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ABSTRACT

Purpose: To report on infiltrative invasion of the diaphragm, an uncommon manifesta-
tion of recurrent hepatocellular carcinoma (HCC), and evaluate its clinical significance.
Methods: Using the term “diaphragm” or “diaphragmatic” and “invasion” or “involve-
ment,” we searched for patients in the database of radiologic reports of liver computed
tomography or magnetic resonance imaging performed between 2012 and 2016 at our
institution. Nine patients with infiltrative invasion of the diaphragm due to recurrent
HCC were included. Their clinical and imaging findings were evaluated.

Results: The median age of patients at the time of diagnosis was 68 years (range, 40 to
73). There were eight men and one woman. Imaging findings of infiltrative invasion of
the diaphragm revealed diffuse thickening with enhancement involving a part of the di-
aphragm. The median interval between initial manifestation on imaging and radiologic
diagnosis of infiltrative invasion of the diaphragm was 6.8 months (range, 3.4 to 18.6). In
two of three patients who underwent surgical resection, tumors of the diaphragm were
controlled without recurrence. In six patients except for one patient who was not fol-
lowed up, tumors recurred at the resection site or diaphragm tumors showed a partial
response or disease progression.

Conclusion: Infiltrative invasion of the diaphragm by recurrent HCC manifested with
diffuse thickening and diaphragm enhancement on radiologic imaging. A good progno-
sis can be expected only in patients who are diagnosed early and undergo surgical re-
section.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading cause of
cancer-related mortality worldwide [1]. Treatments for local-
ized-stage HCC include resection, ablation, or transplanta-
tion. Chemoembolization, radiation therapy, and chemo-
therapy are considered as options for selected patients with
unresectable HCC [2]. Although the treatment options for
HCC are evolving, the recurrence rates remain high. Recur-
rence of HCC can manifest as local tumor progression, occur-
ring in a previously treated site, intrahepatic metastases, or
extrahepatic metastases in other organs [3].

Once extrahepatic tumor spread occurs, effective treat-
ment options become limited, and patients are not suitable
candidates for curative treatment [4]. Therefore, extrahepatic
tumor spread should be detected as it is critical in planning
potential therapy and avoiding unnecessary procedures.
Moreover, postoperative surveillance is important for man-
aging recurrent tumors and improving patient survival. The
main of this surveillance is to identify recurrent HCCs in their
earliest stages, thereby enabling the use of curative therapies
with better outcomes and decreased mortality [5].

The lungs, abdominal lymph nodes, and bone are the
three most common sites of extrahepatic metastases in HCC
[6,7]. Additionally, metastasis can occur at the adrenal
glands, brain, and peritoneum. Other sites such as the dia-
phragm, and pancreas are considered less common sites of
extrahepatic metastases and remain poorly understood [3].
As for the diaphragm, direct invasion by primary HCC is not
rare owing to its close location. However, to the best of our
knowledge, recurrence of HCC in the diaphragm after surgi-
cal resection has only been reported in a single case report
to date [8]. In our practice, we have encountered a unique re-
currence pattern of HCC: infiltrative invasion of the dia-
phragm. Therefore, in this study, we aimed to report on infil-
trative invasion of the diaphragm, an uncommon manifesta-
tion of recurrent HCC, and evaluate its clinical significance.

METHODS

Patients selection

The Institutional Review Board (IRB) of Samsung Medical
Center approved this retrospective study, and the require-
ment for patient consent to use clinical data was waived (IRB,
file number 2018-01-111). A stepwise search was conducted
to identify patients who demonstrated recurrence of HCC,
manifesting as diffuse infiltrative invasion of the diaphragm.
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First, we searched our radiologic database using the term
“diaphragm” or “diaphragmatic” and “invasion” or “involve-
ment” for reports on liver computed tomography (CT) or
magnetic resonance imaging (MRI) performed between 2012
and 2016 at our institution. We identified 45 patients who
met these criteria. All available radiologic studies were re-
viewed retrospectively by two non-blinded observers (JHW
and KDS) for evidence of recurrent HCC. In all patients in
whom recurrent HCC was evidence radiologically, imaging
examinations were reexamined to confirm the lack of any
distant metastasis at the time of initial treatment and verify
that the lesions were new. Thereafter, 36 patients were ex-
cluded. Finally, nine patients were included in this study with
radiologic diagnosis as gold standard.

Clinical and pathologic data

The clinicopathological data of all nine patients were retro-
spectively reviewed to collect the following variables: age,
sex, presence of liver cirrhosis, cause of chronic liver disease,
Child-Pugh class, levels of tumor markers including serum al-
pha-fetoprotein and protein induced by vitamin K absence-lI,
and initial treatment strategy. The treatment modalities for
infiltrative diaphragm invasion and clinical outcomes were
also recorded. Pathologic specimens were examined, and
findings were reported using Edmondson-Steiner grades [9].

Imaging technique

CT was performed at our institution using 64-slice or 128-
slice multidetector CT scanners, including Somatom Defini-
tion or Somatom Definition Flash (Siemens Healthineers, Er-
langen, Gemany), Toshiba Aquilion detector (Toshiba Medical
Systems, Otawara, Japan), and LightSpeed VCT or Discovery
CT (GE Healthcare, Chicago, IL, USA). Scanning parameters
were as follows: 120 kVp, 189 to 200 mAs, slice thickness of
2.5 to 3 mm, table speed of 26.5 to 39.4 mm per rotation
(pitch, 0.83 to 1.07), and a single-breath-hold helical acquisi-
tion time of 4 to 6 seconds. For contrast-enhanced CT exam-
inations, a total of 120 mL nonionic iodinated contrast mate-
rial was administered through the antecubital vein with a
power injector at a rate of 3 to 4 mL/sec. Liver CT examina-
tions were conducted using a multiphasic CT protocol (con-
trast-enhanced arterial, portal venous, and delayed phases
with or without a non-enhanced image). For the arterial phase
(AP), scanning was initiated 30 to 40 seconds after contrast
agent injection using a bolus-tracking technique with an au-
tomatic power injector. Scanning of the portal and equilibri-
um phases began at 70 and 180 seconds, respectively, after
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the start of the contrast injection. The scan was performed
from the diaphragm to the pubic symphysis.

MRI was performed using a 3.0-T whole-body MRI system
(Intera Achieva, Philips Healthcare, Best, the Netherlands)
equipped with a dual-source parallel radiofrequency trans-
mission system and a quadrature body coil. Baseline MRI in-
cluded T1-weighted turbo field-echo in-phase and opposed
sequence, breath-hold multishot T2-weighted sequence, and
respiratory-triggered single-shot heavily T2-weighted se-
quence. For gadoxetic acid (Primovist or Eovist, Bayer Scher-
ing Pharma, Berlin, Gemany)-enhanced imaging, unenhanced,
AP (20 to 35 seconds), portal phase (60 seconds), 3-minute
late-phase, and 20-minute hepatobiliary images were ob-
tained using a T1-weighted three-dimensional turbo field-
echo sequence (enhanced T1 high-resolution isotropic vol-
ume examination; eTHRIVE, Philips Healthcare). The contrast
agent was automatically administered intravenously at a rate
of 1 mL/sec for a dose of 0.025 mmol/kg body weight using a
power injector, followed by a 20-mL saline flush. Diffu-
sion-weighted single-shot echo-planar imaging with b-val-
ues of 0, 100, and 800 sec/mm” with simultaneous respirato-
ry triggering was performed.

Image analysis

CT and MRI findings were reviewed by two radiologists with
4 and 8 years of experience in abdominal imaging interpreta-
tion. At the time of initial diagnosis of HCC, the presence of
tumor multiplicity, tumor size, location of the tumor, pres-
ence of HCC abutting the diaphragm, and presence of distant
metastasis were evaluated. The tumor size was determined
as the largest diameter on a transverse image, where the
equator of the tumor was scanned. Two radiologists then re-
viewed serial follow-up CT or MRl images to identify patients
with diffuse infiltrative invasion of the diaphragm by HCC.
The date of diagnosis, date of initial manifestation, location,
and size/extent of infiltrative diaphragm invasion as well as
response to treatment for this manifestation were recorded.
Treatment response was evaluated using the modified Re-
sponse Evaluation Criteria in Solid Tumors guidelines [10,11].

RESULTS

The clinical characteristics of patients and tumors on initial
imaging are summarized in Table 1. The median age at diag-
nosis was 68 years (range, 40 to 73). There were eight men
and one woman. Liver cirrhosis was present in six patients
(66.7%). The most common cause of chronic liver disease
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Table 1. Summary of clinical characteristics of patients and tumor on initial imaging

Image finding

Initial
treatment

Child-Pugh AFP PIVKA-II  Histologic
(ng/mL) (mAU/mL)

Liver
cirrhosis

Cause of
chronic liver
disease

Tumor Abuttingtothe Distant
diaphragm  metastasis

location

Index tumor
size (cm)

Tumor
multiplicity

grade

class

X

€

S

Patient Age

(yr)

no.

Present No

ST

17
1.7

A 173.2 130 I TACE+RFA Absent
43

HBV

Present
Absent

M
F
M
M
M
M

49

Present No

S3

Absent

RFA
TACE+RT
TACE+RT

TACE+resection

15
491
2,296

13
76
4,118.10

HBV
HBV

HBV

73
68

Present No

S2

Present

NA
NA

Absent

S3 Present No

6.5
4.8

Present
Absent

A

Present
Absent

40

Present No

S4

NA

63
1,200

HBV 95.2

HBV

41

33 S4 Present No

Absent

TACE

13

Present

69
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Table 2. Characteristics of recurrent hepatocellular carcinoma
manifesting as infiltrative invasion of the diaphragm

a) Size/
Case Interval .
Location extent Treatment Outcome
no. (mo)
(cm)
1 NA Rt 53 Resection Recurrence
2 185 Lt 2.8 Resection No recurrence
3 6.0 Lt 2.8 Resection+RT  No recurrence
4 6.0 Lt 9.6 Immunotherapy Partial
response
5 6.6 Lt 11.9 RT Partial
response
6 7.5 Rt 2.5 Sorafenib Progression
7 34 Lt 49 Sorafenib Progression
8 18.6 Rt 17 Sorafenib Progression
9 7.0 Lt 11.0 Sorafenib+RT  Progression

NA, not applicable; Rt, right; Lt, left; RT, radiation therapy.
?Interval between initial manifestation and diagnosis on imaging
studies.

was hepatitis B virus infection (88.9%, 8/9). All patients had
well-preserved hepatic function with Child-Pugh class A. At
the time of initial diagnosis, the mean index tumor size was
4.3 cm (range, 1.7 to 9.0). Four patients (44.4%) had multiple
tumors at the time of diagnosis. Eight patients (88.9%) had
HCCs abutting the diaphragm. The patient without this man-
ifestation initially presented with a ruptured HCC that was lo-
cated in the subcapsular area. None of the patients had dis-
tant metastases at the initial staging work-up. Histopatholog-
ical HCC grades were determined according to the predomi-
nant component, and most patients had Edmondson-Stein-
er grade |l disease (83.3%, 5/6).

Table 2 shows a summary of characteristics of recurrent
HCC manifesting as infiltrative invasion of the diaphragm. In
eight of the nine patients, the initial manifestation of diffuse
infiltrative invasion was localized thickening with an en-
hancement of the diaphragm (Figs. 1, 2). Later, infiltrative in-
vasion of the diaphragm occurred at the location where the
HCCs were previously located. The remaining one patient
was treated at another hospital, and follow-up images were
not available, making the initial imaging findings of diffuse
infiltrative invasion unknown. At the time of diagnosis, the
whole or part of one side of the diaphragm was replaced by a
tumor, which showed diffuse thickening with an enhance-
ment of the diaphragm. The median interval between initial
manifestation on imaging study and diagnosis of infiltrative
invasion of the diaphragm was 6.8 months (range, 3.4 to

https://doi.org/10.23838/pfm.2021.00086

18.6). The mean size/extent of the tumor involving the dia-
phragm was 5.3 cm (range, 2.5to0 11.9).

Three patients underwent surgical resection for infiltrative
invasion of the diaphragm, and the tumor recurred at the re-
section site in one patient. Two patients who underwent im-
munotherapy and radiation therapy showed a partial response.
The remaining four patients who underwent sorafenib treat-
ment with or without radiation therapy showed disease pro-
gression.

DISCUSSION

In this study, we report on infiltrative invasion of the dia-
phragm in cases of recurrent HCCs. Although its incidence is
low, it is clinically important to be familiar with this recurrent
pattern as the chance of curing it is quite low if the diagnosis
is delayed. To the best of our knowledge, this is the first origi-
nal study to report recurrent HCC manifesting as infiltrative
invasion of the diaphragm and its clinical significance.

The median interval between initial manifestation on im-
aging study and diagnosis of infiltrative invasion of the dia-
phragm was 6.8 months. In our institution, patients who are
treated for HCC undergo regular follow-up with CT or MRI ev-
ery 3 months. This suggests that radiologists overlooked the
findings of infiltrative invasion of the diaphragm on serialim-
aging, twice on average; therefore, the diagnosis was de-
layed. Although we cannot clarify the exact reason for this er-
ror, the possible reasons are as follows. First, the diaphragm
is considered a less common site of extrahepatic metastasis,
and its clinical significance remains poorly understood [6].
Therefore, the radiologists were possibly not familiar with
this recurrence pattern. Second, anatomic characteristics of
the diaphragm may lead to detection error; it may not be
easy to recognize abnormal thickening of the diaphragm on
axial images as the diaphragm is parallel to the axial plane.
For this reason, thin section and multiplanar reconstruction
images have strength in detecting abnormalities of the dia-
phragm [12]. Extended sequences in MRI, such as diffu-
sion-weighted imaging, may also be useful for detection [13].
Differential point between peritoneal seeding and infiltrative
invasion of diaphragm is that, in the case of peritoneal seed-
ing, the diaphragm is relatively intact until it proceeds and
invades the diaphragm. However, in the case of direct inva-
sion of diaphragm, diaphragm itself shows enhancing thick-
ening even in minor cases. Coronal image may clearly show
the difference.

In eight patients, HCCs were abutting the diaphragm
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Fig. 1. A 73-year-old man with a history of radiofrequency ablation for hepatocellular carcinoma. Coronal computed tomography (A), (B)
shows localized thickening with the enhancement of the diaphragm (arrowheads), which is observed around the previous radiofrequency
ablation zone (curved arrow) on coronal computed tomography (B). The extent of thickening of the diaphragm is increased on the
18.5-month follow-up images showing arterial enhancement on gadoxetic acid-enhanced arterial-phase magnetic resonance imaging
(arrowheads) (C) and a high signal on diffusion-weighted imaging (arrowheads) (D).

Fig. 2. A 58-year-old man with a ruptured subcapsular hepatocellular carcinoma who underwent transarterial chemoembolization and left
lateral sectionectomy. (A) There is no demonstrable abnormal thickening in the diaphragm. (B) Localized thickening of the diaphragm
(arrow) can be seen on follow-up computed tomography after 7 months. (C) An increase in the extent of thickening with the enhancement
of the diaphragm is observed 4 months later (arrowheads). (D) The extent of thickening of the diaphragm again demonstrates an increase 3
montbhs later, and the central and left diaphragm show diffuse thickening with enhancement (arrowheads).
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where infiltrative invasion occurred later. The remaining pa-
tient presented with a ruptured subcapsular HCC, and peri-
toneal seeding nodules developed at multiple sites, includ-
ing the subphrenic area. In a previous case report, a similar
patient with recurrent HCC in the diaphragm after right he-
patic lobectomy for HCC abutting the diaphragm was de-
scribed [8]. The findings of this and the previous study indi-
cate that infiltrative invasion of the diaphragm is caused by
direct invasion of the diaphragm by tumors. For tumors that
do not exist in the bare area of the liver, adhesion between
the abdominal wall or diaphragm may occur as tumor in-
crease in size. In this case, there is likely a chance for direct
invasion of diaphragm. Therefore, the diaphragm should be
evaluated cautiously in patients treated for HCCs abutting
the diaphragm.

Surgical resection was performed in three patients. In two
of them, there was no recurrence at the resection site. How-
ever, recurrent tumors developed at the resection site in one
patient who had a relatively wide range of tumor invasion
compared with the other two patients. None of the patients
who underwent non-surgical treatment achieved complete
remission. Considering these results, we concluded that early
detection in the resectable stage of the disease and prompt
surgical resection are important for a good prognosis of infil-
trative invasion of the diaphragm by recurrent HCC.

This study had several limitations. First, our study had a
retrospective design; therefore, selection bias could exist. Pa-
tients might have not been included in this study unless dia-
phragm invasion or invasion was documented in the radio-
logic reports. Therefore, we were unable to determine the
exact rate of infiltrative invasion of the diaphragm by recur-
rent HCC. Second, there were no comparable control groups
in our study to validate the results. Large scale studies with
long-term follow-up are needed to better understand tumor
behavior and prognosis. Third, for the ideal study design,
pathological diagnosis of diaphragmatic invasion should be
used as the standard of reference in all patients. However, in
this study radiologic diagnosis was made in five of eight pa-
tients (62.5%) instead of pathologic diagnosis.

In conclusion, infiltrative invasion of the diaphragm by re-
current HCC manifested as diffuse thickening with an en-
hancement of the diaphragm. A good prognosis can be ex-
pected only in patients who receive an early diagnosis and
timely surgical resection.
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