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Purpose: Radiation-induced sarcoma (RIS) is a rare but serious event. Its occurrence has been discussed during
the implementation of new radiation techniques and justified appropriate radioprotection requirements.
New approaches targeting intrinsic radio-sensitivity have been described, such as radiation-induced CD8
T-lymphocyte apoptosis (RILA) able to predict late radio-induced toxicities. We studied the role of RILA as a pre-
disposing factor for RIS as a late adverse event following radiation therapy (RT).
Patients and methods: In this prospective biological study, a total of 120 patients diagnosed with RIS were
matched with 240 control patients with cancer other than sarcoma, for age, sex, primary tumor location and
delay after radiation. RILA was prospectively assessed from blood samples using flow cytometry.
Results: Three hundred and forty-seven patients were analyzed (118 RIS patients and 229 matched control pa-
tients). A majority (74%) were initially treated by RT for breast cancer. The mean RT dose was comparable
with a similar mean (± standard deviation) for RIS (53.7 ± 16.0 Gy) and control patients (57.1 ± 15.1 Gy)
(p = .053). Median RILA values were significantly lower in RIS than in control patients with respectively 18.5%
[5.5–55.7] and 22.3% [3.8–52.2] (p = .0008). Thus, patients with a RILA N21.3% are less likely to develop RIS
(p b .0001, OR: 0.358, 95%CI [0.221–0.599].
Conclusion: RILA is a promising indicator to predict an individual risk of developing RIS. Our results should be
followed up and comparedwithmolecular and genomic testing in order to better identify patients at risk. A ded-
icated strategy could be developed to define and inform high-risk patients who require a specific approach for
primary tumor treatment and long term follow-up.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
More than half of patients with cancer undergo radiation therapy
(RT) as part of their treatment strategy [1]. In many cases, RT prevents
recurrence in themain tumor site and improves overall survival. Conse-
quently, long term radio-induced toxicity is becoming an increasingly
important issue. Sarcoma is a rare but serious adverse event following
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Research in context

Evidence before this study

Currently, more than half of patients with cancer undergo radia-
tion therapy (RT) as part of their treatment strategy. Each patient
presents an individual level of radiosensitivity. About 5–10% of
patients receiving RT develop late severe toxicity (fibrosis, sec-
ondary cancer…).
Radiation-induced sarcoma (RIS) is a rare but serious adverse
event following RT, and overall survival at 5 years for patients de-
veloping such a sarcoma is estimated between 10%and 36%, de-
pending on tumor stage at the moment of diagnosis. The
development of a biomarker which may predict the risk to develop
a RIS will help clinicians to adapt patient treatment and follow up.
Recently, a prospective multicenter French trial including N500
breast-cancer patients suggested that RILA can predict the risk
of radio-induced breast fibrosis.
Because RIS is a serious late radio-induced toxicity, the aim of the
current study is to assess RILA as a predictive factor for the devel-
opment of RIS.

Added value of this study

To our knowledge this is the first translational clinical trial specifi-
cally designed to highlight a biomarker which may help to predict
risk to develop a RIS. This national multicentric study allowed to
analyze a large cohort of patients: 118 RIS patients and 229
matched control patients previously treated by RT free from RIS.

Implications of all available evidence

Our study showed that RILA biomarker was significantly cor-
related with a risk of RIS development. After validation of these
results by an ongoing study in a second cohort of patients, this
biomarker will provide clinicians a tool to personalize RT pre-
scription in fragile or at risk populations and to personalize pa-
tient at risk follow up, allowing treatment at an earlier stage and
improvement of disease prognosis.
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radiation exposure, and overall survival at 5 years of patients develop-
ing sarcoma is estimated between 10 and 36% [2–7]. The defining
criteria for radiation-induced sarcoma (RIS) have changed over time
[8–10]. The most recent version has suggested the following criteria:
[1] patient should have received RT; [2] the neoplasm occurred within
the radiation volume; [3] a latency of several years; [4] microscopic
proof of sarcoma. This definition excludes patients with cancer syn-
dromes such as Li-Fraumeni or Rothmund-Thomson [11]. The ten-
year cumulative risk of developing RIS is described as b1% [5,6,12–14].
Radiation-induced sarcomas are generally observed 6 to 20 years after
RT [14–17] with various histopathological types, such as angiosarcoma,
fibrosarcoma, osteosarcoma, and leiomyosarcoma. Themajority of pub-
lished studies about post-radiation sarcomas include a limited number
of patients, andmost frequently report angiosarcoma post breast cancer
management [18–23].

The risk-benefit ratio for RT is balanced between tumor control and
injury to normal tissue. Widely accepted international guidelines such
as QUANTEC recommend dose constraints for each at-risk organ in
order to limit radio-induced toxicity [24]. There is wide variation be-
tween patients in normal-tissue tolerance and therefore, in the fre-
quency and intensity of radio-induced late toxicity. About 5–10% of
patients receiving radiotherapy develop severe late toxicity (RIS
included) [25,26]. Twenty years ago, a predictive assay based on
radio-induced lymphocyte apoptosis (RILA) quantification was devel-
oped [27,28]. This assay evaluated the quantity of peripheral blood lym-
phocytes dying by apoptosis after ionizing radiation exposure (8Gy). In
2005, a first prospective study of 400 patients treated with curative-
intent radiotherapy was published [29] and highlighted the significant
correlation between CD4 and CD8 T-lymphocyte apoptosis and grade
2 or 3 radiation-induced late toxicity. Overall, RILA values N16% were
significantly associated with a very low risk of grade ≥ 2 late toxicity.
Conversely, RILA values below10%were strongly associatedwith severe
late complications. Foro et al. [30] confirmed the significant correlation
between radio-induced apoptosis of CD4+ T lymphocytes and genito-
urinary toxicity in 214 patients with prostate cancer treated with radio-
therapy. Subsequent trials have confirmed these data for various tumor
locations (breast, prostate, head and neck) [31,32].More recently, a pro-
spective multicenter French trial including N500 breast-cancer patients
suggested that RILA can predict the risk of radio-induced breast fibrosis
[33].

Because RIS is a serious late radio-induced toxicity, the aim of the
current study is to assess RILA as a predictive factor for the development
of RIS.
2. Patients and methods

2.1. Methods

We designed a prospective study scheduled to include 120 patients
with RIS who were matched for potential confounding factors with
240 control patients without RIS. For each RIS patient, two control pa-
tients were included. The matching criteria were: sex, age during RT
(± 5 years), breast or chest RT for patients with breast cancer.

A sample of 120 subjects from the case population and 240 subjects
from the control population produce a two-sided 95.0% confidence in-
terval with a precision comprised between 5 and 6% assuming a sample
AUC between 0.70 and 0.80.
2.2. Inclusion criteria

Fifteen French centers, participating in the French Sarcoma Group
(GSF-GETO), included patients in this prospective translational study.
This trial was registered on ClinicalTrials.gov under the number
NCT01504360. GSF-GETO selected patients alive with RIS from a na-
tional register containing all individuals diagnosed with sarcoma and
followed by a hospital participating in this trial. The initial sarcomadiag-
nosis of RIS patientswas systematically reviewed by expert pathologists
in France.

The eligibility criteria for control patients were: no soft tissue sar-
coma; N5 years complete remission following RT for cancer, adults
aged over 18 years for the treatment of primary tumor. Controls were
matched to RIS patients according to sex, age at initial radiotherapy
(±5 years) and for initial breast cancer, control patients treated initially
for breast cancer had to have undergone the same type of surgery
(mastectomy versus lumpectomy) as the associated RIS patient. Inclu-
sion of control patients was performed during a standard follow-up
consultation.

Specific eligibility criteria for RIS patients included: histologically
proven soft tissue sarcoma developed in the previously treated area,
adults aged over 18 years for the treatment of the primary tumor;
primary tumor other than sarcoma as the initial cancer treated by RT.
Inclusion of RIS patients was performed at the moment of RIS diagnosis
or during a follow-up consultation.

Bone sarcomas were exclusion criteria for all patients. Patients were
not receiving chemotherapy at the time of blood sampling in the pres-
ent study, to avoid chemotherapy effect of on RILA results.

http://ClinicalTrials.gov
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2.3. Inclusions and shipping procedures for blood samples

Before inclusion, all patients were given by clinicians and signed a
written informed consent during a follow-up consultation.

For each included patient, one blood sample was collected in a 5 ml
heparinized tube. Blood samples were shipped the same day for RILA
analysis (Institut de Cancérologie de Lorraine, Nancy, France) at room
temperature using a specialized transporter (Transporteo, Aulnay-
sous-Bois, France).

2.4. Radio-induced CD8 T-lymphocyte apoptosis (RILA) analysis

RILA measurement was performed in the Department of
Biopathology (Institut de Cancérologie de Lorraine, Nancy, France)
after validation of the correlation with results obtained by the labora-
tory ofMontpellier (IRCM, InsermU1194, France), the reference labora-
tory for this assay [34]. The measurement protocol has been previously
described [29].

Briefly, blood was diluted 1:10 in RPMI 1640 medium containing
20% fetal bovine serum, irradiated at 0 Gy (sham samples) or 8 Gy
using a linear accelerator (photons, 6 MeV, Clinac iX, Varian Medical
Systems). After 48 h of incubation, cells were labeled using FITC-
conjugated anti-CD8 monoclonal antibodies (Becton Dickinson, Rungis,
France), red blood cells were lysed, and DNA was stained with
propidium iodide. Samples were measured in duplicate using a flow
cytometer (FACScalibur, Becton Dickinson, San Jose, CA), and data anal-
ysis was performed using Cell Quest software (Becton Dickinson, San
Jose, CA). Apoptotic CD8 T-lymphocytes were defined as positively-
selected FITC-labeled cells (FL2 N101) presenting a DNA content lower
than 1n.

Each apoptosis evaluation was carried out in triplicate. The RILA
measurements were expressed by the delta of RILA percentages after
8Gy minus RILA in non-irradiated controls.

2.5. Statistical analysis

Categorical variables are presented as number and percentage, and
compared using the Chi2 (using quartile and tertile analysis) or Fisher's
exact test. Continuous variables are described asmean± standard devi-
ation (SD) and/or median (range) and compared using the Student t or
non-parametric MannWhitney test in case of non-normal distribution.
Normality was evaluated using Shapiro-Wilk normality test. The area
Fig. 1. Flow diagram of the SARI (SArcoma Radio-Induced) study. RIS: Radiatio
under the receiver operating characteristic (ROC) curve (AUC)modeling
RIS occurrence according to RILApercentagewas determinedwith a 95%
confidence interval, using logistic regression. The RILA concentration
with the highest Youden index was considered as the optimal cut-off
value for the prediction of RIS. A sub-group analysis has been performed
in patients with a primary breast cancer, which was the most frequent
localization to develop a RIS. However, analysis was a secondary objec-
tive and exclusively descriptive. Statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). All tests were
two sided and p-values b.05 were considered significant.

3. Results

3.1. Trial Profile

From November 2011 to July 2016, 120 RIS patients and 236 control
patients were enrolled in this study. At baseline, two RIS patients were
excluded for major protocol violation (as well as their corresponding
four matched controls), two control patients withdrew consent and
blood samples were not technically available for 25 patients (8 RIS
patients and 17 control patients). The flowchart of the study population
is given in Fig. 1.

3.2. Patient, disease and treatment characteristics

Study population characteristics are presented in Table 1. More than
80% of patients enrolled in the study were women, and N75% presented
a primary breast tumor. Themedian age at initial RTwas53years (range
20.6–91 years for RIS patients and 20–89 years for controls). As per the
study design, patients and controls were matched for sex and age, and
thus, no difference was observed between groups. No statistical differ-
ences were observed between RIS and controls for total RT with 53.7
± 16 Gy and 57.1 ± 15.1 Gy, respectively (p = .0535). The median
total dose of RT was 50 Gy (range 8–150), including 1.8 to 3.9% brachy-
therapy as part of the treatment for RIS and control patients, respec-
tively. Overall, 37.3% of RIS patients and 43.3% of control patients
received chemotherapy delivered in an adjuvant setting after initial RT
(p= .294), while 47.1% of RIS patients and 54.8% of control patients re-
ceived hormone therapy for their primary cancer (p= .224). For whole
population, the median year of initial cancer diagnosis was 2006
[1966–2012]. Concerning RIS patients, the median time between pri-
mary tumor treatment by radiotherapy and sarcoma diagnosis was
n-induced sarcoma, RILA: radiation-induced CD8 T-lymphocyte apoptosis.



Table 1
Patient characteristics at the time of first treatment by radiation therapy, and time to
development of radiation-induced sarcoma.

RISb Controls p-value (test)

N = 110 N = 217

Age at the time of RTa 0.471 (Student)
median [min-max] 53.0

[20.6–91.0]
53.0
[20.0–89.0]

Missing data 22 4

Sex 0.490 (Chi2)
Male 20 (18.2%) 33 (15.2%)
Female 90 (81.8%) 184 (84.8%)

Primary tumor
localization

0.692 (Fisher
exact)

Breast 87 (75.9%) 163 (75.1%)
Head and Neck 8 (7.4%) 20 (9.2%)
Pelvis 7 (6.5%) 19 (8.8%)
Other 13 (12%) 15 (6.9%)

RIS histological types

Angiosarcoma 66 (60%)
Leiomyosarcoma 10 (9.1%)
Pleiomorphic sarcoma 9 (8.2%
Uncertain differentiation sarcoma 6 (5.5%)
Liposarcoma 4 (3.6%)
Rhabdomyosarcoma 4 (3.6%)
Others 10 (9.1%)

RTa total dose 0.0535 (Mann-Whitney)

Mean (standard deviation) 53.7 (16.0) 57.1 (15.1)
Missing data 27 8

RTa Fraction quantity 0.145 (Mann-Whitney)
Mean (standard deviation) 23.1 (6.3) 24.0 (5.5)
Missing data 76 67

Brachytherapy 2 (1.8%) 8 (3.7%) 0.5046 (Fisher exact)
Chemotherapy 41 (37.3%) 94 (43.3%) 0.294 (Chi2)
Hormone therapy 52 (47.1%) 119 (54.8%) 0.224 (Chi2)
Surgery 96 (88.9%) 188 (86.6%) 0.564 (Chi2)

Time from primary tumor to RIS diagnosis (years)
median [min-max] 10.1 [1.8–46.0]

a Radiation therapy.
b Radio-induced sarcoma

Table 2
RILA analysis in patients with RIS and controls.

RISc Controls p-value (test)

N = 110 N = 217

RILA (%)a

mean (SDb) 19.63 (9.1) 22.44 (8.4) 0.0008
(Mann-Whitney)

median [min-max] 18.5 [5.5–55.7] 22.3 [3.8–52.2]

Quartile analysis 0.002 (Chi2)
b15.4 35 (31.8%) 44 (20.3%)
[15.4–21.1[ 36 (32.7%) 47 (21.7%)
[21.1–26.3[ 19 (17.3%) 64 (29.5%)
≥26.3 20 (18.2%) 62 (28.6%)

Tertile analysis according
to (Ozsahin et al. 2005)

0.0292 (Chi2)

b16 38 (34.55%) 48 (22.12%)
[16–24] 45 (40.91%) 92 (42.40%)
N24 27 (24.55%) 77 (35.48%)

Tertile analysis according
to (Azria et al. 2015)

0.0004 (Chi2)

b12 20 (18.18%) 23 (10.60%)
[12−20] 48 (43.64%) 61 (28.11%)
N20 42 (38.18%) 133 (61.29%)

a Radiation-Induced CD8 T-Lymphocyte Apoptosis.
b Standard Deviation.
c Radio-Induced Sarcoma.
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10.1 [1.8–46.0] years, and the median delay between RIS diagnosis and
inclusion in this trial was 11.3 [0.2–352.8] months.

3.3. Analysis of differences in RILA for RIS and control patients

Median RILA was 18.5% (range 5.5–55.7%) and 22.3% (range
3.8–52.2%) for RIS and control patients, respectively, (p = .0008,
Table 2). This difference remained significant after analysis in quartiles
(p= .002) or in tertiles using the limits described in two previous pub-
lished studies (p = .0292 with limits of 16 and 24%; p = .0004 with
limits of 12 and 20%) [29,33]. Using a quartile analysis, the proportion
of RILA lesser than 12% was 18.2% for RIS patients versus 10.6% for con-
trol patients. Additionally, the proportion of RILA higher than 20% was
38.2% for RIS patients versus 61.3% for control patients.

3.4. Analysis of differences in RILA for RIS and control patients with initial
breast cancer

In a subgroup analysis of patients initially treated for breast cancer,
median RILA was significantly different for RIS and control patients, at
18.4% (5.5 to 55.7%) and 22.3% (3.8 to 52.2%), respectively, (p =
.0015; Table 3). This difference remained significant after analysis in
quartiles (p = .0087) or in tertiles using the cut-offs 12% and 20% as
described by Azria et al. (p= .0017), though the difference was not sig-
nificant using cut-offs of 16% and 24% as described byOzsahin et al. (p=
.0564) [29,33].

3.5. Impact of other parameters on RILA

There was no significant relation between initial chemotherapy (to
treat primary tumor) in either the RILA group or the control group
RILA (p = .709 for RIS patients and p = .256 for control patients, p =
.35 overall) (Table 4).

There was no significant association between hormone therapy for
the initial cancer and RILA, either in the whole population or in the
subpopulation of RIS patients (p = .159 and p = .905, respectively).
Conversely, a significant relationship was observed between RILA and
hormone therapy in control patients, whereby patients who received
hormone therapy were found to have a lower percentage of RILA (p =
.026) (Table 4). Concerning these patients, hormonal treatment deliv-
ered for initial cancer, was stopped before blood sampling.

Finally, therewas no significant relationship between age at the time
of RT, and RILA results (p N .74).

3.6. RILA as predictor of secondary sarcoma risk

ROC curves analysis of all study patients or patients with primary
breast cancer yielded a RILA cut-off of 21.3%. Thus, all patients with
RILA ≥21.3% had a comparatively lower risk of developing RIS (p b

.0001, OR: 0.358 [0.221–0.599], Fig. 2A), and the results were similar
in an analysis limited to patients with primary breast cancer (p =
.0003, OR 0.358 [0.205–0.626], Fig. 2B).

The AUCs were 0.622 [0.569–0.679] for all patients and 0.624
[0.560–0.687] for patients with primary breast cancer (Fig. 2 A and B,
respectively).

4. Discussion

The aim of this translationalmulticenter studywas to investigate the
ability of RILA to predict the development of RIS. SARI is the first large-
size prospective study exploring the biological characteristics of
patients who developed RIS after a primary cancer, in contrast with



Table 3
RILA analysis for RIS and Control patients with a breast cancer as primary disease.

RISc Controls p-value (test)

N = 82 N = 163

RILA (%)a

mean (SD)b 19.1 (9.2) 22.36 (8.6) 0.0015
(Mann-Whitney)

median [min-max] 18.4 [5.5–55.7] 22.3 [3.8–52.2]

Quartile analysis 0.0087 (Chi2)
b15.1 30 (36.6%) 34 (20.9%)
[15.1–20.7[ 24 (29.3%) 37 (22.7%)
[20.7–26.2[ 14 (17.1%) 46 (28.2%)
≥ 26.2 14 (17.1%) 46 (28.2%)

Tertile analysis according
to (Ozsahin et al. 2005)

b16 30 (36.59%) 38 (23.46%) 0.0564 (Chi2)
[16–24] 33 (40.24%) 69 (42.59%)
N24 19 (23.17%) 56 (33.95%)

Tertile analysis according
to (Azria et al. 2015)

b12 17 (20.73%) 17 (10.43%) 0.0017 (Chi2)
[12–20] 35 (42.68%) 48 (29.45%)
N20 30 (36.59%) 99 (60.12%)

a Radiation-Induced CD8 T-Lymphocyte Apoptosis.
b Standard Deviation.
c Radio-Induced Sarcoma.
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previous publications, which focused mainly on radio-induced breast
angiosarcoma [35–37]. Our results found a median latency from RT to
the diagnosis of RIS of 10.1 years, consistent with other studies indicat-
ing a period between 6 and 20 years [16–18,38–40].

We initially selected adult patients with sarcoma within a group of
RIS patients to avoid potential confounding factors for sarcomadevelop-
ment. None of our patients had identified risk factors for developing RIS
such as unspecific genetics factors (Li-Fraumeni-Syndrome [41]), young
age at radiotherapy or concomitant chemotherapy associated with sec-
ondary carcinoma [39,40]. To minimize the role of potential prior risk
factors, RIS patients were matched with control patients exhibiting
similar characteristics (age at RT, sex and breast cancer localization to
reduce RT dose and variability of fractionation). The proportion of
Table 4
Relationship between clinical parameters and treatment other than RT and RILA in RIS and con

Whole population

n RILA (%) mean (SD)a,b

Chemotherapy
Yes 135 20.7 (7.6)
No 192 22.1 (9.5)
P value (test) 0.353 (MWc)

Hormonotherapy
Yes 171 20.8 (8.5)
No 155 22.2 (9.0)
P value (test) 0.104 (MWc)

Age during RTd

b 53 years old 143 21.2 (7.3)
≥ 53 years old 158 21.8 (10.2)
p value (test) 0.893 (MWc)

Delay between RTd and sarcoma diagnosis
b 10 years NA NA
≥ 10 years NA NA
p value (test)

a Radiation-Induced CD8 T-Lymphocyte Apoptosis.
b Standard Deviation.
c Mann Whitney.
d Radiation Therapy.
e Radio-Induced Sarcoma.
patients receiving chemotherapy was similar between these two co-
horts. This result allowed to reduce the impact of this type of treatment
on RIS development, as previously described for anthracycline mole-
cules, as well as other cytotoxic agents, a known risk factor associated
with secondary sarcomas in childhood cancer survivors [42]. However,
in our study we didn't collect chemotherapy details for all patients.
Therefore, the relationship between anthracycline treatment and RIS
development was not specifically evaluated in our cohort.

In order to develop personalized medicine in RT, clinicians need to
be able to predict potential radio-induced adverse events such as sec-
ondary sarcomas, which are rare but deleterious. In the literature, the
five-year survival rate for RIS patients is estimated to be between 10
and 36% [2–7], lower than the survival rate for patients with sporadic
sarcomas (from 54% to 76%) [11,15,36,43]. Previous studies have also
revealed that variations in prognostic criteria yield a significant differ-
ence in overall survival of RIS patients. For example, sarcoma-related
survival was significantly better for patients with a RIS tumor of b5 cm
(p = .008) [35]. Firstly, patients at risk should be offered alternative
therapeutic options tominimize the risk of severe late events. Secondly,
patients at risk of developing RIS should have a personalized follow-up,
which could enable screening and earlier diagnosis of tumors, thus of-
fering a better chance of cure. A personalized follow up of patients un-
dergoing RT would require a robust biological marker able predict the
development of RIS. Ideally, this marker should be inexpensive, have a
simple quantification method and allow a large scale use. The RILA bio-
marker has already been described as a predictor of late RT-related ad-
verse event, such as the risk of grade ≥ 2 radio-induced breast fibrosis
using the CTCAE validated scale [33]. Currently, the pioneer team that
developed the RILA parameter, didn't completely elucidate the mecha-
nism linking RILA and radio-induced toxicity. It has been suggested
that this relationship could be due to a slow apoptotic response and en-
hancement of cytokine production, leading to tissue inflammatory cell
infiltration [29]. A specific study, using a proteomic approach, is pres-
ently ongoing to evaluate the underlying mechanism [33].

Althougha largemajority of ourpatientshadaprimarybreast cancer,
our analysis was performed in the whole population, as established by
the protocol. Identical results were observed when the analysis was re-
stricted to the breast cancer sub-population. Concerning other initial
cancer localizations, as head and neck and pelvis, results could not be
trol patients.

RISe Controls

n RILA (%) mean (SD)a,b n RILA (%) mean (SD)a,b

41 19.1 (7.8) 94 21.4 (7.4)
69 20.0 (9.9) 123 23.2 (9.1)

0.853 (MWc) 0.218 (MWc)

52 19.4 (9.1) 119 21.4 (8.3)
57 19.8 (9.3) 98 23.7 (8.4)

0.968 (MWc) 0.018 (MWc)

41 18.7 (6.7) 102 22.2 (7.3)
47 29.5 (11.9) 111 22.8 (9.3)

0.398 (MWc) 0.760 (MWc)

53 19.9 (9.6) NA NA
57 19.4 (8.7) NA NA

0.879 (MWc)



Fig. 2.ROC curve analysis to determine RILA cutoffs and to calculate sensitivity and specificity (all patients in A, only patientswith primary breast cancer in B). RILA: radiation-induced CD8
T-lymphocyte apoptosis.
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rigorously validated due to lack of statistical power. Another subgroup
analysis concerningonly patientswithnon-breast cancer as primarydis-
ease didn't highlight significant relationship betweenRIS andRILA (Sup-
plementary Table 1). These results were be able to be explain by a
specific relationship between RIS and RILA only for breast cancer as pri-
mary disease or by a lack of statistical power due to a lownumbers of an-
alyzedpatients for this analysis (28RISpatients and54 control patients).

Given that for RIS patients, blood was collected after RIS diagnosis
and that for control patients, blood was collected during follow-up
and the majority of these patients had a relapse free status, we cannot
totally exclude that RILA fraction might be a marker of tumor presence
in general, rather than a predictor of RIS. To decrease this risk, we com-
pared our cohort results with other trials evaluating RILA for patients
with or without cancer at sample time. In our RIS cohort, RILA median
was 18.5% [5.5–55.7] and in our control patient cohort the RILAmedian
was 22.3% [3.8–52.2], in a large breast cancer cohort (n= 456; [33]) the
RILA median was 15.2% [0.7–52.8], and finally in the EPOPA cohort [44]
which analyzed 224 patients treated by radiotherapy for a prostate can-
cer since several years, the majority of these patients presented a re-
lapse free status, the RILA median was 15.3% [4.4–37.7]. These data
didn't highlight an increase in RILA in patients without cancer, suggest-
ing that the difference of RILA between our two cohorts were indepen-
dent of cancer presence at the moment of RILA analysis.

In our present study, with an AUC of 0.62, the 21.3% RILA cut off was
low in sensitivity and specificity and, consequently, we cannot promote
the use of this biomarker alone. It will be of key importance to build a
specific nomogram model combining relevant data such as genetic
markers, to improve sensitivity and specificity for event prediction on
a population basis. A final validation process in a prospective random-
ized phase III trial would be necessary before introducing RILA testing
in routine practice for patients with significant long time overall sur-
vival probability after radiotherapy. For patients identified with a high
risk of developing RIS, radiation oncologists should be in a position to
inform the patient, to discuss alternative therapeutic options and to sug-
gest early personalized follow-up with non-invasive methods such as
relevant imaging.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ebiom.2019.02.031.
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