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Aim

This study aimed to identify a useful tool for predicting local recurrence (LR) 

in breast cancer (BC) patients treated with intraoperative radiotherapy with 

electrons (IOERT) as the sole treatment



Material and Methods

Patients diagnosed with primary breast cancer (BC) treated with intraoperative

radiotherapy with electrons (IOERT) at a single institution in the period 2000-2016

Primary outcome:
Local recurrence (LR) rate, including events either in the same quadrant as the

primary BC or in other quadrants of the ipsilateral breast, with or without

synchronous nodal involvement or distant metastasis



Material and Methods

Statistically significant predictors were identified at univariate and multivariate (MV)

analyses.

A predictive nomogram based on logistic model was developed

The nomogram was internally validated for discrimination and calibration using

Hosmer& Lemeshow Goddness of fit method



Variable Level N IBTR
Univariable analysis Multivariable analysis

HR 95% CI P-value HR 95% CI P-value

Age at surgery (y)

>60 1791 101 Ref. - - Ref. - -
50 - 60 1088 96 1.36 1.03-1.80 0.029 1.36 1.03-1.80 0.031

40 - 50 497 62 1.76 1.27-2.42 <0.001 1.75 1.26-2.45 <0.001

<40 21 6 3.27 1.36-7.89 0.008 3.08 1.18-8.01 0.021
In continuous (+5 y) 0.90 0.84-0.97 0.004

Histology

Ductal 2715 201 Ref. - - Ref. - -
Lobular / Mixed ductal 
and lobular 455 46 1.36 0.99-1.87 0.058 1.64 1.18-2.29 0.004

Favourable histology 167 8 0.62 0.31-1.24 0.18 1.01 0.46-2.21 0.98
Other 60 10 2.52 1.37-4.64 0.003 2.49 1.26-4.92 0.008

pT (cm)

<2 3019 217 Ref. - - Ref. - -
≥2 371 46 1.52 1.10-2.11 0.012 1.07 0.75-1.54 0.71
In continuous (+1 cm) 1.41 1.24-1.61 <0.001
Missing 7 2

pN
0 2590 174 Ref. - - Ref. - -
1mi / 1 / 2 / 3 716 87 1.62 1.24-2.10 <0.001 1.39 1.06-1.82 0.019
X 91 4

Grade

I 948 39 Ref. - - Ref. - -
II 1645 125 1.85 1.30-2.64 <0.001 1.56 1.06-2.29 0.025
III 733 97 3.13 2.16-4.54 <0.001 2.12 1.26-3.57 0.005
Missing 71 4

ER/PgR
Both <1% 306 42 Ref. - - Ref. - -
ER ≥1% or PgR ≥1% 3089 223 0.53 0.37-0.74 <0.001 0.85 0.55-1.30 0.45
Missing 2 0

Variable Level N IBTR
Univariable analysis Multivariable analysis

HR 95% CI P-value HR 95% CI P-value

Her2 status

Negative 3000 221 Ref. - - Ref. - -
Positive w/o anti-HER2 
therapy

90 19 2.19 1.32-3.63 0.002 1.13 0.63-2.02 0.68

Positive with anti-HER2 
therapy

220 16 1.09 0.66-1.81 0.74 0.81 0.48-1.36 0.43

Missing 87 9

Ki-67
<20% 2145 123 Ref. - - Ref. - -
≥20% 1244 141 1.98 1.56-2.52 <0.001 1.35 0.96-1.91 0.087
Missing 8 1

Subtype

Luminal A 2018 110 Ref. - -
Luminal B (Ki67≥20%) 761 79 1.95 1.47-2.60 <0.001
Luminal B (HER2 
positive) w/o anti-HER2 
therapy

59 13 2.97 1.61-5.49 <0.001

Luminal B (HER2 
positive) with anti-HER2 
therapy

163 12 1.45 0.80-2.61 0.22

HER2 positive w/o anti-
HER2 therapy

31 6 2.97 1.22-7.27 0.017

HER2 positive with anti-
HER2 therapy

57 4 1.60 0.59-4.36 0.36

Triple negative 216 32 2.65 1.76-3.98 <0.001
Missing 92 9

Results
MV analysis, predictors for LR



• younger age

• tumor grade 2-3

• histologic subtype

• ER and PR negative status

• tumor size ≥ 1.5 cm

• nodal involvement

• molecular subtype other the Luminal A

• HER2 (+) receiving anti-HER2 therapy

Results
Data of 3397 patients were analyzed

AT MV analysis, predictors for LR included:



5-years and 10-years probability of IBTR recurrence, according to the multivariable Fine and Gray regression model



Results 

Median FU: 6.1 years (range 4.3-8.0)

265 local events (7.8%)  

LR cumulative incidence (CIF) of 4.4% ( 95% CI 3.7-5.2) at 5 years and 13.5% (95% CI, 

11.7-15.5) at 10 years



Events Competing 
events Censored

1-y CIF

(95% CI)

3-y CIF

(95% CI)

5-y CIF

(95% CI)

10-y CIF

(95% CI)
265 (7.8%) 388 (11.4%) 2744 (80.8%) 0.3 (0.1-0.5) 2.5 (2.0-3.1) 4.4 (3.7-5.2) 13.5 (11.7-15.5)

Cumulative incidence of ipsilateral breast tumor
recurrence (IBTR) (N=3397) (Median FU (Q1-Q3) in
years: 6.1 (4.3-8.0)

Results 



Harrell’s c-index: 0.69 (95% CI: 0.66 - 0.73)

Internal validation was performed on the 
IOERT arm of the ELIOT phase III 
randomized trial (585 women)



Results
Calibration plots showed that the observed

proportion of LR in the ELIOT arm well fit with the

expected proportion as predicted by the logistic

models at 5 years ( 26 CIF observed vs 23.9 CIF

predicted, Chi square= 8.38 with 9D, p= 0.50)

Harrell’s c-index: 0.69 (95% CI: 0.66 - 0.73)



Results

At 10 years the estimated probability was not so

close to the probability observed in the data,

even if the difference was not significant (49 CIF

observed vs 69.8 CIF predicted, Chi square= 9.91

with 9 D , p=0.36).



Conclusion

The nomogram-predicted results were well fitted to the actual outcomes in an

internal validation using the ELIOT trial population, with a better risk prediction at 5

years and it can be an useful tool for guiding treatment decision making for

patients candidates to IOERT


