
Abstract. Background/Aim: Local radiotherapy for primary
tumors may increase the incidence of distant metastasis.
However, the patterns of target organs have not been
clarified yet. Patients and Methods: In our randomized
controlled trial examining the oncological efficacy of
intraoperative radiotherapy (IORT) for advanced lower
rectal cancer, the details of the metastatic organs were
evaluated. Results: In the IORT group (38 patients), 2
patients had metastasis in the liver and lung simultaneously,
9 in the liver, and 4 in the lung. In the control group (38
patients), 3 had metastasis in the lung, and 2 in the liver. The
IORT group tended to have liver metastases more frequently
(p=0.058). Among patients with liver metastases, distant
metastasis-free intervals were significantly shorter in the
IORT group, however, no significant difference was observed
among patients with lung metastases. Conclusion: After
curative rectal cancer surgery with IORT, liver metastasis
may be increased and accelerated.

Even after curative resection, patients with advanced rectal
cancer experience high incidence of distant metastasis (1-4).
The distribution of metastatic organs varies according to the
level of rectal cancer. Chiang et al. reported that the risk of
lung, bone, and systemic lymph node metastasis was
significantly higher in lower rectal cancer situated 0 – 5 cm
from the anal verge compared with upper rectal cancer
situated 10.1 – 15 cm from the anal verge (5). This

phenomenon has been explained by differences in venous
drainage with respect to tumor location. The upper rectum is
drained into the superior rectal vein, which drains into the
inferior mesenteric vein and then the portal vein, while the
lower rectum is drained into the inferior rectal vein, which
drains into the common iliac vein and the inferior vena cava.
Therefore, upper rectal cancers most often metastasize to the
liver, while lower rectal cancers to the lung.
In addition to the above-mentioned anatomical process,

the affinity between tumor cells and target distant organs
plays an important role in the establishment of tumor cell
metastasis, which has long been accepted as the “seed and
soil” theory (6). 
In the last several decades, this theory has been validated

by the development of molecular biology (7).
In our randomized controlled study to examine the

oncological efficacy of intraoperative radiotherapy (IORT)
for advanced lower rectal cancer (UMIN000021353), we
noticed that IORT might increase the incidence of distant
metastasis (8). In this study, the details of the metastatic
organs were reviewed, and underlying mechanisms were
considered. 

Patients and Methods 

The trial protocol, patients’ demographic parameters, and
oncological results have been reported previously (8). In brief, from
March 2000 through July 2017, 40 cases were allocated to the IORT
group and 39 cases to the control group. Written informed consent
was obtained from all individual participants included in the study.
This study was approved by our institutional review board (2003-
No.30). Two cases in the IORT group and one case in the control
group were excluded, resulting in 38 cases in each group (Figure 1)
(8). The average (±standard error, SE) tumor distance from the anal
verge was 4.5 cm (±0.2 cm) in the IORT group, and 4.7 cm (±0.2
cm) in the control group, suggesting that all the tumors were located
in the lower rectum. Pelvic autonomic nerve preservation (PANP)
was categorized into complete, unilateral, and partial types. The
unilateral and partial types were defined as the limited PANP. The
control group underwent bilateral lateral lymph node dissection
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(LLND) and limited PANP, while the IORT group underwent
bilateral LLND, complete PANP, and IORT. In the IORT group, the
cone size ranged from 3.8 to 5.1 cm, and the energy and dose of the
radiation used for each pelvic plexus ranged from 6 to 12 MeV and
from 18 to 20 Gy, respectively (8).
Post-operative course of each patient was obtained from

outpatient records with special reference to tumor recurrence, and
recurrence sites were categorized into liver, lung, local, bone, brain,
distant lymph nodes, and others. As has already been reported,
distant metastasis-free survival rate was significantly lower in the
IORT group (Figure 2) (8).

Statistical analysis. In this study, the distributions of recurrence sites
were compared between the IORT group and the control group
using chi-square test or Fisher’s exact test. The distant metastasis-
free interval (DMFI) with respect to metastatic sites of the two
groups were compared using Student t-test. A p-value<0.05 was
considered statistically significant.

Results
Table I shows the initial distant metastasis sites in both
groups. In the IORT group, 2 patients had initial metastasis
in the liver and lung simultaneously, and 9 patients in the
liver only, while 4 patients in the lung only. On the other
hand, in the control group, 3 patients had metastasis in the
lung only, and 2 patients in the liver only. The IORT group
tended to have liver metastases more frequently with
marginal significance (likelihood ratio test; p=0.058).
When one exceptional case (case no. 54) was excluded

from 11 patients with liver metastases, the DMFI was 95±24
days in the IORT group (8 patients), and 228±47 days in the
control group (2 patients). There was a significant difference
between the two groups (p=0.037). On the other hand,
among 7 patients with lung metastases, the DMFI was
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Table I. Initial sites of distant metastasis.

                                                     None                    Liver                     Lung                  Liver+lung                   Distant LNs                Bone+distant LNs

IORT group (38)                            22                          9                           4                              2                                    1                                       0
Control group (38)                        30                          2                           3                              0                                    2                                       1

LN: Lymph node; IORT: intraoperative radiotherapy. Likelihood ratio test; p=0.058.

Figure 1. An algorithm of our trial [adapted from (8)].



567±96 days in the IORT group (4 patients), and 604±148
days (3 patients) in the control group. There was no
significant difference between the two groups (Figure 3).

Discussion
As Chiang et al. elegantly described, the risk of lung, bone,
and systemic lymph node metastasis were significantly
higher in lower rectal cancer situated 0-5 cm from the anal
verge compared with upper rectal cancer situated 10.1-15 cm
from the anal verge. Furthermore, among 117 patients with
lower rectal cancers, lung, liver, bone, brain, and systemic
LN metastases were seen in 38, 12, 13, 4, and 17 patients,
respectively, showing that lung metastases were more
frequent than liver metastases (5). In our study population,
all the tumors were located in the lower rectum. However,
contrary to our expectations, liver metastases occurred more
frequently in the IORT group with marginal significance
(likelihood ratio test; p=0.058). The precise mechanism of
this unexpected phenomenon was unclear, however, it
deserves to be discussed in more details.

In Chiang et al.’s study population, patients undergoing
preoperative neoadjuvant therapy, either short-course
radiation therapy or long-course chemoradiation therapy,
were excluded from the analysis (5). However, in our study
population, the test group underwent IORT to the bilateral
pelvic sidewall after total mesorectal excision and lateral
lymph node dissection (18 to 20 Gy in each pelvic plexus)
(8). In such a circumstance, the middle and inferior rectal
veins (the drainage veins for lower rectal cancer) were
already divided, and the direct route of lung metastasis was
lost. Therefore, there was little possibility that IORT might
push cancer cells into the drainage veins. Certainly, the IORT
group had lung metastases with a similar frequency as the
control group. 
So, why were liver metastases more often seen in the

IORT group?
There were only two randomized controlled studies

examining why radiotherapy might increase the incidence of
distant metastasis, one in oropharyngeal and hypopharyngeal
cancers using short-course radiotherapy (SCRT) (9), and the
other in pancreatic cancers using IORT (10). As compared
with long-course radiotherapy, the patients’ immunological
conditions might be disturbed in either SCRT or IORT due
to the greater radiation dose/fraction, and distant metastasis
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Figure 2. Kaplan–Meier curves of distant metastases-free survival
showed a significant difference between the intraoperative radiotherapy
(IORT) and the control groups (p=0.039) [adapted from (8)].

Figure 3. Distant metastasis-free interval (DMFI) and metastatic sites.
When one exceptional case (case no. 54) was excluded from 11 patients
with liver metastases, the DMFI was 95±24 days in the intraoperative
radiotherapy (IORT) group (8 patients), and 228±47 days in the control
group (2 patients), with a significant difference between the two groups
(p=0.037). Among 7 patients with lung metastases, the DMFI was 567±96
days in the IORT group (4 patients), and 604±148 days (3 patients) in the
control group, with no significant difference between the two groups.



might be increased and accelerated (8). However, the
distribution of target organs was not described in detail in
these two studies.
To our knowledge, our study was the first clinical trial to

reveal that IORT might increase and accelerate liver
metastasis in patients with lower rectal cancer.
Some basic studies suggested that radiation enhances

cancer cell migration and invasion (11-14). Among them,
Saigusa et al. examined gene expression levels of
hepatocyte growth factor (HGF) and its receptor cMET in
cancer cells, and HGF expression in the stroma, using RT-
PCR in 53 rectal cancer patients after preoperative
chemoradiotherapy (11). Interestingly, cancer cell HGF
levels were significantly higher in the short-course
radiotherapy group (42 patients; 0.270±0.044) than in the
long-course chemoradiotherapy group (11 patients;
0.049±0.015) (p=0.023). Furthermore, stromal HGF levels
were significantly higher in the distant recurrence (+) group
(8 patients; 0.122±0.095) than in the distant recurrence (–)
group (45 patients; 0.028±0.015) (p=0.018). Considering
that induction of HGF/cMET signaling promotes liver
micrometastases in a mice model (15), our observation
might be explained by a well-designed ‘in vivo’ experiment
using high dose local radiation.
There are several limitations in this study. Although this

was a prospective randomized controlled trial, it was
conducted at a single institution, and the number of enrolled
patients was small. Further accumulation of clinical and
basic evidences will be mandatory.

Conclusion

After potentially curative rectal cancer surgery with IORT,
the occurrence of liver metastasis may be increased and
accelerated. Clinical and basic research will be mandatory to
explain this unexpected phenomenon.
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