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Purpose. The objective is to trap the tumor cells into the frozen mass, momentarily deprived from blood flow, so as
to prevent the intraoperative dissemination of cells during the tumor manipulation (34). The surgery is conventional and
consists in complete excision of the frozen block with negative surgical margins. For the treatment of unresectable tu-
mor we use the cryoprobe as an ablative and palliative tool in situ (30,34). The operated breast is always treated with
radiotherapy (RT), and when indicated with chemotherapy (CH), or endocrine therapy (ET) in the adjuvant setting (35).
For the surgical management of the regional lymph node we usually perform an axillary exploration and a lymph node
dissection (ALND) or a pre-operative sentinel lymph node mapping with a radioactive tracer and a sentinel lymph node
dissection (SLND). Due to the cost and constraints of the lymphoscintigraphy we have elected to use the intraoperative
injection of blue dye for the sentinel lymph node mapping during our cryo-assisted procedures. Methodology. The
tumors were treated as follows: A cryo-assisted tumor injection and resection (CATIR) had their tumor frozen and in-
jected with the selected blue dye during the freezing process; after a few minutes the frozen tumor and a breast margin
were resected in a conventional manner, marked with sutures for spatial orientation and for the tumor characterization
and the margin evaluation on frozen samples. The intraoperative sonography (IOUS) is used to assess the tumor con-
tours along with palpation to position the needle tip at the tumor deep margin, and its shaft at least 20 mm away from
the probe tip edge. During the freezing sequences the operator could visualize the icing zone and the ice margin that
developed about the CP tip, laterally and in depth. The goal was to engulf the tumor into an ice block including 3mm to
12 mm of breast tissue. The ice block along with an unfrozen breast tissue layer thirty mm = 5 mm thick determined the
palpable limits of the resection plane. The 10US helped with evaluating the location of the frozen margin into the
breast. Additionally, a color Doppler flow imaging was performed during the freezing process to observe whether blood
flow could be seen in the tissue surrounding the ice ball. Results. Targeting the lymphatic system with various diagno-
sis or therapeutic agents is of great interest in the oncologic community. An intra-lymphatic chemotherapy can likely
be effectuated with our cryo-assisted procedure, as it has been shown that cytotoxics injected at the breast tumor margin
and in the peritumoral tissue can migrate into the tumor lymphatic drainage. Such strategy could address the loco-
regional minimal residual disease and the infra-clinic disease on a selected population of patients. A lymphatic chemo-
therapy that injects free or carrier-bound cytotoxic(s) into the peritumor area has shown its safety and efficacy on dis-
ease free survival (DFS) and overall survival (OS) in short series of BC patients stage I1-111. Originality. Our original
technique consisted in injecting under intraoperative ultrasound guidance the deep aspect of the tumor with the dye
during the freezing process; the resulting solid ice block was immediately resected and the lymph nodes cleared. Con-
clusions. Our cryosurgical techniques of tumor deep repeated freezing for an en bloc resection or for a in situ ablation
of various breast cancer can be associated with the simultaneous injection of two dye tracers during a conventional
surgery including the lymphatic mapping. The intraoperative ultrasound monitoring facilitated the procedure. The fro-
zen-and-thawed mass behaved as an exclusion-and-trapping zone for the tracer(s). The margin status determination was
not affected by the procedure. References 23.

Keywords: primary breast cancer, cryosurgery with surgery, intratumor tracer injection, intraoperative ultrasound
imaging, lymphatic mapping.
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XipypriuHi TEXHOJIOTI] € OJJHUMH 3 HAHMOIMPEHIMINX 1 HAWOUTbII epEeKTUBHUMH Y JIIKyBaHHI paKy MOJIOYHOI 3aJ10-
3u. 3Baxkarouu Ha crenudiky QiznuHoi Aii, KpioXipypriuHi METOIU JiKyBaHHS NMEPBUHHOTO PaKy MOJIOYHOI 3aJI03U
MOXYTb 3aCTOCOBYBATHCh, SIK CAMOCTIHHO, TaK i y MO€AHAHHI 3 TPAAULIHHUMH METOIUKAMU PE3eKIii My XJIMHA MOJOY-
Ho1 3ay103u. KpioaOJsiinis, s’k METO, MO3BOJISIE CAMOCTIHHO 3MIHCHIOBATH BHIAJIICHHS 3JI0SKICHOI MyXJIHHA MOJIOYHOT
3a0o3u. KpiojeBiramizamist 310sKICHOI MyXJIMHHU IPOBOJUTHCS 3 MOJAIBIIUM XipYpriYHUM BUJAAICHHSAM MOIEPEIHBO
3aMOpPOXKEHOT IyXJIMHHOI TKAaHWHHY, sIKa TIepPeBe/ieHa 3 aKTUBHOI (pa3u B HEaKTHBHY (a3y KUTTEMISIBHOCTI 3TOSMKICHUX
KiIiTHH. BpaxoByroun crierudixy po3BUTKY HEpBUHHOTO paKy MOJIOYHOI 3a103U IpobieMa HeoOXiqHOTO ale He HaaMi-
PHOTO BUJIQJICHHSI TKaHMH 3 3aCTOCYBaHHSM KPIOXipYpriuHMX TEXHOJIOTIH € HaJ3BUUYailHO aKTyaJbHOIO. MeToro JaHol
poboTu OyII0 TOCITIIKEHHS MOMIIUBOCTI 3aCTOCYBAaHHS KPiOXipypriYHAX METOIUK JJIS JIIKYBaHHSA PaKy MOJOYHOI 3a110-
3M CaMOCTIHHO YH Y TIO€HAHHI 3 TPAAULIHHIMHA XipypPTiYHIMHU METOJUKAMH 3 BUKOPHCTAaHHIM METHICHOBOTO (apo-
HHKa JJIsl OTPUMaHHs KapTu JiM(aTHYHOro ApeHaxKy YW HUPKYISLIT iM(bH B MOJIOYHUX 3aJ103aX Ta CYCIIHIX IO HUX
JUISTHKAX JIFOJCHKOTO OpraHi3my.

Kuro4uoBi ci1oBa: nepBUHHMHN, paK, MOJIOYHOI 3aJI03H, KPiOXipypris, XipypridHe, BTpy4aHHs, BHYTPIIIHBO ITyXJIHH-
HE TPacCHUPYIOLIeH, IHTpaonepaliiHe, yIbTpa3ByKoBe, 300paxkeHHs, JiMpaTHaHe.

PROBLEM STATEMENT. The therapy of breast Percutaneous cryoablation (PCA) is an efficient
cancer (BC) in stage Il, Il or IV is multimodal, asso- method on advanced or recurrent BC, when use dalone
ciating systemic chemotherapy (CT), surgery and or associated with surgery, loco-regional thera-
radiotherapy [1] a combination that has demonstrated py,adjuvant systemic chemotherapy (ACH), endocrine
a lower rate of local recurrence and an improvement of therapy (ET), and/or immunotherapy [7]. Cryosurgery
the disease free survival (DFS) and overall survival is an adjuvant tool during the surgical resection of solid
(OS). Surgery is considered a central method but the tumors [8]. The cryoprobe (CP) can grasp the frozen
rate of post-surgical recurrence is an ongoing issue [2] tumor mass, ease the tumor manipulation and dissec-
and the first site of recurrence is associated with a tion, and trap the tumor cells in the frozen state during
different survival [3]. Various pre-, intra-, or post- the resection [9].Cryosurgery can also be associated
operative therapeutic strategies aim at improving these with the intra operative local injection of various fluids:
results such as neo-adjuvant therapies, intraoperative fluids buffers are used to prevent the unintended freez-
lymph node mapping, intraoperative tumor margin ing of risky or sensitive body structures during image-
evaluation and immunotherapy [4]. guided cryoablation (CA), e.g. the skin for BC [7];

Cryoablation (CA) for primary and secondary breast therapeutic fluids like mixtures and suspensions of
cancer (BC) is a well-known palliative or curative focal tracer-and-active drugs have also been interstitially co-
ablative for tumors of various sizes [5].The injected during cryoablation to increase the local effica-
surgicalresection of a frozen tumor was also cy of cytotoxic(s)at the tumor margin on transplanted
proposedfor primary and secondary BC based on the tumor models [10].However, the timing of the injection
hypothesis that the procedure could prevent or decrease of the drug (s) relative to the freeze-thaw sequences and
the loco-regional and systemic dissemination of tumor the route of injection are the subject of many debates
cells [6]. [11].
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At our institute we are using various cryosurgical
procedures on patients presenting with primary breast
tumor metastatic or not, or with recurrent breast can-
cer. These procedures are based on the tumor
resectability: when the resection is possible we freeze
the tumor and a safe breast margin to make an ice
block that will be resected with negative surgical mar-
gin [4]. This cryo-assisted tumor resection (CAR) is
similar to that described for the management of liver
tumors [7] or for the recanalization of airway struc-
tures [8]. (There is no DOI for some of your refer-
ences, making them impossible to read. Usually the
reviewers are very critical at this point. It’s better to
have a few strong references to which the reader can
rely on.

The objective is to trap the tumor cells into the fro-
zen mass, momentarily deprived from blood flow, so as
to prevent the intraoperative dissemination of cells
during the tumor manipulation [13]. The surgery is
conventional and consists in complete excision of the
frozen block with negative surgical margins. For the
treatment of unresectable tumor we use the cryoprobe
as an ablative and palliative tool in situ [12]. The oper-
ated breast is always treated with radiotherapy (RT),
and when indicated with chemotherapy (CH), or endo-
crine therapy (ET) in the adjuvant setting [13]. For the
surgical management of the regional lymph node we
usually perform an axillary exploration and a lymph
node dissection (ALND) or pre-operative sentinel
lymph node mapping with a radioactive tracer and a
sentinel lymph node dissection (SLND). Due to the cost
and constraints of the lymphoscintigraphy we have
elected to use the intraoperative injection of blue dye
for the sentinel lymph node mapping during our cryo-
assisted procedures.

In this paper we report our initial experience with
the procedure. To the best of our knowledge there is
no clinical study on the transport and loco-regional
distribution of a dye injected into a breast tumor
submitted to a simultaneous cryo-assisted resection.
This observational study was conducted at a private
institution on fourteen breast cancer patients stage
IIA-1V. The primary objective was to define the con-
ditions and to evaluate the feasibility of injecting a
dye tracer into the tumor undergoing the freezing
procedure. The flow and transport of the dye, either
the Patent blue vital (PBV), or the methylene blue
(MB) was evaluated intraoperatively under ultra-
sound (IOUS) imaging. The second point was to
determine whether and how the procedure affected
the normal surgical workflow, in particular regarding
the lymph node mapping, the tumor characterization
and the margin status determination.

EXPERIMENTAL PART AND RESULTS OB-
TAINED. Patients. This study was conducted at the
Rudolfinerhaus Hospital, Vienna, Austria. All the pa-
tients gave their informed consent. 14 Patients aged 50
+ 14y (mean + SD) presenting with primary breast
tumor, stage Il, 111 or with de novo stage IV BC(13) or
locally recurrent BC (1) were randomly selected and

treated between August 2013 and October 2015 (Table
1).8/14 patients were locally advanced (LABC), but
estimated resectable without neoadjuvant chemothera-
py. None was inflammatory. One patient presented with
a large matted axillary nodal metastasis. No patients
except one had any previous chemo-radiotherapy before
the procedure. The tumors were all invasive ductal
carcinomas (IDC), with histological grades G2 (2) and
G3 (3) according to the Nottingham histologic score.
Two of the four disease staged II had ‘“aggressive”
tumor characteristics, i.e. G3 and triple negative recep-
tor status (TNBC) (6). One of the invasive ductal BC
was from the medullary type, which is histologically G3
but with better prognosis.

Table 1 — Baseline characteristics of patients
and tumor lesions

Data
Characteristics (n=14
Patients)
Age 50y + 14,
(mean + SD) range 24-57 'y
Stage  Stage Stage
Stage (TNM) nt i V2
4) 4 (6)
T1 T2
), T2 o),
v T3 (1/4);
T2 T4y 4
(3/4) (4/6)
N NO N1 (3/4); N1
(4/4)  NX(1/4) (6/6)
M1
. MO MO (6/6)
Tumor Size 54cmx3,.lem £46 x 2,7
(mean + SD) (range, 1,9 cm x 0,9 cm to

17 cm x 10 cm)

Treatment Summary. The tumors were treated as
follows: Acryo-assisted tumor injection and resection
(CATIR), 11 patients (group A), had their tumor frozen
and injected with the selected blue dye during the freez-
ing process; after a few minutes the frozen tumor and a
breast margin were resected in a conventional manner,
marked with sutures for spatial orientation and for the
tumor characterization and the margin evaluation on
frozen samples. An axillary exploration and lymph node
(LN) clearance was done as follows: 11 patients had a
sentinel lymph node mapping and dissection (SLND);
frozen sections of the resected node(s) were examined.
A completion axillary lymph node dissection (ALND)
was conducted on 3 patients. The 3 patients of the cryo-
assisted tumor injection and ablation (CATIA) had a
palliative tumor freezing and intratumor injection of
blue dye without any surgery (group B). The intraopera-
tive therapies are summarized in Table 2.
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Table 2 — Summary of breast intraoperative combination therapy: cryosurgery-injection-resection

GROUP

PROCEDURE

CRYO-ASSISTED TU-
MOR
INJECTION + ABLA-
TION (CATIA) n=3

Tumor Frz

(60-90%)

+ Dye IT Injection

. Lumpectomy (1)
CRYO-ASSISTED TU- Tumor Ice Block (100%) + Dye + Quadrantectomy (8)
MOR + Breast Margin Injection
Mastectomy (2)
INJECTION + RESEC- - .
TION Resection-ALND?(1)
(CATIR) n=11 + Axillary Clearance SLND! (8)
ALND (2)

Keys: Frz: Volume percentage of freezing coverage; IT: intratumor; Dye: patent blue V or methylene blue; Ice
Block: the frozen tumor and breast margin; ! SLND: Sentinel Lymph node dissection; > A massive matted lymph node
was frozen-and-injected before axillary lymph node dissection (ALND).

Cryoprobe and injection needle. The cryogenic con-
sole and the reusable metal cryoprobe (CryoPulse, Ky-
iv, Ukraine) use liquid nitrogen as the refrigerant; the
cryoprobe (CP) comes in different round-shaped freez-
ing tips diameters: 20mm, 25mm, and 50mm. A single
CP is used per procedure; the tip is selected to best fit
the tumor surface on which it is centered while insuring
a good contact with moderate pressure. The lowest
temperature of the tip -180 °C is reached after about 2
minutes of continuous cooling.

The injection system is a 19GChiba or spinal type
needle (1,1mm) or a 25G (0,5mm) needle, connected
directly or through an extension line to a 3ml or 5ml
plastic syringe. The needle and the fluid line is
debubbledand primed before insertion into the tumor.

Ultrasound Imaging. Two ultrasound systems (US),
a Sonosite M-Turbo (www.Sonosite.com), a Voluson
730 Expert (www.gehealthcare.com), and linear array
transducers were used for 2D or 3D real-time intraoper-
ative needle guidance, ice ball visualization and flow
imaging of the dye during the injection. The intraopera-
tive sonography (IOUS) is used to assess the tumor
contours along with palpationto position the needle tip
at the tumor deep margin, and its shaft at least 20mm
away from the probe tip edge. During the freezing se-
quences the operator could visualize the icing zone and
the ice margin that developed about the CP tip, laterally
and in depth. The goal was to engulf the tumor into an
ice block including 3mm to 12mm of breast tissue. The
ice block along with an unfrozen breast tissue layer
thirty mm + Smm thick determined the palpable limits
of the resection plane (38). The I0US helped with eval-
uating the location of the frozen margin into the breast.
Additionally, a color Doppler flow imaging was per-
formed during the freezing process to observe whether
blood flow could be seen in the tissue surrounding the
ice ball [14].

Drug dye, dosing and site of injection. We have se-
lected the patent blue vital (PBV, Guerbet, France)
2,5 %, a small molecule (MW, 582,7) that has a known
tracing ability for lymphatic mapping of breast cancer

(40); another dye the methylene blue (MB) 1 % aque-
ous solution was used in three cases (41, 42). Either one
is prepared at full or half strength diluted in 0,9 % sa-
line solution. A fixed 2 ml dose is manually injected at
a single deep tumor site, continuously over one to two
minutes-period. All the tumors are receiving the same
dose regardless of their size. It is in the discussion and
shouldn’t be inserted here.

Tumor freezing and dye injection. Briefly, for the
patients of the CATIR group A (n=11) the IOUS guided
procedure (Fig. 1) consisted in a freeze-thaw-refreeze of
the tumor to create an ice block that will be resected
according to our published protocol (11). The additional
step was to directly inject a blue dye into an unfrozen
zone of the tumor before it was engulfed with the ice.
For the patients of the CATIA group B (n=3) a similar
freezing-injection procedure was conducted without any
associated surgery. The tumors larger than 5cm were
treated at 2 to 4 contiguous locations. A single CP was
used for each patient; the CP was repositioned whenev-
er necessary.

T+ 5LND

FRZ + DYE

DYE MIGRATION
12

0 4 16

t (min)

>
Cat

Figure 1 — Procedural diagram of the tumor surface (T)
surgical approach (PREP.) and the ice block formation
(FRZ, blue color) with intratumor (1T) dye injection
(yellow arrow) before resection
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Figure 1. Procedural diagram of the tumor surface
(T) surgical approach (PREP.) and the ice block for-
mation (FRZ, blue color) with intratumor (IT) dye in-
jection (yellow arrow) before resection. This freeze-
inject-thaw-refreeze method takes about 16 minutes
from start to completion. The blue dye injected IT dur-
ing the end of the first FRZ migrates in the tumor and
breast interstitium (yellow patterns). After the 2™ FRZ
the ice block and an unfrozen breast margin is resected
along with the sentinel lymph node(s) (SLND).

The procedural steps of the CATIR patients con-
sisted in (Fig. 2): a conventional surgical approach to
the tumor surface; a careful, gentle dissection of the
tumor surface to minimize the disruption of the deep
lymphovascular draining pathways; the selection of
the appropriate CP that best fitted the tumor size and
the placement of its tip centered onto the tumor sur-
face; the positioning of the US transducer for the visu-
alization of the tumor contours; the US guided inser-
tion of the needle tip at the tumor margin most distal
from the probe and in a direction that set the needle
shaft or tip at least 20 mm distant from the probe tip;
the verification of the needle lumen patency with in-
jecting a few microliters (ul) of the selected tracer; the
initiation of the first tumor freeze (FRZ) for 3 minutes
and of the injection during the 2 minute into FRZ
(Fig. 2A).

Figure 2 — Intraoperative sequences showing a
cryo-assisted tumor injection and resection (CATIR)
of a breast tumor located in the right upper outer
quadrant (RUOQ)

The drop of the tip temperature to -180°C took two
minutes. This temperature was maintained for the fol-
lowing minute. The diameter of the ice ball was meas-
ured with a cm scale in surface and US imaged in the
anteroposterior plane to insure that it engulfed the
whole tumor along with a margin of breast tissue. Our
rule is to get 5 mm to 12 mm of frozen margin exceed-
ing the tumor contours. The continuous delivery of the
injected dye, intervening in the third minute of the cool-
ing process, was also imaged with the color flow Dop-

pler. After the completion of the injection and the first
FRZ the cryoprobe was set to thaw; this heating was
active for 45 seconds and passive for 8 minutes, allow-
ing us to image the ice front extending to the posterior
aspect of the tumor and to evaluate the migration of the
dye about the tumor (Fig. 2B). A second FRZ of simi-
lar3 minutes duration was set without any dye re-
injection, immediately followed by the resection of the
ice block (Fig. 2C). The resection line was located in
the unfrozen breast tissue at 30mm + Smm from the ice
block margin. The lymph node(s)surgery was conduct-
ed according to the intraoperative SLN mapping (Fig.
2D) and/or the pre-operative plan. Overall about
14 min to 18 min were left for the tracer to migrate
away from its site of injection, counted from the initia-
tion of freezing until the surgical procedure disrupted
the interstitial lymphovascular network.

Gross examination and microscopic analysis. The
resected sample was tagged with sutures for orientation
and photographed. Tumor sections made in the opera-
tive room allowed an evaluation of the stain distribution
at gross examination. Frozen sections allowed for the
immediate pathological characterization of the tumor
and determination of the resection margin status as well
as that of the resected node(s). The tumor fixation and
staining was conducted as usual for further pathological
evaluation, and for the determination of the ER, PR and
HER receptors in formalin-fixed paraffin-embedded
(FFPE) sections. Our pathologist was aware of and
familiar with the tissue alterations of the cryo-assisted
extirpation procedure. The inked resection margin was
considered free of tumor for a distance >Imm.

Post-operative follow-up and therapy. It was con-
ducted without any deviation from that of the cryo-
assisted extirpation only patients. After the operation a
pressure dressing was applied to decrease the risk of
hematoma formation. Specific attention was given to
signs of allergic reaction to the dye(s). 9/11 patients had
breast radiation therapy (RT); adjuvant chemotherapy
(CH) and/or endocrine therapy (ET) were performed on
12 of the 14 patients.

Results. The blue dye injection was feasible and
imageable with the IOUS during the ice block forming
process. The delivery of the dye into the unfrozen part
of the tumor was uninterrupted by the concomitant first
freezing, regardless of the needle size. Both the energy
delivery and the dye delivery were conducted to their
intended dose and duration for all cases. For both
groups the IOUS monitoring facilitated the needle
placement and demonstrated the presence and progres-
sion of the ice margin within the tumor and the sur-
rounding parenchyma in the anteroposterior direction.
The flow of either dye during its delivery was
imageable at all times; it did not permeate the ice block
margin and migrated away during the cooling process.
The estimated proportion of ice in the tumor at the time
of injection, i.e. after two minutes of continuous freez-
ing, was different for the CATIR group A and the
CATIA group B, respectively about 50 %, and
75 % (range, 60 %-90 %) of the tumor volume. For the
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CATIR group A, upon the completion of the re-freeze
sequence the tumor and 5mm to 1 mm breast tissue
margin was frozen as intended, before the probe de-
tachment and the initiation of the resection. For the first
patients an anesthesiologist skilled with percutaneous
US guided needling procedures assisted with the trans-
ducer manipulation so that the operator could focus on
the cryo-assisted injection process. The use of an exten-
sion line between the needle and the syringe was help-
ful but didn’t always prevent the needle to move a little,
although the move was inconsequential. The injection
step didn’t add time to the cryo-assisted resection pro-
cedure; however, the proper needle tip positioning at
the deep part of the tumor under 10US took an addi-
tional 5 to 10 minutes for the first patients, and took
under 5 minutes for the last. The refreeze period of 3
minutes intervening after the first freeze injection and
thaw sequence did increase the size of the ice block of a
few millimeters without affecting the dye distribution
observed after the first freeze (43).The presence of
blood flow wasn’t detected by IOUS flow imaging
before cryosurgery [15].

The surgical exposure of the tumor anterior surface
was carefully made to spare as much as technically
possible the peritumorallymphatic drainage and mini-
mize the creation of paths of least resistance and the
risk of dye spillage and loss. During the freezing a little
amount of dye surfaced at the operative field in the
tumor vicinity for 2 cases (Fig. 2C), but wasn’t related
to a reflux in the needle tract, or to the needle size. The
loss of dye was estimated negligible, likely less than
200 microliters (ul), and wasn’t compensated for.

The dye was transported at the ice margin, within
the tumor and the Ilymphatic drainage. Our
cryoprocedure that contacts and freezes the tumor (Fig.
1A) from its surface to its depth resulted in a lateral and
anterior-posterior progression of the ice block whose
hyperechoic margin was readily visualized at US imag-
ing. The flow of either dye was imageable by the col-
our-Doppler at the ice margin during the injection for
either group.

Table 3 — Surgical group (CATIR) node staining,
pathological status and axillary surgery

(ﬁ:rl;rci Stained Unstained Meta-
n=11 LN (n) LN (n) static
SLND (1)3; (2)1;
8 (3)2: (@)1 W1 !
AL;\'D (1)1* M1 (1)1 1

*QOne patient had a large matted nodal mass that was
directly injected and resected. ALND: Axillary Lymph
Node Dissection Level | & II.

The pathological characterization of the tumor and
evaluation of the resection margin were realized. The
breast tissue containing the hard tumoral ice block was

easily dissected along this template and it was resected
during the melting following the cryoprobe removal.
The gross examination of the resected samples after full
thawing revealed a constant and partial staining of the
tumor and the breast parenchyma in the vicinity of the
injection site. Such staining wasn’t an obstacle to the
pathological characterization of the tumor, to the resec-
tion margin evaluation or to any parenchymal lymph
node identification.

The gross examination shows a variable tumor
staining more intense in the deep part of the tumor
(arrowhead) along with the breast tissue staining in the
direction of the breast tail (arrow). B, another sample
evidences a light staining of the anterior tumor side
(white arrow) where the cryoprobe was located, and an
intense staining of the posterior deep part of the tumor
(arrowhead) where the needle was located. In this re-
gion the breast parenchyma is also stained.

Figure 3 — Gross examination of the resected samples.
A, after thawing the sample is sectioned along
the anteroposterior axis corresponding to the freeze
margin progression

The intraoperative examination of the frozen sec-
tions allowed the detection of a single R1 margin in one
of 10 patients. The positive margin was immediately re-
resected. The resection cavity was at times stained. Our
freeze-thaw-refreeze procedure didn’t affect the post-
operative histological (Fig. 4) or hormonal receptor
status evaluation on FFPE tissue sections.

Figure 4 — Typical microscopic alterations observed
within the frozen core of a resected tumor.
H&E staining, magnification: 200 X.

The tumor tissue is distinguishable, evidencing early
signs of apoptosis with enlarged cells, swollen
eosinophilic cytoplasm and shrunk nuclei.
Isolated giant tumor cells are also visible
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The procedure was well tolerated and uneventful for
all the patients. There was no unintended freezing of
the breast structures —skin, fascia or pectoralis muscle-
and the cryoprobe/tumor target was maintained in the
same position from start to finish. We did not observe
any allergic or anaphylactic reactions during the injec-
tion procedure, or in the postoperative period. The
wound healing was uneventful.

Discussion. The cryoprobe-assisted resection of
small breast tumor has been found useful for the
localization and the containement of the tumor cells
during the surgical maniplulation of the frozen mass
[12]. The injection of fluids [6] allowing a safer [7] or
more effective [11] tumor kill during cryoablation is in
use during image guided interventions. A tracer can be
injected in the cryoablated area of a breast cancer up to
2 weeks after cryoablation, making the lymphatic
mapping possible during the resection of the necrotic
tumor [16]. It is not known whether a tracer could
beinjected into a breast tumor during the freezing and
whether its transport would allow the lymphatic
mapping. It is not known whether the architectural or
molecular alterations of the tumor would still be
distinguishable and measurable. Our short clinical study
aimed at investigating these points during the
performance of a conventional surgical procedure.

Our technique consisted in injecting under in-
traoperative ultrasound guidance the deep aspect of the
tumor with the dye during the freezing process; the
resulting solid ice block was immediately resected and
the lymph nodes cleared. Our short study demonstrates
that the tracer delivery and the intraoperative lymphatic
mapping, an essential component of an effective SLND
were feasible. The injection of fluid(s) during cryosur-
gery is common practice [14]. Therefore, it was not
surprising that a blue dye injected into an unfrozen part
of the tumor did distribute within the interstitial com-
partment, where it could be taken up by the
lymphovascular drainage. However, many parameters
had to be controlled for the successful delivery of the
dye at a single intratumoral location during the freezing
sequence. The primary goal of the CATIR procedure
was to start the tumor freezing and to perform the injec-
tion into an unfrozen region of the tumor before it was
entirely engulfed by the ice. The precise needle posi-
tioning at the deep part of the tumor and the injection of
the dye intervening before the needle cooling could be
adjusted for each case thanks to the 10US [17]. Re-
markably the dye was excluded from the ice block con-
firming the findings of previous pre-clinical studies
using a similar freeze-plus-injection strategy [6, 10]; an
exclusion evidenced by the IOUS imaging. The dye did
migrate from its site of deposition into the interstitial
fluids of the unfrozen tumor towards the lymphatic
drainage and the lymph node(s).Such drug delivery
strategy was preferred to an injection and freeze deliv-
ery sequence since the dye distribution volume, i.e. the
unfrozen tumor, would have been larger. A previous
clinical study has shown [15] that drug-dye-
radiocontrast agent lipophilic or hydrophilic mixtures

deposited before cryoablation (CA) are engulfed by the
frozen zone and therefore are no longer available for
any lymphovascular uptake. Alternatively, the injection
could have been done immediately post-freeze but it
would have been only peritumoral about the frozen
breast tissue. We purposely didn’t select this option
given that our strategy seeks to use the intratumor lym-
phatics for an improved targeting of the actual lymphat-
ic drainage of the tumor [17].The successful migration
of either dye, the MB or the PBV, to the axillary lym-
phatic drainage from a single intratumoral site of injec-
tion confirms previous observations [18]. The staining
of 1 to 4 lymph nodes in the axillary region for 8/11
patients of the CATIR demonstrates the detection effec-
tiveness of our technique. This 72 % detection rate
should improve considering our inexperience and the
small number of cases [19]. We couldn’t evaluate the
accuracy of the lymphatic mapping due to the limited
number of ALND.

The axillary dissection was performed after the re-
section of the tumor-breast ice block [i.e. about 18 + 2
minutes (range 16 to 20 minutes). The time left for the
dye migration, about 20 to 25 minutes, was sufficient
for the migration of the dye as compared to literature
[19].

Previous studies have demonstrated that a dye can
be injected intratumoral for BC localization (53) and
sentinel lymph node (SLN) mapping [18, 19]. An
intratumoral rather than multiple peritumoral site(s) of
injection was chosen based on the premises that the
presence of intratumoral lymphatics and their role in
lymphangiogenesis may probably better reflect the
tumor lymphatic drainage. Additionally, a single deep
site of injection was hypothesized to be less prone to
leakage and loss of dose during the surgical approach,
compared to a more conventional peritumoral multi-site
injection (20) or to a superficial plus deep injection
[17]. Our results seem to confirm the above observa-
tions, since the dye leakage was minimal. The tracer
dose, 2 ml, was fixed regardless of the tumor volume
and estimated sufficient to achieve a lymphatic map-
ping. Our results show that the PBV or the MB was
staining at least one node in 8/11CATIR patients. A
success rate that is quite in the range of other studies
injecting a similar dose of methylene blue dye fraction-
ated at 4 points of the subareolar area 10 minutes before
surgery. Would a larger dose or higher dye dilution
have brought a higher success rate at the lymphatic
mapping during the cryo-assisted resection is an open
question? The usual dose for SLN mapping with a blue
dye is 3ml to 5ml and the detection rate is better with
diluted dye (MB) [19].

The preserved ability to do the pathological evalua-
tion of the specimen is of note. Indeed, the frozen sec-
tions of the resected specimen allowed the immediate
pathological evaluation of the frozen-thawed tumor and
of the healthy breast resection margin. This resection
margin was found positive in one of eleven cases. The
use of IOUS was very helpful to delineate the tumor
margin and to make sure that the target volume had
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been properly frozen according to our criteria; whether
the occurrence of this positive margin was operator-, or
disease-related is unclear. However, the multifocality of
apparently localized breast tumor is well-known [(20].
Based on this study the probability for the resection line
to reach the residual cancer foci is <50%. Therefore, a
whole breast RT was administered like for any breast
surgery made on such stage tumor. The tumor was
easily measured and characterized on the frozen sec-
tions but the nuclear grade wasn’t clearly identifiable
confirming the observations of others (56). It looks like
our double freeze procedure does not affect the histo-
logical parameters significantly. Our freezing source
located at the tumor margin does generate asymmetrical
isotherms and therefore various degrees of cell and
tissue structural alterations compared to the central
freezing source of Sahoo [21]. It is likely that our
pathological sample made at the tumor margin, and
therefore remote from the cooling source, revealed
lesser alterations than those of a core tumor sample.
Although it is noteworthy that the tumor markers cannot
be reliably assessed after cryoablationour CATIR pro-
cedure allowed the pathological and hormonal receptor
status evaluation. This is understandable given the rela-
tively good preservation of the sample in the absence of
the cellular damages and necrosis due to lasting vascu-
lar alterations that were present in the above study [6].
However, we didn’t evaluate the level of the markers.

We are aware of the many limitations of the study.
First, the limited number of patients and the absence of
comparison group with the intratumoral injection of
tracer without any tumor freezing. Although the lymphat-
ic mapping is possible with the direct intratumor injec-
tion of tracer(s), we couldn’t evaluate the influence of the
extruding effect of the ice volume on the transport of the
dye to the lymphatic drainage due to the large variation
of the tumor volume in which the dye could disperse.
Second, the tumor cell containment and the prevention of
cell shedding theoretically permitted by our freezing
technique couldn’t be evaluated. We didn’t measure the
presence or variation of the circulating tumor cells before
and after the procedure. It has been demonstrated on
cryoablated bronchial tumors that cryoablation increases
the number of CTCs [21]; but its decrease is related to
the efficacy of cryoablation of liver metastases from
colorectal cancer [18]. On a technical viewpoint we did
extirpate the tumor during the thaw period following the
refreeze sequence, using the palpation to assess the loca-
tion of the frozen edge. The regression of this edge dur-
ing the surgical resection may have somehow shrunk a
little the frozen volume thus reducing the thickness of the
resection line made in the healthy breast. It is a palpation
and visualization guided method that sets the resection
rim at a distance from the frozen mass. We could have
used the 10US to guide our resection line [22] but still
the ice edge would have lregressed in the absence of
sustained cooling.

We do recognize that we have been conservative
with our use of the procedure. Our ability to conduct a
conventional surgical procedure, lymphatic mapping

and pathological examination during and after our cryo-
assisted technique paves the way to therapeutic strate-
gies that aim at preventing or treating the dissemination
of tumor cells. Two strategies emerge as they are al-
ready used during image-guided or surgical interven-
tions; namely the targeted lymphatic therapy and the
surgical cavity shaving [23]. Combining the intraopera-
tive and post-operative effects of cryosurgery with
cytotoxics and radiotherapy bring several potential
advantages in terms of tumor cell kill or sensitization.
For instances a zone of tissue hypothermia develops
about the frozen mass; this zone contained within the
isotherm +12°C is about twice as large as the frozen
mass; such thermal stress induces a selective sensitiza-
tion of tumor cells to radiation therapy [23]. Such ef-
fect, if proven true for breast cancer, could be advanta-
geously used on small or less advanced breast tumors.
Although we didn’t use our cryoprobe to treat the posi-
tive margin observed in one patient of our study, we
could have done so rather than doing the re-resection or
the surgical cavity shaving. Targeting the lymphatic
system with various diagnosis or therapeutic agents is
of great interest in the oncologic community. An intra-
lymphatic chemotherapy can likely be effectuated with
our cryo-assisted procedure, as it has been shown that
cytotoxics injected at the breast tumor margin and in the
peritumoral tissue can migrate into the tumor lymphatic
drainage [23]. Such strategy could address the loco-
regional minimal residual disease and the infra-clinic
disease on a selected population of patients. A lymphat-
ic chemotherapy that injects free or carrier-bound cyto-
toxic (s) into the peritumor area has shown its safety
and efficacy on disease free survival (DFS) and overall
survival (OS) in short series of BC patients stage 11-111
[22].

CONCLUSIONS. Our cryosurgical techniques of
tumor deep repeated freezing for an en bloc resection or
for a in situ ablation of various breast cancer can be asso-
ciated with the simultaneous injection of two dye tracers
during a conventional surgery including the lymphatic
mapping. The intraoperative ultrasound monitoring fa-
cilitated the procedure. The frozen-and-thawed mass
behaved as an exclusion-and-trapping zone for the trac-
er(s). The margin status determination was not affected
by the procedure.
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HUS TIEPBUYHOTO paka MOJIOYHOM jkeJe3bl MOTYT NPUMEHATHCS, KaK CAMOCTOSITENIbHO, TaK M B COYETAaHUH C TPaIUIlU-
OHHBIMHM METOJIMKaMH PE3eKIMH OIYXOJH MOJIOYHOI jkene3bl. KproaOusiius, Kak MeTO/, MO3BOJISIONIMNA CaMOCTO -
TEJIbHO OCYIIECTBIIATh YJAJICHUE 3JI0KAYECTBEHHON OIyXOJIM MOJIOUHOM *ene3bl. KpuoaeBuranuzanus 3710KaueCcTBEH-
HOM 0IyX0JIM IPOBOAUTCS C MOCIEAYIOLUINUM XUPYPrUUECKUM YIAIEHUEM IPEABAPUTENBHO 3aMOPOKEHHON OIYX0JIEBOM
TKaHH, TIepeBe/IeHa U3 aKTUBHOMW (ha3bl B HEAKTUBHYIO (ha3y )KU3HEIESITeIbHOCTH 3I0KaueCTBEHHBIX KIIETOK. YUUThIBAs
crnenn(UKy pa3BUTHUS IEPBHYHOTO paka MOJIOYHOW KeJe3bl MpobiieMa He0OXO0IUMOTO HO HE YPE3MEPHOTO yIalCHHS
TKaHEeH ¢ IPUMEHEHHEM KPHOXUPYPTHUSCKUM TEXHOJIOTHH SIBISACTCS Upe3BBIUAiHO akTyanbHO. Llenpio manHON pabo-
ThI OBUTO HCCIIEIOBAaHUE BO3MOYKHOCTH NMPUMEHEHHS KPHOXUPYPTHUECKUM METOIMK IS JICYEHHUS] paKa MOJIOYHOM xKe-
JIe3bl CAMOCTOSITETIFHO WIIM B COUYETAHUU C TPATUIIMOHHBIMH XUPYPTHUECKUMH METOAWKAMHU C HCIIOJIB30BAHUEM METHU-
JICHOBOTO KPACUTENS U MOTYYCHUS KapThl TUM(ATHISCKOTO JpeHaKa WIH IMUPKYJISIUH JTAM(QBI B MOJIOYHBIX JKeJe-
3axX M COCEHUX K HUM YYacTKaX 4eJOBEYEeCKOTO OpraHu3Ma.

KiroueBble cjioBa: MEPBUYHBIA pak, MOJIOYHON JKeJIe3bl, KPHOXUPYPIHUA, XUPYPTHUECKOE, BMEIIATEILCTBA, BHYT-
PEHHE OITyXOJICBOE TPACCUPYIOIIECH, HHTPAOIIEPAIIOHHOE, YIBTPa3BYKOBOE, H300paKEHHS, IMM(PATHICCKOE.
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