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Simple Summary: Stereotactic body radiotherapy (SBRT) is a recognized treatment for liver or lung
metastases, but radiosensitivity of colorectal cancer could be lower than other primary cancers. We
postulated that local responses could be improved by SBRT with a concomitant radiosensitizing
agent (irinotecan). RADIOSTEREO-CAMPTO was a prospective multi-center phase 2 trial conducted
between 2008 and 2013. We confirmed that SBRT-Irinotecan was a short, effective and well-tolerated
treatment, with no worsening of the quality of life. It allowed for several months of chemotherapy-free
periods despite most patients receiving multiple prior lines of treatment. Radiosensitizing irinotecan
was able to compensate for lower SBRT dose than nowadays used for liver and lung metastases and
could be an interesting regimen in case of tumour-surrounding healthy tissues requiring limited
radiation dose.

Abstract: Background: Stereotactic body radiotherapy (SBRT) is a recognized treatment for colorectal
cancer (CRC) metastases. We postulated that local responses could be improved by SBRT with a con-
comitant radiosensitizing agent (irinotecan). Methods: RADIOSTEREO-CAMPTO was a prospective
multi-center phase 2 trial investigating SBRT (40–48 Gy in 4 fractions) for liver and/or lung inoperable
CRC oligometastases (≤3), combined with two weekly intravenous infusions of 40 mg/m2 Irinotecan.
Primary outcome was the objective local response rate as per RECIST. Secondary outcomes were
early and late toxicities, EORTC QLQ-C30 quality of life, local control and overall survival. Results:
Forty-four patients with 51 lesions (liver = 39, lungs = 12) were included. Median age was 69 years
(46–84); 37 patients (84%) had received at least two prior chemotherapy treatments. Median follow-up
was 48.9 months. One patient with two lung lesions was lost during follow-up. Assuming maximum
bias hypothesis, the objective local response rate in ITT was 86.3% (44/51—95% CI: [76.8–95.7]) or
82.4% (42/51—95% CI: [71.9–92.8]). The observed local response rate was 85.7% (42/49—95% CI:
[75.9–95.5]). The 1 and 2-year local (distant) progression-free survivals were 84.2% (38.4%) and 67.4%
(21.3%), respectively. The 1 and 2-year overall survivals were 97.5% and 75.5%. There were no severe
acute or late reactions. The EORTC questionnaire scores did not significantly worsen during or
after treatment. Conclusions: SBRT with irinotecan was well tolerated with promising results despite
heavily pretreated patients.
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1. Introduction

Treatment of metastatic colorectal cancer (CRC) is the archetype for the progress in
multidisciplinary combined systemic and local therapies [1,2]. In the case of oligometastatic
disease [1], the uncertainty between localized and microscopic diffuse disease is at the
center of the debate regarding the optimal therapeutic treatment sequence [3,4]. Oligometas-
tases present a tremendous challenge for local metastases-directed treatments. Although
systemic treatments remain central to standard care, an effective and durable local control
of such cases could offer patients a larger chemotherapy-free interval [5–8] and some
cases a cure [3,5]. The combination of local and systemic treatment is currently the stan-
dard of care since both the macroscopic and microscopic disease could be targeted at
the same time [9], and exclusive metastases-directed treatments can also be proposed for
well-selected patients [4].

Surgical resection remains the gold standard for local metastases-directed treatments
but is limited to cases of resectable lesions of operable patients [1], whereas the role of
perioperative chemotherapy is minimal and still debated [9]. Over the last two decades the
landscape for other effective local treatments has grown with the emergence of a large mul-
timodal “toolbox” [1] including radiofrequency ablation (RFA), cryotherapy, microwave
ablation, electroporation or stereotactic body radiotherapy (SBRT) [2,10]. With fewer lim-
itations than RFA regarding the tumor size and the vascular vicinity, SBRT is frequently
employed for CRC metastases despite the lack of randomized trials [7,10–13]. Several
studies recently reported the efficacy and safety of SBRT for liver and lung metastases of
various primary cancers, with an average 1- and 2-year local control around 70–90% and
60–70%, respectively [7,12,13]. The acute and late toxicities of this treatment were globally
low. No worsening of the quality of life was noted [14]. It is important to note that most
of these studies considered metastases of various primary cancers with heterogeneous
radiosensitivies, whereas radiosensitivity of CRC metastases could be lower than other
primary cancers [13,15].

Several studies have investigated the benefit of chemotherapy as a radiosensitizing agent
in order to increase the local control, e.g., after liver radiotherapy [16–18]. The three major
drugs for metastatic CRC (5-fluorouracil, oxaliplatin and irinotecan) have well-known
radiosensitizing properties. Among them, we chose to examine the DNA topoisomerase I
inhibitor irinotecan because: (i) its radiosensitization has been demonstrated in preclinical
in vitro and in vivo studies considering high radiation dose (about 10 Gy per fraction), thus
similar with SBRT regimens [19–23]; There are several hypotheses regarding the mechanism
of interaction between Irinotecan and radiation, e.g., considering DNA damage, repair
inhibition and cell cycle redistribution [24], but other mechanisms based on microvascular
damage could also be implied at such high radiation dose regimen [25]; (ii) it is well
tolerated in association with neoadjuvant radiation treatment and with proven efficacy
for tumor downstaging [26–28]; (iii) it avoids the risk of cumulative Oxaliplatin-induced
neuropathy; (iv) it is a central chemotherapy drug for the treatment of metastatic CRC, and
has no dose-dependent toxicity [29,30].

The present study is a multicenter non-randomised phase 2 trial considering liver
and/or lung oligometastatic CRC for inoperable patients who had already received at least
one line of chemotherapy. Oligometastases were treated by SBRT in combination with
Irinotecan in order to increase local efficacy. An ancillary study with published preliminary
results [31] was also conducted, and showed that plasma ceramide—a proapoptotic sphin-
golipid, was rapidly generated after SBRT irradiation [25] and could be an early response
predictor of SBRT. We present here the final results of the clinical efficacy and safety of this
phase 2 trial.
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2. Materials and Methods
2.1. Study Design and Patient Population

RADIOSTEREO-CAMPTO was a multicenter non-randomised phase 2 trial conducted
in four French radiation oncology departments and registered to Clinical Trials with
number NCT 01220063. Patients with liver and/or lung inoperable metastases of CRC
were considered by a multidisciplinary team meeting including liver or thoracic surgeons,
age ≥18 years, Eastern Cooperative Oncology Group (ECOG) performance status ≤2 and
life expectancy ≥6 months, were enrolled. Metastases had to be measurable by computed
tomography (CT) with the largest axis ≤60 mm (or sum of the largest axes if multiple
metastases present). Hepatic magnetic resonance imaging (MRI) and/or positron emission
tomography (PET) were recommended at baseline but were not mandatory. The maximum
number of metastases had to be ≤3 in total (lung, liver or combined lung and liver). Patients
had to have received at least one course of 5-fluorouracil (5FU)-based chemotherapy for
treatment of metastases and could have received various prior lines of chemotherapy (with
or without Irinotecan). Main exclusion criteria was metastases other than lung or liver
even with complete radiological response.

2.2. Treatment Modalities and Follow-Up

At the beginning of the trial in 2008, a SBRT dose prescription (isodose surface 70–90%)
of 40 Gy in 4 fractions of 10 Gy overlying the planning target volume (PTV) was mandatory,
delivered twice a week over two weeks (Day 1-3-8-10). 99% of the PTV covered by less
than 90% surfacic prescription (D99 < 36 Gy) was considered as a major dose deviation. A
series of liver metastases treated with higher prescription doses (46–52 Gy in three fractions
and up to 60 Gy in three fractions) were published in the meantime, showing a 1-year local
control around 90% without notable toxicity. A dose prescription of 48 Gy in four fractions
at the periphery of the PTV (D99 < 43.2 Gy as a major dose deviation), which is currently a
conventional prescription dose reported in the literature [7,13], was then delivered during
the second part of the trial after an amendment in 2012. According to the linear-quadratic
framework (assuming α/β = 10), an effective biological dose (BED) can be computed for
dose comparisons. The BED increased from 80 Gy (for 40 Gy/4 fractions) to 105.6 Gy (for
48 Gy/4 fractions) at the periphery of the PTV [7,10,11]. Additional details regarding the
SBRT modalities are given in the Supplementary Materials.

Irinotecan (40 mg/m2) (Campto®-Pfizer, Paris, France) was intravenously injected
30–90 min before delivery of the first and third SBRT fractions (Day 1–8). The irinotecan
dose used was in agreement with the reported combined neoadjuvant regimen for rectal
cancers as established from previous studies [26–28].

Patients were followed-up clinically and with thoracoabdominal CT at 6–8 weeks,
3 months, 6 months, 9 months, 12 months and then every 6 months after SBRT. In case of
a regional or distant metastatic progression outside the irradiated lesions, patients were
treated according to the guidelines but were still followed up through the trial. A central
reviewing of all CT images was not requested during the trial but was performed before
the statistical analysis.

2.3. Outcomes

The primary outcome was the best local objective response rate: complete response
(CR) + partial response (PR) as per the Response Evaluation Criteria in Solid Tumors
(RECIST) 1.0 guidelines and determined using the CT scan of the irradiated targets. Pro-
gression of disease (PD) was also defined as per RECIST 1.0. As it can be difficult to
distinguish recurrence from fibrosis/pseudoprogression after SBRT, in such cases if the
RECIST 1.0 criteria for PD were met, the situation was counted as progression unless there
was stability of disease (SD) as determined by follow-up images for at least 6 months. In
specific cases of new or re-growth of existing lesions within or at the margin of the PTV, the
lesion was considered as locally progressive. When findings were equivocal, the patient
still had to be followed. If progression was confirmed at the next assessment, the date of
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progression assigned was the earlier date when progression was first suspected. Distant
progression was defined as new lesions outside the PTV. Secondary outcomes were: early
(<three months after SBRT—evaluated by the CTC-NCI 3.0 scale) and late (>three months
after SBRT—evaluated by the RTOG scale) toxicity, quality of life (EORTC QLQ-C30), local
control and overall survival.

2.4. Statistical Analysis

The statistical analysis was based on a two-stage Simon’s optimal design. Based
on the literature, an objective local response rate of 75% was estimated for the SBRT
irradiated targets (null hypothesis H0: P0 = 75%). Using SBRT and concomitant Irinotecan,
the response rate was expected to be larger or equal to 90% (alternative hypothesis H1:
Pa = 90%). An alpha risk of 10% was assumed with a statistical power of 90%. In the first
stage Simon’s analysis, 16 lesions were required during stage 1: if 12 or less responses
were observed, H1 would be rejected and the trial would stop. In the case of 13 or more
responses, 32 additional lesions would be treated through the second stage. For the total
48 lesions, H0 would not be rejected in the case of 39 (81.25%) or less responses, and no
further investigation of this treatment would be warranted, whereas H0 would be rejected
in the case of 40 responses or more (P significantly > 75%). An initial recruiting time of
three years was set but was then extended to three more years due to a slow recruitment
rate. All the included patients were considered in the intention-to-treat (ITT) analysis.

Qualitative factors were described by means of frequency of their respective modalities
and compared using of Pearson’s Chi-square test (or Fisher test). For continuous factors,
independent groups were described by means of their median [range] and compared using
a Student’s t-test (or Mann-Whitney). Baseline and post-treatment quality of life scores (at
6-, 9-month, 1-year and then every 6 months until the end of trial) were compared using a
Wilcoxon signed test for matched pairs.

Survival (local progression-free [LPFS], distant progression-free [DPFS], global
progression-free survival [PFS] and overall survival [OS]) were defined as follows: the
time between inclusion and local or distant progression or death respectively (or date of
last visit without considered event). Survival (LPFS, DPFS, PFS, OS) was described by
means of Kaplan-Meier curves and compared using log-rank tests (or univariate Cox) for
post-hoc analyses. CR was considered as a time-dependent variable. Median follow-up
was calculated by means of inverse Kaplan-Meier method.

3. Results

Forty-four patients harbouring 51 metastases were recruited in four French oncol-
ogy centers between 2008 and 2013 (Figure 1): thirty-four patients with liver and eleven
with lung criteria mets, respectively. One patient was treated for both liver and lung
metastase. One patient with two SBRT-irradiated lung lesions was lost during follow-up.
The maximum bias hypothesis for this patient was used to calculate the local response
within ITT: either as a local treatment failure or as a favorable local response. According to
national registries, he died three years after the inclusion (patient and treatment character-
istics are given in the Table S1 Supplementary Materials). Forty-three patients harbouring
49 metastases (39 liver and 10 lung targets) were analysed per the protocol (Figure 1).
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Figure 1. Trial flow-chart. SBRT = stereotactic body radiotherapy; RT = radiotherapy; CT = chemotherapy; ITT = intention
to treat.

3.1. Patient and Treatment Characteristics

Most of the patients had ECOG performance status 0 (77.3%) at inclusion (Table 1).
They had a long history of CRC with a median time between diagnosis and inclusion of
29.4 months; twenty-three (52.3%) patients had synchronous metastases. Twenty-seven
(61.3%) patients had received 2 or more prior lines of chemotherapy including eight (18.2%)
with 3 or more.

Table 1. Baseline characteristics of patients. Median values [ranges] are shown. Synchronous = time
delay with primitive diagnosis ≤4 months.

Baseline Characteristics Liver Lung

Patient characteristics † (44 patients)
Number of patients 34 (77.3%) 11 (25%)
Median age (years) 69.4 (46–84) 67 (61–79)
Performance Status

0 27 (61.3%) 7 (16%)
1 7 (16%) 2 (4.5%)
2 - 1 (2.3%)

Synchronous metastases with primitive diagnosis 21 (47.7%) 2 (4.5%)
Prior chemotherapy

Adjuvant 25 (56.8%) 7 (16%)
1 metastatic line 13 (29.5%) 5 (11.3%)
2 metastatic lines 14 (31.8%) 5 (11.3%)
3 metastatic lines 5 (11.3%) -
≥4 metastatic lines 2 (4.5%) 1 (2.3%)
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Table 1. Cont.

Baseline Characteristics Liver Lung

prior Irinotecan 15 (34.1%) 4 (9%)
Prior metastase-directed surgery

Liver 23 (52.3%) 1 (2.3%)
Lung - 3 (6.8%)

Time between primitive diagnosis and inclusion
(months) 28,4 (3.8–96) 32 (18–144)

Largest diameter (mm) 29 (14–57) 13 (4–44)
Treatment characteristics

Number of lesions 39 12
PTV volume (cm3) 45,2 (7.6–241) 17 (7.7–113.2)

Surfacic isodose 4 × 10 Gy 29 (74.3%) 8 (66.7%)
Surfacic isodose 4 × 12 Gy 10 (25.6%) 4 (33.3%)

Fiducials 28 (71.8%) 4 (33.3%)
Respiratory monitoring 32 (82%) 9 (75%)

† 1 patient was treated for both lung and liver lesion.

Regarding the dose delivered, for the liver subgroup (39 targets), 29 (74.3%) and 10
(25.6%) lesions were respectively treated with the 4 × 10 Gy and 4 × 12 Gy protocols. For
the lung subgroup (12 targets): eight (66.7%) and four (33.3%) lesions were treated with
the 4 × 10 Gy and 4 × 12 Gy protocol, respectively. There were two and one major dose
deviations in the 4 × 10 and 4 × 12 Gy protocols, respectively. Only the liver subgroup
was affected.

3.2. Local Response and Progression-Free Survival

The objective local response rate of ITT was 86.3% (44/51—Wald 95% CI: [76.8–95.7]) or
82.4% (42/51—Wald 95% CI: [71.9–92.8]) within the maximum bias hypothesis. In per protocol
analysis (49 lesions—43 patients), the objective local response was 85.7% (42/49—Wald 95%
CI: [75.9–95.5]) with 26/49 (53.1%) CR, 16/49 (32.7%) PR and 7/49 (14.3%) SD; no case of
progression was initially noted (Table 2). With a median follow-up of 48.9 months (Table 2
and Figure 2), the 9-month, 1- and 2-year LPFS were respectively: 84.6%, 72.5% and 67.5%;
the 9-month, 1- and 2-year DPFS were respectively: 47.3%, 38.4% and 21.3%; the 1- and
2-year OS were respectively 97.3% and 72.7%.

Table 2. Observed response evaluation to treatment and Kaplan-Meier estimates of survival [Confidence Interval 95%].

(49 Lesions) Complete Partial Stable Progressive

Local response 26 (53%) 16 (32.6%) 7 (14.3%) -
Last observed local response 24 (49%) 5 (10.2%) 5 (10.2%) 15 (28.5%)

Survival rates 9-month 1-year 2-year 3-year
Local Progression Free Survival 84.6% [70.3–92.3] 72.5% [56.6–83.4] 67.5% [51.2–79.4] 63% [45.3–76.4]

Distant Progression Free
Survival 47.3% [31.5–61.5] 38.4% [23.4–53.3] 21.3% [8.7–37.7] 21.3% [8.7–37.7]

Overall survival 100% 97.3% [82.3–99.6] 72.7% [54–84.9] 61.8% [42.3–76.4]

Complete local response was significantly associated with better OS (HR 0.32, p = 0.02)
in univariate analysis. In the liver subgroup (Figure 2), the association was not statistically
significant (p = 0.116). The PTV volume and largest axis per metastasis > 30 mm, were
associated with worst OS (HR 1.008, p = 0.051 and HR 2.26, p = 0.095, respectively) and
worst local control (HR 1.012, p = 0.008) for PTV volume only.

For the 17 patients from the liver subgroup harbouring local CR or PR at the last
evaluation, distant progression appeared for 13 (76.5%) after a median time of 6.5 months
from inclusion. For the eight patients from the lung subgroup harbouring local CR or PR at
the last evaluation, 3 (37.5%) had distant progression: two at 3 months and one at 9 months
from inclusion.
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Figure 2. (a) Local progression-free (LPFS); (b) distant progression-free (DPFS); and (c) overall survival (OS). (d) OS by lung
and liver with and without complete response (CR). Median follow-up of 48.9 months.

Lung metastases were not significantly associated with better LPFS (HR 0.26, p = 0.199)
or PFS (HR 0.51, p = 0.177), but with better OS (HR 0.10, p = 0.01) (Figures 2 and 3). Patients
in the lung subgroup had smaller lesions compared to liver subgroup (median PTV volume
= 15.2 cm3 versus 45.9 cm3, p = 0.002 and median largest axis = 13 mm versus 30 mm,
p = 0.002). A higher proportion of synchronous metastatic patients was also seen in the
liver subgroup: 21/34 (61.7%) versus 2/10 (20%) (p = 0.031).

Figure 3. (a) Local progression-free (LPFS); (b) distant progression-free (DPFS) by lung and liver subgroups.
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Neither dose protocol (4 × 10 Gy versus 4 × 12 Gy), nor synchronous versus metachronous
metastases, nor number of lines of prior chemotherapy were associated with rates of local
or distant progression or OS by univariate analysis.

3.3. Toxicity and Quality of Life

Based on CTC-NCI v3.0 evaluation, 9/43 (21%) patients (5/34 and 4/10 in the liver
and lung subgroups, respectively) presented grade 2 acute reactions (see Table 3). There
were no acute reactions greater than grade 2.

Table 3. CTC-NCI v3.0 acute toxicity (≤3 months after treatment). A patient may present several
symptoms (N = 43 patients).

CTC-NCI Acute Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Fatigue 5 2 - -
Fever - - - -

Weight modifications 2 - - -
Anorexia - - - -
Nausea 1 3 - -

Vomiting 1 1 - -
Colitis - - - -
Ascites - - - -

Diarrhea 1 1 - -
Oesophagitis - - - -

Gastritis - - - -
Peptic ulcer - - - -

Cough 2 - - -
Pulmonary infiltration - - - -

Abdominal pain - 1 - -
Liver pain 4 - - -

Thoracic pain 2 - - -
Bone pain - - - -

Two patients suffered from RTOG grade ≥ 2 late reactions (Table 4): one patient
presented a grade 2 radiation pneumonitis 3 months after lung SBRT which disappeared
at 6 months; one patient from the liver subgroup developed a grade 3 liver toxicity (liver
enzymes) at 9 months, but in the context of a liver progression.

Table 4. RTOG late toxicity (>3 months after treatment). A patient may present several symptoms.

RTOG Late Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Lung 2 1 - -
Oesophagus 1 - - -

Bowel 1 - - -
Liver 4 1 1 -

Kidney - - - -
Bone 2 - - -
Joint 1 - - -

There was no significant worsening of the quality of life regarding the QLQ-C30
patient-based scores throughout the follow-up after treatment (9-month evaluation in
Figure 4 and Table S2, Supplementary Materials).
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Figure 4. QLQ-C30 score differences between baseline and 9 months after treatment. Median values are shown with
dashed lines.

4. Discussion

In this phase 2 trial, we found that high local response and low toxicity were achieved
by SBRT with concomitant weekly Irinotecan administration for liver and lung inoperable
CRC metastases, although the statistical limit of 90% local response with the adjunction of
Irinotecan was not reached.

Firstly, local responses around 85% with 2-year local control around 70% were in agree-
ment with the results published in the recent literature for metastatic CRC and SBRT, but
most of the lesions in our study (71%) were treated with a dose regimen of 40 Gy/4 fractions
overlying the target (biological effective dose BED = 80 Gy)—whereas at least BED ≥ 100 Gy
is commonly associated with such outcomes in the literature [10–13,32,33]. Secondly, a major-
ity of the patients (60.4%) had received at least two lines of prior chemotherapy—a potential
factor of reduced radiosensitivity for CRC metastases [34–37]. Lastly, local evaluation after
SBRT is complex and requires repeated radiological assessments over months to descrimi-
nate pseudoprogression/fibrosis from local failure [11]. Although the benefit of Irinotecan
was slightly lower than the one expected in the statistical trial design, irinotecan-driven
radiosensitization may have complemented our relatively lower SBRT dose prescription
compared to the literature. More importantly, the combination was well-tolerated. This
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effect would support its use in cases where targets to be treated are close to organs at risk
and the dose has to be reduced for safety reasons but dedicated studies are required to
confirm such hypothesis.

Importantly, our study confirms that SBRT specifically for a metastatic CRC population
has (i) a major impact on local control for liver and lung metastases, similarly with other
histologies [7,8,36], while being safe and well-tolerated; (ii) comparable local efficacy to
that of surgery or RFA [2,6,9]; (iii) no clear impact on distant disease progression, similarly
with other local treatments [2,9]; but (iv) allows for a chemotherapy-free period of months
whereas it is a short and well-tolerated treatment. A minority of patients in our study
(23%) were treated for lung metastases but appeared as a single population compared to
the liver patients. Significantly better survival rates confirm the better prognosis of lung
metastases than non-lung [7,10,35,36], but higher local complete response rates confirm the
very efficient local control particularly relevant for this population.

Because local response seems to be associated with better global outcomes [5,6,8],
having reliable prediction tools for local response is relevant for the selection of patients
eligible for metastases-directed treatments and in the perspective of chemotherapy-free
periods. Local radiologic evaluation after SBRT classicaly required months after treatment,
and may appear unsatisfactory in this regard [11]. Sophisticated imaging analysis based
on machine-learning algorithms [38] could help accelerate the discrimination between
fibrosis/pseudoprogression and recurrence in the future but is still far from being used in
clinical practice [39]. Plasma ceramide variation with SBRT [25] is an early biomarker of
response to SBRT as we have already shown in our ancillary study [31]. Such a response
prediction to SBRT could help early identification of non-responder patients for which im-
mediate post-SBRT or escalated systemic treatment would be necessary, versus responders,
for which a chemotherapy-free period could be an option.

Finally, although the local response was positively associated with PFS and OS, the
distant-progression risk remained high (median DPFS around 9 months), even for patients
with complete local responses, and especially for patients with liver metastases, as already
known from cases with exclusive surgical resection of metastases [9]. Given the low toxicity
of SBRT combined with Irinotecan, a regimen consisting of peri-SBRT chemotherapy (e.g.,
with 5FU-Irinotecan) could be beneficial for both local and distant-disease control, and
similarly with peri-operative or -RFA chemotherapy [6,9,40]. Other strong advantage of
SBRT is that it could be interestingly combined with other treatments such as immunother-
apy, as shown by the promising preliminary outcomes in the treatment of microsatellite
instability-positive metastatic CRC [41].

Our study has several limitations. Firstly, the patients included in this study were
CRC patients with either lung or liver oligometastasis, and it is known that these patients
have different response profiles to treatments as well as different prognoses [1]. Secondly,
the use of systemic treatments, in case of progression, could have biased the local response
to SBRT. Thirdly, the impact of SBRT on OS has to be re-evaluated in situations where
drugs such as anti-EGFR therapies for wild-type RAS tumors could have been used to treat
progression. At the time of data collection, neither RAS nor BRAF status nor MSI testing
were routinely performed and were therefore not collected in our study. However, they are
important cofounding factors for both local control, PFS and OS [1,3]. Finally, patient liver
MRI scans were not mandatory at baseline or during follow-up, and could have helped
better evaluate the metastatic liver burden [11].

5. Conclusions

The treatment regimen of combined irinotecan and SBRT over 2 weeks for inoperable
CRC metastatic patients was: (i) well tolerated; (ii) gave promising results, despite the
fact that most of our patients had received multiple prior lines of treatment; (iii) could
be beneficially employed for SBRT targets close to healthy sensitive tissues. Early local
response prediction to SBRT would be helpful for the identification of good responders as
the best candidates for chemotherapy-free periods after SBRT.



Cancers 2021, 13, 248 11 of 13

Supplementary Materials: The following are available online at https://www.mdpi.com/2072-6
694/13/2/248/s1, Table S1: Baseline and treatment characteristics for the patient lost to follow-up,
Table S2: QLQ-C30 score differences between baseline and 9-month post-treatment.

Author Contributions: Conceptualization, E.R. and L.C.; methodology, L.C.; software, L.C.; valida-
tion, M.-A.M., L.C. and E.R.; formal analysis, L.V. and L.C.; investigation, X.M., I.M.-L., S.R., C.C.,
V.V., M.-A.M., H.S. and E.R.; resources, E.R.; data curation, L.V. and L.C.; writing—original draft
preparation, L.V., J.-L.R., L.C. and E.R.; writing—review and editing, all authors; visualization, L.V.
and E.R.; supervision, E.R.; project administration, E.R.; funding acquisition, E.R. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by French National Academic Funding (PHRC-NCT01220063)
and Pfizer, France.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
ICO René Gauducheau (protocol code Eudract 2006-005440-87).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to restrictions privacy.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. van Cutsem, E.; Cervantes, A.; Adam, R.; Sobrero, A.; van Krieken, J.H.; Aderka, D.; Aranda-Aguilar, E.; Bardelli, A.; Benson, A.;

Bodoky, G.; et al. ESMO Consensus Guidelines for the Management of Patients with Metastatic Colorectal Cancer. Ann. Oncol.
2016, 27, 1386–1422. [CrossRef] [PubMed]

2. Tsitskari, M.; Filippiadis, D.; Kostantos, C.; Palialexis, K.; Zavridis, P.; Kelekis, N.; Brountzos, E. The Role of Interventional
Oncology in the Treatment of Colorectal Cancer Liver Metastases. Ann. Gastroenterol. 2019, 32, 147–155. [CrossRef] [PubMed]

3. Pitroda, S.P.; Khodarev, N.N.; Huang, L.; Uppal, A.; Wightman, S.C.; Ganai, S.; Joseph, N.; Pitt, J.; Brown, M.; Forde, M.; et al.
Integrated Molecular Subtyping Defines a Curable Oligometastatic State in Colorectal Liver Metastasis. Nat. Commun. 2018,
9, 1793. [CrossRef] [PubMed]

4. Guckenberger, M.; Lievens, Y.; Bouma, A.B.; Collette, L.; Dekker, A.; de Souza, N.M.; Dingemans, A.-M.C.; Fournier, B.; Hurkmans,
C.; Lecouvet, F.E.; et al. Characterisation and Classification of Oligometastatic Disease: A European Society for Radiotherapy and
Oncology and European Organisation for Research and Treatment of Cancer Consensus Recommendation. Lancet Oncol. 2020,
21, e18–e28. [CrossRef]

5. Tomlinson, J.S.; Jarnagin, W.R.; de Matteo, R.P.; Fong, Y.; Kornprat, P.; Gonen, M.; Kemeny, N.; Brennan, M.F.; Blumgart,
L.H.; D’Angelica, M. Actual 10-Year Survival after Resection of Colorectal Liver Metastases Defines Cure. J. Clin. Oncol. 2007,
25, 4575–4580. [CrossRef]

6. Ruers, T.; van Coevorden, F.; Punt, C.J.A.; Pierie, J.-P.E.N.; Borel-Rinkes, I.; Ledermann, J.A.; Poston, G.; Bechstein, W.; Lentz,
M.-A.; Mauer, M.; et al. Local Treatment of Unresectable Colorectal Liver Metastases: Results of a Randomized Phase II Trial.
J. Natl. Cancer Inst. 2017, 109. [CrossRef]

7. Klement, R.J.; Abbasi-Senger, N.; Adebahr, S.; Alheid, H.; Allgaeuer, M.; Becker, G.; Blanck, O.; Boda-Heggemann, J.; Brunner,
T.; Duma, M.; et al. The Impact of Local Control on Overall Survival after Stereotactic Body Radiotherapy for Liver and Lung
Metastases from Colorectal Cancer: A Combined Analysis of 388 Patients with 500 Metastases. BMC Cancer 2019, 19, 173.
[CrossRef]

8. Palma, D.A.; Olson, R.; Harrow, S.; Gaede, S.; Louie, A.V.; Haasbeek, C.; Mulroy, L.; Lock, M.; Rodrigues, G.B.; Yaremko, B.P.;
et al. Stereotactic Ablative Radiotherapy versus Standard of Care Palliative Treatment in Patients with Oligometastatic Cancers
(SABR-COMET): A Randomised, Phase 2, Open-Label Trial. Lancet 2019, 393, 2051–2058. [CrossRef]

9. Nordlinger, B.; Sorbye, H.; Glimelius, B.; Poston, G.J.; Schlag, P.M.; Rougier, P.; Bechstein, W.O.; Primrose, J.N.; Walpole, E.T.;
Finch-Jones, M.; et al. Perioperative FOLFOX4 Chemotherapy and Surgery versus Surgery Alone for Resectable Liver Metastases
from Colorectal Cancer (EORTC 40983): Long-Term Results of a Randomised, Controlled, Phase 3 Trial. Lancet Oncol. 2013,
14, 1208–1215. [CrossRef]

10. Kobiela, J.; Spychalski, P.; Marvaso, G.; Ciardo, D.; Dell’Acqua, V.; Kraja, F.; Błażyńska-Spychalska, A.; Łachiński, A.J.; Surgo, A.;
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