
Abstract. Background: Standard treatment for locally
advanced cervical cancer is external beam radiotherapy
followed by brachytherapy (BT). Stereotactic body radiation
therapy (SBRT) is a possible option for treating patients
ineligible for BT. Patients and Methods: From October 2012
to July 2020, nine women with cervical cancer received SBRT
to high-risk volumes. The Kaplan–Meier method was used to
estimate the rates of overall and disease-free survival. Results:
The median age was 52 years; 88% of patients had squamous
carcinoma. Reasons for forgoing BT were cervical canal
stenosis, treatment refusal and hematological disease. The
median boost dose was 18 Gy and the median dose per
fraction was 6 Gy. Median follow-up was 16 months. The
median survival was 24 months, the actuarial 2-year OS rate
was 70%, and median disease-free survival was 11 months.
One grade 3 late vaginal toxicity was reported. No acute nor
late grade 4 toxicities were observed. Conclusion: SBRT boost
in patients with cervical cancer ineligible for BT led to
acceptable survival outcomes and a safe toxicity profile.

External beam radiotherapy (EBRT) with concurrent
chemotherapy followed by intracavitary interventional
radiotherapy/brachytherapy (BT) is the standard of care for

patients with locally advanced cervical cancer (1-4). For
these patients both intracavitary and interstitial BT are
important components of the standard treatment (5-9). In
daily clinical practice, however, a small proportion of
patients refuse BT or are ineligible due to anatomical
conditions not allowing the insertion of an applicator. The
use of EBRT boost instead of BT was associated with quite
unsatisfactory outcomes in several series of patients with
locally advanced cervical cancer (10-13).

Stereotactic body radiation therapy (SBRT) can deliver
high-dose radiation to the target volume in a very conformal
manner over a few fractions and may be used in different
clinical scenarios to treat the final boost volume in
gynecological patients who are ineligible for BT, using non-
uniform treatment schedule (14-16). SBRT might therefore
represent an option for patients with locally advanced
cervical cancer unfit for BT boost. Data on such an approach
are scarce in literature, limited in numbers and use
heterogeneous schedule of treatments (17-26). Therefore, the
purpose of this study was to evaluate clinical results and
acute and late toxicities of SBRT boost in a series of nine
patients ineligible for BT at our Institute.

Patients and Methods

Patients. From October 2012 to July 2020, nine consecutive women
with locally advanced cervical cancer were treated with SBRT as a
final boost to the volumes considered at high-risk for relapse.
Patient ages ranged from 38 to 79 years (median=57 years). Patient,
tumor, and treatment characteristics are summarized in Table I.
Patients were staged according to latest International Federation of
Gynecology and Obstetrics (FIGO) criteria (27): Three had stage
IIA, two stage IIB, one stage IIIB, one IIIC and two IV A. All
patients were staged with total body computed tomography or
positron-emission tomography/computed tomography (CT) and
pelvic magnetic resonance imaging (MRI).

Treatments. Simulation CT images for both treatments were taken in
3-mm increments over the region of interest. Before simulation CT,
all nine patients were asked to have an empty rectum (a micro enema
was suggested before every boost fraction) and an empty bladder.
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Eight out of the nine patients were treated with simultaneous
integrated boost (SIB) fractionated radiotherapy; seven of these
patients were treated with prophylactic dose of 50.4 Gy (1.8 Gy per
fraction) to the uterus/ovaries, and draining lymph-nodal groups
according to internal and international guidelines, while the
prescribed dose to the gross tumor volume (i.e. cervix, parametria,
vaginal tissues based on vaginal extension) and involved lymph
nodes was 61.6 Gy (2.2 Gy per fraction) (4, 28, 29). One of these
eight patients was treated with a prophylactic dose of 54 Gy (2 Gy
per fraction) and a total dose to the GTV of 60 Gy (2 Gy per
fraction). One patient received standard fractionation to the pelvis
with a total dose of 50.4 Gy (1.8 Gy per fraction).

Eight patients were treated with chemotherapy during
fractionated EBRT: 40 mg/m2 cisplatin weekly for 5-6 cycles.
Chemotherapy began within the first week of radiotherapy start and
was administered during EBRT treatment but not during the boost.
One patient received only radiotherapy with intensity-modulated
radiotherapy (IMRT) SIB technique.

Pelvic MRI was performed in all patients after completing EBRT
to assess the radiologic response. T2-Weighted axial acquisition was
chosen as image fusion to better draft the target volumes.

The clinical tumor volume (CTV) and organs at risk (OARs)
were contoured on sequential axial CT slices. 

For patients achieving local complete radiological response after
EBRT, the high-risk (HR)-CTV) was defined as the whole cervix. For
patients having residual tumor after EBRT, the HR-CTV included the
residual GTV and the whole cervix. The planning target volume (PTV)
was created expanding the HR-CTV by 5 mm in all directions, except
in the posterior direction where a reduced margin of 3-4 mm was
employed in order to reduce the dose to the rectal wall. The OARs
included the rectum, sigmoidal colon, urinary bladder, and bowel.

The Eclipse 4.5.5 (Varian) treatment planning system, and
volumetric-modulated arc therapy/intensity-modulated radiotherapy/
IMRT technique on a 6-MV linear accelerator Varian were used for
SBRT (Figure 1). All patients underwent image-guided radiotherapy
using cone-beam CT system as daily pre-treatment imaging. Any
observed set-up error ≥2 mm was corrected prior to treatment.

The patients were treated with a stereotactic boost with a total
dose of 15-25 Gy in 3-5 fractions (5-7 Gy per fraction).

Radiotherapy was delivered every 72 h according to the high
dose-rate BT schedule usually used. The different fractionated
schedules adopted were tailored for each patient with the aim of
a dose to the OAR-adapted approach, respecting the prescribed
oncological dose to the tumor, where the total dose was calculated
according to doses to PTV equivalent dose in 2 Gy fractions
(EQD2) (80.8-92.4 Gy) and to OARs (dose max of 75 Gy EQD2
to 2cc of rectum and dose max of 90 Gy to 2cc of bladder)
according to International Commission on Radiation Units and
Measurements 89 (30).

Toxicities and follow-up. Urinary and lower gastrointestinal acute
adverse effects were reported according to the Radiation Therapy
Oncology Group and the European Organization for Research and
Treatment of Cancer scoring system (31) every week during EBRT
and SBRT, 5-6 weeks and 3 months after treatment completion,
with late toxicity being reported after a minimum 6-month follow-
up period. Sexual late toxicities were scored after a minimum 6-
month follow-up period according to the Symptoms, Objective,
Management, Analytic scoring system (32). Patients were
followed-up with clinical examinations, blood tumor markers and
pelvic MRI performed at 2 months after boost and every 3 months
thereafter. Total body positron-emission tomography-CT scan or
transvaginal ultrasound were prescribed depending on clinical
status and disease stage.

Response. Response was assessed with pelvic MRI immediately
after completing EBRT and the end of SBRT boost according to
RECIST 1.1 criteria (33).

Statistical analysis. Statistical analysis was performed using the
SPSS statistical software package version 13.0 (SPSS, Chicago, IL,
USA). Overall survival (OS) was calculated from the date of
diagnosis to the date of death from any cause or the date of the last
follow-up. Disease-free survival (DFS) was calculated from the date
of the end of radiotherapy course to the date of either distant
metastases, locoregional recurrence or the date of the last follow-
up. The Kaplan–Meier method was used to estimate the rates of OS
and DFS. 
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Table I. Patient characteristics. 

Patient   Age,    Diagnosis    Histology      Stage           Recommended            Chemotherapy     EBRT dose,      Reason ineligible   SBRT boost dose, 
              years                                             (FIGO)                                                                           Gy/fractions               for BT                 Gy/fractions

1              79          Cervix          SCC           IIIC          CHT + EBRT+ BT               None                61.6/28             Patient refusal                 20/4
2              50          Cervix          SCC            IIB          CHT + EBRT+ BT             Cisplatin              61.6/28             Patient refusal                 21/3
3              67          Cervix          SCC            IIB          CHT + EBRT+ BT             Cisplatin               60/30            Cervical stenosis               18/3
4              75          Cervix          SCC            IIA          CHT + EBRT+ BT             Cisplatin              61.6/28          Cervical stenosis               21/3
5              38          Cervix          SCC            IIA          CHT + EBRT+ BT             Cisplatin              61.6/28              Glanzmann’s                  15/3
                                                                                                                                                                                      thrombasthenia
6              57          Cervix          SCC           IVA          CHT + EBRT+ BT             Cisplatin              61.6/28          Cervical stenosis               15/3
7              50          Cervix          SCC           IVA          CHT + EBRT+ BT          Carboplatin           61.6/28         Thrombocytopenia              15/3
8              58          Cervix          SCC           IIIB          CHT + EBRT+ BT             Cisplatin              61.6/28          Cervical stenosis               18/3
9              46          Cervix          ADC           IIA     TAH-BSO + EBRT + BT       Cisplatin              50.4/28          Cervical stenosis               25/5

ADC: Adenocarcinoma; BT: brachytherapy; EBRT: external beam radiation therapy; SCC: squamous cell carcinoma; TAH-BSO: total abdominal
hysterectomy and bilateral salpingo-oophorectomy.



Results

A total of nine patients were included in the analysis. The
median age was 52 (range=38-79) years. The majority of
patients (88%) had squamous cell carcinoma. The most
frequent reason for forgoing BT was cervical canal stenosis
(six patients). Patient and tumor characteristics are shown in
Table I. 

Four out of nine patients showed complete radiological
response and five patients had gross residual tumor assessed
by pelvic MRI performed after EBRT before SBRT boost. 

The median time between the end of EBRT and the start
of the SBRT boost was 20 days (range=14-30 days). The
median boost dose for patients was 18 Gy (range=15-25 Gy);
the median dose per fraction was 6 Gy (range=5-7 Gy).
Treatments were prescribed to the median 94% isodose line
(range=91-98%). The median PTV was 63.9 (range=19.3-
141.4) cm3 (Table II). The median total dose was 84 Gy
(range=80.8-92.4 Gy EQD2) delivered in an overall median
treatment time of 92 days (range=62-104 days).

Response was assessed with pelvic MRI after a median of
3 months (range=2-5 months) from the end of SBRT boost.
After SBRT boost, complete response was recorded in all
patients. Only one local recurrence was observed at 8 months

after SBRT boost in a patient with FIGO stage IVA at
diagnosis who had gross residual tumor after EBRT but
achieved complete radiological response after SBRT boost.
The systemic progression of metastatic disease was seen in
two patients with FIGO stage IIIB and IVA respectively, who
did not achieve complete response after EBRT but achieved
local complete response after SBRT boost. One patient died
13 months after SBRT boost completion from noncancer
causes (Table III). The median follow-up was 16 months
(range=6-58 months). The median OS was 24 months
(range=11-65 months) and the actuarial 2-year OS rate was
70%. The median DFS was 11 months (range=2-30 months)
(Figure 2). 

The maximum rectal point dose ranged from 6.4 to 23.5 Gy
(median=15.7) and the maximum bladder point dose ranged
from 12.5 to 24 Gy (median=16.5 Gy). Acute grade 1 bladder
toxicity was reported in two out of nine (22%) patients, grade
1-2 vaginal toxicity was not reported, and there was one case
(11%) of grade 1 gastrointestinal toxicity observed. Late
vaginal toxicities were reported as follows: Grade 1 in two
patients (22%), grade 2 in one (11%) and grade 3 in one
(11%). Grade 2 late urinary and gastrointestinal toxicities were
reported in two of nine patients (22%). No evidence of grade
4 bladder, vaginal, or gastrointestinal toxicities were noted.
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Figure 1. Stereotactic body radiation therapy boost with the Eclipse 4.5.5 (Varian) treatment planning system for a woman unfit for brachytherapy.



Discussion

Endo/interstitial BT is recommended as a definitive
treatment for cervical cancer, as it can deliver high-dose
radiation to the tumor while limiting the irradiation of
adjacent organs. A population-based analysis revealed that
BT use is independently associated with a significantly
higher OS, whilst patients unfit for BT are at higher risk of
local recurrence (1, 3, 9, 34). 

In daily clinical practice, however, perform EBRT alone
in patients for whom BT is not possible is sometimes
unavoidable, although it is well known that international
guidelines suggest an EBRT boost instead of BT boost as a
weak recommendation (10, 14).

In our clinical study, on a limited but homogeneous
population of nine patients diagnosed with cervical cancer,

EBRT boost showed a good profile of efficacy, safety and
tolerability in terms of acute and late toxicities. In fact, no
severe grade 4 acute or late toxicities were observed during
the treatment and only one grade 3 toxicity was reported.

Moreover, a radiological complete response was recorded
for all patients at 3 months after SBRT boost, confirming the
high rate of local control, while only one cervical recurrence
and two metastatic progressions occurred during a median
follow-up of 16 months, data which are similar with other
data recently published in other series (15, 16, 19, 25). In
particular, in our series of patients, local recurrence and
progression of metastatic disease were observed in patients
with advanced stages of disease (IIIB-IVA) who had gross
residual tumor after EBRT and before the SBRT boost.

Since our study was based on very few patients, we can
only speculate that residual tumor after EBRT may be related
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Table III. Patient imaging data and outcomes.

Patient         FIGO         MRI post         SBRT dose,        MRI post                     LC                                 MFS                                      Status 
                     stage             EBRT            Gy/fractions           SBRT          (months after SBRT)     (months after SBRT)                     (at last FU)

1                    IIIC                 PR                     15/3                    CR                                                                                                    Dead of other cause
2                     IIB                 CR                     14/2                                                                                                                                Alive, no disease
3                     IIB                 CR                     12/2                                                                                                                                Alive, no disease
4                     IIA                 CR                     21/3                                                                                                                                Alive, no disease
5                     IIA                 CR                     15/3                                                                                                                                Alive, no disease
6                    IVA                 PR                     15/3                    CR                 Recurrence (8)                                                            Dead due to cancer
7                    IVA                 PR                     15/3                    CR                                                                PD (2)                          Dead due to cancer
8                    IIIB                 PR                     12/2                    CR                                                                PD (3)                      Alive, metastatic disease
9                     IIA                 PR                     25/5                    CR                                                                                                       Alive, no disease

CR: Complete response; EBRT: external beam radiation therapy; FU: follow-up; LC: local control; MFS: metastasis-free survival; MRI: magnetic
resonance imaging; PD: progressive disease; PR: partial response; SBRT: stereotactic body radiation therapy. 

Table II. Dosimetric data.

                                                                                                                                                         Bladder dose, Gy                         Rectal dose, Gy

Patient      EBRT          EBRT        Boost        Boost        Boost     PTV,    EBRT+      Dmax   Dmean   D2cc    D5cc   Dmax   Dmean   D2cc    D5cc 
              technique     dose, Gy/   technique   dose, Gy/   isodose,    cm3      SBRT, 
                                   fractions                       fractions        Gy                   EQD2 Gy

1            IMRT-SIB      61.6/28        SBRT          20/4            97        25.4         87.6          19.6         6.3       18.9      16.2      19.2         4        17.4      15.1
2            IMRT-SIB      61.6/28        SBRT          21/3            94        28.9         92.4          18.7         8.4       20.1      15,7      18.6        3.6       13.2        9.2
3               VMAT          60/30         SBRT          18/3            94        19.3         84             13            3.2       10.5       9.3       10.8        2.4         5.8        5.1
4            IMRT-SIB      61.6/28        SBRT          21/3            94        24.1         92.4          18.5         5          15.3      13.2      15.7        3.8       11.1        8.8
5               VMAT         61.6/28        SBRT          15/3            92        94            81.4          12.5         7          11.5      12.5       6.4         1.8         4.3        3.6
6            IMRT-SIB      61.6/28        SBRT          15/3            98        63.9         81.4          14.8         7.8       14.7      13.8      14.8        5.8       14.6      13.2
7            IMRT-SIB      61.6/28        SBRT          15/3            98      141.4         81.4          14.7         3.9       14.6      14.3      14.9        4.8       14.8      14.6
8            IMRT-SIB      61.6/28        SBRT          18/3            96        78.4         86.6          16.5         7.5       13.6      17.8      16.7        7.5       13.2      12.3
9               IMRT          50.4/28        SBRT          25/5            91        68.3         80.8          24            7.5       19.4      15.4      23.5        5.8       23.3      22.9

BT: Brachytherapy; D2cc: dose to 2cc; D5cc: dose to 5cc; Dmax: maximum dose; Dmean: mean dose; EBRT: external beam radiation therapy;
EQD2: equivalent dose in 2 Gy fractions; IMRT-SIB: simultaneous integrated boost by intensity-modulated radiotherapy; OAR: organ at risk; PTV:
planning target volume; VMAT: volumetric-modulated arc therapy.



to poor survival outcomes, suggesting that such patients may
benefit from a different radiotherapy approach (e.g., proton
beam radiation therapy) (35). Nevertheless, among the other
patients who achieved complete response after EBRT, no
local recurrence or metastatic progression was reported after
SBRT boost.

To the best of our knowledge, this is the first clinical study
which analyzed the association between gross residual
disease after EBRT and SBRT boost dose/fractionations,
local control and survival outcomes.

Over the past decade, very few studies evaluated the role
of EBRT instead of BT boost. Due to old EBRT techniques
delivering a suboptimal dose, and limited and different
population studies, the results were almost disappointing
(11-13).

Better results were obtained when EBRT was administered
as concomitant boost in 10 patients treated with a median
dose of 66 Gy with a median overall treatment time of 40
days and 3-year local control rate of 90.0% (34). 

The use of IMRT boost treatment in terms of dosimetric
and radiobiological parameters may represent a valid
alternative approach when BT is not feasible, providing 3-
year OS and local control of 93% and 80%, as simultaneous
integrated boost (66 Gy as total radiation dose to the tumor;
2.2 Gy/fraction respectively) or 2-year OS, progression-free
survival, and local control rate of 67%, 55%, and 78% as
sequential boost (25 Gy/5 fractions) (18, 26, 36). 

Although both IMRT and SBRT can be delivered using the
same accelerator techniques, SBRT is distinguished from
IMRT by being able to deliver a high dose per fraction
(usually exceeding 5 Gy) and provides accurate sparing of
OARs, as in our series.

In a large study of a National Cancer Data Base of locally
advanced cervical comparing 42 patients treated with SBRT
boost (median dose of 25 Gy/5 fractions), 1,468 who
received IMRT boost (median dose 18 Gy/10 fractions) and
1,4394 patients who received BT boost, no significant
difference was found in OS between those who received
SBRT boost and those who received a BT boost. Patients
who received IMRT boost had worse OS when compared
with those treated with BT and SBRT boost (17).

There are very limited clinical data in the literature on
image-guided SBRT for primary or recurrent gynecological
cancer as adjuvant or curative treatment, reporting high rates
of local control and low incidence of acute and late toxicities
(Table IV) (15-17, 19-22, 25).

The most commonly used SBRT schedules are 20-25
Gy/4-5 fractions or 14-21 Gy/2-3 fractions, delivering the
maximum possible dose to the tumor respecting OAR dose
constrains, and taking into account EBRT doses previously
delivered. 

Our institutional daily clinical practice for locally
advanced cervical cancer includes IMRT-SIB (66 Gy as total
radiation dose to the tumor; 2.2 Gy/fraction respectively)
followed by intracavitary BT boost. We maintain the same
policy when performing SBRT boost instead of BT boost.
This approach of using IMRT as concomitant and SBRT
boost may explain the high local control recorded in our
series of patients.

Despite the limited number of patients and the
heterogeneity of cases among analyzed SBRT studies, the
survival outcomes in our series of patients are consistent
with the published literature, showing acceptable local
control, DFS and OS, especially for patients achieving
complete radiological response after EBRT. 

In patients with cervical cancer undergoing concurrent
chemoradiotherapy and consolidative intracavitary BT, the total
treatment time is strongly suggested to be 8 weeks or less in
order to maximize pelvic control (37). The total treatment time
of our study was 92 days (range=62-104 days), similarly to other
studies, due to an unpredictable shift to SBRT boost for patients
who refuse brachytherapy or who have cervical stenosis onset.
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Figure 2. Overall (A) and disease-free (B) survival considering all nine
patients. 



Finally, the results that can be achieved using SBRT boost
can be obtained only if the execution of EBRT boost is based
on rigorous multimodality imaging using MRI to better
define target volumes, with robust plan optimization to
provide accurate sparing of OARs and precise treatment
delivery through image-guided radiotherapy techniques. 

Conclusion

Despite the limited number of patients investigated in our
study, EBRT using SBRT technique in patients with cervical
cancer ineligible for BT led to acceptable survival outcomes
and particularly a safe toxicity profile.
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Table IV. Published series on patients with cervical cancer treated with stereotactic body radiation therapy boost. 

Author (ref)   Median age Patients, n   Median FU   FIGO      Dose,  Fractions  LR,   DM,      Survival/                Acute                        Late 
                          (range),                          (range),     stage, n       Gy                        n        n               LC                  toxicity, n                 toxicity, n
                            years                              months            

Jorcano           62 (37-74)         26           47 (4-77)      I: 17           7             2          2        1       3-Year FFS:      Dyspareunia: 1     Vaginal: dryness: 5
et al. (16)                                                                      II: 7                                                                96%               Synechiae: 1             Synechiae: 3
                                                                                      III: 2                                                            OS: 95%             Dryness: 4                Stenosis: 1

Ito                   55 (49-74)          6            17 (8-32)       NA      19.5/21/        3          1        1              NA             Acute diarrhea 1  Lower limb edema: 1
et al. (25)                                                                                      22.5                                                                         Radiation                 Vertebral: 
                                                                                                                                                                                      dermatitis 2           compression: 1

Mollà              53 (33-71)         16          12.6 (6-26)      I: 9         14/20        2/5       NA    NA            NA              Dyspareunia: 1     Vaginal: dryness: 5
et al. (19)                                                                      II: 6                                                                                       Synechiae: 1             Synechiae: 1
                                                                                      III: 1                                                                                        Dryness: 3         Rectal: bleeding: 1
                                                                                                                                                                                       Pruritus: 1

Lazzari            55 (30-82)         25           26 (4-77)     IIB: 3         25            5          5        8        2-Year OS:       G1-2 Diarrhea/           G1-2 Rectal 
et al. (18)                                                                    IIIB: 3                                                              67%                 cystitis: 10        bleeding/proctitis: 8
                                                                                    IIIC1: 9                                                          LC: 78%
                                                                                    IIIC2: 2                                                         PFS: 55%
                                                                                     IVA: 2
                                                                                     IVB: 6

Kubicek          62 (47-81)         11            14 (NR)        NA           25          3-5         2        0              NA               G2 GU/GI: 2        G3 GI bleeding 1
et al. (15)                                                                                 (15-27.5)*

Hsieh              68 (46-93)          9                 NA          IIB: 4         27          5-9         2        4        3-Year OS:               G3: 2                        G3: 3 
et al. (20)                                                                    IIIB: 3    (27-16)                                            25.9%                                              G4: 1 (fistula)
                                                                                     IVA: 2                                                        DFS: 77.8%
                                                                                                                                                        MFS 28.6%

Haas                80 (71-94)          6            14 (1-28)     IIB: 4     19.5/20       3/5       NA    NA            NA                   No acute                   No late 
et al. (21)                                                                      IV: 1                                                                                         toxicities                   toxicities
                                                                                     IVA: 1

Marnitz          NR (32-69)        11             6 (NR)       IIB: 8         30            5          0        0      6-Month LC:     Hematological:                 NA
et al. (22)                                                                    IIIB: 2                                                             100%                        4

This study       57 (38-79)          9            16 (6-58)     IIA: 3         18          3-5         1        2            2-Year           G1 Bladder: 2                 G1: 2
                                                                                      IIB: 2    (15-25)*                                          OS 70%               G1 GI: 1                      G2: 1
                                                                                     IIIB: 1                                                                                                                            G3: 1
                                                                                     IIIC: 1
                                                                                     IVA: 2

DFS: Disease-free survival; DM: distant metastasis; FFS: failure-free survival; G: grade; GU: genitourinary; GI: gastrointestinal; LC: local control;
LR: local relapse; MFS metastases-free survival; NA: not assessed; NR: not reported; OS: overall survival; PFS: progression-free survival. *Median
(range) of total dose. 



Although a combination of EBRT and BT boost remains
the standard of care for locally advanced cervical cancer,
SBRT boost may represent a feasible alternative reserved for
women unfit for BT without other treatment options. 

Further studies are needed to better evaluate the efficacy of
a sequential SBRT boost in this setting of patients, to define
the optimal EBRT boost dose and to prospectively collect data
concerning toxicities and outcomes, and moreover to
investigate other feasible alternative therapeutic approaches.
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