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Abstract

Background \Whole-breast radiotherapy (WBRT) after breast-conserving surgery (BCS) in older patients can be
challenging due to the increased presence of comorbidities, comedication, the presence of a pacemaker or difficulties
in traveling to treatment every day. Challenging times, such as the pandemic, can also lead to RT not being performed
despite the indication. Very short treatment regimens are therefor of special interest in this population reducing
overall treatment time and radiation exposure. TARGIT-E is a phase Il trial investigating intraoperative radiotherapy
(IORT) during BCS in elderly patients. We report long-term follow-up results of TARGIT-E.

Methods Patients with BC (=70 years, cT1-2, cNO, MO) were enrolled at 28 European centers. A single dose of

IORT (20 Gy) was given during BCS. Additional postoperative WBRT was applied if risk factors were present in final
histopathology. Primary outcome was local recurrence-free rate (RFR) using the Kaplan-Meier-method. Late toxicities
were assessed by LENT-SOMA criteria, and cosmetic outcomes were graded using BCCT.core software.

Results In 591 patients (median follow-up 5.4 years) RFR was 97.6% (Cl: 96.1, 99.2) and 97.1% (Cl: 95.2, 98.9) after 5
and 7 years. Overall survival was 96.2% (Cl: 94.4,98.1) and 91.8% (Cl: 91.5, 92.1) after 5 and 7 years. We observed either
no or mild late toxicities after 7 years. The most frequent toxicities were fibrosis (grade II-lll: 15.7%), pain (grade II-lII:
3.3%), retractions (grade I: 30%), and teleangiectasia (grade I: 8.9%). Chronic higher-grade fibrosis was seen in 10%
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and chronic pain in 2% after 7 years in patients treated with IORT only. Cosmetic outcomes were excellent or good for

most patients.

Conclusions The high local control rate and overall survival in combination with low occurrence of late toxicities
over 7 years demonstrate that targeted intraoperative radiotherapy is a fast, simple and feasible method during

breast-conserving surgery for selected elderly patients.

Trial registration TARGIT E was prospectively registered at ClinicalTrials.gov with the number NCT01299987 (date: 18

February 2011).

Keywords Breast cancer, Accelerated partial breast irradiation (APBI), Intraoperative radiotherapy (IORT), Breast-
conserving surgery, Toxicity, Cosmetic outcome, Elderly patients, TARGIT

Background

Breast cancer (BC) is the most frequent malignant tumor
in women, approximately every third woman (36%) pre-
senting with an oncological malignancy has BC [1]. For
locoregional treatment of early BC, breast-conserving
surgery (BCS) followed by postoperative radiotherapy
(RT) is recommended for most patients [2]. It has been
shown that RT, by whole-breast radiotherapy (WBRT)
after BCS, results in an absolute reduction in the 10-year
risk of any first recurrence by 15.7% and in the 15-year
risk of BC-related mortality by 3.8% [3]. Several studies
and meta-analyses have demonstrated that additional RT
after BCS is the most effective method to reduce local
recurrence [4, 5].

BC is increasingly prevalent in elderly patients per se
[6], and life expectancy is steadily increasing [7]. How-
ever, elderly patients have generally been underrepre-
sented in clinical trials [8]. Yet, the unique characteristics
of this patient population, e.g., general condition, comor-
bidities and comedication, should warrant a closer look.
Also, elderly patients may carry cardiac pacemakers that
require special attention when applying RT [9]. Radiation
of the whole breast can cause radiation toxicities such
as fibrosis and edema, and expose organs like heart [10],
lung and thyroid [11] to irradiation that might reduce
quality of life (QoL) [12, 13]. RT-associated toxicity rates
in elderly patients have been reported to be comparable
to the general population [14]. Still, several studies have
investigated the omission of RT after BCS in elderly
patients [8, 15-18]. In these studies, omission of RT in
elderly patients was generally associated with worse out-
comes, for instance, increased rates of local recurrence
with a hazard ratio of >10 when RT is omitted [15-18]
or reduced overall survival [8]. Sometimes RT is omitted
for elderly patients due to fear of toxicity, comorbidities,
comedication or presence of pacemakers. Additionally,
challenging times, like the COVID pandemic, may cause
omission of RT in elderly patients to spare overall treat-
ment time and health care resources. A strategy to limit
possible toxicity is to use targeted RT to irradiate the
breast partially rather than entirely [19]. This approach
may be adequate and sufficient for achieving local cancer

control using different techniques such as brachytherapy;,
external beam irradiation or Intraoperative radiotherapy
(IORT) [20-22], as several observational studies and
randomized clinical trials have demonstrated that more
than 90% of recurrent disease occurs within the index
quadrant [21, 23-26]. IORT is a special method for tar-
geted RT that administers radiation during BCS while
the patient is still under anaesthesia [27, 28]. This means
that BC treatment is completed within one procedure
[19]. Patients receiving IORT alone reported better QoL,
reflected in significantly less general pain, breast and arm
symptoms, and better role functioning compared with
patients receiving WBRT [29]. No long-term data evalu-
ating IORT in elderly patients are available up to now.
TARGIT-E is a prospective, multicentric, and interna-
tional single-arm phase II trial (NCT01299987) to evalu-
ate the efficacy and safety of a risk-adapted approach for
RT consisting of a single dose of IORT in elderly patients
(=270 years) with low-risk BC with subsequent WBRT
only when risk factors were present in final histopa-
thology. To closely mirror the elderly real-world patient
population, TARGIT-E included elderly patients with-
out restrictions regarding the general conditions and
comorbidities.

The first results of TARGIT-E with a median follow-up
of 3.25 years showed a local recurrence-free rate (RFR) of
99.8% after 2.5 years [30]. Here, we report the results of
TARGIT-E after a median follow-up of 5.4 years with a
special additional focus on long-term toxicities as well as
cosmetic results.

Methods

The study protocol has been published previously [31].
Patients with low-risk BC (=70 years, cT1-2, cNO, cMO0,
invasive carcinoma of no special type) were enrolled
between February 2011 and September 2014. Patients
were enrolled at 28 centers in Europe. The centers in
Germany were Berlin, Bottrop, Essen, Hamburg (three
centers), Hamm, Homburg, Kéln (two centers), Han-
nover, Ludwigsburg, Magdeburg, Mannheim, Miinchen
(two centers), Meiningen, Niirnberg, Regensburg and
Westerstede. International centers were Frauenfeld
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(Switzerland), Bordeaux (France), Dijon (France), Lyon
(France), Marseille (France), Montpellier (France),
Nantes (France), and Herlev (Denmark). All patients
signed informed consent to participate in the study. The
protocol and all amendments were approved by ethics
committees at all participating institutions.

During breast-conserving surgery, a single dose of
20 Gy low-energy IORT with 50 kV was given (INTRA-
BEAM, Carl Zeiss Meditec, Germany). Additional post-
operative WBRT (46-50 Gy) was applied in case risk
factors were present in the final histopathology report
(see final study design/treatment scheme in Fig. 1).
In total, 383 patients received IORT alone (65%), 132
patients received IORT + WBRT (22%) and 36 patients
received WBRT alone (6%) due to large tumor cavity or
too small skin-applicator distance.

Systemic therapy was applied according to interna-
tional guidelines [32]. The primary endpoint was the
local recurrence (event within 2 cm around the tumor
bed) rate according to Kaplan—Meier-estimates after
2.5, 5 and 7.5 years. Further endpoints were overall
survival (death from any cause as an event), ipsilateral
recurrence (event>2 cm away from the tumor bed) and
contralateral breast cancer (every event in the contra-
lateral breast), lymph node recurrence (any event in the
ipsilateral regional lymphatic drainage), distant metas-
tases (any other breast cancer related active tumor
not included in the other endpoints), toxicities, and
cosmetic results. Toxicities were assessed by a physi-
cian using LENT-SOMA criteria [33] during scheduled
follow-up timepoints. If patients experienced multiple
events, the event relevant to the analyzed endpoint was
evaluated. For example, if a patient experienced a local

Inclusion criteria:

= Age: 270 years
* Invasive ductal histology

BCS + SNE
. (T':lJrSnTo)r stage: ¢cT1 or cT2 up — IO;;I'(\:;ith

to 3.5 cm, cNO, cMO
* No multifocality/-centricity
* No EIC (biopsy)
= No L1 (biopsy)
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recurrence followed by a metastasis, she was included in
the RER analysis at the time of the local recurrence and
in the metastasis analysis at the time of the metastasis.
For REFS, either a local recurrence or death was counted
as an event, depending on which occurred first. Cumu-
lative rates from freedom of chronic toxicity (occurring
at least 3 times during follow-up) were estimated using
the Kaplan—Meier method for fibrosis grade II-III, pain
grade II-III, any teleangiectasia or retraction. Cosmetic
outcomes were analyzed for a subset of patients and
rated via BCCT.core as excellent, good, fair, or poor
[34]. BCCT.core was assessed preoperatively and after
6 weeks, 3 months, 6 months, and then every year up
to 10 years after the intervention. Local recurrence-free
rate (RFR) and local recurrence-free survival (RFS) were
calculated using the Kaplan—Meier method. Discontinu-
ation of the trial was considered necessary if the local
recurrence rates exceeded 3/4/6% at 2.5/5/7.5 years.
Absolute and relative frequencies were calculated for
qualitative variables and minimum, maximum, median,
mean and standard deviation were determined for quan-
titative variables. To identify a relationship between two
qualitative parameters, the chi-square test or, if neces-
sary due to the data, Fisher's exact test was used. Survival
curves were generated by the Kaplan—Meier method.
Comparison of the Kaplan—Meier curves was performed
with the log-rank test. All statistical calculations were
performed using the SAS software, release 9.4 (SAS Insti-
tute, Inc, Cary, NC). A test result has been assumed sta-
tistically significant for a p-value less than 0.05. This is an
intention-to-treat analysis.

No risk factors No further RT

Additional
percutaneous
WBRT with 46 Gy

Risk factors
(based on final
histopathology)

>2 cm*/>3.5 cm**
Other histology
Free resection

(with 1-3 positive
lymph nodes WBRT
with 50 Gy and with 2
margins <1 cm*/ 4 positive lymph
<2 cm*™* nodes WBRT and
L1 RNI with 50 Gy)
pN+
Multfocality/
-centricity
EIC

Systemic therapy according to guidelines

Fig. 1 Study design/treatment scheme of TARGIT-E. *In German, Switzerland and Denmark; **In France; In case of positive margins, re-resection should
be done. BCS: Breast-conserving surgery; EIC: Extensive intraductal component; IORT: Intraoperative radiotherapy; L1: Lymphangio invasion; NST: No
special type; pN +: Positive lymph nodes; RNI: Regional nodal irradiation; RT: Radiotherapy; SNE: Sentinel node biopsy; WBRT: Whole-breast radiotherapy
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Results

For this analysis, 591 patients with a median patient
age of 74 years were included. The median follow-up
was 65 months (5.4 years. Most patients (65%) received
IORT only. 22% received IORT + WBRT and 6% received
WBRT only, due to a large tumor cavity or the tumor
being very close to the skin. There were 257 right-sided,
327 left-sided, 7 with missing laterality and 301 screen-
detected breast cancers. Most included patients had
ductal invasive tumor histology. Tumor size was largely
T1 with a median tumor size of 12 mm and a range of
1-90 mm. Regarding receptor status, most patients were
positive for estrogen receptor (ER) (95%) and positive for
progesterone receptor (PR) (56%). Seventeen patients
were triple negative. Further selected baseline character-
istics are shown in Table 1.

Out of 591 patients, 18 (3.0%) had a local recurrence
(occurrence 339 to 3141 days after IORT). Local recur-
rences occurred in 13 out of 383 (3.4%) patients treated
with IORT, in 4 out of 132 (3.0%) in patients treated with
IORT and WBRT and in 1 out of 36 (2.8%) in patients
with WBRT. The local RFR as per protocol was 99.8% (CI:
99.5, 100.0; 1 failure), 99.4% (CI: 98.7, 100.0; 3 failures),
97.6% (CI: 96.1, 99.1; 10 failures), and 97.1% (CIL: 95.4,
98.9; 11 failures) of patients free of local recurrence after
1, 3, 5, and 7 years post-treatment, respectively (Fig. 2
A)). Therefore, local recurrence rates of 2.4% at 5 years
and 2.9% at 7 years did not exceed the predefined stop-
ping criteria (3/4/6% at 2.5/5/7.5 years).

There were 29 deaths during the follow-up period.
Overall survival rates were high (99.8% (CI: 99.4, 100.0;
1 death), 98.3% (CL: 97.2, 99.5; 7 deaths), 96.2% (CI: 94.4,
98.1; 16 deaths), and 91.8% (CI: 91.5, 92.1; 28 deaths)
after 1, 3, 5, and 7 years post-treatment). As death is a
relevant concurring event in our elderly patient popula-
tion, we combined local recurrence and death (whatever
occurs first) to estimate local recurrence-free survival.
Figure 2 B) shows that after 1, 3, 5 and 7 years, 99.6% (CIL:
99.1, 100.0; 2 events), 98.0% (CI: 96.7, 99.2; 10 events),
94.4% (CI: 92.1, 96.6; 24 events) and 89.6% (CI: 86.3, 92.9;
37 events) of the patients were alive without local recur-
rence, respectively.

Regarding other recurrences, ipsilateral recurrence
(>2 cm from the tumor bed) was the most frequent, with
13 recurrences within the study period. Contralateral
breast cancer (N=4), locoregional lymph node recur-
rence (N=5), distant metastasis (N=8), and secondary
malignancies (N=3) were also observed (Supplement
Table 1).

Late toxicities were assessed by LENT-SOMA criteria
[34], ranging from grade O (no toxicity) to grade IV (life-
threatening toxicity). There were no grade IV or V tox-
icities during the follow-up period. Toxicities grade II-III
were rated here as higher-grade toxicities and considered
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Table 1 Baseline characteristics of all patients included in

the TARGIT-E study. IORT: Intraoperative radiotherapy; RNI:
Regional node irradiation; RT: Radiotherapy; WBRT: Whole-breast
radiotherapy

Characteristic TARGIT-E
population
(N=591)
Age at enrolment in years, median (min.; max.) 74 (70; 90)
Type of RT, N (%)
IORT alone 383 (64.8)
WBRT alone 36 (6.1)
IORT +WBRT 132(223)
RNl axilla; supraclavicular fossa 5(0.8); 3 (0.5)
Not specified 40 (6.8)
Irradiation time (IORT) in minutes, median (min.; max.) 26 (17;87)
Applicator size in mm, median (min.-max.) 40 (20; 50)

IORT dose in Gy, median 20

WBRT dose in Gy, median (min.-max.) 47 (36—66,4)
Tumor histology, N (%)
Ductal invasive 542 (91.7)
Infiltrating lobular carcinoma 15(2.5)
Mixed 11(1.9)
Not specified 23 (3.9
Tumor grade, N (%)
G1 255 (43.1)
G2 266 (45.0)
G3 47 (8.0)
Not specified 23 (3.9
Tumor size, N (%)
T 515(87.1)
T2 45 (7.6)
T3 1(0.2)
Not specified 30(5.1)
Lymph node, N (%)
Negative 325(55.0)
Positive 50(8.5)
Not done 6(1.0)
Not specified 210 (35.5)
Lymphangio invasion, N (%)
Yes 39 (6.6)
No 502 (84.9)
Not specified 50 (8.5)
Endocrine therapy, N (%)
Yes 448 (75.8)
No 128 (21.6)
Not specified 15 (2.5)
Chemotherapy, N (%)
Yes 36 (6.1)
No 541 (91.5)
Not specified 14 (2.4)

clinically relevant. For teleangiectasia and retractions,
only mild toxicities of grade I were reported but consid-
ered clinically relevant for this study. Supplement table 2
overviews all recorded late toxicities according to LENT-
SOMA over 7 years of follow-up.overviews all recorded
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Fig.2 A Local recurrence-free rate (RFR). Only local recurrence was counted as an event in this Kaplan-Meier estimate (per protocol). B Local recurrence-
free survival. Local recurrences and death counted as an event, whatever occurs first. FU: Follow-up, SE: Standard error

late toxicities according to LENT-SOMA over 7 years of
follow-up.

For most patients and all assessed late toxicities, there
were either no toxicities (grade 0) or mild toxicities
(grade I). Ulcerations and lymph edemas were very rare
in general, with grade II-III toxicities occurring<1%
throughout the follow-up period. Hyperpigmentation
grade II only occurred within the first 3 years (2.6% after
1 year, 0.3% after 3 years). The most frequent late toxici-
ties were fibrosis, retractions, pain, and teleangiectasia.
Regarding fibrosis, 15-18% of patients exhibited grade
II fibrosis and 0.3—1.1% grade I1I fibrosis throughout the
follow-up period; fibrosis rates did not differ substantially
after 1, 3, 5, and 7 years. Retractions grade I occurred
in 21-30% of patients with no grade II or III retractions
through the whole follow-up period. There was a slight
trend towards increased mild retraction rates over time.
Around 11% of patients reported pain grade II-III after
1 year of follow-up. This rate decreased over time to
around 3% after 7 years. Teleangiectasia occurred for
approx. 6% of patients after 1 year, with a slight increase

in rates over time to 8.9% after 7 years. Figure 3 depicts
the time course of late toxicities.

Freedom from chronic toxicities was analyzed by
Kaplan—Meier estimation showing cumulative incidences
for the most common toxicities occurring at least three
times during follow-up (thereby considered chronic).
These analyses also differentiated toxicity-free rates
between the different RT modalities: IORT, WBRT, and
IORT + WBRT. Figure 4 shows the time course of toxic-
ity-free rates for the four most common late toxicities.

Chronic higher grade fibrosis was seen in 10% and
chronic pain grade II or III in 2% after 5 and 7 years in
patients treated with IORT only. After 7 years, 97% had
no teleangiectasia and 84% no retraction with IORT
only. In the case of fibrosis, the group of patients receiv-
ing both IORT +WBRT showed significantly lower
toxicity-free rates after 5 and 7 years when compared to
the groups of patients receiving either IORT or WBRT
only (free from fibrosis: IORT after 5 and 7 years: 90%,
WBRT after 5 and 7 years: 93% vs. IORT + WBRT after
5 and 7 years: 66%; p<0.001). The same trend was seen

50
i Fibrosis grade [I-l1I
40 Hyperpigmentation grade Il
9 1 Lymphedema grade I1-l|
8 304 —@- Retraction grade |
c
S ]
5 2 Breast edema grade II-lI
2 ]
8 | Ulceration grade I1-IIl
10 Pain grade I1-l1l
b Teleangiectasia grade |
04
T T T T
1 year 3 years 5 years 7 years
Time from surgery
Fig.3 Occurrence of toxicities over time. Depicted are toxicities with LENT-SOMA grade II-Ill. For retractions and teleangiectasia, grade | is shown, as only

mild toxicities of grade | were reported
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Fig. 4 Toxicity-free rates of selected late toxicities, analyzed by the Kaplan-Meier method. A Rate of patients without chronic fibrosis grade Il or lll; B Rate
of patients without chronic pain of the breast grade Il or Ill; C Rate of patients without retraction; D Rate of patients without teleangiectasia. IORT: Intra-

operative radiotherapy; WBRT: Whole-breast radiotherapy, *not significant

for pain (IORT after 5 and 7 years: 98%, WBRT after 5
and 7 years: 93% vs. IORT + WBRT after 5 years: 89% and
after 7 years: 85%; p <0.05). For the occurrence of retrac-
tions, there was a significant correlation with tumor size
(p<0.001).

The subset of available patients with eligible photos for
cosmetic analysis were up to 81 patients and is therefore
very limited. During follow-up, the number of available
patients decreased to 11 patients at 7 years. Because only
few patients were available after a follow-up of 7 years no
further data are shown for the years 8—10. Preoperatively
(N=81), cosmetics were rated as excellent for 21.0% of
patients, good for 66.7% of patients, fair for 11.1%, and
poor for 1.2% of patients. After the intervention, the per-
centage of excellent and good cosmetic ratings decreased
over the follow-up period (range for excellent outcomes:
0-18.6%; range for good outcomes: 37.2-54.2%). Figure 5
depicts the time course of cosmetic outcomes over the
study period.

Cosmetic outcomes were also evaluated with regard
to RT modality over the whole study period. There were
54 excellent results in total, 35 of which were with IORT
only (64.8%), 6 were with WBRT only (11.1%), and 13
were with the combination of IORT and WBRT (24.1%).
Good cosmetic outcomes were reported in 220 patients;

of these, 135 were treated with IORT only (61.4%), 30
with WBRT only (13.6%), and 55 with IORT + WBRT
(25.0%). Fair cosmetic outcomes occurred in 156 cases,
68 with IORT only (43.6%), 16 with WBRT only (10.3%),
and 72 with IORT + WBRT (46.1%). Lastly, there were 26
poor results in total, 11 with IORT only (42.3%) and 15
with IORT + WBRT (57.7%).

Discussion

This study evaluated risk-adapted intraoperative
radiotherapy (IORT) during breast-conserving sur-
gery in patients>70 years. Most received IORT alone.
After>7 years, recurrence rates were low, with local
control and overall survival >90%. Late toxicities were
infrequent and mild, particularly after IORT alone. Cos-
metic outcomes were mostly good to excellent, favoring
IORT over WBRT. IORT, especially given as a sole treat-
ment, appears to be an effective, well-tolerated, and cos-
metically favorable option in elderly patients. The rate of
additional WBRT to IORT was 22% in this study due to
requirements from the national authorities in Germany
to add WBRT as soon as a resection margin less than
1 cm was achieved back in the year 2011. In the following
study TARGIT C (NCT02290782) they already stepped
back and followed the literature, so 1 mm resection
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Fig. 5 Cosmetic outcomes assessed by BCCT.core over the study period

margin as recommended in the national guideline is
adequate. This should lower the rate of combined treat-
ment and offer much more one-stop-shop treatments for
elderly patients with IORT.

Local control was 3% overall in our cohort. When
IORT was given alone a further BCS in combination with
WBRT can be done to treat a later local recurrence or
ipsilateral breast cancer. Additionally, IORT also seems to
reduce non-breast cancer mortality and might have ben-
eficial effects compared to WBRT as shown by Vaidya et
al. [35]. Patients treated with IORT showed also a better
prognosis than patients treated with WBRT with local
recurrence [35]. This is also in line with our findings of
low metastasis rates and an excellent overall survival
of >90% after 7 years. On a mechanistic level, IORT may
improve antitumor immunity, as it was shown that a sin-
gle dose of IORT can increase the natural killer cell count
in peripheral blood. In contrast, immunosuppressive cells
involved in immune escape were not stimulated by IORT
[36]. Additionally, IORT seems to modulate the tumor
microenvironment by altering cytokine expression in the
wound fluid leading to reduced proliferation of mesen-
chymal stromal cells and chemotactic migration activity
[37]. Furthermore, IORT has also been successfully used
in elderly patients with cardiac pacemakers, not causing
pacemaker malfunction, thereby eliminating the neces-
sity of relocating pacemaker surgeries [38, 39]. IORT
offers advantages for patients living far away from treat-
ment centers, as complete treatment with BCS and IORT
is finished within a “one-stop-shop” procedure, compared
to WBRT, which takes longer [40]. Not only is this conve-
nient for the patients, but completing RT within one pro-
cedure can substantially reduce CO, emissions caused by
frequent trips to the treatment center to receive WBRT,
making IORT a sustainable RT method [41, 42]. Vaidya
et al. showed also that IORT is highly cost-effective com-
pared to WBRT and also QALYs were higher after IORT
compared to WBRT (8.15 vs. 7.97) based on the results
from the TARGIT A study [43].

Other studies that evaluated RT in elderly patients
have shown that the complete omission of RT showed
inferior local recurrence-free rates compared to adju-
vant RT. For example, 5-year local RFR in the PRIME
II study and the CALGB 9343 study were similar to the
here reported rates (PRIME II: 98.7%, CALGB 9343: 99%)
but significantly lower when RT was omitted [15, 16].
Both in the long-term follow-up of PRIME II (median
follow-up: 9.1 years) and CALGB 9343 (median follow-
up: 12.6 years), the difference in local RFR was even
more pronounced and significantly in favor of WBRT
after BCS (PRIME II: 90.5% without RT and 99.1% with
RT, HR 10.4 (p<0.001) [44]; CALGB 9343: 90% without
RT and 98% with RT, HR: 5.56 (p<0.001)) [17]. Looking
at survival, the PRIME II study showed equivalent over-
all survival rates of ~80% in both groups, which is 10%
lower compared to the TARGIT-E population (~90%).
This supports data from TARGIT-A and other analysis
of cohorts treated with IORT showing consistently high
overall survival rates [45, 46]. Another study showed also
that WBRT in addition to BCS in elderly patients lead to
significantly better local control in a real-life setting [47].

Concerning toxicities, targeted IORT can reduce the
irradiation of healthy tissues, decreasing RT-related tox-
icities [19]. In TARGIT-E, we observed either no late
toxicities or mild ones for most patients. Freedom from
chronic toxicity was remarkable high after IORT alone
and less when IORT was given in combination with
WBRT. These rates for the combined treatment of IORT
and WBRT are comparable with toxicity rates reported
in the TARGIT-BQR phase IV registry study that ana-
lyzed toxicity data of 902 patients with a median age of
61 years treated with IORT and WBRT [48]. Retractions
might be more frequent in elderly patients as skin elastic-
ity and skin recovery decrease with age [49]. However, we
did not find a clear trend, and furthermore, all reported
retractions were mild (grade I).

In TARGIT-E, we found a trend towards more excel-
lent and good results for patients that received IORT
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only compared to WBRT only and IORT + WBRT. These
results have, however, to be interpreted with caution,
as the total number of evaluated patients (especially at
later time points) was low. Additionally, the cause-and-
effect relationship is not unambiguous, as patients who
received IORT + WBRT generally had additional risk fac-
tors such as larger tumor size or multifocality and addi-
tional treatment with chemotherapy.

Limitations of this study are the single-arm design and
that the assessment of late toxicities and cosmetic results,
although performed with standardized measures, is nev-
ertheless based on subjective evaluation by physicians
and photographic documentation (with a software-based
evaluation). Also, many patients were lost to follow-up
over time regarding assessment of late toxicities and cos-
metic results, e.g., as participation of patients in follow-
up visits in the clinic decreased over time because of
logistical effort, pandemic situation (COVID-19) and/or
reduced mobility, which might be especially relevant to
elderly patients.

Conclusions

Our results show that targeted IORT is an effective, fast
and feasible method for RT during BCS, especially for
elderly patients. Over 7 years of follow-up, local RFR and
overall survival were very high, and rates of late toxici-
ties assessed by LENT-SOMA were largely non-existent
or mild and comparable to toxicity rates for younger
BC patients. Cosmetic outcomes were largely excellent
or good and also comparable to cosmetic outcomes for
younger patients. Therefore, IORT is a very interesting
single-shot solution for elderly patients with early breast
cancer.
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