcomes, such as recurrence rates and
cosmesis, compare to CB-10RT. Although PB-IORT offers potential advantages related to
CT-based applicator position evaluation and customized planning, with a higher dose of
radiation therapy delivered to 1 cm beyond the lumpectomy cavity (12.5 Gy) compared to
CB-IORT (~5-7 Gy), long-term results from clinical trials of PB-IORT are not yet available.
In the future, the outcomes of PB-IORT will need to be weighed against the additional costs
associated with this delivery method. Additionally, the current findings may influence future
reimbursement policy for PB-10ORT if this technology becomes widely disseminated.
Currently, the higher cost of PB-IORT compared to CB-IORT, in the absence of evidence to
show improved outcomes with PB-IORT, raises concerns about the value of PB-IORT and
highlights a need for more data. The current study does not compare reimbursement rates
between CB-1ORT and PB-IORT, since PB-IORT is currently investigational and does not
qualify for the reimbursement codes applied in CB-IORT. However, reimbursement rates
would impact institutional decisions regarding PB-IORT at other centers.

Limitations of this study include calculations based on a single institution per modality,
which may not adequately represent costs in other settings. For example, when PB-IORT is
performed in a facility without an integrated brachytherapy suite, there may be different
personnel and equipment costs compared to the current study, especially if a CT-on-rails is
not available in the brachytherapy suite. In the current TDABC analysis, we assumed
capacity for 4 cases per day to reflect overall capacity, although this exceeds typical patient
volumes. Differences among institutions with respect to personnel, facilities, workflows and
institutional regulations may impact cost estimates significantly and limit the external
validity of our study to other centers. Specific considerations of our cost analysis that may
be unique to our centers include: the involvement of resident physicians in PB-IORT
(reducing attending physician time); the involvement of a radiation oncology nurse
throughout the entire process of PB-IORT (serving as a circulating nurse); and the presence
of the surgeon during the CB-IORT delivery. The TDABC focused on practice at two
institutions, but these factors and others may impact estimates at other centers. Furthermore,
institutions considering implementing PB-IORT or CB-IORT must also consider the
opportunity costs of this clinical activity, since personnel may otherwise be engaged in other
work such as outpatient consultations or supervision of external beam radiation therapy. Our
ongoing Phase Il trial includes two sites with different workflow and technological
environments, without an integrated brachytherapy suite, so we expect to gain further
insights on this subject in the future.

The use of a less expensive brachytherapy applicator may reduce costs of PB-IORT
significantly. This finding mirrors the results of a separate TDABC reported by Schutzer and
colleagues, which found that the brachytherapy balloon applicator contributed to substantial
consumable materials costs during APBI.8 By choosing a different single-entry balloon
applicator, we estimate that the costs of consumable supplies during PB-IORT could be
reduced by up to 30%. Recently reports of favorable outcomes after single-fraction
interstitial breast brachytherapy also suggest that HDR brachytherapy with interstitial
catheters may be a promising strategy to deliver conformal brachytherapy at a low cost of
supplies.?8:29 |t is important to note that our methodological approach should not be viewed
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as a strategy to estimate appropriate reimbursement for PB-IORT or CB-10ORT, since our
analysis does not include indirect costs and overhead that would be needed to calculate
appropriate reimbursement rates. The present analytical framework does not address relative
reimbursement or cost-effectiveness CB-1ORT or PB-IORT, nor does it compare these
approaches to WBI or APBI. The decision to compare PB-IORT directly to CB-IORT in the
current report stemmed from our program’s overarching goal of improving upon the
technical aspects of IORT. The time and cost estimates in our study provide information
helpful for considering value of PB-IORT relative to CB-IORT.

Conclusions

In conclusion, we performed TDABC at two institutions to compare delivery costs of CB-
IORT using a mobile unit in a standard operating room to a novel form of HDR
brachytherapy-based IORT (PB-IORT) in a brachytherapy suite with in-room CT imaging.
We found that PB-1ORT was associated with substantially higher delivery costs than CB-
IORT, driven primarily by the cost of the brachytherapy balloon applicator and, to a lesser
extent, additional personnel costs. Future work, including consideration of a less expensive
brachytherapy applicator, is warranted to evaluate potential areas of cost reduction for PB-
IORT and to estimate the value of PB-IORT in regards to measured differences in clinical
outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding: This work is funded by the National Cancer Institute via a research award (RO1CA214594-02) and the
UVA Cancer Center’s core grant (2P30CA044579-26).

References

1. Teckie S, McCloskey SA, Steinberg ML. Value: a framework for radiation oncology. J Clin Oncol
2014,32(26):2864-2870. [PubMed: 25113759]

2. Fuchs VR. The gross domestic product and health care spending. N Engl J Med 2013;369:107-109.
[PubMed: 23697470]

3. Mariotto AB, Yabroff KR, Shao Y, et al. Projections of the cost of cancer care in the United States:
2010-2020. J Natl Cancer Inst 2011;103(117-128):117. [PubMed: 21228314]

4. Porter ME. What is value in health care? N Engl J Med 2010;363(26):2477-2481. [PubMed:
21142528]

5. Porter ME, Teisberg EO. Redefining health care: creating value-based competition on results
Boston: Harvard Business School Press; 2006.

6. Kaplan RS, Anderson SR. Time-driven activity-based costing. Harv Bus Rev 2004;82(11):131-138,
150.

7. Kaplan RS, Witkowski M, Abbott M, et al. Using time-driven activity-based costing to identify
value improvement opportunities in healthcare. J Healthc Manag 2014;59:131-138.

8. Schutzer ME, Arthur DW, Anscher MS. Time-driven activity-based costing: a comparative cost
analysis of whole-breast radiotherapy versus balloon-based brachytherapy in the management of
early-stage breast cancer. J Oncol Pract 2016;12(5):e584—e593. [PubMed: 27006360]

Brachytherapy. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Suralik et al.

Page 8

9. Dutta SW, Bauer-Nilsen K, Sanders JC, et al. Time-driven activity-based cost comparison of
prostate cancer brachytherapy and intensity-modulated radiation therapy. Brachytherapy
2018;17(3):556-563. [PubMed: 29519605]

10. Bauer-Nilsen K, Hill C, Trifiletti DM, et al. Evaluation of delivery costs for external beam
radiation therapy and brachytherapy for locally advanced cervical cancer using time-driven
activity-based costing. Int J Radiat Oncol Biol Phys 2017;In Press.

11. llg AM, Laviana AA, Kamrava M, et al. Time-driven activity-based costing of low-dose-rate and
high-dose-rate brachytherapy for low-risk prostate cancer. Brachytherapy 2016;15(6):760-767.
[PubMed: 27720202]

12. Ning MS, Klopp AH, Jhingran A, et al. Quantifying institutional resource utilization of adjuvant
brachytherapy and intensity-modulated radiation therapy for endometrial cancer via time-driven
activity-based costing. Brachytherapy 2019;18(4):445-452. [PubMed: 30992185]

13. Dutta SW, Showalter SL, Showalter TN, et al. Intraoperative radiation therapy for breast cancer
patients: current perspectives. Breast Cancer (Dove Med Press) 2017;9:257-263. [PubMed:
28458578]

14. Alvarado MD, Conolly J, Park C, et al. Patient preferences regarding intraoperative versus external
beam radiotherapy following breast-conserving surgery. Breast Cancer Res Treat 1
2014;143(1):135-140. [PubMed: 24292868]

15. Dutta SW, Mehaffey JH, Sanders JC, et al. Implementation of an HDR brachytherapy-based breast
IORT program: Initial experiences. Brachytherapy 2019;18(3):285-291. [PubMed: 30846329]

16. Vaidya JS, Joseph DJ, Tobias JS, et al. Targeted intraoperative radiotherapy versus whole breast
radiotherapy for breast cancer (TARGIT-A trial): an international, prospective, randomised, non-
inferiority phase 3 trial. Lancet 2010;376(9735):91-102. [PubMed: 20570343]

17. Vaidya JS, Wenz F, Bulsara M, et al. Risk-adapted targeted intraoperative radiotherapy versus
whole-breast radiotherapy for breast cancer: 5-year results for local control and overall survival
from the TARGIT-A randomised trial. Lancet 2014;383(9917):603-613. [PubMed: 24224997]

18. Vaidya JS, Bulsara M, Wenz F, et al. Pride, prejudice, or science: attitudes towards the results of
the TARGIT-A trial of targeted intraoperative radiation therapy for breast cancer. Int J Radiat
Oncol Biol Phys 2015;92(3):491-497. [PubMed: 26068479]

19. Trifiletti DM, Jones R, Showalter SL, et al. Techniques for intraoperative radiation therapy for
early-stage breast carcinoma. Future Oncol 2015;11(7):1047-1058. [PubMed: 25804120]

20. Grobmyer SR, Lightsey JL, Bryant CM, et al. Low-kilovoltage, single-dose intraoperative radiation
therapy for breast cancer: results and impact on a multidisciplinary breast cancer program. Journal
of the American College of Surgeons 2013;216(4):617-623; discussion 623-614. [PubMed:
23415885]

21. Trifiletti D, Showalter TN, Libby B, et al. Intraoperative breast radiation therapy with image
guidance: Findings from CT images obtained in a prospective trial of intraoperative high-dose-rate
brachytherapy with CT on rails. Brachytherapy 2015;14(6):919-924. [PubMed: 26249123]

22. Khan AJ, Arthur DW, Vicini FA. On the road to intraoperative radiotherapy: more ‘proceed with
caution’ signs. Oncology (Williston Park) 2 2013;27(2):113-114, 122. [PubMed: 23530402]

23. Showalter SL, Petroni G, Trifiletti DM, et al. A novel form of breast intraoperative radiation
therapy with CT-guided high-dose-rate brachytherapy: results of a prospective phase I clinical trial.
Int J Radiat Oncol Biol Phys 2016;In Press Accepted Manuscript.

24. Jones R, Libby B, Showalter SL, et al. Dosimetric comparison of (192)Ir high-dose-rate
brachytherapy vs. 50 kV x-rays as techniques for breast intraoperative radiation therapy:
Conceptual development of image-guided intraoperative brachytherapy using a multilumen
balloon applicator and in-room CT imaging. Brachytherapy 2014;13(5):502-507. [PubMed:
24933339]

25. Shah C, Vicini F, Wazer DE, et al. The American Brachytherapy Society consensus statement for
accelerated partial-breast irradiation. Brachytherapy 2018;17(1):154-170. [PubMed: 29074088]

26. Sosin M, Gupta SS, Wang JS, et al. A prospective analysis of quality of life and toxicity outcomes
in treating early breast cancer with breast conservation therapy and intraoperative radiation
therapy. Front Oncol 2018;8:545. [PubMed: 30560085]

Brachytherapy. Author manuscript; available in PMC 2021 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Suralik et al.

Page 9

27. National Institute for Health and Care Excellence. Intrabeam radiotherapy system for adjuvant
treatment of early breast cancer Technology appraisal guidance [TA501] London, United Kingdon:
National Institute for Health and Care Excellence,; 1 31, 2018 2018.

28. Kinj R, Chand M-E, Gal J, et al. Five-year oncological outcome after a single fraction of
accelerated partial breast irradiation in the elderly. Radiat Oncol 2019;14:234. [PubMed:
31864391]

29. Hannoun-Levi JM, Kee DLC, Gal J, et al. Accelerated partial breast irradiation in the elderly: 5-
year results of the single fraction elderly breast irradiation (SiFEBI) phase I/11 trial. Brachytherapy
2020;19:90-96. [PubMed: 31767533]

Brachytherapy. Author manuscript; available in PMC 2021 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Suralik et al. Page 10
Process Maps for IORT at Georgetown
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Each step in the process map is color-coded based upon the primary personnel utilized for that component of care, In most instances, multiple other personnel members are involved. The
time for each personnel at each step is shown in supplementary tables.
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Figure 1.
Process map for delivery of conventional intraoperative radiation therapy for early stage

breast cancer in an operating room at a single institution. IORT = intraoperative radiation
therapy; OR = operating room; QA = quality assurance
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Process Maps for Breast Radiation Therapy at the University of Virginia
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I Other components of case apply to surgical management, unless otherwise specified as unigue to IORT delivery. Process map assumes that breast
! surgeon is able to perform other work, such as documentation and clinic encounters during the treatment planning and delivery process. :

Figure 2.
Process map for delivery of Precision Breast Intraoperative Radiation Therapy for early

stage breast cancer in a brachytherapy suite with in-room CT-on-rails. CT = computed
tomography; IORT = intraoperative radiation therapy; OAR = organ-at-risk; QA = quality
assurance
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