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Robotic resection of a single
adenoid cystic tumor liver
metastasis using ICG
fluorescence. A case report
and literature review
Alessio Pasquale1†, Laura Marinelli1†, Francesco Antonio Ciarleglio1,
Michela Campora2, Nick Salimian1, Giovanni Viel1

and Alberto Brolese1*
1Department of General Surgery and Hepato-Pancreato-Biliary (HPB) Unit, APSS, Azienda Provinciale per
I Servizi Sanitari, Trento, Italy, 2Anatomy and Pathology Department, APSS, Azienda Provinciale per I Servizi
Sanitari, Trento, Italy

Adenoid cystic carcinoma (AdCC) is a rare tumor that typically develops in the
salivary glands and less frequently in other sites of the head and neck region.
Only a few cases of resected metachronous liver metastases have been
reported. Minimally invasive surgery is currently the gold standard of care for
liver resections; furthermore, the use of Indocyanine Green (ICG) is continuously
increasing in surgical practice, especially in cases of primary liver tumors and
colorectal liver metastases, due to its capacity to enhance liver nodules. We
report the case of a 54-year-old male with a single liver metastasis of AdCC,
located in SIII, who presented in our center 9 months after resection of a
primary tumor of the laryngotracheal junction and adjuvant proton therapy. A
25-mg injection of ICG (0.3 mg/kg) was administered 48 h before surgery in
order to highlight the tumor and perform an ICG-guided resection. The lesion
was clearly visible during surgery, and, given its position and the proximity to
the main lobar vessels of the left lobe, we opted for a left lateral sectionectomy.
The outcome was unremarkable, with no major postoperative complications.
The administration of ICG 48 h before surgery seems to be a valid tool even in
cases of AdCC liver metastases, providing surgeons with better visualization of
the lesion and improving the precision of the resection.
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Introduction

Adenoid cystic carcinoma (AdCC) is a rare tumor with an incidence of 3–4.5 cases per

million, accounting for 1% of all head and neck malignancies (1). It typically develops in

minor or major salivary glands, but it can also arise from other sites in the neck,

including the larynx, trachea, and bronchi, although this is extremely rare (2, 3). It is

considered a slow-growing tumor with perineural spread (4) and a high incidence of local

recurrence. Regional lymph node metastases are rare (5, 6, 7), while distant metastases
Abbreviations

AdCC, adenoid cyst carcinoma; ICG, Indocyanine Green; US, ultrasonography; ECOG, Eastern Cooperative
Oncology Group; BMI, body max index; ASA, American Society of Anesthesiologists.
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FIGURE 1

Abdominal CT scan showing a 5 cm lesion on segment 3.
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occur in 19%–24% of AdCC cases with a mean presentation time of

7.6 years, although delayed recurrences can manifest even after 12–

15 years (8), typically have an hematogenous spread involving the

lungs, bones, brain, and liver (4, 9, 10),. The disease has an

unfavorable long term prognosis with survival rate at 5–10- 20

years around 68%-52%-28% (11).

Few studies are reported on the treatment of single metastases

from AdCC; the preferred treatment and the role of surgery are still

a matter of debate, and there is no consensus on the extent to

which surgery improves overall survival (2, 12).

We present a rare case of a single liver metastasis from a

laryngeal AdCC that arose 9 months after excision of the

primary tumor and was treated with robotic liver resection and

preoperative ICG injection.

Historically, ICG has been used for the quantification of liver

function through the ICG retention rate at 15 min (ICG R15)

and the plasma disappearance rate (ICG-PDR), in recent years, it

has been increasingly used intraoperatively in the identification

of liver lesions and is often used as an intraoperative navigation

tool in conjunction with ultrasound.
Case Presentation

A 54-year-old male was referred to our department for a 5.2 cm

liver metastasis from a previous AdCC of the laryngotracheal

junction. In January 2022, the patient underwent an en bloc

resection of the pharynx, larynx, cervical oesophagus, and the

first eight tracheal rings; a thyroidectomy and lymphadenectomy;

anterolateral thigh free flap (ALTFF) reconstruction; and a

definitive tracheostomy. Histopathological examination revealed

grading of pT4a, N3b, G2, predominant tubular and cribriform

pattern, with vascular and perineural invasion, and disease-free

surgical margins (R0); external proton beam therapy was

administered after the treatment.

A follow-up CT scan revealed a 4 cm liver lesion located

between SII and SIII, suspected to be AdCC metastasis; a

subsequent MRI confirmed the previous radiological findings

(Figure 1). A percutaneous biopsy of the nodule was performed,

and AdCC hepatic localization was diagnosed.

Further radiological evaluation with a total-body CT scan and

an MRI of the neck revealed that the liver mass was increasing in

size (5.2 cm) without evidence of local recurrence or extra-hepatic

disease.

The case was discussed in a multidisciplinary team meeting.

Given the patient’s good performance status (ECOG 0), the

presence of a single liver mass, and the favorable liver location in

terms of liver resection, a robotic-assisted liver resection was

scheduled. No major comorbidities were identified, nor were

there any medical or surgical contraindications. The BMI and the

ASA score were 30 and II, respectively.

According to the current literature forty-eight hours prior to

surgery, 25 mg of ICG (0.3 mg/kg) were administered

intravenously in an outpatient setting. The surgeon performed

the procedure using a standard anterior robotic approach with

the Da Vinci Xi Robotic Platform® (Intuitive Surgical; Sunnyvale,
Frontiers in Surgery 02
CA). The patient was placed in a supine position and a reverse

Trendelenburg (30°). The docking was performed on the right

side. Pneumoperitoneum was induced with an open technique in

the left abdomen with a 12-mm AirSeal® port for the first

assistant and a four-8 mm trocar transverse supraumbilical setup.

Explorative laparoscopy revealed no evidence of extrahepatic

disease; an intraoperative US of the liver confirmed the sub-

Glissonian lesion in SIII without additional hepatic localizations.

When the camera was switched to the fluorescence setting, a

perilesional tracer diffusion (rim pattern) was clearly seen around

the lesion, no other nodules were found (Figure 2). Based on the

intraoperative mass location, a decision was made to perform a

left lateral sectionectomy. After hepatic pedicle preparation for a

potential Pringle maneuver, the parenchymal transection was

performed using the bipolar Maryland® forceps, scissors, and

Vessel Sealer®; the pedicles for SII and SIII were divided between

hemolocks, and the left hepatic vein was stapled with a 60 mm

robotic stapler. No drain was placed in accordance with our

standard procedure.

The left lobe was placed in an endo-catch and subsequently

extracted through a mini-Pfannenstiel. The duration of the

operation was 192 min. No intraoperative complications

occurred. Estimated blood loss was minimal (<100 ml); therefore,

blood transfusions or intensive care were not required. The

postoperative course was uneventful; the patient began oral

feeding on postoperative day 1 and was discharged on

postoperative day 3. The histological examination confirmed the

presence of a neoplastic biphasic lesion with a prevalent tubular

pattern, composed of ductal and myoepithelial cells respectively

positive for CD117 and CK7/p63 at immunohistochemistry.

Scattered areas with cribriform pattern, composed of

predominantly myoepithelial cells with myxoid or hyalinized

globules, were observed (Figure 3). Loss of biphasic

differentiation, comedonecrosis, frequent mitoses and marked

nuclear atypia, indicative of high grade transformation and

associated with poor prognosis (13) were not identified.

Perineural invasion and focal vascular invasion were present, and
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FIGURE 2

Intraoperative findings: (A–C) shows a single adCC liver metastasis located in the left lobe; (B–D): enhanced liver nodule using ICG; (E–F): combination of
US and ICG fluorescence imaging in order to improve mass and margin visualization.
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safe negative surgical margins (>2 cm) had been obtained. Final

diagnoses of hepatic localization of AdCC was established.

The patient was disease-free at the three-month follow-up.
Discussion

AdCC liver metastases are rare and typically progress slowly.

Surgery seems to be a viable strategy for single lesions, also

because there is no approved systemic therapy for metastatic

AdCC (2). the median survival time after the appearance of

distant metastases is 36 months (1 to 112 months) (11).

The identification of clinical, pathological and biomolecular

prognostic factors is the first step in order to define the best

treatment for each patient (11). There are some universally

known clinical prognostic factors, such as presence and site of

distant metastases, disease-free interval, lymphovascular invasion,
Frontiers in Surgery 03
grading, nodal metastasis, presence of extra-nodal extension, etc.;

lately, many studies focused on some biomolecular factors that

may help identify patients that must be treated more intensively

and new therapeutic targets (11). Ferrarotto and colleagues.

defined two different subtypes of AdCC through integrated

clinical, genomic and proteomic analysis; the poor prognostic

AdCC-I subtype seems to be associated with enrichment

mutations in NOTCH1-a, SPEN, CREBPP and EP300, and

appears to have an increased tendency to metastasize, particularly

to the liver, while AdCC-II is associated with a better prognosis

(14). Romani et al. demonstrated the prognostic relevance of

multiple signalling pathways altered in AdCC, such as down-

regulation of the myogenesis pathway and the enrichment of

proliferation and cell-cycle related process (myc targets

activation, increased expression of Ki-67 mRNA); they also

discovered that an activation of IFN signalling in tumour cell has

been linked to an unfavourable prognosis (15). Moreover,
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mutational pattern may change between primary and metastatic

disease (11). Hence, a multidisciplinary approach is essential

when planning the best strategy for these patients.

Metastases are generally metachronous, can arise even decades

after the primary tumor removal (16), Coupland et al. reported a

liver metastasis occurred more the 30 year (17), otherwise if

synchronous they can represent the initial presentation of the

disease (10, 18).

Some case reports and small series suggest that surgery could

improve survival (3, 10, 12, 16); re-operation appears to be a

feasible option in the case of a single hepatic recurrence, with an

improvement in disease-free survival (19). Li XH et al. (10)

recommended resections for isolated AdCC liver metastases due

to the poor sensitivity to chemotherapy. More aggressive

approaches have been proposed such as the treatment of

unilobar multiple liver metastases with extensive hepatectomy

after portal embolization, with an 18-month disease-free survival

prior to a rapid reccurrence (20). Karatzas et al. described a

combination of liver resection and radiofrequency ablation in

cases of multifocal liver lesions that did not recur after one year

(21), Ferrari et al. reported a case in which several recurrence

were treated, at first lung metastasis and subsequent liver

metastasis were resected. Subsequently simultaneous liver and

kidney recurrence were subjected to surgery (a wedge resection

and nephrectomy) and the patient was disease free after 2,5 years

follow-up. In the report the authors argued that chemotherapy

appears to be associated with a low response rate, and surgery

represents the most curative treatment for distant metastasis (22)

Table 1.

The use of ICG for the identification of primary and secondary

liver tumors is a recent novelty and has been increasingly applied in

recent years. ICG is completely eliminated from the livers of

healthy subjects within 72 h. ICG may persist longer after IV

administration in or around the liver lesions, with different stain

pattern; in the hepatocellular carcinoma it’s retained with typical

central pattern (23), while in colorectal cancer metastases with a

characteristic perilesional distribution (24) as described by

Ishizawa et al. In the first case the distribution pattern is

typically due to the tracer’s accumulation in the cancer cells and

their impaired secretion in the bile; in the second scenario the

ICG is retained in the hepatocytes that have been compressed by

the metastasis showing a typical rim pattern; the sensitivity of

ICG in identifying liver metastases varies from 69% to 100% and

is limited to lesions no deeper than 8 mm (25).

Currently, there is no unanimous consensus on the protocols to

be used in the administration of indocyanine green (ICG) during

liver surgery; typically, ICG is infused at a dose of 0.5 mg/kg

from 7 days to 24 h before surgery (26).

The usefulness of ICG is not only linked to the identification of

the lesion; in the context of minimally invasive resections, the

negative or positive staining allows precise anatomical resections

and it could reduce the recurrence rate (27). If administered

intraoperatively, it is also considered useful for identifying a

biliary leak and quality of the residual parenchyma; during

cholecystectomy it has been also used for extrahepatic biliary

anatomy identification.
Frontiers in Surgery 04
To our knowledge, no other cases of hepatic resection for

metastasis from AdCC of the laryngotracheal junction have

been reported in the literature. Furthermore, preoperative ICG

combined with intraoperative ultrasonography to improve

mass and margin visualization can be considered a novel

strategy for intraoperative liver mapping and treatment of this

type of disease and could be considered an ideal navigation

tool for hepatic resection for liver metastasis. Nowadays this

combination strategy is not yet worldwide available and well

established.

The main limitation of this case is that the exceptional

rarity of the disease makes it impossible to make comparisons

with previously documented cases published in the

literature. Moreover, the actual short-term follow-up precludes

the establishment of the true benefits for the patient in

terms of disease-free survival and overall survival. In

addition, the genetic characterization of the specimen that

could suggest a more accurate prognosis or therapy is still

unknow.
Conclusion

Preoperative intravenous administration of ICG is currently

standard practice for detection of superficial liver metastasis in

our center. Furthermore, the combination of minimally invasive

surgery, US, and preoperative ICG can be considered a valid

option in select patients with metastatic nodules for real-time

navigation during hepatic resections. The combination of

preoperative IV ICG and intraoperative US appears to be an

effective and useful strategy for liver surgeons in order to

improve surgical strategies and outcomes.

Beyond the surgical aspects, it is important to emphasize the

potential role of a precise molecular characterization that in the

future could suggests the most appropriate and targeted

treatment for each patient. Moreover, due to the natural history

of the disease, a long-term follow-up is desirable.
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FIGURE 3

Histologic features of adenoid cystic carcinoma. Adenoid cystic carcinoma exhibiting predominantly cribriform (A) and tubular (B) growth patterns
(hematoxylin and eosin stain, magnification 200x). Myxoid and hyalinized basement membrane material is noted in the cribriform area while tubular
pattern contains simple tubules composed of inner ductal and outer myoepithelial cells. Perineural invasion is frequent (C, hematoxylin and eosin
stain, magnification 400x). P63 immunostain highlights myoepithelial component and cribriform architecture (D, p63 magnification 400x).
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