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Development and validation of a nomogram for predicting local 
relapse in patients undergoing full dose intraoperative 

radiotherapy with electrons
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IOERT PBI: a tale of 

Many benefits

• Therapeutic
• Social
• Economic
• Psycological

Many concerns

• Locoregional control
• Side effects
• Cosmetic outcome
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It remains to be defined if more optimized patient selection criteria and treatment 
techniques will make IORT a recommended option. 

Given the  increased patient convenience of completing RT at the time of surgery… 
and the possibility of patient informed preference for IOERT or kV-IORT 
even in the setting of a potential for higher risk of IBTR…
investigation into a preferable IORT approach warrants further study 
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Overall LR rate ranges 0-11.3%
Pooled proportion of 3.8%
5-year probability of 6%

Cumulative incidence of LR ratePhase III trials

8-10 years5-year

3.5%1.4%GEC-ESTRO

-0.5%IMPORT LOW

3.1%1.2%DANISH PBI

3%-RAPID

4.6%-NSABP B-39

3.7%1.5%Florence

Intraoperative radiation therapy alone is associated with a 
higher IBR rate compared with WBI.
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ELIOT 
TRIAL< 1 cm, G1,

K-67<14%
Luminal A

>2 cm, ≥4 N+,
G3, Triple negative

«….IOERT could be discussed on a case-by-case basis and 
offered to fully informed patients so they can weigh the risks 
and benefits and participate knowledgeably in shared
decision-making…. «(Orecchia et al 2022)
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Factors associated with LR among 585 patients who received ELIOT (per protocol) 

to obtain an individualized  risk estimate of LR that can assist ROs and 
patients in choosing  electron IORT PBI

The primary endpoint of the nomogram was the prediction
of the in-breast tumor recurrence (IBTR) rate
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3,397 subjects treated with IOERT PBI
between January 2000 and December 2016,
outside ELIOT trial 

The Training set

Follow-up updated until December 2021

Eligibility: female gender, first diagnosis of breast cancer, 
breast-conserving surgery, and 21 Gy full-dose IOERT

586 subjects included in the ELIOT study
Per protocol  analysis
Between Nov 20, 2000, and Dec 27, 2007 

The Validation set 

Nomogram Construction and validation

Follow-up updated until March 2019
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The training set 

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

Competing events: Regional node Mets  (N=37), contralat BC (N=58), bone Mets (N=26),visceral merts
(20), brain mets (N=2),  other (N=1),  multiple  mets (N=36), primary non breast tumor (N=141), death as
first event (N=67), 
Competing events:  5-y CIF (95% CI): 7.8 (6.8-8.7) ; 10-y CIF (95% CI): 17.4 (15.4-19.4)
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Association patient/tumor characteristics and risk of IBTR, according to the Fine and Gray regression model
MULTIVARIATEUNIVARIATElevel

pHR pHRLevelvariables

<0.031
Ref
1.36<0.029

Ref
1.36

>60
<60

Age at surgery

0.004
Ref
0.68

Pre
post

Menopausal status

0.004
0.98

Ref
1.64
1-01

0.058
0.18

Ref
1.36
0.62

Ductal
Lobular/mixed
Favorable histologies

Histology

0.71
Ref
1.070.012

Ref
1.52

<2
≥2

pT

0.019
Ref
1.39<0.001

Ref
1.63

Negative
positive

pN

0.005
Ref
2.12<0.001

Ref
3.13

1
3

grade

0.45
Ref
0.85<0.001

Ref
0.53

Both <1%
positive

ER/PgR

0.68
0.43

Ref
1.13
0.81

0.002
0.74

Ref
2.19
1.09

Negative
Positive no anti HER2
Positive + anti HER2

HER2

0.087
Ref
1.35<0.001

Ref
1.98

<20%
≥20%

Ki67

<0.001
0.017
0.36
<0.001

Ref
1.95
2.97
1.60
2.65

Luminal A
Luminal B
HER2 no anti HER2
HER2 + antiHER2
Triple neg

Subtype
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Nomogram for predicting 5-year and 10-year probability of IBTR, according to  MV Fine and Gray regression model
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Calibration plots: predicted vs. observed 5-years (Panel A) and 10-years (Panel B) probability of IBTR

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

The Training set 

5 years 10 years
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The predictive performance of the nomogram was internally validated. 

The validation set 
585 subjects randomized to receive IOERT
within the phase III randomized ELIOT trial
(per-protocol analysis) 

follow-up updated to March 2019 
(median follow-up time of 12.4 years) 

10-year event rate 
(95%CI)

5-year event rate 
(95%CI)

ELIOT group  ( per protocol analysis)
Ipsilateral breast
tumor recurrence 8.6% (6.5%-11.1%)4.5% (3.0%-6.3%)

TRAINING SET

13.5% (11.7%-15.5%)4.4% (3.7%-5.2%)
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Calibration curves of the nomograms predicting the 5-year and 10-year cumulative incidence of IBTR in 585 patients 
who received intraoperative radiotherapy in the ELIOT trial (per protocol analysis)

The Validation set 

Harrell's Concordance Statistic =0.638

5 years 10 years
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Conclusions
• Included variables that can be available at the time of IOERT delivery to provide

individualized risk estimates allowing for assisting the decision-making

• The C-index of 0.638 is concordant with multiple other nomograms used in BC 
management  

• Monoinstitutional settingbias by the single-centre  practice clinical patterns

• External validation is needed
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We are all apprentices in a craft where no one ever becomes a master

Ernest Hemingway


