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Abstract. In the present study, the influence of purely
palliative radiotherapy (pRT) on the outcomes of patients with
advanced cancer undergoing immune checkpoint blockade
was evaluated. Patients were stratified into three groups:
Patients who had received pRT within 6 months prior to the
initiation of immunotherapy (previous pRT); patients who
received pRT during immunotherapy (concurrent pRT); and
patients who did not receive RT prior to or during immu-
notherapy (no RT group), and these groups were compared.
The median overall survival (mOS), median progression
free survival (mPFS) and median time-to-treatment failure
(mTTF) for the previous pRT group were significantly shorter
compared with the no RT group (mOS, 3.6 vs. 12.1 months,
respectively, P=0.0095; mPFS 1.8 vs. 5.4 months, respectively,
P=0.0016; mTTF 1.8 vs. 5.7 months, respectively, P=0.0035).
The concurrent pRT group had a longer mTTF compared
with the previous pRT group and similar outcomes to the
no RT group. In the previous pRT group, 26.9% of the patients
experienced immune-related adverse events compared with
40.1% of patients in the no RT group. Despite the use of pRT
during immunotherapy being considered safe, the results of
the present study suggest that pRT has a negative effect on
immune balance.
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Introduction

As the use of immunotherapy for treating various types of
cancer becomes more widespread, several issues require
investigation to determine their possible impact on the
outcome of cancer patients treated with anti-PD-1/PD-L1
immune checkpoint inhibitors (CKIs) (1). Thus, the respective
effects of concomitant medications, concurrent treatments
and other possible immunomodulatory events in the clinical
history of patients prior to the initiation of immunotherapy,
or during its course, have been largely explored in the recent
years, obtaining a wide range of controversial evidence (1-5).
For example, it seems that the use of corticosteroids or
antibiotics before or with CKIs may decrease efficacy of the
latter, whereas the use of influenza vaccine may be beneficial
irrespective of its anti-infectious efficacy (2-4). Amongst all
the topics explored in relation to immunotherapy, radiotherapy
(RT) is a considerably important issue, since the interest in the
abscopal effect has recently been rediscovered, and described
in relation to immunotherapy (6). The abscopal effect of local
RT is considered as a systemic anti-tumor immune response
which reflects the regression of non-irradiated metastatic
lesions at a distance from the primary site of irradiation (6).
The relationship between the abscopal effect and the immune
system, particularly regarding lymphocytes, has been known
since 1969 (7). As long as the immune checkpoint blockade
has been used to enhance the immune response, their possible
synergy with RT has been investigated (6,7). Although the
exact underlying mechanism of the abscopal effect remains
unclear, the administration of CKIs can enhance the anti-tumor
immunogenicity of RT, by preventing PD-1/PD-L1 induced
T cell anergy (6).

Nevertheless, the abscopal effect is known to be uncommon
and RT is generally unable to subvert the immune tolerance
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towards the tumor (8). Combination of RT with anticancer
immunotherapy aims to shift the balance of the immunosup-
pressive tumor microenvironment to achieve tumor rejection,
inducing the positive effects of RT to overcome the possible
negative effects.

Retrospective studies have been performed to investigate
the potential effect of RT when administered before or during
immunotherapy. Kiess et al (9) evaluated 46 patients with
113 brain metastases from a melanoma, who were treated
with ipilimumab and single-fraction stereotactic radiosur-
gery (SRS) together, and found that patients treated with SRS
before or during administration of ipilimumab had signifi-
cantly improved overall survival (OS) and good local disease
control after 1 year compared with patients treated with SRS
following treatment with ipilimumab (9). Following retrospec-
tive studies examining the effects of anti-CTLA-4 CKIs (9),
other retrospective reports regarding stereotactic RT/SRS
during immunotherapy confirmed its likely positive interac-
tion with anti-PD-1/PD-L1 CKIs (10). Furthermore, a recent
randomized prospective trial, assessed whether stereotactic RT
on a single tumor site prior to treatment with pembrolizumab
treatment enhanced tumor response in patients with metastatic
non-small cell lung cancer (NSCLC), and demonstrated a
doubling of objective response rates (ORR) with RT immedi-
ately prior to immunotherapy compared with pembrolizumab
alone, although the results did not meet the study's prespecified
end point criteria for meaningful clinical benefit (11).

A secondary retrospective analysis of a subset of
patients treated with the anti-PD-1 pembrolizumab in the
prospective phase 1 KEYNOTE-001 study was performed
by Shaverdian et al (12). They found that patients who had
previously (at any time) received RT for the treatment of
NSCLC, before the initiation of systemic treatment with
pembrolizumab, had significantly longer survival, compared
with patients who had not received previous RT (12). This
study currently represents the largest clinical evidence about
the effect of previous RT on the outcome of patients to immu-
notherapy, although such data need to be furtherly validated
with prospective trials.

Together, previous studies have highlighted the possi-
bility of triggering an abscopal effect, particularly in cases
with high-dose low-volume RT. To investigate the effect of
different types of RT used in clinical practice, a Palliative
Radiotherapy in Advanced Cancer patients Treated with
Immune-ChEckpoint inhibitors (PRACTICE) retrospective
analysis was performed, to compare the clinical outcome
of patients who underwent palliative RT (pRT) prior to the
initiation of anti-PD-1/PD-L1 CKIs, with patients who did
not receive RT or patients receiving pRT during the course of
immunotherapy.

Patients and methods

Patients. The present study included patients with advanced
cancer with histologically confirmed diagnosis of a tumor
of any primary origin, whom consecutively underwent
treatment with single agent anti-PD-1/PD-L1, regardless of
the treatment line, at the Medical Oncology Departments
of three Italian centers, the University Hospital of Parma
(Parma, Italy), University Hospital of LAquila (L,Auila, Italy)

and the University Hospital of Chieti (Chieti, Italy), between
August 2015 and September 2017. A total of 192 patients
with advanced cancer were recruited for the present study
and their median age was 68.6 years (range, 32-87), with
143 male and 49 female participants. Patients were stratified
according to whether they received pRT, received pRT prior
to immunotherapy, or received pRT during immunotherapy.
The administration of high-dose RT for non-palliative use was
an exclusion criterion. All patients provided written, informed
consent for treatment with immunotherapy.

Study design. A multicenter retrospective analysis of patients
with advanced cancer treated with anti-PD-1/PD-L1 CKlIs,
regardless of treatment line, was performed. The primary aim
of the present analysis was to compare the clinical outcomes of
patients who received pRT prior to immunotherapy (6-months
before initiation of immunotherapy) compared with patients
who did not receive any RT within 6 months prior to initia-
tion of immunotherapy, or during immunotherapy. The ORR,
disease control rate (DCR), progression free survival (PFS)
in months, time to treatment failure (TTF) in months, OS
in months, and rate of immune-related adverse events (irAEs)
were compared between the groups.

In order to overcome a potential positive selection bias
of patients who did not require RT in their clinical history,
the secondary aim of the study was to compare the clinical
outcomes of patients who received pRT within 6 months prior
to immunotherapy initiation and patients who received pRT
during immunotherapy, in terms of ORR, PFS, TTF, OS and
rate of irAEs.

ORR was defined as the proportion of patients who expe-
rienced an objective response (complete response or partial
response) as the best response to immunotherapy according
to RECIST criteria, version 1.1 (13). DCR was defined as the
proportion of patients who experienced an objective response
or stabilization of the disease as the best response to treat-
ment. TTF was defined as the time from treatment's start to
discontinuation for any reason, including disease progression,
treatment toxicity, patient preference or death. PFS was defined
as the time from CKI treatment initiation to documented
disease progression or death, or to the last contact for alive
patients. OS was calculated as the time from the beginning
of CKI treatment and death, or to the last contact for alive
patients.

The following covariates were analyzed: Primary tumor
(NSCLC, melanoma, renal cell carcinoma, others), age
(<70 years vs =70 years old, based on previous studies) (14-16),
sex (male vs. female), Eastern Cooperative Oncology Group
Performance Status (ECOG PS; 0-1 vs. =2) (17), treatment
line (first vs. further lines), presence of bone metastases (yes
vs. no, defined as ‘baseline bone metastases’) and presence of
central nervous system (CNS) metastases (yes vs. no, defined
as ‘baseline CNS metastases’) at baseline before immuno-
therapy.

IrAEs were graded according to the National Cancer
Institute Common Toxicity Criteria for Adverse Events
(version 5.0) (18) and cumulatively reported as crude incidence.

Radiotherapy. The time-window for defining ‘previous pRT’
was set at 6-months before initiation of immunotherapy, in
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accordance with an arbitrary choice of the investigators, as
it was determined to be a reasonable compromise between
the fact that events too far from the beginning of therapy
may not have an impact on treatment outcome, and the
well-demonstrated long-lasting effect of RT on the immune
system (19,20).

Patients who had received RT >6 months prior to
immunotherapy initiation and patients who received RT
after permanent discontinuation of immunotherapy were
included in the control group, together with patients who had
never received RT. Patients receiving a high-dose of RT for
non-palliative reasons were excluded from the present study.

Palliative RT treatments were performed (including
stereotactic RT or SRS) according to the clinical practice
of the participating centers and were defined as conven-
tional radiation therapy administered without curative
intent, for the local control of symptoms to metastatic sites
of advanced tumors. RT was categorized according to the
treated organ/region as follows: CNS, bone, lymph-node,
visceral and other. Dose (Gy) and duration were collected,
with a median dose of 20 Gy and a mean dose of 23 Gy; the
dose range was 8-40 Gy. Patients were categorized into three
groups according to the timing of RT, as follows: patients
who had received pRT within 6 months prior to the initiation
of immunotherapy (previous pRT), patients who received
pRT during immunotherapy (concurrent pRT) and patients
who did not receive RT prior to or during immunotherapy
(no RT group).

Statistical analysis. x> and Fisher's exact test were used to
evaluate ORR, DCR and the incidence of irAEs among the
groups, according to the sample size in contingency tables
for each comparison (21-23). Given the well-known poor
prognostic impact of CNS metastases and bone metas-
tases (24,25), the differences among subgroups according
to such characteristics were evaluated with a %> and Fisher's
exact test, respectively.

In the multivariate analysis, logistic regression was used
to evaluate the parameters which were significantly different
in the univariate analysis of DCR (26). Median PFS (PFS)
and median OS (OS) were evaluated using the Kaplan-Meier
method (27). Median follow-up was calculated according to
the reverse Kaplan-Meier method (28). Cox proportional
hazard models were used to evaluate predictive variables
in the univariate and multivariate analysis for median TTF
(TTF) and mOS as described previously (29). The data cut-off
period was set as September 2018. All statistical analyses were
performed using MedCalc Statistical Software version 18.6
(MedCalc Software bvba).

Results

Patient characteristics. A total of 192 patients with advanced
cancer were included in the present analysis. Their character-
istics are summarized in Table I. The primary tumors reported
in patients were: NSCLC, 118 patients (61.4%); melanoma,
38 patients (19.8%), renal cell carcinoma, 23 patients (12%);
and others, 13 patients (6.8%).

A total of 26 patients had received pRT within 6 months
prior to initiation of immunotherapy (13.5%) and were classified

as previous pRT; 29 patients (15.1%) received pRT during the
course of immunotherapy and were classified as concurrent
pRT; 137 patients (71.4%) were classified as no RT (Table I).

In the previous pRT, concurrent pRT and no RT groups,
18 (69.2%), 14 (48.3%) and 36 (26.3%) patients had baseline
bone metastases, and 4 (15.4%), 9 (30%) and 17 (12.4%)
patients had baseline CNS metastases, respectively (Table I).
The incidence of bone metastases at baseline was signifi-
cantly higher in the previous pRT group compared with the
no-RT groups (P<0.0001) and the concurrent pRT group
(P=0.0193). The incidence of CNS metastases at baseline
was significantly higher in the concurrent pRT group
compared with the no RT group (P=0.0124), whereas no
significant difference was observed between the previous
pRT group and the other groups in regard to CNS metas-
tases (Table I).

Table II summarizes the characteristics of patients who
received RT. Among the 26 patients in the previous pRT group,
a total of 27 pRT treatments were performed, 15 (55.6%) of
which were for bone metastases. The median dose of RT treat-
ments was 20 Gy and the mean dose was 23 Gy (range, 8-40).
Among the 29 patients in the concurrent RT group, a total of
36 treatments were performed, 21 (58.4%) of which were for
bone metastases, with a median dose of 8 Gy and a mean dose
of 14 Gy (range, 8-40).

Treatment outcome. Among the 177 evaluable patients, 50
showed partial response and 33 had stable disease; ORR was
28.2% [95% confidence interval (CI), 20.9-37.2] and DCR was
46.9% (95% CI, 37.3-58.1) in the overall population (data not
shown).

Atthe median follow-up of 20.3 months, mOS for the overall
population was 9.4 months (95% CI, 6.7-12.4; 68 patients
censored), median PFS was 4.3 months (95% CI, 3.4-5.6;
23 patients censored) and median TTF was 5.0 months
(95% CI, 3.9-6.1; 16 patients censored). In the overall popula-
tion, 67 patients (34.9%) experienced irAEs of any grade (data
not shown).

Comparisons between the previous pRT and no RT groups.
Among the patients in the previous pRT group, ORR to immu-
notherapy was 18.2% (95% CI, 4.9-46.5; 4 responses out of 22
evaluated patients), whereas in the no RT group it was 32.3%
(95% (I, 23.1-43.8; 41 responses out of 127 evaluated patients)
and the difference was not significant (P=0.2173). The DCR
was significantly higher in the no RT group compared with
the previous pRT group (52.8% vs. 18.2%, P=0.0026).
Multivariate analysis confirmed the significantly higher DCR
among patients who did not receive RT (P=0.0477). Table SI
summarizes the univariate and multivariate analyses for DCR
according to different patient characteristics. Baseline bone
metastases and ECOG PS were significantly associated with
DCR both in the univariate and multivariate analyses, whereas
CNS metastases were not.

The median OS of the no RT group was 12.1 months
(95% CI,8.1-16.5),compared with 3.6 months (95% CI,2.05-7.2)
in the previous pRT groups (Fig. 1A), which was significantly
shorter (HR=1.94; 95% CI, 1.17-3.22; P=0.0095). The statis-
tical significance of this difference was not confirmed in the
multivariate analysis (HR=1.64; 95% CI, 0.94-2.86; P=0.0775),
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Table I. Patient characteristics.

Characteristics Overall population No RT Previous pRT Concurrent pRT
Age, years

Median 68.6 69 71 67

Range 32-87 32-87 41-85 43-83

Elderly, =70 years old (%) 88 (45.8) 66 (48.2) 14 (53.8) 8 (30.8)
Number of patients (%) 192 (100) 137 (71.4) 26 (13.5) 29 (15.1)
Sex (%)

Male 143 (74.5) 104 (75.9) 18 (69.2) 21 (72.4)

Female 49 (25.5) 33 (24.1) 8 (30.8) 8 (27.6)
ECOG PS (%)

0-1 149 (77.6) 110 (80.3) 17 (65.4) 22 (75.9)

>2 43 (22.4) 27 (19.7) 9 (34.6) 7(24.1)
Primary tumor (%)

NSCLC 118 (61.4) 82 (59.8) 18 (69.2) 18 (62.1)

Melanoma 38 (19.8) 30 (21.9) 1 (39 7(4.1)

Renal cell carcinoma 23 (12) 19 (13.9) 3(11.5) 1 (35

Others 13 (6.8) 6 (44) 4(154) 3(10.3)
Baseline bone metastases (%)

No 124 (64.6) 101 (73.7) 8 (30.8) 15 (51.7)

Yes 68 (354) 36 (26.3) 18 (69.2) 14 (48.3)
Baseline CNS metastases (%)

No 162 (84 .4) 120 (87.6) 22 (84.6) 20 (70)

Yes 30 (15.6) 17 (12.4) 4(154) 9 (30
Anti-PD-1/PD-L1 (%)

Pembrolizumab 23 (12) 19 (13.9) 2 (1.7 2 (6.9)

Nivolumab 154 (80.2) 110 (80.3) 20 (76.9) 24 (82.8)

Atezolizumab 12 (6.2) 5 (3.6) 4(15.4) 3(10.3)

Avelumab 3 (1.6) 3 (22 - -
Line of immunotherapy (%)

First line 30 (15.6) 26 (19) 1(3.8) 3(10.3)

Second or subsequent line 162 (84 .4) 111 (81) 25(96.2) 26 (89.7)

RT, radiotherapy; pRT, palliative RT; ECOG PS, Eastern Cooperative Oncology Group Performance Status; NSCLC, non-small cell lung
cancer; CNS, central nervous system; No RT, did not receive RT prior to or during immunotherapy; Previous RT, received pRT within 6 months
prior to initiation of immunotherapy; Concurrent pRT, patients who received pRT during immunotherapy.

whereas ECOG PS and baseline bone metastases were signifi-
cantly associated with OS (Table III).

The median PFS of the no RT group was 5.4 months
(95% C1, 3.4-7.6), compared with 1.8 months (95% CI, 1.7-4.1)
in the previous pRT group (Fig. 1B) and the difference was
significant (HR=2.06; 95% CI, 1.31-3.24; P=0.0016). The
statistical significance of this difference was not confirmed
in the multivariate analysis (HR=1.58; 95% CI, 0.94-2.65;
P=0.0810). Baseline bone metastases and ECOG PS were
significantly associated with PFS in the univariate and multi-
variate analysis, whereas CNS metastases were not (Table SII).

The median TTF of the no RT group was 5.7 months
(95% CI, 3.7-7.4) compared with 1.8 months (95% CI, 1.3-4.0)
of the previous pRT group (Fig. 1C) and this difference
resulted in being statistically significant in both the univariate
(HR=1.92; 95% CI, 1.23-2.98; P=0.0035) and multivariate

analyses (HR=1.76; 95% CI, 1.12-2.77; P=0.0132). Baseline
CNS metastases and bone metastases were not significantly
associated with TTF in the multivariate analysis (Table SIII).

Primary tumor (NSCLC vs. others), sex, age and treatment
line, were confirmed in the multivariate analyses as significantly
associated with OS, DCR, PFS and TTF (Tables SI-IV and III).

In the previous pRT group, 26.9% of patients experi-
enced irAEs of any grade, compared with 40.1% of patients
in the no RT group. The difference, which may be clinically
meaningful, was not statistically significant.

Comparisons between the previous pRT and concurrent
PRT groups. ORR and DCR in the concurrent pRT group
were 17.9% (95% CI, 5.8-41.6) and 42.9% (95% Cl, 22.1-74.8),
respectively. There were no statistically significant differences
with the ORR and DCR rates of the previous pRT group
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Table II. Characteristics of patients who received RT.

Previous Concurrent

Characteristics pRT,n=26  pRT, n=29
Total number of pRT treatments 27 36
Body site (%)

CNS 4(14.8) 7(194)

Bone 15 (55.6) 21 (58.4)

Lymph nodes 2 (74) 1 (2.8)

Visceral 4(14.8) 7(194)

Others 2 (74) -
Dose of RT, Gy

Median 20 8

Mean 23 14

Range 8-40 8-40

RT, radiotherapy; pRT, palliative RT; CNS, central nervous system;
Previous RT, received pRT within 6 months prior to initiation of
immunotherapy; Concurrent pRT, patients who received pRT during
immunotherapy.

(18.2 and 18.2%, respectively; P=1.0000 and P=0.0761, respec-
tively) (data not shown).

The median OS of the concurrent pRT group was 8.5 months
(95% CI, 5.5-12.4), whereas the median OS of the previous
pRT group was 3.6 months (HR=1.31; 95% CI, 0.71-2.41;
P=0.3742) and the difference was not significant (Fig. S1A).

The median PFS of the concurrent pRT group was
5.0 months (95% CI, 3.3-7.2), and in the previous pRT group,
the median PFS was 1.8 months (HR=1.58; 95% CI, 0.91-2.74;
P=0.1045) and the difference was not significant (Fig. S1B).

The median TTF of the concurrent pRT group was
5.8 months (95% CI, 4.1-10.4) compared with 1.8 months
(95% CI, 1.3-4.0) of the previous pRT. The difference was
significant in both the univariate (HR=1.99; 95% CI, 1.12-3.53;
P=0.0187) and multivariate analyses (HR=2.42;
95% C1, 1.32-4.42; P=0.0040) (Fig. S1C; Table SIV).

In the concurrent pRT group, 5 out of 29 patients (17.2%)
experienced irAEs of any grade although this was not signifi-
cantly lower compared with the 26.9% incidence rate in the
previous pRT group (P=0.3898) (data not shown).

Finally, the concurrent pRT and no RT groups were
compared (data not shown), and similar results were observed
for ORR (17.9 vs. 32%; P=0.1316), DCR (42.9 vs. 52.8%;
P=0.3445), OS (8.4 months vs. 12.1 months; P=0.0578) and
TTF (5.6 vs. 5.7 months; P=0.7501), respectively, although
PFS was slightly but significantly increased in the concurrent
pRT group (5.0 vs. 5.4 months; P=0.0459).

Discussion

The results of the PRACTICE study suggest a possible
negative impact of receiving pRT within 6 months prior
to immunotherapy initiation, at least in terms of DCR, but
likely also of PFS (3x higher in the no RT group) and OS
(>3x higher in the no RT). Beyond the statistical significance,

not always confirmed at multivariate analyses (possibly due
to the small sample size), the survival differences observed
among subgroups may be clinically meaningful. Additionally,
there was a trend towards less CKI-related toxicity for patients
who received pRT suggesting lower immune-reactivity in
these patients. The irAEs incidence rate was the lowest in the
concurrent pRT group, low in the previous pRT group and the
highest in the no RT group. This is consistent with the previous
studies: The higher the effectiveness, the higher the toxicity
of CKIs (30,31). Additionally, these findings also confirm
the relative safety of pRT during immunotherapy with CKIs,
possibly due to the low median dose (8 Gy in the concurrent
pRT group).

The possible negative impact of pRT on immunotherapy
effectiveness may be mitigated in the concurrent pRT group,
as they exhibited improved TTF periods compared with both
the no RT and previous pRT group, which both exhibited
similar TTF periods. Thus, it is hypothesized that a positive
selection bias of oligo-progressive patients, continuing immu-
notherapy with clinical indication to loco-regional pRT on a
single progressing/painful lesion, may have resulted in the
improved TTF periods observed in the concurrent pRT group.

Several studies have demonstrated the immunosuppres-
sive effect of RT (particularly on T lymphocytes, which are
considered the most radiosensitive cells of the hematopoietic
system), from old preclinical models to more recent clinical
studies (32-35). Lymphocyte count has been demonstrated
to decrease after administration of low-doses of pRT in
patients with lung cancer (35). Additionally, radiation-induced
reduction of circulating lymphocyte count and eventual
lymphocyte infiltration of tumors demonstrated a significant
negative impact on OS (32). Radiation is able to activate
tumor-growth factors, such as TGF-f3, and to possibly favor
tumor progression through the enhancement of M2 macro-
phages and the increase of T-regulatory cells, which are the
most radio-resistant T cells (8). Thus, taking into account the
fact that the abscopal effect is not a common event and is likely
dependent on a number of factors, the negative findings of this
study agree with our current understanding of palliative RT
and immunotherapy.

A major limitation of this retrospective analysis is that the
selection of patients receiving pRT at any time in their clinical
history constitutes a selection bias, particularly with the inclu-
sion of subjects likely suffering from bone or CNS metastases,
both of which are well-known poor prognostic factors for
advanced cancer patients (36-39).

To verify and to reduce the impact of this limitation, a more
reliable comparison between the previous pRT and concurrent
pRT groups was performed, which were more likely to be
affected by bone or CNS metastases with a similar incidence.
Moreover, a further analysis to weight the selection bias
throughout the direct comparison of patients' characteristics,
comparing the incidence of bone and CNS metastases across
subgroups was performed.

The incidence of bone metastases at baseline was signifi-
cantly higher in the previous pRT group compared with both
the other groups. The presence of bone metastases at diagnosis
is well-known as poor prognostic factor for lung cancer, mela-
noma and renal cancer (36-38), confirming a probable selection
bias in the present study. However, the presence of CNS
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Figure 1. Kaplan-Meier survival curves of patients in the Previous RT group and patients in the no RT group. (A) Overall survival, (B) progression free
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Table III. Univariate and multivariate analysis of overall survival.

65

Variables

Univariate analysis,
HR (95% CI); P-value

Multivariate analysis,
HR (95% CI); P-value

Previous pRT, Yes vs. No

Primary tumor, NSCLC vs.
Melanoma
Kidney
Others
Sex, male vs. female
Age, =70 years old vs. <70 years old
Treatment line, second and subsequent lines vs. first line
ECOG PS, =2 vs. 0-1
Baseline CNS metastases, yes vs. no
Baseline bone metastases, yes vs. no

1.94 (1.17-3.22); P=0.0095

0.54 (0.31-0.97); P=0.0398
0.89 (0.50-1.59); P=0.7030
1.12 (0.45-2.79); P=0.7999

1.64 (0.94-2.86); P=0.0775

0.65 (0.36-1.18); P=0.6581
1.05 (0.58-1.92); P=0.8586
1.10 (0.43-2.79); P=0.8399

1.25 (0.78-2.01); P=0.3377 -
1.61 (1.08-2.39); P=0.0184 1.34 (0.89-2.04); P=0.1525
1.75 (0.96-3.21); P=0.0673 _
3.87 (2.53-5.93); P<0.0001 3.82 (2.44-5.96); P<0.0001
1.17 (0.66-2.07); P=0.5750 -
1.67 (1.12-2.49); P=0.0117 1.54 (1.01-2.37); P=0.0456

pRT, palliative radiotherapy; ECOG PS, Eastern Cooperative Oncology Group Performance Status; NSCLC, non-small cell lung cancer;
CNS, central nervous system; HR, hazard ratio; CI, confidence interval; Previous RT, received pRT within 6 months prior to initiation of

immunotherapy.

metastases was not a further selection bias for the previous
pRT group as the incidence was not significantly greater.

The incidence of CNS metastases at baseline were signifi-
cantly higher in the concurrent pRT group compared with
the no RT group and this is a well-known prognostic factor
predicting a less favorable outcome (24), it did not result in a
clinically meaningful difference in outcome among these two
subgroups.

There were no statistically significant differences observed
between the previous pRT group and concurrent pRT group
in terms of PFS and OS, although this may be the result of
the small sample size, potentially clinically meaningful trends
were noticed, including a doubling of survival times in the
concurrent pRT group. Furthermore, TTF was significantly
shorter for patients in the previous pRT group, suggesting that
a selection bias did not influence the results, thus highlighting
the reliability of the comparison between irradiated and
non-irradiated patients.

Taking into account the limitations, the negative selection
bias alone likely did not affect the results, as all the other retro-
spective studies on the impact of RT in patients with advanced
cancer treated with CKIs were similarly affected by the same
selection bias (12), and the results of these studies almost
always show the beneficial effect of receiving RT (9-12),
contrasting with the results of the present study.

Comparing the characteristics of patients and of radiation
treatments in previous studies, highlighted crucial differences;
the type and dose of RT. Frequently, patients reported as receiving
‘palliative care’ in the literature often received high-dose hypo-
fractioned RT (40), thus preventing confirmation of whether the
immunosuppressive effect may be the result of purely palliative
RT. To the best of our knowledge, there are no studies examining
palliative RT treatments during and before immunotherapy.

In this analysis, the median dose of RT was 20 Gy for the
previous pRT group and 8 Gy for the concurrent pRT group,
demonstrating that our study population was different from

those of previous studies. In the studies suggesting a possible
synergy between RT and immunotherapy, stereotactic RT was
predominantly used. In other studies reporting positive results,
the patient population was heterogeneous, with both palliative
and curative radiation approaches (9-12). In the previously
cited KEYNOTE-001 sub-analysis (12), comparing RT prior
to immunotherapy with no RT, 36% of patients received defini-
tive (curative) RT (stereotactic body RT or SRS). The weight
of such a subgroup could have shifted the balance of the final
impact in favor of the abscopal effect of RT, instead of the
immunosuppressive one, explaining the positive results of that
study. This happens despite a possible selection bias, in fact,
in such a study, patients with previous RT had a significantly
greater frequency of brain metastases (data concerning bone
metastases were not reported) (12).

Therefore, it can be hypothesized that, irrespective of the
clear limitations of the present and previous retrospective
studies, there are differences in the immunomodulatory effects
of different RT approaches, with high-dose, low-volume
irradiations providing more favorable results compared with
lower-dose, purely palliative RT treatments.

Additionally, the site of irradiation is likely to affect the
value of RT. For example a previous study included cases of
definitive thoracic RT on pulmonary or nodal lesions (12),
whereas in another study, patients receiving bone RT
accounted for >50% of cases, thus it may be the case that the
abscopal effect may be more readily initiated by irradiating
soft lesions, in which the immune-infiltrating context would be
more conspicuous, offering greater probability of containing
antigen-presenting cells (11).

Interpretation of the present study suggests a negative
shift in the balance between favorable and unfavorable
immune-modulating effects of RT in the case of pRT, a
hypothesis that is presented in Fig. 2.

The limitations of the present analysis, with the use of
a retrospective cohort, the presence of a selection bias and
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the small size of the groups receiving pRT, in addition to
the lack of details regarding RT volumes and techniques,
prevent conclusions from being drawn regarding the use of
pRT during immunotherapy. Nevertheless, the present study
highlights the need for future prospective analysis to deter-
mine the clinical efficacy of pRT by stratifying the population
based on RT dose, fractioning, planning and timing in relation
to immunotherapy.
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