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Abstract

Purpose To compare lung shunt fraction (LSF) prior to

Y-90 radioembolization calculated using planar imaging

versus SPECT/CT in patients with hepatocellular carci-

noma (HCC).

Methods A single institution retrospective analysis of

technetium-99m macroaggregated albumin (Tc-99m

MAA) LSF studies for 293 consecutive patients with HCC

between 2013 and 2018 was performed. LSF using planar

imaging (PLSF) was compared to retrospectively calcu-

lated LSF using SPECT/CT (SLSF) via semiautomated

segmentation using MIM v.6.9. Sub-analyses of patients

were performed based on PLSF range, tumor size, BCLC

stage, and Child–Pugh (C–P) score. Mean LSF absolute

discrepancy between sub-groups was analyzed. Compar-

isons were performed using paired t tests and linear

regression analysis.

Results Mean PLSF, 8.27%, was greater than mean SLSF,

3.27% (p\ 0.001). When categorizing patients by PLSF

ranges of\ 10%, 10–19.9%, and C 20%, PLSF remained

greater than SLSF in all subgroups (p’s\ 0.001). Patients

with PLSF C 20% had a greater absolute discrepancy with

SLSF (13.31%) compared to patients with PLSF\ 20%

(4.74%; p\ 0.0001). LSF absolute discrepancy was

greater for patients with a maximum liver tumor size

C 5.0 cm (5.59%) compared to a liver tumor size\ 5.0 cm

(4.40%; p = 0.0076). For all BCLC grades and C–P scores,

PLSF was greater than SLSF. A greater LSF discrepancy

existed for patients with a worse C–P score (C–P A: 4.78%,

C–P B/C: 6.12%; p = 0.0081), but not BCLC stage (0/A/B:

4.87%, C: 4.56%; p = 0.5993).

Conclusion In patients with HCC, SLSF is significantly

lower compared to PLSF, with a greater discrepancy

among patients with a PLSF C 20%, tumor size C 5 cm,

and worse C–P score.

Level of Evidence Level 3, Retrospective Study.

Introduction

Yttrium-90 (Y-90) radioembolization (RE) is a procedure

performed in patients with hepatic malignancies in which

radiolabeled Y-90 microspheres are injected into a hepatic

artery feeding tumor [1]. In carefully selected patients with

unresectable hepatocellular carcinoma (HCC), Y-90

radioembolization improves tumor response and overall

survival compared to conventional therapies [2–5].

Before Y-90 RE, angiographic mapping is performed to

evaluate hepatic vasculature and the risk of non-target

embolization [1]. During this procedure, technetium-99m

macroaggregated albumin (Tc-99m MAA) is administered

into the hepatic arteries in order to, in addition to other

uses, evaluate lung shunt fraction (LSF). LSF from Tc-99m

MAA is typically estimated with planar imaging, in which
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a geometric mean is calculated using counts of the liver

and lungs from anterior and posterior views [6, 7]. Multiple

studies indicate that planar imaging is limited by inaccurate

organ segmentation and scatter artifact [6, 8, 9]. This may

result in overestimation of LSF, particularly from lesions

near the hepatic dome, which may be erroneously localized

to the lungs instead of the liver [7].

Growing evidence suggests that a major contributor to

incomplete treatment response after Y-90 RE is due to

insufficient dose delivered to target tumors [10–13]. Due to

the potentially inaccurate LSF calculated by planar imag-

ing, Y-90 dose may be sub-optimally adjusted resulting in

under-treatment of patients. In addition, certain patients

with elevated LSF based on planar imaging may be con-

sidered ineligible for Y-90 RE due to concerns for radia-

tion-induced pneumonitis and established dose limits to the

lungs [14]. This necessitates the need for more accurate

assessment of hepatopulmonary shunting and Y-90 dose

calculation.

SPECT/CT has been proposed as an alternative method

to estimating LSF [15, 16]. When used in conjunction with

semiautomated segmentation software, SPECT/CT is likely

advantageous in adjusting for artifacts and accurately

delineating liver and lung parenchyma. The purpose of this

study is to compare the difference of LSF using planar

imaging (PLSF) versus retrospectively calculated LSF

using SPECT/CT (SLSF) in patients with HCC.

Materials and Methods

Study Selection

This study has been approved by the local Institutional

Review Board, and the need for written informed consent

was waived. A retrospective analysis of all patients with

hepatocellular carcinoma who underwent planar Tc-99m

MAA LSF imaging between January 2013 and March 2018

was performed. All patients were referred to interventional

radiology for Y-90 RE through multidisciplinary tumor

boards. Data were collected from two large university-af-

filiated tertiary care hospitals in a single institution. All

patients who had Y-90 planning procedures underwent

concurrent imaging with SPECT/CT from the thorax to

mid-abdomen, permitting SLSF evaluation. The exclusion

criteria included patients who had SPECT/CT imaging

which did not sufficiently include the lung parenchyma

(usually the upper thorax) within the field of view.

Patients selected for Y-90 at the authors’ institution met

the following criteria: LSF calculated on planar images

where calculated administered activity to achieve 120 Gy

to target lobe resulted in estimated lung dose\ 30 Gy,

tumor burden\ 75% of whole liver, absence of

uncorrectable gastrointestinal flow on diagnostic angio-

gram, serum albumin[ 2.5 g/dL, serum bilirubin\ 2 mg/

dL, and aspartate aminotransferase/alanine aminotrans-

ferase\ 5 times normal upper limit.

Lung Shunt Fraction Evaluation

All patients selected for Y-90 RE underwent routine pre-

procedural angiography and administration of Tc-99m

MAA into the hepatic artery vasculature for evaluation of

hepatopulmonary shunting. Procedures were performed as

described in previous literature [1]. Briefly, prior to Tc-

99m MAA administration, angiography was performed for

procedural planning and embolization was performed in

branch vessels thought to be at high risk for non-target

embolization. Cone beam computer tomography (CBCT)

was then performed to ensure perfusion of the entire

tumor(s). If the entire tumor(s) were not perfused from the

microcatheter location, either the microcatheter location

was adjusted and the process was repeated or MAA was

injected in a split dose to ensure the entire treatment lobe or

segment was covered. Approximately, 148 MBq (4 mCi)

of Tc-99m MAA (Jubilant Pharma Holdings, Yardley,

Pennsylvania, USA) were administered in total. Within 1 h

after administration, planar images of patients’ lung and

liver area were acquired. SPECT/CT was subsequently

performed for radiotracer localization and determination of

possible extra-hepatic and extra-pulmonary activity.

SPECT/CT images centered at the level of the liver were

acquired on a Siemens Symbia T6 dual-head SPECT/CT

scanner (Siemens Healthcare, Erlangen, Germany) using

140 keV, 15% energy window, 30 stops at 22 s per stop for

60 projections. SPECT reconstruction used the manufac-

turer’s ordered subset expectation maximization-based

software (6 subsets, 16 iterations) with CT-based attenua-

tion correction and scatter correction.

To calculate PLSF, 5 min static anterior and posterior

acquisitions of the chest and upper abdomen were acquired

with a gamma camera using a low-energy high-resolution

parallel collimator, as described in the prior literature [1].

Region of interest (ROI) boxes were drawn manually over

the liver and individual lung fields. Using counts from the

ROIs, PLSF was obtained by calculating the geometric

mean of photon counts. SLSF was evaluated utilizing

attenuation-corrected SPECT/CT images of the liver and

lungs. Semiautomated segmentation of the liver and lung

parenchyma was performed with MIM v6.9 software (MIM

Software, Columbus, OH, USA). Automated segmentation

of the liver and lungs was performed by creating volu-

metric analysis using axial images and multiplanar refor-

mats. Subsequently, segmentation of the liver and lungs

were manually modified to ensure that the target organs

were correctly outlined. This was performed on multiple
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planes. The most common modification performed was

ensuring the hepatic dome (and tumors) were appropriately

segmented as liver, rather than lung base which occurred

due to motion artifact and misregistration (Fig. 1).

Statistical Analysis

All included patients were evaluated for age, PLSF, largest

liver lesion size, Barcelona Clinic Liver Cancer (BCLC)

stage, and Child–Pugh (C–P) score. Retrospective calcu-

lations of SLSF were performed. Mean SLSF was com-

pared to mean PLSF between groups. Multiple subgroup

comparisons were performed, including patients grouped

by a PLSF range of\ 10%, 10–19.9%, and C 20%; largest

liver tumor size of\ 5.0 cm, 5–10 cm, and C 10 cm;

BCLC stage; and C–P score. Absolute discrepancy, defined

as the difference between the percent of PLSF and SLSF,

was calculated. Absolute discrepancy was compared

between patients grouped by a PLSF of\ 20 versus

C 20%, BCLC stage of 0, A, or B versus C, and C–P score

of A versus B. Comparisons were performed using paired t

tests, with a p value below 0.05 defined as statistically

significant. Multiple linear regression models were used to

analyze the effect of covarites and interactions between

covariates on the discrepancy between PLSF and SLSF.

Statistical analysis was performed using Microsoft Excel

(Microsoft Corporation, Redmond, Washington, USA),

Graphpad Prism 8 (GraphPad Software, San Diego, Cali-

fornia, USA), and SAS version 9.4 (SAS Institute, Cary,

North Carolina, USA).

Results

There were a total of 298 patients identified, with 293

patients ultimately included in the analysis. Five patients

were excluded from the analysis due to incomplete acqui-

sition of the upper thorax. The study group had a mean age

of 64.5 years and was 78.8% male (SD 9.71; Table 1). Of

patients with known BCLC stage, there were nine patients

with a stage 0, 95 patients with stage A, 80 patients with

stage B, 34 with stage C, and 0 with stage D. BCLC stage

was not documented and could not be retrospectively

assessed in the remaining 77 patients. PLSF was greater

than SLSF in 283 of 293 studies, equivalent to SLSF in one

study, and less than SLSF in the remaining nine studies.

Average total mean PLSF of 8.27% was significantly

greater than the mean SLSF of 3.27% (p = 0.001; Table 2).

When grouping patients by PLSF ranges of\ 10%,

10–19.9%, and C 20%, PLSF was significantly greater

Fig. 1 Patient with hepatitis C

cirrhosis and HCC involving

segments 2 and 3. a Planar

scintigraphy using anterior and

posterior views demonstrates a

LSF of 25.7%. b SPECT/CT

with semiautomated

segmentation software

demonstrates a LSF of 14.7%.

SPECT/CT LSF evaluation

allows more accurate organ

segmentation and delineation of

liver from lung
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than SLSF in all groups, respectively (p’s = 0.001;

Table 2). After evaluating patients by largest liver lesion

size of\ 5, 5–10 cm, and C 10 cm, mean PLSF was sig-

nificantly greater than SLSF in all groups, respectively

(p = 0.0001, 0.0001, and 0.0045; Table 2). Mean PLSF

remained significantly greater than SLSF when comparing

greater/worse BCLC stages and C–P scores (p’s = 0.0001;

Table 2).

Total mean absolute discrepancy between PLSF and

SLSF in all patients was 5.01% (range 5.59–18.57%;

Table 3). In patients with a planar LSF of C 20%, the

absolute discrepancy was 13.3%. This was significantly

greater than patients with a PLSF of\ 20%, who had an

absolute discrepancy of 4.74% (p = 0.001; Table 3).

Absolute discrepancy was greater among patients with a

largest liver lesion size of C 5.0 cm compared to patients

with a liver lesion size of\ 5.0 cm (5.59% vs 4.40%;

p = 0.0076; Table 3). The absolute discrepancy was

significantly greater among patients with a C–P score of

B/C compared to those with a C–P score of A (6.12% for

C–P B/C vs 4.78% for C–P A; p = 0.0081). There was no

significant difference in absolute discrepancy among

patients with a BCLC stage of 0/A/B versus BCLC stage C

(4.87% for 0/A/B vs 4.56% for C; p = 0.5993).

Multiple linear regression analyses were conducted to

examine whether discrepancy in PLSF and SLSF was

moderated by potential factors (Table 4). When adjusted

for age, gender, and race the discrepancy between PLSF

and SLSF was significantly greater in patients with a PLSF

of C 20% (b = 4.41; 95% CI 2.47, 6.35; p\ 0.0001) and a

largest lesion size of C 5 cm (b = 0.53; 95% CI: 0.09,

0.97; p = 0.019). Following additional adjustment for liver

cancer etiology, a significantly greater discrepancy was

observed in patients with a PLSF C 20% (b = 4.68; 95%

CI: 2.61, 6.74; p\ 0.0001), largest lesion size C 5 cm

(b = 0.55; 95% CI: 0.10, 0.98; p = 0.0164), and Child–

Pugh Score B/C (b = 2.67; 95% CI: 1.02, 4.32;

p = 0.0226). There was no significant effect modification

from interactions between covariates on the discrepancy

between PLSF and SLSF.

Discussion

Growing evidence indicates that effective Y-90 RE is

dependent on appropriate dose calculation, so that suffi-

cient threshold activity is delivered to target tumors

[10–13]. For example, Vouche et al. demonstrate that

complete pathological necrosis and local tumor control is

improved when a dose of[ 190 Gy is achieved in patients

with HCC undergoing radiation segmentectomy with glass

microspheres [10].

Optimal dose calculation is contingent on accurate pre-

procedural LSF calculation. Although there is no gold

standard to reference in human studies, several phantom

studies have attempted to identify the accuracy of SLSF

versus PLSF by comparing it to a known LSF [6, 17, 18].

Zaharakis et al. in their phantom study concluded that

‘‘SPECT/CT is significantly more accurate than the man-

ufacturer suggested planar method for estimating hep-

atopulmonary shunts [18]’’. In a study by Allred et al., for a

phantom with a true LSF of 3.6%, PLSF was 5.12%, and

SLSF was 3.1% [6]. Another phantom study by Gill et al.

found that for a true LSF of 9.9%, PLSF was 18.5%, and

SLSF was 9.5% [17].

Human studies have corroborated the phantom studies,

showing that PLSF overestimates the true LSF and thus

may result in reduced delivered dose [8, 9, 16, 19]. For

example, a study by Yu et al. evaluating 71 patients with

primary and metastatic hepatic malignancies who under-

went Y-90 RE demonstrated that mean lung dose was

Table 1 Baseline characteristics

Patients (n) 293

Age (years) 64.5

Sex (n)

Male 231 (78.8%)

Female 62 (21.2%)

Race (n)

White 173

Black 85

Asian 21

Other/unknown 10

Hispanic 3

Native American 1

Liver cancer etiology (n)a

Hepatitis C 167

Alcohol 61

NASHb 36

Idiopathic/unknown 35

Hepatitis B 30

Other/miscellaneous 8

Hemochromatosis 5

BCLC stage (n)

0, A, or B 184

C 34

Childs–Pugh score (n)

A 243

B or C 50

Mean PLSF (%) 8.27

aMultiple patients had more than one etiology for liver cancer
bNonalcoholic stateohepatitis
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Table 2 Mean PLSF versus

SLSF
Group (n) Planar LSF % (SD)a SPECT/CT LSF % (SD) p value*

Total (293) 8.27 (4.84) 3.27 (2.63) \ 0.0001*

Planar LSF range

\ 10% (221) 6.02 (1.95) 2.34 (1.57) \ 0.0001*

10–19.9% (63) 13.89 (2.65) 5.41 (2.49) \ 0.0001*

C 20% (9) 24.29 (4.11) 10.98 (3.23) \ 0.0001*

Liver tumor size (largest lesion)

\ 5.0 cm (141) 7.05 (3.76) 2.64 (2.14) \ 0.0001*

5–10 cm (65) 9.74 (5.72) 4.18 (3.28) \ 0.0001*

C 10 cm (12) 10.96 (5.34) 5.17 (3.42) 0.0045*

BCLC stage

0, A, or B (184) 8.12 (4.82) 3.25 (2.85) \ 0.0001*

C (34) 7.79 (4.13) 3.23 (1.95) \ 0.0001*

Child–Pugh score

A (243) 7.96 (4.76) 3.18 (2.51) 0.0001*

B or C (50) 9.80 (4.98) 3.68 (3.17) 0.0001*

*p\ 0.05
aSD = standard deviation

Table 3 Absolute discrepancy

between PLSF and SLSF
Group (n) % Discrepancy between PLSF and SLSF (SD)a p value*

Planar LSF range

\ 20% (284) 4.74% (2.89)

C 20% (9) 13.3% (4.27) 0.0001*

Liver tumor size

\ 5 cm (141) 4.40 (2.74)

C 5 cm (77) 5.59 (3.71) 0.0076*

BCLC stage

0, A, or B (184) 4.87 (3.12)

C or D (34) 4.56 (3.22) 0.5993

Child–Pugh score

A (243) 4.78 (3.33)

B or C (50) 6.12 (2.78) 0.0081*

*p\ 0.05
aSD = standard deviation

Table 4 Discrepancy between PLSF and SLSF predicted by linear regression modelsa

Covariates Discrepancy between planar and SPECT/CT LSF

Model 1

b (95% CI)

p value* Model 2

b (95% CI)

p value*

Planar LSF (\ 20% vs C 20%) 4.41 (2.47, 6.35) \ 0.0001* 4.76 (2.66, 6.85) \ 0.0001*

Largest lesion size (\ 5 cm vs C 5 cm) 0.53 (0.09, 0.97) 0.0190* 0.66 (0.19, 1.13) 0.0066*

BCLC stage (0, A, or B vs C) 0.94 (- 0.93, 2.92) 0.3233 0.94 (- 1.10, 2.99) 0.3634

Child–Pugh score (A vs B or C) 0.70 (- 0.84, 2.23) 0.3701 2.62 (0.31, 4.92) 0.0265*

a Model 1 was adjusted for age, gender and race. Model 2 was additionally adjusted for liver cancer etiology and number of primary cancers

*p\ 0.05
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overestimated with planar scintigraphy when compared

with SPECT/CT [16]. This effect was more profound in

patients with a higher mean lung dose calculated by planar

scintigraphy ([ 15 Gy), where the mean overestimation

with planar scintigraphy compared to SPECT/CT was

170% [16]. This is corroborated by Dittman et al., who

prospectively analyzed 50 consecutive patients with pri-

mary and metastatic hepatic malignancies revealing that

SLSF was lower in all patients, with a mean of just 1.9%

(range 0.8–15.7%), compared to 6.8% (range 3.4–32.3%)

with PLSF [8]. They also reported ten patients (20%) who

had a LSF of greater than 10% using planar scintigraphy,

which may result in dose adjustments or contraindications

to Y-90 RE. This is contrasted to just two patients (4%)

with greater than 10% LSF using SPECT/CT [8].

This large series retrospective analysis is concordant

with prior studies, demonstrating that PLSF is greater than

SLSF in the majority of patients with HCC. In fact, only

nine of 293 (3.1%) patients had a PLSF less than SLSF.

While it is not entirely clear why PLSF was less than SLSF

in these patients, it is notable that these patients had Tc-

99m MAA activity near the hepatic dome. It may be that

ROI boxes drawn over the region of the liver on planar

imaging were oversized and included a large portion of the

lung bases, resulting in a falsely low PLSF. Such findings

may also be related to statistical variation.

This study expands on prior studies by demonstrating

that PLSF remained greater than SLSF regardless of mul-

tiple baseline factors including PLSF range, maximum

liver lesion size, BCLC stage, and C–P score. As seen in

the study by Yu et al., the discrepancy with SLSF was even

more profound in patients with greater PLSF. In our series,

absolute discrepancy between PLSF and SLSF was sig-

nificantly greater among patients with a PLSF of C 20%. A

greater discrepancy was also identified in patients with a

greater maximum liver lesion size and C–P score (but not

BCLC stage). In our series, baseline PLSF was greater

among patients with these features. Thus, in patients with a

larger PLSF, differences between PLSF and SLSF may be

exaggerated. Such findings iterate the importance of

accurate LSF assessment, as patients with elevated LSF

may receive significant dose reductions or be deemed

ineligible for Y-90 RE. Furthermore, evidence indicates

that elevated LSF, larger tumors, and worse liver function

are associated with more aggressive malignancies [20–23].

This may necessitate repeat Y-90 RE, which requires an

even greater emphasis on accurate dose calculation in order

to optimize therapy without exceeding cumulative liver or

lung dose limits. More analyses would be necessary to

validate these inferences.

This study is limited by its retrospective nature. Five

patients were excluded from the analysis due to incomplete

acquisition of the upper thorax on SPECT/CT images,

which may have skewed results. Another limitation was

that this study only included patients with HCC, who on

average have greater LSF than patients with other hepatic

malignancies [24, 25]. The differences in LSF between

planar scintigraphy and SPECT/CT may differ in patients

with other hepatic malignancies. Finally, inter-rater relia-

bility for SLSF was not assessed, so there may be dis-

crepancies in results based on the operator performing

manual modifications. Despite these limitations, this rela-

tively large series confirms that estimated hepatopul-

monary shunting is greater when measured with planar

imaging, and that discrepancies between PLSF and SLSF

are greater in patients with HCC who have greater PLSF,

larger tumors, and worse baseline C–P score. Future

prospective studies analyzing potential differences in

delivered dose would be useful to analyze whether the use

of SPECT/CT can minimize non-tumoral dose and improve

Y-90 treatment response. Given that using SLSF in treat-

ment planning might allow opportunities to optimize dose

and increase eligibility for patients to undergo Y-90, we

believe it would be prudent to consider adopting this

method with close radiation safety monitoring.

Conclusion

In patients with HCC, Tc-99m MAA LSF calculated with

SPECT/CT appears to be significantly lower compared to

planar imaging, with a greater discrepancy among patients

with a PLSF fraction of greater than 20%, tumor size

C 5 cm, and worse CP score.
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