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 Lokal  ab lat ive Ver fahren 

9 .38 . Ev i d en z b asi er t e Em p f eh l u n g  2017  

Empfehlungsgrad 

0 
Lokal ablative Verfahren können eingesetzt werden, wenn nicht resektable 

Metastasen vorliegen oder der Allgemeinzustand des Patienten eine Resektion nicht 

zulässt, insbesondere nach vorangegangener Lebermetastasenresektion.  

Level of Evidence 

3b 
Quellen: [1184-1187] 

 Starker Konsens 

 

Hint ergrund 

Primär werden lokal ablative Verfahren dann eingesetzt, wenn eine chirurgische 

Resektion technisch oder aufgrund patientenbezogener Faktoren nicht möglich ist. Lokal 

ablative Verfahren können aber auch in Kombination mit einer chirurgischen Resektion 

durchgeführt werden [1184-1186]. Grundsätzlich muss in diesem Zusammenhang 

festgehalten werden, dass die Evidenz zu diesem Thema limitiert ist und ausreichend 

große prospektive, randomisierte Studien fehlen. 

Bei primär resektablen Lebermetastasen, die nach Größe und Lokalisation auf für lokal 

ablative Verfahren geeignet sind, sollen diese alternativ angeboten und im inter-

disziplinären Tumorboard mit einem in der Leberchirurgie erfahrenen Chirurgen sowie 

mit einem erfahrenen interventionellen Radiologen diskutiert werden. Die Indikations-

stellung zu lokal ablativen Verfahren sollte in multidisziplinären Tumorkonferenzen 

erfolgen. Das beste Gesamtüberleben wird durch ein multimodales ggf. sequenzielles 

Therapiekonzept erreicht. Die Möglichkeit einer sekundären Resektabilität bzw. die 

Durchführbarkeit lokal ablativer Maßnahmen soll mittels regelhaft eingesetzter Folge-

untersuchungen durch regelmäßige, multidisziplinäre Tumorkonferenzen überprüft 

werden.  

Im Rahmen der verfügbaren thermischen Verfahren werden die Radiofrequenzablation 

(RFA), die Mikrowellenablation oder hochkonformale, hypofraktionierte Bestrahlungen, 

wie die stereotaktische Bestrahlung oder [HDR]-Brachytherapie in Abwesenheit 

randomisierter Vergleichsstudien in ihrer Wirkung als vergleichbar betrachtet. Je nach 

Verfahren variiert aber die Indikationsstellung in Abhängigkeit von Lokalisation oder 

Gefäßnähe. Der potentielle Nutzen einer RFA (plus chirurgische) Behandlung zusätzlich 

zur Chemotherapie deutet sich in der CLOCC Studie trotz kleiner Fallzahl an [1187]. In 

dieser Studie wurde bei nicht resektabler Lebermetastasierung eine  RFA (intraoperativ, 

laparoskopisch oder perkutan) zusätzlich zu einer Chemotherapie (6 Monate) mit einer 

alleinigen Chemotherapie verglichen. Diese Studie zeigte im RFA/Chemotherapie-Arm 

sowohl eine signifikante Verlängerung des PFS (9,9 vs 16,8 Monate; HR 0,57, p=0,005), 

sondern auch des Gesamtüberlebens (45,6 vs 40,5 Monate; HR 0,58, p=0,01). 

Angesichts weiterhin fehlender prospektiv kontrollierter Studien kann eine LITT zur 

Behandlung von Lebermetastasen bei KRK außerhalb klinischer Studien nicht empfohlen 

werden. 

S3 Leitlinie, 2017 (Version 2.1 update 2019)

9.14. Lokoregionär wirksame Verfahren 
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 Lokoregionär  w irksame Ver f ahren 

Zu den lokoregionären Verfahren gehören die die selektive intraarterielle Radiotherapie 

(SIRT) oder die intraarterielle Chemotherapie der Leber (HAI, TACE).  

 Selek t ive int erne Radioembol isat ion (SIRT) 

9 .39 . Ev i d en z b as i er t e Em p f eh l u n g  201 7  

Empfehlungsgrad 

0 
Eine SIRT kann zur Behandlung von disseminierten Lebermetastasen bei KRK bei 

solchen Patienten eingesetzt werden, für die keine andere gleichwertige Therapie-

option in Frage kommt. 

Level of Evidence 

2b 
Quellen: [1205] 

 Starker Konsens 

 

Hint ergrund 

In vergleichsweise kleinen randomisierten Studien war die Kombination der SIRT 

(selektive intraarterielle Radioembolisation mit Yttrium-90 Harz-Mikrosphären) mit 5-FU  

effektiver als die Chemotherapie allein. Bei chemo-

refraktären  Patienten (n=44) induzierte die Hinzunahme der SIRT zu einer 5-FU-

Monotherapie im Vergleich zur alleinigen Behandlung mit 5-FU eine Verbesserung von 

Ansprechrate (10% vs 0%) und TTP (4.5 vs 2.1 Monate, P<0.03) [1205].  

In der Erstlinientherapie konnte bei 21 Patienten im randomisierten Vergleich von SIRT 

plus 5-FU versus 5-FU eine signifikante Steigerung von TTP (18.6 versus 3.6 Monate, 

p<0.0005) und OS (29.4 vs 12.8 Monate, p=0.025) erreicht werden ([1206]). Basierend 

auf den Daten einer Phase I Studie wurde die Kombination von SIRT mit einer FOLFOX 

Chemotherapie in 3 randomisierten Multicenterstudien (SIRFLOX, FOXFIRE und FOXFIRE 

global) untersucht [1207].  

In der SIRFLOX Studie wurde das PFS (primärer Endpunkt) durch Zugabe von SIRT zu der 

FOLFOX-Chemotherapie in der Erstlinientherapie nicht verbessert [1208]. Die Analyse 

des Gesamtüberlebens erfolgt als primärer Endpunkt in der gemeinsamen Evaluation 

aller drei Studien unter dem Dach der FOXFIRE global Studie. Auf dem ASCO Kongress 

2017 wurden diese Ergebnisse der FOXFIRE-global Studie erstmals präsentiert. In der 

Intent-to-treat population (n=1103) wurde durch die Zugabe von SIRT zu einer 

Oxaliplatin/5-FU-basierten Erstlinienchemotherapie weder ein Vorteil im PFS noch im 

Gesamtüberleben gezeigt. Allerdings wurden durch die Behandlung mit SIRT zusätzliche 

Nebenwirkungen induziert [1209]. Auffallend ist in dieser Studien-population der hohe 

Anteil an synchroner hepatischer  (87 %) und  extrahepatischer Metastasierung (35 %), 

von 50 -55 % Primärtumoren in situ, und von 36 %  ECOG 1 Patienten, was den geringen 

Effekt einer isoliert Leber-assozierten Therapie wie der SIRT auf das Gesamtüberleben 

mindestens zum Teil erklären dürfte. Die Zugabe von SIRT zu einer 5-FU/Oxaliplatin (+ 

Bevacizumab) -basierten Chemotherapie führte in der ITT-Population der FOXFIRE global 

Studie zu einer signifikanten  Verbesserung der Responserate (Odds Ratio 1.52, 

p=0.001).  Obwohl  gleichfalls ein signifikanter Vorteil der SIRT-Therapie in Hinblick auf 

das hepatische Ansprechen beobachtet wurde, war die Resektionsrate  in beiden 

Behandlungsarmen annähernd gleich (16% vs 17%, p=0.669). Die sekundäre 

Lokal ablative Therapie: Empfehlungen 



Cervantes et al., Ann Oncol 2023



• Für wen?

• Wann?

• Was?

• (und warum nicht öfter?)

Lokal ablative Therapie beim mKRK: Empfehlungen 



Generally, a traditional clinical definition of OMD is: 

• One to five metastatic lesions
• occasionally more if complete eradication is possible 

• Up to two metastatic sites 

• Controlled primary tumor (optionally resected) 

• All metastatic sites must be safely treatable by LT . 

Cervantes et al., Ann Oncol 2023 



• OMD status has therefore been established by radiological appearances and 
clinical judgement. 

• Notably, OMD status can occur in multiple clinical scenarios in the continuum of 
care e.g. during different treatment lines. 
• Therefore, careful and continuous re-assessment is recommended. 

Cervantes et al., Ann Oncol 2023 



• OMD status has therefore been established by radiological appearances and 
clinical judgement. 

• Notably, OMD status can occur in multiple clinical scenarios in the continuum of 
care e.g. during different treatment lines. 
• Therefore, careful and continuous re-assessment is recommended. 

• Currently, biological factors do not contribute to this definition

• this may change considering, for example, molecular subtypes with specific 
prognostic background and/or treatment implications. 

Cervantes et al., Ann Oncol 2023 



Local tumour → oligometastasation → diffuse mets. → terminal disease  

continuum over time? 

Paget et al., Lancet 1898; Halstead et al., Ann Surg 1907

Understanding biology of metastasation
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Oligometastatic vs. (widespread) systemic disease

adapted from: Reyes et al., Oncotarget 2015



Consensus molecular subtypes of CRC



31% 

26% 
19% 

24% 
56% 

10% 

27% 
7% 

51% 

15% 

31% 
3% 

Summary of associations 

Dienstmann R, et al. WCGIC 2014 (Abstract No. O-0025) 

Dienstmann et al., Ann Oncol 2018

Consensus molecular subtypes of CRC



6 out of 98 patients liver 
oligometastases 

(≤3 lesions) 

(A) without recurrence 
at 3y follow-up 

(B) recurred within 1y

Mutational pattern of oligometastatic mCRC

Ottaiano et al., Cancers (Basel) 2020



Mutational pattern of oligometastatic mCRC

Ottaiano et al., Cancers (Basel) 2020; Ottaiano et al, Front Immunol 2022



Pitroda et al., Nature Communications 2018



Pitroda et al., Nature Communications 2018



Oligometastatic vs. (widespread) systemic disease

adapted from: Reyes et al., Oncotarget 2015



„A Hallmark of Cancer Revisited…“

Fares et al., Signal Transduction and Targeted Therapy 2020



Allgayer et al., Semin Cancer Biol 2020 
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Melmann et al., Immunity 2023 



Tumour microenvironment (TME)

The TME includes

• immune cells, 

• extracellular matrix, 

• other cells, like fibroblasts

• (blood vessels)

Zhu et al., Organoids 2022



Patel et al., Clinical Oncology 2019

Oligometastatic disease and LAT:  What can be improved? 



Patel et al., Clinical Oncology 2019
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Induction strategy

optimal 
systemic treatment 

Post-induction strategy

  De-escalation maintenance 

  or discontinuation

 (or different compound?) 

Ablation strategy

  Surgical resection or

  „ablation toolbox“

multiple sites 
„palliative“ 

intention

Oligometastastatic
„ablative“

intention
          

localisation?
response?

Principles in mCRC management  

Re-challenge

or 2nd line

no systemic treatment 

Arnold; ESMO GI Educational Session 2022
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Induction strategy

optimal 
systemic treatment 



Franzese et al., Radiotherapy Oncol 2019

Bekannte Faktoren: Zeit, Kontrolle, Vollständigkeit 



Beispiel: transarterielle Radioembolisation beim KRK 

Wasan et al., Lancet Oncol 2017; Mulcahy et al., J Clin Oncol 2021

1st line, upfront TARE



EPOCH Studie: 2nd line Chemo mit TARE 

33
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Study Design

Mary F. Mulcahy, MD

Survival 
follow-up

R 1:1

N=428

95 sites

irinotecan or 
oxaliplatin-based 

chemotherapy

Key Eligibility
• Unresectable unilobar or 

bilobar colorectal liver 
metastases

• Able to receive second-
line irinotecan or 
oxaliplatin-based 

chemotherapy
• Measurable disease by 

RECIST 1.1
• Performance status 0 or 1
• Bilirubin ≤1.2 upper limit of 

normal
• Albumin ≥ 3.0 gm/dL

Stratification
• Unilobar/ 

Bilobar

disease
• KRAS status
• Irinotecan- or 

Oxaliplatin-
based 1st-line 

therapy

Follow up 
every 8 

weeks until 
disease 

progression
/  hepatic 
disease 

progression 
or death

N=215

Y-90 Glassa + 

Chemotherapy 
+/ - targeted therapy

N=213

Chemotherapy                               
+/ - targeted therapy

Chauhan N, Mulcahy MF, Salem R, et al. JMIR Res Protoc. 2019;8(1):e11545. doi: 10.2196/11545.

a TARE with Y90 glass microspheres (TheraSphereTM, Boston Scientific Corporation). Cycle 1= chemotherapy, Y-90 TARE replace Cycle 2, Cycle 3 resume 

chemotherapy ± targeted therapy.

CAUTION: Investigational device. Limited by Federal law to investigational use only. TheraSphere is not indicated as intended treatment of patients with metastatic colorectal cancer.

Mulcahy et al., ESMO 2021; Mulcahy et al., J Clin Oncol 2021 

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Primary Endpoint: Progression Free Survival

Mary F. Mulcahy, MD

% Progression-Free Survival (95% CI)

6 M 12 M 18 M

Y-90 + Chemo (N=215)
65.2

(58.0, 71.5)
25.8 

(18.9, 33.1)
16.7

(10.6, 23.9)

Chemo (N=213)
55.4

(47.2, 62.8)
13.2

(7.5, 20.5)
1.8

(0.2, 8.1)

Y-90 + Chemo: median 8.0 M (95% Cl: 7.2, 9.2)

Chemo:  median 7.2 M (95% Cl: 5.7, 7.6)

HR: 0.69 (0.54, 0.88); p<0.0013

Kaplan-Meier for progression free survival according to RECIST 1.1 by blinded independent central review. 

*Log-rank, one-sided p. Success criteria for the study were met (both PFS and hPFS p-values ≤0.00248).

Patients who received subsequent mCRC therapy prior to their last tumor assessment or PD or death were censored at their last tumor assessment prior to subsequent 

mCRC therapy. Patients who had PD or death immediately after ≥2 missed visits were censored at their last tumor assessment prior to the 2 missed visits.

CAUTION: Investigational device. Limited by Federal law to investigational use only. TheraSphere is not indicated as intended treatment of patients with metastatic colorectal cancer.

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Primary Endpoint: Hepatic Progression Free Survival

Mary F. Mulcahy, MD

Kaplan-Meier for progression free survival according to RECIST 1.1 by blinded independent central review. 

*Log-rank, one-sided p. Success criteria for the study were met (both PFS and hPFS p-values ≤0.00248).

Patients who received subsequent mCRC therapy prior to their last tumor assessment or PD or death were censored at their last tumor assessment prior to subsequent 

mCRC therapy. Patients who had PD or death immediately after ≥2 missed visits were censored at their last tumor assessment prior to the 2 missed visits.

% Hepatic Progression-Free Survival (95% CI)

6 M 12 M 18 M

Y-90 + Chemo (N=215)
70.7

(63.6, 76.6)
29.8 

(22.4, 37.6)
19.8

(13.0, 27.6)

Chemo (N=213)
55.2

(47.1, 62.7)
13.5 

(7.7, 20.9)
1.9

(0.2, 8.3)

Y-90 + Chemo: median 9.1 M (95% Cl: 7.8, 9.7)

Chemo:  median 7.2 M (95% Cl: 5.7, 7.6)

HR: 0.59 (0.46, 0.77); p<0.0001

CAUTION: Investigational device. Limited by Federal law to investigational use only. TheraSphere is not indicated as intended treatment of patients with metastatic colorectal cancer.



Radioembolization with Chemotherapy 
for Colorectal Liver Metastases: a 
randomized, open-label, international, 
multicenter, phase 3 trial

EPOCH study

Mary F. Mulcahy, MD

On behalf of the EPOCH investigators

Department of Medicine, Division of Hematology/Oncology

Northwestern University, Chicago IL USA

Lurie Comprehensive Cancer Center

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Primary Endpoint: Progression Free Survival

Mary F. Mulcahy, MD

Y-90 + Chemo: median 8.0 M (95% Cl: 7.2, 9.2)

Chemo:  median 7.2 M (95% Cl: 5.7, 7.6)

HR: 0.69 (0.54, 0.88); p<0.0013

Kaplan-Meier for progression free survival according to RECIST 1.1 by blinded independent central review. 

*Log-rank, one-sided p. Success criteria for the study were met (both PFS and hPFS p-values ≤0.00248).

Patients who received subsequent mCRC therapy prior to their last tumor assessment or PD or death were censored at their last tumor assessment prior to subsequent 

mCRC therapy. Patients who had PD or death immediately after ≥2 missed visits were censored at their last tumor assessment prior to the 2 missed visits.

CAUTION: Investigational device. Limited by Federal law to investigational use only. TheraSphere is not indicated as intended treatment of patients with metastatic colorectal cancer.

Beispiel: transarterielle Radioembolisation beim KRK 

Wasan et al., Lancet Oncol 2017; Mulcahy et al., J Clin Oncol 2021

1st line, upfront TARE 2nd line, oligomets.





Vatandoust et al., World J Gastroenterol 2017 

Resection: Long-term survival proven 



Gill et al., J Clin Oncol Suppl. (ASCO ED Book) 2018 

Oligometastases and SBRT



Gill et al., J Clin Oncol Suppl. (ASCO ED Book) 2018 

Oligometastases and RFA



Median follow-up 9.7 yrs

OS
HR 0.58
p = 0.01

PFS
HR 0.57
p < 0.01

CLOCC Trial, Ruers et al., JNCI 2017

119 pts., “liver only” met disease; not suitable for resection;  <10 lesions



Local ablative treatments of metastases 

• Surgery    Eradication rate:  100% 

• Local ablation techniques  Eradication rate:  >90%

• Intra-arterial therapies  Eradication rate:  40-100% 

• SBRT

How can we eradicate metastases? 
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Local ablative treatments of metastases 

• Surgery    Eradication rate:  100% 

• Local ablation techniques  Eradication rate:  >90%*

• Intra-arterial therapies  Eradication rate:  40-100%*

• SBRT     Eradication rate: 70-100%

*Depends on: size, localisation, physical effects (cooling,....), and: skills and techniques

How can we eradicate metastases? 



Van Cutsem et al., ESMO Consensus Guidelines mCRC., Ann Oncol  2016

Which local treatment „the best“?



Van Cutsem E et al., ESMO Consensus 2016; Ann Oncol 2016

Local ablative treatments....should be 
selected…..according to 

• localisation, 

• treatment goal (‘the more curative the more 
surgery’/higher importance of local/complete control), 

• treatment-related morbidity, 

• local expertise and availability, 

• patient-related factors. 



Biological characteristics of colorectal liver metastases

Biomarkers

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.
Fakih M et al., ASCO 2022; Kim R et al., Eur J Cancer 2022
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Kim R et al., ASCO 2022; Educational Session
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Clinical applications of ctDNA: Perspectives

Pascual D et al., Ann Oncol 2022



ctDNA dynamics indicating response to systemic tx.

First cycle Second cycle Third cycle

Jia et al., Front Genet 2021



in pre-ablation samples

Callesen et al., Ther Adv Med Oncol 2022
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THERAPEUTIC ADVANCES in 
Medical Oncology

Circulating DNA in patients undergoing  

loco-regional treatment of colorectal  

cancer metastases: a systematic review  

and meta-analysis

Louise B. Callesen , Tana Takacova , Julian Hamfjord, Florian Würschmidt,  

Karl J. Oldhafer, Roland Brüning, Dirk Arnold and Karen-Lise G. Spindler

Abstract

Background: Loco-regional treatment strategies of colorectal cancer (CRC) metastases are 

evolving, but biological markers that can benefit patients and assist physicians in clinical 

decisions are lacking. The primary objective of this systematic review and meta-analysis is 

to investigate the current knowledge on circulating DNA and its clinical utility in predicting 

outcomes in patients undergoing loco-regional treatment of CRC metastases.

Methods: A systematic search of PubMed, Embase, and Cochrane Central Register of 

Controlled Trials was conducted on March 22, 2022. We included studies on patients 

undergoing loco-regional treatment of CRC metastases reporting the predictive or prognostic 

value of circulating DNA in the blood. Hazard ratios (HR) were pooled in separate random-

effects meta-analyses to investigate if pre- or post-ablation measurements of circulating 

DNA were associated with survival. The risk of bias was assessed according to the Quality in 

Prognosis Studies tool.

Results: Twenty-eight studies with 2868 patients were included, of which 16 studies were 

eligible for meta-analyses. As expected in this new research field, a majority of included 

studies (n = 21/28) had a high risk of bias in at least one domain. Circulating DNA above the 

cutoff in a plasma sample taken before loco-regional treatment was associated with a short 

recurrence-free survival [pooled HR = 2.8, 95% confidence interval (CI) 1.4–5.7, n = 162] and 

overall survival (pooled HR = 4.7, 95% CI 1.1–20.6, n = 105). Circulating DNA above the cutoff in 

a plasma sample taken after loco-regional treatment was associated with a short recurrence-

free survival (pooled HR = 4.5, 95% CI 3.4–6.1, n = 569) and overall survival (pooled HR = 7.5, 

95% CI 2.0–27.3, n = 161). There was limited data on the association between dynamics in 

circulating DNA and outcome.

Conclusions: Measurements of circulating DNA can be valuable when selecting and 

monitoring patients undergoing loco-regional treatment of CRC metastases. Studies designed 

to investigate the true clinical utility of circulating DNA in the context of various ablation 

modalities are warranted.

The review has been registered at PROSPERO (ID: CRD42022320032)

Keywords: biomarker, cell-free DNA, circulating free DNA, circulating tumor DNA,  

loco-regional treatment, metastatic colorectal cancer
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THERAPEUTIC ADVANCES in 
Medical Oncology

Circulating DNA in patients undergoing  

loco-regional treatment of colorectal  

cancer metastases: a systematic review  

and meta-analysis

Louise B. Callesen , Tana Takacova , Julian Hamfjord, Florian Würschmidt,  

Karl J. Oldhafer, Roland Brüning, Dirk Arnold and Karen-Lise G. Spindler

Abstract

Background: Loco-regional treatment strategies of colorectal cancer (CRC) metastases are 

evolving, but biological markers that can benefit patients and assist physicians in clinical 

decisions are lacking. The primary objective of this systematic review and meta-analysis is 

to investigate the current knowledge on circulating DNA and its clinical utility in predicting 

outcomes in patients undergoing loco-regional treatment of CRC metastases.

Methods: A systematic search of PubMed, Embase, and Cochrane Central Register of 

Controlled Trials was conducted on March 22, 2022. We included studies on patients 

undergoing loco-regional treatment of CRC metastases reporting the predictive or prognostic 

value of circulating DNA in the blood. Hazard ratios (HR) were pooled in separate random-

effects meta-analyses to investigate if pre- or post-ablation measurements of circulating 

DNA were associated with survival. The risk of bias was assessed according to the Quality in 

Prognosis Studies tool.

Results: Twenty-eight studies with 2868 patients were included, of which 16 studies were 

eligible for meta-analyses. As expected in this new research field, a majority of included 

studies (n = 21/28) had a high risk of bias in at least one domain. Circulating DNA above the 

cutoff in a plasma sample taken before loco-regional treatment was associated with a short 

recurrence-free survival [pooled HR = 2.8, 95% confidence interval (CI) 1.4–5.7, n = 162] and 

overall survival (pooled HR = 4.7, 95% CI 1.1–20.6, n = 105). Circulating DNA above the cutoff in 

a plasma sample taken after loco-regional treatment was associated with a short recurrence-

free survival (pooled HR = 4.5, 95% CI 3.4–6.1, n = 569) and overall survival (pooled HR = 7.5, 

95% CI 2.0–27.3, n = 161). There was limited data on the association between dynamics in 

circulating DNA and outcome.

Conclusions: Measurements of circulating DNA can be valuable when selecting and 

monitoring patients undergoing loco-regional treatment of CRC metastases. Studies designed 

to investigate the true clinical utility of circulating DNA in the context of various ablation 

modalities are warranted.

The review has been registered at PROSPERO (ID: CRD42022320032)

Keywords: biomarker, cell-free DNA, circulating free DNA, circulating tumor DNA,  

loco-regional treatment, metastatic colorectal cancer
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in post-ablation samples



Zusammenfassung

• Lokal ablative Therapie ergänzen das Spektrum – in der „last line“, der Ergänzung 
der operativen Resektion, und eventuell auch als Konsolidierung in früheren 
Therapielinien

• Patientinnenselektion: klinische Faktoren insuffizient – biologische „on the way“

• Verfahrensauswahl: nach Lokalisation und Expertise

• Neue Felder: Lebermetastasierungskontrolle, und Therapiesteuerung über ctDNA 



Dirk Arnold
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