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Abstract

AIM: To evaluate the response to treatment in patients
with neuroendocrine tumor liver metastases following
yttrium-90 (*°Y) radioembolotherapy, as a function of
image patterns at presentation for *°Y radioembolo-
therapy.

METHODS: The study cohort consisted of patients
with hepatic metastatic neuroendocrine tumors treated
with *°Y at our institution during a two-year time pe-
riod. Hepatic metastases were evaluated on a pre-
therapy study assessing relative arterial enhancement
compared to liver, lesion size, necrosis of the lesion,
and associated tumor burden in the liver. We used
six response criteria: Response Evaluation Criteria in
Solid Tumors (RECIST) size, World Health Organization
(WHO) size, European Association for the Study of the
Liver (EASL) necrosis guidelines, Choi size, Choi necro-
sis and combination of Choi size and necrosis.

RESULTS: About 65 lesions in 17 patients met study
criteria and formed the cohort. Statistically significant
response was found for lesions < 5 cm vs those =
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5 cm with RECIST (P = 0.04), WHO (P = 0.002) and
combined Choi criteria (P = 0.02). Hyperenhancing le-
sions demonstrated greater response only with the Choi
size criteria (P = 0.04). Lesions with < 50% necrosis
on the pre-scan had statistically significant greater re-
sponse with the Choi necrosis criteria (P = 0.01). There
was no statistical significance for response comparing
lesions < 2 cm vs = 2 ¢cm or in comparing the degrees
of tumor burden.

CONCLUSION: Based on our findings in this study, it is
suggested that initial imaging findings, as listed above,
are not a good predictor of response to *°Y radioembo-
lization.

© 2013 Baishideng. All rights reserved.
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Core tip: Treatment modalities for neuroendocrine
tumor liver metastases (NETLM) include systemic che-
motherapy, surgery, ablation, chemoembolization, and
yttrium-90 (*°Y) radioembolization. Radioembolotherapy
is aimed at delivering high dose of radiation via intra-
arterial administration. There are reports of good re-
sponse rates of NETLM following radioembolization.
There are a few reports on the selection criteria based
on imaging features. To our knowledge, there are no
reports that have evaluated multiple imaging features
as selection criteria for *°Y radioembolization. Our goal
is to evaluate for a specific imaging feature at presen-
tation that may predict response to treatment. The re-
sponse will be evaluated using various criteria of tumor
response.
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INTRODUCTION

Patients with neuroendoctine tumors (NET) often have
clinical symptomatology that is most commonly due to
hormone secretion by the tumor, which warrants treat-
ment. The most common site of metastatic of disease
of NET from pancreatic or gastrointestinal origin is to
the liver. Thirty percent to eighty percent of patients
have liver metastases which is associated with a worse
prognosis'”. The treatment of neuroendocrine tumor
liver metastases (NETLM) is aimed at alleviating clinical
symptoms in patients with non-resectable tumors. In ad-
dition, treatment of NETLM is also guided by the hope

of improving survival, reducing tumor burden, and pre-
[

venting progression of disease

Treatment modalities for NETLM include medical
(somatostatin analogues octreotide (Sandostatin; Novartis
Pharmaceuticals, East Hanover, NJ) streptozocin (Za-
nosar; Sicor Pharmaceuticals, Irvine, CA), doxorubicin
(Pharmacia and Upjohn), 5-fluorouracil (5-FU; Adrucil;
Teva Parenteral Medicines, Irvine, CA) cisplatin (Bax-
ter) Mitomycin C (Ben Venue Laboratories, Bedford,
OH), and bevacizumab (Avastin; Genetech, South San
Francisco, CA), sutgical (resection and transplantation),
ablation, and embolotherapeutic methods [transcatheter
arterial embolization (TAE), chemoembolization (TACE),
and yttrium-90 (Y) radioembolization]™”. Radioembo-
lotherapy is aimed at delivering high dose of radiation to
the tumor 2z intra-arterial administration of ™Y. Several
studies have reported good radiographic response rates
of NETLM following ™Y radioembolization ranging
from 39%-69%"".

The most common presentation on computerized
tomogtraphy (CT) and magnetic resonance (MR) of
NETLM is a hypervascular mass that enhances during
the late arterial phase and is hypodense to liver on the de-
layed phase of contrast administration. However, the CT
and MR imaging of NETLM that are going to be treated
with ™Y may be variable at presentation for ™Y radioem-
bolotherapy. This may be due in part to the fact that ™Y
is not always performed as the first line of treatment and
the imaging features may be variable due to prior therapy.
The CT and MR imaging features of these tumors may
be large or small in size, may have small or large tumor
burden in the liver, may have a latge necrotic component,
or may have variable enhancement relative to the liver
parenchyma"'?, There are a few reports on the selec-
tion criteria based on imaging features for patients with
NETLM to be treated with ™'Y radiotherapy™”"”. How-
ever, to our knowledge, there are no reports that have
evaluated multiple imaging variables as selection critetia
for ™'Y radioembolization.

Response Evaluation Criteria in Solid Tumors (RE-
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CIST) is a commonly used criterion to evaluate response
to treatment of liver metastases. This criterion is based
on changes in size (one measurement, Table 1), Simi-
larly, World Health Organization (WHO) guidelines atre
also based on size changes (two measurements, Table Hrl
Recent advances in therapy of liver metastases, such as
anti-angiogenic therapy and ablation, have required that
in addition to tumor measurement criteria, other criteria
should be used to evaluate response to treatment. These
criteria are based on size, tumor density, and tumor ne-
crosis. For example, Miller ez al'” showed that a combina-
tion of size and necrosis criteria is a more accurate repre-
sentation of response to treatment compared with solely
evaluating size in patients treated with Y. These newer
guidelines include the European Association for the
Study of the Liver (EASL), which is based on evaluating
necrosis'”. The Choi criterion has been recently validated
for the treatment of liver metastases of gastrointestinal
stromal tumor with anti-angiogenic therapy. This crite-
rion includes size and density criteria”

Our goal is to evaluate if there are specific imaging
features of NETLM at presentation for "y therapy that
may predict response to treatment. The response will be
evaluated using vatious criteria of tumor response listed
in Table 1. In particular, our goal is to evaluate whether
the size of tumor, the degree of liver tumor burden, the
necrosis of the lesions, and the relative enhancement of
the lesion to liver can be used as selection criteria in de-
termining if a patient will respond to ™'Y radiotherapy.

MATERIALS AND METHODS

Patient and lesion selection

The institutional review board approved this retrospective
analysis. Medical records were retrospectively reviewed
to identify patients that had neuroendocrine hepatic
metastases who had received treatment with Y micro-
spheres at our institution. Broad inclusion criteria for our
retrospective cohort were as follows: (1) radiologically
proven liver metastases from a neuroendocrine tumor
source treated with 'Y microspheres at our facility in the
given time period; (2) pre-radioembolotherapy imaging
to include either contrast-enhanced CT or MR; and (3)
follow-up imaging obtained a minimum of 18 wk post-
radioembolization. More specific inclusion and exclusion
criteria were established for our study. Patients who had
undergone treatment in the interim between Y treat-
ment and the follow-up imaging, to include TAE/TACE,
ablation, new systemic chemotherapy regimen, or surgical
resection, were excluded from our analysis. Patients were
not excluded, however, if they had any such therapies
ptior to Y as long as it occurred prior to the initial imag-
ing, Follow-up imaging assessment was only recorded up
to the point when a new treatment was begun. Patients
with prior surgical resections were not excluded from this
study given that we only analyzed lesions in the distribu-
tion of the treated vessels. For patients who had prior
ablation for liver metastases, the information and prior
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Table 1 Response criteria categories

Size

Necrosis

RECIST WHO

Choi EASL Choi

PR >30% reduction in unidim- >50% reduction in product of

ensional diameter greatest bidimensional (perpen-

dicular) diameters

>10% reduction in unidime-
nsional diameter

> 50% increase in necrosis > 15% decrease in

tumor density

PR: Partial response; RECIST: Response Evaluation Criteria in Solid Tumors; WHO: World Health Organization; EASL: European Association for the Study

of the Liver.

imaging was available so that we were able to confidently
avoid including previously treated lesions in our study. A
majority of our patients were on octreotide therapy prior
to the treatment and were continued on this following
Y. We did not exclude patients based on this criterion,
but if that was commenced as a new therapy after the
Y treatment, any imaging following the start date was
not assessed. Deceased patients were still included if they
had the minimum imaging follow-up of 18 wk that we
required for inclusion. Patients that have been on several
different chemotherapeutic regimens or had participated
in clinical trials were not exclude from our study as long
as they were no longer receiving the therapy during the
time of evaluation and we had imaging between cessation
of those therapies and the date of radioembolization so
that we could adequately assess that the response in the
lesions were a result of the ™Y.

Selection of patients was made from a two-year peri-
od dating 1/1/2008 through 12/31/2009. A total of 111
patients presented for evaluation for treatment with Y.
Of these 111 patients, 47 were patients with NETLM.
Eighteen of 47 patients were not treated for various
reasons to include uncorrectable excessive pulmonary
shunting, other treatment planning (Ze., surgery or bland
embolization), the decision for the patient to proceed
with hospice, or death.

A total of 29 patients with NETLM were treated
in the 2008-2009 calendar years. Four patients were
excluded from our study due to lack of follow-up imag-
ing at our institution. A fifth patient was excluded who
had multiple prior ablations and wedge resections mak-
ing the liver lesions too inconspicuous to be adequately
measured. Six more patients wetre excluded who did not
have the required follow-up of at least 18 wk following
Y treatment. Another patient was excluded due to lack
of intravenous contrast on one of the included imaging
studies. This brought the total to 17 patients (11 females,
6 males; age range of 32-78 years) who were included
in our cohort. Four lesions were measured for each ™Y
treatment, with the exception of one patient who had a
solo liver metastasis, to give a total of 65 lesions selected
for data analysis.

Image assessment

Imaging consisted of either CT or MR with administra-
tion of intravenous contrast. Routine follow-up CT and
MR examinations were performed at scheduled intervals
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using standard imaging protocols. The imaging stud-
ies selected for data collection for each patient were the
baseline exam prior to ™Y treatment and the first exam
performed beyond the required 18 wk minimum period,
allowing imaging obtained in the range of 18-40 wk fol-
lowing treatment for our data collection.

All patients had a pre-treatment contrast-enhanced
cross-sectional imaging study to assess the volume of
metastatic disease to aid in dose qualification of the treat-
ment. The Y therapy planning arteriography is described
in detail elsewhere”. In brief, 'Y planning angiogram was
performed to identify any aberrant hepatic anatomy and,
at this time, 99 m technetium-labeled macroaggregated
albumin ("™"Tc-MAA) was injected, followed by nuclear
medicine planar and single photon emission computed
tomography (SPECT) imaging to assess the radiotracer
distribution. The planar imaging was used to determine
shunt fraction and the SPECT scan was used to evaluate
for extrahepatic MAA distribution. This information was
used for dosing calculations and prescriptions for activity
of ™Y to be used for treatment. Patients with more than
20% shunting were not allowed to proceed.

The median activity of yttrium administered for our
cohort of patients was 48.7 mCi (1.8019 GBgq), ranging
from 27.0 mCi (0.999 GBq) to 75.5 mCi (2.7935 GBq). A
total of twenty Y sessions were performed on the sev-
enteen study patients. Sixteen whole liver and four right
lobe treatments were petformed. Three patients had two
separate treatment sessions with two of those patients
having whole liver treatments and the third patient having
right lobe treatment followed by whole liver treatment.

Extent of metastases within the liver ranged from
10%-80%. For our study, we separated these predeter-
mined tumor burdens into two categories: those with
50% or less and those with greater than 50% of meta-
static disease in the liver.

Lesion selection was made by two board certified ra-
diologists during analysis of imaging for each treatment
session. Note was made of the vessels through which the
radiotherapeutic agent was administered and lesions were
only selected in the distribution of those arteries. Mea-
surements of the selected lesions were made separately
by each physician. Measurements were obtained on the
same phase of imaging throughout all pre and post treat-
ment scans on each patient, which was either based on
availability within the cumulative exams or by discretion
of the radiologists based on the best phase or sequence
to measure the lesions consistently.
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Figure 1 Sixty-one-year-old female with metastatic islet cell carcinoma. A: Transverse LAVA images of the abdomen following Gd contrast administration. The le-
sions in the liver (arrow) are hyperenhancing lesions relative to the liver; B: Computed tomography image of the abdomen following IV contrast. The lesions in the liver
are hypoenhancing relative to the liver (arrow).

Figure 2 Computed tomography image of the abdomen following IV contrast. A: 56-year-old male with islet cell cancer. The lesion in the liver is iso enhancing
relative to the liver (arrow); B: 58-year-old male with islet cell cancer. The lesions in the liver are less than 50% necrosis and hyper; C: 77-year-old male with islet
cell cancer. The lesion in the liver is more than 50% necrosis; D: 58-year-old male with islet cell cancer. The lesion in the liver is more than 50% necrosis in the
post-treatment enhancing relative to the liver; E: 58-year-old male with islet cell cancer. The lesion in the liver demonstrates less than 50% necrosis on the pre-
treatment images.

The 65 lesions were assessed for the initial enhance- enhancing relative to the liver (Figure 1A) »s those which
ment pattern relative to the liver and degree of necrosis were hypoenhancing (Figure 1B) or isoenhancing (Figure
of the lesions as well as the changes in necrosis or den- 2A) in relation to the liver; (2-3) two different size chat-
sity of the lesions identified on follow-up exams. Two actetistics: (2) <2cm s = 2cmand (3) = 5cm s <5
other board certified radiologists gave their independent cm; (4) the percent necrosis of the lesion, separated into
analyses. Any discrepancies in opinion were reassessed two categorties lesion with << 50% (Figure 2B) o5 > 50%
jointly by the four radiologists and the group came to a necrosis (Figure 2C); and (5) the percent of tumor bur-
consensus for those cases. den on the liver separated in two categories, patients with

Each metastatic lesion was evaluated on the pre- < 50% ot > 50% tumor butden in the liver. The tumor
therapy imaging study and was placed into five separate burden used for each lesion was based on the percentage
categories: (1) relative arterial enhancement compared to calculated from the SPECT scan performed during treat-
the liver with two categories representing those hyper- ment planning,

(49

3,,;2.‘,‘::@.,9@ WJR | www.wjgnet.com 244 June 28, 2013 | Volume 5 | Issue 6 |



Neperud ] et a/. Imaging patterns as a predictor of radioembolotherapy

Table 2 Univariate analysis for response

Variable Size Necrosis Size and necrosis
n RECIST P value WHO P value Choi Pvalue EASL Pvalue Choi P value Combined Choi
Total lesions 65
Enhancement 1.00 1.00 0.04 0.18 0.22
Hypo/iso 14 2 (14) 2 (14) 4(29) 0 (0) 3(21) 0(0)
Hyper 51 9 (18) 10 (20) 31 (61) 8 (16) 22 (43) 12 (24)
Necrosis 1.00 0.67 0.32 0.34 0.01
>50% 10 1 (10) 1 (10) 7 (70) 0(0) 0(0) 0(0)
<50% 55 10 (18) 11 (20) 28 (51) 8 (15) 25 (45) 12 (22)
Size A (cm) 0.35 1.00 1.00 1.00 1.00
<2 10 3 (30) 2 (20) 5 (50) 1 (10) 4 (40) 1 (10)
>2 55 8 (15) 10 (18) 30 (55) 7 (13) 21 (38) 11 (20)
Size B (cm) 0.04 0.002 0.31 047 0.07
>5 25 1(4) 0(0) 11 (44) 2(8) 6 (24) 1(4)
<5 40 10 (25) 12 (30) 24 (60) 6 (15) 19 (48) 11 (28)
Tumor burden 1.00 0.74 0.42 1.00 0.79
<50% 45 8 (18) 9 (20) 26 (58) 6 (13) 18 (40) 8 (18)
>50% 20 3 (15) 3 (15) 9 (45) 2 (10) 7 (35) 4 (20)

Numbers in parentheses are percentages of lesions meeting criteria. RECIST: Response Evaluation Criteria in Solid Tumors; WHO: World Health

Organization; EASL: European Association for the Study of the Liver.

Indicators for response were based on two measure-
ments (size and necrosis): Size was evaluated with (1)
RECIST; (2) WHO; and (3) Choi criteria. There were
no complete responders (CR) based on any criteria. The
results were categorized into partial response (PR) or no
PR. Based on the RECIST criteria, a PR is defined as a
= 30% dectease in the (sum of) longest one-dimensional
diameter'”, We evaluated the lesions individually rather
than as a sum for RECIST criteria, still applying the same
guidelines. WHO defines PR as = 50% decrease in the
tumor area (product of the longest diameter and the
greatest perpendicular diameter)'”. Choi size criterion
classifies a response by a 10% decrease in tumor size!™”

The EASL is often referenced for evaluating of
necrosis as a measure of tumor response to therapym.
While this was based on management of HCC, several
studies have incorporated this criterion into their analy-
sis' """, Based on EASL guidelines a positive response
was considered when there was an increase of greater
than 50% in lesion necrosis following treatment (Figure 2
D, E) . This value was stricter than the value of 30% used
by Keppke ¢z a/'” and Miller ez a/'” and smaller than the
65% used by Duke ¢z a/”". Choi criterion for necrosis has
been described as > 15% decrease in tumor density fol-
lowing therapy"”. The Choi criteria of size and necrosis
can be combined. This combination has been reported
to be more accurate prediction of overall survival than
RECIST". The Choi criterion for size and necrosis was
originally established on the evaluation of gastrointestinal
stromal tumors in response to imatinib, it is felt that this
may apply to other tumor types and therapies''”,

Statistical analysis

The relationships between pre-treatment imaging pattern
and response were evaluated using the Fisher’s exact sta-
tistical analysis. GraphPad Software© was used to create
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the contingency tables. P values were calculated using a
two-tailed test with significance level set at P = 0.05.

RESULTS

Sixty five lesions were analyzed. Each lesion was placed
into categories based on relative enhancement, size, de-
gree of necrosis and the level of associated tumor bur-
den. Response was determined for each lesion based on
size and necrosis using the six separate response ctiteria.
The results of the analysis are detailed in Table 2.

The first column lists the various imaging patterns
at presentation prior to Y treatment. This includes
enhancement relative to liver (hypervascular »s iso/hypo-
vascular), necrosis of the lesion (< 50%), size (< 2 cm,
A), size (< 5 cm, B), and the degree of tumor burden in
the liver (< 50%)(Table 2). For example, 51 lesions were
hypervasculatr compared to liver following the administra-
tion of intravenous contrast.

The other columns list the number of lesions that
met the criteria for PR for each response criteria [RE-
CIST, WHO, Choi (size), EASL, Choi (necrosis), Choi
(combined sized and necrosis)]. For example, nine hy-
pervascular lesions met the criteria for PR using RECIST
criteria (18%, P = 1.0), but this was not statistically dif-
ferent. Only the Choi response criteria for size and Choi
response criteria for combined were statistically signifi-
cantly differently. This was seen only on the degree of le-
sion enhancement: The hypervascular lesions were more
likely to show PR than isointense or hypovascular lesions.

DISCUSSION

Radioembolization with 'Y is a treatment option that is
increasingly being utilized for patients with neuroendo-
crine metastases that have failed other treatments. No
definite imaging criteria have been established for select-
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ing patients to receive this treatment. In our study, we
looked at several specific imaging characteristics of the
lesions prior to treatment to assess if there was a cor-
relation between the imaging features prior to treatment
and the response to treatment. This could be very useful
in the selection process for patients with NETLM be-
ing considered for treatment with ™Y, There are multiple
reported criteria for the evaluation of response to treat-
ment of various liver metastases. The best response cri-
terion for evaluation of NETLM following Y treatment
has not been defined. Criteria available to evaluate tumotr
response include RECIST, WHO, Choi (size, necrosis,
and combined), and EASL. Using these available criteria,
all the imaging characteristics at presentation that were
evaluated were not found to be reliable predictors of re-
sponse. The only partial exception to this conclusion was
tumor size prior to treatment. Our results suggest that le-
sions that were larger than 5 cm compared to lesions that
were equal or smaller than 5 cm had statistical difference
in response based RECIST, WHO and the combined
Choit criteria (not on all criteria). The lesions that were
smaller than < 5 cm had better response. Based on single
criteria, such as Choi (size), the lesions that enhanced
more than the liver prior to treatment showed better
response. Also based on single criteria, Choi (necrosis),
lesions with less than 50% necrosis prior to treatment
had better response. But these results are insufficient to
exclude patients from MY treatment based on imaging
characteristics prior to treatment.

A few studies have been previously conducted that
looked at variables as prognostic indicators affecting
response and survival following Y radioembolization
for NETLM. Saxena ef o/ found three factors that were
associated with better response: female gender, well-
differentiated primary tumors and low hepatic burden.
Of those, and amongst the other variables tested, the
only imaging characteristic we evaluated was the degree
of hepatic tumor burden. Cao e/ al” evaluated prognostic
factors for the impact on survival where they found a
correlation between radiographic response and survival.
They looked at response in relation to many factors, one
of which was extent of tumor burden, which was found
to have a significant effect on survival. No other specific
characteristics of the lesions were evaluated for this study
cither. Kalinowski ¢ a/" and Kennedy ¢z 2/ both report
that response rates were high, even with extensive tumor
burden. We did not find any correlation with response to
treatment and tumor burden.

Neuroendocrine tumors are often hypervascular and
therefore, one might theorize that these lesions might
respond better to intra-arterial therapies, such as Y ta-
dioembolization. A study by Sato e a/"” evaluated vascu-
larity of lesions and found there was no correlation with
this and survival and, therefore, concluded that lesions
that are hypovascular should not be considered a contra-
indication while assessing patients for Y radioembolo-
therapy. We did not find any correlation with response to
treatment and tumor vascularity. To our knowledge, no
other studies have been done assessing the size or relative
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necrosis of lesions prior to Yy therapy as a predictor of
response.

A limitation of our study is the retrospective nature
of the study. Another limiting factor is that the number
of lesions analyzed. Based on the RECIST criteria, our
study had an overall response rate of 17% (11/65). This
is lower than other reported response rates, which ranged
from 39% to 69%, in studies that also used RECIST”.
This difference may be due to our low numbers. Anoth-
er limitation of our study was that our method to define
the vascularity of the lesions and the degree of necro-
sis was based on consensus evaluation. More objective
methods of analyzing the lesions may alter the catego-
ries in which each particular lesion was placed. Other
imaging techniques such as PET or MRI with diffusion
weighted imaging were not employed for our study since
these modalities were not available in each patient in-
cluded in our cohort.

Many prior studies have demonstrated that ™'Y ra-
dioembolization is a promising treatment for patients
with NETLM. More studies still need to be performed
to further identify significant factors that may facilitate
the patient selection process. Based on the findings in
this study, it is suggested that the initial imaging find-
ings should not exclude patients with NETLM from Yy
radioembolization therapy. Additional studies with larger
number of lesions would need to be performed to con-
firm these findings.

COMMENTS

Background

The radioembolization therapy with yttrium-90 (*°Y) has become a treatment
modality for neuroendocrine liver metastases. The response to Y treatment
of neuroendocrine liver metastases is varied. A potential indicator for re-
sponse to treatment may be the imaging features of the liver metastases prior
to Y treatment. These metastases may be differentiated by size, enhance-
ment pattern, degree of necrosis and percentage of liver tumor burden can be
evaluated. It is possible that the varied response may be due to one of these
imaging patterns.

Research frontiers

There are few publications that have evaluated factors that may affect the
response to treatment by *Y of modalities for neuroendocrine tumor liver me-
tastases (NETLM). These publications have addressed prognostic indicators
such as tumor burden and differentiation of the tumor. To authors’ knowledge,
there has been no evaluation of the response to treatment that combines size,
necrosis, hypervascularity, and tumor burden. The response to treatment was
evaluated not only by size criteria (World Health Organization and Response
Evaluation Criteria in Solid Tumors) but other criteria were used (European As-
sociation for the Study of the Liver and CHOI).

Innovations and breakthroughs

There are few publications that have evaluated factors that may affect the
response to treatment by Y of NETLM. These results did not indicate that an
imaging pattern prior to treatment would have predicted response to treatment.

Applications

The selection of patients for Y treatment of NETLM cannot be based on size,
tumor burden, necrosis, or enhancement of the liver metastases prior to treat-
ment.

Peer review

Apart from some important limitations like rather low patient numbers and the
retrospective nature of the reported study, this article provides an interesting
evaluation of imaging findings as a predictor of response to Y radioembolo-
therapy in patients with neuroendocrine liver metastases.
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