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Introduction

The oligometatatic setting is an intermediate stage between
. localized cancer and widespread metastatic disease

It is a state in cancer progression where a limited number of
metastatic lesions are present in one or a few distant organs
or sites, and the disease has not spread extensively
throughout the body

Hellman and Weichselbaum, J Clin Oncol. 1995
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The spectrum of oligometastatic disease
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Importance of characterization

Reliable identification of patients who derive the greatest benefit from MDT and
identification of those patients in need of systemic therapy intensification would
be helpful to guide personalised treatment decisions

Systemic

therapy Intensified
systemic
therapy

Systemic
therapy +

MDT
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Characterization of OMD

A De-novo oligometastatic disease

oligometastases (red) within 6 months

non-metastatic state
« Systemic therapy-free interval

after diagnosis of cancer

therapy

non-metastatic state

after diagnosis of cancer

Synchronous oligometastatic disease

«T0: first time diagnosis of primary cancer (green) and

Metachronous oligorecurrence

+ T-X: diagnosis and treatment of primary cancer (green) in a

«TO: First time diagnosis of new oligometastases (red) >6 months

Metachronous oligoprogression

«T-X: diagnosis and treatment of primary cancer (green) in a

+ Under treatment with active systemic therapy
«T0: first time diagnosis of new oligometastases (red) >6 months

B Repeat oligometastatic disease

Repeat oligorecurrence

C Induced oligometastatic disease

Induced oligorecurrence

+T-X: diagnosis of oligometastases followed by local treatment o
systemic treatment or both

+ Systemic therapy-free interval

+T0: diagnosis of new (blue) and growing or regrowing (red)
oligometastases

Repeat oligoprogression

Active systemic
therapy

«T-X: diagnosis of oligometastases followed by local treatment or
systemic treatment or both

« Under treatment with active systemic therapy

+T0: diagnosis of new (blue) and growing or regrowing (red)
oligometastases

Repeat oligopersistence

Active systemic
therapy

+T-X: diagnosis of oligometastases followed by local treatment or
systemic treatment or both

« Under treatment with active systemic therapy

+T-X: diagnosis of polymetastatic metastatic disease followed
by systemic treatment with or without local treatment

« Systemic therapy-free interval

+T0: diagnosis of new (blue) and growing or regrowing (red)
oligometastases, possible residual non-progressive metastases
(black)

induced oligoprogression

Iri
Active systemic
therapy

«T-X: diagnosis of polymetastatic metastatic disease followed
by systemic treatment with or without local treatment

* Under treatment with active systemic therapy

+T0: diagnosis of new (blue) and growing or regrowing (red)
oligometastases, possible residual non-progressive
metastases (black)

Induced oligopersistence

Active systemic
therapy
—

+T-X: diagnosis of polymetastatic metastatic disease followed
by systemic treatment with or without local treatment
« Under treatment with active systemic therapy

«T0: diagnosis of persistent

+To: diag;
(red), where response is worse compared with other residual
metastases (black)

of oligometastatic disease

Cancer history without previous diagnosis ‘

v

De-novo oligometastatic disease |

I Synchronous oligometastatic disease I
Metachronous Metachronous
oligorecurrence oligoprogression

I Repeat oligometastatic disease I

Repeat oligorecurrence

Repeat Repeat
oligopersistence oligoprogression

Induced oligometastatic disease l

Induced oligorecurrence

Induced oligopersi H ——

aseas|p oneISLIRWA o4

Guckenberger et al. Lancet Oncol 2020 Jan;21(1):e18-e28
BOLOGNA, 27-29 OTTOBRE 2023
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Characterization of OMD

« Q1: Does the patient have a history of polymetastatic disease before current diagnosis of
oligometastatic disease?

« Q2: Does the patient have a history of oligometastatic disease before current diagnosis of
oligometastatic disease?

« Q8: Has oligometastatic disease been first diagnosed more than 6 months after the
primary cancer diagnosis?

« Q4: Is the patient under active systemic therapy at the time of oligometastatic disease
diagnosis?

« Q5: Are any oligometastatic lesions progressive on current imaging?

Guckenberger et al. Lancet Oncol 2020 Jan;21(1):e18-e28
BOLOG NA, 27'29 OTTOBRE 2023 @ Associazione Italiana
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OMD and imaging

Numeric definition of
oligometastatic disease is
heavily dependent on the

sensitivity of the
imaging modality

Oligometastatic
disease

Advanced
imaging
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Definition of OMD

Defining oligometastatic disease from a radiation oncology perspective:
An ESTRO-ASTRO consensus document

“Reviewing the literature, ‘up to 5’ and ‘up to 3’ oligometastatic lesions are the
most commonly-used quantitative definitions

At present, there is no biological evidence supporting the maximal number of
metastases, or the maximal lesion size, that can be treated to provide clinical
benefit"

Lievens et al. Radiotherapy and Oncology 2020

BOLOGNA, 27-29 OTTOBRE 2023
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Definition of OMD

Defining oligometastatic disease from a radiation oncology perspective:
An ESTRO-ASTRO consensus document

Maximum disease burden
KQ 5: Is OMD defined by a maximum number of lesions and/or sites?
No, the possibility to safely deliver curative intent metastasis-directed radiotherapy determines the 82% (9/11)
maximum number
KQ 6: Is maximum disease burden defined by technically safe treatment with curative intent?
Yes, but it is recognized that the ability to treat safely does not mean that one should treat. 90% (9/10)
Regardless of the number of metastases the patient should not be treated if not safe 100% (10/10)

Lievens et al. Radiotherapy and Oncology 2020
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The numeric definition

LONG-TERM RESULTS OF LUNG METASTASECTOMY: PROGNOSTIC ANALYSES BASED ON

5206 CASES
& number patients deaths
5206 cases of lung Metastasectomy sl B . 2169 1007
. —_—2-3 1226 655
The actuarial survival was 36% at 5 years, 26% at 601 4+ 2 667
10 years, and 22% at 15 years
401 Thge, e
5-year survival was 43% for single lesions and ;
27% for 4 or more lesions 20
0 . : )
0 60 120 180

months

Pastorino et al. J Thorac Cardiovasc Surg 1997

BOLOGNA, 27-29 OTTOBRE 2023

@ Associazione Italiana
PALAZZO DEI CONGRESSI

Radioterapia e Oncologia clinica



XXXIII CONGRESSO NAZIONALE AIRO

AIRO’ (23

Limitations of the numeric definition

1 vs > 1 met
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3.0 H ]
] ~
g_a- ] —
2 - s
.| P=0.4943 P=0.6842 P=0.5315 E
. . >
0 2 4 [ 8 10 0 2 4 6 8 10 0 2 4 6 8 10 :
A Tim B Tim c Time (/5]
. . . . L
1 on
<=5vs>5 3
E .81 :
£ S
2 =
E.4' 0
5.1 o
P=0.0188
o]
o 2 a 6 8 10 o 2 Y e &0 0O T T T T 1
o s E 0 2 4 6 8 10

Singh et al. IJROBP 2004
BOLOGNA, 27-29 OTTOBRE 2023
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Number of metastases in prospective studies

Stereotactic ablative body radiotherapy in patients with
oligometastatic cancers: a prospective, registry-based,
single-arm, observational, evaluation study

Between 2015 and 2019, 1422 patients were recruited from 17
hospitals in England.

The most common primary tumour was prostate cancer (28:6%
patients)

About 75% of patients treated on 1 metastasis, less than 5%
on 3 metastases

BOLOGNA, 27-29 OTTOBRE 2023

PALAZZO DEI CONGRESSI

Site of first treated metastases (n=1404)
Lung 411 (29-3%)
Spine 132 (9-4%)
Bone 169 (12-0%)
Adrenal 41(2-9%)
Liver 135(9-6%)
Lymph nodes 439 (31:3%)
Other} 77 (5:5%)
Known number of metastases
Yes 1421(99-9%)
Missing® 1.0,1%)
Number of metastases (n=1421)
1 1074 (75:6%)
2 279 (19-6%)
3 68 (4-8%)
(Table-) continuesin next column).

Chalkidou et al. Lancet Oncol 2021

Associazione Italiana
Radioterapia e Oncologia clinica
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Number of metastases in prospective studies

100
\ Number of metastases had no effect on
s Overall survival
©
2
?‘_‘: Number of metastases
3 1,068
1 144 2.453 0.113
(75.1%)
0.751
2 278 (19.6%) | 41 2.576 0.128
0 T T T 1 3 68 (4.8%) 6 2428 0.078
0 0-5 1.0 15 2.0
No of subjects used
Time since start of treatment (years) . . 1422
in analysis
Number atrisk 1422 1096 773 553 244
(number censored) (304) (573) (739) (1017) (1231)

Chalkidou et al. Lancet Oncol 2021
BOLOGNA, 27-29 OTTOBRE 2023
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Number of metastases in prospective studies

Stereotactic Ablative Radiotherapy for the
Comprehensive Treatment of Oligometastatic
Cancers: Long-Term Results of the SABR-COMET
Phase Il Randomized Trial

Arm, No. (%)

Randomly assigned

(N = 99) ~ ) Control SABR
AL £ m
1 12 (36) 30 (46)
2 13 (40) 19 (29)
Allocated to SABR arm (n = 66)
Allocated to control arm (n=33) R_eceived allpcated intervgntion N (n = 64) S 6 (18) 12 (18)
FeeeTives) lleeeiee) fEReien (=28 Did not receive allocated intervention  (n=2)
> 5 metastatic (n=2) 4 2 (6) 23)
lesions at baseline
5 0 (0) 3 (5)
| | Location of metastases (n = 191
Lost to follow-up (n=2) Lost to follow-up (n=3) lesions)
Withdrew from trial (n=2) Withdrew from trial (n=3) Adrenal 2@3) 7 (6)
l | Bone 20 (31) 45 (35)
. . Liver 3(5) 16 (13)
All patients analyzed All patients analyzed
(n=33) (n = 66) Lung 34 (53) 55 (43)
Other® 5(8) 43)

stratified by the number of metastases (1-3 vs 4-5)

Palma et al. JCO 2020
BOLOGNA, 27'29 OTTOBRE 2023 @ Associazione Italiana
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Number of metastases in prospective studies

A B
Control arm Control arm
100 4 —— SABR arm 100 - —— SABR arm
o
90 = 904
S 80 S 804
(=) Stratified log-rank test P = .006 E
= 701 c?) 70 -
; 60 o 60 A Stratified log-rank test P=.001
5 <)
& 501 T 50 .
= i Median PFS: 11.6 vs 5.4 months
o 40 1 S 404
o ‘B
2 30 S 30 -
o o
20 1L 1 oD 20
. e
1014 Median OS: 28 vs 50 months a 101
1 T T T T T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time (years) Time (years)

mmm=)> No reported difference according to number of oligomets

Palma et al. JCO 2020
BOLOGNA, 27'29 OTTOBRE 2023 R Associazione Italiana
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MDT in polymetastatic disease

STUDY PROTOCOL Open Access

Stereotactic ablative radiotherapy for the @
comprehensive treatment of 4-10 o
oligometastatic tumors (SABR-COMET-10):

study protocol for a randomized phase I

trial

David A. Palma'"®, Robert Olson?, Stephen Harrow? Rohann J. M. Correa’, Famke Schneiders®,

Cornelis J. A. Haasbeek®, George B. Rodrigues', Michael Lock', Brian P. Yaremko', Glenn S. Bauman', Belal Ahmad’,
Devin Schellenberg?, Mitchell Liu? Stewart Gaede', Joanna Laba', Liam Mulroy®, Sashendra Senthi®,

Alexander V. Louie’, Anand Swam'mathg, Anthony Chalmersg, Andrew Warner', Ben J. Slotman®, Tanja D. de Gruij\",

Arm1
Standard of Follow-up
e Pre-plan SABR Care
Primary Tumor g
with 4-10 | Pre-specify
Oligometastatic Stamdardiet
8 . Care Arm 2
Lesions e ——
Treatment SABR to all
lesions + Follow-up
Standard of
Care

BOLOGNA, 27-29 OTTOBRE 2023
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Ablative radiation therapy to restrain
everything safely treatable (ARREST): study
protocol for a phase | trial treating
polymetastatic cancer with stereotactic
radiotherapy

Glenn S. Bauman', Mark T. Corkum', Hatim Fakir?, Timothy K. Nguyen' and David A. Palma’

Dosimetric objectives not met

Treat at safe
dose level;
monitor for DLT*

objectives met

3 participants to
be treated
L7 £3 3
No participant 1/3 participants 22/3 participants
has a DLT experience a experience a
DLT DLT
i

i i

EecRaE e Enroll 3 Terminate the

additional trial; MTD is
dose s 3
participants prior dose level
1/6 participants 22/6 participants
experience a experience a
DLT DLT

Associazione Italiana
Radioterapia e Oncologia clinica

Check for

| updates
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Oligo vs polymetastatic disease

Stereotactic radiosurgery for patients with multiple brain
metastases (JLGK0901): a multi-institutional prospective
observational study

Group Median overall HR (95% Cl) p value
survival, months
Univariable Multivariable (95% Cl)
HR (95% Cl) pvalue HR (95% C1)* pvalue
1tumour 139 (12-0-15:6) 076 (0-66-0-88) 0-0004
Age, years (=65 vs <65) 1.412 (1.229-1-622) <0-0001 1351 (1-174-1554) <0.0001 — 2 4tumours 10-8(9-4-124) Reference
Sex (male vs female) 1427 (1-242-1-655) <0-0001 1377 (1179-1-608) <0-0001 —— 5-10 tumours 10-8(9-1-12-7) 0-97(0-81-1-18) 078
KPS (<70 vs =80) 2.079 (1.729-2-500) <0-0001 1.529 (1.240-1-886) <0.0001
Number of tumours 100
2-4vs1 1313 (1-131-1.525) 0-0001 1.328 (1-141-1-546) 0-0003
5-10vs 2-4 0.974 (0-806-1-177) 078 0-993 (0-819-1-204) 094
= 80
Maximum dlameter Of [argest tUMOUT (=10 Cm vs <1.6 cm) T30 (1240 1038) <0-0001 T006 (07/1-1314) 002
Cumulative tumour volume (=1-9 mLvs <19 mL) 1503 (1:313-1.721) <0-0001 1172 (0-899-1:530) 024 —
Primary tumour category ii 60
Breast vs lung 0743 (0-584-0-945) 0.014 0.881 (0-673-1153) 036 Ag
Glvslung 1750 (1:373-2-231) <0.0001 1.407 (1.087-1-822) 0.0094 3
Renal cell vs lung 1.063 (0-718-1:573) 076 0-964 (0-648-1-434) 013 Tg 404
Others vs lung 1.572 (1.096-2-255) 0021 1333 (0-922-1.927) 0-86 C>>
Extracerebral disease status (not controlled vs controlled) 1385 (1.200-1589) <0-0001 1272 (1101-1469) 0.0011 20
Neurological symptoms (yes vs no) 1779 (1:541-2-053) <0-0001 1.334(1-117-1.594) 00013
Clinical factors were measured before stereotactic surgery. HR=hazard ratio. KPS=K: performance status. Gl=g . *HR adjusted for all clinical factors listed
in this table. 0 T T T T T T T
0 6 12 18 24 30 36 42
Table 2: Clinical factors affecting survival after stereotactic radiosurgery Time after stereotactic radiosurgery (months)

Yamamoto et al. Lancet Oncol 2014; 15: 387-95
BOLOGNA, 27-29 OTTOBRE 2023
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Oligo vs polymetastatic disease

146 NSCLC patients (stage lll and IV) treated with curative- Overallisuvivalifom PateicfiBiagnosis

o { —

intent radiotherapy -

All stage IV NSCLC patients treated with SBRT had < 8 lesions.

5-year OS was superior (p < 0.01) for those with limited ﬂ
metastases (< 8 lesions) versus stage Il patients who developed & H 'I:j
extensive metastases not amenable to SBRT (14% vs 0%) 1 .
No significant difference among patients with < 5 metastases 0 20 i 80
versus 6-8 (p = 094) — 1l Only — Ill progressed to IV

IV initial I/l progressed to IV

Cheruvu et al. Radiation Oncology 2011, 6:80

BOLOG NA, 27'29 OTTOBRE 2023 @ Associazione Italiana
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Limitations of the numeric definition

* inconsistency in the specific number of lesions in the existing
literature (3 ? 5 ? more?)

 absence of additional clinical or molecular biomarkers

* arbitrary number with limited biological basis (_\(\/\lTAT\ON

BOLOGNA, 27-29 OTTOBRE 2023
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Role of metastatic tumor volume ?

Number Volume

BOLOGNA, 27-29 OTTOBRE 2023
PALAZZO DEI CONGRESSI
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Influence of primary tumor size

Tumor size predicts long-term survival in colon
cancer: an analysis of the National Cancer Data
Base

300.386 included patients

Tumor size positively correlated with
grade, T stage, and nodal stage

Tumor size was inversely associated
with survival

BOLOGNA, 27-29 OTTOBRE 2023

Variable

0-2 cm

>2-4 cm

>4-6 cm

>6 cm Median size (cm)

v (ASE)*

TNM stage

I

I

111

v
Grade

G1

G2

G3

G4
Location

Nodal status
NO
N1
N2
5-Year overall survival

27,763 (32%)
4,657 (6%)
4,512 (7%)
2,880 (4%)

6,355 (24%)
28,747 (13%)
4,530 (8%)
180 (7%)

16,835 (12%)
4,672 (16%)
4,205 (14%)

12,972 (15%)

16,425 (61%)
13,247 (19%)
8,582 (5%)
1,354 (4%)

31,454 (18%)
4,599 (7%)

66%

39,902 (46%)
27,992 (36%)
25,547 (40%)
23,663 (33%)

10,389 (39%)
87,393 (41%)
18,644 (32%)

679 (27%)

53,579 (37%)
11,437 (39%)
12,297 (41%)
36,987 (42%)

8,166 (30%)
36,173 (52%)
62,236 (38%)

9,916 (26%)

70,604 (41%)
26,503 (40%)

52%

14,866 (17%)
26,250 (34%)
20,579 (32%)
27,038 (38%)

6,484 (25%)
63,278 (30%)
18,210 (31%)

761 (31%)

43,792 (30%)
7,852 (27%)
8,554 (29%)

26,031 (30%)

1,699 (6%)
15,369 (22%)
58,233 (36%)
12,937 (34%)

45,235 (26%)
22,154 (33%)

46%

5,130 (6%) 3
18,053 (23%) 4.5
12,931 (20%) 4.5
18,623 (26%) 5

3,185 (12%) 3.5
33,839 (16%) 4
16,843 (29%) 5

870 (35%) 5.2

31,292 (22%) 4
5,322 (18%) 4
4,707 (16%) 4

11,425 (13%) 4

794 (3%) 1.9
5,187 (7%) 3.3
34,803 (21%) 4.5
13,527 (36%) 5.5

26,401 (15%) 3.5
13,117 (20%) 4.5

41% 4

.37 (.0019)

.26 (.0028)

N/A

54 (.0019)

.25 (.0024)

Saha et al. The American Journal of Surgery 2015

PALAZZO DEI CONGRESSI

ﬂ‘ Associazione Italiana
Radioterapia e Oncologia clinica



XXXIII CONGRESSO NAZIONALE AIRO

AIRO’ (23

Influence of primary tumor size

The relationship between tumour size, nodal status and distant
metastases: on the origins of breast cancer

819.647 women diagnosed with first primary invasive breast

cancer
a  100.0% 5 100.0% -
90.0% o > 90.0% A
78.9% 78.1% o s
80.0% -+ 71.8% 78.1% 75:8% 76:3% ° ° 77'.06 75.8% 713% g 80.0% A
e 6s8% e © ©® e /LI g
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<] ° 2 77 56.4% é i
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60.0% A i § }
_g- 3 A g 60.0% 523% 53.0% @ E
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Primary tumour size (10-mm intervals)

Primary tumour size (10-mm intervals)

Sopik et al. Breast Cancer Research and Treatment 2018

BOLOGNA, 27-29 OTTOBRE 2023
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Influence of primary tumor volume

Int J Radiat Oncol Biol Phys. 2009 August 1; 74(5): 1335-1341. doi:10.1016/j.ijrobp.2008.10.060.
Metabolic Tumor Volume Predicts for Recurrence and Death in

Head and Neck Cancer

Trang H. La, MD', Edith J. Filion, MD', Brit B Turnbull, PhD2, Jackle N. Chu, Percy Lee o
MD', Khoa Nguyen, BS', Peter Maxim, PhD', And¥ Quon, MD3, Edward E. Graves, PhD', : s
Bllly W. Loo Jr., MD PhD', and Quynh-Thu Le, MD *
e i
g Int. J. Radiation Oncology Biol. Phys., Vol. 69, No. 2, pp. 328-333, 2007
: L a METABOLIC TUMOR BURDEN PREDICTS FOR DISEASE PROGRESSION

'{;,\ AND DEATH IN LUNG CANCER

D

, D% Percy Leg, M.D.,* DiLant K. WEERASURIYA, B.S.,* PuiLip W. Lavori, Pu.D.," ANDrREW Quon, M.D.,}

&, WENDY HArRA, M.D.,* PETER G. MaxiM, Pu.D.,* QuyNH-THU LE, M.D.,* HEATHER A. WAKELEE, M.D.,

‘ ".; JEssicA S. DONINGTON, M.D,H EpwarDp E. Graves, Pu.D.,* anp BiLy W. Loo, Jr., M.D., Pu.D.*

B O LO G NA 5 2 7' 29 OTTO B R E 2 023 @ Associazione Italiana
Radioterapia e Oncologia clinica
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Role of tumor volume

7l
Larger primary tumors ;"-, Larger metastases have
have higher metastatic \5; higher metastatic
potential / \‘/ potential ?
- @
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Evidences on tumor volume

Whole-Body Metabolic Tumor
Volume, as Determined by
'8F.FDG PET/CT, as a Prognostic
Factor of Outcome for Patients
With Breast Cancer Who Have

R

WB MTV > 167.8 cm®
p < 0.0001 i

Distant Metastasis
40 women with IDC who had distant metastasis at the time of initial 80~
diagnosis and who underwent FDG PET/CT before receiving treatment 3

S 60
21 of 40 patients (52.5%) died during follow-up. Non-survivors had a é |
statistically significantly higher WB MTV than did survivors (424.0 vs g 40
92.1 cm3; p = 0.0430) gy
At multivariate analysis only WB MTV independently predicted OS (HR, 0
4.10; 95% Cl, 1.17-14.31; p = 0.0280) °
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Intracranial tumor volume and RT

The growing importance of lesion volume as a prognostic
factor in patients with multiple brain metastases treated
with stereotactic radiosurgery

B 100%

P=0.02

391 patients treated with SRS for 2—4 vs 5+ BM 80%
Median follow- up 7.1 months, and most common 60%

histologies were melanoma and lung
40%

Percent surviving

Median tumor volume was 3.41 cc
20%

Tumor volume, KPS, and histology were significant for OS,

whereas lesion number did not 0 3 6 9 12 15 18 21 24
Months

—_— <5 cC w—5-10cc =——>10cc

Routman et al. Cancer Medicine 2017
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Intracranial tumor volume and RT

Predictors of Survival in Contemporary Practice After
Initial Radiosurgery for Brain Metastases

1.00
1

251 patients treated with SRS for brain mets Log rank p<0.0001

0.75
1

Median OS was 11.1 months

Estimated Survival
0.50
1

Significant predictors of OS were:

* presence of extracranial disease (p <.001)

* total tumor volume > 2 cm3 (p <.001)

* age 60 years(p=.002) 6 48 60 72
. Analysis Time (months)

* prognostic assessment (p < .001)

0.25
1

0.00
1

T
84 96 108

Overall survival by treatment volume (cut point, 2 cm>).

Likhacheva et al. IJROBP 2013
BOLOGNA, 27-29 OTTOBRE 2023
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Intracranial tumor volume and RT

Table 4 Multivariate analysis for overall survival, local control, and distant brain control

Overall survival Local control Distant brain control Comparison
Variable HR P value 95% CI HR P value 95% CI HR P value 95% CI group
Total lesion volume >2 198 <.001 (1.4-2.81) 4.56 .016 (1.32-15.74) 0.67 .10 (0.42-1.08) Total treatment
volume <2
Age >60 (y) 1.67 .002 (1.2-2.33) 0.89 .85 (0.26-3.06) 1.25 25 (0.86-1.83) <60y
Baseline DS-GPA 0.71 <.001 (0.59-0.85) 2.33 .05 (1.02-5.30) 1.01 .90 (0.82-1.24) Continuous
|:> >4 lesions 1.41 17 (0.86-2.32) 4.01 13 (0.66-24.42) 1.02 97 (0.5-2.08)  1-3 sites

Extracranial disease 420 <.001 (2.04-8.68) 0.80 .72 0.24-2.71) 2.15 011 (1.19-3.9) No

Abbreviations: CI = confidence interval; DS-GPA = diagnosis-specific graded prognostic assessment; HR = hazard ratio.

Likhacheva et al. IJROBP 2013
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Extracranial volume of disease

Volumetric burden of metastatic lesions drives outcomes in
patients with extracranial oligometastatic disease

961 patients with median follow-up of 24.4 months. Most common primaries were NSCLC (25.9%), colorectal
cancer (22.0%), prostate (13.3%), breast (7.9%), and RCC (6.2%)

Most patients (72.9%) had metachronous oligometastatic disease
Majority of patients (91.6%) had 3 or fewer lesions

Mean total PTV was 66.2 cc, while the median was 40 cc (IQR 19.7 — 85.0)

Cao et al. Cancer Medicine. 2021
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Metastatic volume and distant progression

LA _w
Total volume had a significant g 2 Total PTV (Quartes) EE Total GTV (Quarties)
8 — <=19.7cc 8 — <=3.0cc
effect on DPFS 4B — Woarec E & — 83276e
3 S MG " — >2760¢c
, , £ &4 g 2 |
Each twofold increase in TV z s =
conferred a 40.6% increased risk g 2 & 8
of distant progression (p < 0.001) N g |
& 0 6 12 18 24 30 36 42 48 54 60 § WEEA - o 3- & 1 & 4

0 6 12 18 24 30 36 42 48 54 60

S Time (Months)
Time (Months)

Cao et al. Cancer Medicine. 2021
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Metastatic volume and survival

Relationship between total PTV
and OS was significant

1.00
|
1.00

0.75
1

Each twofold increase in TV
increased the risk of death by

Total PTV (Quartiles) Total GTV (Quartiles)

Probability of Overall Survival
0.50
1
Probability of Overall Survival
0.50
1

60.7% in the first 6 months (p < 8§49 —re 8T g?‘g%‘:éc
. . - 40.0-84. — -27 6 cc
0.01), and by 34% within each 6- e | T iebe” g4 = 8
= =] T T T T T T T T T T S

T T T T T T T T T I T

month period over the next 18 § & 4B §6 5b B 8% 48 45 W 0 6 12 18 24 30 36 42 48 54 60
months (p < 0.01) Time (Months)

At Risk: Time (Months) A=

Cao et al. Cancer Medicine. 2021
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Disease volume by site

Development and Validation of a Predictive Model for
Metastatic Melanoma Patients Treated with Pembrolizumab
Based on Automated Analysis of Whole-Body ['®FIFDG PET/CT
Imaging and Clinical Features

o Kaplan-Meier curve based on TMTV baseline - Kaplan-Meier curve based on TMTV baseline
) ’ —— TMTV baseline < 100 ml manual
~ TMTV baseline > 100 ml manual
-0l B 0000 | TMTV baseline < 100 ml automated
0.8 g 0.8 TMTV baseline > 100 ml automated
c o
3 0.6 £ 06
s
g ]
2 0.4 504
c o
2 &
= s
Qo >
8 0.2 £02
S 3
& 2
—— TMTV baseline < 90 ml manual o
0.0 ~— TMTV baseline > 90 ml manual 00 i " e
: logrank p manual: 888X 1012 +svee TMTV baseline < 90 mi automated i ek D:ﬁ:"maa'te& g 108
logrank p automated: 4.39 x 10~ TMTV baseline > 90 ml automated A -
- . v . . v v .
0 25 50 75 100 125 150 175 o 0 80 S0 80 000 a0, %0
Time [weeks]

Time [weeks]

Overall survival Progression free survival

Dirks et al. Cancers 2023
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Disease volume by site

Overall Survival Progression-Free Survival
Baseline Feature Hazard Ratio (95% CI) Hazard Ratio (95% CI)

Hhzeshold Manual Automated tieestiold Manual Automated
TMTV [mL] 90 12.2 (4.95-29.8)  14.3(5.72-35.8) 100 3.85 (1.87-7.94) 4.23 (2.04-8.77)
TLG [SUV,,,-mL] 400 7.77 (3.62-16.7)  7.77 (3.62-16.7) 700 3.18 (1.48-6.82) 3.43 (1.59-7.38)
V liver metastases [mL] 30 11.0 (4.52-26.6)  8.21(3.46-19.5) 30 4.70 (2.17-10.2) 5.12 (2.29-11.4)
V bone metastases [mL] b 2.81(1.38-5.72) 3.25 (1.59-6.63) 35 3.22 (0.969-10.7) 3.22 (0.969-10.7)
V lung metastases [mL] 5 3.12(1.07-9.08)  2.56 (1.05-6.27) 5 2.62 (1.02-6.74) 1.56 (0.706-3.45)
V metastases in GI tract [mL] 10 3.00 (1.04-8.67) 7.20 (2.63-19.7) - - -
V spleen metastases [mL] 5 32.6 (2.26-470) 8.26 (1.72-39.7) 5 7.19 (0.827-62.4) 7.57 (1.65-34.8)
V metastases in adrenal glands [mL] 1 398 (1.36-11.6)  5.36(1.55-18.6) - - -

Dirks et al. Cancers 2023
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Metastatic burden volume in PCa

Oligometastatic Prostate Cancer Treated with Stereotactic Body

Radiation Therapy: The Role of Three-Dimensional Tumour Volume in
Patient Survival

163 patients and 320 metastases were treated with 226 SBRT
The median 3D metastatic tumour volume was 4.1 cm3 (0.01 - 233.4 cm3)

87 (53.4%) cN1, 21 (12.9%) cM1a and 55 (33.7%) cM1b metastases

Franzese et al. Clin Oncol 2023
BOLOGNA, 27-29 OTTOBRE 2023
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Metastatic burden volume in PCa

OS by tumor volume

1.00 OS by site
1.00
0.75-
075
0.50 :
0.50 ‘ T
0.25
<=20cc L
- >20cc N1
0L, ' ; ; ; " - Mia +Mib
0 12 24 36 48 60 : T . T T T
0 12 24 36 48 60

Time (months) — i)
ime (mon

Franzese et al. Clin Oncol 2023
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Metastatic burden volume in PCa

Overall survival

Univariate analysis

Age, years

Performance status, continuous

ISUP grade group, continuous

Time to metastases, continuous

Number of metastases

Continuous

1 versus 2—4

1-2 versus 3—4

Site of metastases, cN1 versus cM1a+cM1b
PSA at SBRT, continuous

PSA doubling time, continuous

Imaging before SBRT, PSMA- versus choline-PET
Tumour volume

Continuous

>5 cm?

>10 cm?

>20 cm?

Multivariable analysis

Time to metastases, continuous

Site of metastases, cN1 versus cM1a+cM1b
Tumour volume >20 cm?

HR

1.02
1.08
1.15
0.99

1.38
1.38
1.97
215
1.01
0.98
0.76

1.14
1.81
2.16
2.37

1.81
1.93

95% ClI

0.98—-1.05
0.69-1.67
0.92-1.44
0.98—1.00

0.94-2.04
0.79-2.43
0.83—-4.67
1.24-3.74
0.98—1.04
0.93-1.03
0.34-1.68

1.04-1.26
1.05-3.12
1.26-3.69
1.34-4.18

1.01-3.25
1.06—3.52

P-value
0.213
0.730
0.206
0.095

0.096
0.251
0.123
0.006
0.454
0.536
0.507

0.004
0.031
0.005
0.003

0.046
0.030
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Metastatic burden volume in CRC

Survival outcomes and predictors of response in oligometastatic colorectal cancer treated with SBRT:

the significance of tumor volume.
347 patients who underwent 516 SBRT treatment on 820 oligometastases. The median follow-up duration was
32.4 months
The study demonstrated 1-year, 3-year, and 5-year OS rates of 94.9%, 63.8%, and 45.1%, respectively
Tumor volume emerged as a significant predictor of OS:
* Median OS was 41.6 months for > 14.1 cc

¢ Median OS was 68.5 months for < 14.1 cc

Franzese et al. Under review, Cancers 2023
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Metastatic

burden volume in CRC

Number at risk

OS by total volume
1.001
0.75+
0.50 ﬁ—\i
0.25+
TV <=14.1cc
0.004 TV >14.1 cc
T T T T T T
(0] 12 24 36 48 60
Time from the treatment start
TV<=14.1cc 173 159 124 88 67 54
TV>14.1cc 174 152 104 73 51 40

OS by number of lesions

1.001
0.754
00 i T—
0.25+ 1
2
0.004 >=3
T T T T T T
(o] 12 24 36 48 60
Time from the treatment start
Number at risk
1 207 190 148 105 72 61
2 85 73 50 34 26 18
>=3 55 48 30 22 20 15

Local progression 103 99 66 41 26 18

OS by in-field control

1.00
0.754
h \—‘_\—H
0.25+

Local control
0.00 Local progression

T
(o] 12 24 36 48 60
Time from the treatment start

Number at risk
Local control 244 212 162 120 92 76
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Re-definition of the OMD

The oligometastatic spectrum in the A
era of improved detection and modern L
systemic therapy |

Rohan R. Katipally®, Sean P. Pitroda, Aditya Juloori, Steven J. Chmura and
Ralph R. Weichselbaum®

* In the context of modern systemic therapies and improved cancer detection, the
oligometastatic phenotype is framed as a dynamic state within which local ablative
therapies improve clinical outcome, including prolonging survival and achieving cure.

* The definition of the oligometastatic state should be expanded beyond the number or
size of metastases, and incorporate clinical risk factors, tumour biology, host biology
and novel biomarkers that intersect to define the metastatic spectrum.

Katipally et al. Nature Revlews Clinlcal Oncology 2022
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How to better characterize?

acquired at hospital | | clinical decision support system

automated PET thresholding

Clinical parameters
LDH %o multi-channel nnU-Net
103

CRP ’

Brain metastases LDH = [1x ULN, 2x ULN]

no brain metastases

& é ﬁ :
ks

S o
(1.4 ¥ 4 TMTV = 116 mL =

’ e QO o

0 T 9 02
o

Cox regression "

Bl PET positive mm lesion D I 2 S )
mm physiological uptake Time [weeks]

1-year OS probability = 0.41
2-year OS probability = 0.31

Dirks et al. Cancers 2023
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Oligometastatic setting includes a wide spectrum of disease, with a common consensus on a maximum number of 5
metastases

Conclusions

Numerical definition of oligometastatic disease has several limitations, including biological basis

Recent evidences highlighted the importance of metastatic tumor volume as a predictor of patients survival for
both intracranial and extracranial disease

Larger volume may be a surrogate marker for more aggressive biology or higher risk of occult disseminated
micrometastases even when the oligometastatic definition is satisfied by the number of macroscopic lesions

Volumetric metastatic burden should be considered as an important independent clinical factor for treatment
personalization
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Thank you

ciro.franzese@hunimed.eu
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