
Case Report
Safety of Redo Hepatectomy for Colorectal Liver Metastases after
Selective Interarterial Radiation Therapy: A Case Report

Kyriakos Neofytou,1 Harpreet Wasan,2 and Satvinder Mudan1

1 Royal Marsden Hospital, Department of Academic Surgery, Upper GI/HPB Unit, Fulham Road, London SW3 6JJ, UK
2Oncology, Imperial College Healthcare NHS Trust, Hammersmith Hospital, Du Cane Road, London W12 0HS, UK

Correspondence should be addressed to Kyriakos Neofytou; kneophy2@gmail.com

Received 28 November 2013; Accepted 19 January 2014; Published 4 March 2014

Academic Editors: N. A. Chowdri and H. Kawai

Copyright © 2014 Kyriakos Neofytou et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Surgical resection is the only potentially curative strategy in the treatment of patients with colorectal liver metastases (CLM).
Unfortunately, only about 10%–15%of patients are candidates for resection. Preoperative chemotherapy aims to increase the number
of patients that may be eligible for liver resection by downsizing liver metastases. For patients with unresectable, chemotherapy
refractory CLM the available treatment options are limited. Selective interarterial radiation therapy (SIRT) is one of the most
promising treatment options for this group of patients. Although only a small number of these patients have been reported as
becoming candidates for potentially curative hepatic resection following sufficient reduction in the volume of liver metastases, the
question arises regarding the safety of liver resection in these patients. We report a case of a patient who presented unresectable
liver relapse of CLM after previous right hepatectomy. He underwent SIRT which resulted in downsizing of the liver metastases
making the patient candidate for left lateral sectionectomy. He underwent the redo hepatectomy without any complications. To the
best of our knowledge, this is the first reported case of redo hepatectomy after SIRT for CLM.

1. Introduction

Colorectal cancer (CRC) is the third leading cause of cancer-
related death [1]. The liver is the most common site of
metastatic spread in colorectal cancer (CRC). Approximately
half of patients experience liver metastases during the course
of their disease [2, 3]. Liver metastases from colorectal cancer
are the main cause of morbidity and mortality among this
patient group [4]. Liver resection has been established as the
treatment of choice for these patients, and with the appropri-
ate selection of patients 5-year survival rates approach 35%
to 40% [5, 6]. Instead, the median survival for nonsurgically
treated colorectal metastases ranges from 5.7 to 19 months
and for patients receiving no treatment average survival is just
7.4 months [7, 8].

Despite surgical advances, only 10% to 15% of patients
have resectable liver disease at presentation [9, 10]. Preop-
erative chemotherapy has been introduced to increase the
number of patients that may be eligible for liver resec-
tion by downsizing liver metastases [11]. Unfortunately, a
large proportion of patients with unresectable CLM will

experience disease progression during the course of neoadju-
vant chemotherapy. For these patients, the available treatment
options are limited.

Radioembolization (RE) or Selective interarterial radia-
tion therapy (SIRT) is emerging as an important and useful
locoregional treatment option in patients with unresectable,
chemotherapy refractory CLM [12, 13]. It has also been used
simultaneously with chemotherapy. In such a case the use of
RE aims to enhance treatment-related response and prolong
interval to disease progression compared with chemotherapy
alone [14, 15]. A recentmeta-analysis of this treatmentmodal-
ity as a treatment option for patients with CLMwho had pro-
gressed disease despite treatment with “first line” chemother-
apy showed promising results, with a high response rate of
approximately 80% of these patients [16].

Potentially curative hepatic resection following sufficient
reduction in the volume of liver metastases by RE has been
described but has only been possible in a minority of
colorectal metastases cases. So far, fewer than ten cases of
liver resection after RE for CLM have been reported [17–
21]. Consequently, our knowledge of how the RE affects
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(a) (b)
Figure 1: Synchronous livermetastases within right lobe of the liver. (a) Two lesions in segment VIImeasuring 43mmand 14mm in diameter.
(b) A lesion close to the surface of segment V measuring 16mm in diameter.

the postoperative complications and especially the function
of future liver remnant is very limited. On the other hand,
as an increasing number of patients undergo RE more and
more patients will present sufficient reduction in the volume
of their liver metastases and will be candidates for potentially
curative hepatic resection.

We report the first case of redo hepatectomy after RE for
CLM.

2. Case Report

Our patient, a 63-year-old man, was initially diagnosed with
an adenocarcinoma of the sigmoid colon 4 years ago. His
staging CT scan showed the presence of unilobar synchro-
nous liver metastases but no evidence of extrahepatic disease.
The subsequent MRI scan showed 3 metastases within the
right lobe of the liver. Two lesions were in segment VII
measuring 43mm and 14mm in diameter. A further lesion
measuring 16mm in diameter was demonstrated close to the
surface of segment V (Figure 1).

The patient underwent laparoscopic sigmoid colectomy
because of tumor bleeding. After the operation, he was
given 4 cycles ofOxaliplatin/Capecitabine chemotherapy.The
restaging MRI scan at the end of this period demonstrated
disease progression (the liver metastases demonstrated an
interval increase in size with the bigger one measuring
56mm, but no new lesions were demonstrated). Because of
the disease progression, he received second line chemother-
apy consisting of FOLFIRI (6 cycles) with stable disease at
the end of this treatment according to response evaluation
criteria in solid tumors (RECIST). He underwent a right
hepatectomy and 6 further cycles of FOLFIRI. After the
6th postoperative cycle of chemotherapy with FOLFIRI, the
patient had an MRI scan which showed recurrent disease
in the liver, with 5 new metastases (Figure 2). Two of these
were in close proximity to the left hepatic vein, and as a
consequence the liver resection was excluded as a treatment
option.

TheMDT recommendation was for yttrium-90 radioem-
bolization of the liver remnant. Pretreatment diagnostic
angiography was normal without variants of arterial liver
blood supply. During this procedure, the gastroduodenal

artery and the right gastric artery were embolized to prevent
90Y-microspheres from being distributed to visceral organs
other than the liver. Subsequently, a scintigraphy using
macroaggregates of technetium-99m labeled human serum
albumin (MAA) revealed a hepatic pulmonary shunt 6.6%.
As the hepatic pulmonary shunt was <10%, the patient
received the full dose of 90Y-microspheres which was calcu-
lated by the BSA Method (1.1 GBq). 90Y-microspheres were
administrated to the whole liver remnant through the left
hepatic artery.The patient tolerated the procedure fairly well,
without major adverse side effects. Two months after RE,
restaging shows normalization of CEA and good response in
the liver with reduced size of the lesions within segments IVa
and II.

The patient received 6 cycles of low-dose irinotecan over
the following 6months.ThePET scan at the end of this period
was negative for liver metastatic disease. One year later, an
MRI scan and a PET scan showed disease relapse within liver.
The disease relapse consisted of a lesion measuring 5.7 cm in
maximum dimension involving segments II and III. Segment
IV was free of metastases and hypertrophic (Figure 3). The
imaging results suggested that we should be able to achieve a
resection of liver disease by a left lateral sectionectomy.

Despite our reservations regarding the possibly impaired
liver regeneration and function after the hepatectomy, as a
consequence of the previously multiple cycles of chemother-
apy and especially as a consequence of the previously per-
formed radioembolization of the whole remnant liver, we
decided to proceed to the redo hepatectomy.

We proceeded with the left lateral sectionectomy. The
postoperative course of the patient was unremarkable, and he
was discharged on the 6th postoperative day. The postopera-
tive values of bilirubin, albumin, INR, and LFTs were within
normal limits.

3. Discussion

Radioembolization like all arterially directed liver thera-
pies (intra-arterial hepatic chemotherapy [22], transarterial
embolization [23], and transarterial chemoembolisation
[24]) is based on an insight originating in the 1940’s that in
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Figure 2: Recurrent unresectable liver metastases following right hepatectomy. Five new liver metastases (white arrows) in the remnant liver
(Seg II, III, and IV).

Figure 3: Solitary CRLM following selective interarterial radiation therapy (SIRT).

contrast to the normal liver parenchyma, which mainly relies
on the portal vein, intrahepatic malignancies (primary and
metastatic), takes its blood supply mainly from the arterial
blood supply [25]. Radioembolization or SIRT (selective
internal radiation therapy) is a form of arterially delivered
brachytherapy aiming to target multiple sites of disease
within the liver [26]. Radiation is delivered by radioactive iso-
topes labeled in microspheres that are injected into the arter-
ies that feed the tumors through a transfemoral catheter.This
catheter is advanced under fluoroscopic guidance into the
hepatic artery branches that supply the metastatic tumours
[27]. Radioembolization uses yttrium-90 (90Y), which is per-
manently bound to biocompatible, nonbiodegradable micro-
spheres. These microspheres can be either glass or resin.
Yttrium-90 is a pure-b emitter with a half-life of 2.67 days

(64.2 h) which decays to stable zirconium-90. The micro-
spheres preferentially lodge in the neovascular rim of the
tumour(s) and deliver tumouricidal doses of radiation [28].
The minimal cellular inflammatory response within the
tumors after the radioembolization indicates that the main
mechanism of action of RE is the direct radiation injury of
cancer cells which is a nonimmune mediated process [29].

It has been long established knowledge that the liver is
very sensitive to external radiation therapy and patients may
develop radiation-induced liver disease (RILD), months after
an overdose of radiation [30, 31]. The symptoms of RILD
comprise ascites, hepatomegaly, and elevated liver func-
tion tests [32]. Histopathologically, RILD is characterized by
venoocclusive disease with congestion of the central veins
and sinusoids [31–33].
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In contrast to the external radiation which affects the
whole or a big proportion of the liver, the mean tissue
penetration of b-radiation which is emitted by yttrium-90 is
2.5mm with a maximum range of 11mm [28]. This fact, in
combination with the observation that microspheres after RE
are mainly identified in the vascular tumour bed, proposes
that RE is much safer than external radiation regarding the
radiation-induced normal liver parenchyma damage. How-
ever, the REdoes not leave the normal liver parenchymaunaf-
fected. Sangro et al. analyzed liver damage occurring after
RE among 45 patients without previous chronic liver disease.
20% of these patients developed jaundice and ascites, which
as mentioned above constitute characteristics of radiation-
induced liver disease [34]. The liver biopsy of 2 of these
patients showed hepatic venoocclusive disease. This new
entity was namedREILD (RE-induced liver disease) [34].The
harmful action of brachytherapy at normal liver parenchyma
is also deduced from other publications which show that a
significant percentage of patients who have undergone a RE
show, even temporarily, disruption of liver function [20, 35].

The main risk factor for REILD is the prior to RE admin-
istration of chemotherapy, which in the case of patients
with colorectal liver metastases who have undergone RE is a
common component [34]. On the other hand, venoocclusive
disease (VOD) is a fairly common adverse side effect of
oxaliplatin-based combination chemotherapy one of themost
frequently used regimens in patients with CLM [36].

Drawing on the above data together we can easily assume
that patients who will undergo hepatectomy for CLM after
multiple cycles of chemotherapy and RE are at increased risk
of complications and especially at increased risk for develop-
ing liver failure if subjected to major hepatectomy.These data
must always be taken into account before the decision of liver
resection in patients with CLM who underwent RE. These
data are even more important in the context of the above-
described case as the decision to redo hepatectomy would
equate with the decision that the future liver remnant would
be only segments I and IV. Even apart from the RE, the danger
of OVD was high enough as our patient had also received 18
cycles of oxaliplatin-based combination chemotherapy.

Our decision to proceed to redo hepatectomy was based
mainly on (1) the excellent general condition of the patient
(PS-0), (2) the presence of hypertrophic segment IV which
provided sufficient volume of future liver remnant, (3) the
absence of data arguing for significant damage of liver after
RE (the procedure was well tolerated without adverse side
effects and without evidence of impaired liver function
(normal bilirubin, albumin, and INR levels)), and (4) the
biological behavior of the diseasewhich although initiallywas
chemotherapy refractory, displayed good response to RE, and
therefore the patient has had 18 months of benefit.

4. Conclusion

As more and more patients with unresectable, chemotherapy
refractory CLM undergo RE, more and more patients will
present sufficient reduction in the volume of their liver meta-
stases and will be candidates for potentially curative hepatic

resection. Although the existing data are not sufficient, they
are enough to let us assume that many of these few patients
will have OVD of their liver, putting them on a high risk for
postoperative complications and liver failure (if they undergo
major liver hepatectomy). The above reported case demon-
strates that the proper selection of patients for hepatectomy
after RE makes the operation safe even in cases of redo
hepatectomies.

Conflict of Interests

KyriakosNeofytou and coauthors have no conflict of interests
regarding the publication of this paper.

References

[1] S. Bipat, M. S. van Leeuwen, J. N.M. Ijzermans et al., “Evidence-
based guideline onmanagement of colorectal livermetastases in
the Netherlands,”Netherlands Journal of Medicine, vol. 65, no. 1,
pp. 5–14, 2007.

[2] J. Faivre, S. Manfredi, and A. M. Bouvier, “Epidemiology of
colorectal cancer livermetastases,”Bulletin de L’AcademieNatio-
nale de Medecine, vol. 187, pp. 815–813, 2003 (French).

[3] J. G. Geoghegan and J. Scheele, “Treatment of colorectal liver
metastases,” British Journal of Surgery, vol. 86, no. 2, pp. 158–
169, 1999.

[4] D. C. McMillan and C. S. McArdle, “Epidemiology of colorectal
liver metastases,” Surgical Oncology, vol. 16, no. 1, pp. 3–5, 2007.

[5] M. A. Choti, J. V. Sitzmann, M. F. Tiburi et al., “Trends in long-
term survival following liver resection for hepatic colorectal
metastases,”Annals of Surgery, vol. 235, no. 6, pp. 759–766, 2002.

[6] Y. Fong, A. M. Cohen, J. G. Fortner et al., “Liver resection for
colorectal metastases,” Journal of Clinical Oncology, vol. 15, no.
3, pp. 938–946, 1997.

[7] R. Stangl, A. Altendorf-Hofmann, R. M. Charnley, and J.
Scheele, “Factors influencing the natural history of colorectal
liver metastases,” The Lancet, vol. 343, no. 8910, pp. 1405–1410,
1994.

[8] J. M. McLoughlin, E. H. Jensen, and M. Malafa, “Resection
of colorectal liver metastases: current perspectives,” Cancer
Control, vol. 13, no. 1, pp. 32–41, 2006.

[9] R. Adam, “Chemotherapy and surgery: new perspectives on the
treatment of unresectable liver metastases,”Annals of Oncology,
vol. 14, no. 2, pp. ii13–ii16, 2003.

[10] E. Vibert, L. Canedo, and R. Adam, “Strategies to treat primary
unresectable colorectal liver metastases,” Seminars in Oncology,
vol. 32, no. 8, pp. S33–S39, 2005.

[11] B. Nordlinger, E. Van Cutsem, P. Rougier et al., “Does chemo-
therapy prior to liver resection increase the potential for cure in
patients with metastatic colorectal cancer? A report from the
European Colorectal Metastases Treatment Group,” European
Journal of Cancer, vol. 43, no. 14, pp. 2037–2045, 2007.

[12] A. S. Kennedy, D. Coldwell, C. Nutting et al., “Resin90Y-micro-
sphere brachytherapy for unresectable colorectal liver meta-
stases: modern USA experience,” International Journal of Radi-
ation Oncology Biology Physics, vol. 65, no. 2, pp. 412–425, 2006.

[13] T. F. Jakobs, R.-T. Hoffmann, K. Dehm et al., “Hepatic yttrium-
90 radioembolization of chemotherapy-refractory colorectal
cancer liver metastases,” Journal of Vascular and Interventional
Radiology, vol. 19, no. 8, pp. 1187–1195, 2008.



Case Reports in Surgery 5

[14] B. Gray, G. VanHazel, M. Hope et al., “Randomised trial of SIR-
Spheres plus chemotherapy vs. chemotherapy alone for treating
patients with liver metastases from primary large bowel cancer,”
Annals of Oncology, vol. 12, no. 12, pp. 1711–1720, 2001.

[15] G. Van Hazel, A. Blackwell, J. Anderson et al., “Randomised
phase 2 trial of SIR-spheres plus fluorouracil/leucovorin
chemotherapy versus fluorouracil/leucovorin chemotherapy
alone in advanced colorectal cancer,” Journal of Surgical Oncol-
ogy, vol. 88, no. 2, pp. 78–85, 2004.

[16] M.A.D.Vente,M.Wondergem, I. van derTweel et al., “Yttrium-
90 microsphere radioembolization for the treatment of liver
malignancies: a structured meta-analysis,” European Radiology,
vol. 19, no. 4, pp. 951–959, 2009.

[17] R.Whitney, C. Tatum,M.Hahl et al., “Safety of hepatic resection
in metastatic disease to the liver after yttrium-90 therapy,”
Journal of Surgical Research, vol. 166, no. 2, pp. 236–240, 2011.

[18] M. Hadaki, R. Praseedom, R. Brais, T. C. See, K. Balan, and C.
B. Wilson, “Selective internal radiation therapy with 90Y-SIR-
Spheres microspheres for non-resectable colorectal metastases
in the liver,” BMJ Case Reports, 2011.

[19] S. Pini, C. Pinto, B. Angelelli et al., “Multimodal sequential
approach in colorectal cancer livermetastases: hepatic resection
after yttrium-90 selective internal radiation therapy and cetux-
imab rescue treatment,” Tumori, vol. 96, no. 1, pp. 157–159, 2010.

[20] M. Cosimelli, R. Golfieri, P. P. Cagol et al., “Multi-centre phase
II clinical trial of yttrium-90 resin microspheres alone in unre-
sectable, chemotherapy refractory colorectal liver metastases,”
British Journal of Cancer, vol. 103, no. 3, pp. 324–331, 2010.

[21] R. A. Sharma, G. A. Van Hazel, B. Morgan et al., “Radioem-
bolization of liver metastases from colorectal cancer using
Yttrium-90 microspheres with concomitant systemic oxali-
platin, fluorouracil, and leucovorin chemotherapy,” Journal of
Clinical Oncology, vol. 25, no. 9, pp. 1099–1106, 2007.

[22] M. J. Brennan, R. W. Talley, E. H. Drake, V. K. Vaitkevicius,
A. K. Poznanski, and B. E. Brush, “5-fluorouracil treatment of
liver metastases by continuous hepatic artery infusion via cour-
nand catheter: results and suitability for intensive postsurgical
adjuvant chemotherapy,” Annals of Surgery, vol. 158, pp. 405–
419, 1963.

[23] D. Doyon, A. Mouzon, and A. M. Jourde, “Hepatic arterial
embolization in patients with malignant liver tumors,” Annales
de Radiologie, vol. 17, no. 6, pp. 593–603, 1974.

[24] K.Nakakuma, S. Tashiro, andT.Hiraoka, “Studies on anticancer
treatment with an oily anticancer drug injected into the ligated
feeding hepatic artery for liver cancer,” Cancer, vol. 52, no. 12,
pp. 2193–2200, 1983.

[25] “The blood supply of newly developed epithelial tissue in the
liver,” The Journal of Pathology and Bacteriology, vol. 45, pp.
405–414, 1937.

[26] N. H. Nicolay, D. P. Berry, and R. A. Sharma, “Liver metastases
from colorectal cancer: radioembolization with systemic ther-
apy,” Nature Reviews Clinical Oncology, vol. 6, no. 12, pp. 687–
697, 2009.

[27] R.Murthy, R.Nunez, J. Szklaruk et al., “Yttrium-90microsphere
therapy for hepatic malignancy: devices, indications, technical
considerations, and potential complications,” Radiographics,
vol. 25, supplement 1, pp. S41–S55, 2005.

[28] A. S. Kennedy, C. Nutting, D. Coldwell, J. Gaiser, and C. Dra-
chenberg, “Pathologic response and microdosimetry of90Y
microspheres in man: review of four explanted whole livers,”
International Journal of Radiation Oncology Biology Physics, vol.
60, no. 5, pp. 1552–1563, 2004.

[29] L. M.Wang, A. R. Jani, E. J. Hill, and R. A. Sharma, “Anatomical
basis and histopathological changes resulting from selective
internal radiotherapy for livermetastases,” Journal of Clinical
Pathology, vol. 66, no. 3, pp. 205–211, 2013.

[30] G. B. Reed Jr. and A. J. Cox Jr., “The human liver after radiation
injury. A form of veno-occlusive disease,” American Journal of
Pathology, vol. 48, no. 4, pp. 597–611, 1966.

[31] T. S. Lawrence, J. M. Robertson,M. S. Anscher, R. L. Jirtle,W. D.
Ensminger et al., “Hepatic toxicity resulting from cancer treat-
ment,” International Journal of Radiation Oncology, Biology,
Physics, vol. 31, pp. 1237–1248, 1995.

[32] C.Guha andB.D.Kavanagh, “Hepatic radiation toxicity: avoid-
ance and amelioration,” Seminars in Radiation Oncology, vol. 21,
no. 4, pp. 256–263, 2011.

[33] E. B. V. Da Silveira, L. Jeffers, and E. R. Schiff, “Diagnostic
laparoscopy in radiation-induced liver disease,”Gastrointestinal
Endoscopy, vol. 55, no. 3, pp. 432–434, 2002.

[34] B. Sangro, B. Gil-Alzugaray, J. Rodriguez et al., “Liver disease
induced by radioembolization of liver tumors: description and
possible risk factors,”Cancer, vol. 112, no. 7, pp. 1538–1546, 2008.

[35] M. L. Smits, A. F. van den Hoven, C. E. Rosenbaum et al., “Clin-
ical and laboratory toxicity after intra-arterial radioemboliza-
tion with (90)y-microspheres for unresectableliver metastases,”
PLoS ONE, vol. 8, no. 7, Article ID e69448, 2013.

[36] L. Rubbia-Brandt, V. Audard, P. Sartoretti et al., “Severe hep-
atic sinusoidal obstruction associated with oxaliplatin-based
chemotherapy in patients with metastatic colorectal cancer,”
Annals of Oncology, vol. 15, no. 3, pp. 460–466, 2004.


