Online Submissions: wjg.wjgnet.com
wjg@wijgnet.com
doi:10.3748/wjg.15.6091

World ] Gastroenterol 2009 December 28; 15(48): 6091-6095
World Journal of Gastroenterology ISSN 1007-9327
© 2009 The WJG Press and Baishideng. All rights reserved.

BRIEF ARTICLE

Stereotactic body radiotherapy for isolated paraaortic
lymph node recurrence from colorectal cancer

Mi-Sook Kim, Chul Koo Cho, Kwang Mo Yang, Dong Han Lee, Sun Mi Moon, Young Joo Shin

Mi-Sook Kim, Chul Koo Cho, Kwang Mo Yang, Dong Han
Lee, Sun Mi Moon, Young Joo Shin, Department of Radiation
Oncology and Surgery, Korea Institute of Radiological &
Medical Sciences, 215-4 Gongneung-dong, Nowon-gu, Seoul
139-706, South Korea

Author contributions: Kim MS and Shin YJ wrote the
manuscript; Kim MS, Cho CK, Yang KM, Lee DH and Moon
SM took part in management of the treatment and provided the
clinical data; all the authors discussed the patient’s outcomes
and commented on the manuscript.

Supported by The National Nuclear Research and Development
Program of the Ministry of Education, Science and Technology,
South Korea

Correspondence to: Mi-Sook Kim, MD, PhD, Department of
Radiation Oncology, Korea Cancer Center Hospital, Korea Institute
of Radiological and Medical Sciences, 215-4 Gongneung-dong,
Nowon-gu, Seoul 139-706, South Korea. mskim@kcch.re.kr
Telephone: +82-2-9701264 Fax: +82-2-9702412

Received: June 17,2009 Revised: August 24, 2009
Accepted: August 31, 2009

Published online: December 28, 2009

Abstract

AIM: To evaluate the efficacy and complications of
stereotactic body radiotherapy in localized paraaortic
lymph node recurrence from colorectal cancer.

METHODS: From 2003 to 2009, 7 patients with
paraaortic lymph node recurrence (1-3 lesions) from
colorectal cancer were treated with stereotactic body
radiotherapy. Total gross tumor volumes ranged from 4
to 40 mL. The doses were escalated from 36 Gy/patient
to 51 Gy/patient and were delivered in 3 fractions.

RESULTS: One and 3 year overall survival rates were
100% and 71.4%, respectively, and median survival was
37 mo. Grade IV intestinal obstruction was reported in 1
of 7 patients. This patient received 48 Gy in 3 fractions
with @ maximum point dose to the intestine of 53 Gy and
Vasey = 3.6 mL. However, 6 patients received an intestinal
maximum point dose of < 51 Gy and Vasey of < 1 mL,
and did not develop any severe complications.

CONCLUSION: This pilot study suggests selected
paraaortic lymph node recurrence (1-3 closed lesions)
that failed to respond to chemotherapy can be
potentially salvaged by stereotactic body radiotherapy.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Metastatic hepatic and pulmonary lesions from colotrectal
cancer (CRC) are commonly resected, and if tumorectomy
for liver and lung recurrence from CRC is performed
successfully, about 20% of patents are expected to achieve
a long-term cure. On the other hand, isolated paraaortic
lymph node (PALN) recurrences are rarely encountered
from CRC. Moreover, surgical treatment in these cases is
not widely accepted even when lesions are localized, due to
their relative rarity, high postoperative morbidity, and poor
prognosis. However, if such patients are left untreated, the
survival rates are 31% at 1 yeat, 7.9% at 2 years, and 0.9%
at 4 years'™”. Therefore, this patient subset is considered for
various chemotherapy regimens. However, despite optimal
treatment and initial response, overall survival approaches
only 20 mo". Furthermore, radiotherapy usually provides
only temporary symptom relief in most cases.

On the other hand, stereotactic body radiotherapy
(SBRT) is an emerging technology in the radiation oncology
field. This technique utilizes stereotactic principles for
localization and delivers multiple beams to well defined
tatrgets in a few fractions, and therefore, SBRT can deliver
higher doses to tumors due to reduced mechanical error
margins, and thus, causes less normal tissue damage. To our
knowledge, no previous report has described the role of
radiation, including conventional RT, intensity-modulated
RT, and SBRT, for PALN recurrence from CRC, although
several reports have been issued on the treatment of cervical
cancer with isolated PALN recurrence, which responds well
to both chemo- and radiation therapy'*?. Therefore, the aim
of this study was to evaluate the feasibility and efficacy and
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the complications associated with SBRT in patients with
isolated PALN recurrence from CRC.

MATERIALS AND METHODS

Patients

From May 2003 to March 2009, we reviewed retrospectively
7 patients with isolated PALN recurrence from rectal cancer
after curative resection who were treated with SBRT using a
CyberKnife (Accuray Inc., Sunnyvale, CA). Isolated PALN
recurrence was initially detected by computed tomography
(CT) or by an clevated serum carcinoembryonic antigen
(CEA) level during a routine check-up, and was confirmed
by elevated standardized uptake values of paraaortic lesions
by positron emission tomogtraphy (PET) or PET/CT.
According to our hospital’s protocol, patient eligibility
criteria for curative SBRT for paraaortic lymph node
recurrence from CRC were as follows: (1) resection of
CRC after diagnosis; (2) PALN recurrence after primary
cancer resection; (3) progression after chemotherapy for
recurrence; (4) a single conglomerate recurrent node or 2-3
recurrent nodes in close proximity (< 1 cm); (5) a greatest
tumor diameter of < 8 cm; and (6) an Eastern Cooperative
Oncology Group (ECOG) performance score of 1 or 2.
Exclusion criteria were as follows: (1) a tumor attached to
the stomach or intestine by CT; (2) extra-lymphatic active
lesion by CT or PET/CT; (3) more than three separate
lymph nodes affected (4) time from primary operation to
recurrence of < 6 mo; or (5) previous radiation therapy
applied to the treatment site. Patients’ characteristics are
summarized in Table 1. Ages ranged from 47 to 73 years
(median 59 years) and the male:female ratio was 5:2.
All patients underwent primary tumor resection. Liver
resection was also performed in 2 patients with liver
metastasis. Adjuvant chemotherapy was performed in
all patients. Initial pathologic stages were stage II in 2,
stage Il in 3, and stage IV in 2. Pathologic diagnoses were
adenocarcinoma in all 7. Times between operation and first
relapse ranged from 7 to 44 mo (median 21 mo). Three
patients had a conglomerated LN and the other four had 2
or 3 separate enlarged lymph nodes on a paraaortic lesion.
Greatest tumor diameters and heights were calculated using
measurements taken from CT scans during planning, and
are itemized in Table 1. Total gross tumor volumes (GTV)
ranged from 4 to 40 mL (median 22 ml). After recurrence
had been detected, all patients received chemotherapy
based on 5-FU before SBRT. Chemotherapy regimens
were variable because of the different initial adjuvant
chemotherapy regimens used. All 7 patients demonstrated
disease progression despite chemotherapy, and thus,
were defined as non-responders. After performing
SBRT, patients were followed up every 2 or 3 mo. When
recurrence was detected after SBRT, salvage or palliative
treatment was performed according to the status of
recurrence. All patients provided written informed consent
for SBRT. This study was approved by Institutional Review
Board-approved protocol for SBRT at the Korea Institute
of Radiological and Medical Sciences (KIRAMS).

SBRT technique

In accord with our hospital protocol, gold fiducials

(4 mm long and 0.8 mm in diameter) were used as
markers for tumor localization. Six fiducials were placed
percutaneously on transverse processes of the spine
located nearest tumors using an 18 gauge spinal needle
under fluoroscopic guidance. Patients were immobilized
using an Alpha Cradle (Smithers Medical products,
North Canton, OH) 5-7 d after fiducial placement.
Panning CT scans were performed with patients in the
planned treatment position, and these images were then
processed for the CyberKnife planning system. GTV were
determined based on CT tumor visualizations. To better
delineate tumor volumes, PET/CT images wete used as a
reference. Clinical target volumes (CTV) were considered
to be identical to GTV. Planning target volumes (PTV)
were CTV plus a 2-3 mm margin. Radiation doses were
prescribed to the 76%-83% isodose line of the maximum
dose covering the PTV (Table 1). Critical structures,
such as the esophagus and spinal cord, were contoured.
Treatment plans involved the use of hundreds of pencil
beams shaped using a single 20, 25, or 30 mm diameter
circular collimator. The method used to increase SBRT
dose is described in detail in our previous reportm. Briefly,
the protocol adopted was follows; if at least 5 patients
who received SBRT due to PALN from variable primary
tumors (cervical cancer, CRC, or gastric cancer) did not
develop Grade IV or V complications for 3-4 mo after
radiation was administered, escalations of 1 Gy/fraction
(to a total increase of 3 Gy/fraction) were administered
for the next cohort. According to this protocol, total
SBRT doses ranged from 36 to 51 Gy (median 48 Gy),
and were delivered in 3 fractions. Maximum point dose
limits were applied for critical organs, i.e. 18 Gy for the
spinal cord and 24 Gy for the esophagus. No constraints
were applied to limit intestinal or colon exposure. Table 1
summatizes SBRT dosage details.

Survival and complications

Overall survival was calculated from the commencement of
SBRT using the Kaplan-Meier method. Disease progression
free survival was also measured from the commencement
of SBRT to the date of local progression, distant metastasis,
or both. All statistical calculations were performed using
SPSS, version 13.0 (SPSS, Inc., Chicago, IL).

Tumor response during follow up was assessed using
Response Evaluation and Criteria for Solid Tumors
(RECIST)". Local progression was defined as an increase
in tumor size vs the previous CT image or the development
of a new lesion in the radiation field. Regional failure was
defined as the development of a new lesion in the PALN
region.

Acute and late toxicities were defined as symptoms that
developed within or after 3 mo of treatment completion,
respectively. Toxicities were graded using the National
Cancer Institute Common Toxicity Criteria version 3.0,
To identify factors related to complications, total CTV,
intestinal maximum point dose (Dmax) and intestinal volume
administered = 45 Gy (Vas) were calculated retrospectively
(Table 1). Total CTV was defined as sum of the CTV of
affected lymph node as determined by the CyberKnife
planning system. Vpre was defined as the total volume

administered the prescribed dose or more.

www.wjgnet.com



Kim MS et a/. SBRT and PALN recurrence

6093

Patient Age (yr)/ Latent time GTV Dose Prescribed Dmax of V45 Failure pattern F/U Final status
No. Sex (mo) (mL) (Gy) isodose (%) intestine (Gy) (mL) (mo)
1 63/M 9 20 36 83 33 0 Lt SCLN (23) 70 AWD
Lung (32)
2 64/F 44 4 41 82 38 0 - 37 Died due to lymphoma
8] 52/F 29 24 45 78 48 0.2 Spine (26) 41 DOD
4 59/M 21 22 48 80 51 0.7 Lung (7) 22 DOD
5 56/M 10 9 48 80 40 0 PALN(9) 21 AWD
6 47/M 18 40 48 76 53 3.6 Rectum (7) 25 DOD
Lt SCLN (7)
Peritoneal seeding (25)
Local recur (13)
7 73/M 7 29 51 78 50 0.9 - 26 CDF

GTV: Gross tumor volume; AWD: Alive with disease; CDF: Continuously disease-free; DOD: Died of disease; Latent time: Disease free interval from

operation to first relapse; F/U: Follow-up from commencement of SBRT to last follow-up or death; Lt SCLN: Left supraclavicular lymph node; Dmax:

Maximum point dose of intestine; V45: Intestinal volume receiving 45 Gy or more; Vpre: Total volume receiving the prescribed dose or more; Parenthesis (mo)

means the period from SBRT to detection of complication.

RESULTS

Follow up durations ranged from 15 to 70 mo (median;
26 mo). Final outcomes wete as follows: 1 patient remained
alive without evidence of disease; 2 patients remained
alive with disease; 3 patients died of disease; and 1 patient
died of an unrelated disease without recurrence (Table 1).
During follow-up, 3 patients achieved a complete response
and 4 patients achieved a partial response (Figure 1).
One- and 3-year overall survival rates were 100% and 71.4%,
respectively, and median survival was 37 mo. Local recurrence
was observed at 13 mo after SBRT in patient No 6 (Table 1).
Regional recurrence in the PALN region was obsetved in
patient No. 5. However, 4 patients experienced distant failure
with/without primary rectal recurrence (Table 1).

Grade I acute toxicity (nausea and vomiting) occurred
in 2 patients at first date of SBRT, and these resolved
spontaneously without medication. Grade 4 toxicity
occurred in 1 patient (patient No. 6; Table 1). This patient
had one conglomerated lymph node and another lymph
node and had received 48 Gy in 3 fractions. Abdominal
pain developed at 4 mo post-SBRT, and at 5 mo an
obstruction was observed during a colon study. He
underwent bypass surgery and recovered completely. A
photograph of the excised obstructive lesion is shown
in Figure 2. This patient had a larger CTV than CTV of
the other patients. In this patient, the maximum point
intestine dose was 53 Gy and Viscy was 3.6 mL. No late
complications occurred in any patients.

Figure 1 Computed tomography (CT) images
obtained in a patient with paraaortic lymph
node recurrence before (A) and 2 mo after (B)
stereotactic body radiotherapy (SBRT).

DISCUSSION

The management of patients with locally recurrent rectal
cancer is challenging. For technically resectable recurrent
rumors, complete resection can be achieved by limited
surgery and outcomes are relatively favorable. Vassilopoulos
et al'" and Pihl et al'" reported 5-year survival rates of
49% and 42%, respectively, after resection for anastomotic
recurrence. However, the treatment of isolated PALN
recurrence from CRC is not well established. Recently, Min
et al"” categorized PALN recurrence as a retroperitoneal
recurrence, which is a type of locoregional recurrence.
Furthermore, several studies’”'® have investigated the
therapeutic efficacies of surgery for retroperitoneal,
intraabdominal, and PALN recurrences, and several
reported outstanding survival rates, which appear to have
resulted from the selection of patients with a resectable
mass at time of recurrence. In these studies, reported
5-year survival rates approached a maximum of 56%
after complete resection, whereas they ranged from 0% to
7% after incomplete resection (Table 2). Because radical
surgery is rarely feasible for PALN recurrence, traditionally,
those affected have been considered for chemotherapy.
However, despite optimal treatment and the achievement
of initial response, patients invariably become non-
responsive and achieve overall survivals approaching
20 mo. On the other hand, conventional radiotherapy has
played a limited palliative role in the treatment of recurrent
CRC involving locoregional recurrence, especially PALN
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Table 2 Comparison of survival for recurrence from CRC treated by surgery or other treatment method

Study Failure site Treatment n Median survival (mo) Survival rate (yr)
Gwin et al™, 1993 Non-hepatic intra-abdominal RO' 15 25.5 60 (2), 0 (3)
R1? 6 8 34 (2), 34 (3)
R2? 7 35 15 (2)
Shibata et al™, 2002 Retroperitoneum RO 15 81 56 (5)
R1 5 29 0 (5)
R2 4 3 0 (5)
Bowne et al™, 2005 Retroperitoneum RO 8 44 NA
R1 8
Min et al"®, 2008 PALN RO 6 34 80 (3), 0 (5)
Chemotherapy* 33 12 18 (3), 7 (5)
Present study PALN SBRT 7 41 714 (3)

!Curative resection; “Marginal resection; *Incomplete, bypass or colostomy; ‘Resection is not planned. CRC: Colorectal cancer; PALN: Paraaortic lymph
node; SBRT: Stereotactic body radiotherapy; NA: Not assessed.

Figure 2 A case with complications. A: Isodose distribution and target coverage with SBRT to a dose of 48 Gy in 3 fractions prescribed to planning target volume; B: Small
bowel series 5 mo after SBRT. Near total obstruction (arrows) in left side of abdomen; C: Computed tomography at 4 mo after SBRT. Wall thickening of proximal jejunal loop
was observed; D: 2.5 cm x 1.5 cm ulceration & stricture lesion (arrow) in operation specimen. Eventually, he underwent bypass surgery and recovered completely.

recurrence. The proximities of involved lymph nodes and
critical organs, such as the spinal cord, intestine, and colon,
often prevent the delivery of sufficient radiation to achieve
local control when conventional radiation modalities are
used. However, SBRT can deliver higher doses to tumor
and cause less tissue damage. Furthermore, it can have
three times the biological effect of fractionated radiation
therapy. However, the SBRT field is usually directed at the
tumor burden, and thus, the prophylactic effect of SBRT
in peritumoral regions is limited which in turn means the
incidence of regional failure after SBRT seems higher than
that after conventional radiation therapy. Fortunately, in the
present study, only 1 regional failure pattern was observed.

At our institute, SBRT has been utilized for isolated
PALN from gastric or cervical cancer, and 3-year survival

rates of 43%!"” and 63%"" have been achieved, respectively.
In addition, an excellent 3-year overall survival rate of
71.4% was achieved in the present study. Accordingly, the
findings of studies on PALN recurrence from variable
primary cancers treated by SBRT appear to support our
hypothesis that a subset of isolated PALN recurrence cases
exist that are likely to pursue an indolent disease course and
be salvaged by adjustable treatments.

Theoretically, rectal cancer is classified as a slow-growing
tumor that is likely to respond better to hypofractionation.
However, no recommended optimal doses, fraction
numbers, or planning constraints for SBRT of PALN
recurrence are available in the literature. SBRT doses and
fractions for PALN recurrence from variable tumors were
started at our hospital from 33 Gy in 3 fractions. In the
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present study, converted 58 Gy in normalized total doses of
2 Gy was used, and escalated step by step!". Although, 1 of
our patients developed grade 4 toxicity due to an intestinal
obstruction and required surgery, this patient recovered
after surgery. Specifically, this patient received 48 Gy in 3
fractions, and had a larger GTV than the other 6 patients.
Based on our experience, we considet the factors that most
contribute to severe complications are maximum point
dose deliveted to normal tissue and the volume of normal
tissue administered a high dose. Therefore, we tentatively
consider maximum intestinal point dose of 51 Gy or Vscy
<1 ml. as constraints of the intestine for SBRT.

Summarizing, the findings of this preliminary study
suggest that selected isolated PALN recurrence patients
that fail to respond to chemotherapy with 1-3 closely
located attached lymph nodes may be salvaged by SBRT.
However, a further larger-scale study is required to de-
fine optimal dose, intestinal constraints, and adequate
indications for SBRT in recurrent CRC.

COMMENTS

Background

Isolated paraaortic lymph node (PALN) recurrences are rarely encountered
from colorectal cancer (CRC). Moreover, surgical treatment in these cases
is not widely accepted even when lesions are localized, due to their relative
rarity, high postoperative morbidity, and poor prognosis. This patient subset
is considered for various chemotherapy regimens. However, despite optimal
treatment and initial response, overall survival approaches only 20 mo.
Research frontiers

Stereotactic body radiotherapy (SBRT) is an emerging technology in the
radiation oncology field. This technique utilizes stereotactic principles for
localization and delivers multiple beams to well defined targets in a few
fractions. SBRT can deliver higher doses to tumors due to reduced mechanical
error margins, and thus, causes less normal tissue damage.

Innovations and breakthroughs

Delivery of a therapeutic dose of radiation to the PALNs is limited by the sensitivity
of the surrounding normal tissues, such as those in the gastrointestinal tract,
liver, spinal cord, and kidneys. However recent technologies such as intensity-
modulated RT, image-guided RT, and SBRT have allowed higher doses to be
delivered to tumor and caused less normal tissue damage. SBRT could lead to
better local control through delivery of a higher radiation dose to the tumor and this
could ultimately translate into survival gain. Furthermore, SBRT requires complex
planning and relatively long treatment times (30-45 min) but generally is completed
in 3-5 treatments. SBRT is associated with few side effects because the treatment
field is generally very small and treatment is precisely delivered.

Applications

This pilot study suggests selected paraaortic lymph node recurrence (1-3 closed
lesions) that failed to respond to chemotherapy can be potentially salvaged by
stereotactic body radiotherapy.

Terminology

Isolated PALN metastasis is defined as metastasis only to the PALNs. SBRT is
an image-guided radiation method. SBRT is directed to extremely well-defined
targets within the body. SBRT has evolved from the intracranial experience of
stereotactic radiosurgery (single fraction treatment) or stereotactic radiotherapy
(multiple fractions of treatment).

Peer review

The authors evaluate efficacy and complications of stereotactic body radiotherapy
in localized paraaortic lymph node recurrence from colorectal cancer. it is well
written.
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