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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth leading
cause of cancer-related death in the United States1

and the fourth worldwide.2 Treatment of advanced
HCC has been revolutionized in the past few years by
combinations of therapies that stimulate the immune
system to recognize and attack the cancer.3,4 The
empirical success of this paradigm implies an
immune-responsive nature of the HCC tumor micro-
environment that can be pharmacologically manipu-
lated. There have been small published series of
spontaneous regressions of HCC lesions,5 and an
obvious putative mechanism of such spontaneous
HCC tumor regression involves immune rejection.
One such recent case report described a series of
six patients who experienced varying degrees of
HCC tumor regression, one of whom had potentially
unique features of the immune microenvironment.6

Here, we report a patient who experienced a spon-
taneous regression of an HCC lesion bearing a high
tumor mutational burden (TMB) with a brisk-
associated lymphocytic infiltrate noted on a pre-
operative biopsy. We therefore propose a direct
mechanism—immune recognition and clearance of a
TMB-high tumor, with an unclear stimulus for such
antitumor activity—that may underlie rare cases of
spontaneous HCC regression.

CASE REPORT

The patient provided permission to use his clinical
information for this report. He initially presented in the
fall of 2019 as a 64-year-old man with a history of atrial
fibrillation (on a stable dose of a direct oral antico-
agulant for years) and no known history of chronic liver
disease or heavy alcohol use. An abdominal ultra-
sound obtained for mildly elevated serum amino-
transferases revealed a 1.9-cm right-sided liver mass.
Magnetic resonance imaging (MRI), which showed no
evidence of cirrhotic liver morphology or splenomeg-
aly, confirmed a 2.3-cm segment 4 hepatic lesion
exhibiting arterial enhancement, portal venous phase
washout, and pseudocapsule; the lesion also exhibited
restricted diffusion on diffusion-weighted MRI se-
quences (Fig 1A). Biopsy of the lesion performed

7 weeks later showed moderately differentiated HCC.
He underwent a follow-up MRI approximately 9 weeks
after the initial MRI, and this showed a decrease in size
to 1.6 cm and a decrease in arterial enhancement of
the biopsy-proven HCC (Fig 1B). During this evalua-
tion, the patient’s serum alpha fetoprotein level, which
was initially elevated to 9.6 ng/mL (reference range:
0-7.8 ng/mL), declined to 5.4 ng/mL, and has since
remained within the normal range (Fig 1C). Testing for
hepatitis B and C serologies, iron studies, and fasting
glucose did not reveal an obvious etiology of cirrhosis.

The patient was taken to the operating room for a
planned resection, at which time the surgeon noted no
evidence of tumor at the site predicted by the pre-
operative imaging. Instead, only slight dimpling was
noted in segment 4a at the expected site. Ultimately,
after re-review of preoperative imaging, the entirety of
hepatic segment 4a was resected. Pathologic review of
the resected liver segment showed a wedge-shaped
subcapsular scar with a marked infiltration by a
mature lymphocyte population; adjacent normal tissue
was noted to have mild steatosis, without fibrosis.

Spontaneous regression of the HCC was suspected,
and the initial biopsy specimen was further analyzed to
identify an underlying mechanism. Review of the
histology of the biopsy specimen demonstrated HCC
with an associated prominent lymphocytic infiltrate
resembling a lymphocyte-rich HCC (Fig 2A) composed
primarily of CD8+ T cells (1,084 per mm2) (Fig 2B) and
relatively few CD56+ natural killer (NK) cells (Fig 2C).
The resected liver segment contained a 4-mm scar
that was devoid of cancer cells but which was notable for
a substantial density of CD8+ T cells (1,678 per mm2)
(Fig 2D). Programmed death-ligand 1 (Cell Signaling
Technology [E1L3N]) was not expressed on either tumor
cells or immune cells. There was no evidence of mi-
crovascular involvement on the resection specimen.

Nucleic acids extracted from a formalin-fixed paraffin-
embedded sample from the patient’s biopsy tumor
tissue were sequenced using the Massachusetts
General Hospital Next-Generation Sequencing Snap-
shot panel.7 We identified a total of 34 mutations
(reference range for TMB-High on this assay: Absolute
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count ≥ 15), which is equivalent to 40 mutations/Mb and
indicative of a high TMB. This case scores in the 95th
percentile across all cancer types (out of 4,800 solid tumor
specimens profiled) and in the 86th percentile in the subset

of HCC (15 HCC specimens profiled) on our targeted panel
assay. Additionally, the sequencing data showed missense
substitutions in TP53 and DAXX; there were no genomic
fusions identified (Table 1).
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FIG 1. Preoperative clinical parameters implied regression of a biopsy-proven HCC. (A) Initial MRI (top: postcontrast T1 image, bottom: diffusion-
weighted image) showed a 2.3-cm tumor bearing the hallmark characteristics of HCC. (B) PostbiopsyMRI confirmed decreasing arterial enhancement
(top: postcontrast T1 image) and decreased size (bottom: diffusion-weighted image) of the HCC lesion. (C) Serum AFP declined to within normal limits
after the initial scan. AFP, alpha fetoprotein; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.
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FIG 2. (A) H&E stain of biopsy tissue showingHCCwith a prominent lymphocytic infiltrate. Scale bar is 200 µm. (B) IHC staining of biopsy tissue confirmed
that the infiltrating lymphocytes were predominantly CD8+ (Leica [4B11]). Scale bars are 200 µm and 20 µm (inset). (C and D) There were also rare
CD56+ (Leica [PA0191]) cells present in the biopsy specimen. Scale bars are (C) 200 µm and (D) 50 µm. (E and F) CD8 IHC staining of the resected liver
segment showed a residual brisk CD8+ immune cell infiltrate into a 4-mm scar and no residual cancer cells. Asterisks denote the presumed border of the
original tumor. Scale bars are (E) 2 mm and (F) 100 µm. HCC, hepatocellular carcinoma; H&E, hematoxylin and eosin; IHC, immunohistochemistry.
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The patient remains in complete remission 16 months after
the surgical resection. Postoperative imaging has contin-
ued to show no evidence of recurrent disease or hepatic
vascular compromise or thromboembolism, and the serum
alpha fetoprotein has remained within normal limits.

DISCUSSION

To our knowledge, this is the first known case of a spon-
taneous immune-mediated regression of biopsy-confirmed
HCC associated with a documented high TMB. There have
been several case reports and case series demonstrating
radiographic and/or pathologic evidence of spontaneous
HCC regression, even at an advanced stage and sometimes
completely.6,8 In those instances, there was no docu-
mentation or report of the TMB status. The assembled case
series that document such regression have often invoked
inflammatory stimuli or other systemic or physiologic per-
turbations to explain the antitumor effect.9 Our patient had
no changes to his medications, took no additional con-
ventional or complementary medications, had received no
vaccinations within the preceding year, and had no other
obvious hemodynamic precipitants to the tumor regression.

Although the biopsy of our patient’s tumor may have
contributed to the inflammatory local microenvironment,

there was evidence of a pre-existing immune infiltrate even
in the biopsy specimen. The tumor biopsy specimen
demonstrated infiltration of the tumor by large numbers of
CD8+ T cells. Tumor-infiltrating lymphocytes have complex
roles in hepatocarcinogenesis, including direct cytotoxicity
against HCC cells by cytotoxic T cells and NK cells, a
phenomenon inhibited by infiltrating regulatory T cells.10

Multiple studies have documented specific lymphocyte
subsets that can contribute to pro- and anti-cancer im-
munity. Indeed, a recent case report implicated enrichment
of CD16+ NK cells in one patient with advanced HCC that
spontaneously regressed.6

Our patient’s tumor exhibited a high TMB (Table 1). TMB is
at least partially independent from other immunotherapy
biomarkers—such as programmed death-ligand 111 and
microsatellite instability12—and is associated with a primed
immune system that is poised to respond to immune
checkpoint inhibition in multiple cancer types.13,14 This
immune reactivity is presumably associated with an in-
creased likelihood of peptide neoantigen presence in the
setting of a highly mutated genome.15 High TMB is present
in , 1% of HCC,16 is more common in TP53-mutated
tumors (as was found in our patient), and does not correlate
with viral versus nonviral HCC etiologies.17 Computational
deconvolution studies using bulk gene expression analysis
of resected HCC specimens has demonstrated a trend
toward an enriched CD8+ infiltrate in TMB-high specimens.18

Our patient’s tumor genome also harbored a mutation in
the DAXX gene, but its significance remains unclear.

In summary, we report the first case to our knowledge of
biopsy-proven completely regressed HCC associated with a
brisk lymphocyte infiltrate and a high TMB. Better un-
derstanding of the interplay between tumor genomic fea-
tures and immune microenvironment in similar exceptional
cases may lead to deeper insights into the drivers of
pharmacologic antitumor immunity and contribute to im-
proved genomic HCC screening methodologies.
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TABLE 1. Summary of Genomic Alterations
Molecular Variant Comment

TP53 Arg110Leu (ENST00000269305.4:
c.329G.T)

DAXX Glu172Gly (ENST00000266000.6:
c.515A.G)

Mismatch repair protein (IHC)
expression

Intact (MLH1, MSH2, PMS2, and MSH6)

Tumor mutational burden (mut/Mb) 40

Gene fusions None

Abbreviations: IHC, immunohistochemistry; mut, mutations; Mb, megabase.
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