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multidisciplinary team (MDT) at Helsinki tertiary referral centre. The primary outcome was resection
rates and survival.

Findings: In 2012-2018, 1086 patients were included. Median follow-up was 58 months. Multiple metastatic
sites were present in 500 (46%) patients at baseline and in 820 (76%) during disease trajectory. In MDT assess-
ments, 447 (41%) were classified as resectable, 310 (29%) upfront and 137 (18%) after conversion therapy. Six-
hundred and ninety curative intent resections or local ablative therapies (LAT) were performed in 399
patients (89% of 447 resectable). Multiple metastasectomies for multisite or later developing metastases
were performed in 148 (37%) patients. Overall, 414 liver, 112 lung, 57 peritoneal, and 107 other metastasec-
tomies were performed. Median OS was 80-4 months in RO/1-resected (HR 0-15; Clgsy 0-12—0-19), 39-1
months in R2-resected/LAT (0-39; 0-29-0-53) patients, and 20-8 months in patients treated with “systemic
therapy alone” (reference), with 5-year OS rates of 66%, 40%, and 6%, respectively.

Interpretation: Repeated centralized MDT assessment in real-world metastatic CRC patients generates high
resectability (41%) and resection rates (37%) with impressive survival, even when multisite metastases are
present or develop later.

Funding: The funders had no role in the study design, analysis, and interpretation of the data or writing of this

report.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Research in context

Evidence before this study

Before designing the RAXO study in 2010, we performed a
PubMed search, which was repeated on June 27, 2020, using
the terms “metastatic” AND “colorectal cancer” AND “resection/
metastasectomy” AND “randomized” (n = 1105/68) OR “pro-
spective” (n = 1701/114) OR “population-based” (n = 229/30)
OR “multidisciplinary” (n = 470/39), without date, language, or
study type restrictions. We refined the search by looking at

” o« ” o«

“clinical trial”, “meta-analysis”, “randomized controlled trial”,
“review”, “systematic review” separately, and on each meta-
static site separately; liver, lung, peritoneal, distant lymph
nodes, ovarian, and local recurrence. Reports on prospective
repeated multisite resectability assessment and resection rates
with outcomes in metastatic colorectal cancer (mCRC) were
scarce and current literature mainly focuses on single-centre
retrospective series focusing on single-site metastases (appen-
dix pp 2—4).

Added value of this study

To our knowledge, RAXO is the first nationwide, real-world
prospective intervention study reporting repeated centralized
resectability assessment results for any single or multisite
metastases, resections and/or local ablations, clinical behavior,
and outcomes in mCRC patients. In this setting, all 1086 eligible
and consenting patients, regardless of their metastatic site,
were centrally evaluated for resectability up to three times dur-
ing first-line oncological treatment, rendering high conversion
and resection rates. Results favoured resection or ablation in all
prognostic subgroups. The pattern and dynamics of metastatic
sites were recorded during the entire disease trajectory to
define potential candidates for resection upfront and during
the trajectory. This resulted in high resection rates of new met-
astatic sites and re-resectability rates mirrored in a high resec-
tion/patient ratio. Upfront resectability, conversion and
resection rates and outcomes for multisite metastases in a real-
world setting nationwide were encouraging and in line with
reports from specialized centres for single-site metastases.
Addressing metastases during the entire disease trajectory
resulted in similar resection rates for upfront as for later
appearing metastases (i.e. resections of new or relapsing metas-
tases were actively performed). Resection or ablation of single
or multiple organs upfront, after conversion therapy, and of

later appearing metastases had higher 5-year overall survival
rates than achieved by “systemic therapy alone” (HR 0-18, 95%
Cl10-15-0-22).

Implication of all the available evidence

The study emphasizes a practice-changing role for repeated
centralized multidisciplinary assessments of resectability also
of multisite metastases and the value of adopting an active
referral policy by clinical oncologists to perform metastasec-
tomy, not just of liver and lung metastases, but of all resectable
sites.

1. Introduction

Colorectal cancer is the third most common cancer worldwide
with 1.8 million new cases annually and is ranked second in cancer
mortality, with 861,000 deaths yearly, mostly due to metastatic colo-
rectal cancer (mCRC). [1] Liver metastases, the most common meta-
static site at the time of mCRC diagnosis, are detectable in 68%—75%
of patients, while metastases to the lungs are seen in 21%—33%, dis-
tant lymph nodes in 16%—26%, peritoneal in 11%—15%, local recur-
rence in <11%, and rarer metastatic sites like bone and brain in <5%.
[2-6] Single-site mCRC, especially liver metastases (present in
25%—41%), lung metastases (11%—15%), or local recurrence (2%), if
oligometastatic, is the best candidate for curative-intent radical sur-
gery and/or local ablative therapy (LAT). [5, 7-12]

Clinical outcome studies have shown that 36%—81% of mCRC
patients are diagnosed with multisite metastases, [2]| and these are
frequently considered non-resectable and, thus, left with “systemic
therapy alone”. [9-12] Although the systemic treatments for patients
with non-resectable disease have markedly improved during the
past decades, with median survival of 30 months in two randomized
studies, low 5-year OS rates below 20% are still observed. [13, 14]
Reports from specialized centres on single-site metastases have sug-
gested resection rates of 7%—84% and conversion rates with systemic
therapy of 0%—61%, with 5-year OS rates of 16%—75%, but substan-
tially lower rates in unselected population-based series (appendix
pp 2—4). [15]

Several observations indicate that it is important to assess resect-
ability in a structured manner. Firstly, it is important to assess
whether metastasectomy or LAT using various techniques, either
upfront or after conversion therapy, are feasible, as long-term out-
comes seem favourable after metastasectomy. [5, 9-12, 16-19] Sec-
ondly, technical resectability and conversion is difficult to assess, [20]
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and prone to be underestimated as shown for liver metastases by
non-hepatobiliary surgeons and clinical oncologists compared with
experienced hepatobiliary surgeons. [21] Whilst present guidelines
suggest that patients should be evaluated at a multidisciplinary team
(MDT) meeting to ensure proper assessment, [9-12] repeated or
organ-specific assessments at a specialist cancer centre are far
from standard practice worldwide for every patient, as was shown
in recent trials. [15, 22] Resectability during the entire disease tra-
jectory and data on the clinical behavior of mCRC, mirrored in
prognostic and predictive patient characteristics, is often poorly
presented in randomized trials, and little is known about the pat-
tern and dynamics of metastatic disease in unselected populations.
[2,3,7,8]

Because of the rarity of prospective data concerning, in particular,
resectability of multisite metastases, the primary aim was to assess
the feasibility and outcomes of repeated centralized MDT

intervention to evaluate resectability and conversion leading to
resection in a real-world mCRC patient population in Finland.

2. Methods
2.1. Study design and participants

The prospective, investigator-initiated, nationwide RAXO study was
conducted in all Finnish hospitals treating mCRC, including five univer-
sity and 16 regional hospitals (appendix p 5). The primary objective was
to evaluate the impact of repeated centralized MDT assessment on tech-
nical resectability based on radiology, upfront and after conversion ther-
apy, performed resections and/or LAT, clinical behavior, safety, and
outcomes. Inclusion criteria were patients eligible for first-line chemo-
therapy with any oncological treatment regimen and aged over 18 years,
histologically confirmed colorectal adenocarcinoma with distant

Cancer registry data in Finland

over 7 years:

22,252 new cases and
6,833 (30.7%) deceased

T Ty e
|

Estimate of eligible for t

I
! inclusion 2046*

Consented 1091
Excluded:
Small bowel cancer 3
MNo metastatic disease 1
After inclusion period 1

ITT population 1086
(approximately 40% of
eligible per institution®)

7 large hospitals
(7-50 oncologists)
Population 219,000-1,667,000 an

1012 consenting
(approximately 56% of 1775 eligible§)

(approximately 31% of 307 eligible§)

14 smaller hospitals
(1-7 oncologists)
Population 30,000-211,000

74 consenting

First centralized assessment
of resectability 1086

|

I
Borderline

179 (16%)
|

Second and third
assessment
of resectability during
1st line therapy

1
[ 1

I
Resectable upfront
310(29%)

1
Unresectable
597 (55%)

Second and third
assessment of
resectability during
1st line therapy

]
I 1

Borderline converted
128(72%)

51 (28%)

Borderline still unresectable

Unresectable converted Never resectable
9(2%) 588 (98%)

Conversion rate
137 (18% of 776)

Total resectability rate J
447 (81%)

*Number eligible for first-line therapy was estimated as 2046
(61% of mCRC cases were estimated treatable) and active recruitment period was
calculated separately for each institution between 2012-2018.

§For 7 large institutions, cumulative inclusion time was 391 months (with median 58
months/per institution of maximum recruitment period 88 months) and 245
months at small institutions (median 18 months).

Fig. 1. Study design, patient flow, and intervention with resectability assessment at tertiary MDT in the RAXO study.
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metastases or locally advanced primary tumor not curatively treatable.
Non-colorectal second cancer was not an exclusion criterion. Study
design and intervention are presented in Fig. 1. The RAXO study is
registered at ClinicalTrials.gov NCT01531621 and EudraCT 2011-
003158-24.

The study was designed to include more than 1000 patients
nationwide. Due to differences in patient characteristics and the risk
of guarantee-time bias [23, 24] in the outcome groups, no formal
power analysis was performed. A sample size estimation was per-
formed (appendix p 6).

This study was conducted in accordance with Declaration of Hel-
sinki and monitored independently (appendix p 7). The protocol
(appendix pp 23—-45) was approved by the Ethics Committee at Hel-
sinki University Hospital and all patients provided written informed
consent.

2.2. Intervention

For the MDT assessment, baseline demographics, fitness for meta-
stasectomy, and cancer characteristics were registered online
(appendix p 8) and the imaging examinations relevant to cancer
were electronically submitted to Helsinki university hospital. Whole
body (chest, abdomen and pelvis) computed tomography (CT) was
the standard for centralized assessment. This was supplemented
by magnetic resonance imaging in hepatic steatosis if CT was not
univocal and '®F-fluoro-deoxyglucose positron emission tomogra-
phy in select patients to evaluate the extrahepatic spread, as
deemed /necessary in online protocol at local or central assess-
ment. Early in the study, the guidelines for CT protocols were stan-
dardized (appendix p 10).

The MDT consisted of experienced liver surgeons and abdominal
radiologists and other specialists, e.g. medical oncologists, radiation
oncologists, gastrointestinal surgeons, thoracic surgeons, cytoreduc-
tive surgeons, gynaecologists, thoracic radiologists, and PET/CT spe-
cialists, as needed. The MDT assessed resectability of liver, lung, and
other metastases based upon available radiology, at baseline and
repeated up to twice during first-line systemic therapy. Optional cen-
tral re-assessment at a later time-point was available and if addi-
tional MRI- or PET/CT-scans had been requested. This second opinion
on technical resectability and conversion was reported online to the
local hospital (appendix p 9). Ultimately, organ-specific MDT re-
assessment and resections were performed according to local clinical
practice based on full knowledge of the patient’s condition and all
medical treatments. According to governmental regulation small hos-
pitals did not perform metastasectomies or ablations, and most resec-
tions were centralized to six high-volume centres; furthermore, the
most demanding surgery from any part of Finland was centralized to
Helsinki.

Depending on the estimated resectability of each metastatic site
(appendix p 11), patients were upfront categorized into three groups:
resectable, borderline, or unresectable. The upfront borderline and
unresectable patients were reassessed twice and ultimately classified
as converted, borderline still unresectable or never resectable (Fig. 1).
Each department used their own standard treatment protocols for
systemic therapy (appendix p 10). The reasons for non-resectability
and why resectable patients were not resected were recorded.

2.3. Outcomes

The primary outcome of the intervention was the proportion of
patients who were resectable at the repeated central assessment and
had resection and/or LAT upfront or after systemic conversion therapy,
also in comparison with the local assessment upfront. Resectability, rad-
icality as RO, R1 or R2, classification criteria, and guarantee-time bias are
presented in (appendix p 11). Data on upfront local organ-specific or
CRC-MDT (primary tumor) assessment and specialist surgeon

consultations at treatment initiation were retrospectively collected
from the patient charts.

Survival is presented for patients with or without procedures i.e.
resection and/or LAT, and together with safety outcomes for the cura-
tively “RO/1-resected”, non-radically “R2-resected and/or LAT", “sys-
temic therapy alone”, or best supportive care (BSC) alone groups,
respectively. LAT included thermoablation and stereotactic body
radiotherapy for liver and lung metastases. [9]

Overall survival (OS) was calculated from date of diagnosis of
mCRC, to the date of death from any cause, and the patients alive
were censored at last follow-up. [25] Time from first resection or LAT
(OS 1st res) was calculated, to be comparable with surgical patient
series. Due to the risk of guarantee-time bias [24] in the outcome
groups a landmark analysis at 12 months was performed for the
main outcome (explained in detail in appendix p 11). Relapse-free
survival (RFS) was calculated from the date of first resection or LAT to
mCRC relapse, death, or censored at last follow-up. [25] Progression-
free survival (PFS) was calculated from mCRC diagnosis to relapse after
resection and/or LAT, progression on treatment or during treatment
pause, death from any cause, or censored at time of last follow-up.

The description of clinical behavior consisted of patient and tumor
characteristics and the presence of metastases upfront and during dis-
ease trajectory, with associations to resections and outcomes. [2, 23]

Nationwide population-based liver resection rates and OS for Hel-
sinki University Hospital during the RAXO inclusion years and the
preceding 7 years were collected according to the RAXO subprotocol
for the data collection cohort and combined with data from the Finn-
ish cancer registry and Statistics Finland (appendix pp 16, 23—45).
Population-based demographics and outcomes according to the
RAXO subprotocol for the data collection cohort was collected for
Tampere and Turku University Hospitals (appendix p 17, 23—45).

2.4. Statistical methods

0S, RFS and PFS were estimated using the Kaplan-Meier method
in the intention-to-treat (ITT) population, supplemented with condi-
tional landmark analysis. [24] Hazard ratios (HR) and corresponding
95% confidence intervals (CI) based on Cox proportional hazard
regression were calculated, and proportional hazard assumption was
tested by inspection of the HR plots. A post-hoc multivariable analy-
sis was performed adjusted for essential patient characteristics, and
minimization factors as T-stage, N-stage, grade, synchronous or
metachronous presentation sex, age > 70 years, lung metastases,
liver metastases and primary location (appendix pp 12, 15) [17, 23,
26, 27]. The subgroup analyses in the forest plot present crude HRs
for each of the factors separately without trying to fit any models.
The median follow-up time was calculated with the reverse Kaplan-
Meier method. Safety analyses were summarized with descriptive
statistics in the safety analysis population, which had received at
least one dose of systemic therapy or had one procedure. SPSS Statis-
tics, Version 25.0, Armonk, NY, was used.

2.5. Role of the funding source

This investigator-initiated study was supported by Finska
Lakaresallskapet, The Finnish Cancer Foundation, the Competitive
State Research Financing of the Expert Responsibility Area of Tam-
pere, Helsinki, Turku, Kuopio, and Satakunta Hospitals, Tampere Uni-
versity Hospital Fund (Tukisaatio and OOO-project), Helsinki
University Hospital, and the infrastructure with database and study
nurses partly supported by pharmaceutical companies (Amgen, Eli
Lilly, Merck KGaA, Roche Finland, Sanofi and Servier). The funders
had no role in the study design, analysis, interpretation of the data,
decision to publish, or writing of this report. All authors had full
access to the data and had final responsibility for the decision to sub-
mit for publication.
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Table 1
Baseline demographics in all patients and in the different therapy groups™.

All patients ~ RO—1 resection ~ R2-resection and/or LAT ~ Systemic therapy alone  Best supportive care
Age <70 715  66% 239 73% 51 70% 418 63% 7 30%
>70 371 34% 87 27% 22 30% 246 37% 16 70%
ECOG PSO 295 27% 140 43% 19 26% 136 21% 0 0%
PS1-3 791  73% 186 57% 54 74% 528 80% 23 100%
Primary tumor location Right colon 310 29% 73 22% 13 18% 214 33% 10 44%
Left colon 396 37% 142 44% 34 47% 218 33% 2 9%
Rectum 374 35% 111 34% 26 36% 226 34% 11 48%
Primary tumor resection Operated upfront 726  67% 274 84% 50 69% 396 60% 6 26%
Not operated 360 33% 52 16% 23 32% 268 40% 17 74%
Prior adjuvant chemotherapy =~ No 748 69% 178 55% 46 63% 503 76% 21 91%
Adjuvant chemotherapy 338 31% 148 45% 27 37% 161 24% 2 9%
Number of metastatic sites 1 586  54% 278 85% 31 43% 267 40% 10 44%
2t06 500 46% 48 15% 42 58% 397 60% 13 57%
Liver only metastases Yes 430 40% 236 72% 26 36% 161 24% 7 30%
No 656 60% 90 28% 47 64% 503 76% 16 70%
Liver involvement <25% 265 24% 156 48% 23 32% 82 12% 4 17%
>25% 547 50% 106 33% 33 45% 392 59% 16 70%
No liver metastases 274 25% 64 20% 17 23% 190 29% 3 13%
Presentation Synchronous 736 68% 186 57% 45 62% 484 73% 21 91%
Metachronous 350 32% 140 43% 28 38% 180 27% 2 9%
RAS status® KRAS/NRAS wildtype 520 49% 165 52% 25 35% 317 49% 13 65%
KRAS/NRAS mutant 540 51% 151 48% 46 65% 336 52% 7 35%
BRAF status” BRAF wildtype 539 85% 188 94% 34 92% 310 81% 7 58%
BRAF mutant 93 15% 12 6% 3 8% 73 19% 5 42%
Mismatch repair status’ PMMR 302 95% 102 94% 19 100% 178 96% 3 75%
dMMR 15 5% 7 6% 0 0% 7 4% 1 25%
Not tested 769 - 217 54 - 479 19

* Patients were divided into four groups: curative resection (R0—1), R2 resection of metastases or primary, Local Ablative Therapy (LAT) or not all tumor sites resected cura-

tively (R2/LAT); systemic therapy only or best supportive care only (BSC) group.
¥ Proportions of total number of tested for RAS, BRAF, and MMR status

dMMR = deficient mismatch repair, ECOG = Eastern Cooperative Oncology Group; pMMR = proficient mismatch repair; PS = performance status.

3. Results

The RAXO study enrolled 1086 patients between June 29, 2012
and October 7, 2018 at all 21 Finnish oncology departments (Fig. 1).
The capture rate during the active screening period was approxi-
mately 40% nationwide (40%—73% at larger hospitals and 8%—61% at
smaller hospitals; appendix p 5). As of data cut-off, March 27, 2020,
755 (70%) patients were deceased, mostly due to progressive mCRC.

A Upfront resectable (n=310) on CENTRAL assessment

B LOCAL Resectable n=173
® LOCAL Borderline n=104
® LOCAL Unresectable n=33

B Upfront borderline (n=179) on CENTRAL assessment

Resectability on LOCAL assessment 80%

Median reverse Kaplan-Meier follow-up estimate was 58-3 months
(minimum 18 months, IQR 40—72 months). No patients were lost to
follow-up. Baseline characteristics are provided in Table 1 and
detailed characteristics in (appendix p 13).

According to the first centralized MDT assessment of technical
resectability based on radiology, 310 (29%) of 1086 patients were
classified resectable upfront, 179 (16%) were borderline, and 597
(55%) were unresectable (Fig. 1). Local assessment of resectability

C Upfront resectable (n=310) on 1st CENTRAL assessment

75 %
24 %

Local specialist Local CRC-MDT,  Local oncologist alone,
surgeon, n=32 n=25 n=92

100 %
90 %

70 %
60 %
50%
40% 76 %
30%
20%
10 %

0%

Local organ-specific
MDT, n=161

B LOCAL Resectable ~ WLOCAL Borderline ~ mLOCAL Unresectable

D Upfront borderline (n=179) on 1st CENTRAL assessment

100 %

90 % 2% 13%
Resectability on LOCAL assessment :g %
%
0
B LOCAL Resectable n=31 oo
%
u LOCAL Borderline n=108 40 %
%
® LOCAL Unresectable n=40 zg o
o 26% 31%
0o 9%
Local organ-specific  Local specialist ~ Local CRC-MDT,  Local oncologist
MDT, n=161 surgeon, n=32 n=25 alone, =92

B LOCAL Resectable mLOCAL Borderline mLOCAL Unresectable

Fig. 2. Upfront resectable (panel A & C) and borderline (panel B & D) in the resectability assessment at central tertiary MDT compared with upfront resectability in the local
assessment according by whom the assessment was done before treatment initiation and inclusion to the RAXO-study.
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(n = 586) and multisite (n = 500) metastases with intact or removed primary tumor. Procedures are divided into RO/1-resection, and R2-resection and/or Local Ablative Therapy

(LAT).

prior to systemic treatment initiation (at time of referral to first cen-
tral assessment) was discordant in 137 (44%) of those being upfront
resectable by centralized MDT and in 71 (40%) of borderline (Fig. 2A and
B). The local decision was based on an MDT and/or consultation of a spe-
cialist surgeon beforehand in 218 (70%) of upfront resectable and in 104
(58%) of borderline (Fig. 2C and D). The CRC-MDT (primary tumor) and
clinical oncologists underestimated resectability more often than the
organ-specific MDT or specialist surgeons did (Fig. 2C and D). The con-
version rate was 18% (137 of 776 upfront borderline or unresectable).
The concordance of the central vs. the local repeated assessment in the
conversion setting cannot be reliably assessed. When summarizing all
assessments, 447 (41%) were considered resectable at first or subse-
quent assessment and 639 never resectable.

A curative intent procedure with resection and/or LAT (including
thermoablation or stereotactic body radiation therapy) was per-
formed in 399 patients (37%). Of these, 66% were resectable upfront
and 34% after conversion (Fig. 3). Of the 447 resectable (either
upfront or after conversion therapy), 89% had a procedure and 48
(11%) did not, due to disease progression during neoadjuvant therapy
in 25, comorbidities contraindicating procedure in 15, or other rea-
sons in 8 patients (Fig. 3). “Systemic therapy alone” was given to 664
patients. At inclusion, all patients were willing and eligible for che-
motherapy but 23 (2%) eventually received only BSC (Table 1).
Median OS was 30-0 months (95% CI 27-9—32.0) in all patients, 71-5
months (95% CI 62-6—80-4) in the group with procedures versus 20-4
months (19-1-21-7) in the group without procedures (HR 0-18; 95%
Cl 0-15-0-22; and in post-hoc adjusted analysis 0-21; 95% CI
0-15-0-28 and 0-20; 0-17-0-25, respectively) (appendix p 12), and 5-
year OS rates were 27%, 61% and 6%, respectively. Analyses of OS
according to baseline patient characteristics favoured resection and/
or LAT (HR 0.03-0-45, appendix p 14).

Resection of the primary tumor and all metastatic sites (RO/1-
resected i.e. macroscopically and/or microscopically radical) was per-
formed in 326 (30%) and a non-radical R2-resection and/or LAT in 73
patients (7%). Resectability upfront, conversion and resection rates
for single-site metastases were higher than for multisite metastases
(Fig. 3). A total of 690 resections and/or LATs in 399 patients were
performed, with 414 liver, 112 lung, 57 peritoneal, and 107 other
procedures (appendix pp 18—19). Mean number of resections was
1.7 per patient.

Median OS was 80-4 months (95% CI 69-8—90.9) in the RO/1-
resected group, 39-1 months (29-6—48.5) in the R2-resected and/or

LAT group, 20-8 months (19-4—22-1) in the “systemic therapy alone”
group (reference), and 2.9 months (2.6—3-1) in the BSC group, with
HR of 0-15, 0-39, -, and 14-23, respectively (Fig. 4A), and post-hoc
adjusted HR of 0-16, 0-47, 1.00, 46-9, and 0-16, 0-43, 1-00, 15-4,
respectively (appendix p 15), with 5-year estimated OS rates of 66%,
39%, 6%, and 0%, respectively. In Fig. 4B, OS by conditional landmark
analysis is presented to control for guarantee-time bias i.e. allocation
to groups is not performed at mCRC diagnosis, but within 12 months
for patients alive in this analysis. Median PFS was 27-0 months (95%
CI 23.1-31.0) in the RO/1-resected, 14-5 months (11.7—-17-3) in R2-
resected and/or LAT, and 9-6 months (9-0-10-2) in the “systemic
therapy alone” groups (Fig. 4C) with 5-year PFS rates of 30%, 2%, and
3%, respectively.

In resected and/or LAT, mOS was similar in upfront resectable and
in those converted to resectable (Fig. 5). In RO/1-resected, mOS was
82-8 months (95% CI 70-7-95-0) in upfront resectable and 80-4
months (95% CI 53-3—-107-5) in converted, and in the R2-resected
and/or LAT group, 45-4 months (95% CI 22-1-68-8) and 38-6 months
(32-1-45.0), respectively. In 48 patients who were technically resect-
able but received “systemic therapy alone”, mOS was 23-5 months
(95% CI 17-9—-29-2) compared to 20-6 months (95% CI 19-2—22.0) in
the never resectable group receiving “systemic therapy alone”.

Postoperative complications were encountered in 215 (33%) of
660 surgeries with infections being most frequent (appendix p 20).
The 30-day mortality rate was 0-5% (2 of 399).

First-line oncologic therapy was mainly doublet or triplet chemo-
therapy consisting of a fluoropyrimidine (99% of 1060 who received
systemic therapy) with oxaliplatin (62%) and/or irinotecan (26%),
combined with a biological, i.e. anti-VEGF-inhibitor (58%) or anti-
EGFR-inhibitor (29% of RAS wt). Conversion, neoadjuvant, and/or
adjuvant therapy was given in 357 (89%) of 399 resected and/or LAT.
Lines of therapy and drug exposures are presented in Table 2. The
objective response rate to first-line therapy was 60% with a disease
control rate of 87% (appendix pp 18—19). Median total time on sys-
temic therapy was 9 months in RO/1-resected, 14 months in R2-
resected and/or LAT, and 12 months in the “systemic therapy alone”
group. Grade 3—4 toxicity during first-line therapy was seen in 681
of 1060 (64%) and grade 5 in 9 patients (0-8%; appendix p 21).

Clinical behavior of metastases and metastatic sites in mCRC is
presented in Fig. 6. Presentation of metastases was synchronous in
738 of 1086 (68%). The mean number of metastatic sites was 1.7 at
baseline and 2.6 during the entire disease trajectory. Multisite
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Fig. 4. Overall survival (0S) and 5-year OS rate (panel A), with 12-months landmark
(panel B), and progression-free survival (PFS) and 5-year PFS rate (panel C). Data
shown from mCRC diagnosis in RO/1-resected, R2-resected or LAT, systemic therapy
only, and best supportive care (BSC) groups. Hazard ratio (HR) and 95% confidence
interval (CI) with systemic therapy used as reference group.

metastases were seen in 46% at baseline and in 75% during disease
trajectory. Of the ever-appearing metastases 53%—94% were already
present upfront for liver, local, peritoneum, distant lymph nodes,
lung, and ovary, whereas suprarenal, bone, and brain metastases
clearly appeared later, with 7%-29% present upfront and with
median time to appearance of 8.8—14-6 months (Fig. 6B). For meta-
static sites not present at baseline, median time to appearance was
9-3—17-9 months. Median time to first new metastatic site was 10-8
months (95% CI 9:6—-11.7), to second 16-9 months (14-5-19.3), to

third 26.7 months (20-0-30-7), and to fourth 29-1 months
(16-2-39:1).

In the RAXO subprotocol (data collection cohort including all
patients with mCRC and liver metastases in Finland) the liver resec-
tion rates were 14% during the RAXO inclusion years (2012—-2018)
compared with 9% in the preceding 7 years (2005-2011) (appendix p
16). Five-year OS rate from 1st liver resection for patients operated at
Helsinki University Hospital was 60% (HR reference) for 2005-2011
(n = 260), 56% (HR 1.05; 95% CI 0-80—1-37) for non-RAXO patients
(n =328) and 56% (HR 1.05; 0-73—1.51) for RAXO-patients (n = 142)
for 2012-2018.

Population-based characteristics and outcomes for Tampere
(n = 866) and Turku (n = 716) University Hospitals are presented in
(appendix p 17). Median OS for all patients (including BSC) was 16
and 16 months in Tampere and Turku. For resected patients in Tam-
pere and Turku mOS was 65 and 79 months and 5-year OS-rates 53%
and 67% (HR 0-30; 0-24), respectively, in “systemic therapy only” 22
and 22 months (HR reference) and for BSC 3 and 6 months (HR 6-17;
1.78).

Resection and/or LAT were performed in 38% (310/812) of
patients with liver metastases present at baseline and in 36% (316/
867) of patients with liver metastases anytime during trajectory
(Fig. 6A), with mOS 73-3 (95% CI 64-8—81-8) months in resected and/
or LAT. Lung metastases were resected and/or LAT in 14% of those
present at baseline and in 14% of those during trajectory, respec-
tively, with mOS 86-0 (63-5—-108-5) months, distant lymph nodes in
3% and 1%, respectively, with mOS 61-1 months (20-4—101-8), perito-
neal in 19% and 16%, respectively, with mOS 45-4 months
(30-3-60-5), and other metastases such as local recurrence, gynaeco-
logic, urologic, or skin/subcutaneous in 29%—75% and 28%-50%,
respectively, with mOS 53-5 months (32-4—74.5).

In patients having one metastatic site at baseline, 53% were
resected with a mOS of 75 months, if two sites, 21% were resected
with a mOS of 86 months, and if three or more sites, 15% were
resected with a mOS of 39 months (Table 3). OS and RFS from 1st
resection and/or LAT are presented in Table 3. Detailed surgical pro-
cedures and oncological treatments are presented in (appendix pp
18-19).

Recurrence in resected organ or new metastatic sites were seen in
216 (66%) of 326 RO/1-resected, at median 18-8 (95% CI 13-8—23-8)
months from 1st resection. Re-resections were performed in 121
(37%) patients with relapse in resected organ or new metastases.

4. Discussion

To the best of our knowledge, RAXO is the only prospective study
to report results from centralized repeated MDT intervention on
metastasis resectability (41%) upfront and after conversion therapy
in a nationwide real-world patient population with mCRC, and to
evaluate how often this practice leads to a metastasis resection and/
or LAT (37%) of any single- or multisite metastases. These encourag-
ing resection and/or LAT rates are in line with those from selected
single-site series (11%—54%) and higher than in unselected single-
site series (1%—30%) or in population-based series, also ours from
Tampere and Turku university hospitals (12%—16%) (appendix pp
2-4,17). [5, 16-18] Our apparently high rates are probably due to
high action rates on resectability, including LAT (4%) for non-opti-
mally fit and elderly patients. Resections and/or LAT were performed
not just for upfront resectable, but especially for conversion opportu-
nities (18%), that are usually reported in 28%—61% for single-site and
5%—16% for any single- or multisite metastases (appendix pp 2—4).
[22]

MDT practice is essential in treatment planning and guidelines
recommend that all mCRC patients should be evaluated upfront by
an MDT, but no clear guidance is given on repeated assessments at
organ-specific MDTs, such as liver, thoracic, peritoneal etc., for
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Fig. 5. Median OS from mCRC diagnosis. Data shown for upfront resectable and converted resectable with chemotherapy and/or biologics, according to RO/1-resection, R2-
resection and/or local ablative therapy (LAT), upfront or converted resectable treated with “systemic therapy alone” versus borderline still unresectable or never resectable that

were treated with “systemic therapy alone”.

multisite metastases. [9-12] MDT practices vary between hospitals
and may be reflected in the wide variability of reported resection
rates, [21, 22] clearly seen in the pre-RAXO era (2005-2011) in
the population-based RAXO subprotocol for the data collection
cohort separated for the five university districts (appendix p 16).
Resectability is also highly dependent on the experience and the
skills of the MDT members and the surgeons performing the meta-
stasectomies. [15, 28] In our study, underestimation of resectabil-
ity locally was two to three times more common for CRC-MDT
(general colorectal surgeon) or oncologist assessed, than in organ-
specific MDT or specialist surgeon assessed cases. These findings

Table 2
Systemic, conversion, and neo/-adjuvant therapy™.

are also in line with findings that specialist hepatobiliary surgeons
refer patients for liver resection more often than general surgeons
and oncologists. [21] Disagreement on resectability is common,
[20, 29] and this was also observed in our study as upfront resect-
ability or borderline status was underestimated in 12%-25% and
overestimated in 9%—25% by organ-specific MDT or specialist sur-
geons compared with central assessment. Our encouraging results
are likely a result of all metastatic patients, not liver- and lung-
only, being assessed repeatedly by an experienced MDT at a high-
volume academic centre, being able to optimize many of the chal-
lenges mentioned above.

All systemic RO-1resection  R2-resected/LAT  "Systemic therapy alone”
1060 100 324 100 72 100 664 100
Resectability Resectable upfront 305 29% 228 70% 34 47% 43 7%
Borderline/unresectable converted 137 13% 96 30% 38 53% 3 1%
Borderline still unsresectable 51 5% 0 0% 0 0% 51 8%
Unresectable 567 53% 0 0% 0 0% 567 85%
1st line drug combination Comb. CT & anti-EGFR 139 13% 59 18% 10 14% 70 11%
Comb. CT & anti-VEGF 550 52% 147  45% 39 54% 364 55%
Comb. CT (no biological) 224 21% 920 28% 19 26% 115 17%
Single CT +/- anti-VEGF/-EGFR 147 14% 28 9% 4 6% 115 17%
Lines of therapy 1 line of therapy 414 39% 155 48% 21 29% 238 36%
2 lines of therapy 271 26% 78 24% 25 35% 168 25%
3+ lines of therapy 375 35% 91 28% 26 36% 258 39%
Exposure to drugs during trajectory Fluoropyrimidine 1051  99% 320 99% 72 100% 659 99%
Oxaliplatin 840 79% 258 80% 62 86% 520 78%
[rinotecan 765 72% 218 67% 52 72% 495 75%
Bevacizumab 758 72% 206  64% 53 74% 499 75%
Anti-EGFR 341 32% 115 35% 19 26% 207 31%
Aflibercept 75 7% 19 6% 5 7% 51 8%
Regorafenib 162 15% 29 9% 16 22% 117 18%
Trifluridin/tipiracil 74 7% 20 6% 6 8% 48 7%
Time on systemic therapy during trajectory ~ Median (IQR) time on therapy (months)  11-1 (6;19) 85 (6;17) 141 (8;24) 12-4 (6; 20)

IQR = interquartile range.

* Excluded are 23 patients with best supportive care only and 3 patients with metastasectomy without systemic therapy.
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Fig. 6. Metastatic sites. Frequency as curve and numbers of the 23 most common metastatic sites at baseline and during disease trajectory (presented to 60+ months) in panel A
(color- and number-coded in order from most to least frequent). Appearance of metastases at 9 specific sites during the first 60 months of follow-up when 99% of eventual metasta-
ses had appeared (proportion of metastases appearing) in panel B (color and number-coded as in A panel).

Our high 5-year OS-rates of 66% and long mOS of 80 months
among any-site RO/1-resected compare well with 16%—75%/13-72
months for single-site metastases in the literature (appendix pp
2-4), and in the population-based RAXO subprotocol for the data col-
lection cohort with 53%—67%/65—79 months for Tampere and Turku
University Hospitals (appendix p 17). All our resections were
intended to be curative, but 15% became non-radical due to an R2-
resection of the metastases or primary, or progression between
planned sequential metastasectomy. Our 5-year OS rate among R2-
resected (39%) with caveat of inclusion of LAT patients also compares
well with 15%-30% in reviews of debulking surgery. [30, 31] Results
of a clarifying randomized study investigating debulking surgery are
awaited. [30] There was no difference in survival for upfront resect-
able versus converted, contrary to early findings, [32] and in line
with a recent finding. [33]

Quadrupled or doubled survival compared with “systemic therapy
alone” was achieved with maximized curative intent resections and
effective use of systemic therapy. Mean number of resections per
patient or re-resections is rarely reported, (appendix pp 2—4) [15, 26]

but seems higher (1.7 procedures/patient) in our study implicating
high multisite resection and re-resection rates (37%). In the literature,
a re-resection rate of up to 40% has been noted, with apparently
improved survival in re-resected patients. [34] Duration of all lines of
systemic therapy for mCRC has not previously been reported as far as
we are aware. In our study, just 9 months of systemic therapy in total,
including conversion, neoadjuvant, adjuvant and all lines of disease
control therapy in RO/1-resected, 14 months in R2-resected and/or
LAT and 12 months in “systemic therapy alone” were given. This is
short compared with 6-8 months already for 1st line according to
the minireview (appendix pp 2—4). Neoadjuvant/conversion therapy
was given in 74% of resected and adjuvant in 77%; in line with a
regional Finnish study, [5] and more often than in previously pub-
lished studies with 5%—38% and 20%—68% (appendix pp 2—4). Dis-
ease control therapy, i.e. palliative chemotherapy, was given to 82%
during trajectory, with only first-line, second line’ and third or later
line of therapy given in 39%, 26% and 35%, respectively. In the popula-
tion-based data collection cohort for Tampere and Turku University
Hospitals systemic therapy was given in 55%-66% in line with
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Table 3

Baseline metastatic sites and R0/1/2-resection and/or local ablative therapy (LAT) rates*.

mRFS 1stRO/1-resection 95% Cl 1-yr rate

5-yr rate

mOS 1st resection 95% Cl

5-yr rate

95% Cl

mOS

Resection/LAT

Frequency

from mCRC

61%
60%
61%

23.8
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188

56%
60%
60%

750

60-0

67-0
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64%
72%
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53%
62%
64%
80%
48%

80-4
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24%
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11
9
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100%
100%
100%
100%
100%

1086
586
430
66

All metastatic sites

24.5

13.1

18-8

818

73.0 641

833

660

746

One metastatic site

Liver-limited
Lung-limited

277

146
6-7

212

83.9

624

732

844

649

74-6

56%
56%

63%
67%

193

13.0

229

5.4

14-1

53%
62%
50%
56%
46%

99.0

709

611 231

NE

973

24.9

718

611

NE

45

Peritoneal-limited

293

8.4

223

189

872

43.6

65-4

229

45

Other single metastasis
Two metastatic sites

Liver and lung

185

66 860

23

319

36-1

17-6
0.0

26-8

791

51-8

65-4

84.8

531

689

19%
17%

119
1

54%
80%
69%

269

133

49.3
NE

52.0
NE

20

2

18

Liver and any (not lung)
Lung and any (not liver)

301

16-7

26-4

100%
54%

23.7

11.5
2.7

17-6

165-5
39.6

293

100%
58%
32%
50%
20%
23%

974

1823
45.8

20-3

31

101.3
386

33%

51 17

Any (not liver and not lung)

3-6 metastatic sites
Liver, lung and any

58%
50%
50%
63%

228

12.7
3.0
0.7

17%
27%
20%

23.9
03

318

313
63

15%

28
8
5

181
98

P. Osterlund et al. / The Lancet Regional Health - Europe 3 (2021) 100049

743

373

782

423

209

318

331 227 135

132

231

11%

42%

Liver and any (not lung)

Any other (not liver)

45

12.7

34.8

222

284

53.5

213

374

15

36

* According to number and combination of metastatic sites. Median overall survival (mOS) in months and estimated 5-year OS-rate for resected patients calculated from diagnosis of metastatic disease (mOS mCRC) and from

1st resection (mOS 1st resection), and recurrence-free survival (mRFS 1st resection) and 1-year RFS-rate calculated from first resection.

median relapse-free survival from first resection with R0/1

median overall survival from first resection, mRFS 1st RO/1-resection =

median overall survival from metastatic colorectal cancer diagnosis, mOS 1st resection =

mOS =

no estimate.

and/or local ablative therapy (LAT), NE

previously published, and mOS for “systemic therapy only” was 22
months compared with 21 months in the RAXO prospective study
and 15 months in previously published studies (appendix p 17).

The most common resectable metastatic sites, liver, local, perito-
neum, lung, and ovary, were present in well over half of the patients
at mCRC diagnosis, in line with previous findings, [3] and of these sin-
gle or multiple metastatic sites, our resection rates were in the high
range for respective single-site rates according to the minireview
(appendix pp 2—4, 17). [5] Of metastases at these sites developing
during the entire disease trajectory, up to one-third were resected, i.
e. nearly as often as baseline metastases, with little published previ-
ously. [34]

Re-resections, not just of the resected organs, but of all new meta-
static sites, could probably be one key to long OS in our study, in line
with Japanese findings, [34] as RFS was modest and in line with pre-
vious findings (13—27 months for 1-2 metastatic sites in our study
versus 8—33 months for single-site in the literature; appendix pp
2-4).

Median time to appearance of first, second, and third new meta-
static sites were 11, 17, and 27 months, in line with previous time-
lines, and time to recurrence after resection of 19 months, which
confirms that relatively long follow-up is needed in patients fit for
re-resection. [3, 8, 35, 36] Metastatic sites like bone, brain, and supra-
renal clearly presented later and are rarely curatively resectable and
linked to shorter survival, seen in our study and in the literature. 8]
The longer survival for resected versus non-resected in all prognostic
groups, in line with previous findings (appendix pp 2—4), and also in
adjusted analysis, is clinically meaningful and all patients should be
regularly assessed for resectability, regardless of prognostic factors
and metastatic sites. The adjusted and unadjusted models whether
adjusted for essential patient characteristics or stage, grade, presen-
tation, tumor location etc., were significant, contrary to recent find-
ings for adjusted models for lung resection or combined liver and
lung resection. [17, 26, 27]

The gap between rates of technical resectability versus performed
resections and/or LAT and reasons for this gap are important to con-
sider. A poor prognosis in resectable patients who were not resected
was noted in our study, in line with older series (appendix p 2), but
contrary to the PULMICC- and SEER database findings for lung metas-
tases. [17, 26, 27] Progression during neoadjuvant therapy is a rela-
tive contraindication for resection, [37] and was the reason why
more than half of patients with resectable disease were not resected.
Marked comorbidity (second most common reason), including frailty
and poor performance status, are known negative prognostic
markers, but in our study, the apparently longer OS seen in patients
with comorbidities, poor performance status and higher age (HRs
0-18-0-24) speak against a restrictive attitude to these patient
groups. Second non-CRC malignancy is an exclusion criterion in most
previous studies but was present in 13% in this study and was a con-
traindication for metastasectomy only if metastatic.

Our online second opinion practice is applicable to diverse health-
care settings as patients are not referred for treatment at the tertiary
referral centre performing the MDT, but treated according to local
practice, with caution that metastasectomies should be centralized to
hospitals with sufficient organ-specific expertise. [38]

The non-randomized study design limits causality assessments
and the patient groups cannot be formally compared. Nevertheless,
the long-term observational nature with a high number of patients,
with zero loss to follow-up, has allowed us to describe the clinical
behavior, pattern of metastases, treatments, and outcomes in detail.
Nationwide we achieved approximately 40% enrolment of eligible
mCRC patients in line with high-recruiting academic centres, and
clearly higher than the general <5% enrolment rate reported in trials.
[39] Thus, our prospective intervention study was not population-
based and may be prone to selection bias, but on the other hand, it
was nationwide and all hospitals, irrespective of size and expertise,
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contributed, increasing generalizability of results. The goal of the study
was to assess resectability of metastases and thus inclusion is probably
skewed towards inclusion of resectable and borderline, e.g. patients
with liver and lung metastases, rather than never resectable patients,
increasing the resectability rate. We do not have full information on
the impact of second opinion on final resection and conversion deci-
sions taken locally, only of baseline assessments before inclusion
showing discrepancy in nearly half. According to our ongoing popula-
tion-based data collection there are no major differences in demo-
graphics or outcomes between population-based data for two
university hospitals and the prospective RAXO-study data. We are col-
lecting data on population-based metastasectomies and can so far
show an increase in liver resection rates from 9% during the preceding
7 years to 14% nationwide during the RAXO-era, without difference in
survival for more than half of the Finnish patients, which were
resected at Helsinki University Hospital. Reasons therefore are multi-
plex but presumably to some extent attributable to the intervention
and the improved care practice. Central assessment without full
knowledge of the patients’ condition may be criticized but provided a
good estimate for technical resectability. This may carry a risk for over-
estimating resectability, which can be reflected in slightly higher R2-
resection rates in multisite metastases compared with single-site
metastases. This, on the other hand, probably led to higher resectabil-
ity and/or LAT in patients who were elderly, not fully fit or with
adverse prognostic features such as multisite metastases and BRAF
mutations, groups who still appeared to benefit from resection.

The next step is to make the data fully population-based. Postop-
erative morbidity and systemic treatments are being analyzed in
detail. Long-term quality-of-life and cost-utility evaluations have
started. Prognostic and predictive biomarker studies using tissue
samples and consecutively collected blood samples are ongoing.

5. Conclusions

To conclude, nationwide, repeated resectability assessment by
centralized MDT was offered online to all Finnish hospitals. The local
oncologist organized the systemic therapy and oversaw repeated
referrals to organ-specific MDTs and resections at high-volume
centres. This resulted in high any-site and multisite resectability, con-
version, and resection rates, with impressive survival, not just for
upfront resectable and converted but also for recurrences after resec-
tion and later appearing metastases. We hope this study encourages
others to adopt similar practices.
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