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Abstract

Aim The purpose of this work was to retrospectively evalu-
ate survival and local control rates of triple-negative breast
cancer subtypes classified as five marker negative (SNP)
and core basal (CB), respectively, after breast-conserving
surgery and intraoperative boost radiotherapy with electrons
(IOERT) followed by whole breast irradiation.
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Methods and materials A total of 71 patients with triple-
negative breast cancer were enrolled, who were treated with
lumpectomy, axillary lymph node dissection, and IOERT
with 9.6 Gy (median D__) followed by normofractionated
whole breast irradiation to median total doses of 54 Gy.
Chemotherapy was applied in a neoadjuvant (12 %), adju-
vant (75 %), or combinational setting (7 %).

Results After a median follow-up of 97 months (range
4-170 months), 5 in-breast recurrences were detected
(7.0%). For all patients, 8-year actuarial rates for local
control, metastases-free survival, disease-specific survival,
and overall survival amounted to 89, 75, 80, and 69 %, re-
spectively. All local recurrences occurred in grade 3 (G3)
tumors irrespective of their specific immunohistochemical
phenotype; thus, the local control rate for grades 1/2 (G1/2)
was 100 % for both SNP and CB, while for G3 it was 88 %
for SNP and 90% for CB (p=0.65 and 0.82, respectively,
n.s.). For disease-specific survival, only the difference of
the best-prognosis group 5-NP/G3 vs. the worst-prognosis
cohort CB/G1/2 was statistically significant: 90 % vs. 54 %
(»=0.03).

Conclusion Boost-IOERT provides acceptable long-term
in-breast control in triple negative breast cancer. The best
subgroup in terms of disease-specific survival was repre-
sented by SNP in combination with tumor grading G3.

Keywords Triple-negative breast neoplasms -

Intraoperative radiotherapy - Breast conserving surgery -
Electrons - Recurrence
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Uberlebens- und Lokalkontrollraten bei triple-
negativen Mammakarzinomen nach brusterhaltender
Operation und IOERT als vorgezogenem
Tumorbettboost

Zusammenfassung

Hintergrund Ziel der Studie war es, im Rahmen einer retro-
spektiven Analyse Uberlebens- und Lokalkontrollraten bei
triple-negativen Mammakarzinomen zu untersuchen. Die
Tumoren waren in SNP(5-Marker-negative)- und CB(core
basal)-Subtypen klassifiziert und die Patientinnen hatten
nach brusterhaltender Operation und intraoperativem Elek-
tronenboost (IOERT) eine Ganzbrustbestrahlung erhalten.
Material und Methoden Insgesamt 71 Patientinnen mit
triple-negativem Mammakarzinom erhielten wahrend einer
Lumpektomie und axillirer Lymphknotendissektion eine
IOERT (med D__ 9,6 Gy ) und danach eine Ganzbrustbe-
strahlung in konventioneller Fraktionierung (mediane Ge-
samtdosis 54 Gy). Eine Chemotherapie wurde in neoadju-
vanter (12%), adjuvanter (75%) oder kombinierter (7 %)
Sequenz durchgefiihrt.

Ergebnisse Nach einer medianen Follow-up-Phase von 97
Monaten (Bereich 4-170) wurden 5 ipsilaterale In-Brust-
Rezidive festgestellt (7%). Die aktuarischen Achtjahresra-
ten aller Patientinnen fiir lokale Kontrolle bzw. metastasen-
freies, krankheitsspezifisches und Gesamtiiberleben lagen
entsprechend bei 89, 75, 80 und 69 %. Unabhdngig vom
immunhistochemischen Phénotyp traten alle Lokalrezidive
bei Tumoren mit niedrigem Differenzierungsgrad G3 auf
[Lokalkontrollen: G1/2 (CB und 5NP) 100% vs. G3 88%
(5NP) und 90% (CB), p=0,65 bzw. 0,82; n.s.]. Beziiglich
des krankheitsspezifischen Uberlebens zeigte der Vergleich
zwischen der Subgruppe mit der besten Prognose SNP/G3
und der mit der schlechtesten Prognose CB/G1/2 statistische
Signifikanz: 90 vs. 54 % (p=0,03).

Zusammenfassung Bei konservativ operierten triple-nega-
tiven Mammakarzinomen erzielt die IOERT als Boostmo-
dalitdt vor einer Ganzbrustbestrahlung auch langfristig ak-
zeptable Lokalkontrollraten. Die Kombination eines SNP-
Subtyps mit dem Tumordifferenzierungsgrad G3 zeigt einen
signifikanten Vorteil im krankheitsspezifischen Uberleben.

Schliisselworter Triple-negative Mammaneoplasien -
Intraoperative Strahlentherapie - Brusterhaltende
Operation - Elektronen - Rezidiv

Introduction

Triple-negative breast cancer represents one of five breast
cancer receptor subtypes [1]. Lowery et al. [2] identified 15
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retro- and prospective trials which investigated the occur-
rence of both in-breast and locoregional recurrences' each
seperately depending on their receptor phenotype. A respec-
tive meta-analysis of these trials [2] comprised cohorts
between 149 and 2985 patients, which ruled out the triple-
negative phenotype as the breast cancer subgroup with the
worst outcome. If treated within a breast-conserving con-
cept, 5-year rates for locoregional and in-breast recurrences
after median follow-up periods of 3—10 years were reported
to range widely between 3.2-14% and 2.8-16%, respec-
tively, in the single studies.

Considering all evaluable patients in a meta-analysis,
luminal subtype tumors (ER/PR+) showed a lower risk of
locoregional recurrences than triple-negative tumors [rela-
tive risk (RR) 0.38; 95% confidence interval (CI) 0.23—
0.61]. Hence, triple-negative breast cancer has increasingly
come into the focus of molecular biological research in
order to explore cellular characteristics and identify further
profiles which could help to explain these clinical results.
Therefore, subtypes of “triple-negative” classified breast
cancer were identified either by pattern of gene profiles
[3—5] or immunohistochemical staining of cell biomarkers.
Subtypes determined by immunohistochemical methods
were compared to each other concerning in-breast relapses
and survival rates [6-8].

Among others, cytokeratine 5/6 and epidermal growth
factor receptor were identified to be biomarkers with high
relevance for this kind of subclassification [6, 7], dividing
the triple-negative phenotype into two groups: The five-
marker negative phenotype (5NP), defined as negative for
epidermal growth factor receptor and cytoceratine 5/6, and
the core basal (CB) type, which appears positive for epi-
dermal growth factor receptor and/or cytoceratine 5/6 [6].
Corresponding to this classification, a retrospective analysis
of 639 patients with triple-negative breast cancer, who were
treated in the British Columbia Cancer Agency of Vancou-
ver, was performed to clarify its prognostic value [6] for
breast cancer-specific survival. In comparison of 303 SNP-
type to 336 CB-type patients, the latter group showed a
10% lower 10-year breast cancer-specific survival (72 vs.
62%). This difference increased to 26% (p=0.00164) if
both groups received anthracycline-based adjuvant chemo-
therapy. However, a respective evaluation for in-breast and
locoregional recurrences' was not performed in this study.

In recent decades, in-breast relapses could be reduced
steadily for numerous reasons, not least by whole breast
irradiation after breast-conserving surgery [9] and local
dose escalation to the tumor bed as the region with the high-
est risk for recurrence [10]. Since 1998, we use an intra-
operative single-shot delivery of electrons (IOERT) as a
standard boost technique, promising to be advantageous in
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terms of accuracy and, hence, local control, sparing tissues
at risk, and shortening the overall treatment time. Clinical
data with respect to this approach have been published [11,
12], including a long-term pooled analysis conducted by
the European Group of the International Society of Intraop-
erative Radiotherapy (ISIORT Europe; [13]) with actuarial
in-breast recurrence rates of 0.8 % after a 6-year follow-up
period [14]. Nevertheless, there is still a lack of informa-
tion evaluating how IOERT is able to influence local control
and survival rates in the high-risk constellation of a triple-
negative phenotype, which encouraged us to initiate a ret-
rospective analysis of such classified patients who received
boost IOERT at our institution from 1998-2005.

Table 1 Patient characteristics
Characteristics N %
Histology

Invasive ductal carcinoma 62 88
Invasive lobular carcinoma

Mixed

Others

Invasive ductal carcinoma + extensive
intraductal component
Triple-negative subclassification

—_ O\ — —
—_ O = =

CB 30 42
SNP 36 51
CB+G3 22 31
CB+G1/2 8 11
5NP+G3 29 41
SNP+G1/2 7 10
Not stated 5 7
Grading

Gl 2 2
G2 12 17
G3 57 81
KI167%

<20% 27 38
>20% 39 55
Not stated 5 7
Pathological tumor stage

pT1 34 48
pT2 22 31
pT3 1 1
ypTO 3 5
ypT1 9 13
ypT2 1 1
ypTx 1 1
Pathological nodal stage

pNO 45 63
pN1 12 17
ypNO 10 14
ypN1 4 6

Mixed invasive ductal/lobular, Others tubular, medullary, mucinous,
CB core basal, SNP five marker negative phenotype.

Material and methods

Between 1998 and 2005, 1000 breast cancer patients with
clinical stages I-II were treated with breast-conserving sur-
gery, IOERT as anticipated tumor bed boost, and subsequent
whole breast irradiation. Of these, 71 patients with triple-
negative breast cancer phenotype were retrospectively iden-
tified, with a median age of 55 years (range 29-77 years).
Tumor characteristics are summarized in Table 1. The surgi-
cal procedure consisted of a lumpectomy and dissection of
axillary lymph node levels I and II which was preceded by
sentinel lymph node biopsy.

In all patients, a final RO resection status was achieved,
with a median resection margin of 4 mm (range 0.5—
20 mm). After tumor removal, freedom of margins was

Table 2 Chemotherapy schedules

Neoadju- Adjuvant N %

vant

- 2-6 cyclophosphamide/ 30 43

cycles methotrexate/5-fluorouracil
- 4-6 S-fluorouracil/epirubicin/ 11 16
cycles cyclophosphamide

- 4 cycles  epirubicin/ 7 10
cyclophosphamide®

- 3 cycles  S-fluorouracil/epirubicin/ 2 3
cyclophosphamide +3
cycles docetaxel®

- 3 cycles  epirubicin/cyclophospha- 1 1
mide +3 cycles docetaxel

- 4 cycles  epirubicin/cyclophos- 1 1
phamide +2 cycles
cyclophosphamide/metho-
trexate/5- fluorouracil

- 1 cycle epirubicin/cyclophos- 1 1
phamide +6 cycles
cyclophosphamide/metho-
trexate/5- fluorouracil

6 cycles - 8 12

epirubicin/

docetaxel

6 cycles 3 cycles  cyclophosphamide/ 2 3

epirubicin/ methotrexate/5-fluorouracil

docetaxel

6 cycles 6 cycles  cyclophosphamide/ 1 1

epirubicin/ methotrexate/5-fluorouracil

paclitaxel

3 cycles 3 cycles  epirubicin/docetaxel 1 1

epirubicin/

docetaxel

6 cycles 2 cycles  epirubicin/paclitaxel 1 1

epirubicin/

paclitaxel

4 cycles 2 cycles  S-fluorouracil/epirubicin/ 1 1

epirubicin/ cyclophosphamide

docetaxel

In 2004, one patient received 4 X epirubicin/cyclophosphamide
and (contralateral triple-negative breast cancer) 3 x5-fluorouracil/
epirubicin/cyclophosphamide + 3 x docetaxel in 2009.
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first determined by frozen section histology, then the tumor
bed was treated by a median IOERT boost dose (D__ ) of
9.6 Gy (range 7-12 Gy) using a dedicated linear accelerator
in the operating room. Technical details on the procedure,
planning target volume definition, and dose prescription
have been previously described [12, 14]. Median tube sizes
of 6 cm (range 4-8 cm) and median electron energies of
6 MeV (range 4-18 MeV) were used, corresponding to a
median treated tissue volume which was encompassed by
90% of the prescribed dose of 8 ml (range 2-26 ml). In
6 cases (8.3 %) with close resection margins after final his-
topathological assessment (invasive or in situ components),
a re-excision was performed.

After a median time lapse of 15 weeks (range
3-32 weeks), radiotherapy was continued by whole breast
irradiation based on a tangential three-dimensional confor-
mal radiotherapy technique (6 MV photons) with conven-
tional fractionation of 1.6—1.85 Gy (5 fractions/week) up to
median total doses of 54 Gy (range 51-57.6 Gy). According
to their nodal status, 8 of 71 patients (9.8 %) received addi-
tional regional node irradiation encompassing the supra-/
infraclavicular fossa alone in 4 patients and combined with
the ipsilateral internal mammary chain in an additional
3 patients. In one isolated case, the internal mammary chain
was irradiated after scintigraphic detection of a suspicious
lymph node adjacent to the primary tumor site in the upper-
inner quadrant. Doses to regional nodes were applied in nor-
mofractionation with median total doses of 46.2 Gy (range
44.5-52 Gy). A total of 67 patients (94 %) received chemo-
therapy either in an adjuvant (75 %), neoadjuvant (12 %), or
combined setting (7 %), respectively (Table 2). In order to
evaluate the impact on survival and local control according
to triple-negative subclassifications, four subgroups were
defined in combination with tumor grading: SNP + G1/2,
5NP + G3, CB + G1/2, and CB + G3.

Statistical analysis

Actuarial 8-year rates for local control, metastases-free sur-
vival, disease-specific survival, and overall survival were
calculated using the Kaplan—-Meier method [15] based on
the Kaplan—Meier product limit estimator. All data were
presented with 95 % confidence intervals (CI) calculated by
logarithmic transformation of Greenwood’s variance esti-
mate. Comparisons between subgroups were done with the
Gehan—Wilcoxon test since proportional hazard cannot be
assumed. P-values less than 0.05 were considered statisti-
cally significant and were not adjusted for multiple testing,
due to the explorative nature of the study. All calculations
were performed with NCSS 8 (Kaysville, UT, USA). For
graphical presentation, MedCalc 13.2 (Ostend, Belgium)
was used.
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Results

After a median follow-up of 97 months (range
20-170 months), 5 in-breast recurrences (7.0 %) in the for-
mer index quadrant and no regional axillary relapses were
observed, corresponding to an 8-year local control rate of
899% (95%CI 76-95 %). All in-breast relapses were charac-
terized by a tumor grading G3, independently of their clas-
sification into SNP (n=3) or CB (r=2). In all, 17 patients
(24%) developed distant metastases, of whom 15 died of
their cancer. In addition, 1 patient died due to a secondary
cancer, and a further 4 patients died for unknown reasons.
Five patients developed contralateral breast cancer, and
another 4 patients secondary (nonbreast-related) malignan-
cies, respectively. The time lapse between IOERT and the
first occurrence of progression averaged 77 months (range
19-89 months) for in-breast relapses and 28 months (range
5-132 months) for systemic failure (all median values).
At the time of final analysis, 47 patients (66 %) were alive
without evidence of disease.

All data are presented as actuarial 8-year rates, expressed
as percentages in 95% CI and respective ranges. For all

Table 3 Characterization of in-breast recurrences

Characteristics Patients (n=71) In-breast recur-
rences (n=>5)

pT-size

pT1,0,x, mic 41 3

>pT2 30 2

Grading

Gl 2 0

G2 12

G3 57 5

pNodes

pNO 55 5

pN+ 16

Age

>50 43 2

<50 28 3

CB-positive

No 36 3

Yes 30 2

Not stated 5 0

SNP-positive

No 30 2

Yes 36 3

Not stated 5 0

KI167%

<20% 27

>20% 39 3

Not stated 5 1

Tube diameter (cm)

>6 43 0

<6 28 5

CB Core basal, SNP Five marker negative phenotype.
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Fig. 1 a Disease-specific survival. b Metastases-free survival. ¢ Overall survival. d Local control

patients, metastasis-free survival, disease-specific survival,
and overall survival values averaged 75 % (range 63-83 %),
80% (68—87 %), and 69 % (57-78 %), respectively. Accord-
ing to subgroup analyses for SNP + G1/2, SNP + G3, CB
+ G1/2, and CB + G3, actuarial 8-year rates were 83 %
(27-97%), 90 % (71-97 %), 54 % (13-83 %), and 79 % (56—
91%) for disease-specific survival, 67 % (19-90%), 83 %
(64-93 %), 57% (17-84 %), and 77 % (55-89 %) for metas-
tasis-free survival, and 54 % (13-83%), 83% (64-93 %),
54% (13-83%), and 65 % (44-80%) for overall survival,
respectively (Fig. la—c).

After matching for tumor grading, 8-year rates for dis-
ease-specific and metastasis-free survival between triple-
negative subgroups revealed the following outcomes by
comparing CB to SNP subtypes: for G1/G2 tumors, disease-
specific survival in SNP types averaged 83 % vs. 54 % for CB
(»=0.28), while for G3 tumors, SNP was 90 % vs. 79 % for
CB (p=0.31). Results of rates for metastasis-free survival
for G1/G2 averaged 67% for SNP vs. 57% CB (p=0.34)
and for G3 tumors 83 % for SNP vs. 77% for CB (p=0.49).

Survival analyses for tumor grading G3 compared to
G1/2 in each triple-negative phenoptype could be described
as follows: for SNP G3 vs. G1-2, the disease-specific sur-
vival was 90 vs. 83% (p=0.8); metastasis-free survival
was 83 vs. 67 % (p=0.68); overall survival was 83 vs. 54%
(»=0.28); while for CB G3 vs. G1-2, the disease-specific
survival was 79 vs. 54 % (p=0.22); metastasis-free survival
was 77 vs. 57% (p=0.31); and overall survival was 65 vs.
54% (p=0.55; Fig. la—c). Only rates of disease-specific
survival by comparing the “worst-prognosis” constellation
CB G1/2 (54%) with the “best-prognosis” group SNP G3
(90 %) reached statistical significance (p=0.03; Fig. 1a).

If focussing on local control, all recurrences were associ-
ated with tumor grading G3 independent of their respective
phenotype [SNP/CB plus G1/2 was 100 %, SNP plus G3 was
88% (p=0.65), and CB plus G3 was 90% (p=0.82)], but
were not statistically significant (Fig. 1d).

Due to the low incidences of in-breast recurrences no
serious statistical calculations of univariate and multivariate
hazard regression models were possible (Table 3). Of note,
all five events were observed in patients with negative axil-
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lary nodal status, tumor grading G3, and following IOERT
with tube diameters smaller than 6 cm.

Discussion

Up to now, trials considering triple-negative phenotype
subanalysis for risk evaluation of subsequent local and
locoregional relapse’ following breast-conserving treatment
are scarce. Out of a cohort of 2985 breast cancer patients,
Voduc et al. [16] provide data of 556 triple-negative breast
cancer patients divided into basal-like (=295, positive for
cytoceratine 5/6 or epidermal growth factor receptor—cor-
responding to CB in our definition) and non-basal (n=261,
negative for cytoceratine 5/6 and epidermal growth fac-
tor receptor—categorized as SNP in the present study). Of
these patients, 246 (134 basal-like and 114 non-basal) were
allocated to breast-conserving surgery followed by adjuvant
radiotherapy, without further information on dose and tech-
nique. After a median follow-up of 12 years, 19 in-breast
relapses were described in the basal-like group, compared to
9 events in the non-basal cohort, corresponding to 10-year
local recurrence-free survival rates of 86 and 92 %, respec-
tively, and to a crude in-breast failure rate for all patients of
11.4% (basal-like 14.4 %, 8 % non-basal). Millar et al. [17]
analyzed a cohort of 394 invasive breast cancer patients and
identified 68 patients with a triple-negative receptor constel-
lation, all of them treated with breast-conserving surgery,
followed by whole breast irradiation up to total doses of
45-50 Gy (1.8-2 Gy/fraction) and a tumor bed boost of
16 Gy (2 Gy/fraction). Of these, 52 patients were catego-
rized as “basal-like” (positive for epidermal growth factor
receptor and/or cytoceratine 5/6) and 16 patients as “unclas-
sified” (negative for epidermal growth factor receptor and
cytoceratine 5/6) subtypes. In-breast recurrences occurred
more frequently (n=5) in the basal-like group compared to
the unclassified one (n=1), corresponding to 5 and 10 years
in-breast failure rates of 9.6 and 6.3 %, respectively. After a
median follow-up of 84 months, the crude in-breast recur-
rence rate of all 68 patients averaged 9% (n=6/68). Of all
394 patients, triple-negative subtypes [hazard ratio (HR)
2.4, p=0.016] and of these, the “unclassified” ones (HR
3.4, p=0.042) developed significantly more breast cancer-
specific deaths. The heterogeneity of TNBC phenotypes and
their different implication on survival has been described
previously [6, 8] but also with controversial results [18].
Our own study population could be interpreted as a
high-risk subselection of patients with a triple-negative
phenotype, of which 80, 55, and 41 % were diagnosed with
tumor grading G3, KI 67 % >20 %, and CB subtype, respec-
tively. These histopathological parameters stand for both
poor prognosis in cancer-specific survival and local failure
probability [6, 17, 19]. In contrast to previous observations
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[6, 8], we detected no statistically relevant influence of CB
subtype if compared to SNP classification either in terms
of survival or local control. All recurrences were associated
with tumor grading G3, which was ruled out as the stron-
gest histopathological feature in developing local failure as
described in a recent pooled analysis of the ISIORT Europe
[14], and in patients who were treated with IOERT tube
sizes <6 cm. Due to very small number of in-breast events,
no clear statistical and, thus, reliable parameters for clinical
decision-making could be identified. Despite these restric-
tions, it could be hypothesized that especially when treating
high-grade tumors, a boost volume has to be designed gen-
erously, e.g., by choosing sufficient IOERT tube diameters.
Apart from the obvious precision in terms of topographic
accuracy, it has been assumed that an intraoperatively
administered tumor bed boost is not only capable of reduc-
ing the risk of recurrences by activation of biologic path-
ways [20—22] but also seems to have—if not preventive—at
least a time-prolonging effect until the first occurrence of
in-breast relapses.

In the present cohort, the observed median time lapse of
77 months between IOERT and an in-breast event clearly
differs from a previously described peak within the first
3 years after treatment [7, 23]. Such a “blockade” in cellular
kinetics, resulting in a delay of first in-breast relapses longer
than 2 years, has been associated with a significant effect
on fewer cumulative incidences of distant metastases [24]
and could therefore result in a survival benefit. This biologic
effect could be also more relevant in “high-risk” triple-neg-
ative subtypes due to their known tendency for worse local
control and, hence, possibly also survival [25-27].

Why patients with tumor grading G3 did better in sur-
vival analyses than those with G1/2 cannot be answered
in detail. One could hypothesize that G3 tumors represent
a subgroup with a possibly better clinical response to sys-
temic treatment, corresponding to the experience from clini-
cal trials investigating tumor response rates after primary
systemic treatment. In these trials, a triple-negative pheno-
type and tumor grading G3 ruled out as characteristics with
a high probability for histologically proven pathological
complete response, henceforth, also possibly contributing
to improved overall survival [28].

Limitations to the article are its retrospective character
and the small number of patients, which could distort sta-
tistical accuracy.

Conclusion

IOERT as boost modality during breast-preserved operated
patients with triple-negative breast cancer, provides accept-
able local control after long-term follow-up and prolongs
the time interval to the first occurrence of in-breast recur-
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rences. Triple-negative breast cancer characterized as SNP
together with tumor grading G3 was identified to be the best
subgroup in terms of disease-specific survival.
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