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Pretreatment tumor volume as a prognostic factor in metastatic
colorectal cancer treated with selective internal radiation to the
liver using yttrium-90 resin microspheres
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Background: Yttrium-90 (*Y)—resin microspheres can prolong intrahepatic disease control and improve
overall survival (OS) in patients with metastatic colorectal cancer (CRC). Prognostic factors for improved
outcomes in patients undergoing selective internal radiation therapy (SIRT) have been studied, but the
relationship between pre-SIRT liver tumor volume and outcomes has not well described.

Methods: We retrospectively reviewed the records of patients with metastatic CRC who were treated at our
institution with *"Y-resin microspheres. Fach patient underwent either MR or CT imaging of the liver with
intravenous (IV) contrast before and within ~2-3 months after SIRT. Imaging data were transferred into our
treatment planning system. Each metastatic liver lesion was contoured, and the volume of each lesion was
summed to determine the total liver tumor volume at a given time point. We evaluated whether pretreatment
liver tumor volume was related to OS. We also evaluated the relationship between pre-SIRT tumor volume
and radiographic treatment response by either unidimensional Response Evaluation Criteria in Solid Tumors
(RECIST) or three-dimensional volumetric criteria.

Results: We included 60 patients with a median age of 59 years (range, 38-97 years); 60% of patients
received sequential lobar treatment. The median number of chemotherapy cycles received prior to SIRT was 2.
Median follow-up from first SIRT was 8.9 months. Pre- and post-SIRT tumor volumes were primarily
calculated on CT (87%). The median pre-SIRT tumor volume was 77 cc (range, 4.5-2,170.4 cc). The
median intervals between the first SIRT and the first, second, and third follow-up scans were 2.2, 4.4, and
7.7 months, respectively. No patient experienced a radiographic complete response. Pretreatment volume
was a significant predictor for estimating the odds of a patient having stable disease or partial response using
volumetric response criteria at first (P=0.016), second (P=0.023), and third (P=0.015) follow-ups. For each unit
increase in log volume, a patient’s odds of having a stable or partial response were 0.57, 0.63, and 0.61 times
as likely at first, second, and third follow-up, respectively. OS was not significantly associated with
pretreatment tumor volume.

Conclusions: Patients with metastatic CRC with larger overall pretreatment liver tumor volumes,
regardless of number of individual liver lesions, are less likely to have radiographic evidence of stable disease
or partial response following SIRT using volumetric response criteria. However, pretreatment volume
was not significantly associated with OS, and thus SIRT should be considered for patients with larger
pretreatment volumetric tumor burden.
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Introduction

The liver is the most common site for metastases in patients
with colorectal cancer (CRC), either at the time of diagnosis
or later in the course of disease (1,2). Although long-term
survival and even cure are achievable with complete resection
of both the primary tumor and distant metastases, only
10-20% of patients are suitable surgical candidates—for
multiple reasons, including large tumor burden, multifocal
disease, and inadequate liver function (2-5). Recent
improvements in chemotherapy and targeted biologic agents
have improved survival for patients with metastatic CRC,
but overall survival (OS) remains closely tied to liver tumor
burden. A complete response within the liver from systemic
therapy alone is uncommon; therefore, liver-directed
therapies may be considered in select patients with liver
metastases to enhance intrahepatic disease control, preserve
normal liver function, and potentially prolong survival.

The normal liver is one of the most radiosensitive
organs. University of Michigan investigators demonstrated
that although the whole liver can tolerate only low doses,
increasing doses can be safely delivered to decreasing liver
volume (6). Techniques such as stereotactic body radiation
therapy and selective internal radiation therapy (SIRT) can
deliver a high tumoricidal dose while significantly sparing
normal liver. SIRT delivers beta-emitting yttrium-90 (*Y)
microspheres to liver tumors through the hepatic arterial
system and is able to largely spare the normal liver because
of the short distance over which radiation is emitted from
each microsphere.

SIRT has been studied as first-line therapy for hepatic
colorectal metastases (7-10), in combination with second-
or third-line chemotherapy (11,12), and as salvage therapy
for chemorefractory patients (13-18). These studies have
been important in demonstrating that SIRT can prolong
intrahepatic disease control and improve OS.

Several of these studies have investigated prognostic factors
for improved outcomes in SIRT, including age, extrahepatic
disease, performance status, and carcinoembryonic antigen
levels (10,14,19,20). However, the relatonship between pre-
SIRT liver tumor volume independent of total number of
liver lesions and outcomes has not well described.

Methods

This IRB-approved retrospective review included all
patients with metastatic CRC who were treated with
"Y-resin microspheres between 2004 and 2012 at our
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institution. Each patient was required to have undergone
MR or CT imaging of the liver with intravenous (IV)
contrast as well as liver function tests prior to SIRT. SIRT
candidates underwent hepatic angiography and nuclear
imaging utilizing """ Tc-labeled albumin to identify the
degree of hepatopulmonary shunting. Patients deemed
suitable for SIRT then underwent treatment. Patients with
bilobar disease were treated in either sequential lobar or
whole-liver fashion. All patients included in the study had
to have undergone follow-up CT or MR imaging of the
liver with IV contrast ~2 months after the last SIRT, using
the same imaging modality as before SIRT. A majority of
patients also underwent a follow-up CT or MR scan of the
liver with IV contrast at ~5 and 8 months after SIRT.

All post-treatment images were transferred into our
treatment planning system (Pinnacle, Philips, Andover, MA).
Each metastatic liver lesion was contoured on all post-
treatment scans. The volume of each lesion was summed to
determine the total liver tumor volume (cc) at a given time
point. Previously published volumetric response criteria
were utilized and described as follows: complete response
(tumor disappearance), partial response (>65% reduction in
volume), stable disease (<65% reduction, <44% increase),
and progressive disease (>44% increase) (21,22).

Kaplan-Meier analyses were performed on the following
categorical variables: sex, number of lesions (<5 or =5 lesions),
KRAS mutation status, pretreatment volume by quartiles,
pretreatment volume by thirds, volumetric response at first
follow-up, volumetric response at second follow-up, and
volumetric response at third follow-up. The relationship
between pre-SIRT tumor volume and radiographic treatment
response by three-dimensional volumetric criteria after ~2, 5,
and 8 months was evaluated by logistic regression analysis.
Prior to modeling, the pretreatment volume was log
transformed to reduce variance.

A cutoff point analysis for the pretreatment volume was
also performed. The optimal cut point was calculated with
the online tool, Cutoff Finder (Version 2.15.0, Charité-
Universititsmedizin Berlin, Berlin, Germany), as described
in Budczies et al. (23). The log-rank test statistic was used
to estimate the cut point that maximized the difference in
volumetric treatment response between subjects in the two
groups defined by the cut point, according to the method of
Contal and O’Quigley (24).

Results

Sixty patients with a median age of 59 years (range, 38-97 years)
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Table 1 Patient demographics, treatment characteristics, and

treatment response

Variable N=60
Median age in years [range] 58.69 [38-97]
Median number of previous chemotherapy cycles 2
Pretreatment volume (cc) 77
Sex, n (%)

Female 23 (38.33)

Male 37 (61.67)
Number of liver lesions, n (%)

<5 18 (30.00)

>5 42 (70.00)
KRAS status, n (%)

Wild-type 15 (25.00)

Mutant 13 (21.67)

Unknown 32 (53.33)
Extrahepatic metastases, n (%)

Present 17 (28.33)

Absent 43 (71.67)
Treatment, n (%)

Sequential 42 (70.00)

Whole liver 10 (17.00)

Unilobar 8 (13.00)
Volumetric response at first follow-up, n (%)

Partial 3 (5.00)

Stable 42 (70.00)

Progressive 15 (25.00)
Volumetric response at second follow-up, n (%)

Partial 5(8.33)

Stable 32 (53.33)

Progressive 23 (38.33)
Volumetric response at third follow-up, n=41 (%)

Partial 6 (14.63)

Stable 30 (73.17)

Progressive 5(12.20)
Median interval for follow-up scan in months

First 2.2

Second 4.4

Third 7.7

were included in this review. Patient demographics and
characteristics are detailed in 7able 1. Patients received a
median of two cycles of chemotherapy prior to SIRT, and
median pretreatment volume was 77 cc (range, 4.5-2,170.4 cc).
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Thirty percent of patients had <5 metastatic lesions, and
25% had the KRAS wild-type mutation. Approximately 72%
patients had no extrahepatic metastases, and 70% patients
received sequential lobar treatment. Median follow-up
from first SIRT was 8.9 months. Pre- and post-SIRT tumor
volumes were primarily calculated on CT data (87%). No
patient had a radiographic complete response.

Figure 1 is an example of a patient with partial response
to SIRT on first, second, and third follow-up scans. The
patient received one treatment to the whole liver. The
patient had >5 metastatic liver lesions, and the pre-SIRT
volume was 140 cc. Tumor volume decreased to 40, 23.8,
and 8.6 cc at first, second, and third follow-ups, respectively.

For the cutoff analysis for pretreatment volume, the
optimal cutoff point was 172.33 cc. Table 2 shows that
volumetric responses at first and third follow-ups were
statistically significant, as was KRAS mutation status.

The Kaplan-Meier analysis showed that volumetric
responses at first and second follow-ups were statistically
significant, whereas volumetric response at third follow-up
and KRAS mutation status showed a trend for OS (Table 3).
On multivariate analysis, only KRAS status continued to
show a trend for OS (P=0.07). Although the sample size
for the partial response group was small, so that the results
must be interpreted with caution, one can extrapolate that
volumetric response may be prognostic of OS.

Pretreatment volume was a significant predictor for
estimating the odds of a patient having stable disease or partial
response using volumetric response criteria at first (P=0.0158),
second (P=0.0226), and third (P=0.0146) follow-up.
For each unit increase in log volume, a patient’s odds of
having a stable or partial response were 0.565, 0.630, and
0.606 times as likely at first, second, and third follow-up,
respectively.

Discussion

Although pretreatment volume was not significantly
associated with OS, it was a significant predictor for
treatment response at all three follow-up intervals (~2.2,
4.4, and 7.7 months) following SIRT. Our data also show
that patients with metastatic CRC with a larger overall
pretreatment liver tumor volume, regardless of number of
individual liver lesions, were less likely to have stable or
partial responses to SIRT.

Our study is unique in that we evaluated 3-dimensional
volumetric assessment. The limitations of unidimensional
Response Evaluation Criteria in Solid Tumors (RECIST)
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Figure 1 CT imaging acquired in patient with metastatic colorectal cancer who achieved a volumetric partial response after whole-liver

selective internal radiation therapy (SIRT). Tumor volumes (red) were contoured at the following time points: (A) before SIRT; (B) at first
follow-up, 1 month and 19 days after treatment; (C) at second follow-up, 3 months and 29 days after treatment; (D) at third follow-up,
6 months and 27 days after treatment.

Table 2 Pretreatment volume cutoff variables

Pre-treatment volume (cc)

Variable P value
<172.3 >172.3
Age (y) (mean = SD) 60.13+12.04 58.81+8.61 0.6633
Number of previous chemotherapy cycles (mean + SD) 1.87+0.92 1.80+0.83 0.7714
Sex, n (%) 0.0752
Men 22 (55.00) 15 (75.00)
Women 18 (45.00) 5 (25.00)
Number of liver lesions, n (%) 0.1216
<5 14 (35.00) 4 (20.00)
>5 26 (65.00) 16 (80.00)
KRAS status, n (%) 0.0120
Wild-type 11 (27.50) 4 (20.00)
Mutant 11 (27.50) 2 (10.00)
Unknown 18 (45.00) 14 (70.00)
Volumetric response at first follow-up, n (%) 0.0276
Stable 25 (62.50) 17 (85.00)
Partial 3 (7.50) 0 (0.00)
Progressive 12 (30.00) 13 (15.00)
Volumetric response at second follow-up, n (%) 0.1041
Stable 11 (45.83) 7 (58.33)
Partial 2(8.33) 1(8.33)
Progressive 11 (45.83) 4 (33.33)
Volumetric response at third follow-up, n (%) 0.0181
Stable 3 (25.00) 5(83.33)
Partial 4 (33.33) 0 (0.00)
Progressive 5(41.67) 1(16.67)
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Table 3 Kaplan-Meier analyses for overall survival

Categorical variable N P value
Sex 0.5580
Women 23
Men 37
Number of liver lesions 0.6558
<5 18
=5 42
KRAS status 0.0547
Wild-type 15
Mutant 13
Volumetric response at first follow-up 0.0468
Partial 3
Stable 42
Progressive 15
Volumetric response at second follow-up 0.0212
Partial 5
Stable 32
Progressive 23
Volumetric response at third follow-up 0.0501
Partial 6
Stable 24
Progressive 30

and bidimensional World Health Organization (WHO)
criteria are well recognized (25,26). RECIST and WHO
criteria estimate overall tumor volume assuming tumors
to be spherical in shape (27); however, this is clearly not
the case for malignant lesions and can make observer
reproducibility difficult (28). Erasmus et 4/. compared
unidimensional and bidimensional measurements for 33
lung cancer patients by five different radiologists and found
significant differences among readers, leading to incorrect
interpretation of tumor response (29).

Today, when patients typically undergo pretreatment
CT imaging for SIRT, it is understandable for clinicians
to take advantage of 3D imaging data to better determine
tumor response as well as provide improved reproducibility.
Gordon et al. found reliable reproducibility with MR-based
volume measurements of squamous cell carcinoma of
the pharynx (30). Zhao et al. found that volumetric
measurement allowed for a larger number of lung cancer
patients to be identified with absolute changes in tumor
volume of at least 20% and 30% compared to uni- and
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bi-dimensional measurement, respectively (31). Warren et 4.
compared all three methods in evaluating tumor response
in childhood brain tumors (32). Although no differences in
detection of partial response were noted, median time to
progression was shorter using the 3D method, implying that
the method used to assess tumor progression may influence
determination of progression-free survival in this cohort of
patients (33).

The prognostic value of pretreatment volume is not well
described in the current literature. Bester e al. performed
a retrospective review of 319 patients with metastatic
CRC who underwent Y SIRT for chemorefractory liver
metastases (17). On multivariate analysis, the authors found
that the extent of hepatic disease (<25% vs. >25%), in
addition to use of SIRT and previous chemotherapy, was
prognostic. CT hepatic angiography was used to determine
extent of hepatic disease (17). The extent of hepatic disease
was also found to be prognostic on univariate analysis by
Stubbs et al. (33); in contrast, Jakobs et 4/. did not find the
extent of hepatic disease to be prognostic on univariate
analysis (34). Weng et al. evaluated largest tumor size among
other clinical factors but did not find it to be prognostic (35).
We were unable to find other studies that evaluated
pretreatment volume as a prognostic factor for survival or
predictive factor for response.

One possible explanation for our data showing
pretreatment volume to be predictive of response but not of
survival is that CT imaging may not be indicative of viable
tumor; factors such as necrosis may confound the true
tumor volume. Post-treatment CT changes, such as edema,
hemorrhage, and ring enhancement, can also confound
assessment of tumor response. Although we were able to
demonstrate that pretreatment volume was predictive of
response using volumetric criteria, our results might have
been improved by the use of metabolic imaging, including
"F-FDG PET or functional MR imaging with diffusion-
weighted sequences (14,20).

In conclusion, pretreatment volume was a significant
predictor for treatment response at all three follow-ups
(~2.2, 4.4, and 7.7 months) after SIRT. Our data also show
that patients with metastatic CRC with larger overall
pretreatment liver tumor volumes, regardless of number of
individual liver lesions, were less likely to have radiographic
evidence of stable disease or partial response following
SIRT. However, pretreatment volume was not significantly
associated with OS; thus SIRT is still a reasonable treatment
option for patients with extensive pretreatment volumetric
tumor burden.
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