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Abstract

Purpose Microwave ablation (MWA) is a treatment
modality for colorectal liver metastases (CRLM). While
potentially curative, more information is needed on factors
that contribute to long-term local tumour control. The
prospective multicentre observational study CIRSE
Emprint Microwave Ablation Registry aims to prospec-
tively collect real-world technical data and clinical out-
comes on patients treated with MWA in CRLM.

Methods Eligible patients are adults with up to 9 local
treatment naive CRLM of <3 cm completely treat-
able with either MWA alone or MWA with resection and/
or radiotherapy within 8 weeks. Data are collected, at
baseline, every 3 months until 12 months, and thereafter
every 6 months until the end of the study. The primary
outcome measure is local tumour control. Secondary out-
come measures are overall survival, (hepatic-) disease-free
survival, time-to-progression untreatable by ablation, sys-
temic therapy vacation, safety, and quality of life.
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Covariates related to the primary outcome measure will be
assessed using a stratified log-rank test and an univariable
Cox proportional hazard regression. A sample size of 500
patients with 750 lesions produces a two-sided 95% con-
fidence interval with a precision equal to 0.057.

Results Between September 2019 and December 2022,
500 patients have been enrolled with at least 976 treated
tumours.

Conclusion The prospective observational CIEMAR study
will provide valuable insights into the real-world use of
MW A, helping in the future patient selection and clarifying
factors that may contribute to long-term local tumour
control.
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CTCAE  Common terminology criteria for adverse
events

DFS Disease-free survival

EORTC  European Organisation for Research and
Treatment of Cancer

HDFS Hepatic disease-free survival

HRQOL  Health-related quality of life

HR Hazard ratio

MWA Microwave ablation

RFA Radiofrequency ablation

(0N} Overall survival

SBRT Stereotactic body radiation therapy

Introduction

Thermal ablation is a potentially curative treatment option
for patients with colorectal liver metastases (CRLM) [1, 2].
In oligometastatic disease, characterised by one to five
metastatic lesions in up to two metastatic sites that can be
treated safely by local treatment, surgery remains the
standard procedure, achieving a 5-year disease-free sur-
vival rate of approximately 20% [3, 4] and a median 5-year
survival of 38% [5]. Long-term survival or cure is
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achievable in 20-45% of the patients who undergo com-
plete AO thermal ablation [6, 7].

In unresectable and more advanced disease, thermal
ablation may be part of a multimodal approach in combi-
nation with systemic treatment. Common systemic thera-
pies in early lines are a combination of irinotecan and/or
oxaliplatin with 5-fluorouracil/leucovorin together with
biologicals such as cetuximab or panitumumab (anti-epi-
dermal growth factor receptor) and bevacizumab or
aflibercept (anti-vascular endothelial growth factor) [2].
The randomised phase 2 CLOCC trial has shown that the
addition of radiofrequency ablation (RFA)—with or with-
out resection—to systemic treatment prolongs overall sur-
vival (OS) significantly (hazard ratio [HR] 0.58, 95%
confidence interval [CI] 0.38-0.88, p = 0.01) in patients
with primarily unresectable CRLM compared with sys-
temic treatments alone [8].

Despite the stronger evidence base for RFA, microwave
ablation (MWA) has shown similar effectiveness outcomes
[6, 9-12] while adding the benefit of being less susceptible
to the heat-sinking effect, which leads to more pre-
dictable and larger ablation zones compared with RFA
[13-15]. Unlike RFA, MWA is a newer technique and
clinical studies on MWA lack systematically collected
prospective long-term follow-up data, which limits the
understanding of the potential long-term benefits of this
ablation modality [16]. The currently ongoing randomised
studies COLLISION (NCT03088150), COLLISION-XL
(NCT04081168) and NEW-COMET (NCT05129787) also
aim to improve these shortcomings [17].

Awaiting the results of these trials, the Cardiovascular
and Interventional Radiological Society of Europe
(CIRSE) initiated the multicentre prospective observational
study CIRSE Emprint™ Microwave Ablation Registry
(CIEMAR, NCTO03775980). CIEMAR aims to study the
long-term effectiveness of MWA in CRLM in the real-
world clinical setting, including important parameters such
as health-related quality of life (HRQOL), which provides
a “real-world” counterpart to the COLLISION trial, to
form a substantial evidence base for the use of MWA in
CRLM. The study is sponsored and conducted by CIRSE.

Methods
Study design

CIEMAR is a prospective, single-arm, multi-centre obser-
vational study observing the use of MWA in Europe as
performed in routine clinical practice for the treatment of
patients suffering from colorectal liver metastases.

The study is governed by a multidisciplinary scientific
steering committee including interventional radiologists

and liver surgeons. This study was performed in accor-
dance with the declaration of Helsinki and good clinical
practice guidelines and was approved by the local ethics
committees of participating centres. All patients were
required to sign an informed consent for upon study
enrolment.

Site selection and patient enrolment

Sites using Emprint™ or Emprint HP™ as the standard of
care for CRLM and meeting a minimum amount of expe-
rience (a minimum of 20 ablations of liver tumours using
any thermal ablation method per year within the last
4 years) were identified and invited to participate in the
study. Centres from 16 European nations (Belgium, Croa-
tia, Denmark, France, Germany, Greece, Italy, the
Netherlands, Northern Macedonia, Norway, Portugal,
Spain, Sweden, Switzerland, Turkey, and the United
Kingdom) were asked to participate.

Patient inclusion and exclusion criteria are displayed in
Table 1. Site enrolment started in October 2018 and ended
in November 2022. Patient enrolment started in September
2019 and was completed in January 2023.

Data collection and quality control

Patients enter the study by accepting participation and
signing the informed consent form. Baseline data are col-
lected one month prior to the first treatment (see Fig. 1).
Additionally, the relevant data to calculate the baseline
Charlson Comorbidity Index (CCI) and the clinical risk
score (Fong Score) are collected [18, 19]. After each
treatment, technical parameters are collected on how the
treatment is performed, whether simultaneous resection of
other lesions is performed, and whether concomitant sys-
temic therapy is received. Follow-up data are collected
1 month after the treatment, then every 3 months for the
first 12 months and then every 6 months until the study
exit or study end, 36 months after the 500th patient has
been included. Data for safety and adverse events are
collected throughout the whole study. HRQOL data are
collected before the first treatment and at the first follow-
up.

Data validity, completeness, consistency, and uniformity
are warranted by case report forms with programmed
constraints on data types, ranges, and mandatory data
fields. Furthermore, a regular remote monitoring scheme is
employed to verify the data quality, inclusion of patients,
and follow-ups. No on-site monitoring or source data ver-
ification is performed due to resource limitations. Remote
monitoring is performed quarterly. Activities include
monitoring calls with the sites, sending query reports and
monitoring call reports in which all necessary action points
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Table 1 Patient inclusion and exclusion criteria

Inclusion criteria

18 years old or older

Proven colorectal liver metastases (either histologically or diagnosed by imaging in a patient with known colorectal cancer)

Patient referred to MWA by a multidisciplinary tumour board

Treated with the Emprint or Emprint HP Microwave ablation system

Intention to completely treat (ablation, resection, Stereotactic body radiation therapy [SBRT]) all visible disease within 8 weeks

Max. number of 9 liver lesions

All liver lesions local treatment-naive

Max. diameter of the largest liver lesion treated does not exceed 3 cm

Exclusion criteria

Life expectancy less than 6 months (palliative treatment)

Extrahepatic metastases with the exception of a maximum of 5 lung nodules

Ongoing infection (viral/bacterial)

Patients receiving simultaneous bowel surgery and microwave ablation

Patients receiving simultaneous irreversible electroporation, RFA, SBRT, Cryoablation, high-intensity focused ultrasound, or other local

treatment than resection

Pregnancy

Patients with liver metastases that cannot be completely and safely treated

Active cancers other than non-resected primary colon cancer

Advanced liver disease or evidence of liver insufficiency

are documented. Data are monitored regularly, and queries
are raised via the electronic data capturing system. The
non-interventional nature of the study means that the exact
dates of the procedures and follow-ups are determined by
the medical team.

The electronic data collection system was developed and
supported by OpenClinica (LLC, Waltham, MA, USA).

Data sets

For the main results analysis, a full analysis data set
composed of all eligible patients who were enrolled in the
registry and underwent MWA treatment will be used.
Patients for whom the amount of data collected is too
scarce to warrant meaningful analysis might be assessed
for exclusion. The cut-offs for data scarcity will be eval-
uated during the final analysis, and the number of excluded
patients as well as the reason for exclusion will be reported.
Other data sets (e.g. to explore country or centre effects)
might be created during the final analysis.

Primary outcome measure
The primary outcome measure is the local control rate for
all ablated tumours at 1 year (defined as fully ablated with

no evidence of disease within the ablation zone at
12 months + / — 45 days after the last ablation of the
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respective tumour) as assessed by the investigators’routine
protocols (Table 2).

Secondary outcome measures

Safety

Safety will be descriptively analysed based on reported
adverse events (AEs) and abnormal laboratory values (bi-
ologic AEs) recorded during patient follow-up. Reported
AEs and biologic AEs will be graded according to the
Common Terminology Criteria for Adverse Events
(CTCAE), version 5.0 and reported by the PIs. They will be
summarised as the total number of AEs and the percentage
of patients with at least one AE for any grade, grades 34,
grade 5 and related or likely to be related will be given.

Time-to-event

The first MWA treatment will be the starting point for the
per-patient time-to-event analyses, and the first MWA
treatment of the respective lesion for per-lesion time-to-
event analyses. OS is defined as the time of death of any
cause, for DFS as the time of any progression, new
tumours, or death, for HDFS as the time of any progression
of liver tumours, new tumours in the liver or death and for
time to progression untreatable by thermal ablation as the
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Fig. 1 Flowchart detailing the
data collected at each stage of
the enrolment. ECOG: Eastern
Cooperative Oncology Group;
CCI: Charlson Comorbidity
Index

Enrolment

Allocation

Follow-up

Analysis

Patient is considered for MWA treatment

Exclusion: not meeting

inclusion criteria or not

Patient meets the inclusion criteria and is agreeing to participate

asked to participate

v

Included in CIEMAR

v

Baseline data (1 month prior to treatment)
* Demographic data

* Medical history

* Clinical performance (ECOG)

¢ Laboratory data

* Quality of Life

* Comorbidities (CCl)

* Clinical risk (FONG score)

v

Microwave ablation treatment
* Treatment specifics

* Technical parameters

* Procedural medication

¢ Clinical data

* Hospital stay

* Adverse events

* Concomitant therapies

First follow-up at 1 month after treatment
* Ablation status

* Safety margins

* Clinical data

* Subsequent therapies

¢ Tumour progression

* Adverse events

* Quality of Life

v

Recommended subsequent follow-ups
every 3 months after treatment for 12
months, thereafter every 6 months

* Clinical data

¢ Tumour progression

* Subsequent therapies

* Adverse events

4

To be analysed |

time of progression of a treated tumour that has been  Patient-reported quality of life

determined as not treatable by thermal ablation according

to the investigator. Systemic cancer therapy vacation is  Health-related quality of life data will be analysed using
defined as the time between the first MWA treatment and  version 3 of the European Organisation for Research and
the start of systemic cancer therapy. In these analyses,  Treatment of Cancer (EORTC) QLQ-C30 Scoring Manual
subjects lost to follow-up will be censored at the last  (2001) in all dimensions. Results will be presented for the
recorded communication with the patient.
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Table 2 Primary and secondary outcome measures

Measured
according to

Outcome measure

Definition

Primary outcome measure

Effectiveness Local tumour control at 12 Investigator

months on a per lesion basis assessment
Secondary outcome measures
Safety Adverse events CTCAE
V5.0
Effectiveness Overall survival Investigator
assessment
Overall disease-free survival Investigator
assessment
Hepatic disease-free survival Investigator
assessment
Time to Investigator
untreatable progression by assessment
thermal ablation
Systemic cancer therapy Investigator
vacation assessment
Quality of Life EORTC
QLQ-C30

Tumour is considered to be fully ablated with no evidence of disease within the
ablation zone at 12 months + / — 45 days after the last ablation

Time between the first treatment and the time of death of any cause

Time between the first treatment and the time of any progression, new tumours,
or death

Time between the first treatment and the time of any progression of hepatic
tumours, new hepatic tumours or death

Time between the first treatment and the time of progression of a treated
tumour that has been determined as not treatable by thermal ablation

Time between the first treatment and the start of systemic cancer therapy

global health status/QoL score, functional and symptom
dimensions, and for individual items.

Statistical analysis
Sample size calculation

As the total number of available lesions will depend on
how many lesions per patient are treated, several scenarios
were used to calculate the required sample size to achieve
sufficient precision for analysis. Based on previously
published data [11, 16], local tumour control rates of 60%,
70%, and 80% for 1, 1.5, and 2 tumours per patient were
chosen as possible scenarios. Using the resulting sample
size, the expected precisions were calculated using the two-
sided 95% confidence interval according to the Wilson
score method [20, 21].

A sample size of 500 patients with a median of 1.5
tumours per patient produces a two-sided 95% confidence
interval with a precision equal to 0.057 when the sample
proportion is 0.8.

Outcome measures

The median time to event and 95% confidence interval will
be calculated using the Kaplan—Meier estimator. Results
will be illustrated graphically using Kaplan—Meier plots
and the impact of different covariates will be assessed
using a stratified log-rank test and an univariable Cox
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proportional hazard regression. The pre-defined list of
covariates can be found in Supplement 1. Covariates that
have at least a 10-90% ratio and no more than 10% missing
data will be used. Covariates with p values of < 0.1 will be
included in a multivariable Cox proportional hazard
regression model. Backwards elimination will be used for
model building. The criteria for retaining variables in the
model based on statistical significance (p < 0.05) and
model improvement. The Cox proportional hazard
assumptions will be verified and covariates that do not
satisfy those assumptions will be flagged.

Quality of life outcomes will be presented by absolute
values and change from baseline using summary statistics.
Summaries will be broken down into subgroups and
covariate analyses may be performed using analysis of
covariance (ANCOVA) depending on the number of
available questionnaires at the final analysis.

All statistical tests will be based on a significance level
of 5%, and estimates will be presented using two-sided
95% confidence intervals. As it is not planned to test any
statistical hypotheses in a confirmatory sense, statistical
testing will have to be interpreted in the perspective of the
study.

Missing data
Missing observations will be presented as a percentage of

the total. For the assessment of the primary outcome
measure, a drop-out is defined as a lesion not followed up
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to the 12 months + / — 45 days mark. In the case of the
death of a patient before the 12 months assessment, only
lesions that had progressed will be regarded as not having
achieved tumour control at 12 months and lesions where
progression could not be determined before the death of the
patient will be regarded as a drop-out. A sensitivity anal-
ysis will be done to assess potential bias due to drop-outs
before the 1-year assessment. Depending on the differences
between the primary analysis and the sensitivity analysis, a
tipping-point analysis may be performed.

The statistical analysis will be done using R Studio
version 4.4.

Current status of the study

Between October 2018 and June 2022, 100 hospitals that
met the selection criteria were invited, of which 36 were
activated (by means of training, access to the database, and
eligibility to include patients). As of January 2023, 500
patients have been enrolled with 976 treated tumours,
achieving the minimum sample size of 976 lesions for a
precision between 0.04 and 0.06. Follow-up data will be
collected until January 2026. The final clinical outcome
results are expected to be published by 2027.

Discussion

CIEMAR is a Europe-wide, prospective multicentre
observational study of patients with colorectal liver
metastases treated with microwave ablation as standard
therapy. Its primary outcome measure is to evaluate local
tumour control, with secondary outcome measures being
overall survival, (hepatic) disease-free survival, time to
progression untreatable by thermal ablation, systemic
cancer therapy vacation, safety and quality of life.

The robust data of real-world, 1-year tumour control per
lesion will be used to determine factors that impact the
effectiveness of MWA and to identify unresectable lesions
that may still be optimal for MWA, thus potentially
improving the curative approach to CRLM. While the level
of evidence of observational data is considered low com-
pared to randomised controlled trials (RCTs), several
comparative studies have shown that outcomes of RCTs
and observational studies are comparable in terms of
treatment effect and quality [22-24]. Nevertheless, a recent
meta-analysis showed that the risk of bias was directly
correlated with the effect estimate [25]. Therefore, the
choice of a robust primary outcome measure, inclusion
criteria, and prospective data collection are essential in
reducing the risk of bias [26-28]. In this study, the choice
of a primary outcome measure appropriate for localised

treatments allows CIEMAR to precisely evaluate the extent
of local tumour control with MWA and relate this to its
secondary effectiveness outcome measures (26). Hence,
CIEMAR will combine the strengths of the observational
design with the localised effects of interventional onco-
logical treatments and thus be able to avoid the pitfalls of
observational studies that focus on more general outcome
measures, such as OS or progression-free survival.

Initially, CIEMAR aimed to include 700 patients with
1050 lesions with a precision of 0.05. Unfortunately, due to
the COVID-19 pandemic, some centres were understaffed
or even closed, while in other cases, resources had to be re-
allocated to cope with the influx of COVID-19 patients and
cancer treatments, including ablation treatments, were
postponed or aborted. This had a negative impact on
patient enrolment. Nevertheless, the current sample size of
a minimum of 803 lesions with a precision of 0.04—0.07 is
statistically sufficient to evaluate the primary outcome
measure.

Limitations

The limitation of this study is that it has a single-arm
observational design without a comparison group. Poten-
tially unaccounted confounding factors may limit the
interpretation of the data. Furthermore, as a single-device
study using only the Emprint™ Microwave Ablation
System and the new generation Emprint™ HP Microwave
Ablation Systems, the outcomes may be limited in their
generalisability to the numerous MWA devices existing on
the market.

The observational design limits the ability to prescribe
precise follow-up periods. While a 1-month follow-up after
ablative treatment and a 3-month follow-up thereafter can
be considered a standard of practice, missing data regard-
ing quality-of-life questionnaires at this time interval can
be expected. This will be mitigated with remote monitoring
practices but needs to be considered when interpreting the
outcomes. Additionally, the lack of on-site monitoring
represents a limitation of the study. The data are provided
and verified by the sites, but no source document verifi-
cation is performed.

Conclusion

CIEMAR is a large prospective multicentre study on the
effectiveness of MWA in real-world clinical practice. Its
outcomes will improve the understanding of factors that
may contribute to local tumour control after MWA in
CRLM. First results may be expected in 2027.
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Supplementary  InformationThe online version contains
supplementary material available at https://doi.org/10.1007/s00270-
023-03573-0.
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