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Abstract

Background: The prognosis of metastatic hepatoblastoma remains poor; to improve it, pulmonary metastasis must be controlled.

Indocyanine green (ICG) fluorescent imaging has been used recently for lung metastasectomy. The objective of our study

was to clarify the usefulness of ICG imaging for lung metastasectomy of hepatoblastoma using detailed clinicopathological

analysis. Procedure: Patients with hepatoblastoma who underwent resection of pulmonary metastases with ICG fluorescent

imaging were studied using retrospective analysis of clinical information, a review of their surgical records, and a histological

analysis of their metastatic nodules. Results: Sixteen patients were enrolled. In total, 61 ICG-imaging-guided pulmonary

metastasectomies were performed, and 350 ICG-positive and 23 ICG-negative specimens were identified. Tumors were confirmed

in 250 of the ICG-positive specimens, including eight nonpalpable nodules, on microscopic examination. One hundred ICG-

positive specimens and histologically tumor-negative specimens showed histological changes suggesting the regression of a tumor

or bloodstream disturbance. The palpable ICG-negative tumors showed more-severe atypia than the ICG-positive tumors.

Conclusions: This study demonstrates the high sensitivity of ICG imaging in detecting metastatic lesions of hepatoblastoma.

Histological examinations suggested that ICG imaging detects not only tumor cells, but also nontumorous pulmonary tissues

affected by bloodstream disturbance. Because a number of false-positive specimens were detected, further optimization of the

dose of ICG and the timing of its administration may be required for thorough metastasectomy. Several false-negative specimens

were also detected, suggesting the presence of ICG-negative metastatic tumors. Palpation during operation and imaging studies

remain essential for detecting metastatic lesions, even in the era of ICG imaging.

RESULTS

Patients Characteristics and Clinical Courses

Sixteen patients were enrolled in this study (Table 1). The age at diagnosis ranged from 4 months to 11
years. Of the 16 patients, 10 had pulmonary metastasis or metastases at the initial hospital visit. The period
from initial diagnosis of hepatoblastoma to the diagnosis of pulmonary metastasis was 0–30 months. The
observation period of the patients from the initial diagnosis was 2–55 months (median, 46 months). Three
patients died of the disease and thirteen are still alive.

Histological Examination

In total, 61 ICG-imaging-guided pulmonary metastasectomies were performed in these patients (1–13 oper-
ations per patient), and a total of 373 specimens were examined (Table 2).

Of these 373 specimens, 350 were ICG positive during surgery, and 23 specimens were ICG-negative (and
were detected by palpation by the surgeons). Tumorous tissue was confirmed in 250 of the 350 ICG-
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positive specimens on microscopic examination, whereas no tumorous tissue was identified in the other 100
specimens. Tumorous tissue was confirmed in 20 of the 23 ICG-negative specimens, whereas the other 3
specimens contained no tumorous tissue. Therefore, the sensitivity of ICG imaging in detecting pulmonary
metastases of hepatoblastoma was 0.93, and the positive predictive value was 0.71. Of the 250 ICG-positive
and histologically tumor-positive specimens, 242 included a palpable nodule or nodules, whereas 8 had no
palpable nodules.

Of the 100 ICG-positive and histologically tumor-negative specimens, 98 showed one or more histological
change other than tumor. Thrombus was noted in seven specimens and osteoid or chondroid formation in
eleven. These findings suggest the histological changes that occur after the regression of a metastatic tumor.
Nonspecific histological changes, including fibrosis, hemorrhage, and hemosiderin pigmentation, which might
not be associated with the tumor, were observed in 93 specimens (Fig. 2).

Of the 23 specimens with palpable ICG-negative tumors, 20 showed a tumorous lesion or lesions on histo-
logical examination. Most of these tumors were in patient 5, in whom the frequency of ICG-negative tumors
detected increased markedly after the third operation.

The histological subtype of the metastatic lesions was epithelial type in 15 cases (predominantly embryonal
type, with some mitotically active fetal subtype), and macrotrabecular type in one patient (Fig. 3A). No
specimen showed the fetal type, fetal-subtype-predominant mixed fetal or embryonal type, or mesenchymal
type. The ICG-negative tumors showed more-severe atypia than the ICG-positive tumors (Fig. 3B).

DISCUSSION

This study demonstrates the high sensitivity of ICG imaging, with which tumors < 1 mm in diameter could
be detected, although a considerable number of false-positive results were obtained. Histological examination
of several ICG-positive tumor-negative specimens revealed thrombi, hemorrhage, and hemosiderin pigmenta-
tion, implying disturbances of the microenvironmental pulmonary bloodstream. These histological findings
suggest that ICG is detected not only when it is absorbed by tumor cells, but also when it remains in the
pulmonary tissue because the bloodstream is disturbed. This hypothesis is reasonable insofar as ICG is used
for fundus angiography and lymphangiography during various operations13,14,16–18. Because ICG may be
distributed unevenly when the lesions are very small, it is difficult to distinguish whether the tumors them-
selves are detected with ICG imaging or if it is the surrounding tissues that are affected by the disturbance
of the bloodstream associated with the tumor.

The histological subtype of all true-positive specimens was the embryonal type, and no mesenchymal com-
ponent was detected. Therefore, the applicability of ICG imaging to lesions composed of a predominantly
mesenchymal component, which are occasionally observed after chemotherapy, has not yet been clarified.

In this study, 8 of the 250 ICG-positive lesions were not palpable during surgery, and viable tumor nodules
were identified in these specimens on histological examination. These lesions may not be detectable without
ICG imaging. All these lesions were small, and ICG imaging might not detect the tumors themselves, but
it might usefully detect circulatory disturbances in the surrounding tissues. Consequently, ICG imaging is
also useful in detecting these small lesions, which are often <1 mm in diameter.

Twenty specimens were ICG negative but contained palpable nodules, and viable tumors were confirmed on
histological examination. Of these 20 specimens, 19 were taken from the same patient. The specimens from
this patient were initially ICG positive, but reverted to ICG negative, so the character of the tumors was
considered to have changed. These tumors might have become refractory to the uptake of ICG, or might
have discharged ICG very rapidly. The remaining specimen might not have taken up ICG, probably in
response to a circulatory disturbance. Small nonpalpable lesions that failed to take up ICG for some reason
could not be detected during surgery.
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The microscopic examination of a considerable number of ICG-positive tumor-negative (false-positive) spec-
imens also revealed nonspecific histological changes, such as fibrosis. To identify a false-positive specimen
during surgery is considered difficult. To achieve thorough metastasectomy with shorter surgeries and fewer
operations, further optimization of the dose of ICG and the timing of its administration may be essential.
To minimize the resected lung volume, a wedge-shape resection with a minimal margin performed with open
thoracotomy may be more efficient than linear-stapler thoracoscopic surgery.10

Although the sensitivity of ICG imaging is high, several false-negative (ICG-negative tumor-positive) spec-
imens are confirmed, suggesting that some metastatic tumors cannot be detected with ICG imaging. Rec-
ognizing the limitations of metastasectomy with ICG imaging is also necessary. Palpation during operation
and preoperative imaging studies may still be mandatory for the detection of metastatic lesions, even in the
era of ICG imaging.
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Figure legends

FIGURE 1 ICG fluorescent imaging during pulmonary metastasectomy. A small lesion (arrow in A) taking
up ICG is visualized with the Photodynamic Eye machine (B).
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FIGURE 2 Microscopic findings of ICG-stained false-positive specimens. Thrombus (A) and well-
circumscribed fibrotic mass accompanying osteoid and chondroid metaplasia (B), suggesting histological
changes after the regression of a tumor, were seen in several specimens. Hemorrhage with hemosiderin-laden
histiocytes was commonly seen (C). Hematoxylin–eosin.

FIGURE 3 Microscopic findings of metastatic lesions from hepatoblastoma. A. Representative example
of ICG-positive, tumor-positive specimens. Image shows embryonal type. B. Representative example of
ICG-negative, tumor-positive specimens, which displayed more atypical features than ICG-positive tumors.
Hematoxylin–eosin.
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