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Abstract
Purpose The aim of this study was to analyze the safety,
treatment characteristics and survival outcomes of Yttrium-
90 (Y90) radioembolization for unresectable colorectal carci-
noma (CRC) liver metastases refractory to standard of care
therapy.
Methods A total of 214 patients with CRC metastases were
treated with Y90 radioembolization over 12 years. Toxicity
was assessed using National Cancer Institute common termi-
nology criteria. Overall survival was analyzed from date of
diagnosis of primary cancer, hepatic metastases and from the
first Y90. Uni/multivariate analyses were performed.
Substratification by era of chemotherapeutics was performed.
Results Most patients were male (60 %) and <65 years old
(61 %). Of them, 98 % had been exposed to chemotherapy.
Grade 3 lymphocyte, bilirubin, albumin, ALP and AST tox-
icities were observed in 39 %, 11 %, 10 %, 8 % and 4 % of
patients, respectively. Grade 4 lymphocyte and ALP toxicities
were observed in 5 % and 3 % of patients, respectively.
Median overall survival was 43.0, 34.6, and 10.6 months from
date of diagnosis of primary cancer, hepatic metastases and

first Y90, respectively. Survival was significantly longer in
patients: (1) who received ≤2 cytotoxic drugs (n=104) than
those who received 3 (n=110) (15.2 vs. 7.5 months, p=
0.0001); and (2) who received no biologic agents (n=52)
compared with those that did (n=162) (18.6 vs. 9.4 months,
p=0.0001). Multivariate analyses identified ≤2 cytotoxic
agents, no exposure to biologics, ECOG 0, tumor burden
<25 %, lack of extrahepatic disease and albumin >3 g/dL as
independent predictors of survival.
Conclusion In this largest metastatic CRC series published to
date, Y90 radioembolization was found to be safe; survival
varied by prior therapy. Further studies are required to further
refine the role of Y90 in metastatic CRC.
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Introduction

Colorectal cancer (CRC) is the third most common malignan-
cy in the United States. It is also the third most common cause
of cancer-related mortality. According to the National Cancer
Institute, 141,210 new cases were diagnosed in 2011.
Standard of care treatment includes surgery followed by sys-
temic agents to prevent local recurrence and treat extra-
intestinal disease, or surgical treatment for resectable metas-
tases. Up to 60% of patients with CRC develop liver metas-
tases [1]. About one-third of patients have hepatic metastatic
disease at diagnosis and half of those with early disease
develop metastases after resection [2]. Overall 5-year survival
after distant metastases have been discovered is 11.7%.
Resection is limited by the number, location, burden of
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hepatic lesions as well as hepatic function, extrahepatic dis-
ease, medical comorbidities, and is a therapeutic option for
20% of patients [3]. Five-year survival rate after surgical
resection of liver-confined disease is 35% [4]. Substantial
progress has beenmade in the development of systemic agents
to improve survival outcomes in patients with CRC; median
overall survival now varies from 15 to 22 months [5–7]. The
introduction of molecular targeted biologic agents has also
generated improvements in survival [5, 8, 9].

Unresectable hepatic metastases remain an important cause
of morbidity and mortality in CRC [10, 11]. The last decade
has seen substantial progress in the development of
locoregional therapies such as hepatic artery infusion,
chemoembolization and radioembolization. Outcomes of the-
se therapies have been very encouraging . Y90
radioembolization has gained widespread recognition for the
treatment of hepatocellular carcinoma as well as liver metas-
tases [7, 12–19]. This study aims at analyzing safety and
pretreatment variables that affect survival following
radioembolization. Given the rapid development of systemic
treatments for CRC, we also sought to analyze the effect of
pre-Y90 systemic therapy on survival after diagnosis of the
primary disease and hepatic metastases and from treatment
with Y90. The intent was to explore the effect of Y90 timing
on survival in the face of multiple lines of available systemic
therapy as part of the continuum of care.

Methods

Patient cohort

Between November 2001 and January 2013, 214 patients with
liver-dominant hepatic colorectal metastases were treated with
Y90 radioembolization. The study was approved by
Institutional Review Board and was Health Insurance
Portability and Accountability Act compliant. This report also
complies with the research reporting standards for
radioembolization [13]. This study represents a report of pro-
spectively collected data at a large, comprehensive cancer
center with significant expertise in locoregional therapies.
Study inclusion criteria included: (1) unresectable metastases
from colorectal cancer (assessed at weekly gastrointestinal
tumor board); (2) progressive disease confirmed on imaging
refractory to previous systemic/locoregional therapy; (3)
ECOG status ≤2; (4) ability to undergo angiography and
selective visceral catheterization; and (5) adequate hematolo-
gy (granulocyte count ≥1.5×109 /L, platelets ≥50×109 /L),
renal function (creatinine ≤2.0 mg/dL) and liver function
(bilirubin ≤2.0 mg/dL). Exclusion criteria included: (1) sig-
nificant extrahepatic disease (life expectancy <3 months); (2)
evidence of uncorrectable gastrointestinal flow observed on
angiography or 99mTc-Macroaggregated albumin (MAA)

scans; (3) estimated lung dose >30 Gy in a single session;
and (4) concurrent chemotherapy or radiotherapy.

Patient evaluation and workup

All patients underwent history and physical examinations,
baseline laboratory tests and radiological imaging within 1
month of treatment. This imaging information was used to
determine baseline imaging characteristics including tumor
burden, uni/multifocality and presence/absence of extrahepat-
ic metastases. Pretreatment angiography was performed to
determine proper catheter position and identify any collateral
flow to the gastrointestinal tract (GI) [20–24]. Prophylactic
embolization of aberrant vessels was performed when appro-
priate. 99mTc-MAA scan was performed to detect GI flow
and lung shunt fraction [21].

Treatment plan

The decision to treat patients with Y90 was determined by a
multidisciplinary team of medical/surgical oncologists and
interventional radiologists during gastrointestinal tumor
board. All radioembolization procedures were performed with
a glass-based Y90 device (BTG, Canada). This device is
currently approved for patients with hepatocellular carcinoma
in the United States and liver neoplasia (worldwide) [25]. The
method for determining injected activity (to obtain 120 Gy
dose) has been published previously [13, 21, 26, 27]. All
patients received Y90 therapy via a lobar arterial approach;
the other lobe (when necessary) was subsequently treated after
1–2 months.

All procedures were performed on an outpatient basis.
Baseline laboratory values were obtained on treatment day.
Additional treatments were performed for treatment comple-
tion or for progression in treated disease after response assess-
ment at regular clinic visits.

Data collection and clinical follow-up

All patients were evaluated for adverse events 4 weeks post
treatment, and subsequently at 2–3 month intervals. The last
patient was enrolled in January 2013. Data were closed on
April 30, 2013. Patients were followed until death or censored
to the last clinic follow-up.

Toxicity analysis

Clinical and laboratory adverse events were recorded using
National Cancer Institute common terminology criteria v3.0
during scheduled clinic visits. Laboratory and clinical toxic-
ities exhibited anytime during follow-up are reported herein
(no 30-day cut-off).
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Overall survival

All 214 patients were available to calculate overall survival
(Kaplan-Meier) and the effect of different baseline variables
on survival [28]. Overall survival (OS) was calculated from
the day of diagnosis of primary cancer, date of diagnosis of
hepatic metastases and from first Y90 treatment. In order to
further dissect the cohort, subgroup survival analyses were
performed to assess the effect of factors such as previous
cytotoxic (oxaliplatin, irinotecan, 5FU) and/or biologic agents
(bevacizumab, cetuximab, panitumumab). Furthermore, to
analyze the effect of trends in patient selection for Y90 treat-
ment on survival (salvage vs. 1st or 2nd line), survival was
analyzed based on the era of first Y90 treatment (<2004 vs.
>2004). We chose the cut-off of 2004 because it coincided
with the introduction of biologic agents. Median time from
diagnosis of hepatic metastases to first Y90 was also analyzed
to explore if earlier treatment with Y90 led to better survival
outcomes, or if there was a trend for longer time to Y90
treatment with the development of new agents.

Uni/multivariate analyses

Uni/multivariate analyses were performed using Cox propor-
tional hazards model. Variables entered in the univariate anal-
yses included demographics (gender, age), performance status
(ECOG), previous therapy (cytotoxic and biologic agents),
tumor characteristics (stage at diagnosis, burden, distribution
and extrahepatic disease) and liver function (albumin, biliru-
bin). Variables with p≤0.25 by univariate analysis were in-
cluded in the multivariate model. Hazard ratio estimates were
based on simultaneous analysis of all variables. Assumption
of proportionality was tested using log-minus-log plot and
was met. Type I error of multiple comparisons on univariate
analyses were corrected using Bonferroni methodology [29,
30]. All analyses were performed using SAS 9.2 (Cary, NC);
p<0.05 was considered significant.

Results

Baseline characteristics

Table 1 summarizes the baseline characteristics. Most patients
were <65 (61%) years old, male (60%), had multifocal/bilobar
disease (90%/83%) with ≤25% (81%) tumor burden. Fifty-
eight percent had liver-only disease; 42% had limited extra-
hepatic disease (lungs, bones, lymph nodes, peritoneum, ad-
renals). Twenty-two percent had previously received local
therapies. All (except 5 patients) received standard therapy
before Y90 (Fig. 1). Forty-eight percent of patients had re-
ceived ≤2 cytotoxic drugs, while 52% of patients received

three cytotoxic agents. Twenty-four percent of patients re-
ceived no biologic agent; 76% received at least one biologic
agent. Combining cytotoxic/biologic agents, 14, 35, 60, 57
and 43 patients received 1, 2, 3, 4 and 5 regimens, respective-
ly, while 22% had previous liver-directed therapy.

Y90 dosimetry

Two-hundred fourteen patients received a total of 381 treat-
ment sessions (mean 1.8, range 1–3 per patient). The rate of
prophylactic coil embolization was <10%; these were most
commonly the right gastric, falciform and other gastric arterial
variants (rarely gastroduodenal). Median activity infused was
2.35 GBq (range 0.6–10), median radiation dose was 122 Gy
(range 83-157) and 4.5 Gy (range 0.1-29.8) to the liver and

Table 1 Baseline characteristics

Characteristic N (%)

Age (years) <65 131 (61)

≥65 83 (39)

Gender Male 127 (60)

Female 87 (40)

Tumor burden ≤25% 174 (81)

26-50% 31 (15)

>50% 9 (4)

Tumor distribution Unilobar 37 (17)

Bilobar 177 (83)

Focality of disease Solitary 21 (10)

Multifocal 193 (90)

Stage at diagnosisa ≤2 36 (17)

>2 177 (83)

Extrahepatic metastases Absent 124 (58)

Present 90 (42)

ECOG 0 130 (61)

1 73 (34)

2 11 (5)

Albumin >3 g/dL 132 (62)

≤ 3 g/dL 82 (38)

Bilirubin ≤1.3 mg/dL 194 (91)

>1.3 mg/dL 20 (9)

Previous liver-directed therapy None 166 (78)

TACE 4 (2)

RFA 16 (7)

Resection 20 (9)

RFA + resection 2 (1)

Other 6 (3)

ECOG Eastern Cooperative Oncology Group, HAI hepatic artery infu-
sion with floxuridine, RFA radiofrequency ablation, TACE trans-arterial
chemoembolization
a Stage at diagnosis could not be evaluated in one patient
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lungs, respectively. Dosage infused was >98% in all cases (no
stasis observed).

Toxicities

Table 2 summarizes treatment toxicities. Grade 1 and 2 clin-
ical toxicities included fatigue (50%), pain (26%), nausea
(15%), vomiting/fever (5%), anorexia (4%) and abdominal
discomfort/diarrhea (2%); there were no grade 3–4 clinical
toxicities. Grade 3 absolute lymphocyte, bilirubin, albumin,
ALP and AST toxicities were observed in 39%, 11%, 10%,
8% and 4% patients, respectively. Grade 4 absolute lympho-
cyte and ALP toxicities were observed in 5% and 3% of
patients, respectively. No patient experienced grade 4 ALT,
AST, albumin/bilirubin toxicity or gastrointestinal ulceration.
No patient experienced radioembolization-induced liver dis-
ease or pneumonitis. There were no treatment-related deaths.

Overall survival

Survival outcomes are summarized in Table 3. One hundred
fifty three of 214 patients had died at the time of the analysis.
Median OS was 43.0 months (95% CI 39.0–47.0) from diag-
nosis of primary tumor, 34.6months (95%CI 28.0–42.0) from
diagnosis of hepatic metastases, and 10.6 months (95% CI
8.5–15.0) from first Y90. Median time from the diagnosis of
hepatic metastases to first Y90 was 21.4 months (95% CI
18.0–22.0). OS from first Y90 was significantly longer for
patients who received ≤2 cytotoxic agents vs. all three before
Y90 (15.2 vs. 7.5 months, p=0.0001); however, survival from
diagnosis of primary cancer and liver metastases was not
affected by previous exposure to cytotoxic drugs.Median time
from diagnosis of hepatic metastases to first Y90 was shorter
when receiving ≤2 drugs vs. all 3 (13.9 vs. 27.5 months, p<
0.0001). Survival from first Y90 was longer for patients naïve
of biologic agent vs. those receiving at least one before Y90

Fig. 1 Number of patients
exposed to Xeloda, Cetuximab,
Bevacizumab, Irinotecan,
Oxaliplatin, and 5-FU

Table 2 Clinical and biochemi-
cal toxicities Clinical toxicities (Grades 1–2)

Fatigue 108 (50)

Pain 55 (26)

Nausea 33 (15)

Vomiting 11 (5)

Fever 11 (5)

Anorexia 8 (4)

Mild abdominal discomfort 5 (2)

Diarrhea 3 (2)

Gastrointestinal ulcer 0 (0)

Biochemical toxicities

Toxicities Baseline Anytime following treatment

≤ Grade 2 Grade 3 Grade 4 ≤ Grade 2 Grade 3 Grade 4

Absolute lymphocyte 196 (91) 18 (8) 1 (1) 119 (56) 85 (39) 10 (5)

Alanine aminotransferase 214 (100) 0 (0) 0 (0) 214 (100) 0 (0) 0 (0)

Aspartate aminotransferase 213 (99) 1 (1) 0 (0) 206 (96) 8 (4) 0 (0)

Albumin 210 (98) 4 (2) 0 (0) 194 (90) 20 (10) 0 (0)

Bilirubin 214 (100) 0 (0) 0 (0) 191 (89) 23 (11) 0 (0)

Alkaline phosphatase 209 (97) 5 (3) 0 (0) 191 (89) 18 (8) 5 (3)
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(18.6 vs. 9.4 months, p=0.0001). OS from diagnosis of pri-
mary cancer and liver metastases was not affected by previous
exposure to biologic agents. Time frommetastases to first Y90
was shorter for patients naïve of biologic agents (12.6 vs. 24.4
months, p<0.0001). Analyzed by era, survival was signifi-
cantly longer for patients treated prior to vs. after 2004 (18.7
vs. 10.6 months, p=0.0086); however, as seen above, survival
from diagnosis of primary cancer and liver metastases was not
affected by the era of Y90. Again, median time from diagnosis
of hepatic metastases to first Y90 was significantly
shorter for patients treated prior to 2004 (13.0 vs. 22.1months,
p=0.0003).

Uni/multivariate analyses

Table 4 summarizes uni/multivariate analyses. Better survival
outcomes were predicted by ≤2 cytotoxic agents (p=0.0001),
no exposure to biologic agents (p=0.0001), stage ≤2 at diag-
nosis (p=0.043), performance status 0 (p<0.0001), tumor
burden ≤25% (p<0.0001), unilobar (p=0.017) and no

extrahepatic disease (p<0.0001), albumin >3 g/dL (p<
0.0001) and bilirubin ≤1.3 mg/dL (p=0.006). On multivariate
analyses, exposure to ≤2 cytotoxic agents (HR 0.67; 95% CI
0.46–0.98), no exposure to biologic agents (HR 0.56; 95% CI
0.36–0.88), performance status 0 (HR 0.34; 95% CI 0.22–
0.53), no extrahepatic disease (HR 0.58; 95% CI 0.41–0.83)
and albumin >3 g/dL (HR 0.51; 95% CI 0.35–0.76) indepen-
dently predicted better survival outcomes.

Discussion

The majority of patients with CRC develop hepatic metasta-
ses. Unfortunately, only a minority are suitable for resection or
ablation. Therefore, hepatic metastases from unresectable
CRC pose a serious challenge in terms of improving survival
outcomes. Standard of care employs systemic therapy with
FOLFOX/FOLIFRI +/- biologic agents. In the salvage setting,
systemic agents have led to survival benefits over best

Table 3 Survival analyses
Overall survival (N=214 patients)

From diagnosis of primary 43.0 months (39.0–47.0)

From diagnosis of hepatic metastases 34.6 months (28.0–42.0)

From Y90 treatment 10.6 months (8.5–15.0)

Time from hepatic metastases to Y90 21.4 months (18.0–22.0)

From Y90 (without metastases) 14.7 months P<0.0001
From Y90 (with metastases) 6.4 months

Survival by exposure to cytotoxic agents (5-Fluorouracil, Oxaliplatin, Irinotecan)

≤2 drugs (n=104) All 3 drugs (n=110) P-value

From diagnosis of primary 41.7 months 43.0 months 0.395

From diagnosis of hepatic metastases 31.2 months 39.3 months 0.21

From Y90 treatment 15.2 months 7.5 months 0.0001

Time from hepatic metastases to Y90 13.9 months 27.5 months <0.0001

From Y90 (without metastases) 21.0 P=0.037 9.7 P=0.007 -
From Y90 (with metastases) 9.6 4.6

Survival by exposure to biologic agents (Bevacizumab, Cetuximab)

Received none (n=52) Received 1 or both (n=162) P-value

From diagnosis of primary 45.5 months 42.3 months 0.21

From diagnosis of hepatic metastases 32.7 months 35.3 months 0.805

From Y90 treatment 18.6 months 9.4 months 0.0001

Time from hepatic metastases to Y90 12.6 months 24.4 months <0.0001

From Y90 (without metastases) 25.7 P=0.08 12.9 P=0.007 -
From Y90 (with metastases) 8.7 6.4

Survival by era

Up to 2004 (n=28) After 2004 (n=186) P-value

From diagnosis of primary 34.7 months 44.2 months 0.4915

From diagnosis of hepatic metastases 31.7 months 35.9 months 0.9666

From Y90 treatment 18.7 months 10.6 months 0.0086

Time from hepatic metastases to Y90 13.0 months 22.1 months 0.0003

From Y90 (without metastases) 21.0 P=0.004 13.6 P=0.007 -
From Y90 (with metastases) 7.4 6.4
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supportive care, showing OS of 6.4 months (regorafenib), 6.1
months (cetuximab) and 9.0 months (panitumumab) [31–33].
However, once disease progresses, the outcomes are not very
encouraging. In addition, the high rate of clinical adverse
events and molecular mechanisms of resistance to systemic
biologics makes these therapies less beneficial to certain pa-
tient subpopulations [34].

Locoregional transarterial therapies have emerged as ther-
apeutic options for unresectable colorectal metastases refrac-
tory to systemic agents. In particular, Y90 has led to promising
response rates, improved survival, time-to-progression out-
comes and an acceptable toxicity profile [7, 17, 18, 35].
Other studies have combined Y90 with systemic agents and
have found the combination is well-tolerated with encourag-
ing outcomes [36, 37]. In this study, we primarily investigated
survival outcomes in patients with hepatic colorectal metasta-
ses refractory to previous local/systemic therapy. Our results
suggest that radioembolization is a safe treatment option for
these patients. Since most patients had received some form of
systemic or local therapy, radioembolization was primarily

done in the salvage setting. These results corroborate previous
studies; current phase 3 studies combining systemic chemo-
therapy with radioembolization for first or second line treat-
ment may lead to a paradigm shift that abandons lines of
therapy and focuses on individualizing therapeutic options
according to disease characteristics [6, 7].

Y90 is administered via a trans-arterial catheter into the
hepatic artery or its branches supplying tumor. The therapeutic
advantage is based on the dual blood supply of the liver where
tumors primarily dwell on hepatic arterial blood and normal
hepatic parenchyma thrives on portal venous blood [38, 39].
This fact is exploited during radioembolization where highly
focused radiation is directed towards the hypervascular
tumor, relatively sparing the normal parenchyma [40].
Consequently, most of the clinical toxicities observed in
this cohort were transient and controlled symptomatical-
ly without requiring hospitalization. Grade 3–4 labora-
tory toxicities were limited and compare favorably with
other cohort studies, confirming the safety of this treat-
ment (no gastrointestinal ulcers).

Table 4 Uni/multivariate analysis for survival

Variable Univariate Multivariateb

Category Hazard ratio
(CI)

P-value Adjusted P-valuea Hazard ratio
(CI)

P-value

Gender Female 0.82 (0.59–1.13) 0.214 - 1.19 (0.85–1.66) 0.304
Male 1.00 1.00

Age <65 0.81 (0.59–1.11) 0.188 - 0.96 (0.67–1.37) 0.835
≥65 1.00 1.00

Cytotoxic agents before Y90c ≤2 agents 0.54 (0.39–0.75) 0.0001 0.0011 0.67 (0.46–0.98) 0.042
3 agents 1.00 1.00

Biologic agents before Y90d Yes 0.51 (0.36–0.69) 0.0001 0.0011 0.56 (0.36–0.88) 0.012
No 1.00 1.00

Stage at diagnosis ≤2 0.64 (0.43–0.94) 0.043 0.47 1.34 (0.79–2.27) 0.277
>2 1.00 1.00

Performance status 0 0.33 (0.22–0.50) <0.0001 0.0011 0.34 (0.22–0.53) <0.0001
>0 1.00 1.00

Tumor burden ≤ 25% 0.28 (0.15–0.51) <0.0001 0.0011 0.57 (0.35–0.91) 0.020
> 25% 1.00 1.00

Distribution Unilobar 0.56 (0.38–0.73) 0.017 0.187 0.60 (0.36–1.01) 0.0515
Bilobar 1.00 1.00

Extrahepatic disease No 0.51 (0.37–0.72) <0.0001 0.0011 0.58 (0.41–0.83) 0.0028
Yes 1.00 1.00

Albumin >3 g/dL 0.41 (0.28–0.61) <0.0001 0.0011 0.51 (0.35–0.76) 0.0010
≤ 3 g/dL 1.00 1.00

Bilirubin ≤1.3 mg/dL 0.48 (0.23–1.0) 0.006 0.066 1.29 (0.73–2.28) 0.374
>1.3 mg/dL 1.00 1.00

a Adjusted for multiple comparison (correction factor=11)
b Factors were included in multivariate analysis if P<.25 in univariate analysis (unadjusted for multiple comparisons), hence, all factors were carried into
the multivariate model.
c 5-Fluorouracil, Oxaliplatin, Irinotecan
d Bevacizumab, Cetuximab
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Overall survival from the diagnosis of primary cancer and
hepatic metastases were 43.0 and 34.6 months, respectively.
The 10.6 months OS from first Y90 treatment is in line with
recent reports and is promising given that 42% of patients had
extrahepatic disease in the salvage setting [17, 35, 41]. These
results are competitive with those achieved by existing sal-
vage systemic agents and supports the concept that
radioembolization should be considered for patients early after
second line failure. Median time from diagnosis of hepatic
metastases to first Y90 was 21.4 months, accurately
representing the time when patients were receiving varying
systemic agents. When survival outcomes were analyzed by
previous exposure to cytotoxic agents, we found that patients
who received ≤2 of these agents exhibited better post-Y90
survival outcomes than those who received all three drugs
(possible lead time bias). Given the adverse effects of
chemotherapeutic agents, if patients receive Y90 early in
the course of disease, survival outcomes are encouraging
and incidence of adverse effects could be potentially
lowered. However, overall survival from the diagnosis of
primary cancer and hepatic metastases was not different
whether patients received Y90 after being exposed to ≤2
agents or all 3. Time from diagnosis of hepatic metastases
was significantly shorter for those patients who received ≤2
agents. This potentially indicates the reason for longer
survival for patients who received ≤2 agents was in part
due to earlier treatment with Y90 (13.9 vs. 27.5 months).
Similar findings were observed when survival was analyzed
by previous exposure to biologic agents. Longer post-Y90
survival, similar survival times from the diagnosis of pri-
mary and from hepatic metastases, and significantly shorter
time-to-Y90 were observed in patients who received no
biologic agent. This again indicates that longer post-Y90
survival was potentially due to Y90 early in the course of
disease.

Survival was also analyzed by era of Y90. We chose the
cut-off of 2004 since it coincided with the clinical introduction
of biologic agents. We found that patients treated with Y90 up
to 2004 had significantly longer post-Y90 survival and shorter
time-to-Y90, in line with the observations discussed above.
This indicates that up to 2004, patients were treated with Y90
early in the course of disease whereas after 2004, patients
transitioned to being more heavily pre-treated with systemic
agents prior to consideration of Y90. These observations
indicate that although an earlier treatment with Y90 may not
prolong OS; it may be considered earlier in the disease course
either alone after failure of systemic agents, during a chemo-
therapy holiday, or in combination with systemic agents.
Current phase III trials are evaluating Y90 in combination
with standard of care systemic for both first and second line
patients with metastatic CRC.

The results of uni/multivariate analyses offer insight in
predicting OS. Interestingly, tumor stage ≤2 at the time of

diagnosis of primary cancer predicted improved post-Y90
survival, reflecting better tumor biology. However, stage was
not found to be a significant factor on multivariate analysis.
Performance status and liver function were significant predic-
tors of survival on both univariate and multivariate analyses.
The presence of extrahepatic disease was also associated with
worse outcomes. Bilobar disease also trended towards worse
OS but was not found significant on multivariate analysis.
Finally, exposure to ≤2 agents and no previous biologic were
associated with significantly better survival on both univariate
and multivariate analyses, similar to recent reports in heavily
treated patients [42].

The study has limitations. First, this is a single center
experience with significant expertise in Y90. All comparisons
and subgroup analyses were performed on baseline character-
istics before Y90. Ideally, they could have been performed on
the basis of patient characteristics when the decisions were
made to treat patients with 2, 3 or more lines of systemic
agents vs. Y90. It is possible that patients who received all 3
cytotoxic agents had more advanced disease (higher hepatic
and extrahepatic disease burden) than those who received ≤2
agents. Lead time bias confounding survival analyses is also
possible.

There are strengths. This is the largest series of Y90-treated
colorectal liver metastases reported to date, with comprehen-
sive mature follow-up and important granularity of detail in
terms of prior exposure to systemic agents stratified by era.
The study was initiated years after introduction of this device;
the methodology was well-establishedwith no technical learn-
ing curve. Toxicities were reported at any time during follow-
up, eliminating the artificial 30-day cutoff often seen in on-
cology studies as well as potential biases of toxicity attribution
to the treatment. Despite being heavily pre-treated, survival
outcomes were promising. Finally, responder versus non-
responder analysis was purposefully not performed given its
flawed nature, inherent guarantee-time bias and limited pre-
treatment clinical utility.

Conclusion

Y90 radioembolization for hepatic colorectal metastases is
safe and leads to encouraging survival outcomes. Survival
was longer for patients who had received ≤2 cytotoxic
agents, no biologic agents and were treated earlier in the
course of disease. Survival was also affected by perfor-
mance status, liver function, and presence/absence of ex-
trahepatic disease. This study supports the role of Y90
radioembolization in the multimodality treatment of pa-
tients with hepatic colorectal metastases who have limited
therapeutic options. Current randomized phase 3 studies
are evaluating Y90 in combination with systemic therapy
for first and second line treatment.
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