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Abstract
Rapid intrahepatic and distant metastasis of hepatocellular carcinoma (HCC) after locoregional
treatment for early stage tumor is very rare. Descriptions of spontaneous regression of HCC exist
in case reports, but its true mechanism is unclear. Here, we describe a case of rapid dissem-
ination with lung metastasis shortly after localized RFA treatment of HCC liver lesions, followed
by spontaneous, sustained regression of those lung lesions. We also show the detection of
cytotoxic T lymphocytes (CTLs) specific to hepatitis B antigens by immune assay in this patient.
We propose immune-related destruction as the basis for spontaneous regression.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Correspondence to:
Yiqing Xu, yxu@maimonidesmed.org

https://www.karger.com/cro
https://www.karger.com/cro
https://doi.org/10.1159/000527229
https://www.karger.com/cro
http://www.karger.com/Services/OpenAccessLicense
mailto:yxu@maimonidesmed.org
mailto:yxu@maimonidesmed.org
mailto:yxu@maimonidesmed.org


Introduction

Hepatocellular carcinoma (HCC) is a cancer associated with viral hepatitis B or C and
other non-viral chronic liver diseases [1]. Early stage HCC is treatable with a number of
locoregional therapy options, such as surgery, trans-catheter arterial chemoembolization
(TACE) [2], radiofrequency ablation (RFA) [3], stereotactic radiation [4], radioembolization
using intra-arterial injection of yttrium-90 [5, 6], and liver transplant [7]. RFA is considered
one of the main curative treatments for HCC of less than 5 cm in a cirrhotic liver [8]. By
delivering a rapid electromagnetic pulse that causes thermal injury leading to coagulative
necrosis of the liver tissue, it can achieve excellent control of liver lesions, particularly for
lesions less than 5 cm [9]. RFA has been delivered to a vast number of patients, and multiple
studies have shown that it is a well-tolerated procedure and is usually only associated with
minor, self-limited side effects in about 5–10% of patients [10–13]. The reported common
side effects are hematoma, liver abscess, pulmonary or gastrointestinal damage depending on
the locations of the liver lesions.

Here we present an unusual case of rapid progression with lung metastasis shortly after
localized RFA treatment of HCC, followed by spontaneous, sustained regression of lung
metastatic lesions. We also present result from our correlative study, which showed the
presence of CTLs specific to HBV antigens, suggesting an immune response as the underlying
mechanism for the sustained tumor regression.

Case Presentation

The patient was 81 years old when she presented after a finding of a mass in the right
hepatic lobe upon serial abdominal ultrasound evaluation due to the history of chronic active
hepatitis B. She had been taking antiviral drug entecavir. MRI showed a 4.3 × 3.8-cm mass in
segment 5 (close to the IVC) and a 2 × 1.4-cm mass in the periphery (segment 7). AFP was 50
μg/L, and HBV DNA was undetectable. Both of these masses exhibited image patterns
consistent with HCC, as being heterogeneous, demonstrating arterial hyper-enhancement and
washout on portal venous phase. A diagnosis of HCC was made based on clinical history and
image characteristics after tumor board discussion. No tumor biopsy was taken. Past medical
history included hypertension, diabetes, and type B aortic dissection which were all medically
managed. Family history was significant for colon cancer in one of her sons. The patient
declined surgery and was treated with TACE 1 month after diagnosis, with mild decrease in
AFP and persistent mass. A second TACE was performed 3 months later, which did not result
in AFP decline. Due to sclerosis of hepatic arteries, no further TACE was recommended. Her
AFP continued to rise to 178, ten months after diagnosis, and MRI showed viable components
in both lesions. Baseline labs at that time showed total WBC of 5.9 × 103/µL, absolute
lymphocyte count of 3.8 × 103/µL, hemoglobin of 12 g/dL.

Eleven months after diagnosis, she underwent initial RFA for both lesions via laparotomy.
She developed postoperative anemia with lowest hemoglobin of 8.5 g/dL, and CT scan 2
months after RFA showed a hematoma in one of the ablated cavities, which resolved on its
own. It also showed development of numerous lung nodules consistent with metastases.
Three months after RFA, her AFP rose to 3,308, with total WBC of 5.5 × 103/µL, absolute
lymphocyte count of 3.2 × 103/µL, and a repeat CT reported multiple bilateral pulmonary
nodules, which have markedly increased in size and number since 1 month ago (Fig. 1a). At
that time, she had low energy, decreased appetite, andwasmostly confined to the house, while
her hemoglobin level already returned to her baseline (10.2 g/dL). Systemic treatment
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options including sorafenib or immunotherapy with nivolumab were offered and planned but
she declined.

On a routine follow-up 5 months from RFA, she reported feeling well with greatly im-
proved symptoms. AFPwas 18, totalWBC 5.9 × 103/µL, absolute lymphocyte count 3.4 × 103/
µL, and hemoglobin 12 g/dL, and CT at that time showed significant decrease in size of the
multiple lung nodules and the liver masses (Fig. 1b). Largest lung nodules measured 1.3 cm
compared to 2.7 cm in diameter in the prior study (Fig. 1b). The patient denied taking any
herbs or other alternative treatment. Monitoring without treatment continued. Repeat CT
scan 8 months from RFA (Fig. 1c) and 14 months after RFA (data not shown) again showed
further decrease in the size of the lung lesions.

Her AFP started to rise 18 months after RFA, and a CT scan showed increase in size of the
hepatic dome lesion but stable appearance of the segment 7 lesion and the lung nodules and
decrease in segment 5 lesion. Twenty-one months after RFA, an interventional radiology-
guided RFA was performed to the hepatic dome lesion, which resulted in slow mild decrease
in her AFP level (22 in 1/2018 before procedure and 36, then 25 after the procedure).
Twenty-eight months after RFA, AFP increased to 74, and CT showed tumor recurrence in
segment 7 liver lesion, while the bilateral lung nodules remained stable as subcentimeter
lesions (Fig. 1d). The patient received another IR-guided RFA to the segment 7 lesion 31
months after initial RFA, and her AFP decreased to 18, and CT scan in March 2019 showed no
more enhancing nodules in the segment 7 lesion.

Thirty-seven months after initial RFA, or 48 months from initial diagnosis, with rising
AFP, MRI showed 2 new lesions in the left lobe of the liver, segment IVb and II. Systemic
treatment was recommended which she declined. CT of the chest 39 months after initial RFA
showed development of left pleural effusion (Fig. 1e). She presented to ER for shortness of
breath 1 month later and was found to have large right-sided pleural effusion, which was
drained. Cytology was negative for malignant cells. CT scan 41 months after initial RFA (Fig.
1f) showed tumor throughout the right pleural space, large right lower lobe necrotic tumor
with active bleeding. The patient passed away shortly afterward.

We hypothesized that the spontaneous regression of the pulmonary metastatic lesions
was a result of the self-anti-tumor immune response. A collaboration was established with
Cellular Technology Limited (Shaker Heights, OH, USA), and cytotoxic T-cell (CTL) response

a b c
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Fig. 1. Serial CT images showing the lung metastasis 3 months after RFA (a), 5 months after RFA (b), 8
months after RFA (c), 28 months after RFA (d), 39 months after RFA (e), and 41 months after RFA (f).
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was performedwith themeasurement by Enzyme-Linked Immune Absorbent Spot (ELISPOT)
assay. IRB approval was obtained at both Cellular Technology, Ltd., and Maimonides Medical
Center. The patient signed informed consent for the correlative studies. Ten milliliters of
peripheral blood was collected from the patient, and peripheral blood mononuclear cell was
isolated in CTL, cryopreserved, and stored in liquid nitrogen until testing. The ELISPOT assay
was performed to detect IFN-γ-producing T cells from the patient’s blood, after stimulation
with HBV-associated whole protein antigens according to CTL standard operating procedure.
Briefly, the cells were plated at 400,000 cells/well in triplicate wells; medium alone served as
the negative control, and phytohemagglutinin (PHA) at 5 μg/mL served as the positive
control. The whole protein antigens (hepatitis B core protein and hepatitis B surface antigen
ayw) were titrated over the range of concentration from 40 μg/mL to 5 μg/mL in triplicate
wells. The peptide pools (HBV capsid antigen and HBV large envelope protein) were titrated
over the range of concentration from 2 μg/mL to 0.5 μg/mL in triplicate wells. The cells were
incubated with the antigen for 24 h. Positive ELISPOTs were counted and reported as
numbers above the background. The ELISPOT tests were performed at visit 1 (16 months
after initial RFA) and visit 2 (20 months after initial RFA).

The patient’s blood sample showed strong positive response to HBV capsid antigen,
producing positive IFN-γ-producing spots (Table 1). At visit 1, the response appeared to be
proportional to the dose of stimulating antigen concentration. At visit 2, the IFN-γ-producing
spots were more and were similar at both 40 μg/mL and 10 μg/mL (Table 1). Upon stim-
ulation of the sample with HBV surface antigen (ayw), there was no response at 40 μg/mL,
showing inhibitory effect from the antigen at this concentration. However, therewas a positive
response at 20 μg/mL and 10 μg/mL levels consistently between the 2 experiments, con-
firming a weak but positive response (Table 2).

Discussion

This case is unique as it illustrated two rare phenomena: (1) an initial rapid dissemination
of disease with metastasis to the lungs after RFA and (2) a secondary spontaneous regression
of the pulmonary metastasis. The regression started at 5 months and lasted for 39 months.
She eventually progressed both in the liver and in the lungs and passed away from the disease.
We investigated whether immune response was the mechanism of regression and showed
laboratory evidence that there was a specific CTL response to HBV core capsid antigen as well
as surface antigen.

The phenomenon of disseminated intrahepatic or distant metastasis from a localized
intrahepatic lesion occurs extremely infrequently but has been observed and reported [14].
Rapid intrahepatic dissemination was observed, and risk factors were high preoperative AFP
values and location of the tumor near segmental portal branches. It is likely due to hema-
togenous spread, and there was no report on subsequent spontaneous regression.

On the other hand, regression of HCC in general has been widely reported and was a
subject of multiple reviews [15–17]. Oquiñena et al. [16] reported 3 cases and performed a
thorough literature review of 59 cases reported up to 2009. The authors proposed a number
of possible mechanisms, such as tumor tissue ischemia due to previous hepatic artery
thrombosis or rapid tumor growth; a distant bystander effect; cessation of alcohol con-
sumption; or possible other medications, such as herbal remedies [18] or nonsteroidal anti-
inflammatory drugs. No possible causes in 46% of the cases. The review by Sakamaki et al.
[15] discussed multiple immune-related mechanisms. For example, marked inflammatory
response, infiltration of CD8+ and CD4+ T cells, an increase in interleukin 18, tumor necrosis
factor-alpha, and CD 163-positive macrophages were all reported [15]. Our study
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demonstrated CD8+ CTLs against HBV antigen as a surrogate marker for immune response,
which may be a first study of this result to be added to the literature.

Recent benchtop research and clinical observations on the treatment effect of immune
checkpoint inhibitors in cancer treatment have broadened our understanding of the balance
of the body’s immune response and immune tolerance. Immune checkpoint inhibitors work
well in tumors associated with viral infections such as HPV and EBVs [19]. Radiation followed
by checkpoint inhibitor treatment showed augmented response [20], and the proposed
hypotheses are (1) the release of neo-antigens and (2) radiation-induced cell death could be
immunogenic and radiation can overcome T-cell exclusion [21]. A case of abscopal effect in a
patient with melanoma who received radiation therapy and ipilimumab treatment was well
studied and published [22]. In that study, antibody titers to a tumor antigen, NY-ESO-1,
correlated with tumor regression. As immune checkpoint inhibitors act by releasing a brake
on the suppression of the body’s immune response, it is hypothesized that native immune
responses to those viral antigens exist. The result of our study reinforces this hypothesis.

RFA generates region of necrosis and marked local inflammatory response with infil-
tration of a dense T-cell infiltrate [23]. Induction of antigen-specific T-cell response was
characterized [24]. It was proposed that the release of a new antigen secondary to tumor
destruction ensues after RFA [25]. In a prospective study in patients with HCC, activated,
specific T-cell response was detected against tumor antigens derived from both the untreated
HCC tissue as well as the necrotic tumor; in addition, T-cell responses to recall antigens were
significantly augmented as well, indicating memory response [26]. In a recent review, the
relationship of immune modulation effect on locoregional therapy and its potential synergy
with immunotherapy has been further outlined. RFA can generate regions within the liver that
lead to PD-L1 upregulation, increase in effector immune response cells, inhibition of immune-
suppressive cells, and increased release of tumor antigens [27].

Immune response after HBV viral infection has been well studied [28]. CD4 T cells are
robust producers of cytokines and are required for the efficient development of effector CD8
CTLs and B-cell antibody production. CD8 T cells clear HBV-infected hepatocytes through
cytolytic and noncytolytic mechanisms, reducing the levels of circulating virus. This antiviral
immune response is induced after acute HBV infection and leads to HBV control. In contrast,
patients with chronic HBV infection fail to mount such an efficient antiviral response. After the
infection is controlled, maturation of T-cell memory occurs and is associated with its
functional exhaustion. In patients with chronic HBV infection, the HBV-specific T-cell re-
sponse is extremely weak.

In this study, we tested immune response to HBV antigens and showed positive results. It
is unclear whether this response can be considered as a surrogate result for antitumor
response. Due to the lack of biopsy of tumor tissue, a direct measure of T-cell response to the
tumor tissue itself could not be done. Our patient has been taking anti-HBV medication
entecavir for a long time, and her HBV viral load was undetectable while she developed HCC.
The positive response manifested in the study could be due to stimulation of the immune
memory cells or be associated with a response the body mounted against the tumor cells
which were infected by HBV and expressed HBV antigens, which led to regression of pul-
monary metastases. This hypothesis will need further studies for confirmation.

Table 1. ELISPOT numbers after in vitro
stimulationwithwhole HBV capsid antigen

HBV capsid Ag 40 μg/mL
Median±SD

10 μg/mL
Median±SD

5 μg/mL
Median±SD

Visit 1 132.5±41.7 92±21.6 11±4.2

Visit 2 324±NA 353±NA N/A
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The observations in this study have a number of limitations. We did not have samples to
show her immune response at baseline; we also did not have samples from other patients who
have chronic HBV infection to test if they harbor anti-HBV response. We did not have tumor
tissue to design CTL assays for antitumor-associated antigen response. In addition, the initial
diagnosis of lung metastasis was based on marked rise in AFP, not by biopsy, although the
ultimate progression of pleural effusion and lung masses partially confirmed the original
suspicion of malignant metastasis in the lungs. Throughout the disease course, the HCC
diagnosis was clinical; we did not have pathology confirmation or pathology material for
further molecular testing.

Conclusion

We have demonstrated the presence of positive anti-HBV T-cell response in a patient with
HCC who showed rapid dissemination of metastatic disease followed by spontaneous re-
gression, suggesting immune-related response as the potential underlyingmechanism leading
to the regression of the lung metastasis.
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