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Surgical resection is regarded as the first-line curative treat-
ment for early-stage hepatocellular carcinoma (HCC). How-
ever, the lack of sufficient future liver remnant (FLR) in many
patients would preclude them from surgical candidacy.
Yttrium-90 radiation lobectomy (RL) has been established
over the past decade as an effectivemethod to achieve tumor
control as well as achieving FLR hypertrophy, while embed-
ding a test-of-time. Most recently, Yttrium-90 radiation
segmentectomy (RS) has been proven potentially curative
in early-stage HCC. In this article, we highlight a modified
radiation lobectomy (mRL) which is a combined approach of
RL and RS that aims at concurrent achievement of complete
tumor necrosis and FLR hypertrophy.

Radioembolization has historically been employed in the
salvage setting for the treatment of unresectable hepatic
malignancies. In this approach, lobar hepatic therapies have
been found to offer palliative intent.1 Observations of an
atrophy–hypertrophy complex following this lobar therapy
have led to a concept termed “radiation lobectomy”; the
treated hepatic lobewill atrophy following radioembolization
and the contralateral, untreated, hepatic lobe provides com-
pensatory hypertrophy. This finding has allowed for the
application of RL as an alternative to portal vein embolization
(PVE), particularly in HCC, which can provide concurrent
cancer therapywhile promoting hypertrophyof the contralat-
eral FLR for planned surgical resection in patients initially
presentingwith an FLR insufficient to sustain hepatic function
postoperatively.2–4

Described in 2010, RS5 is a technique increasingly used to
treat liver tumors in a segmental rather than lobar fashion. RS
has demonstrated safety and efficacy, with good imaging
response rates, long time to tumor progression posttreatment,

and high rates of explant complete pathologic necrosis.6,7

More recently, segmental radioembolizationwith glassmicro-
spheres has been described with curative intent in patients
with unresectable HCC.8

In this article, we highlight a modified approach to RL
combining both lobar and segmental Y90 delivery to promote
curative tumor therapywhile inducing contralateral hypertro-
phy to facilitate surgical resection. Theseapproaches havebeen
most commonly performed and reported in the literature
employingglassmicrosphere radioembolization (TheraSphere,
Biocompatibles UK Ltd) for patients with unresectable HCC.9

Modified Lobectomy Approaches

There are two mRL approaches toward achieving more com-
plete tumor response in conjunction with contralateral lobar
hypertrophy for future liver resection. The first approach
(segmentalþ lobar approach) employs a segmental boost
dose (>190Gray [Gy]) delivered through segmental/subseg-
mental administration for tumorkill, followedbyan ipsilateral
lobar dose (80–120Gy), for the promotion of FLR hypertrophy
(►Fig. 1).

A case example is presented in►Fig. 2: A 73-year-oldmale
with solitary 3.5HCC located in hepatic segment 7. The
patient’s FLR at presentation was determined to be 29.5%.
He underwent mRL using the segmentalþ lobar approach,
where he received a radiation dose of 155Gy to hepatic
segment 7 followed by 90Gy to the entire right hepatic lobe.
This provided a tumor dose of 245Gy. At 3-month follow-up
imaging, the tumor showed complete response by Modified
Response Evaluation Criteria in Solid Tumors (mRECIST) crite-
ria to treatment and the FLR increased to 37%. The patient was
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Fig. 1 (a) Diagram of solitary hepatoma located in segment 8. (b) Superselective administration of a segmental boost dose confined to the
tumor bearing segment 8 to ensure maximal tumor necrosis. (c) Lobar administration of lobar dose to the right lobe to induce contralateral
hypertrophy.

Fig. 2 (a) Baseline MRI of a 73-year-old male with solitary 3.5 HCC located in hepatic segment 7. (b) Volumetric assessment showing baseline
FLR¼ 29.5%. (c) Three-month MRI follow-up post Y90 showing complete response of tumor by mRECIST criteria. (d) Volumetric assessment
showing 3-month FLR¼ 37%. (e) Nine-month MRI follow-up post Y90 showing continuous complete response of tumor. (f) Volumetric
assessment showing 9-month FLR¼ 51%.

Seminars in Interventional Radiology Vol. 36 No. 4/2019

Modified Radiation Lobectomy Gabr et al.344

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Fig. 3 (a) Baseline MRI of a 62-year-old male with a 5-cm tumor in hepatic segment 7. (b) Volumetric assessment showing baseline FLR¼ 31.7%.
(c) One-month MRI follow-up post Y90 showing complete response of tumor by mRECIST criteria. (d) Six-month MRI follow-up showing
continuous complete response of the treated tumor that is concurrent with right lobe atrophy and left lobe hypertrophy. (e) Volumetric
assessment showing 6-month FLR¼ 43%. (f) One-month MRI follow-up scan postresection showing marked hypertrophy of the left liver lobe
(liver remnant).

Fig. 4 (a) Diagram of solitary hepatoma located in segments 8 and 5. (b) Selective administration of a subsegmental boost dose (>190 Gy)
confined to the tumor bearing segments 8 and 5 (anterior right lobe) to ensure maximal tumor necrosis. (c) Selective administration of lobar
dose (80–120 Gy) to the non–tumor-bearing segments 6 and 7 (posterior right lobe) to induce contralateral hypertrophy.
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offered surgical resection; however, he opted not to undergo
surgical resection given the perceived morbidity and the
complete tumor response to therapy. At 9-month follow-up,
the patient maintained complete response status and FLR
continued to increase in size (FLR¼51%).

►Fig. 3 shows a 62-year-oldmalewith a history of hepatitis
C infection who presented with a 5-cm tumor in hepatic
segment 7. He was not a surgical candidate given his FLR of
31.7%. The patient underwent radioembolization using the
modified (segmentalþ lobar) approach that included segmen-
tal posterior right lobe treatment followed by right whole right
lobe treatment. Theposterior right lobe received anet radiation
doseof247Gy,while the right lobereceivedanet radiationdose
of 175Gy. The patient achieved complete mRECIST response at
1-month follow-up; however, contralateral did not sufficiently
hypertrophy at that time. At 6-month follow-up, the patient
showed significant hypertrophy of contralateral lobe as well as
atrophy of total right lobe volume yielding an FLR of 43%. The
patient, subsequently, underwent surgical resection. Pathologic
evaluationof liverexplant revealedacompletelynecrotic tumor
measuring 3.4 cm in greatest dimension.

The second mRL (double segmental) approach is to apply
different radioembolicdoses totheanterior andposterior right
hepatic lobes, with the dose to the tumor bearing segments
intended to be ablative (>190), while the non–tumor-bearing
segment(s) receive a nonablative dose (80–120Gy) to ensure
fibrosis induced contralateral hypertrophy (►Fig. 4).

A case example is presented in►Fig. 5: A 65-year-oldmale
with a single 2.5-cm arterially enhancing mass in the anterior
right lobe consistent with HCC. The tumor was unresectable
dueto thesmall sizeof theFLR;hence, itwasplannedto receive

radioembolization to induce contralateral hypertrophy. Dur-
ing the treatment session, thepatient receivedanablativedose
of 216Gy to the right anterior segment bearing the tumor
followed by radioembolization to the tumor-naive posterior
segments6/7witha120-Gydose. Thefirst postproceduralMRI
examat 30days posttreatmentdemonstrated complete tumor
response by mRECIST and an increase in left hepatic lobe
volume from approximately 375mL (30% FLR) to 484mL
(38.5% FLR). The patient underwent serial evaluation by MR
imaging that showed sustained completed mRECIST tumor
response and progressive left lobe hypertrophy. The patient
elected not to undergo surgical resection once deemed a
surgical candidate, given the sustained complete tumor re-
sponse. The patient is now more than 4years post-radio-
embolization; the treated tumor does not show viability and
there is involutionof the right hepatic lobewith compensatory
hypertrophy of the left hepatic lobe (►Fig. 5d).

Discussion

The role of RL is evolving in the bridge to resection setting in
patientswith unresectable liver cancer, especially thosewith
HCC. PVE has been considered the gold standard for non-HCC
patients with potentially resectable liver cancer but insuffi-
cient FLR. PVE can promote significant hypertrophy of the
contralateral lobe prior to surgical resection,10 but some
studies suggest that PVEmay cause tumor progression due to
production of angiogenic factors and altered vascular
flow.11,12 Furthermore, should an HCC patient receive PVE,
surgical resection is important as some patients will develop
progressive cirrhosis and portal hypertension, making

Fig. 5 (a) Baseline MRI of a 65-year-old male with a 2.5-cm tumor in the anterior right hepatic lobe. (b) Volumetric assessment showing baseline
FLR¼ 30%. (c) One-month MRI follow-up post Y90 showing complete response of tumor by mRECIST criteria. (d) Volumetric assessment showing
1-month FLR¼ 38.5%. (e) MRI follow-up at 4 years post-Y90 showing sustained complete response.
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thrombosis of a lobar portal vein suboptimal for future
treatment considerations.

RL has gained interest as an alternative to PVE as ameans to
control tumor while promoting FLR hypertrophy, especially in
patients with HCC. While the rate of FLR hypertrophy is likely
more rapidwith PVE, there are several proposed advantages of
RL over PVE: (1) Tumor control is secured during time interval
of contralateral hypertrophy. (2) Tumor shift from major
vessels can be achieved, thus optimizing R0 resection. (3)
Neoadjuvant radioembolization followed by surveillance for
contralateral hypertrophy embeds a biologic test of time aim-
ing to identify patients with good tumor biology and therefore
potentially decreasing the chances of tumor recurrence rates
after resection. (4) Achieving tumor necrosis might be of
oncologic value in mitigating tumor spread during mobiliza-
tion/manipulation of the liver intraoperatively. (5) Inductionof
liver hypertrophy with concurrent tumor necrosis prior to
resection might limit risk of postoperative tumor progression
induced by rapid postoperative regenerative activity.

Modified approaches to RL allow for individualized and
aggressive treatment of unresectable liver cancer. In the
scenario ofmRL, both described approaches allow for curative
intent delivery of ablative radiation dosing to the tumor while
also promoting the atrophy–hypertrophy complex to facilitate
potential surgical resection. The advancement in the mRL
approach is this capacity to deliver curative intent therapy
to the tumor. If patients undergo resection, there is theoreti-
cally less risk of tumor spread during liver mobilization and
manipulation. Furthermore, if patients are ultimately deemed
not surgical candidates or choose not to undergo surgery, the
portal vein remains patent and the tumor well controlled.

In conclusion, modified lobar radioembolization
approaches facilitate a more individualized approach to
liver-directed therapy, combining historical lobar principles
with evolving segmental curative use of this therapy. These
should be considered when using RL to convert patients to
liver resection candidacy.
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