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Remarkable tumor lysis in a hepatocellular
carcinoma patient immediately following
glypican-3-derived peptide vaccination
An autopsy case
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We recently reported the safety, immunological and clinical responses to a GPC3-derived peptide vaccine in a phase |
clinical trial of patients with advanced hepatocellular carcinoma (HCC). We conducted a subsequent trial in advanced
HCC to assess the histopathological findings before and after vaccination with the GPC3 peptide. Here, we present the
clinical course and the pathological study including the autopsy of a patient with advanced HCC in the ongoing clinical
trial. A 62-year old patient suffering from HCC refractory to sorafenib therapy received the GPC3 peptide vaccine. The
patient had fever and remarkably impaired liver function twice after vaccination. Contrast-enhanced CT after the second
vaccination showed multiple low-density areas in the liver tumor, indicating tumor necrosis. In contrast, the tumor
thrombus in the right atrium increased. The patient discontinued protocol treatment due to disease progression and died
30 days after the second vaccination. An autopsy was performed to determine the main cause of death and to evaluate
the antitumor effect of the vaccination. A histological examination showed central necrosis in most of the intrahepatic
tumor. The main cause of death was circulatory failure due to tumor thrombus, which occupied most of the right atrium.
An immunohistochemical analysis revealed infiltration of CD8-positive T cells in the residual carcinoma, but not within
the cirrhotic area. Ex vivo IFN-y enzyme-linked immunospot analysis revealed vaccine-induced immune-reactivity
against the GPC3 peptide. A histopathological examination at the estimated time of a strong immunological response

demonstrated a GPC3 peptide vaccination-induced cytotoxic T-lymphocyte response with an anti-tumor effect.

Introduction

Cancer vaccine targeting hepatocellular carcinoma (HCC)
tumor antigens have been tested in clinical trials."? However,
cancer vaccines using tumor-antigen-derived peptides have not
demonstrated adequate antitumor efficacy in clinical trials for
advanced HCC."? Glypican-3 (GPC3), a carcinoembryonic anti-
gen, is an ideal target for immunotherapy against HCC because
it is overexpressed specifically in HCC (72-81%) and correlates
with a poor prognosis.*'* GPC3 forms a complex with Wnt mol-
ecules and promotes the growth of HCC by stimulating canoni-
cal Wnt signaling.® We identified HLA-A*24:02-restricted
GPC3 (EYILSLEEL) and HLA-A*02:01-restricted
GPC3 (FVGEFFTDV) peptides, both of which induce
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GPC3-reactive cytotoxic T-lymphocytes (CTLs) without induc-
ing autoimmunity.*® We recently reported the safety, immuno-
logical, and clinical responses of a GPC3-derived peptide vaccine
in a phase I clinical trial of patients with advanced HCC." The
results of that trial showed that GPC3 peptide-specific CTLs
increased in peripheral blood, and that many CD8-positive T
cells infiltrated the tumors in some patients, demonstrating a cor-
relation between the CTL response and overall survival following
GPC3 peptide vaccination. Based on these results, we conducted
a trial in patients with advanced HCC to assess the clinical out-
come and whether tumor-infiltrating lymphocytes with an anti-
tumor effect increased. In all cases, liver biopsies were performed
before and after GPC3 peptide vaccination according to the
protocol. This trial was approved by the Ethics Committee of
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Figure 1. Findings of an early-phase contrast-enhanced CT (CT) scan. (A) Contrast-enhanced CT scan
before vaccination shows a 68 x 51-mm tumor with multiple intrahepatic tumors (arrow) and a 44 x 30-
mm tumor invading the right atrium (arrowhead). (B) Contrast-enhanced CT after the second vaccination
showing multiple low-density areas in the liver, indicating extensive tumor necrosis (arrow). By contrast,
a tumor thrombus in the right atrium increased to a 83 x 50-mm tumor (arrowhead). (C) Clinical course
from the beginning of GPC3 peptide vaccination. Approximately 1 week after the first vaccination, the
patient began reporting general fatigue and showed intermittent fever. Inflammatory and hepatic
parameters were elevated (CRP: pink line, AST: red line, T-bil: green line). The abnormal laboratory param-
eters improved after observation. On day 9 after the second vaccination, the patient was admitted to our
hospital as an emergency due to fever and general fatigue, which were similar to his previous symptoms.
One day after hospitalization, the inflammatory and hepatic parameters were remarkable. Inflammatory
and hepatic parameters improved 1 week after hospitalization. However, his status gradually worsened,
and he died on day 30 after the second vaccination. (D) Immunological monitoring of the GPC3 peptide-
specific T cell responses. Ex vivo IFN-y enzyme-linked immunospot (ELISPOT) assays against GPC3 in 5

% 10° peripheral blood mononuclear cells (PBMCs) were performed before and after vaccination. The A
spot number indicates the number of GPC3 peptide-specific cytotoxic T-lymphocytes (CTLs). The num-
ber of interferon (IFN)-y positive spots increased from 0 to 84 after the second vaccination.
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CASE REPORT

the National Cancer Center and reg-
istered with the University Hospital
Medical  Information  Network
Clinical Trials Registry (UMIN-
CTR number 000005093). The
patient described herein was the first
case examined pathologically using
autopsy specimens. Here, we pres-
ent the clinical course and patho-
logical study, including an autopsy,
of a patient with advanced HCC
who revealed remarkable tumor lysis
immediately after the second vaccina-
tion in an ongoing clinical trial of a
GPC3 peptide vaccine.

Patient presentation. A 62-year-
old male had a history of asymptom-
atic chronic hepatitis C. In September
2009, he was diagnosed with HCC.
Laboratory data disclosed no abnor-
malities. Abdominal CT (CT) scans
showed four lesions in the liver, and
the patient was treated four times
with hepatic artery chemoemboliza-
tion. In December 2010, CT scans
revealed a new lesion indicative of a
tumor thrombus extending into the
inferior vena cava. The patient was
treated with sorafenib. However, the
sorafenib treatment was discontinued
in January 2011 due to progressive
multiple intrahepatic tumors.

As no established
regimens exist for this condition, he

therapeutic

was offered participation in a clini-
cal trial of a GPC3 peptide vaccine
for advanced HCC. HLA-typing
revealed an HLA-A2 phenotype. The
patient had a performance status of
0, and Child-Pugh class B disease.
The patient did not have active HBV
infection or rapidly progressive tumor
thrombus before enrollment, met the
eligibility criteria, and was enrolled
after providing informed consent.
Early-phase contrastenhanced CT
before treatment showed a maxi-
mum 68 x 51-mm tumor with mul-
tiple intrahepatic tumors and a 44
x 30-mm tumor invading the right
atrium (Fig. 1A). Pretreatment tumor
markers were as follows: o fetopro-
tein (AFP), 852 ng/mL and des-
gamma-carboxy prothrombin (DCP),
1346 mAU/mL. A liver biopsy was
performed 1 week prior to GPC3

1229



peptide vaccination according to the protocol. In April 2011, 3
mg of HLA-A2-restricted GPC3,, .. peptide (FVGEFFTDV)
(American Peptide Co.) emulsified with incomplete Freund’s
adjuvant (Montanide ISA-51VG; SEPPIC) was injected intra-
dermally as the vaccine following Good Manufacturing Practice
guidelines. The patient had a low-grade fever on day 6 following
the first vaccination, and inflammatory and hepatic parameters
were elevated on day 12 (Fig. 1C). The abnormal laboratory find-
ings improved later. Therefore, he received the second vaccination
on day 26 after the first vaccination. On day 9 after the second
vaccination, the patient was admitted to our hospital with a high
fever and general fatigue. On admission, the patient’s C-reactive
protein (CRP) level (10.76 mg/dL) and laboratory hepatic
parameters were elevated. One day after hospitalization, aspar-
tate aminotransferase and alanine aminotransferase and levels
were elevated to 1,580 IU/L and 1,112 TU/L, respectively. The
prothrombin time-international normalized ratio increased from
1.18 to 1.51. But the patient did not have ammonemia or asterixis.
As seen by eatly-phase contrast-enhanced CT scan, most tumors
in the liver were not contrast enhanced. Findings of the CT scan
indicated tumor necrosis and regression. In contrast, the size of
the tumor thrombus in the right atrium increased to a maximum
of 83 x 50 mm (Fig. 1B). Levels of the tumor markers AFP and
DCP decreased temporarily to 634 ng/mL and 777 mAU/mL,
respectively. He was infused with a liver-supporting agent (mono-
ammonium glycyrrhizinate, glycine, and L-cysteine hydrochloride
hydrate). The inflammatory and hepatic parameters improved 1
week after hospitalization (Fig. 1C). We did not perform a liver
biopsy when the hepatic parameters were elevated because they
improved promptly. Nevertheless, his status worsened gradually.
Protocol treatment was discontinued due to progressive disease
and he died 30 days after the second vaccination. Based on the
clinical course, we could not rule out the possibility that his
condition had worsened as a result of the vaccine. Therefore, an
autopsy was performed to determine the main cause of death and
the elevated hepatic parameters, and to evaluate the anti-tumor
effect of vaccination.

Results

Immunological analysis and autopsy. Generally, CTLs specific
for tumor antigens cannot be detected directly ex vivo; they can
be detected only after expansion by repeated in vitro stimula-
tion with the antigenic peptide in conjunction with appropriate
antigen-presenting cells. This is attributed to the sensitivity of the
assay and the low frequency of tumor-antigen-specific CTLs."?
GPC3 peptide-specific CTLs in PBMCs, which can be detected
directly ex vivo without in vitro stimulation, can provide strong
immunological evidence. An ex vivo IFN-y ELISPOT assay was
performed, as described previously.”” The number of GPC3 pep-
tide-specific CTLs increased from 0 to 84 in 5 x 10° PBMC:s after
the second vaccination (Fig. 1D). This result led us to antici-
pate a good clinical response because the increased number of
CTLs and the specific CTL number correlated with the clinical
response in a previous trial of the GPC3 peptide vaccine.!
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A liver biopsy was performed before vaccination according
to protocol. Histological examination of the specimen revealed
well-differentiated HCC. Immunohistochemical staining
showed expression of GPC3 and HLA class I in the cytoplasm
and membranes of the carcinoma cells and a few CD8-positive T
cells in the carcinoma tissue before vaccination (Fig. 2A).

A general autopsy (with the exception of the brain) was per-
formed 2 h following death. Macroscopic findings of the liver
revealed multiple macro-nodular lesions with central necrosis
mainly in the right lobe (Fig. 2B, left). As the tumor occupied
most of the right atrium, the main cause of death was circula-
tory failure due to progressive tumor thrombus (Fig. 2B, right).
We judged that his condition had worsened as a result of the tumor
thrombus. A histological examination showed central necrosis in
most of the tumor in the right lobe, and viable carcinoma cells
remained around the necrotic tissue, whereas a cirrhotic nodule
adjacent to the carcinoma tissue was not necrotic (Figs. 2C and
3A). Immunohistochemical staining revealed GPC3-positive car-
cinoma cells (Fig. 3A). There was infiltration of CD8-positive T
cells (brown) in the residual carcinoma, but not within the cirrhotic
area (Figs. 2C and 3A). We did not detect degeneration or necrosis
of the hepatocytes in the non-tumor liver parenchyma of the left
lobe. These findings suggest that the elevated hepatic parameters
in our patient were due to an antitumor effect. We diagnosed that
the cause of death was unlikely to be related to vaccine-induced
liver injury. We focused on the necrotic area around the cirrhotic
nodules, in which CD68-positive macrophages (brown) aggre-
gated (Fig. 3B). CD8-positive T cells also infiltrated the marginal
zone between the necrotic area and noncancerous cirrhotic nodule,
suggesting that carcinoma cells were attacked by CD8-positive T
cells, which may have resulted in necrosis (Fig. 3B). The histology
of the tumor thrombus in the right atrium was similar to that of
the intrahepatic tumor. However, viable tumor cells remained in
half of the tumor thrombus and little infiltration of CD8-positive
T cells was detected (data not shown).

Discussion

To date, the time to CTL induction and subsequent tumor
response has been prolonged in cancer vaccine trials." By con-
trast, no discrepancy regarding the time between CTL induc-
tion and tumor response was observed in our phase I trial of a
GPC3 peptide vaccine.! In this case, central necrosis of each
intra-hepatic tumor was observed at the time of a strong immu-
nological response against the GPC3 peptide, immediately after
the second vaccination.

We did not perform a liver biopsy when the hepatic parame-
ters were elevated. A biopsy may be necessary to rule out vaccine-
induced liver injury when the hepatic parameters are elevated.
However, the clinical course and autopsy results suggested that
the elevated hepatic parameters in our patient were due to an
antitumor effect.

Treatment-induced necrosis is included in the modified
RECIST assessment for HCC."® Therefore, a positive radio-
graphic response following vaccination, suggesting tumor necro-
sis, could be evaluated as a treatment response.
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Figure 2. (A) Pathological findings of liver biopsy specimens before vaccination. A microscopy image of a hematoxylin and eosin (H&E)-stained
section shows well-differentiated hepatocellular carcinoma (HCC). Immunohistochemical staining for GPC3 and HLA class | showed positivity in the
cytoplasm and membranes of carcinoma cells, respectively. No CD8-positive T cells were observed in carcinoma tissue before vaccination. (B) Macro-
scopic findings of the liver and heart before formalin fixation at the time of autopsy. Most liver tumors had a necrotic area (arrow). A tumor thrombus
occupied most of the right atrium (arrow). (C) Pathological findings of the autopsy specimen. (@) Microscopic images of H&E-stained sections showing
central necrosis of carcinoma tissue, whereas a cirrhotic nodule adjacent to the carcinoma tissue was not necrotic. (b) Magnified image of the area
enclosed within the white box in (a) showing that cancer cells exhibited a morphology (left) different from that of cirrhotic cells (right). (c) CD8-positive
T cells (brown) infiltrated the carcinoma cells accompanied by necrosis. In contrast, no infiltration of CD8-positive T cells was detected within the
cirrhotic nodule. (d) Magnified image of the area enclosed within the red box in (a) showing necrosis and viable carcinoma cells. (e) Positive immuno-
histochemical GPC3 staining was observed in only the cytoplasm of carcinoma cells. (f) CD8-positive T cells infiltrated the necrotic area and carcinoma

Necrosis was found in the center of each tumor; therefore, the
central necrosis caused by ischemia, in addition to CD8-positive
T cells attacking tumor cells, may have led to tumor necrosis.
Three findings support the hypothesis that tumor necrosis was
caused by CD8-positive T cells, as follows: (1) the necrotic
changes determined by CT after vaccination, accompanied by
clinical laboratory data; this was consistent with an immune
response, although no tumor necrosis was evident on the CT
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before vaccination; (2) no necrosis was evident in the left lobe
(no tumors) of the autopsy liver specimen, but it was present in
the right liver lobe (tumors present); and (3) CD8-positive T cells
infiltrated residual viable tumor cells. The analyses used in this
study may contribute to identifying the pathological state after
vaccination.

We detected infiltration of CD8-positive T cells into the
hepatic tumors, but little infiltration of CD8-positive T cells into
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cells did not express GPC3.

Figure 3. Pathological findings in the autopsy specimen. (A) Carcinoma in a cirrhotic nodule. CD8-positive T cells (brown) infiltrated only the carci-
noma area, accompanied by necrosis. No infiltration of CD8-positive T cells was detected in the cirrhotic nodule. Only carcinoma cells were GPC3-
positive by immunohistochemical staining. (B) Necrotic area surrounded by cirrhotic nodules. (a) Necrosis was surrounded by viable cirrhotic cells.
(b) The margin between the necrosis and the cirrhotic nodule. This portion is enclosed by the red box in (a). (c) CD68-positive macrophages (brown)
aggregated in the necrotic area around the cirrhotic nodule. (d) CD8-positive T cells (brown) infiltrated the necrotic area but not the cirrhotic nodule.
(e) CD45-positive lymphocytes infiltrated the necrotic area. Based on the image in (d), most of the lymphocytes were CD8-positive T cells. (f) Cirrhotic

the tumor thrombus. This discrepancy may have been caused by
the heterogeneity associated with immune-escape mechanisms in
tumor cells.

This case report of central necrosis in a patient with HCC
might be regarded as spontancous regression correlated with
circulatory failure due to a massive tumor embolism. It was not
known whether the tumor necrosis was induced by CTLs, isch-
emia, or other factors. However, the infiltration of CD8-positive
T cells into tumor cells supports immune-related necrosis.

The rate of spontaneous partial regression among patients with
HCC is 0.406% compared with the control arm of a randomized
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clinical trial'® In contrast, three of 33 patients who received
GPC3 peptide vaccination in the phase I trial had suspicious
tumor necrosis on CT scans. In one report, massive infiltration
of CD8-positive T cells in the remaining liver tumor and tumor
necrosis were identified by histological examination of a biopsy
specimen after vaccination." Indeed, on-going clinical trials of
the GPC3 peptide vaccine will provide additional information
and further demonstrate the antitumor effect.””'® Histological
results at the estimated time of a strong GPC3-specific CTL
response suggest that GPC3 peptide vaccination may be a prom-
ising approach to treat HCC.
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Materials and Methods

Ex vivo interferon-y (IFN-vy) enzyme-linked immunospot assay.
An ex vivo IFN-vy enzyme-linked immunospot (ELISPOT) assay
was performed to evaluate the antigen-specific CTL response,
as described previously.”? Briefly, peripheral blood (30 mL) was
obtained from the patient before the first vaccination and 2 weeks
after each vaccination and centrifuged on a Ficoll-Paque gradi-
ent. Non-cultured peripheral blood mononuclear cells (PBMCs)
(5 x 10°/well) were added to plates in the presence of 10 g/
mL peptide antigens and incubated for 20 h. The GPC3 antigen
used was the HLA-A2-restricted GPC3,, . (FVGEFFTDV)
peptide. PBMCs with the HLA-A2-restricced HIV19-27
(TLNAWVKVYV) peptide (Prolmmune) were used as negative
controls. Assays were performed in duplicate.

Immunohistochemical  analysis. Immunohistochemical
staining with monoclonal antibodies against GPC3 (clone, 1G12;
Biomosaics), HLA class I (clone, EMR8/5; Hokudo), CD8
(clone, 1A5; Novocastra), CD45 (cloned 2B11 and PD7/26;
Ventana), and CD68 (clone, KP-1; Ventana) was performed

according to the manufacturer’s protocol.
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