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Abstract

Purpose This study was designed to evaluate overall

survival after radioembolization or best supportive care

(BSC) in patients with chemotherapy-refractory liver-

dominant metastatic colorectal cancer (mCRC).

Methods This was a matched-pair comparison of patients

who received radioembolization plus BSC or BSC alone

for extensive liver disease. Twenty-nine patients who

received radioembolization were retrospectively matched

with a contemporary cohort of[500 patients who received

BSC from 3 centers in Germany. Using clinical databases,

patients were initially matched for prior treatments and

tumor burden and then 29 patients were consecutively

identified with two or more of four matching criteria:

synchronous/metachronous metastases, tumor burden,

increased ALP, and/or CEA [200 U/ml. Survival was

calculated from date of progression before radioemboliza-

tion or BSC by using Kaplan–Meier analysis.

Results Of 29 patients in each study arm, 16 pairs (55.2%)

matched for all four criteria, and 11 pairs (37.9%) matched

three criteria. Patients in both groups had a similar perfor-

mance status (Karnofsky index, median 80% [range,

60–100%]). Compared with BSC alone, radioembolization

prolonged survival (median, 8.3 vs. 3.5 months; P \ 0.001)

with a hazard ratio of 0.3 (95% confidence interval,

0.16–0.55; P \ 0.001) in a multivariate Cox proportional

hazard model. Treatment-related adverse events following

radioembolization included: grade 1–2 fatigue (n = 20,

69%), grade 1 abdominal pain/nausea (n = 14, 48.3%), and

grade 2 gastrointestinal ulceration (n = 3, 10.3%). Three

cases of grade 3 radiation-induced liver disease were

symptomatically managed.

Conclusions Radioembolization offers a promising addi-

tion to BSC in treatment-refractory patients for whom there

are limited options. Survival was prolonged and adverse

events were generally mild-to-moderate in nature and

manageable.

Keywords Radioembolization � Yttrium-90 �
Liver metastases � Colorectal cancer � Salvage therapy

Introduction

Colorectal cancer (CRC) is the second most common

malignancy in Europe [1]. Many patients with CRC

(approximately 15–25%) develop liver metastases [2].
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Viszeral- und Gefäßchirurgie, Magdeburg, Germany

E. Kettner

Klinikum Magdeburg, Klinik für Hämatologie/Onkologie,
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Although new chemotherapy regimens have improved the

control of liver metastases and rendered an increasing

number of patients resectable, the recurrent nature contin-

ues to present a life-limiting prognosis [3–5]. Nevertheless,

overall survival for unresectable CRC liver metastases

have been extended beyond 2 years by using combinations,

including oxaliplatin or irinotecan plus a fluoropyrimidine,

and biologic agents, such as vascular endothelial growth

factor (VEGF) or epidermal growth factor receptor (EGFR)

inhibitors [6, 7].

In parallel, locally ablative procedures, such as radio-

frequency ablation (RFA), are increasingly considered

beneficial for patients with unresectable liver-only disease

who present with tumors B3–4 cm [8]. RFA may consol-

idate the treatment response with chemotherapy to increase

the number of patients eligible for resection [9]. At our

clinic, we have extensive experience with image-guided

interstitial brachytherapy for patients ineligible for RFA

due to the location (adjacent to liver hilum, common bile

duct, or hepatic bifurcation) or the size of liver metastases

([5 cm) [10, 11].

One of the major challenges in advanced CRC today is

the growing proportion of patients who have maintained

good performance status but present with extensive

(C20%) liver involvement, having exhausted all other

therapeutic options. In this context, the transarterial

administration of radioactive yttrium-90 (90Y)-labeled

resin microspheres (radioembolization) represents a prom-

ising approach [12–14]. Even at this late stage, improved

disease control following radioembolization is highly

predictive of prolonged survival compared with historic

controls and can downsize tumors sufficiently to enable

potentially curative resection or ablation [13–17]. For

ethical reasons, it has not been possible to conduct a

randomized, controlled clinical trial to compare radio-

embolization with best supportive care (BSC) in this

setting without crossover, thereby confounding a fair

comparison of the impact on overall survival. With the

absence of clinical trials in this setting, we undertook an

analysis of patients who were refractory to all recom-

mended chemotherapy (after 2–6, median 3 lines of

chemotherapy; Table 1) or who had refused further che-

motherapy at the time of progression. Patients prospec-

tively received radioembolization plus best supportive

care and were matched with a parallel cohort of patients

who received BSC only (which means best palliative

care with the intent to maximize quality of life) from

surrounding hospitals and clinics. Further chemotherapy

or antineoplastic therapy was originally not intended due

to patient’s refusal or exhausted options, although

nearly a third (31%) of all patients were subsequently

able or willing to receive chemotherapy following

radioembolization.

Patients and Methods

Study Design

This was a matched-pair comparison of patients who

received radioembolization plus BSC or BSC alone for

chemotherapy-refractory, liver-dominant colorectal metas-

tases in the salvage setting. Patients treated prospectively

with radioembolization were retrospectively paired with

controls who received BSC only. To achieve the best

match, the clinical records of a cohort of more than 500

patients from 3 centers were evaluated: Universitätsklini-

kum Magdeburg (n = 348); Klinikum Magdeburg (n =

86); and Universitätsmedizin Berlin, Charité Campus Vir-

chow (n = 120). Matching pairs were identified in two

stages: initially matching for prior treatment history and

tumor burden and subsequently, by the following four

matching criteria: liver involvement (±20% absolute dif-

ference); synchronous versus metachronous metastases;

alkaline phosphatase (ALP) increase versus no increase;

and carcinoembryonic antigen (CEA) C200 ng/ml versus

\200 ng/ml. The first 29 consecutive matching patients

identified were included in this analysis.

The primary endpoint was overall survival (OS) from the

date of progression of the liver before radioembolization or

prior commencement of BSC assessed radiologically until

further progression (after radioembolization or BSC),

evaluated by radiological imaging or clinically. Patients

who received radioembolization received radiological and

clinical follow-up examinations; progression was evaluated

mainly by radiological imaging. Control group patients

were routinely seen in oncological settings, and progression

(hepatic and/or extrahepatic) was evaluated at the discretion

of the oncologist (imaging not mandatory). When there was

a significant increase of tumor markers, weight loss, and

decrease of the performance status of at least one point,

progression was assumed. Secondary endpoints were safety

and tolerability of radioembolization, progression-free

survival (PFS), and overall response rate, by RECIST, from

the date of radioembolization. Ethics approval was obtained

to conduct these analyses.

Patients

All patients had liver-dominant mCRC and intrahepatic

tumor progression as confirmed by imaging (computer

tomography [CT]/magnetic resonance imaging [MRI]) as

well as tumor markers (CEA) and/or clinical symptoms.

Patients who received BSC received measures designed to

provide palliation of symptoms and improve quality of life.

Because the patients were refractory to all recommended

chemotherapy or had refused further chemotherapy at the

time of progression, further chemotherapy or antineoplastic
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Table 1 Baseline characteristics, including matching criteria

Parameter 90Y resin microspheres (n = 29) Best supportive care (n = 29) P value

N % N %

Sex n (%)

Male 22 75.9 23 79.3% 0.747

Female 7 24.1 6 20.7%

Mean age ± SD (yr) 61.9 ± 7.37 61.3 ± 8.71 0.769

Time since diagnosis of primary CRC, median (range), (mo) 33 (9–86) 31.9 (8.4–81) 0.535

Time since diagnosis of mCRC, median (range), (mo) 28 (7–57) 23.5 (6.5–81) 0.653

Karnofsky index, median (range), % 80 (60–100) 80 (60–100) 0.078

Concomitant extrahepatic disease n (%) 14 48.3 14 48.3 1.00

Up to 5 lung metastases \1 cm 11 37.9 11 37.9

Mediastinal lymphadenopathy 2 6.9 0 0

Retroperitoneal lymphadenopathy 5 17.2 3 10.3

Bone metastases 3 10.3 1 3.4

Splenic metastasis 1 3.4 1 3.4

Renal metastasis 1 3.4 0 0

Prior liver-directed treatment n (%)

Resection 7 24.1 10 34.5 0.565

RFA 1 3.4 2 6.9 1.00

Brachytherapy 4 13.8 1 3.4 0.194

TACE 1 3.4 0 0 1.00

Prior chemotherapy lines n (%)

Adjuvant (for primary CRC) 3 10.3 5 17.2 0.706

One 0 0 0 0 0.801

Two 8 27.6 7 24.1

Three 9 31.0 11 37.9

Four 10 34.5 7 24.1

Five 1 3.4 3 10.3

Six 1 3.4 1 3.4

Median (range) 3 (2–6) 3 (2–6)

Prior chemotherapy agents n (%)

Oxaliplatin 26 89.7 26 89.7 1.00

Irinotecan 26 89.7 29 100 0.237

5-FU/FA 29 100 29 100 1.00

Capecitabine 8 27.6 15 51.7 0.106

UFT/FA 1 3.4 0 0 1.00

Bevacizumab 15 51.7 14 48.3 1.00

Cetuximab 15 51.7 19 65.5 0.424

Mitomycin C 5 17.2 8 27.6 0.530

Pemetrexed 0 0 1 3.4 1.00

Hepatic arterial chemotherapy 1 3.4 2 6.9 1.00

Matching criteria

Liver involvement, median (range), % 30% (20–50) 25% (10–75) 0.482

10% 0 0 4 13.8 0.170

15% 0 0 1 3.4

20% 3 10.3 4 13.8

25% 10 34.5 8 27.6

30% 8 27.6 6 20.7

35% 2 6.9 0 0
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therapy was not intended, although nearly a third of all

patients were subsequently able or willing to receive che-

motherapy after radioembolization.

Consecutive patients who received treatment from the

multidisciplinary team at the Universitätsklinikum in

Magdeburg were considered as candidates for radioembo-

lization if they presented with extensive liver involvement

(C20% of total liver volume) and none or only nonpro-

gressive extrahepatic deposits. Patients were only consid-

ered for radioembolization if they were progressive,

ineligible for all other forms of tumor-directed therapy, and

able to give informed consent [18].

Candidates for radioembolization were required to have:

adequate renal function (creatinine\1.59 normal values or

creatinine clearance[50 ml/min) and hemopoietic function

(leucocytes [1,500/mm3; platelet count [100,000/mm3);

sufficient liver function (defined as absence of ascites or

synthetic liver dysfunction, together with total bilirubin

\1.75 mg/dl [\30 lmol/L], and AST, ALT, and ALP each

\49 upper limit of normal); hepatic arterial anatomy that

would enable safe delivery of microspheres to the liver

only; liver-to-lung shunting of \20% on a pretreatment

technetium-99m labelled macro-aggregated-albumin

[99mTc-MAA] nuclear scan; and a patent main portal vein.

Radioembolization Planning and Treatment

Treatment was typically a two-stage process involving

extensive workup (to assess the appropriateness of the

patient and prepare the liver for treatment) and then

administration of the microspheres. A detailed account of

our treatment protocol has been published previously [18].

All imaging studies were read by radiologists and nuclear

medicine specialists, and the decision to treat was made by

a tumor board that included medical and surgical

oncologists.

Meticulous celiac and superior mesenteric angiography

was undertaken to map the hepatic arterial tree, identify

arterial feeders to the gastrointestinal tract, and coil

embolize the gastroduodenal and right gastric arteries and

any other gastrointestinal tract feeders. Once the hepatic

arterial blood supply had been isolated, the 99mTc-MAA

injection (Tc-99m-LyoMAA, Covidien, Neustadt/Donau,

Germany) was delivered into the proper hepatic artery

when whole liver radioembolization was performed and in

the right and left hepatic artery separately when the treat-

ment approach was sequential lobar without repetition

before second radioembolization. Afterwards, a gamma

camera (E.CAM 180, Siemens, Erlangen, Germany)

determined the extent of hepatopulmonary shunting.

A SPECT scan of the upper abdomen was performed, and

if nontarget extrahepatic seeding of 99mTc-MAA was

found, the intra-arterial angiography procedure was repe-

ated and modified accordingly.

The activity of 90Y-resin microspheres (SIR-Spheres;

Sirtex Medical Limited, Sydney, Australia) was calculated

by the body surface area (BSA) method using the formula:

Activity GBqð Þ ¼ BSA � 0:2½ �

þ % tumor involvement

100

� �

The activity was reduced if there was excessive liver-

lung shunting ([10%). Up to 2 weeks later, 90Y-resin

microspheres were delivered via a temporary transfemoral

catheter into the proper hepatic artery as a single whole-

liver administration or into the lobar arteries as a sequential

treatment of each lobe 4–8 weeks apart. All patients were

admitted the day before the procedure and typically

discharged 2 days later.

Clinical Assessments

Hematologic, liver function and blood biochemistry tests,

and physical examination were performed pretreatment and

on day 1 postradioembolization. Patients were monitored

by MRI scan or abdomen-pelvis CT and any changes in

both intra- and extrahepatic lesions were assessed at week

6 and every 3 months thereafter until disease progression.

Tumor response to radioembolization was evaluated by

consensus of two radiologists using RECIST. Throughout

Table 1 continued

Parameter 90Y resin microspheres (n = 29) Best supportive care (n = 29) P value

N % N %

40% 5 17.2 3 10.3

50% 1 3.4 2 6.9

75% 0 0 1 3.4

Synchronous metastases, n (%) 18 62.1 17 58.6 1.00

Alkaline phosphatase increase, n (%) 27 93.1 18 85.7 0.638

Missing 0 0 8 27.6

Carcinoembryonic antigen (CEA) [200 ng/ml, n (%) 17 58.6 17 58.6 1.00
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the follow-up period, physical examinations and serum

liver function tests were performed at regular intervals, and

adverse events were assessed and recorded by using

CTCAE v3.0.

In the control cohort, the ‘‘time of progression’’ after the

last chemotherapy and clinical symptoms, changes in blood

test results, or radiological imaging consistent with further

disease progression were recorded for inclusion in this

analysis.

Statistical Analysis

Descriptive statistics were calculated for quantitative

variables; frequency counts by category were calculated for

qualitative variables; 95% confidence intervals [CI] are

presented as appropriate. P values were considered sig-

nificant if \0.05. Treatment and control groups were

compared regarding baseline characteristics; continuous

baseline characteristics were evaluated by using one-way

ANOVA; dichotomous variables were evaluated by using

Fisher’s exact test; and ordinal categorical data were

assessed by using the Cochran–Mantel–Haenszel row mean

score statistic with modified ridit scores.

The primary study endpoint was overall survival, which

was evaluated by using Kaplan–Meier analysis and com-

pared between groups by a log-rank test. The hazard ratios

(HR) for baseline covariates (including Karnofsky-Index,

tumor load, number of lines of chemotherapy, and response

to EGFR inhibitor therapy as measured by acne-like skin

rash [19]) were estimated for overall survival by univariate

Cox proportional-hazards model (SAS, Cary, NC). A

stepwise multivariate Cox proportional-hazards model

utilizing a backwards elimination procedure was then

constructed to assess the joint contribution of baseline

parameters to prediction of overall survival.

Results

Patients

Fifty-eight patients (29 radioembolization and 29 BSC),

well-matched for all baseline parameters, treated as salvage

patients between June 2005 and March 2008, were inclu-

ded in this analysis. More than half (16 pairs; 55.2%) of

radioembolization and control patients matched on all four

predefined matching criteria; 11 pairs (37.9%) matched on

three and 2 pairs (6.9%) on two criteria. There was no

difference in performance status between the groups’

Karnofsky Index: median 80% (range 60–100%; Table 1).

All patients presented with extensive liver tumor

involvement: median 30% of whole liver volume (range

20–50%) for the radioembolization group and 25% (range

10–75%) for the BSC group. Approximately half of

patients, regardless of treatment group, had limited con-

comitant extrahepatic disease. The disease course appeared

to be similar between the groups with a mean (±SD) time

between initial diagnosis of CRC and confirmation of

metastases of 6.1 (±10.7) months. Approximately 60% of

patients in both groups had synchronous metastases.

Each study group was well matched for treatment his-

tory; a high proportion of patients in each group had

received bevacizumab (51.7%; 48.3%) and/or cetuximab

(51.7%; 65.5%), respectively.

Radioembolization Treatment and Response

by RECIST

Planar scintigraphy showed no dose-relevant shunting of
99mTc-MAA to the lung. A median activity of 1.76 giga-

bequerels [GBq] (mean, 1.71; range, 0.93–2.56 GBq) of
90Y-resin microspheres was administered per patient. Six-

teen patients (55.2%) received a single whole-liver

administration, six patients (20.7%) sequential lobar treat-

ments, two patients (6.9%) were treated in the right lobe,

and two patients (6.9%) in the left lobe only. Three patients

(10.3%) received whole-liver administration and repeated

treatment of the left lobe.

Nearly a third of patients (31%) treated with radio-

embolization were subsequently able or willing to receive

further systemic chemotherapy (median 1 line, range, 1–2)

comprising fluoropyrimidine (9 patients), cetuximab (n =

5), irinotecan (n = 4), oxaliplatin (n = 1), and/or mito-

mycin C (n = 1).

After radioembolization, a partial response was

observed in 12 patients (41.4%) and stable disease in 5

patients (17.2%). Eleven patients (37.9%) had progressive

disease, and the response in one patient (3.4%) could not be

evaluated because of early death after radioembolization

due to cerebral stroke (5 weeks postintervention). The

median progression-free survival (PFS) in patients who

received radioembolization was 5.5 months. The median

PFS in those who received BSC was 2.1 months, where

progression was defined as a clinically significant change

in symptoms or CEA levels, or confirmed by radiological

imaging. PFS indicates the length of time after inclusion in

our study (either in radioembolization or in BSC group)

until progression. It indicates the interval between ‘‘pro-

gression’’ and ‘‘further progression.’’

Overall Survival

Patients who received radioembolization plus BSC sur-

vived significantly longer than the control cohort who

received only BSC (median overall survival: 8.3 vs.
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3.5 months; hazards ratio (HR), 0.26; 95% confidence

interval (CI), 0.15–0.48; P \ 0.001). This benefit was

clearly evident at 3 months (97% vs. 59% survival) and

sustained through the 12-month follow-up (24% vs. 0%

survival; Fig. 1).

Radioembolization and Karnofsky Index reduced the

risk of death based on the univariate Cox proportional

hazards model for overall survival (HR, 0.26; 95% CI,

0.15–0.48; P \ 0.001; and HR, 0.97; 95% CI, 0.95–1;

P = 0.038, respectively; Table 2). In the multivariate

analysis, radioembolization was the only significant pre-

dictor for prolonged survival (HR, 0.3; 95% CI, 0.16–0.55;

P \ 0.001), whereas the extent of liver involvement was

associated with an increased risk of death (HR, 1.03; 95%

CI, 1.0–1.06; P = 0.028).

Adverse Events

Adverse events after radioembolization were predomi-

nately transient and self-limiting. These included grade 1–2

fatigue in 20 patients (69%) in the first 14 days post-

radioembolization and was attributed in all cases as prob-

ably related to treatment. Mild abdominal pain and nausea

(grade 1) occurred during the first 24 h postradioemboli-

zation in 14 patients (48.3%). Three patients (10.3%)

developed a grade 2 gastrointestinal ulcer. All gastroin-

testinal events were attributed as definitely related to

radioembolization. All patients were managed medically

and were not considered life-threatening.

Radioembolization-induced liver disease (REILD) pre-

sents with ascites, nonelevated liver enzymes (except for

ALP and GGPT), and a significant bilirubin increase [20].

Three cases of grade 3 REILD were treated symptomati-

cally and medically managed and were not considered life-

threatening (median survival, 9.8 months; range, 9–16.6).

Discussion

Radioembolization in addition to BSC provides substantial

clinical benefit as evidenced by significantly prolonged

overall survival compared with BSC alone in a well-

matched cohort of patients with extensive, liver-dominant

refractory disease for whom there are limited treatment

options. In a contemporary treatment setting, liver-directed

treatment with 90Y-resin microspheres was the most sig-

nificant independent predictor for prolonged overall sur-

vival on multivariate analysis. Meticulous pretreatment

planning and careful patient selection ensured that radio-

embolization was well-tolerated, and all three cases of

REILD were symptomatically managed and not considered

life-threatening.

Forty-one percent of our patients showed partial

response, and 38% showed progressive disease after

radioembolization according to RECIST criteria. However,

the imaging evaluation regarding response after radio-

embolization is difficult by CT or MRI. Traditional meth-

ods have been size reduction on CT through the application

of WHO or RECIST criteria, which present some pitfalls

when used for evaluation after radioembolization.

Response seen on imaging after radioembolization may be

present as necrosis, edema, and peritumoral hemorrhage,

which might result in an increase in tumor size. Using

RECIST-criteria, this may represent progressive disease.

Recommendations for tumor response after ablative

Fig. 1 Kaplan–Meier estimates for overall survival stratified by

treatment arm

Table 2 Prognostic markers for overall survival based on univariate

and multivariate Cox proportional hazard models

Variable Hazard ratio

(95% CI)

P value

Univariate analysis

Radioembolization 0.26 (0.15–0.48) \0.001

Acne-like skin rash 0.75 (0.43–1.3) 0.301

Alkaline phosphatase increase 0.92 (0.36–2.34) 0.856

Synchronous metastases 0.93 (0.54–1.58) 0.781

Karnofsky Index 0.97 (0.95–1) 0.038

Age at diagnosis 0.98 (0.95–1.02) 0.346

Time from initial diagnosis

to metastasis (mo)

0.99 (0.97–1.01) 0.414

Extent of liver involvement (%) 1.02 (0.99–1.05) 0.286

CEA [200 ng/ml 1.07 (0.62–1.84) 0.821

No. of chemotherapy lines 1.09 (0.84–1.43) 0.515

Extrahepatic progression following

chemotherapy

1.16 (0.69–1.96) 0.58

Multivariate analysis

Radioembolization 0.30 (0.16–0.55) \0.001

Extent of liver involvement (%) 1.03 (1–1.06) 0.028
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therapies should include tumor necrosis and lack of

enhancement but well-defined imaging criteria based on

response following this treatment need to be established.

The median survival of 8.3 months with radioemboli-

zation (after a median of three lines of chemotherapy) is

consistent with results from similar cohorts of chemother-

apy-refractory patients with CRC liver-predominant

metastases [13–17, 21]. In these studies, median survivals

were between 9.9 months (n = 44)19 and 12.6 months

(n = 50)14 after radioembolization. Comparisons with

other innovative liver-directed treatments, such as stereo-

tactic body radiation therapy, recently reported in the lit-

erature, are more difficult because of the limited extent of

liver disease as well as the undefined nature and extent of

prior systemic chemotherapy in these studies [22]. How-

ever, overall survivals with radioembolization compare

favorably with recent studies in mCRC using new biolog-

ical agents where median overall survival were 6.1 months

with cetuximab versus 4.6 months with BSC (after 80% of

patients had received C3 lines of chemotherapy) and

6.4 months with panitumumab versus similar survival with

BSC followed by crossover to panitumumab at progression

(after C2 prior lines of chemotherapy) [23, 24].

Key questions remain about the role of radioemboliza-

tion for patients with chemorefractory CRC liver-dominant

disease: Should the survival benefits reported in this and

other prospective trials be confirmed in further randomized

trial(s) against placebo, BSC, or other agents of limited

efficacy? This raises a question of whether it is ethical to

randomize a patient with an imminently terminal prognosis

to BSC when a potentially life-extending therapy is avail-

able. This trial compared overall survival after radioemb-

olization with matched patients who received BSC, whereas

the randomized, controlled trial conducted by Hendlisz and

colleagues enabled control patients to crossover to radio-

embolization upon disease progression [21]. Both studies

were adequately powered and demonstrated that radio-

embolization using 90Y-resin microspheres resulted in a

significant extension in progression-free survival or time to

progression, which were remarkably consistent. Moreover,

overall survival was significantly prolonged in the current

trial and radioembolization was the only factor significantly

associated with prolonged survival in the multivariate

analysis. The evidence suggests that radioembolization

should be considered as a treatment option for patients with

liver-only or liver-dominant CRC-metastases who have

failed or are intolerant of chemotherapy.

The key limitation of our study is the small number of

patients and the retrospective nature of the design. Patients

in the control group were not given the opportunity to

receive radioembolization nor were they given the oppor-

tunity to refuse treatment; therefore, the control group may

include patients who were less willing or able to receive

additional treatment. This is an acknowledged weakness of

retrospective studies in this clinical setting, although it is

our contention that this would have limited impact on the

findings of our study, because the patients in each arm had

very similar performance status.

Candidates for radioembolization were selected only if

they had extensive liver involvement ([20%) and were

ineligible for other local ablative or systemic therapies. As

the course of mCRC progresses, more patients are likely to

be excluded from treatment using radioembolization due to

the development of life-limiting extrahepatic metastases,

excessive hepatic tumor burden, and/or compromised

residual liver function. Therefore, using radioembolization

at an earlier point in the treatment may enable a greater

proportion of patients to benefit from this therapy and

provides the opportunity to combine this approach with

suitable radiosensitizing chemotherapy regimens. Several,

small, prospective trials of radioembolization in combina-

tion with chemotherapy have reported impressive results

[22–28], and larger, phase II/III trials are ongoing [29].

In conclusion, the results reveal the significantly

improved overall survival with the addition of radioemb-

olization to BSC compared with BSC alone for patients

who have failed multiple lines of systemic chemotherapy

and for whom liver-dominant disease is the life-limiting

condition.
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18. Denecke T, Rühl R, Hildebrandt B et al (2008) Planning tran-

sarterial radioembolization of colorectal liver metastases with

Yttrium 90 microspheres: evaluation of a sequential diagnostic

approach using radiologic and nuclear medicine imaging tech-

niques. Eur Radiol 18:892–902

19. Saltz L, Meropol N, Loehrer P et al (2004) Phase II trial of

cetuximab in patients with refractory colorectal cancer that

expresses the epidermal growth factor receptor. J Clin Oncol

22:1201–1208

20. Sangro B, Gil-Alzugaray B, Rodriguez J et al (2008) Liver dis-

ease induced by radioembolization of liver tumors: description

and possible risk factors. Cancer 112:1538–1546

21. Hendlisz A, Van den Eynde M, Peeters M et al (2010) Phase III

trial comparing protracted intravenous fluorouracil infusion alone

or with yttrium-90 resin microspheres radioembolization for

liver-limited metastatic colorectal cancer refractory to standard

chemotherapy. J Clin Oncol 28:3687–3694

22. Dawood O, Mahadevan A, Goodman KA (2009) Stereotactic

body radiation therapy for liver metastases. Eur J Cancer 45:

2947–2959

23. Jonker DJ, O’Callaghan CJ, Karapetis CS et al (2007) Cetuximab

for the treatment of colorectal cancer. N Engl J Med 357:

2040–2048

24. Van Cutsem E, Peeters M, Siena S et al (2007) Open-label phase

III trial of panitumumab plus best supportive care compared with

best supportive care alone in patients with chemotherapy-refrac-

tory metastatic colorectal cancer. J Clin Oncol 25:1658–1664

25. van Hazel G, Blackwell A, Anderson J et al (2004) Randomised

phase 2 trial of SIR-Spheres plus fluorouracil/leucovorin che-

motherapy versus fluorouracil/leucovorin chemotherapy alone in

advanced colorectal cancer. J Surg Oncol 88:78–85

26. Sharma R, van Hazel G, Morgan B et al (2007) Radioemboli-

zation of liver metastases from colorectal cancer using yttrium-90

microspheres with concomitant systemic oxaliplatin, fluorouracil,

and leucovorin chemotherapy. J Clin Oncol 25:1099–1106

27. van Hazel GA, Pavlakis N, Goldstein D et al (2009) Treatment of

fluorouracil-refractory patients with liver metastases from colo-

rectal cancer by using Yttrium-90 resin microspheres plus con-

comitant systemic irinotecan chemotherapy. J Clin Oncol 27:

4089–4095

28. Kuebler JP (2009) Radioembolization of liver metastases in

patients with colorectal cancer: A nonsurgical treatment with

combined modality potential. J Clin Oncol 27:4041–4042

29. Rose SC, Gulec SA (2009) Yttrium 90 radiomicrosphere therapy:

ongoing clinical trials. J Interv Oncol 2:72–83

R. Seidensticker et al.: Matched-Pair Comparison of Y90 vs. BSC for mCRC 1073

123


	Matched-Pair Comparison of Radioembolization Plus Best Supportive Care Versus Best Supportive Care Alone for Chemotherapy Refractory Liver-Dominant Colorectal Metastases
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Patients and Methods
	Study Design
	Patients
	Radioembolization Planning and Treatment
	Clinical Assessments
	Statistical Analysis

	Results
	Patients
	Radioembolization Treatment and Response by RECIST
	Overall Survival
	Adverse Events

	Discussion
	Acknowledgments
	References


