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Abstract The purpose of our study was to determine if
preferential radiographic tumor response occurs in tumors
located in posterior versus anterior liver segments follow-
ing radioembolization with yttrium-90 glass microspheres.
One hundred thirty-seven patients with chemorefractory
liver metastases of various primaries were treated with
yttrium-90 glass microspheres. Of these, a subset analysis
was performed on 89 patients who underwent 101 whole-
right-lobe infusions to liver segments V, VI, VII, and VIIIL.
Pre- and posttreatment imaging included either triphasic
contrast material-enhanced CT or gadolinium-enhanced
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MRI. Responses to treatment were compared in anterior
versus posterior right lobe lesions using both RECIST and
WHO criteria. Statistical comparative studies were con-
ducted in 42 patients with both anterior and posterior
segment lesions using the paired-sample t-test. Pearson
correlation was used to determine the relationship between
pretreatment tumor size and posttreatment tumor response.
Median administered activity, delivered radiation dose, and
treatment volume were 2.3 GBq, 118.2 Gy, and 1,072 cm3,
respectively. Differences between the pretreatment tumor
size of anterior and posterior liver segments were not sta-
tistically significant (p = 0.7981). Differences in tumor
response between anterior and posterior liver segments
were not statistically significant using WHO criteria
(p = 0.8557). A statistically significant correlation did not
exist between pretreatment tumor size and posttreatment
tumor response (r = 0.0554, p = 0.4434). On imaging fol-
low-up using WHO criteria, for anterior and posterior
regions of the liver, (1) response rates were 50%
(PR = 50%) and 45% (CR = 9%, PR = 36%), and (2)
mean changes in tumor size were —41% and —40%. In
conclusion, this study did not find evidence of preferential
radiographic tumor response in posterior versus anterior
liver segments treated with yttrium-90 glass microspheres.

Keywords Liver metastases - Tumor response -
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Introduction
In the western hemisphere, hematogenous spread of cancer

is the most common cause of hepatic malignancies. The
incidence is 18-20 times that of primary liver cancer [1].
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The dual blood supply coupled with the expression of
humoral factors that promote cellular growth provides a
suitable milieu for malignant seeding. Since the portal vein
drains the abdominal viscera, it then serves as the preferred
conduit for the transmigration of cancer cells from primary
gastrointestinal cancers.

Radioembolization using yttrium-90 (Y90) has gained
recognition for achieving excellent tumor responses while
maintaining a minimal toxicity profile. This is a minimally
invasive procedure in which arterial catheter placement is
used to infuse microspheres containing the radioactive
isotope Y90 into tumor feeding arteries. This locoregional
therapy has been shown to be safe and effective in treating
patients with primary and secondary liver malignancies [2—
7]. As with all liver-directed intra-arterial therapies, this
therapy takes advantage of the dual blood supply to the
liver. Eighty percent of hepatic tissue derives its blood
supply from the portal vein, whereas liver tumors are
preferentially supplied by the arterial system [8, 9].
Embolotherapy using radioactive microspheres has
emerged as a method to deliver tumoricidal doses of
radiation directly into the neoplastic microvasculature
while concomitantly sparing normal parenchyma [10].

Currently, two commercial products using Y90 micro-
spheres are available as delivery devices—one uses resin-
based microspheres and the other uses glass-based micro-
spheres [11]. Although both types of microspheres contain
Y90 as the radioactive isotope, the two products have
significant characteristic differences [12, 13]. The specific
gravity of glass microspheres is two times that of resin
microspheres (3.2 versus 1.6 mg/cm’) and may theoreti-
cally settle in the dependent regions of the liver. In settling
in the dependent regions of the liver, nondependent tumors
may achieve a less favorable tumor response [14]. As a
result of gravitational and dependent flow we postulate that
glass microspheres will preferentially deposit, and there-
fore have a superior radiographic response, in posterior
segment tumors. In order to test this hypothesis, we com-
pare the radiographic tumor response in lesions located in
the anterior segments (V, VIII) versus posterior segments
(VI, VII) in patients who received whole-right-lobe treat-
ments with Y90 glass microspheres.

Materials and Methods
Patients

This open-label cohort study was approved by our insti-
tutional review board, and signed informed consent was
obtained from all patients. Between 2002 through 2006,
137 patients with progressing secondary liver malignancies
were prospectively enrolled and treated [15]. Of these, 89

patients were identified as having either solitary or multi-
focal right lobe tumors necessitating whole-right-lobe
treatments. All patients underwent pre-and posttreatment
diagnostic imaging with either computed tomography (CT)
or gadolinium-enhanced magnetic resonance imaging
(MRI) of the abdomen. Treatments were directed to hepatic
segments V, VI, VII, and VIII via the right hepatic artery.
The rationale for evaluating right lobe tumors is that, in the
supine position, infusion of microspheres via the hepatic
artery permits the effects of dependent flow (gravity) to be
maximized. As a result, imaging response differences
between anterior (V, VIII) and posterior (VI, VII) segment
lesions may be compared.

Patient eligibility for treatment included (i) chemore-
fractory or progressive liver-dominant metastases; (ii)
unresectable disease; (iii) Eastern Cooperative Oncology
Group (ECOG) score 0-2; (iv) noncompromised pulmonary
function test; (v) able to undergo angiography and selective
visceral catheterization; (vi) adequate hematology (granu-
locyte count > 1.5 x 109/L, platelets > 50 x 109/L) and
renal function (creatinine < 2.0 mg/dl); (vii) liver function
(bilirubin < 2.0 mg/dl); and (viii) limited extrahepatic dis-
ease deemed clinically insignificant by the referring
physician. Patients were deemed ineligible and excluded
from the study based on the following criteria: (i) any other
liver therapy planned for their cancer; (ii) significant extra-
hepatic disease with an expected mortality of <2 months;
(iii) liver failure (bilirubin > 2.0 mg/dl); (iv) hepatogas-
trointestinal shunting uncorrectable by catheter techniques;
and (v) estimated radiation doses to the lungs exceeding 30
Gy in a single administration or cumulative 50 Gy over
successive treatments [16]. For the purpose of this subset
analyses, only right-lobe infusions with corresponding
lesions in segments V, VI, VII, and VIII are reported.

Y90 Device

Therasphere °°Y microspheres (MDS Nordion, Ottawa,
ON, Canada) are approved under a Humanitarian Device
Exemption for the treatment of unresectable hepatocellular
carcinoma (HCC) [12]. It recently received approval for its
use in patients with partial or branch portal vein thrombosis
(PVT), as a bridge to transplantation and neoadjuvant to
surgery [11]. It is also approved for the treatment of liver
neoplasia in Europe and Canada. It is composed of non-
biodegradable microsphere with Y90 as an integral
constituent of the glass. The microsphere diameter ranges
from 25 to 35 pm. Y90 is a pure ff-emitter with an estimated
half-life of 64.2 h, after which it decays to stable zirconium
(°°Zr). The average energy of f-emissions is 0.9367 MeV,
with a mean tissue penetrating range between 2.5 and
10 mm. One gigabecquerel (27 mCi) of *°Y per kilogram of
tissue provides a dose of 50 Gy. In brief, CT or MR imaging
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is used to determine the targeted liver volume to be treated
with °Y microspheres [2, 6, 17-19]. The targeted liver
volume is that portion of liver tissue that will be treated
once the catheter is in the desired location. A conversion
factor of 1.03 g/cm® is used to calculate the corresponding
targeted liver mass from the targeted liver volume. The
required activity is calculated from the following formula:

Activity (GBq) = [target dose (Gy)
x target liver mass (kg)]/50

[18]. When lung shunt fraction (LSF) and percentage of
residual activity (R) in the vial after treatment are taken
into account, the actual dose delivered to the target mass is
calculated by rearranging the previous equation as follows:

Dose (Gy) = [infused activity (GBq) x 50
x (1 — LSF) x (1 — R)]/liver mass (kg)

[18]. Cumulative liver dose is defined as the accumulated
dose to that specific volume that was treated multiple
times. By targeting delivery to a hepatic segment or lobe,
%Y therapy results in high radiation doses to the tumor
while sparing normal liver parenchyma. These tumoricidal
doses have proven effective in the ability of *°Y micro-
spheres to reduce tumor viability, demonstrating an
increasing therapeutic effect with radiation dose [6].

Pre- and Postprocedural Evaluation

All eligible patients underwent standard Y90 assessment
before treatment initiation. This included (i) a complete
medical history and physical examination; (ii) pretreatment
serologic evaluation of hematologic, renal, and hepatic
panels; (iii) triple-phase contrast material-enhanced CT or
gadolinium-enhanced MRI of the liver; (iv) liver angiog-
raphy with selective visceral catheterization; (v) a **™Tc
macroaggregated albumin (MAA) scan to determine the
presence and extent of hepatopulmonary shunting; and (vi)
when necessary, embolization of gastroduodenal vessels to
prevent the adverse effects of nontarget radiation [5].
Imaging studies were reviewed prior to treatment to doc-
ument the extent of tumor and its location, assess vascular
anatomy, determine if the portal vein is patent, and mea-
sure liver volumes for dosimetry calculations.

Patients returned to the interventional radiology suite on
a later date for Y90 liver-directed therapy. Using standard
catheter techniques, a 3-Fr microcatheter was introduced
percutaneously and advanced into the right hepatic artery
(RHA), where the calculated dose and predetermined
activity was infused into the right hepatic artery, specifi-
cally targeting tumors of the right lobe. Postprocedurally,
patients were monitored in the recovery room for a period
of 2-6 h before being discharged in stable condition.
Patients were followed in clinic at 4 weeks and then every
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3 months. Serial serologic studies including complete
blood counts, renal function tests, and liver function tests
were documented at each follow-up visit.

Data Collection

The following parameters were calculated: (i) median
activity and dose; (ii) median lobar volume; (iii) median
pretreatment tumor size; and (iv) mean change in tumor
response (defined as percentage change from baseline
lesion). Lesions were then categorized: (a) complete
response (CR); (b) partial response (PR); (c) stable disease
(SD); or (d) progressive disease (PD). Standard imaging
follow-up was utilized. Posttreatment studies were com-
pared to baseline studies by four board-certified
radiologists utilizing CT or MRI. Assessment of tumor
response was performed at 1 month and every subsequent
3 months following therapy. Response Evaluation Criteria
in Solid Tumors (RECIST) and World Health Organization
(WHO) criteria were used in determining the radiographic
tumor response to treatment. Tumor response by WHO
criteria was determined by taking the sum of the cross
products of the longest diameter and its perpendicular
distance. WHO responses were categorized as follows: (i)
CR was defined as a decrease in the cross product to zero
(i.e., complete disappearance of tumor); (ii) PR was noted
with a decrease in the cross product by >50%; (iii) PD was
categorized by an increase in the cross product by >25%;
and (iv) SD was considered a size between that for PR and
that for SD. RECIST was calculated by measuring the sum
of the longest diameter of the target lesions [20]. RECIST
criteria were defined as follows: (i) CR was the disap-
pearance of the target lesion; (ii) PR was categorized as at
least a 30% decrease in the longest diameter of the target
lesion; (iii) PD was noted with at least a 20% increase in
the longest diameter; and (iv) and SD was considered for
tumors measuring a size between that for PR and that for
SD.

Statistical Analyses

For the primary statistical study, 42 treated patients with
demonstrable tumor masses in both anterior and posterior
segments of the right lobe were identified. Pretreatment
tumor size of anterior segment lesions were compared to
that of posterior segment lesions using the two-tailed #-test
for paired samples. On further analysis of this cohort, the
42 patients were stratified into three distinct groups based
on the primary malignancy: (I) colorectal, (II) neuroendo-
crine, and (III) noncolorectal, nonneuroendocrine (NCNN).
Tumor response between anterior and posterior segments
were compared for this entire cohort (n = 42) and for each
of the three primary tumor groups. Tumor response
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comparisons between anterior and posterior segments were
conducted using the two-tailed t-test for paired samples.
Pearson correlation coefficient was used to evaluate the
relationship between pretreatment tumor size and post-
treatment tumor response. All statistical tests were
performed using MedCalc version 9.3.9 for Windows
(MedCalc Software, Mariakerke, Belgium).

Results
Patient Demographics

There were 41 men and 48 women. Median age was
63 years (range, 31-89 years). Primary sites of malignancy
were colon (n = 36), breast (n = 14), neuroendocrine
(n =9), lung (n = 4), cholangiocarcinoma (n = 3), renal
(n = 3), adenocarcinoma of unknown origin (n = 3), and
others (n = 17). The ECOG performance statuses at
baseline were 0, 1, and 2 in 56, 25, and 8 patients,
respectively. Ten and 79 patients had unilobar and bilobar
disease, respectively. Four, 65, and 20 patients had disease
occupying 0-25%, 26-50%, and >51% of their liver,
respectively. Figures 1 and 2 graphically summarize the
distribution of anterior and posterior pretreatment tumor
sizes. The median size of all tumors (n = 193), as mea-
sured by RECIST, was 3.1 cm (range, 0.7-13.8 cm; 95%
CI, 2.8-3.5).

Treatment and Radiation Dose

Eighty-nine patients successfully underwent a total of 101
whole-right-lobe (segments V, VI, VII, VIII) administrations
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Fig. 1 Histogram showing the frequency distribution of all pretreat-
ment anterior segment tumor sizes by longest unidimensional
diameter. Median = 3.0; 95% CI = 2.5-3.5; range = 1.1-13.8

Posterior Segment [VL,VII]: Pre-treatment Tumor Size
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Fig. 2 Histogram showing the frequency distribution of all pretreat-
ment posterior segment tumor sizes by longest unidimensional
diameter. Median = 3.2; 95% CI = 2.8-4.1; range = 0.7-10.7

of Y90 glass microspheres. All patients tolerated the pro-
cedure on an outpatient basis and were discharged within
2-6 h postprocedurally. The median administered activity
(corrected for shunt, residual, and decay), delivered radiation
dose, and treatment volume were 2.3 GBq, 118.2 Gy, and
1,072 cm’, respectively.

Comparative Statistical Outcomes

Comparative statistical studies were carried out for the 42
patients with tumor masses in both anterior and posterior
segments of the right hepatic lobe. There were no statisti-
cally significant differences between the pretreatment
tumor size of lesions in anterior (mean, 3.40 cm; 95% CI,
2.54-4.26) versus posterior (mean, 3.27 cm; 95% CI, 2.40—
4.14) segments (p = 0.7981). Tables 1 and 2 summarize
the tumor response by RECIST and WHO criteria for the
42 patients. No statistically significant differences were
detected between anterior and posterior segment tumor
responses in all analyses. Table 3 further classifies the
Y90-induced tumor response by CR, PR, SD, and PD using
both RECIST and WHO criteria.

Imaging Response of All Lesions

Tumor response classified by CR, PR, SD, and PD for all
lesions (n = 193), using RECIST and WHO criteria, are
summarized in Table 4. Figures 1 and 2 displays the pre-
treatment tumor sizes for anterior (n = 97) and posterior
(n = 96) segments in a histogram. Figures 3 and 4 present
waterfall plots of Y90-induced tumor responses for all
anterior (n = 97) and posterior (n = 96) segment lesions.
Table 5 summarizes the mean change in tumor size for all
lesions stratified by primary tumor type.
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Table 1 RECIST: Tumor response in patients (n = 42) with anterior and posterior segment lesions of the right lobe

Anterior lesions V,VIII Posterior lesions VI,VII p-value®
n Mean change SD n Mean change SD
in tumor size (%) in tumor size (%)
All patients 42 —26.2 27.7 42 —28.5 29.4 0.5487
Colorectal 15 —27.1 344 15 -29.3 31.1 0.6577
Neuroendocrine 5 -30.6 235 5 -393 222 0.0995
NCNN 22 —24.6 244 22 —-254 30.1 0.8968
Note. NCNN: noncolorectal, nonneuroendocrine
# Calculated using paired-sample r-test
Table 2 WHO criteria: tumor response in patients (n = 42) with anterior and posterior segment lesions of the right lobe
Anterior lesions V,VIII Posterior lesions VI, VII p-value®
n Mean change SD n Mean change SD
in tumor size (%) in tumor size (%)
All patients 42 —40.5 44.5 42 —39.5 43.1 0.8557
Colorectal 15 —-39.7 523 15 —38.6 57.6 0.8778
Neuroendocrine 5 -50.1 23.0 5 —56.2 253 0.3966
NCNN 22 —38.8 429 22 —36.3 34.8 0.7876

Note. NCNN: noncolorectal, nonneuroendocrine
# Calculated using paired-sample t-test

Table 3 Tumor response in patients (n = 42) with right lobe lesions

RECIST

WHO criteria

Anterior lesions (V,VIII)

Posterior lesions (VI,VII)

Anterior lesions (V,VIII) Posterior lesions (VI,VII)

n Mean change n
in tumor size (%)

Mean change n
in tumor size (%)

Mean change n
in tumor size (%)

Mean change
in tumor size (%)

All patients 42 (100%) —26 42 (100%) —28

Complete response 0 (0%) 0 4 (9%) —100

Partial response 19 (45%) —48 17 (41%) —42

Stable disease 21 (50%) —15 20 (48%) -9

Progressive 2 (5%) 56 1 2%) 39
disease

42 (100%) —41 42 (100%) —40
0 (0%) 0 4(9%)  —100
21 (50%) —70 15 36%) —68
18 (43%) —27 21 (50%) —24
3 (7%) 87 2 (5%) 90

Statistical Correlation Between Tumor Size and Tumor
Response

Results from the correlative study suggest that no signifi-
cant relationship between pretreatment tumor size and
posttreatment  tumor response exists (r = 0.0554,
p = 0.4434). Figure 5 displays pretreatment tumor size
versus posttreatment tumor response in a scatter diagram.

Discussion

We report the radiographic tumor response of 193 hepatic
metastatic lesions in 89 patients following whole-right-lobe

@ Springer

administrations of radioactive Y90 glass microspheres.
From within this cohort, 42 patients with metastatic lesions
in both anterior and posterior segments of the right lobe
were statistically evaluated for differences in tumor
response. By RECIST and WHO criteria, there were no
significant differences between the mean change in tumor
size in anterior versus posterior segments. Using RECIST
for all measured lesions (n = 193), the mean change in
tumor size for anterior and posterior lesions were —23%
and —24%, respectively. Similarly, using WHO criteria for
all measured lesions (n = 193), mean change in tumor size
for anterior and posterior lesions were —36% and —38%),
respectively.
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Table 4 Tumor response in 193 lesions following whole-right-lobe treatments with Y90 glass microspheres

RECIST

WHO criteria

Anterior lesions (V,VIII)

Posterior lesions (VI,VII)

Anterior lesions (V,VIII) Posterior lesions (VI,VII)

n Mean change n
in tumor size (%)

Mean change n
in tumor size (%)

Mean change n
in tumor size (%)

Mean change
in tumor size (%)

All lesions 97 (100%) —23 96 (100%) —24

Complete response 0 (0%) 0 4 (4%) —100

Partial response 34 35%) —50 34 (36%) —44

Stable disease 58 (61%) —13 54 (56%) —12

Progressive 4 (4%) 52 4 (4%) 75
disease

97 (100%) —36
0 (0%) 0
39 (40%) —71
52 (54%) —22
6 (6%) 76

96 (100%) —38
4 (4%)  —100
39 (41%)  —68
47 (49%)  —21
6 (6%) 77

Fig. 3 Imaging response using

RECIST: Imaging Response Following Radioembolization of the Right Hepatic Lobe
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The basis underlying radioembolization for liver
malignancies is the differential arterial perfusion between
cancerous and normal tissue. Given that normal liver
parenchyma is primarily supplied by the portal vein and
neoplasms both native and metastatic to the liver derive
blood through the arterial conduits, radioembolic therapies
exploiting this difference have effectively targeted tumor
without adversely affecting noncancerous liver tissue.
Various investigators have shown microspheres depositing
preferentially around the periphery of the tumor with
minimal distribution to normal hepatic tissue [21-23].
Although the exact mechanism of the uptake remains

50% 75% 1009

Percentage of Lesions

unclear, it is believed that the hypervascularity of tumor
preferentially directs the microspheres into its vascular bed.

Given that glass microspheres are denser than the **™Tc
MAA particles used at preplanning angiography, a theo-
retical concern has been its distribution and tumor coverage
when used for treatment purposes [24, 25]. There has also
been some speculation about the higher likelihood of glass
microspheres refluxing into the gastrointestinal supplying
vasculature [26, 27]. Additionally, there has been informal
debate regarding glass microspheres accumulating in the
dependent (i.e., posterior segments VI and VII) regions of
the liver, given its specific gravity.
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Table 5 Tumor response by primary tumor type in 193 lesions following Y90 glass microsphere therapy

RECIST

WHO criteria

Anterior lesions V,VIII

Posterior lesions VI,VII

Anterior lesions V,VIII Posterior lesions VI, VIL

n Mean change n
in tumor size (%)

Mean change n
in tumor size (%)

Mean change n
in tumor size

Mean change
in tumor size (%)

Colorectal 35 —-17.8 31 —23.0 35 -25.0 31 —28.8
Neuroendocrine 13 -32.5 8 —36.8 13 -53.1 8 —61.0
NCNN 49 —24.2 57 —25.0 49 —40.7 57 —41.5
Note. NCNN: noncolorectal, nonneuroendocrine
' Tumor Size vs Imaging Response resulted in a statistically significant standard uptake value
ol i . (SUV) change on PET. There were also no differences in
< 150 |- the mean percentage reduction of tumor metabolism
2 between the two agents (p = 0.38), suggesting no signifi-
—3 100 L ::%2:?: cant difference in tumor response between the two devices.
e s The authors concluded that Y90 microspheres, irrespective
ié 50 L . 5 of agent used, resulted in a significant mean reduction in
é‘ - tumor load.
D; 0| . .o E The posttherapeutic gastrointestinal complications
gc R R reported in the literature are likely related to the inadver-
= 50 B ' tent deposition (e.g., unrecognized gastric vessels,
underembolization of extrahepatic vessels, operator error)
100 i SR 1 ! ! I ! of microspheres into the extrahepatic visceral branches of
0 2 { 6 8 10 12 14

Baseline Lesion Size (cm)

Fig. 5 Scatter diagram demonstrating no relationship between pre-
treatment tumor size and posttreatment tumor response

The suggestion that use of glass microspheres results in
suboptimal tumor coverage has not been demonstrated.
Histopathologic studies have found a disproportionate
accumulation of *°Y microspheres embedded within the
tumor arteriolar bed [28]. Kennedy et al. analyzed the
microsphere distribution in four explanted livers treated
with either radioactive glass or resin [23]. The authors
observed that both glass and resin microspheres dispersed in
a preferential and heterogeneous manner along the periph-
ery of the tumor, although there was still some speculation
about glass possibly accumulating the in the dependent
regions. In 2001, Araki et al. reported on the distribution of
nonradioactive glass microspheres following its intrarenal
artery infusion in animal kidneys [29]. On postprocedural
microscopic imaging, glass microspheres were found in the
renal afferent arterioles and uniformly distributed in the
renal cortices. Other studies have also correlated the dis-
tribution of microspheres with blood flow [30].

Although there have been no direct comparisons
between the efficacies of the two Y90 devices, Wong et al.
reported on 46 patients with metastatic liver disease who
were treated with either glass (n = 27) or resin-based
(n = 19) microspheres [31]. The use of either device
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the gastrointestinal tract, and not the physical characteris-
tics of either device. A previous assumption that glass
microspheres have a higher likelihood of refluxing into the
gastrointestinal circulation has never been validated.
Although resin microspheres have a similar density profile
relative to the pretreatment planning *°™Tc MAA and
should theoretically mimic its distribution pattern, gastro-
intestinal ulcerations continue to be reported [32-45].
Murthy et al. reported on the gastrointestinal complications
associated with Y90 radioembolization [46]. The authors
attributed the complication to unrecognized variants,
operator error, collateral circulation, and changes in flow
dynamics during infusion.

The study reported herein was designed to test the
hypothesis of dependent flow of glass microspheres. Since
we were unable to quantify glass microsphere deposition at
the arteriolar level, we used the differential tumor response
in the anterior and posterior segments as a surrogate. To
test this hypothesis, we carried out two separate statistical
analyses. In order to eliminate interpatient variability and
to account for the heterogeneity of the tumors, the statis-
tical analyses were carried out in only those patients with
lesions in both anterior and posterior segments.

There were no statistically significant differences
between the pretreatment and posttreatment tumor
response in 42 patients with lesions in both anterior and
posterior segments of the right lobe. Given that the radio-
sensitivity of tumors vary widely among different types of
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cancers, we further analyzed these patients by stratifying
them into three categories: (i) colorectal; (ii) neuroendo-
crine; and (iii) noncolorectal, nonneuroendocrine (NCNN).
The induced tumor responses did not differ between ante-
rior and posterior tumors for any cancer type. Tables 1 and
2 summarize these findings. Table 3 categorizes the tumor
responses into CR, PR, SD, and PD for the 42 patients.

To gain further insight, we evaluated 193 discrete met-
astatic lesions of the liver. Ninety-seven anterior (segments
V and VIII) and 96 posterior (segments VI and VII) post-
treatment tumor responses were categorized into response
categories using both RECIST and WHO criteria. Table 4
summarizes these findings. The results demonstrate similar
tumor response trends for both anterior and posterior seg-
ment tumors. Additionally, the results suggest that,
irrespective of lesion size, heterogeneity of the primary
lesion, or location of the metastatic lesions, whole-right-
lobe treatments with glass microspheres results in prefer-
ential distribution of the microparticles to areas of the
highest vascularity (i.e., tumor). This study does not find
evidence of a preferential tumor response for metastatic
lesions confined to the posterior liver segments. Our find-
ings further support the published 30-50% PR rates
consistently demonstrated with use of either glass or resin
microspheres [47].

There were several important limitations to our study.
First, this was a heterogeneous sample treated under an
open-label cohort study, limiting the ability to generalize
findings. Second, tumor heterogeneity was not fully
accounted for in our analyses, tumors by primary tumor
type were limited to colorectal, neuroendocrine, and
NCNN. Third, tumor responses were assessed using RE-
CIST and WHO criteria only. The response rates may have
been different had we utilized other classification schemes
such as European Association for the Study of the Liver
(EASL) recommendations [48]. Fourth, these findings were
carried out using glass microspheres (3.2 mg/cm?), and
therefore the results may not be extrapolated to micro-
spheres of higher density. Finally, this study represents the
experience from a single tertiary care center and warrants
further independent investigation.

Conclusion

Although we acknowledge that dependent flow exists, we
did not find evidence of preferential radiographic tumor
response in posterior versus anterior hepatic metastatic
lesions following whole-right-lobe treatments with Y90
glass microspheres. Our findings do not support the
assumption that radioactive glass microsphere infusions
result in suboptimal tumor coverage. Flow dynamics and
hypervascularity, rather than the particle density of glass

microspheres, appear to be significant predictors of thera-
peutic effectiveness.
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