
Teaching Case

The CivaSheet: The new frontier of
intraoperative radiation therapy or a pricier
alternative to LDR brachytherapy?
Danushka Seneviratne PhD a, Christopher McLaughlin MD b,*,
Dorin Todor PhD b, Brian Kaplan MD c, Emma C. Fields MD b

a School of Medicine, Virginia Commonwealth University, Richmond, Virginia
b Department of Radiation Oncology, Virginia Commonwealth University Health, Richmond, Virginia
c Department of Surgery, Virginia Commonwealth University Health, Richmond, Virginia

Received 20 March 2017; received in revised form 23 September 2017; accepted 3 October 2017

Introduction

When defining the balance between tumor control and
toxicities, considerable caution must be exercised near organs
with serial functional subunits, such as the spinal cord and
named nerves, because of the potential for irreversible
damage. In such challenging clinical scenarios, the highly
targeted nature of intraoperative radiation therapy (IORT)
may offer a viable option to improve patient outcomes.1,2

Traditionally, IORT refers to the delivery of focused ra-
diation immediately after surgical resection via intraoperative
electron beam, superficial x-ray, or high- or low-dose rate
(HDR; LDR) mesh techniques.1 Although these methods
provide a theoretical benefit because of their capacity for
precise radiation delivery through a single procedure, several
disadvantages have limited their use in clinical practice. Both
electron and x-ray IORT require the costly installation of
an intraoperative linear accelerator. The large size and
customization limitations of currently available IORT elec-
tron cones make targeting of complex anatomic surfaces
difficult. HDR IORT requires the use of an HDR remote
after-loader and a shielded operating room.1 When using

LDR mesh, source orientation and spacing can be diffi-
cult to maintain during mesh customization, leading to large
dose inhomogeneities.

The CivaSheet (CivaTech Oncology Inc., Durham, NC),
an implantable unidirectional palladium-103 (Pd-103) planar
low-dose brachytherapy device, overcomes many of these
shortcomings and offers a novel radiation delivery ap-
proach in sites with close proximity to organs at risk. The
CivaSheet consists of individual Pd-103 sources encapsu-
lated in an organic polymer and embedded within an
8 mm × 8 mm grid that consists of a flexible bio-absorbable
substrate. The sources are shielded on one side with gold
to attenuate the dose to only one tenth of the total dose.3-5

The CivaSheet received approval from the U.S. Food and
Drug Administration in 2014 for planar LDR brachytherapy.
A recent abstract demonstrated that, in a patient with a pelvic
side wall malignancy, the device offered significant reduc-
tions in dosage to critical structures, such as the bowel and
bladder, compared with conventional LDR.4 Here we de-
scribe the case of a 78-year-old man with persistent
squamous cell carcinoma of the left axilla after external
beam radiation therapy (EBRT) who underwent surgical re-
section and CivaSheet implantation.

Case report

A 78-year-old male patient initially presented with
a palpable left axillary mass. Computed tomography
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and magnetic resonance imaging revealed a 6.9 cm ×
7.1 cm × 5.1 cm lesion in the axilla that was inseparable
from the brachial plexus and axillary vessels. A biopsy in-
dicated HPV+ squamous cell carcinoma. A dose of 58 Gy,
prescribed to the 95% isodose line (±5%), was delivered
in 2 Gy fractions with 3-dimensional conformal EBRT with
concurrent weekly administration of cisplatin 40 mg/m2 at
an outside facility. Magnetic resonance imaging scans ob-
tained 3 months post-treatment revealed that the mass had
decreased in size to 3.8 cm × 2.5 cm × 3.9 cm but main-
tained encasement of the axillary artery, axillary vein, and
several inferior branches of the brachial plexus (Fig 1).

Concerns with regard to increased toxicity to the axil-
lary structures discouraged further EBRT; therefore, we
opted for the intraoperative use of the CivaSheet. Given that
we were treating microscopic disease within formerly ir-
radiated tissue, a prescription dose of 20 Gy at 5 mm from
the surface of the mesh was considered adequate because
of its delivery of a biologically effective dose (BED)-10
of 39.8 Gy and equivalent dose (EQD)-2 of 33.2 Gy to the
tumor bed while limiting the D2cc for the brachial plexus
to a BED3 of 27.9 Gy and EQD2 of 16.7 Gy, based on
postimplant analysis. This approach allowed us to signifi-
cantly limit the dose to the brachial plexus. We selected a
composite dose constraint of D2cc of 75 Gy on the basis
of recent data showing elevated clinical brachial plexopathy
rates beyond this threshold.6 We met this constraint, with
an estimated composite EQD2 of 74.7 Gy, which we would
be unable to obtain with EBRT to a tumor bed EQD2 of
≥30 Gy. Additional calculations demonstrating the dose de-
livered to the brachial plexus are shown in Table 1.

During the surgical procedure, the mass was dissected
from the axillary structures. Intraoperative assessment of
the margins along the brachial plexus sheath were nega-
tive for carcinoma. The membrane then was cut to size and
tightly sewn down to the cavity surrounding the tumor bed
(Fig 2). The pectoralis margin and 15 axillary lymph nodes
that were assessed subsequently were also negative for

carcinoma. We obtained postoperative computed tomog-
raphy images of the implanted membrane for dosimetric
analysis (Fig 3).

The patient was discharged on the same day with in-
structions on wound care and radiation safety. The incision
healed well, with no signs of infection, seroma, or lymph-
adenopathy during the monthly follow-up visits. At his most
recent 8-month follow-up visit, the patient was docu-
mented to only have minor shoulder pain.

Figure 1 Magnetic resonance imaging scans obtained before treatment (left) and within 3 months of initial external beam radiation
therapy (right) revealed a decrease in the size of the mass but indicated persistent encasement of the axillary vessels and several infe-
rior branches of the brachial plexus.

Table 1 Calculations demonstrating the radiation dose deliv-
ered to the brachial plexus

Volume BED3 (Gy) EQD2 (Gy)

D1cc 39.8 23.8
D2cc 27.9 16.7
D3cc 24.4 14.6

BED, biologically effective dose; EQD, equivalent dose.

Figure 2 The CivaSheet was cut to size and sewn into the tumor
cavity with 3-0 Vicryl sutures.
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Discussion

Despite studies that suggest improved disease control
with aggressive treatment of local axillary tumor recur-
rences, reirradiation and boost dosing remain controversial
due to concerns with regard to toxicity to the surrounding
structures.7,8 The CivaSheet is a new device that may offer
an acceptable alternative because its unidirectional nature
facilitates highly localized radiation delivery while limit-
ing toxicity to organs at risk. In our patient, orienting the
radioactive source toward the brachial plexus allowed for
irradiation of any microscopic disease within the tissue im-
mediately overlying the tumor cavity. However, because this
radiation was only prescribed to a depth of 5 mm, deep neu-
rovascular contents of the axilla were largely protected
(Fig 4). Conversely, because the opposing surface con-
sisted of muscle and fat tissue that was unlikely to harbor
residual disease, adhering the nonradioactive side to this
surface likely improved postoperative wound healing without
compromising disease control. The unidirectional design
also permitted for easy identification of orientation during
placement.

Advantages of the CivaSheet include its bio-absorbability,
ease of visualization with imaging, potential for intraop-
erative customization, ability to complement various
treatment approaches including EBRT and surgical resec-
tion, and ease of implantation with minimal training. Its

malleability is likely to be particularly useful in treating
irregularly shaped surgical cavities, such as those created
after breast lumpectomies or pelvic side wall resections.

Interestingly, the CivaSheet also overcomes several short-
comings observed even among those LDR mesh devices
that use the same isotope. As the vicryl sutures of tradi-
tional LDR mesh bend and curve around irregular surfaces
during placement, the spacing and orientation of the ra-
dioactive seeds may be altered, leading to unpredictable
variations in isodose geometry. In contrast, the polymer
encapsulation of the Pd-103 Civa seeds before embed-
ding within the membrane allows the sources to maintain
their orientation in space and deliver radiation in accor-
dance with the predetermined geometry. Additionally, unlike
older LDR mesh devices that run the risk of source dis-
persion after mesh degradation, the polymer encapsulation
allows the seeds to maintain their placement even as the
membrane is absorbed over time. In our patient, 3-month
postimplantation imaging demonstrated that radioactive
source geometry had remained stable since the initial
implantation (Fig 5).

Despite its many advantages, the CivaSheet also has a
number of limitations. First, it is an expensive product
(~$21,000) and billing codes for reimbursement are cur-
rently pending. Logistic hurdles include the coordination
of ordering and receiving the product ahead of the proce-
dure, organizing the multiple personnel required, and

Figure 3 Computed tomography images of the implanted device obtained for dosimetric analysis, before (top row) and after (bottom
row) implantation, with the brachial plexus contoured (green line).
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following standard radiation safety precautions. Fortu-
nately, the relatively simple design of the sheet does not
require detailed training, and initial feedback from our
surgical oncology team focused on its ease of use, flex-
ibility in implantation, and myriad additional potential
applications.

Given the encouraging results from prior publications,3-5

2 studies were recently initiated to further evaluate the safety,

efficacy, and clinical benefits of this device. In September
2016, the National Institutes of Health National Cancer In-
stitute Fast Track Program approved the CivaSheet for the
first phase of an 80-patient pancreatic cancer study with
the expectation that it will be well tolerated and have a fa-
vorable impact on local recurrence.

Although radiation remains an integral portion of pan-
creatic cancer treatment, given the proximity of the pancreas

Figure 4 Visualization of the radiation dose distribution.

Figure 5 Coronal (left) and axial (right) computed tomography scans obtained 3 months postimplantation indicate the presence of
the source seeds within the region of initial placement. Imaging also demonstrates postsurgical changes that are suggestive of fibrosis.
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to critical organs, toxicity concerns have largely limited
aggressive radiation therapy.9 In this phase 1/2 study
(NCT02843945), patients will undergo neoadjuvant che-
motherapy followed by chemoradiation. If they are deemed
borderline resectable or have concern for close/positive
margins at the time of pancreaticoduodenectomy, patients
will be considered for CivaSheet insertion into the surgi-
cal bed.

A second pilot study being conducted by the Memo-
rial Sloan Kettering Cancer Center (NCT02902107) aims
to evaluate the feasibility of successful implantation and
associated side effects in patients undergoing surgery for
abdominal and pelvic tumors. Although the device has only
been used in a limited number of malignancies to date, with
further studies, the CivaSheet may be more widely incor-
porated into oncological treatment plans. In cases in which
local control with the current standard of care is subopti-
mal and wherein existing techniques for the delivery of
radiation therapy are inadequate, the CivaSheet may find
its niche in the toolkit of the radiation oncologist.
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