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Case Report

Neoadjuvant transarterial radiation lobectomy for colorectal 
hepatic metastases: a small cohort analysis on safety, efficacy, 
and radiopathologic correlation
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Abstract: Colorectal cancer patients have a high incidence of liver metastasis (ml-CRC). Surgical resection 
is the gold standard for treatment of hepatic metastasis but only a small percent of patients are traditional 
candidates based on disease extent and adequate size of the future liver remnant (FLR). Interventions such as 
portal vein embolization (PVE) and associating liver partition and portal vein ligation for staged hepatectomy 
(ALPPS) are performed to increase FLR for operative conversion. Limitations to PVE include intrahepatic 
disease progression, portal vascular invasion, and utilization with concurrent chemotherapy. ALPPS is 
associated with a high morbidly and mortality. Radiation lobectomy (RL) with yttrium-90 (Y-90) delivers 
transarterial ablative brachytherapy to the future hepatectomy site which generates FLR hypertrophy 
similar or greater than PVE. Early results indicate that RL is safe, effective, and may offer unique benefits 
by providing cytoreduction of hepatic metastases which extends FLR hypertrophy time and allows FLR 
surveillance to gauge disease biology. A retrospective analysis of four patients with ml-CRC treated with RL 
prior to hepatectomy was performed to evaluate initial safety, efficacy, FLR hypertrophy, and radiopathologic 
correlation. Adverse events after RL and hepatectomy were evaluated. Imaging findings were analyzed for 
efficacy defined as FLR hypertrophy and disease control. Radiopathologic correlation was performed after 
histologic analysis. RL was well tolerated without major adverse events or hepatic decompensation. FLR 
hypertrophy ranged from 24.9% to 119% at mean follow-up of three months. The majority of complications 
were related to surgical instrumentation of the FLR due to upstaging at time of surgery. Hepatectomy 
specimen histology demonstrated complete pathologic response in 50% of patients, 50% radiopathologic 
concordance rate, and no significant hepatic fibrosis. Initial experience with neoadjuvant RL for ml-CRC 
is safe and provides both durable disease control and FLR hypertrophy with concurrent chemotherapy. A 
50% complete pathologic response rate raises the possibility of definitive chemoradiation in poor surgical 
candidates. Prospective investigation is required. 
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Introduction

Colorectal cancer (CRC) is the fourth most prevalent 
malignancy in the United States with a 4.5% lifetime risk. 
Fifty percent of patients with CRC will develop metastatic 
liver disease (ml-CRC) which carries an untreated 5-year 
survival of 5–8% (1,2). Treatment options for ml-CRC 
include resection, systemic therapy, and loco-regional 
therapies. Although median overall survival for ml-CRC 
is approximately 30 months, some patients may achieve 
long-term disease control (3). Surgical resection is the gold 
standard treatment for ml-CRC with median 5-year survival 
rates after hepatectomy of 30–38% (4,5). Approximately 40% 
of patients experience recurrent hepatic disease after resection 
and up to 10% of patients recur within 6 months (6,7).  
Surgical candidacy requires a favorable performance status, 
liver dominant disease, adequate future liver remnant 
(FLR), and technically resectable lesions. Given these 
requirements, as many as 80% of patients with ml-CRC are 
not conventional surgical candidates (8). 

Established neoadjuvant procedures designed to 
increase FLR include associating liver partition and 
portal vein ligation for staged hepatectomy (ALPPS) and 
portal vein embolization (PVE). Both ALPPS and PVE 
generate FLR hypertrophy by redirecting portal vein flow 
from the diseased lobe and generating trophic factors 
that, inadvertently, may stimulate growth of the hepatic 
metastases (9-13). ALPPS involves a laparotomy with right 
portal vein ligation and parenchymal transection of the left 
lateral lobe. The patient is transferred to the ICU until 
sufficient FLR is obtained and a completion hepatectomy 
is performed. ALPPS generates prolific growth of FLR 
but carries perioperative morbidity and mortality rates as 
high as 68% and 9.6%, respectively (14,15). PVE involves 
the administration of embolic agents to the portal supply 
of the future resection site which typically generates FLR 
within 3–4 weeks. PVE has a technical success rate of 99%, 
morbidity of 2.5%, and mortality of 0.1% (16,17). PVE 
may have limited application in patients with ipsilateral 
portal vein thrombus (PVT) or clinically evident portal 
hypertension (9). There is controversy regarding the 
appropriate utilization of chemotherapy and PVE with 
studies suggesting tumor progression following suspension 
of systemic chemotherapy (17-20) and decreased FLR 
hypertrophy in patients on concurrent chemotherapy (21). 

Radiation lobectomy (RL) with transarterial Yttrium-90 
(Y-90) was first described by Siddiqi et al. in 2009 as a 
palliative treatment for ml-CRC (22). In distinction to 

conventional radioembolization, RL delivers intentionally 
ablative transarterial brachytherapy to both tumor and 
adjacent hepatic substrate. It is well-tolerated, generates 
FLR hypertrophy equivalent or greater to PVE, and can 
be used in patients with PVT or concurrent systemic 
chemotherapy (23,24). Contrary to PVE or ALPPS, RL has 
potential to control disease which permits FLR hypertrophy 
over several months allowing for surveillance of  tumor 
biology. Early results demonstrate a histologic complete 
response in 33% of patients who received neoadjuvant 
RL prior to resection for primary and metastatic liver 
malignancy (25).

The purpose of this series is to report early single 
institution retrospective experience with RL for ml-
CRC observing safety, efficacy, FLR hypertrophy, and 
radiopathologic correlation.

Methods

The study was performed as part of an existing IRB for 
hepatic loco-regional therapies. Four patients presenting 
with synchronous ml-CRC deemed inoperable due to 
inadequate FLR were treated with neoadjuvant systemic 
chemotherapy and RL after multidisciplinary tumor board 
consensus. Patients underwent mapping angiography, nuclear 
scintigraphy, and glass or resin Y-90 radioembolization 
based on treating physician preference. Patients underwent 
hepatectomy after a minimum of three months allowing for 
FLR hypertrophy and disease surveillance. 

Eastern Cooperative Oncology Group (ECOG) 
functional status, Model for End Stage Liver Disease 
(MELD) scores, pre-procedure albumin-bilirubin (ALBI) 
grade, and Clavien-Dindo (C-D) complications related to 
RL and hepatectomy were analyzed. Contrast enhanced 
computed tomography (CECT) and magnetic resonance 
imaging (MRI) were utilized to evaluate RL efficacy 
according to Response Evaluation Criteria in Solid Tumors 
(RECIST) and modified Response Evaluation Criteria 
in Solid Tumors (mRECIST) criteria. Tumor response 
was categorized as stable disease (SD), partial response 
(PR), complete response (CR), and progressive disease 
(PD). Hepatic volumetric analysis was accomplished using 
Visage 7 (Pro Medicus Limited, California). Percentage 
FLR (%FLR) was calculated as left lobe volume (LLV)/
total liver volume (TLV)] ×100. %FLR hypertrophy 
from baseline was calculated as [%FLR new - %FLR at 
baseline]/[%FLR at baseline] ×100. Pathologic analysis and 
radiopathologic correlation was performed retrospectively 
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by a gastrointestinal pathologist and abdominal imaging 
radiologist with respective board certifications.

Case presentation

Case 1

A 51-year-old female presented with rectosigmoid cancer 
on screening colonoscopy and right hepatic lobe masses  
(10 and 6 cm). Neoadjuvant chemotherapy consisted of 
5-fluorouracil, leucovorin and oxaliplatin (FOLFOX) with 
bevacizumab. A bevacizumab washout of at least four weeks 
was performed for all patients in this series. RL of the right 
hepatic lobe with glass Y-90 spheres and right lobar dose of 
392 Gray (Gy) was performed two months after initiation of 
systemic therapy. Radioembolization was well tolerated and 
without clinical toxicity. She underwent an extended right 
hepatectomy three months after RL in addition to microwave 
ablation of a central left hepatic lobe lesion. There was 
a complete pathologic response in the right hepatic lobe 
specimen (Figures 1,2). The post-operative course was 
complicated by a bile leak at the microwave ablation 
site, which required percutaneous transhepatic biliary 
drainage (PTHD) and a Roux-en-Y hepaticojejunostomy. 
She ultimately developed progressive disease in the FLR  
3 months after resection and died 14 months from diagnosis. 

Case 2

A 30-year-old male presented with colonic polyposis, a 
large transverse colon tumor, and a solitary right hepatic 
lobe mass (5 cm). Neoadjuvant chemotherapy consisted of 
FOLFOX and bevacizumab. RL of the right hepatic lobe 
with glass Y-90 spheres and a right lobar dose of 235 Gy was 
performed three months after initiation of systemic therapy. 
Radioembolization was well tolerated and without clinical 
toxicity. Two and half months after the RL, the patient 
underwent laparoscopic total colectomy with ileorectal 
anastomosis; laparoscopic ultrasound-guided core liver biopsies 
of the treated lobe at the time of colectomy demonstrated 
no viable tumor. Six months after RL, the patient 
underwent extended right hepatectomy with a roux-en-y  
hepaticojejunostomy in addition to four microwave ablations 
and five wedge resections of the FLR for unexpected disease 
identified with intraoperative ultrasound. Histopathology 
demonstrated a complete response in the targeted mass 
but innumerable subcentimeter viable lesions that were 
occult to CECT. Postoperative course was complicated 
by recurrent bacteremia. He died from septic shock  
11 months from diagnosis. 

Case 3

A 55-year-old male presented with rectal cancer, multiple 
right hepatic lobe metastases (measuring up to 3 cm), and 
atypical but biopsy-confirmed main right portal vein tumor 
thrombus. He received neoadjuvant chemotherapy with 
capecitabine and concurrent external beam radiotherapy 
of the rectal primary. RL of the right hepatic lobe with 
glass Y-90 spheres and right lobar dose of 206 Gy was 
performed three months after initiation of systemic 
therapy. The patient experienced mild fatigue, trace 
ascites, and slight increase in MELD score. Restaging MRI 
demonstrated necrotic tumor in the parenchyma and the 
portal vein (Figure 3). He received 4 cycles of FOLFOX 
and underwent a low anterior resection one and six weeks 
after RL, respectively. Uncomplicated right hepatectomy 
was performed nine months after RL given the anticipated 
systemic involvement in the setting of tumor thrombus. A 
complete histopathologic response was achieved in the liver 
and portal vein (Figure 4). The patient remains disease-free, 
off treatment, and at baseline performance 18 months from 
diagnosis. 

Case 4

A 63-year-old male presented with descending colon cancer 
and bilateral hepatic lobe masses (2.1–3.6 cm). He received 
neoadjuvant chemotherapy with FOLFOX and bevacizumab. 
Five months after diagnosis, he underwent laparoscopic left 
hemicolectomy and microwave ablation of a hepatic segment 
3 metastasis. He underwent right hepatic lobe RL with resin 
Y-90 spheres and right lobar dose of 50 Gy, the maximum 
dose that could be administered due to vascular stasis, seven 
months after initiation of systemic therapy. RL was well-
tolerated and without clinical toxicity. The patient underwent 
an extended right hepatectomy and segment 2 lesion ablation 
three months after RL. Histopathology demonstrated 
multiple lesions in the hepatectomy specimen with 20% 
necrosis (Figures 5,6). Post-operative course was complicated 
by intra-abdominal abscess requiring drainage, a right pleural 
effusion requiring pigtail placement, deep venous thrombosis, 
and failure to thrive. He died 13 months after diagnosis. 

Results

Acute complications and biochemical response

There were only Grade 1 C-D complications after RL 
(Table 1). There was no significant change in ECOG at  
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Table 1 C-D complications following RL and hepatectomy

RL Hepatectomy 

Patient 1 Grade I Grade III B

Patient 2 Grade I Grade IV B

Patient 3 Grade I None

Patient 4 Grade I Grade III A 

RL, radiation lobectomy.

Table 2 ECOG status 

Pre RL  
ECOG

Post RL ECOG  
at 1 month

Post RL ECOG  
at 3 month

Patient 1 1 1 0

Patient 2 1 1 1

Patient 3 1 1 1

Patient 4 1 1 N/A

ECOG, Eastern Cooperative Oncology Group; RL, radiation 
lobectomy; N/A, not available.

Table 3 Serologic evaluation before and after RL

Serology Patient 1 Patient 2 Patient 3 Patient 4

Pre RL

MELD score 6 6 6 9

ALBI grade A1 A1 A1 A2

Albumin (g/dL) 3.9 4.0 4.0 3.7

Total Bilirubin (mg/dL) 0.2 0.1 0.3 0.4

Creatinine (mg/dL) 0.61 0.8 0.83 0.84

Sodium (mmol/L) 140 141 136 136

INR 1 1 1 1.3

Platelets (thou/cu-mm) 226 275 121 216

CEA (ng/mL) 12.1 0.2 11.7 172

1 month post RL

MELD 6 6 6 N/A*

Total Bilirubin (mg/dL) 0.2 0.2 0.4 0.1

Creatinine (mg/dL) 0.55 0.8 0.77 0.74

Sodium (mmol/L) 138 140 135 139

INR 1.2 1 1 N/A

Platelets (thou/cu-mm) 224 204 108 194

CEA (ng/mL) 3.4 1.2 10.6 142

3 month post RL

MELD 6 7 9 7

Total bilirubin (mg/dL) 0.4 0.3 0.6 0.7

Creatinine (mg/dL) 0.52 0.86 0.85 0.9

Sodium (mmol/L) 140 139 133 135

INR 1 1.1 1.3 1.1

Platelets (thou/cu-mm) 222 206 98 170

CEA (ng/mL) 1.8 1.2 3.1 24

MELD, model for end stage liver disease; ALBI, albumin-bilirubin; 
CEA, carcinoembryonic antigen; INR, international normalized ratio.

1 or 3 months following RL (Table 2). Complete biochemical 
response was noted 3 months post-RL in all patients with 
elevated CEA (Table 3). All four patients tolerated RL well 
without significant hepatic toxicity. The median pre-RL 
MELD score was 6 at 1 month and 7 at 3 months. The pre-RL  
albumin-bilirubin (ALBI) score for patients 1–3 was A1 
while patient 4 had an ALBI score of A2. 

Volumetric response

The median %FLR hypertrophy between baseline and 
3 months post-RL was 32.9% (range, 24.5–119%). The 
median %FLR at the time of surgery was 27% (range,  
24–36.1%) (Table 4). 

Radiologic and pathologic response

Enhancing and non-enhancing lesions were evaluated using 
mRECIST and RECIST, respectively (Table 5). Patient 1  
and 3 had CR per mRECIST. Patient 4 had PR per 
mRECIST. Patient 2 demonstrated SD per RECIST. 

Pathologic findings including tumor response, Y-90 sphere 
distribution, and background liver parenchyma are discussed 
in Table 6. Patients 1 and 3 demonstrated a radiopathologic 

concordant complete response. Patient 2 had radiopathologic 
discordance with a complete response in the targeted lesion, 
but multiple imaging occult satellite lesions. Patient 4 
approached radiopathologic concordance with 20% necrosis 
of lesions. There were differences in sphere distribution 
with glass spheres found singly in more peripheral intra and 
peritumoral vasculature while resin spheres aggregated in the 
central arterial and portal vasculature in large clusters (Figure 6).
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Table 6 Pathology findings

Pathology findings

Patient 1 Complete necrosis of two lesions (5.2 and 2.4 cm). Glass beads predominantly in areas of sclerosis both within and 
surrounding the lesions. Mild parenchymal hemorrhage in the immediate peritumoral liver. Hepatic parenchyma away from 
the lesions with mild steatosis. 

Patient 2 Innumerable metastatic foci ranging from 0.4 to 4.5 cm. The largest lesion was completely necrotic with no viable tumor. 
Glass beads within the necrotic target lesion and throughout the liver including the portal vessels. Hepatic parenchyma 
away from the lesions without fibrosis.

Patient 3 Complete necrosis of two lesions. The portal vein showed luminal sclerosis with occasional glass beads without viable 
tumor. Rare glass beads in gallbladder wall with associated sclerosis and bile infarcts. Hepatic parenchyma away from the 
lesion without fibrosis. 

Patient 4 Five viable lesions ranging in size from 0.5 cm to 2.3 cm with 20% tumor necrosis. Resin beads seen within gallbladder 
vessels and lymph node without associated tissue response. Beads also seen within viable tumor. Clustered beads in 
peritumoral vessels and vessels away from tumor. 

Table 4 %FLR and %FLR hypertrophy before and at follow-up after RL

Pre Y-90 First RL follow-up Second RL follow-up

%FLR %FLR %FLR hypertrophy from baseline %FLR %FLR hypertrophy from baseline 

Patient 1 25.1 35.6 41.8 N/A N/A

Patient 2 13.7 18.7 36.5 30.0 119.0

Patient 3 29.0 30.1 3.4 36.1 24.5

Patient 4 17.0 18.8 10.6 24.0 41.2

RL, radiation lobectomy; FLR, future liver remnant.

Table 5 Tumor response according to RECIST and mRECIST

First RL follow-up* Second RL follow-up*

RECIST mRECIST RECIST mRECIST

Patient 1** PR CR N/A N/A

Patient 2*** SD N/A SD N/A

Patient 3 PR CR CR CR

Patient 4 SD PR SD PR

*, Patients 2 to 4 had first follow-up at one month and second 
follow-up at three months after RL; **, patient 1 had imaging 
follow-up at 2 months, following which she underwent surgery; 
***, there were no enhancing lesions, therefore mRECIST criteria 
could not be applied. RL, radiation lobectomy; SD, stable 
disease; PR, partial response; CR, complete response; PD, 
progressive disease; RECIST, Response Evaluation Criteria in 
Solid Tumors; mRECIST, modified Response Evaluation Criteria 
in Solid Tumors; N/A, not available.

Discussion

While only 20% of patients with ml-CRC are conventional 
surgical candidates, PVE and ALPPS have allowed for 
operative conversion in subjects with inadequate FLR. 
Neoadjuvant RL offers a unique advantage by delivering 
ablative transarterial brachytherapy in addition to 
generating FLR hypertrophy. The majority of patients 
in this series received RL doses greater than 200 Gy, 
higher than prior reported doses of 120-150 Gy in prior 
studies (23-25). Higher hepatic doses and concurrent 
systemic therapy were well-tolerated in these first line 
patients without significant clinical toxicity (grade I C-D 
complications) or hepatic dysfunction. Three out of four 
patients in the current study experienced grade III C-D 
complications after hepatectomy, similar to the 3 out of 
4 patients with grade III C-D complications in another 
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Figure 1 Contrast-enhanced CT of the abdomen in the portal venous phase demonstrating a large heterogeneously enhancing mass in 
the right hepatic lobe (arrow in A) in patient 1 prior to radiation lobectomy. Two months following RL, the lesion is smaller and necrotic 
without evidence of internal enhancement (arrow in B). Note FLR hypertrophy (star) and decreased volume of the right hepatic lobe 
(arrowhead).

Figure 3 Hepatocyte phase contrast enhanced MRI in patient 3 prior to radiation lobectomy (A) showing small metastases in the right 
hepatic lobe (arrow) along with unusual portal tumor thrombus (star). Following RL, the metastases demonstrate necrosis (arrow) while the 
right portal vein has decreased in caliber and no longer enhances (star). There is noticeable hypertrophy of the left hepatic lobe (arrowhead).

Figure 2 Background hepatic parenchyma without significant pathologic alteration, 20× (A). Fibrous pseudocapsule separates the necrotic 
tumor from the background liver, 10× (B). A single glass bead is embedded within the capsule.

A B

A B

A B
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Figure 5 Contrast-enhanced CT of patient 4 demonstrates colorectal metastasis in the right hepatic lobe (arrow in A). Three months 
following radiation lobectomy, the treated mass has decreased in size (arrow in B), but demonstrates tumoral enhancement concerning for 
residual disease.

Figure 4 Fibrous pseudocapsule separates necrotic tumor from the background liver, 10× (A). The portal vein contains fibrous tissue with 
glass beads within acellular mucin pools without viable tumor, 10× (B).

Figure 6 Resin Y-90 beads clustering within a portal vessel in peritumoral liver, 20× (A). A single resin bead is seen within a lymph node 
with no identifiable tissue reaction, 20× (B).

A B

A B

A B
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study (26). Three out of four patients received RL as an 
outpatient treatment. was equivalent or superior to FLR 
hypertrophy after RL was PVE but may be dependent 
on radiation dose (23,24). Patient 1 received the highest 
radiation dose and demonstrated the greatest %FLR 
hypertrophy, while patient 4 received the lowest dose 
and demonstrated the lowest hypertrophy. Patient 3 
demonstrated a slow trajectory of FLR hypertrophy over 
9 months but was ultimately adequate to support surgical 
resection. This may be due to a preexisting compensation 
for the reduced hepatic function in the affected lobe. 

In addition to FLR hypertrophy, ablative transarterial 
brachytherapy is tumoricidal and provides local disease 
control. 100% local disease control was achieved in our 
experience with 50% of patients demonstrating complete 
pathologic response after RL and systemic chemotherapy. 
Patient 3 had the most advanced presentation of ml-
CRC with atypical PVT but demonstrated the best overall 
outcome with a complete pathologic response and longest 
survival which supports the notion of biologic test of 
time in patients with ml-CRC. Two out of four patients 
progressed after resection at 3 months and may have 
benefited from longer surveillance. Unlike PVE, patients in 
this study had a minimal time to resection of 3 months (25).  
This increased observational period may circumvent 
an unnecessary resection should there be FLR disease 
progression that cannot be addressed (7,26). Patient 1 
would have avoided surgical complications if the team had 6 
months data which would have demonstrated FLR disease 
and potentially obviated surgery. Survival outcomes in our 
small series were impacted by management of metastatic 
disease in the FLR, which is why understanding tumor 
biology remains paramount. The ideal post-RL surveillance 
prior to resection needs further investigation and there 
may be benefit from optimizing control of the primary 
tumor to avoid continual metastatic deposition, given the 
histopathologic findings of patient 2. 

Histopathology demonstrated hepatic parenchymal 
hemorrhage in the immediate peritumoral liver with 
associated hepatocyte dropout, hemosiderin-laden 
macrophages but an unexpected paucity of fibrosis in the 
background liver. The lack of hepatic fibrosis may explain 
the lack of hepatic dysfunction or manifestations of portal 
hypertension after RL in our first line cohort who otherwise 
had normal liver substrate. Glass Y-90 spheres were seen 
singly, distributed widely within the target lesion. Resin Y-90 
spheres aggregated in large clusters within the proximal 
vasculature supplying the target lesion and in portal vessels 

away from tumor. Resin spheres were also found within 
hilar lymph nodes but without an associated tissue reaction, 
which suggests absent radioactivity at the time of exposure. 
A comparison between glass Y-90 and resin Y-90 may be 
needed to determine the impact of sphere distribution 
and specific activity on tumor response. There was 
radiopathologic concordance in two out of four patients; 
patient 4 approached radiopathologic concordance, while 
patient 2 demonstrated radiopathologic discordance. 

Challenges to RL include operating in an irradiated field, 
which may present with increased inflammation adjacent to 
the treated parenchyma. However, this challenge has been 
addressed with minor changes in surgical technique (25).

Conclusions

Neoadjuvant RL was well tolerated and provides promising 
disease control with ample FLR hypertrophy. Complications 
were mainly due to intraoperative management of metastatic 
disease in the FLR. RL may have an advantage over PVE 
and ALPPS in the setting of vascular invasion and uncertain 
disease biology. Surgical patient selection of ml-CRC after 
RL requires further study. A 50% CR raises the possibility of 
definitive chemoradiation in poor surgical candidates.
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