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Abstract

Background: Radioembolization is an established treatment modality in colorectal cancer patients with liver-
dominant disease in a salvage setting. Selection of patients who will benefit most is of vital importance. The aim of
this study was to assess response (and mode of progression) at 3 months after radioembolization and the impact
of baseline characteristics.

Methods: Three months after radioembolization with either yttrium-90 resin/glass or holmium-166, anatomic
response, according to RECIST 1.1, was evaluated in 90 patients. Correlations between baseline characteristics and
efficacy were evaluated. For more detailed analysis of progressive disease as a dismal clinical entity, distinction was
made between intra- and extrahepatic progression, and between progression of existing metastases and new
metastases.

Results: Forty-two patients (47%) had extrahepatic disease (up to five 2 1 cm lung nodules, and < 2 cm lymph
nodes) at baseline. No patients showed complete response, 5 (5.5%) patients had partial response, 16 (17.8%) had
stable disease, and 69 (76.7%) had progressive disease. Most progressive patients (67/69; 97%) had new metastases
(intra-hepatic N = 11, extrahepatic N = 32; or both N = 24). Significantly fewer patients had progressive disease in
the group of patients presenting without extrahepatic metastases at baseline (63% versus 93%; p = 0.0016). Median
overall survival in patients with extrahepatic disease was 6.5 months, versus 10 months in patients without
extrahepatic disease at baseline (hazard ratio 1.79, 95%C| 1.24-2.57).

Conclusions: Response at 3-month follow-up and survival were heavily influenced by new metastases. Patients
with extrahepatic disease at baseline had a worse outcome compared to patients without.
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Background

Approximately 45% of colorectal cancer patients develop
metastases [1, 2]. Without treatment, the median overall
survival for colorectal cancer patients with hepatic me-
tastases (mCRC) is only 4.5 months [3]. The liver is the
most common site of metastasis: up to 30% of mCRC
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patients develop hepatic metastases [4, 5]. Radioemboli-
zation is a loco-regional treatment option for unresect-
able, systemic therapy-refractory patients with liver-only
or liver-dominant disease [6, 7]. Intra-arterial adminis-
tration of radioactive microspheres is proven to be safe
and effective [8]. Microspheres (approximately 30 pm)
are loaded with the radioactive isotope yttrium-90 (°°Y)
or holmium-166 (***Ho) and injected through a micro-
catheter in the hepatic artery [9]. For the treatment of
metastatic colorectal cancer, “°Y-resin microspheres
(SIR-Spheres®, Sirtex) are FDA- and CE-approved. *°Y
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-glass microspheres (TheraSphere®, BTG/Boston Scien-
tific) and '°*Ho microspheres (QuiremSpheres®, Quirem)
are CE-approved for this indication, not FDA-approved.
The injected microspheres embolize the microvascula-
ture surrounding the tumor and emit high-energy beta-
radiation. The normal liver parenchyma is largely spared
since healthy liver tissue is mainly supplied by the portal
vein [10-12].

Although assessment of metabolic response has
proven added benefit over anatomic response, not be-
ing hampered by, ie., the presence of intra-tumoral
necrosis and cystic changes after treatment [13, 14],
response of radioembolization in mCRC patients is
still mostly evaluated by the Response Evaluation Cri-
teria in Solid Tumors (RECIST) [15-17]. When using
these criteria, the results of most clinical studies in
metastatic (liver) disease are modest, with many pa-
tients experiencing early progressive disease [18-21].
Optimized treatment planning could improve re-
sponse rates [22, 23], but selecting patients who will
benefit most is another vital aspect. An important cri-
terion in patient selection is the definition of liver-
dominant disease. The extent of extrahepatic disease
we are willing to accept is under constant debate at
tumor board meetings in our center, but clear guid-
ance is currently missing, due to the lack of data on
this matter. Other prognostic factors that are known
to influence response after treatment with radioembo-
lization are (among others) KRAS status, primary
tumor location, percentage tumor involvement, and
pre-treatment CEA level [19, 24, 25]. These factors
could possibly be used in patient selection as well.

The aim of this study was to assess the impact of base-
line characteristics on changes in intra- and extrahepatic
mCRC disease from baseline to 3 months after radioem-
bolization, across all currently available radioemboliza-
tion treatment modalities.

Methods

Patient selection and study design

A total of 129 chemorefractory, unresectable mCRC pa-
tients were treated with radioembolization at our institu-
tion between August 2009 and January 2017,
predominantly as part of the HEPAR-2 (Holmium
Embolization Particles for Arterial Radiotherapy II) [26],
or RADAR trial (RADioembolization: Angiogenic factors
and Response) [22]. The studies were conducted in ac-
cordance with the institutions’ Medical Ethical Commit-
tee and informed consent was obtained from the
patients treated in the HEPAR-2 and RADAR studies be-
fore inclusion. For the other patients that were treated
in routine clinical practice and also included in the
current retrospective analysis, the need for informed
consent was waived. Inclusion criteria for all patients
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regarding the presence of extrahepatic metastases or the
primary tumor were similar: liver-dominant disease with
a maximum of five lung nodules < 1cm and lymph
nodes < 2cm. The presence of the primary tumor was
not a contra-indication to treatment. Patients were in-
cluded for response analysis in case CT and/or MRI
scans were available at baseline and at (around) 3-month
follow-up; all patients were included for survival analysis.
Patients were treated with '°®Ho-microspheres (1 = 24)
(all as part of the HEPAR 2 study), glass “°Y-micro-
spheres (1 = 20), or resin *°Y-microspheres (1 = 46). Im-
aging was performed 3 months after treatment (ie.,
whole-liver or lobar treatment in one session). In case of
sequential lobar treatment, imaging was performed 3
months after the last lobar treatment.

The electronic medical records were reviewed to
obtain patient characteristics. The following estab-
lished independent prognostic factors in patients with
mCRC were compared: age, number of previous
chemotherapy lines, type of microspheres, presence of
extrahepatic disease at baseline, primary tumor in
situ, time since diagnosis of metastases, WHO per-
formance status, KRAS wild type versus KRAS muta-
tion, pre-treatment CEA level, primary tumor location
(categorized as left sided (splenic flexure to rectum)
or right sided (proximal to the splenic flexure)), and
tumor load (percentage liver involvement, categorized
as < 25%, 25-50%, > 50%) [21, 25, 27-33].

Radioembolization

The prescribed activity for the patients that were treated
with glass “°Y-microspheres was calculated according to
the Medical Internal Radiation Dose (MIRD) method,
with a desired absorbed dose of 80-120 Gy, according to
the instructions for use [34—36]. Visual and quantitative
assessment of “*™Tc-MAA distribution is weighted in
this decision, also considering whole liver treatment in
one session or sequentially. For the patients that were
treated with resin °°Y-microspheres, the body surface
area (BSA) method was used. The injected activity for
1%6Ho-microspheres was calculated based on the MIRD
method with an aimed whole-liver absorbed dose of 60
Gy [37].

Response assessments

Two blinded readers independently performed mea-
surements for tumor diameter on abdominal contrast-
enhanced CT or MRI at baseline and 3-month
follow-up, using the same modality at both time
points, according to RECIST version 1.1 [17]. In case
no consensus was reached, a third reader gave the
final call. Finally, inter-observer variability between
the two raters was assessed.
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Response at 3 months was dichotomized as disease
control (i.e., complete or partial response (CR or PR)
and stable disease (SD)) or progressive disease (PD). For
a more detailed assessment of mode of progressive dis-
ease, a further subdivision was made in four categories:
growth of intrahepatic metastases, growth of extrahe-
patic metastases, new intrahepatic metastases, and new
extrahepatic metastases. All extrahepatic metastases
were taken into account, regardless of their size.

Statistical analyses

Standard descriptive statistics were used to display pa-
tient demographics and summarize response measures.
Cohen’s kappa was used to determine agreement. Chi-
square was used to test for differences in whole body re-
sponse classification. Firth’s logistic regression was used
to explore associations between baseline characteristics
and mode of progression. This type of analysis was
chosen to correct for small-sample bias [38]. The ana-
lysis for the association between extrahepatic disease at
baseline and disease progression was adjusted for the
following possible confounders: time from diagnosis of
metastases to treatment, primary tumor in situ, KRAS
mutation vs wild type, and number of lines of previous
systemic treatment (one versus two or more). The ana-
lysis for the association between type of microsphere
used and disease progression was adjusted for the fol-
lowing possible confounders: age, time from diagnosis of
metastases to treatment, primary tumor in situ, KRAS
mutation vs wild type, number of lines of previous sys-
temic treatment (one versus two or more), and presence
of extrahepatic disease. Univariable survival analysis by
the Kaplan-Meier method was used to estimate median
overall survival (OS) in all treated patients. A Cox pro-
portional hazards model with Firth’s correction was used
to test for differences in survival between patients with
and without extrahepatic disease at baseline. All analyses
were performed using R version 3.6.2 for Windows. We
report effect estimates with associated 95%Cls and cor-
responding two-sided p values.

Results

Patient demographics

Of the total cohort of 129 treated patients in our institu-
tion, 39 patients (30%) did not have 3-month follow-up
imaging available because of the following reasons:
follow-up imaging in other hospitals (m = 5), only
follow-up imaging at 1 month post-treatment (1 = 21),
only response evaluation using '*F-FDG PET (with no
accompanying contrast-enhanced CT) (n = 5), clinical
progression (n = 5), no follow-up imaging available (n =
2), and RFA artifacts (n = 1). The remaining 90 patients
had either CT (1 = 67, 74%) or MRI (n = 23, 26%) im-
ages available at baseline and 3-month follow-up.
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Median interval between baseline imaging and radioem-
bolization was 18 days (range 1-46), between radioem-
bolization and follow-up 91days (range 62-165).
Baseline and treatment characteristics are summarized
in Table 1. '**Ho-microspheres, glass *°Y-microspheres,
and resin *°Y-microspheres were used in 24 (27%), 20
(22%), and 46 patients (51%) respectively. None of the
patients received systemic treatment before (< 4 weeks),
during, or after (< 3 months) radioembolization.

Inter-observer variability

Discordant conclusions were drawn in five patients, for
whom the third rater gave the final call. The level of
agreement in RECIST categories was adequate with a
Cohen’s kappa of 0.895 (95% CI 0.805-0.985), p < 0.001.

Response according to RECIST 1.1

At baseline, 42/90 (47%) patients had extrahepatic me-
tastases, which increased to 67/90 (74%) patients at 3-
month follow-up (Fig. 1).

Of the 90 patients, no patients showed CR, 5 (5.5%)
patients had PR, 16 (17.8%) had SD, and 69 (76.7%) had
PD. According to RECIST, progressive disease can be
based on growth of intrahepatic metastases, growth of
extrahepatic metastases, or new metastases (either intra-
or extrahepatic). Growth of intrahepatic metastases was
observed in 20 patients (29%), new intrahepatic metasta-
ses in 35 patients (51%), growth of extrahepatic metasta-
ses in 37 patients (54%), and 56 patients (81%) were
diagnosed with new extrahepatic metastases. Most, 67/
69 of the progressive patients (97%), had new (intra-hep-
atic N = 11, extrahepatic N = 32; or both N = 24) metas-
tases. Progression was most often seen on multiple
levels (N = 42, 61%) and was only based on growth of
existing metastases in 5 patients (7%, intra-hepatic N =
2, extrahepatic N = 3) and on only new lesions in 23
patients (69%) (Fig. 2a). In the subgroup of progressive
patients with extrahepatic disease at baseline, new extra-
hepatic metastases were most common, in 28/42 (67%)
patients (Fig. 2b).

There was no significant difference in response be-
tween the three types of microspheres used: compared
to *°Y resin microspheres, the odds ratios for progressive
disease with “°Y glass and "*°Ho were 1.11 (95%CI 0.32—
4.53) and 0.67 (95%CI 0.22—2.14), respectively (Table 2).

Correlations between baseline characteristics and
response

The association between several baseline characteristics
and response was assessed (Table 2). Presence of extra-
hepatic disease was the most significant risk factor for
progressive disease, with an OR of 7.8 (95% CI 2.37—
35.53) for patients with extrahepatic disease at baseline
versus patients without extrahepatic disease at baseline
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Table 1 Baseline and treatment characteristics
Characteristic N (%) or median with range

90Y._resin y_glass 1%6Ho No extrahepatic  Extrahepatic Total

disease disease at baseline

N 46 (51) 20 (22) 24 (27) 48 (53) 42 (47) 90 (100)
Age (years) 65 (35-84) 67 (45-78) 66 (40-84) 66 (34-84) 66 (40-84) 66 (35-84)
Gender

Male 33(72) 15 (75) 17 (63) 34 (71) 31 (74) 65 (72)

Female 13 (28) 5(25) 7(37) 14 (29) 11 (26) 25 (28)
WHO performance status

0 24 (52) 15 (75) 19 (79) 29 (60) 29 (69) 58 (64)

1 19 (41) 5 (25) 521 18 (38) 11 (26) 29 (32)

2 3() 0 (0) 0 (0) 1@ 25 34
Previous chemotherapy lines

0 1) 0(0) 0 (0) 1) 0(0) Q)

1 13 (28) 9 (45) 11 (46) 18 (38) 15 (36) 33 (37)

2 21 (46) 8 (40) 11 (46) 21 (44) 9(21) 40 (44)

3 11 (24) 3(15) 2 (8) 8(17) 8 (19 16 (18)
Bevacizumab 29 (63) 13 (65) 13 (54) 32 (67) 23 (55) 55 (61)
Capecitabine 42 (91) 18 (90) 20 (83) 41 (85) 39 (93) 80 (89)
Cetuximab 2 (4) 0 (0) 14 1) 25 34
Cisplatin 12 0(0) 0 (0) 1) 0 (0) ()
Erlotinib 0(0) 0(0) 1(4) 0 1) 1(1)
Irinotecan 26 (57) 9 (45) 10 (42) 23 (48) 22 (52) 45 (50)
Oxaliplatin 40 (87) 17 (85) 23 (96) 41 (85) 39 (93) 80 (89)
Paclitaxel 0(0) 0(0) 1(4) 0 T 1(1)
Panitumumab 8 (17) 4 (20) 3(13) 9 (19) 6 (14) 15 (17)
5-FU 7 (15) 3(15) 521 7 (15) 8 (19) 15 (17)
Previous locoregional treatment

Yes 17 (37) 735 6 (25) 17 (35) 1331 30 (33)

No 29 (63) 13 (65) 18 (75) 31 (65) 29 (69) 60 (67)
Metastasis pattern

Synchronous 31(67) 15 (75) 15 (63) 27 (56) 34 (81) 61 (68)

Metachronous 15 (33) 5 (25) 9 (37) 21 (44) 8 (19) 29 (32)
Time since diagnosis (months) 25 (3-97) 24 (11-110) 26 (6-92) 26 (3-110) 21 (5-92) 25 (3-110)
Time since diagnosis of 17 (3-72) 23 (2-50) 18 (2-92) 17 (2-54) 21 (5-92) 19 (2-92)
metastatic disease (months)

KRAS status

Wild-type 16 (35) 8 (40) 9 (37) 21 (44) 12 (29) 33 (37)

Mutation 11 (24) 3159 6 (26) 7 (15) 1331 20 (22)

Unknown 19 (41) 9 (45) 9 (37) 10 (21) 17 (40) 37 (41)
CEA level 72 (3-2700) 68 (3-640) 100 (2-6000) 61 (2-2700) 115 (3-6000) 88 (2-6000)

Unknown 12 (26) 4 (20) 1(4) 7(15) 10 (24) 17 (19)
Primary tumor in situ

Yes 102 4(20) 2(8) 24 5(12) 7(8)

No 45 (98) 16 (80) 22 (92) 46 (96) 37 (88) 83 (92)
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Characteristic

N (%) or median with range

2Y_resin y_glass "%Ho No extrahepatic  Extrahepatic Total
disease disease at baseline
Extrahepatic disease
(all metastases)
None 27 (59) 9 (45) 10 (42) 48 (100) 0 (0) 48 (53)
Lymph node metastases 12 (26) 8 (40) 7 (29) - 25 (60) 25 (28)
Lung metastases 8 (17) 2 (10) 7 (29) - 17 (40) 17 (19)
Abdominal wall metastases 1) 0 (0) 0 (0) - 1(2) (1)
Spleen metastases 0(0) 0(0) 2(8) - 102 Q)
Adrenal gland metastases 0 (0) 2 (10) 0 (0) - 2 (5) 2(2)
Peritoneal metastases 1) 0 (0) 2(8) - 3(7) 3(3)
Type of radioembolization
Whole-liver 41 (89) 12 (60) 20 (83) 38 (79) 35 (83) 73 (81)
Lobar 5011 8 (40) 4(17) 10 (21) 7(17) 17 (19)
Injected activity (MBq) 1526 (636-2320) 2037 (711-6277) 6565 (2213-11,627) 1882 (636-11,164) 1992 (680-11,627)  Not applicable
Lungshunt (%) 5(0.1-17) 2.3 (1-26) 46 (03-16) 4.5(0.1-17) 34 (0.8-26) 4 (0.1-26)

This table shows the baseline characteristics for the 90 included patients

301

201

101

Absolute number of patients

A Baseline

Sites of extrahepatic disease

B Three months follow-up

Absolute number of patients

Lymph node
Lung
Abdominal wall

Spleen

50 1

40 4

30 1

201

10 1
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Lymph node
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Bone
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Fig. 1 Site of extrahepatic metastases at baseline and at 3-month follow-up. a Type and number of affected organs in patients with extrahepatic
metastases at baseline. Bars depict absolute number of patients. In total, 50 affected organs in 42 patients. b As in a, for 3-month follow-up. In
total, 119 affected organs in 67 patients. Lymph nodes and lung are most affected at baseline and 3-month follow-up
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A Entire cohort

New extrahe'm’ ‘

Growth of intra and/or extrahepatic metastases

epatic metastases

Fig. 2 Mode of progression of the entire cohort (90 patients) (

a) and specifically for patients with extrahepatic disease at baseline (42 patients)
(b). Numbers indicate the number of patients in the indicated (overlapping) group

B Patients with extrahepatic disease

A

New extrahepati epatic metastases

Growth of intra and/or extrahepatic metastases

(Fig. 3). Extrahepatic metastases at baseline increased
the risk of progressive disease for all modes of progres-
sion, mainly for new extrahepatic metastases (OR = 3.06,
95% CI 1.28-7.72). Time since diagnosis of metastases
was a significant risk factor for progressive disease as
well, with an OR of 1.06 for every month increase in
time (95%CI 1.01-1.11). Primary tumor location showed
a strong trend, with an OR of 3.88 (95%CI 1.00-25.75)
for patients with right-sided primary tumors versus pa-
tients with left-sided primary tumors. There was no sig-
nificant difference between types of microspheres used.

The difference in response evaluation was compared
for patients with or without extrahepatic metastases
at baseline. Of the group (n = 42, 47%) presenting
with extrahepatic metastases at baseline, 93% was
diagnosed with PD at 3-month follow-up. Significantly
fewer patients (63%) were diagnosed with progressive
disease in the group of patients (n = 48, 53%)
presenting without extrahepatic metastases at baseline
(p = 0.0017) (Table 3).

Prognostic value of extrahepatic disease at baseline
based on overall survival (OS)

Median OS for the 90 included patients was 10 months
(95% CI 9-14 months). Presence of extrahepatic metas-
tases at baseline showed a difference in median OS esti-
mates with 10 months (95% CI 7-14) for patients with
and 12 months (95% CI 9-19) for patients without extra-
hepatic metastases at baseline (hazard ratio (HR) 1.68,
95%CI (1.09-2.59), p = 0.019) (Fig. 4).

Discussion

This study shows that a large proportion of end-stage
mCRC patients have progressive disease after radioem-
bolization due to the development of new metastases,
and to a lesser extent due to the growth of existing me-
tastases. The presence of extrahepatic disease at baseline
significantly increases the chance of early progressive
disease at 3 months, especially the development of new

metastases. Moreover, patients with extrahepatic metas-
tases at baseline had a significantly worse overall
survival.

At baseline, 48% of our study population was diag-
nosed with extrahepatic metastases. This is in line with
other studies in which 35-77% of the included patients
had extrahepatic metastases at baseline [18—-20, 39-44].
We found a difference in median OS with and without
the presence of extrahepatic metastases at baseline, re-
spectively 7 versus 10 months (p = 0.0018). Several other
studies with a comparable patient population also found
that extrahepatic disease was a predictor of survival after
radioembolization [24, 45-49]. Other known prognostic
factors are tumor load, baseline CEA level, and location
(left- versus right-sidedness) of the primary tumor [24,
49, 50]. In our study, only location of the primary tumor
showed a clear trend for significance, with the odds ratio
for progressive disease being 3.88 (95%CI 1.00-25.75)
for patients with a right-sided primary tumor versus pa-
tients with a left-sided primary tumor.

Genetics and biomarkers are more and more recog-
nized as prognostic factors. We investigated the possible
role of CEA, since this was associated with poorer sur-
vival after radioembolization in multiple studies [19, 24,
51]. However, just as in the study of Sofocleus et al., in
our study, no significant correlation between pre-
treatment CEA level and disease progression was found
[19]. Patients with KRAS mutation generally have a
worse prognosis after radioembolization than patients
with KRAS wild-type status [19, 24, 25, 52]. In our study,
although not significant, the odds ratios for all types of
progressive disease showed a clear trend for a worse
prognosis for patients with KRAS mutation versus pa-
tients with KRAS wild type (Table 2).

In The Netherlands, indications for radioembolization
include liver-dominant, irresectable, systemic therapy-
refractory disease. Patients with significant extrahepatic
metastases are not considered eligible, but patients with
stable, limited extrahepatic disease (defined by the Dutch



Page 7 of 13

(2020) 10:107

Roekel et al. EJINMMI Research

JUSWIA|OAUL I9AI| 9%0S < PUR 90G-SZ SNSISA JUSWISAJOAUL ISAI| %ST >,
ssowny Arewnd papis-y3| snsian siowny Aiewid papis-1yBidge

3dA1 plIm SYYM SNSISA UOHEINW SYH
T 'L SNSIOA O snyels 2ouewIopdd OHMuxxx

99| -WNIW[OY pue sse|b 06-WNUIA SNSIDA (9DUDIJ21) UISAI 06-WNHIIAx
Adesayiowayd aulj-puz SNSISA -1S| YIM JUSWILI} SNOIAId,

|eAIDUI DOUBPLUOD %66 D %56 ‘95easIp dAlssaiboid g4 ‘onres sppo Yo ‘uonezijoquidolpel 3y ‘djqediidde 1ou N “(WHIN + WHIN) S9se1se1aw mau

WN “(WHID + WHID) saseiselaw Jo yimolb pyo ‘saseiselswl dpedayesixs Mau pHIN ‘sasersersw diedayeniul mau pHIN ‘saseisersw diedayeinxs Jo Yymolb pyHIo ‘saseisersw diedayeinul Jo Yimoib WHID :sUoibiaaIqqy
Juswieas-1sod syuow € 3 1§1D3Y Ag paqudsap se uolssaiboid JO Sapow pue SO1ISKIIRIRYD SUIRSEq UdMIS] (1D%S6 PUB O3Bl SPPO) SUOIIRIDOSSE dY) SMOYS 3|gel Iy

(££7-810) 9 (L9-6%0) 99'L (S6'L-91°0) S50 (9£5-870) ¥9'L 015-110) /9L (6 7-0€0) ¥ (01'€-070) €£0 9%0S < 'Peoj Jown|
£0'(06'€-9€0) L (v£'T-6€0) vO'L (@ T¥E0) ¥60 (65'1-020) 850 OLre-cro) £ (6£1-110) 950 (5£9-050) € %05-S¢ ', peoj Jown|.
(9/57-00'1) 88 (6¥Z-9£0) ¥60  (LL'L1-8610) 96T (657-590) 2L'L (€97-5€0) 860 (€97-970) 880  (5/'52-00'L) 88°€ uoNed0| JoWN1 Alewid
(101-660) 001 (L0'L-660) 00'L (001-660) 00'L  (00°L-660 1D%S6) O (00'1-66'0 1D%S6) 00l (00'L-66'0 1D%S6) 0 (00'L-66'0) 00'L 1U3WIRRN 2I0§3q [2A3] ¥ID
(L01'660) COL  (€0'L 860) LO'L (S0'L %660) ¢O'L (L0'L '5610) 860 (v0'L '660) | (L0'L ¥60) 860 (LIL7101) 9071 4¢S9SeIseIaW JO sisoubeip aduls swil|.
9811 #£0) L9T  (8Y6T60) 58T @@L eee (S9L TS'1) 8L % (8/'8:060) ST (579 950) 8 (S6'€T '52°0) 8€'€ SNIBIS S
(LTT'0€0) 180 (61T ¥€0) 980 (LE'L'%61°0) 050 (E€'T'€€0) 060 (€€TS€0) L (V1 01°0) €70 (O¥'T 'T€0) £80 xxxSNIRIS OHM
(661 6£0) 00C (129 0€0) C€'L (L'/T950) €L¢C (5T '/80) 98¢ (881 ¢ 0) L'l (96'€'80°0) 940  (LL'ZE0E0) 06'L nuis ul Jowny Alewid
(997 v1'1) 98T N (@7 '871) 90€ ey '6L0) €81 N (¥8'9 680) 6£C (€556 £€T) 8¢ Suljaseq Je saselselaw dhedayenx3
(L€T-620) 180  (CTEW¥0) 6L (05T ‘€€0) 060 (8€'C '67°0) 580 (98% '€90) 521 (88'L w1°0) £50 (P’ CT0) £90 wniuwjoy ‘sa1aydsoldiw Jo adAL
(S9/-650) ¥6'L  (SE'GC90) 641 (68 050) §'L (661 650) L (957 :/80) €5¢C (L¥'T'81°0) LLO (€51 €0 L SSe|D “xxSaIaydsoiiul Jo adA|
6L1%6L0) 870  (E€L %T0) LS50 (15’1 '92°0) €90 (160 1°0) LEO (S0 :L€0) £80 (L0Z920) ¥0  (9¥'88:10°0) 880 <Adesaypoway)
(SOL%60) LOL (90l %£60) LO'L (S0'L 96°0) 00'L (90'L '86°0) TO'L (90'L '£60) LO'L (26 200) 660 (L0l 1£60) 20 sieak ul oby
(€9 = u) WN (St=u)WD  (£§=Uu) WHIN (S€ = U) WHIN (£€ = u) WHIS (0T = u) WHID ad

(ID%S6) YO :UoIssalboid jo adA) pue sonsusIdeIRYD BUljaseq 104 sIsAjeur Uoissalbal J13sIBO| S,ULI4 S|qelLeAIuN T 3]qeL



Roekel et al. EJINMMI Research

(2020) 10:107

Page 8 of 13

\

Influence of baseline characteristics on response

Baseline factor OR 95% CI

Age 1.02 0.97-1.07 -

Chemotherapy 0.88 0.01-8846 <«—=——

Glass microspheres 1.11 0.32-4.53 ——

Holmium microspheres 0.67 0.22-2.14 ——

Extrahepatic metastases 7.80 2.37-35.53 ——

Primary tumor 1.90 0.30-37.11 —r—

WHO status 0.87 0.32-2.46 ——

KRAS 3.38 0.75-23.95 —

Time since metastasis 1.06 1.01-1.11 .

CEA level 1.00 0.99-1.00 o

Primary tumor location 3.88 1.00-25.75 —e—

Tumorload 25-50% 1.63 0.50-6.35 —

Tumorload >50% 0.73 0.20-3.10 ——
rrrrrr1r 1

0.12 1.040 400
:ingi;\./;ianlreeztnz\lzec;f the influence of baseline characteristics on response (progression versus no progression according to RECIST 1.1), based on

National Healthcare Institute as a maximum of 5 lung
nodules < 1cm and lymph nodes < 2cm) are eligible
[53]. This criterion was also used in the patients in this
study. The SIRFLOX, FOXFIRE, and FOXFIRE-Global
(studying the added value of radioembolization to
chemotherapy in first-line mCRC patients) used similar
inclusion criteria with respect to extrahepatic disease
[54]. In these studies, no difference in OS or overall
progression-free survival (PFS) was observed [55]. One
may argue that the large percentage of patients with ex-
trahepatic disease in these studies (i.e., 36%) clouded the
potential clinical benefit of radioembolization in a more
stringent selected subset. In a subgroup of patients with
right-sided primary tumors, the presence of extrahepatic
metastases at baseline indeed proved to be a negative
prognostic factor for OS, with a HR of 1.351 (95%CI
0.96-1.91) [50]. Importantly, these studies were per-
formed in first-line refractory disease. This limits com-
parison with our study in a more advanced-stage
population.

Objective response (CR or PR) at 3 months after treat-
ment was obtained in only 6% of our patients. This is in
line with other studies in salvage mCRC patients, with

reported response ranges of 6-24% [24, 56, 57]. Median
OS in our study was 10 months, which is also in line
with other studies in a comparable patient population
[22, 24, 58].

A reason for the modest treatment results in our study
might be the dosimetric models that were used: the BSA
and MIRD methods. These methods can lead to under-
dosing [59, 60]. A personalized treatment approach, as
was used in the DOSISPHERE study in HCC patients,
could have led to a much higher response rate [61]. The
results of earlier studies on the dose-response relations
in mCRC patients treated with *°Y-resin or '**Ho prove
this point: a significant dose-response relationship was
found in both studies [22, 62]. Implementing the results
of these studies in future patients, using an individual-
ized treatment approach, likely will lead to a higher
treatment accuracy.

In our study, response was evaluated using the ana-
tomic criteria as defined by the RECIST guidelines.
However, this can be hampered by the presence of ne-
crosis, hemorrhage, and cystic changes [63]. Response
assessment based on changes in functional metrics as
determined on [*®F]-FDG PET/CT would be a better
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Table 3 RECIST 1.1 response classification at 3 months post-treatment

Total No extrahepatic metastases at baseline

Extrahepatic metastases at baseline

Yttrium-90 Resin No extrahepatic metastases at baseline

Extrahepatic metastases at baseline

Yttrium-90 Glass No extrahepatic metastases at baseline

Extrahepatic metastases at baseline

Holmium-166 No extrahepatic metastases at baseline

Extrahepatic metastases at baseline

48(53%)
Complete response 0 (0%)
Partial response 5 (10%)
Stable disease 13 (27%)
Progressive disease 30 (63%)
42 (47%)
Complete response 0 (0%)
Partial response 0 (0%)
Stable disease 3 (7%)
Progressive disease 39 (93%)*
28(61%)
Complete response 0 (0%)
Partial response 1 (4%)
Stable disease 7 (25%)
Progressive disease 20 (71%)
18 (39%)
Complete response 0 (0%)
Partial response 0 (0%)
Stable disease 2 (11%)
Progressive disease 16 (89%)
9 (45%)

Complete response 0 (
Partial response 2 (22%)
Stable disease 2 (

5(

Progressive disease 56%)
11 (55%)
Complete response 0 (0%)
Partial response 0 (0%)
Stable disease 0 (0%)
Progressive disease 11 (100%)
11 (46%)

Complete response

0 (
Partial response 2 (18%)
Stable disease 4 (36%)
Progressive disease 5 (46%)

13 (54%)
Complete response 0 (0%)
Partial response 0 (0%)
Stable disease 1 (8%)
Progressive disease 12 (92%) *

This table shows a comparison of RECIST 1.1 response classification at 3 months post-treatment for patients with or without extrahepatic metastases at baseline.

Numbers represent number of patients (% of total/subcategory)
*Marks significant difference between groups; p < 0.05

evaluation method, especially since several studies found
that these are related with overall survival [13, 22, 64,
65]. Unfortunately, not all patients in our study under-
went baseline and post-treatment imaging by ['*F]-FDG
PET/CT.

The added value of the present study to the existing
knowledge on radioembolization in mCRC patients is
the fact that the development of new metastases is the
primary cause for progressive disease after treatment.
Furthermore, the study shows that the development of
new lesions, as well as progressive disease in general, is
more common in patients with extrahepatic disease at
baseline.

The current study also has several limitations. First of
all, the sample size was small. Secondly, the retrospective
setting was prone to selection bias. Since radioemboliza-
tion was used in a salvage setting, outcome was likely
muddled by the effect of other, previous therapies (Table
1). However, since patients were selected for radioembo-
lization based on their chemo-resistant tumors, the con-
tribution of this variation in our patient population on
the outcome of our study was considered minimal.
Third, all patients were discussed in a multidisciplinary
tumor board before treatment. Based on available im-
aging, the primary tumor was assessed for stability and
the extrahepatic disease load was assessed for extent,
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Fig. 4 Kaplan-Meier survival curve stratified for extrahepatic metastases at baseline

30 35 40 45 50 55 60

however, not for stability. Also, although radioemboliza-
tion is nowadays often performed in a lobar approach, a
large fraction of patients that we studied received whole-
liver treatment. Whole-liver treatment was in large part
dictated by study protocols. Furthermore, three types of
microspheres were used in our dataset. The differences
with regard to the embolic nature of the treatment, the
specific activity of the microspheres, the administered
activities, and the absorbed doses may have influenced
the incidence of early progressive disease, and potentially
also the mode of progression, although our analyses did
not show a significant difference between microsphere
types. Last, KRAS status was unknown in 42% of the pa-
tients, making the number of patients for the subgroup
analyses for KRAS rather small.

Proper selection of patients seems fundamental for the
cost-effectiveness of radioembolization treatment. Future
prospective studies in the salvage setting should there-
fore be conservative with regard to the acceptance of ex-
trahepatic disease. Accurate baseline imaging, including
FDG-PET, may aid patient selection [66]. This will avoid
futile treatments and unnecessary toxicity. However, the
effect of radioembolization in patients with extrahepatic
disease should be evaluated in prospective studies com-
paring radioembolization with best supportive care, be-
fore a firm statement can be made about the exclusion
of patients with extrahepatic disease from treatment.
Also, considering the development of new lesions as the
major cause of progressive disease, a study in the third
line, comparing TAS-102 or regorafenib with and

without radioembolization, would be interesting. The
study of Hendlisz et al. showed that radioembolization
combined with chemotherapy was safe and effective
[58]. Based on the results of this study, chemotherapy in
addition to radioembolization was therefore recom-
mended in the refractory setting.

Proper selection and individualized dosimetry-based
treatment planning should ultimately lead to improved
treatment accuracy in mCRC patients.

Conclusions

In conclusion, response at 3-month follow-up and sur-
vival were heavily influenced by new intra- and extrahe-
patic metastases. Patients with extrahepatic disease at
baseline had a worse outcome compared to patients
without extrahepatic disease at baseline. Based on the re-
sults of this observational, retrospective study, extrahe-
patic disease may be considered a contraindication for
treatment with radioembolization.
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