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Background: The use of selective internal radiation therapy with yttrium 90 resin microspheres (SIR-
Spheres®) in chemotherapy-resistant colorectal cancer liver metastases has been associated with favorable
progression-free survival (PFS) and overall survival when given alone or concurrently with chemotherapy.
We conducted a single institute retrospective trial to explore the potential impact of STR-Spheres® with
concurrent chemotherapy vs. STR-Spheres® alone on liver PFS in patients with colorectal liver metastases
(CRLM).

Methods: Patients with 5-fluorouracil-refractory CRLM treated with SIR-Spheres® between 2009 and
2014 were identified. Patients were excluded if they received any chemotherapy/targeted regimen following
radioembolization on which they did not previously progress. This strategy was adopted to minimize the
impact of post-SIR-Spheres® systemic therapy bias on PFS.

Results: Twenty-seven patients satisfied inclusion criteria and were included in this analysis. Patients’
demographics were similar between the two treatment arms, except for the median number of prior
therapies. No associated > grade 3 toxicities were noted. Liver disease control rates were 84% and 14% on
the STR-Spheres® plus chemotherapy arms and SIR-Spheres® alone arms, respectively (P=0.001). Median
PFS in the liver was 176 days in the SIR-Spheres® plus chemotherapy group vs. 91 days in the STR-Sphere®
alone group (P=0.0009). Median overall survival was 212 days in the SIR-Spheres® plus chemotherapy group
vs. 154 days in the SIR-Spheres® alone group (P=0.1023).

Conclusions: In patients with 5-fluorouracil-refractory disease, STR-Spheres® plus chemotherapy is
associated with an increased liver disease control rate and a prolonged liver PFS in comparison with SIR-

Spheres® alone.
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Introduction

Colorectal cancer (CRC) is one of the leading causes of
cancer-related mortality in the United States. It is estimated
that 20% of patients with CRC present with metastatic
disease while another 30% develop metastatic disease after
an initial presentation with local or regional disease (1). The
liver is the most common CRC metastatic site and is the
only site of disease for 30% of patients (2). Moreover, two-
thirds of CRC deaths are due to liver metastases (2). Liver
resection significantly prolongs overall survival in patients
with colorectal liver metastases (CRLM), however, only 20%
of CRLM patients are eligible for liver resection (3-5) and
more than 50% experience hepatic recurrence (2). Patients
with unresectable CRLM are candidates for a variety of liver
directed therapies to improve hepatic disease control, and
ultimately delay hepatic failure (6).

Hepatic radioembolization, or selective internal radiation
therapy (SIRT), delivers yttrium-90 (Y-90) microspheres into
liver metastases. Y-90 beads are injected into the main hepatic
artery circulation and then lodge at the tumor arterioles where
they emit high energy beta-radiation to the surrounding
tumor. SIR-Spheres® have been FDA approved for the
treatment of unresectable liver metastases from primary CRC
with adjuvant intra-hepatic artery chemotherapy.

SIR-Spheres® have been investigated in CRC patients with
liver only or liver-predominant disease in the first-line, second-
line, and refractory settings (7-12). While the addition of SIR-
Spheres® to FOLFOX (x bevacizumab) in the first-line setting
was associated with an improvement in hepatic response
rate and prolongation in hepatic progression-free survival,
its contributions to improvement in overall survival remain
largely unknown (13). In contrast, several single-arm and
randomized clinical trials have shown favorable survival results
for SIR-Spheres® alone or with concurrent chemotherapy in
refractory colorectal cancer (7,12,14,15). However, the value of
adding concurrent chemotherapy to SIR-Spheres® over SIR-
Spheres® alone has not been adequately investigated.

In this study, we retrospectively explored the potential
impact of adding concurrent chemotherapy to SIR-Spheres®
by comparing liver progression-free survival in refractory
CRC patients who either received SIR-Spheres® alone (SIRT)
or concurrent chemotherapy with STR-Spheres® (SIRT-C).

Methods
Patient selection

With institutional review board approval, we retrospectively
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reviewed medical records of patients with refractory CRLM
treated with SIR-Spheres® at our institution between 2009
and 2014. CRLM patients who received SIR-Spheres®
as a first-line treatment were excluded. CRLM patients
treated with SIRT or with SIRT-C were excluded if they
received any chemotherapy/targeted regimen following
radioembolization on which they did not previously
progress. This strategy was adopted specifically to minimize
the impact of post-SIR-Spheres® systemic therapy bias
on liver progression-free survival outcome. The patients
who received chemotherapy at outside institutions were
also excluded. We compared the two treatment groups
on patient characteristics including demographics,
liver involvement pattern, KRAS status, and volume of
extrahepatic disease. Types of concurrent chemotherapies,
and post-SIR-Spheres® therapies were collected on both
arms. The volume of extrahepatic disease was defined as low
if it was: (I) fewer than five nodules which were less than 1 cm
in size or a single nodule of less than 2 cm in lung; and/or (I)
lymph node involvement as single anatomic size less than 2
cm in diameter. All patients had documented liver metastases
progression prior to SIR-Spheres® treatment.

Treatment

Initial mapping angiogram was performed two weeks before
the radioembolization procedure. Branch coil embolization
was performed prophylactically where it was indicated. All
patients were evaluated with a macroaggregated albumin
scan to rule out hepatic-lung shunting. SIR-Spheres® were
administered in the outpatient setting to either one or both
sides of the liver. For some patients with bilobar disease
or with borderline liver impairment, lobar treatments
were performed in a sequential fashion, 4-6 weeks apart.
Concurrent chemotherapy in the SIRT-C group included
infusional 5-FU, capecitabine, irinotecan, or FOLFOX, as
per treating physicians’ discretion. SIRT-C patients were
eligible for analysis only if they were maintained on the
same pre-SIR-Spheres® chemotherapy regimen following
their radioembolization.

Response assessment

For each study arm best response was determined by
applying RECIST 1.1 criteria to pre- and post-treatment
PET/CT imaging. CT or PET scans were typically
done 6 to 12 weeks after the procedure unless patients
presented with significant symptoms or liver function test
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Table 1 Baseline characteristics of metastatic colorectal cancer

patients
Patients’ characteristics SIRT SIRT-C
Number of patients 14 13
Mean age 62 63
Sex

Female 4 5

Male 10 8

Primary lesion
Rectal 3 1
Colon 11 12

Extrahepatic disease

None 3 3

Low 4 3

High 7 7
RAS status

Mutated 4 10

Wild Type 10 3

Median line of prior therapies 3 2

Concurrent chemotherapy with SIR-Spheres® 0

5-FU 5
Capecitabine 3
FOLFOX 4
Irinotecan 1

SIRT, SIR-Spheres® alone; SIRT-C, SIR-Spheres® with
concurrent chemotherapy; 5-FU, 5-fluorouracil; FOLFOX, 5-FU,
leucovorin, and oxaliplatin; FOLFIRI, 5-FU, leucovorin, and
irinotecan.

abnormalities. Liver progression-free survival (PFS) was
defined as the time from first SIR-Spheres® treatment to
the first progression in the treated lobe of liver and without
any switch in pre-treatment systemic therapy for the
SIRT-C group. Toxicities were collected from the medical
record. Kaplan-Meier estimation with the log-rank test was
used to compare groups on PFES and overall survival (OS)
analysis. All statistics were performed using Stata/MP 13.1
(StataCorp LP, College Station, TX, USA).

Results
Patient characteristics and treatment

Out of 54 metastatic colorectal cancer patients who
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received radioembolization at our institution between 2009
and 2014, 27 patients were included in this retrospective
analysis. Twenty-seven patients were excluded for the
following reasons: (I) 2 patients received SIR-Spheres® as
their first-line therapy on a clinical trial; (II) 10 patients
were from an outside hospital and follow-up images were
unavailable; (III) 15 patients received chemotherapy/
targeted regimens following radioembolization on which
they did not previously progress. Out of the 27 eligible
patients, 14 patients received SIRT alone; 13 patients
received SIRT-C. Concurrent chemotherapy included
infusional 5-FU, capecitabine, FOLFOX, or irinotecan.
Median age was 62 and 63 for the SIRT and SIRT-C group,
respectively. There were more RAS wild-type tumors in the
SIRT group and more RAS mutant tumors in the SIRT-C
group. As a result, patients in the SIRT arm had undergone
a median of three lines of systemic therapy before SIR-
Sphere® treatment vs. a median of two lines of systemic
therapy in the SIRT-C arm (7able I).

Toxicity

The toxicity profile was similar for SIRT and SIRT-
Cwith the most common toxicities grade 1-2 fatigue (5 vs.
6 patients, respectively), and grade 1-2 abdominal discomfort
including epigastric pain (4 vs. 3 patients, respectively). One
patient in the SIRT-C group developed upper gastrointestinal
bleeding from a peptic ulcer one year after radioembolization.
Elevated AST liver function tests (Grade 2 AST and
ALT) were observed in one patient in the SIRT group
immediately after radioembolization. In the SIRT-C group
two patients developed cirrhosis on long-term follow-up,
and one patient developed liver failure immediately after
radioembolization. Grade 1-2 nausea and vomiting were
observed in both SIRT and SIRT-C (1 vs. 3 patients,
respectively). One patient in the SIRT group developed
acalculous cholecystitis requiring cholecystectomy with final
pathology showing resin beads in the inflamed gallbladder.
One patient in the SIRT-C group also developed acalculous
cholecystitis and recovered with conservative antibiotics
alone. In general, most patients tolerated treatment well and
toxicities were addressed with conservative management
such as antiemetics and proton pump inhibitors (7able 2).

Response

Treatment response was evaluated based on available
imaging studies 6—12 weeks after radioembolization. Best
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Table 2 Treatment-related adverse events (grades 1-2)

Adverse events SIRT SIRT-C
Fatigue 5 6
Abdominal pain 4 3
Peptic ulcer disease 0 1
Nausea and vomiting 1 3
Liver function abnormality 1 3
Acalculous cholecystitis 1 1
Pleural effusion 0 1

SIRT, SIR-Spheres® alone; SIRT-C, SIR-Spheres® with
concurrent chemotherapy.

Table 3 Efficacy of SIRT or SIRT-C

. PFS* os’
0, 0, 0, 0,
Cohorts  PD (%) SD (%) PR (%) DCR (%) (days) (days)
SIRT 12714 2/14 0/14 2/14 91 154

®5.7) (143) (0 (14.3)

SIRT-C 213 913 213 1113 176 212
(15.4) (69.2) (15.4) (84.6)

PD, progression of disease; SD, stable disease; PR, partial
response; DCR, disease control rate; PFS, progression-free
survival; OS, overall survival; SIRT, SIF{—Spheres® alone; SIRT-C,
SIF%-Spheres® with concurrent chemotherapy. *, P=0.001; +,
P=0.0009; #, P=0.1023.

response was reported per RECIST 1.1 criteria. Disease
control rates were 84% (2/13 partial response and 9/13
stable disease) on the SIRT-C arm and 14% (2/14 stable
disease) on the SIRT arm (P=0.001, Table 3). Median PFS in
the liver was 176 days in the SIRT-C group and 91 days in
the SIRT group (P=0.0009, Figure I). Median OS was 212
vs. 154 days in the SIRT-C and SIRT groups, respectively
(P=0.1023, Figure 2).

Discussion

SIR-Spheres® capitalize on the differential arterial blood
supply to tumors and normal parenchyma in the liver. SIR-
Spheres® were originally FDA approved following a phase
IIT trial of intrahepatic arterial infusion of floxuridine (HAI-
FUDR) with or without SIR-Spheres® microspheres in
the first-line therapy of patients with CRLM (7). In this
phase III study, response rate (RR) improved from 17.6%
to 44% and liver PFS increased from 9.9 to 15.9 months
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Figure 1 Progression-free survival in liver after SIRT and SIRT-C
therapy. SIRT, SIR-Spheres® alone; SIRT-C, SIR-Spheres® with

concurrent chemotherapy.
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Figure 2 Overall survival in liver after SIRT and SIRT-C therapy.
SIRT, SIR-Spheres® alone; STIRT-C, STR-Spheres® with concurrent
chemotherapy.

with the addition of STR-Spheres®. SIR-Spheres® have
been subsequently incorporated with or without concurrent
chemotherapy in the treatment of patients with refractory
CRLM (7,12,14,15). Chemotherapy such as infusional
5-FU, FOLFOX, irinotecan, or oxaliplatin have been given
concurrently with SIR-Spheres® in several prospective
clinical trials in earlier lines of treatment. A randomized
first-line phase II clinical trial in patients with CRLM
demonstrated an improved response rate, PFS, and OS with
concurrent 5-FU/LV and SIR-Spheres® vs. SFU/LV (12).
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A phase I study of STR-Spheres® and FOLFOX4 in the
first-line treatment of patients with CRLM showed a
remarkable response of 90%, prompting the investigation
of this regimen in the randomized phase III SIRFLOX
trial (16). The SIRFLOX trial recently reported that
FOLFOX plus SIR-Spheres® had a higher median liver
PES (20.5 vs. 12.6 months; P=0.002) than FOLFOX alone;
however, OS results from this study are still pending (13).
While these studies suggest an advantage for concurrent
chemotherapy and SIR-Spheres® in controlling liver disease
over chemotherapy alone, they do not reflect the impact of
chemo radioembolization vs. radioembolization alone.

To our knowledge, only one prior retrospective
study compared the outcome of SIRT-C vs. SIRT in the
salvage setting (8). In this study, the response rate and
overall survival was more favorable with SIRT-C than
with SIRT alone. Six percent of the patients did not
have prior chemotherapy, 50% of patients had one prior
line of chemotherapy, and 43% of patients had two or
three lines. Overall survival was higher with concurrent
chemotherapy and SIR-Spheres® versus SIR-Spheres®
alone (13 vs. 7 months; P=0.017). However, this study did
not adjust for the type of chemotherapy used during chemo
radioembolization or for post- chemo radioembolization
chemotherapy. Therefore, the favorable OS noted in the
SIRT-C on this study could be attributed to post-SIRT
chemotherapy. In our study, most patients were heavily
treated prior to SIR-Sphere® therapy with a median of 3
lines in the SIRT arm and a median of 2 lines in SIRT-C
arm. Importantly, we excluded all patients who received
non-cross-resistant post-SIRT chemotherapy. This strategy
allowed us to explore a true synergistic interaction between
chemotherapy and SIRT. We found a significantly higher
liver disease control rate in the SIRT-C arm (84%) vs. the
SIRT alone arm (14%), despite the relatively higher rate
of RAS-mutations with the SIRT-C arm. When limiting
analysis to the RAS mutant patients, SIRT-C was associated
with a disease control rate of 61% and a PFES of 150 days.
These findings are in contrast to a retrospective study by
Lahti et al. which suggested a lack of significant benefit
from SIRT in RAS mutated CRLM patients (median OS
=4.8 m) (17). We postulate that the lack of benefit for RAS
mutant patients in the study by Lahti and colleagues may be
due to chance associated with a small sample size (a type 11
error).

The median OS demonstrated in the SIRT-C arm
was 212 days compared with 154 days in the SIRT arm
though significance was not reached (P=0.1023). The lack
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in significance in OS between arms in our study may be
in part due to progression of extrahepatic sites of disease,
and to an underpowered patient population size, similar
to what we suggested about Lahti’s study. Additionally,
our SIRT-C cohort had a greater proportion of RAS-
mutant tumors (10/13 patients) than the SIRT cohort; this
association may account for more aggressive phenotypes at
all disease sites and therefore mitigate survival benefit. The
association between RAS mutations and poor prognosis in
the metastatic CRC has been reviewed elsewhere (18). The
lack of OS benefit may also be related to post-progression
salvage therapy that could not be controlled for in our study
design.

We acknowledge that our study has limitations. Given
the retrospective nature of the study, we encountered
imbalances in patient characteristics such as RAS mutation
status, extent of extrahepatic disease, and the type of
chemotherapies received before and after SIR-Sphere®
treatment. Any of these factors may have influenced
progression-free survival in the liver, or overall survival. We
aimed to minimize the impact of post-SIR-Sphere® systemic
therapy bias on SIRT and SIRT-C liver-PFS by excluding
patients who received chemotherapy/targeted regimens
following SIRT on which they did not previously progress.
However, we were unable to control post-progression
treatments, which may influence OS. Future prospective
studies that take these factors into account are warranted.

In summary, our research is consistent with previous
studies that investigated SIR-Spheres® with concurrent
chemotherapy in refractory CRLM patients. SIRT-C was
shown to be well tolerated and to provide promising disease
control in a heavily pretreated patient population. Our
study suggests that concurrent chemotherapy may improve
tumor response to SIR-Spheres® therapy in refractory
CRLM patients. Larger prospective studies are needed
to determine predictive biomarkers of response to SIR-
Spheres® treatment, optimal timing of STR-Spheres®, and
the optimal concurrent regimen in patients with CRLM.
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