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A breast saving treatment is contemporary the preferred method of treatment with
comparable results in comparing with mastectomy. In this study were evaluated the
effects of cryotherapy by histological verification of changes in post treatment re-
section specimens. Fifty-three patients in age of 38-81 year with histologically con-
firmed breast cancer in needle biopsies were managed by cryotherapy between 1999
and 2007. The patients were operated between day 1 and 35 after cryotherapy.
The histologic examination of operation materials showed in all cases at least par-
tial tumor destruction. In general in 54.7% of all handled cases (29 patient) there
was no residual tumor. In 6 cases (22.2%) from group 1 and in 23 cases (88.5%)
of group 2 no tumor rest was found. Cryotherapy can lead to complete destruction
of tumoral tissue. In our study all 29 (54.7%) of tumor-free cases after cryotherapy
were those with ¢T1 stage. The experience of operator and the correct selection of
appropriate patients (primarily taking the tumor size into account) play the most
important role for achieving the best results.
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Introduction

Breast carcinoma is the most frequent malignant
tumor of women with the incidence of more than one
million new cases each year. The mortality rate de-
pends on the region and is very variable. It is about
20/100 000 in Europe and the USA, 7.5/100 000 in
Korea and 5.5/100 000 in China. According to the es-
timation of the Robert Koch Institute, in 2012 alone
the diagnosis of breast cancer was made in more than
74 500 women in Germany. About one fourth of the
patients were at the time of the diagnosis younger
than 55 and about one tenth younger than 45 years
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old. In general every one in eight women experiences
the breast cancer in her life. The number of new cases
in 2008 in Germany approached over 71 660, and
there were 6 500 cases of in situ carcinoma. Never-
theless, the prognosis of breast cancer in comparison
with other malignancies is relatively good. Despite
the increasing disease incidence a decreasing mortal-
ity rate has been observed since the middle of 1990s.
This trend is principally the results of better diagnos-
tic techniques, adequate programs for early diagno-
sis and increasing awareness of the people about the
breast cancer [1-31].
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By increasing sensitivity of imaging procedures
increasing number of small sized breast tumors are
diagnosed. Contemporary the performance of per-
cutaneous, minimally invasive, breast needle biopsy
under the guidance of imaging modalities considered
as a sufficient alternative method for open surgi-
cal excisional biopsy and has been integrated in the
guidelines of professional German and European so-
cieties. For the monitoring of the minimal invasive
procedures different imaging modalities such as ste-
reotaxy, the ultrasonography and magnetic resonance
imaging (MRI) can be used. Breast saving treatments
are nowadays the preferred treatment modality with
similar results in comparison with mastectomy. In re-
cent years there is a trend to manage breast cancers
with less invasive or minimal invasive treatments.
The mostly used methods for local tumor ablation of
breast cancer are thermal procedures such as radiofre-
quency ablation (RF), interstitial laser therapy (ILT)
and high intensity focused ultrasound (HIFU). Cryo-
therapy belongs also to this group of treatments. The
cryotherapy is based on local application of very low
temperatures to destruct a tissue. It kills the tumor
cells by rapid cooling of tissue to —180°C {4-91.

In this study we examined the histologic changes
of post treatment tumor resection specimen for the
possible effects of cryotherapy of breast cancers.

Table I. Tumor type and localisation

Material and methods

Between 1999 and 2007, cryotherapy was carried
out on 53 cases with biopsy-proven breast cancer.
The age spectrum was 38-81 years (mean 61). The
processing of breast needle biopsies as well as tumor
resection samples (breast saving or ablative) was done
according to the international recommendations and
S3-guideline. Each needle biopsy was embedded in
a paraffin block and cut at three levels. The micro-
scopic evaluation of HE slides was performed using
an Axiophot microscope (Zeiss) at 2.5, 5, 10, 20 and
40 magnifications. The histological diagnosis in all
cases was breast cancer. They included 39 invasive
ductal carcinomas (IDC), 6 invasive lobular carci-
nomas (ILC), 3 invasive tubular carcinomas (ITC),
2 invasive ductal carcinomas with invasive lobu-
lar components, 1 case of adenoid cystic carcinoma
(ACC) and 2 cases of ductal carcinoma 7z sztz (DCIS).
The tumor locations are depicted in Table I. For the
purpose of immunohistochemical staining the slides
were treated according to the standard methods.
They were deparaffinized, rehydrated and stained af-
ter heat induction using microwave (boiling for 20
min in sodium citrate buffer, pH 6.0). The applied
antibodies, the level of dilution and their provider are
listed in Table II. The maximal dimension of tumors

HIsTOLOGIC SUBTYPE TUMOR TYPE LOCALISATION

By NEEDLE BIOPSY AFTER CRYOTHERAPY
IDC 39 14 inferior — lateral
ILC 6 4 inferior — medial 4
ITC 3 0 superior — lateral 14
IDC + ILC 2 1 superior — medial 13
DCIS 2 4 superior 6
ACC 1 1 inferior 1
LN Meta. 0 3 lateral 6
All 53 27 no information 2

Table II. Applied primary antibodies
APPLIED PRIMARY ANTIBODIES

ANTIBODY CLONE PrOVIDER DirutioNn
ER 6F11 DAKO 1:75
PR PgR 636 DAKO 1:150
HER-2 c-erbB2 oncoprotein (A0484) DAKO 1:400
Ki-67 MiB-1 DAKO 1:100
MNF MNF116 DAKO 1:200
AE1/AE3 Clone AE1/AE3 DAKO 1:1000
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Fig. 1. Resection specimens after cryotherapy: 15 days

was determined sonographically and it ranged be-
tween 5 and 37 mm (mean 15.3 mm). Most types of
carcinomas can be easily diagnosed in needle biopsy
specimens. In problematic cases it is possible to use
immunohistochemistry. The evaluation of hormone
and Her2 status is obligatory any way.

All 53 patients underwent ultrasonographic guid-
ed cryotherapy under the application of local anesthe-
sia. The size of the ice ball was measured sonograph-
ically with intervals of one minute (21.7-39.5 mm,
mean 31 mm, in 5 cases no data).

The patients were operated on between 1 and 35
days after cryotherapy. The method of operation was
in 48 cases breast saving and in 5 cases mastectomy.
In 2 cases the breast saving surgery was not success-
ful and the first operation was followed by mastecto-
my to remove the residual tumor tissue.

The mastectomy specimens were labeled by sutures
on two facets and the segmentectomy or quadrantecto-
my specimens were labeled in most cases on three facets.
The processing was done after fixation of specimens in
4% buffered formalin by lamellar cuts in about 5 mm
thick sections along the longest axis. In mastectomy
specimens the tumor was embedded totally along with
an approximately 5 cm adjacent zone of macroscopic
unremarkable breast tissue. The segmentectomy and
quadrantectomy specimens were embedded totally in
paraffin blocks, cut and examined microscopically after
HE-staining. In three cases additional immunostain-
ing was carried out including pancytokeratin (3 cases),
AE1/AE3 (1 case) and Ki67 (8 cases).

In 26 cases the ipsilateral axillary lymph nodes
(mean number of lymph nodes in each case 11) and
in 27 cases the sentinel lymph nodes were removed
and examined.

The collection of data and statistical analysis was
done using Microsoft Excel 2007 and SPSS 15.0. The
groups were compared with each other using Mann-
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Whitney-U-Test. The p < 0.05 was considered sig-
nificant.

Results

The procedure of cryotherapy was performed
completely in 51 cases after placing the cryothera-
py probe. In 2 patients the intervention had to be
stopped prematurely because of technical problems
such as leakage of gas. In all other cases there was no
significant event which necessitated early cessation of
the procedure. The macroscopic tumor size was be-
tween 0 and 55 mm (on average 27.4). In 1 case no
tumor focus was found and in 2 cases no information
about the tumor size was available. After the opera-
tion the specimens showed a typical macroscopic ap-
pearance. The treated tumoral area was variably deep
red in color as the reflecting of cryotherapy-related
intratumoral bleeding, necrosis and ongoing repara-
tive processes (Figs. 1, 2). In all cases the histological
examination showed variably pronounced tumor de-
struction (Tables III, IV).

In 24 cases a remnant of the carcinoma was identi-
fied after cryotherapy. The tumor remnants included
IDC with components of ILC (1 case), DCIS (4 cases),
ACC (1 case) and IDC (14 cases). In 3 cases there
were lymph node metastases, although a local tumor
remnant in the operational specimen was not detect-
able. Five cases had both a local tumor remnant and
lymph node metastasis. In 29 tumors with the diam-
eter of up to 19 mm complete destruction of tumor
components was evident.

For evaluation of histological tumor regression we
used a grading system that provides a possibility for
classification of regressive changes in clearly separable
groups. In this semiquantitative evaluation of response
of breast cancers we used the parameters which can
be identified in every tumor type (Table V, Figs. 3, 4).

Table VI shows the histological regression grade
after cryotherapy on the basis of histological tumor
type in breast needle biopsies and diagram 1 shows
a regression grading system based on tumor size (cT).

Because of the small number of group of cases an
accurate statistical analysis was very difficult and in
some situations not possible.

The Mann-Whitney U-Test showed that the his-
tological tumor type had a significant effect on the
results of cryotherapy. All 29 tumor-free cases after
cryotherapy were those in ¢T1 stage. The difference
between ¢T1 and ¢T2 was statistically significant
(Table VII). Grading had no influence on the effects
of cryotherapy (Table VIII).

Discussion

Breast carcinoma is the most frequent malignant
tumor in women in western countries. After the be-
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Fig. 2. Necros
Group 1

ginning of mammography screening in Germany in
2005 the number of cases were increased. Many new-
ly detected tumors are early in their development and
show evidently smaller size (many cases in T1 stage)
in comparison with those tumors which are detected
out of the setting of screening programs {2].

After wide application of modern imaging proce-
dures (mammography, ultrasonography and MRI) great
development in the diagnosis of benign and malignant
breast lesions has been achieved. Even an increasing
number of asymptomatic tumors could be detected in
early stages. Despite the increasing number of patients,
today a lower number of women die due to breast can-
cer in comparison with 20 years ago {2, 8, 91.

On the other hand, during the last 20 years the
form of treatments was changed and these changes
significantly enhanced the survival rate of patients.
Today breast saving surgery in appropriately select-
ed cases is the preferred method of treatment. Many
randomized clinical trials from Europe and North
America have shown that breast saving surgery has
comparable results and a similar survival rate in com-
parison with mastectomy.

The neoadjuvant chemotherapy of a locally ad-
vanced breast cancer is used primarily to reduce the
local tumor mass and to increase the chance of tumor
operability. In recent years the target of neoadjuvant
chemotherapy is expanded to cover the reduction of
tumor size to make them suitable for breast saving
surgeries {10}. On the other hand in the recent times
the minimal invasive procedures are applied increas-
ingly to manage breast tumors. One of these methods
is cryotherapy, a method of tumor treatment which
was used also successfully in the management of liver
and prostate tumors [11}.

This study showed that ultrasonography-guided
percutaneous cryotherapy is a good minimally in-
vasive method for treating small breast carcinomas
and can cause complete destruction of the tumor. All
29 cases with tumor-free status after cryotherapy in
this study (regression grade 1) were ¢T1 cases. That
means that in 54.7% of all handled cases there was
no remaining tumor after cryotherapy. The most
important factors for the best result are experience
of the operator and the selection of appropriate pa-
tients, in particular taking the tumor size into ac-
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Table III. Histopathology

Table IV. Tumor stage

TIME HISTOPATHOLOGY TUMOR STAGE
1. Day Extensive fresh bleeding BEFORE CRYOTHERAPY AFTER CRYOTHERAPY
3 Patients Beginning of necrosis cTla 3 ypTO 29
Hyperemia -
Shadow of tumor cells cT1b 10 ypTis 4
2. Day Fresh bleeding cTlc 28 ypTla 3
S Patients Hemorrhagic necrosis within the tumor W) 11 ypTlc 2
Necrosis in the neighbouring fibrofatty
tissue . ho ! ypT2 2
Beginning of inflammatory reaction information
Shadow of tumor cells <15 mm 32 mypTla 9
3. Day Hemorrhagic necrosis > 15 mm 20 mypT1lb
4 Patients Shadow of tumor cells
S mypT2 1
Hyalinisation
Inflammatory infiltrate
4.—7.Days Hemorrhagic necrosis

16 Patients  Granulocytic infiltration and foam cells
inflammation

Shadow of tumor cells

Well defined areas of fat necrosis
Xanthogranulomatous Inflammation
Plasma cell inflammatory infiltration in

fatty tissue

2. Week
10 Patients

Hemorrhagic necrosis, foam cells and
macrophages

Shadow of tumor cells

At the peripheral areas extensive necrosis
with hemorrhage

Sparse neutrophilic granulocytes
capillary rich granulation tissue und
xanthogranulomatous inflammatory
reaction with giant cells

3. Week
6 Patients

No longer fresh hemorrhagic necrosis

In peripheral areas bleeding, reparative
changes, fibrosis, focal and small areas of
granulation tissue

Focal collections of foam cells und exten-
sive fibrosis

Neighbouring fatty tissue with fibrosing
and xanthogranulomatous processes

4. Week
S Patients

No longer fresh bleeding

Hazy vascular structures und small foci
of bleeding

Large number of foam cells and capillary
rich granulation tissue

Beginning of scarring

5. Week
3 Patients

Fibrosis und capillary rich granulation
tissue

Focal giant cells and sparse inflammato-
ry infiltrate

Focal and no longer fresh necrosis with
bleeding and foam cells

Focal secondary vasculitis and granulo-
cytic infiltrate

Loose spindle cell proliferation, most
probably myofibroblastic elements
Focal scarring
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count. Between 1999 and 2001 we carried out cryo-
therapy on 27 breast cancer patients (tumor size 8-40
mm) (group 1). Only in 6 (22.2%) of these cases did
we find no tumor remnants. In comparison with this
group 26 patients (tumor size 5-30 mm) were han-
dled in a second study cryotherapy (group 2). In this
group we found no tumor remnant in 23 (88.5%)
cases. According to the largest study on primary neo-
adjuvant chemotherapy, in 20% of cases complete
pathologic remission without detection of residual
invasive tumor components was achieved. But the
information about the rate of complete remission
showed a wide spectrum of results. There is no good
correlation between the clinical and pathologically
defined complete remission. In only 38% of all pa-
tients with clinical complete remission were no tu-
mor remnants detected in pathological examinations
as well {12-14}. Reduction of tumor mass is consid-
ered the most important change in chemosensitive
tumors in the way that the number of invasive tu-
mor cells decreases and the amount of tumor stroma
increases after treatment. A more advanced tumor
regression results in loss of tumor continuity which
imitates the histological appearance of a multifocal
tumor growth. This pseudo-multifocality must be
noticed during surgical procedures and in the assess-
ment of resection margins, otherwise it can result in
a higher rate of tumor recurrence. As accompanying
pathologic changes, hyalinization, lymphocytic and
plasma cell infiltration, lymphocytic ductitis, cal-
cification and histiocytic reaction can be observed.
The typical finding is the lower chemosensitivity of
intraductal, intratubular and intralymphatic tumor
components which can in turn result in a smaller
reduction of in situ tumor elements and lesser cyto-
pathic changes of these tumor cells. This dependence
of chemosensitivity on localization in invasive tumors
with intraductal components leads to that fact that
after neoadjuvant chemotherapy in up to 20% of cas-
es only intraductal tumor residues are detectable and
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Table V. Classification of regression grade after cryotherapy

CLASSIFICATION OF REGRESSION GRADE AFTER CRYOTHERAPY

GRADE DEFINITION

1 No residual tumor

2 Residual in situ carcinoma without invasive component < 0.5 cm

3 Residual invasive component with treatment effects in stroma or tumor cells < 0.5 cm
4 Residual invasive or in situ carcinoma > 0.5 cm, also multifocal tumors

AN = -l Pt 5

Group 3, D) Group 4

the amount of tumor residue is increased in direct
relation to the amount of intraductal tumor elements
[10, 15}. Our study showed that the cryotherapy re-
sults in complete disappearance of the tumor in cas-
es of small breast tumors (cT1) which are handled
by experienced operators. Only in group 1 did we
have 4 cases with residual DCIS < 0.5 c¢cm (grade 2)
and 9 cases with residual invasive or in situ carcino-
ma > 0.5 cm (grade 4). Residual invasive carcinoma
< 0.5 cm (grade 3) was detected in 12 patients (in
9 women from group 1 and in 3 cases from group 2).

Fig. 3. A) DCIS and B) invasive carcinoma, HE 100X; C and D) invasive carcinoma, HE 200X. A) Group 2, B and C)

PP O S e

In our view the presence of residual tumor in these
cases is related to tumor size and also false placing
of the cryotherapy probe. The amount of tumor re-
gression after neoadjuvant chemotherapy is related
to the tumor type, proportion of 7z situ component,
differentiation and grading as well as tumor stroma
relationship {10}. In contrast with neoadjuvant che-
motherapy the application of cryotherapy has advan-
tages. In all tumor-free cases after chemotherapy the
above-mentioned factors play no role. Breast carcino-
ma can show a wide range of regressive changes such
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Group II  Total
Grade 4
Grade 3

Grade 2

Grade 1

Groupl  Total

Grade 4

Grade 3

Grade 2

Grade 1

All group  Total —

Grade 4

Grade 3

Grade 2 ;

Grade | =

0 10 20 30 40 50 60
No. Patients
W All W (T2 OcTlc B cT1b B (Tla W cTx

Fig. 4.

as necrosis, inflammatory infiltration and fibro-hya-
line scarring. In the first week after cryotherapy there
is mainly hemorrhagic necrosis, variable amounts
of fibrosis, lymphocytic and plasma cell infiltration,
xanthogranulomatous inflammatory reaction, giant
cells and granulation tissue. The tumor remnants
are diagnosed easily in histological examination. In
uncertain cases an ancillary immunohistochemical
examination can be performed. Our patients were
operated on 1 to 35 days after cryotherapy and the
tumor resection was examined histologically. It is not
clear to us what happens thereafter and it has to be

Table VI. Tumor grading

shown in other studies. The results of our study are
extensively in concordance with other studies on the
effects of cryotherapy. It is evident that this meth-
od is more successful in treatment of invasive ductal
carcinomas in comparison with invasive lobular car-
cinomas and DCIS. In harmony with other working
groups with similar tumor stages it is evident that
the majority of patients could be managed success-
fully by cryotherapy. Sabel ez a/. reported the results
of cryotherapy in 21 women with invasive tumors
< 2 cm. The surgical resection was performed 1 to 4
weeks later and it showed that all tumors with the

TUMOR TYPE IN NEEDLE GRADE 1 GRADE 2 GRADE 3 GRADE 4 TUMOR TYPE AFTER
BIOPSY CRYOTHERAPY
IDC 39 23 (43.4%) 3(5.7%) 9 (17.0%) 4 (7.5%) 14 (58.3%)
ILC 6 3(5.7%) 2(3.8%) 1(1.9%) 4(16.7%)
ITC 3 3(5.7%) 0 0 0
IDC + ILC 2 0 1(1.9%) 1(1.9%) 1(4.2%)
DCIS 2 0 1(1.9%) 0 1(1.9%) 4 (16.7%)
ACC 1 0 0 0 1(1.9%) 1(4.2%)
All 53 29 (54.7%) 4 (7.5%) 12 (22.6%) 8 (15.1%) 24

Table VII. Tumor size Table VIII. Grading and histologic subtype
TuMoR s1zE (cT) P — VALUE GRADING HISTOLOGIC SUBTYPE (NEEDLE BIOPSY)
Tlavs. Tlb p = 0.4185 (ns) IDC ILC ITC
Tlavs. Tlc p = 0.2400 (ns) Gx 1 34% 0 0 0
Tlavs. T2 p = 0.0002 Gl 6 20.7% 3 0 3
Tlbvs. Tlc p = 0.4370 (ns) G2 12 41.4% 9 3 0
Tlbvs. T2 p = 0.0001 G3 10 34.5% 10 0 0
Tlcvs. T2 p = 0.0001 All 29 22 3 3
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maximal size of less than 1 ¢cm could be eradicated
completely. That means there was histologically no
tumor remnant. In tumors with diameter of > 1.5 cm
residual DCIS and invasive carcinoma have been
found [16]. As confirmed by surgery one month after
the cryotherapy histologically verified invasive breast
carcinomas (< 2 ¢cm) could be successfully managed.
Roubidoux ef #/. reported their experience with cryo-
therapy of small (< 2 c¢m) breast tumors. By ultraso-
nographic examination 7 of 9 patients had no resid-
ual tumor {17}. In the study of Pusztaszeri ez #/. only
2 patients had a complete remission without residual
vital tumor cells. Seven patients had partial remis-
sion with fractions of remaining invasive carcinoma.
Two patients had intraductal carcinoma. The authors
believe that the tumor destruction has no relation to
tumor size (clinically < 2 c¢m) or the histological pa-
rameters. Their cases included only 1 invasive lobular
carcinoma and 10 invasive ductal carcinomas [18].
Promising results have also been obtained in a pilot
study by Vlastos et 2/. {6}.

Many authors have reported that cryotherapy can
be applied successfully in treatment of benign tu-
mors such as fibroadenoma. In comparison with open
surgery percutaneous cryotherapy provides better
patient comfort, shorter hospitalization and lower
costs. In addition, as the results of a 2-3 year fol-
low-up showed, the tendency for scar formation can
be reduced by cryotherapy of fibroadenomas without
a detectable volume deficit by visual examination or
on palpation [19}. In the case of malignant histologi-
cal findings evaluation of HER-2 and hormone recep-
tor status on a needle biopsy sample as well as a min-
imally invasive sentinel lymph node resection which
are usual adjuvant processes in breast saving surgery
have to be carried out. It can be followed by radia-
tion therapy, or if indicated (on the basis of hormone
receptor and HER-2 as well as lymph node status)
by adjuvant antihormone or chemotherapy {20}. The
histopathologic evaluation of a needle biopsy speci-
men is very important, because after successful cryo-
therapy no residual tumoral tissue may be present for
the evaluations.

Cryotherapy is a safe, effective, practical and pain-
less treatment option with good cosmetic results
primarily in the management of fibroadenomas.
For benign breast tumors cryotherapy is a preferred
method, particularly in women who want to have
management without an open operation {19}. Simi-
lar results are also expected with management of ma-
lignant breast tumors. Before widespread application
of this it is necessary to validate through other larger
studies that the local tumor control of invasive carci-
noma by this minimally invasive method is reproduc-
ibly possible. Accordingly, larger studies with more
cases and long-term follow-up are necessary.

The present study showed that percutaneous, ul-
trasonography-guided cryotherapy is a simple and safe
method for ambulatory management of small breast
carcinomas (cT1). The contraindications are multi-
centricity, less than 10 mm distance of tumor from
skin and localization in the area of the nipple. Before
the cryotherapy we had 6 patients with ILC, after
cryotherapy in 4 cases a residual tumor in the form of
ILC and all of them were more than 2.3 c¢m in size. It
has to be pointed out that ILC are often accompanied
by numerous foci of tumor and in our view are not
good candidates for successful cryotherapy. In addition
the informed consent of the patient is necessary.

Authors declare no conflict of interests.

References

1. Parkin DM, Ferniandez LM. Use of statistics to assess the global
burden of breast cancer. Breast J 2006; 12 (1 Suppl): $70-S80.

2.Baras N, Barnes B, Bertz J, et al. Breast in cancer in Germany
2007/2008. RKI 2012; 8: 64-67.

3. Jung KW, Won Y], Kong H]J, et al. Cancer statistics in Korea:
incidence, mortality, survival and prevalence in 2010. Cancer
Res Treat 2013; 45: 1-14.

4. Kaiser WA, Pfleiderer SO, Baltzer PA. MRI-guided interven-
tions of the breast. ] Magn Reson Imaging 2008; 27: 347-355.

5.Kacher DF, Jolesz FA. MR imaging-guided breast ablative
therapy. Radiol Clin North Am 2004; 42: 947-962.

6. Vlastos G, Verkooijen HM. Minimally invasive approaches for
diagnosis and treatment of eatly-stage breast cancer. Oncolo-
gist 2007; 12: 1-10.

7.Singletary SE. Minimally invasive techniques in breast cancer
treatment. Semin Surg Oncol 2001; 20: 246-250.

8. Pfleiderer SO, Freesmeyer MG, Marx C, et al. Cryotherapy of
breast cancer under ultrasound-guidance: initial results and
limitations. Eur Radiol 2002; 12: 3009-3014.

9. Pfleiderer SO, Marx C, Camara O, et al. Ultrasound-guided,
percutaneous cryotherapy of small (< 15 mm) breast cancers.
Invest Radiol 2005; 40: 472-477.

10. Sinn HP1, Schmid H, Junkermann H, et al. Histological re-
gression of breast cancer after primary (neoadjuvant) chemo-
therapy. Geburtshilfe Frauenheilkd 1994; 54: 552-558.

11. Seifert JK, Morris DL. World survey on the complications of he-
patic and prostate cryotherapy. World J Surg 1999; 23: 109-114.

12.Brain E, Garrino C, Misset JL, et al. Long-term prognostic
and predictive factors in 107 stage II/III breast cancer patients
treated with anthracycline-based neoadjuvant chemotherapy.
Br J Cancer 1997; 75: 1360-1367.

13. Chollet P, Amat S, Cure H, et al. Prognostic significance of
a complete pathological response after induction chemotherapy
in operable breast cancer. Br J Cancer 2002; 86: 1041-1046.

14. Fisher ER, Wang J, Bryant J, et al. Pathobiology of preopera-
tive chemotherapy: findings from the National Surgical Adju-
vant Breast and Bowel (NSABP) protocol B-18. Cancer 2002;
95: 681-695.

15.Linger F, Luck HJ, Kreipe HH. Morphological response to
therapy of breast carcinoma. Pathologe 2004; 25: 455-460.

16.Sabel MS, Kaufman CS, Whitworth P, et al. Cryoablation
of early-stage breast cancer: work-in-progress report of a multi-
institutional trial. Ann Surg Oncol 2004; 11: 542-549.

17. Roubidoux MA1, Sabel MS, Bailey JE, et al. Small (< 2.0-cm)
breast cancers: mammographic and US findings at US-guided
cryoablation — initial experience. Radiology 2004; 233: 857-867.

27



MitczysLaw R. GAJDA, MASOUD MIRESKANDARI, PASCAL A. BALTZER, ET AL.

18. Pusztaszeri M, Vlastos G, Kinkel K, Pelte ME. Histopatho-
logical study of breast cancer and normal breast tissue after
magnetic resonance-guided cryotherapy ablation. Criobiology
2007; 55: 44-51.

19. Kaufman CS, Littrup PJ, Freeman-Gibb LA, et al. Office-based
cryoablation of breast fibroadenomas with long-term fol-
low-up. Breast J 2005; 11: 344-350.

20. Veronesi P, Intra M, Vento AR, et al. Sentinel lymph node biop-
sy for localised ductal carcinoma in situ? Breast 14: 520-522.

Address for correspondence

Mieczyslaw R. Gajda

Institute of Pathology

University Hospital Jena

Ziegelmiilenweg 1

07747 Jena, Germany

e-mail: mieczyslaw.gajda@med.uni-jena.de

28



