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Trends in the treatment of pancreatic cancer in Japan

Ryota Matsuki, Takaaki Arai, Masaharu Kogure, Yutaka Suzuki, Yoshihiro Sakamoto™

Department of Hepato-Biliary-Pancreatic Surgery, Kyorin University Hospital, Mitaka, Tokyo, Japan.

Pancreatic cancer is known to have the poorest prognosis among digestive cancers. With the
development of new chemotherapeutic agents and introduction of multidisciplinary therapy, however,
the treatment outcomes for pancreatic cancer have dramatically improved over the past two decades.
The keys to successful treatment will be accurate assessment of resectability [resectable (R), borderline
resectable (BR) or unresectable (UR)] at the time of diagnosis and prompt adoption of an appropriate
multidisciplinary treatment strategy. Prep-02/JSAP-05 trial which is an RCT of upfront surgery versus
neoadjuvant chemotherapy using GEM and S-1 (GS) and subsequent surgery for R-PDAC in Japan
indicated neoadjuvant chemotherapy had a longer overall survival (OS) than those undergoing upfront
surgery (36.7M vs. 26.6M, p = 0.015). In a retrospective multicenter study in Japan reported that in
BR-PDAC, median survival time (MST) in the pretreatment group was significantly better than that
in the upfront surgery group (25.7 months vs. 19.0 months, p = 0.015) according to a propensity score
matching analysis. Another retrospective multicenter study with UR-LA PDAC in Japan reported that
conversion surgery was more beneficial for patients with more than 8 months of preoperative therapy
than those with less than 8 months of that therapy. Various clinical trials on pancreatic cancer are
ongoing, and the results of trials on chemotherapeutic regimens and multidisciplinary treatments will

SUMMARY
be of further interest.
Keywords pancreatic cancer, resectability, multidisciplinary treatment

1. Introduction

Pancreatic cancer is known to have the poorest prognosis
among digestive cancers; only 15-20% of cases are
resectable while 30-40% of cases involve locally
advanced cancer and 50-60% of cases involve distant
metastatic cancer, which is unresectable (7). With the
development of new chemotherapeutic agents and
introduction of multidisciplinary therapy, however,
the treatment outcomes for pancreatic cancer have
dramatically improved over the past two decades.
The treatment strategy for pancreatic cancer depends
on the resectability of each cancer. The resectability
of pancreatic cancer was first classified in the NCCN
guidelines in 2004, and further objective classification
based on anatomy and tumor extension on CT images
was proposed by the M. D. Anderson Cancer Center
(MDACC) in 2006 (2). In Japan, in 2016, the 7th Edition
of the Classification of Pancreatic Cancer clearly stated
that the resectability of pancreatic cancer should be
classified as resectable (R), borderline resectable (BR),
or unresectable (UR) based on local extension and the
presence or absence of distant metastasis (3). The keys
to successful treatment will be accurate assessment of

resectability at the time of diagnosis and prompt adoption
of an appropriate multidisciplinary treatment strategy

2. Multidisciplinary treatment for pancreatic ductal
adenocarcinoma (PDAC)

2.1. Adjuvant treatment for PDAC

Since the beginning of the 21st century, gemcitabine
(GEM) has frequently been used to treat UR pancreatic
cancer. In response to that trend, the CONKO-001 trial
in Germany (4) and the JSAP-02 trial in Japan (5) were
conducted as randomized controlled trials (RCTs) on
adjuvant therapy after surgery for R-PDAC. The results
of these trials indicated that patients who received GEM
for 3-6 months after surgery for R-PDAC had a longer
recurrence-free survival (RFS) than the observation
group. Subsequently, the JASPC 01 study in Japan
(6) indicated that the administration of adjuvant S-1
significantly improved not only RFS but also overall
survival (OS) in comparison to administration of
GEM, and this finding was announced at the American
Gastrointestinal Cancer Symposium (ASCO-GI) in
2013. Since then, administration of S-1 as adjuvant
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136 BioScience Trends. 2021, 15(3):135-137.

Table 1. Results of perioperative adjuvant chemotherapy for resectable pancreatic cancer

Study Country Year Journal Therapy n MST (M)
CONKO-001 Germany 2007 IMA GEM 6M 179 134 PFS
observation 175 6.9 PFS
JSAP-02 Japan 2009 Br J Cancer GEM 3M 58 11.4 PFS
observation 60 5.0 PFS
JASPACO1 Japan 2016 Lancet S-1 6M 187  46.5
GEM 6M 190 255
ESPAC-4 European study group 2017 Lancet GEM-+Cape 6M 364  28.0
GEM 6M 366 255
PRODIGE24-ACCORD24/CCTG PA6  Canada 2018 N EnglJMed mFOLFIRINOX 6M 247 544
GEM 6M 246 35.0
Prep-02/JSAP-05 Japan 2019 J Clin Oncol Neo GEM+S-1 2M 182 36.70S
Upfront surgery 180  26.6 OS

GEM: gemcitabine; Neo: neoadjuvant therapy; MST: median survival time;

chemotherapy has become the standard treatment
for R-PDAC in Japan (Table 1). In addition, since
2016, two clinical trials of adjuvant chemotherapy
[ESPAC-4: GEM vs. GEM plus capecitabine](7) and
[PRODIGE24-ACCORD24/CCTG PAG6 trial: GEM
vs. mFOLFIRINOX](8) yielded positive results.
Based on the results of these phase III trials, the2019
Clinical Practice Guidelines for Pancreatic Cancer (9)
proposed adding the use of GEM plus capecitabine and
modified FOLFIRINOX as recommended adjuvant
chemotherapies. However, there are no data on the use of
either of these adjuvant agents in Japan, and they are not
recommended by Japanese guidelines.

2.2. Neoadjuvant therapy for PDAC
2.2.1. Neoadjuvant therapy for resectable PDAC

Prep-02/JSAP-05 trial (/0) was conducted to clarify
the significance of neoadjuvant chemotherapy for
R-PDAC. This trial was an RCT of upfront surgery
versus neoadjuvant chemotherapy using GEM and S-1
(GS) and subsequent surgery for R-PDAC. Both groups
received adjuvant chemotherapy with S-1. The results
of this study, announced at the ASCO-GI in 2019, were
that patients receiving neoadjuvant chemotherapy had
a longer OS than those undergoing upfront surgery.
Based on these results, neoadjuvant GS and adjuvant S-1
therapy became the standard treatment for R-PDAC in
Japan after 2019.

2.2.2. Neoadjuvant therapy for BR-PDAC

In Japan, the 2019 Clinical Practice Guidelines for
Pancreatic Cancer proposed surgical resection for
BR-PDAC after neoadjuvant therapy followed by re-
evaluation of treatment efficacy and resectability.
Upfront surgery for BR-PDAC is not recommended.
Although several RCTs on neoadjuvant therapy for BR-
PDAC are being conducted in Europe, the United States,
and Japan, RCTs have yet to provide evidence of the

PFS: progression free survival.

efficacy of neoadjuvant therapy.

In a retrospective multicenter study in Japan,
Nagakawa et al. reported that among 884 patients with
BR-PDAC (530 patients in the pretreatment group and
354 in the upfront surgery group), median survival
time (MST) in the pretreatment group (n = 297) was
significantly better than that in the upfront surgery group
(n =297) (25.7 months vs. 19.0 months, p = 0.015)
according to a propensity score matching analysis (/7).

2.3. Chemotherapy for UR-PDAC

The use of GEM as the standard treatment for UR-PDAC
lasted for more than a decade starting in 2000. However,
since FOLFIRINOX therapy was approved in 2013
and the combination of GEM and nab-paclitaxel was
approved in 2014, these two combination therapies have
been widely used in Japan. The 2019 Clinical Practice
Guidelines for Pancreatic Cancer also recommend the
use of GEM monotherapy, S-1 monotherapy, and the
combination of GEM and erlotinib in addition to the two
aforementioned therapies. New anti-cancer therapies
using molecularly targeted drugs and immune checkpoint
inhibitors are expected in the near future.

2.4. Conversion surgery

UR-PDAC can be classified into UR-locally advanced
(UR-LA) and UR-metastatic cancer. The 2019 Clinical
Practice Guidelines for Pancreatic Cancer suggest that
conversion surgery after multidisciplinary treatment
could be a treatment option for UR-LA PDAC because
favorable OS and/or RFS can be expected. In a
retrospective multicenter study involving 97 patients
with UR-LA PDAC in Japan, conversion surgery was
more beneficial for patients with more than 8 months
of preoperative therapy than those with less than 8
months of that therapy (/2). Conversion surgery should
be performed after tumor markers such as CA19-9 have
decreased sufficiently. Although conversion surgery
is expected to prolong survival for patients if it is
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performed safely, it should be performed carefully by a
specialized facility because it requires highly technical
skills, such as combined resection and reconstruction of
the hepatic artery and portal vein.

3. Conclusion

The keys to successful treatment of pancreatic cancer
will be accurate assessment of resectability and adoption
of an appropriate multidisciplinary treatment strategy.
Ongoing clinical trials on pancreatic cancer will
lead the way to new chemotherapeutic regimens and
multidisciplinary treatments.

Funding: None.
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Surgical treatment of hepatocellular carcinoma
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SUMMARY

Hepatocellular carcinoma (HCC) is one of the most common cancers in the world, and cirrhosis is

a risk factor for HCC. Resection is indicated for those unilobar tumors without vascular invasion
and metastases in the liver and preserved liver function. Small HCC (< 2 cm) without microvascular
invasion is associated with a 5-year recurrence rate as high as 50% to 60%, whereas liver
transplantation is indicated for those within the Milan criteria (solitary tumor < 5 cm or two or three
nodules < 3 cm) who have decompensated cirrhosis. The 1-, 3-, and 5-year survival rates of living
donor liver transplantation for HCC are 85%, 75%, and 70%, respectively. This review summarizes
the scientific evidence supporting the clinical practice recommendations for patients with HCC, and

it discusses surgical treatment of HCC.

Keywords

1. Introduction

Hepatocellular carcinoma (HCC) is the most frequent
primary liver cancers, the sixth most common neoplasm,
and the third most common cause of cancer death (7).
Risk factors for HCC include the hepatitis B and C
viruses, alcohol use, and nonalcoholic fatty liver diseases
(2). Approximately half of HCC cases are diagnosed
early (3). For early-stage HCC, curative treatment with
partial liver resection or liver transplantation remains the
mainstay of therapy, and it is discussed in this review.

2. Resection

Partial liver resection is a potentially curative therapeutic
option for HCC. Indications for partial resection
include unilobar tumors without vascular invasion and
metastases in the liver without cirrhosis. The 5 -year
survival rate after resection for HCC is 50 % to 68%
in experienced centers (4-7). Impaired hepatic function
and/or significant portal hypertension are related to poor
tolerability of resection. Regional lymph node metastases
are associated with decreased survival (§).

Selection of appropriate candidates for resection is
based on the Child-Pugh classification as determined
by bilirubin and albumin levels, prothrombin time, the
presence of ascites, and encephalopathy (9). Child-Pugh
class A is a good indication for partial liver resection,
whereas Child-Pugh class C is not indicated due to the
risk of liver failure after resection. Varices, ascites, and
portal hypertensive gastropathy can be surrogate indices

liver transplantation, living donor, hepatocellular carcinoma

of portal hypertension. In East Asia (including Japan),
the retention rate of indocyanine green has been used to
determine the extent of the liver resection (/0). Improved
surgical techniques and careful patient selection have
decreased the mortality rate to nearly 0% and the major
complication rate to approximately 3% (11).

The future liver remnant — the liver volume estimated
to remain after resection— is an important factor for
patients undergoing liver resection. The minimum safe
amount of remaining liver parenchyma ranges from
20% to 40% of the total (/2). In preparation for hepatic
resection, portal vein embolization (PVE) can be safely
and effectively utilized to induce hypertrophy of the
remnant liver without causing liver dysfunction (/3).
Combining liver partition and portal vein ligation for
staged hepatectomy results in more marked and faster
regenerative ability than PVE (/4) but is associated
with high morbidity and mortality.

From an oncological point of view, anatomic
resection is recommended when the tumor invades the
segmental portal branches or it has satellite lesions.
Ultrasound is useful for detection of tumor vessel (/5)
and the lesions missed in preoperative imaging or
intraoperatively (/6). Anatomic resection is associated
with better recurrence-free survival than non-anatomic
resection (/7).

Unfortunately, a cure is not always obtained and
the 5-year recurrence rate is around 50% to 70% (/8).
Risk factors for recurrence include macro and/or micro
vascular invasion, multifocal tumors, and high alpha
fetoprotein levels preoperatively (/9,20). Small HCC

www.biosciencetrends.com



BioScience Trends. 2021, 15(3):138-141. 139

(< 2 cm) without microvascular invasion is associated
with a 5-year recurrence rate as high as 50% to 60%
(21). Approximately 80% of recurrent lesions are in the
liver. Only 15% of recurrent tumors can be resected (22).
The peak of recurrence is bimodal: the first peak occurs
around 1 year after resection and the second, 4 to 5
years after resection (/8). Late recurrence is reported to
represent de novo HCC.

Currently, adjuvant chemotherapy offers no
established benefit in preventing recurrence. A
randomized clinical trial (23) comparing sorafenib versus
a placebo after partial hepatectomy or ablation for HCC
revealed no statistical inter-group difference in survival.
Systemic chemoembolization is also ineffective, whereas
retinoids, vitamin K2, transarterial '*'I-lipiodol, and
interferon have shown promising results, but a real
benefit has yet to be established (24). A randomized,
open-label, phase 3 trial (25) noted that adjuvant
immunotherapy with autologous cytokine-induced killer
cells (CD3"/CD56" and CD3"/CD56 T cells and CD37/
CD56" natural killer cells) increased recurrence-free and
overall survival after curative treatment.

3. Liver transplantation

Liver transplantation is indicated when HCC is deemed
to be unresectable due to impaired liver function, severe
portal hypertension, or tumor location. The tumors
should meet the Milan criteria, which include a single
tumor < 5 cm or two to three tumors < 3 cm without
major vessel invasion or extrahepatic tumor spread based
on imaging studies (26). The 4-year patient survival rate
of patients fulfilling the Milan criteria who undergo liver
transplantation is 75%, with a recurrence-free survival
rate of 83%.

The Milan criteria have been adopted by the United
Network for Organ Sharing (UNOS) as the inclusion
criteria for deceased donor liver transplantation. They
have also been adopted by the American Association for
the Study of Liver Diseases, the European Association
for the Study of the Liver guidelines, and an international
HCC consensus conference (27-29). UNOS data indicate
a S-year survival rate of 61% for patients receiving
a liver transplantation under the Milan criteria (30).
UNOS has a "sickest first" approach, which prioritizes
candidates whose liver function has been evaluated using
the Model for End Stage Liver Disease (MELD) score.
UNOS adopted the HCC exception score.

In Japan and other Asian countries, most transplants
are living - donor liver transplantations (LDLT). As
LDLT is a private issue among patients and their
families, indices of tumor status are considered on a case-
by-case basis. Accordingly, the expanded Milan criteria
(26) have been adopted by many transplantation centers
performing LDLT, without a significantly higher rate of
HCC recurrence.

In Japan, the Japanese Organ Transplantation Act

was approved in 1997 and revised in 2006. The number
of livers from deceased donors, however, is inadequate
for the number of potential recipients. As of the end of
2016, 378 deceased donor liver transplantations were
performed. During the same period, 8,825 LDLTs were
performed; of these, 1,598 involved patients with HCC.
The 1-, 3-, 5-, 10-, 15-, and 20-year survival rates of
LDLT for HCC are 85%, 75%, 70%, 62%, 55%, and
54%, respectively.

One study enrolled 965 patients who underwent
LDLT for HCC between 1990 and 2005 (37). Of those
patients, 301 had tumors outside the Milan criteria. New
criteria consisting of the tumor number, serum alpha-
fetoprotein levels, and a maximal tumor diameter of 5
cm that allowed for enrollment of the maximal number
of subjects resulted in a 5-year recurrence rate of less
than 10%. Based on the study's results, new criteria for
LDLT, i.e., candidates with a tumor <5 c¢m in size, tumor
number < 5, and alfa-fetoprotein level < 500 ng/mL (the
so-called "5-5-500" rule), were established.

Following that study, patients who satisfy the 5-5-
500 rule for LDLT or on the list for deceased donor liver
transplantation are now covered by Japan's National
Heath Insurance. Tumors are diagnosed as HCC based
on computed tomography or magnetic resonance images
obtained within 1 month of transplantation. Tumors are
diagnosed based on dynamic computed tomography,
hypodensity on plain computed tomography, and
hyperintensity during the arterial phase and hypointensity
during the portal phase of contrast-enhanced computed
tomography. Local treatment of HCC must be
administered at least 3 months before transplantation.

One topic of debate is the indications for liver
transplantation when HCC outside the criteria is
downstaged to a level within the criteria. The therapeutic
modalities for downstaging include locoregional
therapies such as transarterial chemoembolization or
radioembolization and radiofrequency ablation.

One review reported a > 40% success rate of
downstaging (32) with a 1-year overall survival rate
ranging from 87% to 100, a 4- to 5-year survival rate
varying from 90% to 70%, and a recurrence rate of 16%.
The utility of downstaging might depend on the selection
of patients expected to have a more favorable outcome.
Current UNOS policy includes a downstaging protocol
to allow patients to obtain HCC MELD exception points
if specific criteria are met (33).

4. Conclusions

Surgical resection and transplantation remain curative
therapeutic options for patients with early-stage
HCC, and both result in comparable survival rates for
properly selected patients. A successful outcome for
transplantation due to HCC is a 5-year survival rate
comparable to that for transplantation due to reasons
other than HCC.
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SUMMARY

Hepatocellular carcinoma (HCC) is a common malignant tumor with a high morbidity and mortality

in China and elsewhere in the world. Due to its tumor heterogeneity and distant metastasis, patients
with HCC often have a poor prognosis. A surgical treatment such as a radical hepatectomy is still
the treatment of choice for patients with HCC in current clinical practice. However, the high rate
of recurrence and rate of metastasis after surgery diminishes the survival of and prognosis for
these patients. In an era of targeted therapy and immunotherapy, the surgical treatment of HCC
must change. This review focuses on the definition, feasibility, and criteria with which to evaluate
neoadjuvant therapy for HCC in order to provide a new perspective on surgical treatment of HCC.

Keywords

1. Introduction

China has the most patients with hepatocellular
carcinoma (HCC), and it accounts for nearly half of the
world's patients with HCC (7). HCC is the second most
prevalent malignancy in China, and 300,000 to 400,000
Chinese die from it every year (2). A survey of the
current status of HCC treatment in China indicated that
most patients with HCC have cancer in an intermediate
or advanced stage when diagnosed, precluding the
chance for surgery (3). Although the 2019 version of the
“Guidelines for the Diagnosis and Treatment of Primary
Liver Cancer” has expanded the indications for surgical
resection from stage Ia to stage IIla according to Chinese
Liver Cancer staging (CNLC) (4), the postoperative rate
of recurrence has increased, and the effectiveness of
treatment still needs to be improved.

Over the past few years, targeted therapies and
immunotherapies for HCC have continued to emerge,
offering hope for the non-surgical treatment of HCC.
This review describes the history of the development
of HCC surgery, the use of neoadjuvant therapy, and
surgical treatment of advanced HCC in order to provide
some insight to devise strategies for surgical treatment of
HCC and to update guidelines.

2. Overview of the development of HCC surgery in
China

Before the 1950s, hepatectomies were seldom reported

hepatocellular carcinoma, surgical treatment, neoadjuvant therapy

in China. Since the 1950s, Chinese surgeons have
gradually performed regular extensive liver resection
after bile duct exploration (5). However, the patients
who underwent surgery at that time all had advanced
HCC, the surgical procedure was complicated and time-
consuming, and the postoperative mortality rate was
as high as 30% (6). As surgical techniques continued
to improve after the early 1960s, procedures such as
a hepatectomy, a hemihepatectomy, and a regular
hepatectomy began to be widely performed. In the
1970s, local resection of small HCC was proposed as a
treatment model, and alpha-fetoprotein was measured.
At the same time, the concept of "subclinical HCC"
appeared, gradually leading to clinical orthotopic liver
transplantation. After the 1980s, a regular hepatectomy
was mainly performed, and surgical restrictions on the
liver were lifted (6). In the 1990s, resection of giant HCC
and laparoscopic liver resection were developed, and
PVTT and bile duct tumor thrombus removal have been
successful (7). The first living donor liver transplantation
in China was completed (8). As modern liver surgery
has rapidly developed since the beginning of the 21st
century, many difficult liver surgeries can be completed
laparoscopically or with robot assistance. New assistive
technologies for liver surgery also continue to emerge,
such as preoperative assessment of liver reserve function,
preoperative three-dimensional imaging, intraoperative
ultrasound, indocyanine green fluorescence imaging,
laparoscopy and robotics, combined liver segmentation,
and staged liver resection with portal vein ligation; these
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technologies have improved the efficiency and accuracy
of surgery (9). As surgical procedures and preoperative
assistive technologies have continued to improve, the
mortality rate for liver resection has dropped to less than
1% (6). However, the high rate of recurrence of HCC
still limits the prospects of surgical treatment of HCC.

3. The concepts of down-staging therapy, conversion
therapy, and neoadjuvant therapy

Down-staging therapy refers to converting a tumor in a
later stage that was originally inoperable into one that
is operable and in an earlier stage through systemic or
local treatment. Conversion therapy refers to converting
a tumor that was originally inoperable into one that can
be resected using systemic or local treatment. However,
conversion therapy is not the same as down-staging
therapy. As an example, a tumor thrombus in the portal
vein or superior mesenteric vein falls under BCLC
stage C, which is not suitable for surgical resection.
Conversion therapy is used to limit the tumor thrombus
to the portal vein so that surgery can be performed. The
tumor thrombus still falls under BCLC stage C and has
not been down-staged, but it has been converted for
resection. Therefore, conversion therapy can be regarded
as a form of down-staging therapy. Neoadjuvant therapy
refers to a tumor that can be surgically resected but
it may have a high risk of recurring postoperatively.
Therefore, local or systemic treatment is used for a
period of time before surgery.

4. The focus of the use of neoadjuvant therapy in
HCC

At present, research on neoadjuvant therapy for HCC has
just started. Data from a clinical trial database indicate
that as of October 2020, there are only 24 promising
projects related to neoadjuvant therapy for HCC around
the world. Only 15 of those projects are related to
targeted immunotherapy, and neoadjuvant therapy
for HCC in conjunction with surgery has not received
sufficient attention (Table 1).

4.1. The necessity and feasibility of neoadjuvant therapy
for patients with HCC

According to the 2019 version of "Guidelines for the
Diagnosis and Treatment Standards" (4), the indications
for resection of HCC in China range from stage Ia to
I[ITa, which correspond to stage A, B, and part of C
according to BCLC staging. HCC itself has a high rate
of postoperative recurrence and expanded surgical
indications involve more risk factors for recurrence
including multiple tumors and vascular invasion, so the
risk of recurrence increases further. Research on other
types of cancer, such as colorectal cancer, has indicated
that tumor micrometastasis occurs much earlier than

Table 1. Global studies related to neoadjuvant therapy for
HCC (35 projects)

Status of research Number
Hepatocellular carcinoma & neoadjuvants 35
Discontinued project 2
Non-neo-adjuvant treatment 9
Promising neoadjuvant therapies for HCC 24
Chemotherapy 1
Sorafenib 2
Radiotherapy 2
HAIC/TAI/TACE-TAI 6
Immunity therapy 6
Combined therapy based on immunotherapy 7
Phase I1I study or more than 150 subjects 9
Research from China 15

Data as of: November 18, 2020, source: https://www.clinicaltrials.
gov/

expected. Metastatic seeding usually occurs several years
before diagnosis or surgery. At the current point in time,
tumor metastasis cannot be detected clinically (10).

In the event of early metastasis, an advantage
of neoadjuvant therapy is that patients can receive
multidisciplinary and systemic treatment earlier,
micrometastasis can be controlled, the tumor burden can
be reduced before surgery, the rate of RO resection can
be increased, recurrence can be delayed, and survival
time can be prolonged (//-13). Patients with disease
progression within 2 to 3 months are considered to
benefit little from surgery. At the current point in time,
neoadjuvant therapy can be used as a form of screening
to avoid unnecessary surgical trauma to those patients
(14). Neoadjuvant therapy has yielded favorable results
in the treatment of various forms of cancer such as breast
cancer (/5), bladder cancer (/6), colorectal cancer (/7),
and melanoma (/8). Immunotherapy drugs have unique
advantages in neoadjuvant therapy. Tumor-specific
CD8+ T cells that are revitalized by immunotherapy will
be activated, kill tumor cells, and circulate in the blood
again. After the primary tumor is removed, the tumor-
specific CD8+ T cells in the circulatory system and the
T cells present at a metastatic focus can serve as a stable
tumor-specific CD8+ T cell bank (/7).

4.2. Indications for neoadjuvant therapy in patients with
HCC

Wei et al. (19). compared the survival of patients with
PVTT III HCC who received neoadjuvant radiotherapy
and surgical resection with those who only received
surgical resection. The neoadjuvant radiotherapy group
had a longer long-term overall survival and disease-
free survival than did the group receiving surgery alone.
Neoadjuvant radiotherapy can reduce the risk of HCC
recurring and death due to PVTT, and patients with large
HCC can also benefit from preoperative TACE. Li ef al.
(20). retrospectively analyzed patients who underwent
radical resection of massive HCC without large vessel
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invasion in a multi-center database from 2004 to 2014,
and they found that patients who received TACE before
surgery had a lower mortality rate (67.9% vs. 81.0%) and
rate of recurrence (76.2% vs. 85.7%) than did patients
who did not receive TACE (P = 0.052 and 0.116).
Patients receiving TACE before surgery had a median
overall survival time of 32.8 months and a disease-free
survival time of 12.9 months, which were better than
the median overall survival time of 18.1 months and the
disease-free survival time of 4.1 months for patients not
receiving TACE (P = 0.023 and 0.009). TACE before
surgery was an independent predictor of overall survival.
Therefore, neoadjuvant therapy is crucial for patients
with HCC with PVTT, giant liver tumors, and multiple
liver tumors, and especially for patients who undergo
resection in line with the expanded surgical indications
according to BCLC staging in the 2019 version of the
"Guidelines for the Diagnosis and Treatment of Primary
Liver Cancer." Those patients all have a high risk of
postoperative recurrence. Thus, rationally determining
when to use neoadjuvant therapy is crucial. Establishing
objective indicators with which to evaluate the efficacy
of these therapies is vital.

4.3. Objective indicators with which to screen and
evaluate neoadjuvant therapy

The objective response rate (ORR) refers to the ratio of
patients with complete or partial remission of tumors as
a result of treatment. This is an important indicator that
is used to evaluate the efficacy of neoadjuvant therapy.
Only therapies with a higher ORR are ideal neoadjuvant
therapies. The current ORR benefit of single-drug
therapy is limited, and combination therapy may have
a higher ORR. Results of a phase Ib clinical study of
lenvatinib combined with nivolumab in the treatment of
patients with unresectable HCC were announced at the
2020 American Society of Clinical Oncology (ASCO)
Gastrointestinal Tumor Symposium, and the study noted
an ORR of 54.2%. Data from a phase Ib study of drug K
combined with lenvatinib in the treatment of advanced
HCC at the European Society for Medical Oncology
(ESMO) conference in 2019 indicated that the ORR
after the combination was 40.3%. Qin et al. (21) found
that carrelizumab combined with apatinib resulted in

an ORR of 44.4%. In 2019, the Fifth European Society
of Medical Oncology Asian Annual Meeting reported
that atezolizumab combined with bevacizumab to treat
patients with unresectable HCC who had not received
systemic treatment before resulted in an ORR of 27.0%.
Xu et al. (22) found that carrelizumab combined with
the FOLFOX4 regimen resulted in an ORR of 26.5%
(Figure 1).

The disease control rate (DCR) refers to the
proportion of patients whose cancer has completely
remitted, partially remitted, or which remains the same
(stable) for a certain period because neoadjuvant therapy
can be used to treat a surgically resectable tumor. If the
DCR is low, many patients will have disease progression
during treatment and tumors that could be surgically
resected will become inoperable. This will have a great
negative effect not only on the patient but also on the
doctor. Studies have indicated that a combination of
medications results in a higher DCR than does a single
medication (23). The REFLECT study compared the
effects of lenvatinib and sorafenib as first-line treatments
for unresectable advanced HCC, and it found that
the DCR was 73.8% in patients receiving both drugs
and 50% in those receiving sorafenib alone. A study
announced at the 2019 ASCO annual meeting indicated
that treatment of HCC with pabolizumab alone had a
DCR of 62.2%. The Phase 1 and Phase 2 CheckMate-040
clinical study, which was announced at the same
conference announced, found that nivolumab combined
with ipilimumab for the treatment of HCC had a DCR
of 54%. At the ESMO conference held in Barcelona,
Spain in 2019, Lee at al. announced that the PD-L1
inhibitor atezolizumab combined with bevacizumab in
the treatment of advanced HCC had a DCR of 72%. At
the 2019 Annual Meeting of the American Association
for Cancer Research, a study of the safety and efficacy
of pembrolizumab combined with lenvatinib in the
treatment of unresectable HCC indicated that the
combination of drugs had a DCR of 93.3%. A study of
lenvatinib combined with nivolumab in the first-line
treatment of unresectable stage Ib HCC was announced
at the ASCO Gastrointestinal Tumor Symposium held in
2020, and it found that the combination of drugs had a
DCR as high as 96.7%. As is evident, a combination of
medications has a significant advantage in terms of the

Navulumab+Lenvatinib (n=24) 54.2%
Pembrolizumab+Lenvatinib (n=67) 40.3%

Camrelizumab+Apatinib(n=18)
Atezolizumab+Bevacizumab (n=326) i
Camrelizumab+FOLFOX4 (n=34)
Durvalumab+Tremelimumab (n=40) 15.0%

Avelumab+Axitinib(n=22) 13.6%

44.4%

27.0%

26.5%

10.0% 20.0%

30.0% 40.0% 50.0% 60.0%

Figure 1. The ORR for several first-line combined immunotherapies for advanced HCC.
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DCR compared to a single medication.

Progression-free survival (PFS) refers to the time
from the beginning of treatment to tumor progression.
This indicator can determine the course of neoadjuvant
therapy to a certain extent. At present, the shortest PFS
for single-agent therapy to treat advanced HCC is 2.8
months (sorafenib) (24) and the longest is 7.4 months
(lenvatinib) (25). The shortest PFS for combination
therapy is 5.6 months (atezolizumab combined with
bevacizumab) (26) and the longest is 9.3 months
(pembrolizumab combined with lenvatinib) (27). If the
current duration of neoadjuvant therapy for advanced
HCC is kept to 4 to 6 cycles (2 to 3 months), then it is
within the PFS for most forms of treatment.

Liver-related adverse reactions that are grade III or
worse should serve as an important indicator with which
to evaluate the safety of neoadjuvant therapy. The ideal
neoadjuvant therapy should try to ensure minimal impact
on liver function and avoid postoperative liver failure in
order to ensure that patients can successfully and safely
undergo liver resection after neoadjuvant therapy. At
present, the rate of all liver-related adverse reactions to
neoadjuvant therapy that are grade III or worse is < 10%
for targeted monotherapies or immunotherapies. The
rate of adverse reactions to pembrolizumab combined
with lenvatinib is about 10.4%, and that for nivolumab
combined with lenvatinib is about 10%. Therefore,
whether targeted therapy or immunotherapy should
be used as a preoperative neoadjuvant therapy should
ideally be based on how safe it is to the liver.

4.4. Neoadjuvant treatment plan

At present, most guidelines for neoadjuvant therapy do
not have recommended regimens or protocols. Only the
2020 edition of CSCO's "Guidelines for the Diagnosis
and Treatment of Primary Liver Cancer" recommend
neoadjuvant radiotherapy for patients with a tumor
thrombus in the portal vein trunk or branch (28). TACE
has yet to be accepted as a neoadjuvant therapy because
of its low effectiveness and related liver toxicity. As
targeted therapies and immunotherapies are developed,
they will need to be screened to determine if they qualify
as an ideal neoadjuvant therapy in terms of ORR, DCR,
PFES, or the incidence of liver-related adverse reactions.
Neoadjuvant therapies offer great promise for the future.

5. Clinical significance of surgical treatment for
patients with CNLC stage I1Ib HCC

The 2019 version of the "Guidelines for the Diagnosis
and Treatment of Primary Liver Cancer" specified that
patients with stage I1Ib cancer mainly receive systemic
treatment (sorafenib, lenvatinib, FOLFOX4, and
regorafenib), TACE, or radiotherapy. Surgical treatment
was not an option. As systemic therapy is further used to
treat patients with advanced HCC, in the current authors’

clinical experience several patients with stage [IITb HCC
who have undergone combined treatment have become
eligible to undergo surgical resection. Postoperative
pathological examinations have indicated that the main
body of the tumor was partially or completely necrotic,
suggesting that some stage I1Ib tumors can be surgically
removed after systemic treatment, but there is still a lack
of indicators with which to objectively evaluate whether
patients with stage IIIb HCC can undergo surgical
treatment.

No evidence of disease (NED) refers to the fact that
no evidence of residual tumor is found after a tumor is
treated using existing methods of testing. This means
that a tumor is no longer present in a patient. NED is a
static concept. It only indicates that tumor cells cannot
be detected at the time of testing. False negative results
due to insufficient sensitivity of the method of testing
cannot be ruled out. If, however, NED continues for a
sufficient amount of time, then a radical cure is deemed
to have been achieved. In 2016, ESMO's guidelines for
metastatic colorectal cancer listed NED as a treatment
target. However, current Chinese and Western
guidelines and expert consensus opinions on treatment
of primary HCC have not mentioned the concept of
NED, and no studies have reported on both primary
HCC and NED.

As systemic treatments develop, the goal of surgical
treatment of primary HCC is no longer limited to radical
resection. Patients with stage I1Ib HCC can become
eligible for surgical resection after systemic treatment
and NED is achieved. Therefore, the concept of NED
could be applied to treatment of HCC to objectively
evaluate whether patients with stage IIIb HCC can
undergo surgery. As the effectiveness of systemic
treatment continues to improve, the proportion of patients
with HCC in whom NED is achieved will also increase
substantially, and NED will be an important goal for
the surgical treatment of HCC in the future. Therefore,
guidelines are not static. With an effective evaluation
system in place, some patients with stage 11Ib HCC
could receive surgical treatment, and the indications for
surgical treatment of HCC in the Chinese guidelines
should be further expanded.

6. Problems and challenges

Surgical treatment is still the main treatment for
patients with resectable HCC. That said, researchers
are increasingly exploring multimodal therapies to
reduce the rate of recurrence and increase the proportion
of patients who are eligible for surgery. However,
the role of neoadjuvant therapy in treating HCC still
needs to be studied further due to the lack of high-
level evidence in the literature. Therefore, future
research on neoadjuvant therapy should obtain more
data by paying more attention to the standardization of
endpoints and trial design and by identifying biomarkers
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of therapeutic response and mechanisms of resistance.
As neoadjuvant therapy continues to develop thanks
to advances in immunotherapy and targeted therapy,
randomized controlled trials of large samples will need
to be conducted to determine the best combination and
sequence of multimodal therapies.

7. Conclusion

The probability of postoperative recurrence has increased
as surgical indications for HCC have expanded, and
postoperative adjuvant therapy has become a topic of
interest. The use of neoadjuvant therapy to treat HCC
has just started. It is theoretically feasible and requires
more practical experience. At the same time, the current
era of targeted therapy and immunotherapy has made
that therapy more feasible. Neoadjuvant therapy will
definitely become a new area of interest in the treatment
of resectable HCC with a high risk of recurrence. With
effective systemic treatment, extrahepatic metastasis will
no longer be a contraindication for surgery. Therefore,
surgical treatment needs to be gradually expanded to
include advanced HCC, and medical treatment using
neoadjuvant therapy needs to be provided in the early
stages of HCC. In addition, knowledge about treating
HCC needs to be standardized so that new treatment
strategies and protocols can be developed.
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SUMMARY

Portal vein tumor thrombus (PVTT) is one of the most common complications of hepatocellular

carcinoma (HCC), which refers to the advanced stage of HCC and indicates an extremely poor
prognosis. Monotherapy cannot effectively prolong the survival benefit of patients with HCC-PVTT
characterized by a high recurrence rate. With great progress in the area of immune and molecular
targeted therapy, there comes a promising era of multidisciplinary management of HCC. Survival
benefits can be achieved based on accurate diagnosis, staging, and multidisciplinary management.
Additionally, in terms of the presence of controversy about the standard treatment algorithm and the
absence of universal treatment guidelines, a multidisciplinary management program may afford the
best hope for HCC-PVTT patients via appropriate implement of various treatment protocols.

Keywords

1. Introduction

As the sixth most common cancer and the fourth
leading cause of cancer-related deaths, liver cancer,
which is intractable to treat and has a high rate of
recurrence, seriously threatens the health of people
around the world (/), simultaneously poses a great
challenge to the liver disease specialists. Hepatocellular
carcinoma accounts for about 75-85% of liver cancer
with aggressive biological characteristics invading
the portal vein, causing one of the most common
complications of HCC- portal vein tumor thrombus
(PVTT). It is commonly accepted that PVTT indicates
a poor prognosis with median overall survival (MST) of
2.7-4.0 months without any intervention implemented
(2). According to the Barcelona liver cancer staging
system (BCLC staging), HCC with PVTT refers to
the BCLC C stage and the only modality of treatment
patients can benefit from is oral sorafenib with MST
of 6.5 months (3,4). However, the BCLC staging
system has not defined the extent of PVTT, which is
significantly related to prognosis after treatment. There
are only two classifications about PVTT, the Japanese
Vp classification and the Chinese Cheng's classification
worldwide (5). Referring to the classification based
on the extent of PVTT, patients that may obtain
better survival benefits from surgical resection can

hepatocellular carcinoma, portal vein tumor thrombus, management

be selected. Numerous studies have demonstrated the
significant survival benefit of surgical resection, and
the postoperative 5-year survival ranges from 10% to
59% (6-10), Unfortunately, nearly half (44-62%) of
patients with HCC will develop PVTT, and only a few
of them can obtain a curative operation after being
carefully selected. Therefore, it is necessary to identify
such patients that can achieve better survival through
surgical treatment and meanwhile provide more active
treatment suggestions for other unresectable HCC
patients with PVTT to prolong survival time and quality
of life.

2. Multidisciplinary management program of
hepatocellular carcinoma

In China, approximately 80% of patients with HCC
have a background of hepatitis B virus (HBV) infection
and various degrees of liver function damage. In
recent years, with great progress in surgical technique,
locoregional therapy, radiation therapy, molecular
targeted, and immune therapy, through the combination
of these treatment modalities, the outcome of HCC
patients complicated by PVTT has significantly
improved. In terms of heterogeneity and multiple
treatment protocols of patients with HCC-PVTT under
the absence of established guidelines, it is important
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to achieve better cooperation and collaboration from
different disciplines through a multidisciplinary
management paradigm, subsequently making individual
suggestions for patients with HCC-PVTT (/1,12).
The HCC multidisciplinary team (MDT) consists of
hepatologist, medical oncologists, surgical oncologists,
diagnostic radiologists, pathologists, interventional
radiologists, and radiation oncologists, which formulate
treatment strategies by referring to the Chinese expert
consensus on multidisciplinary diagnosis and treatment
of HCC with PVTT (13)

2.1. Resectable or downstage to resectable HCC-PVTT

Different from Western countries, HCC-PVTT tends
to be addressed using potentially curative treatment,
such as surgical resection in combination with various
local therapy or systemic treatment, in Asia-pacific
countries under careful evaluation. For those deemed
as unresectable HCC with PVTT, MDT members
tend to utilize multiple local or systemic therapies to
downstage HCC to fall into resectable criteria, where
salvage surgery can promote the prognosis (/4,15). The
MST and mortality rate ranged from 8§ to 22 months,
0% to 10%, respectively, for HCC-PVTT patients
who underwent surgical resection (/6). The 3-year
survival rate is approximately 11.7% in conjunction
with transcatheter arterial chemoembolization (TACE)
following surgery (6). The MST reported by different
institutions varies significantly, partly due to the
evaluation criteria of resectability. In this setting, the
selection of patients who may potentially benefit from
surgery using certain criteria is critical in clinical
practice. Generally, PVTT confined to the first branch
of the main portal vein trunk (MPV) or above referring
to type I, or II of Cheng's classification can get better
survival than type III/IV PVTT after surgical resection.
Zhang et al. established a scoring system (EHBH-
PVTT) that can identify candidates that may obtain
better MST postoperatively based on four clinical
variables (total bilirubin (TB), a-fetoprotein (AFP),
tumor diameter, and satellite lesions) (7). Considering
the extremely high recurrence rate and poor prognosis
of PVTT, not only carefully selecting surgical
candidates but combining different local or systemic
therapies for neoadjuvant or adjuvant treatment is
necessary to augment the pathologic response rate
and survival benefit. For neoadjuvant therapy, a
randomized, open-label, multicenter controlled study
demonstrated that neoadjuvant three-dimensional
conformal radiation therapy (3DCRT) combined
surgery can obtain better overall and disease-free
survival compared with surgery alone (/7). Harris Liou
et al. reported that using yttrium-90 (Y-90) transarterial
radioembolization (TARE) combined with nivolumab
for neoadjuvant therapy following liver transplantation
or surgical resection, two cases of HCC with PVTT

had a complete pathologic response (/8). However, it
is also argued that the tumor may progress during the
interval to surgical resection especially for patients who
respond poorly to neoadjuvant therapy. Additionally,
pre-operative TARE, 3DCRT, and other modalities
of neoadjuvant therapy may increase the difficulty of
operations because of tissue adhesion arising from the
side effects of radiation or chemical drugs. Therefore,
it is of clinical significance to build prediction models
that can identify the potential candidates responding
well to neoadjuvant therapy. For adjuvant therapy,
postoperative adjuvant TACE (PA-TACE) is a
commonly used method to improve the postoperative
long-term outcome (/9,20). A retrospective study by
propensity score matching, which included 464 patients
with HCC and PVTT indicated that PA-TACE has
better MST compared with surgery alone, especially
for type II/III PVTT according to Cheng's classification
(21). A subgroup analysis of systemic review and meta-
analysis revealed that adjuvant TACE following surgery
is associated with improved disease-free survival (DFS)
and overall survival (OS) compared with surgery alone
(22). However, subgroup analysis of the meta-analysis
included only one RCT and one NRCT, allowing
the adjuvant role of TACE to be controversial. The
small number of RCT with PVTT is partially due to
the risk of liver failure caused by TACE. However,
more prospective randomized control trials are greatly
needed to further illuminate the role of neoadjuvant
and adjuvant therapy following surgical resection for
PVTT.

2.2. Unresectable PVTT

For patients with unresectable PVTT, local therapy and
systemic treatment by combination or monotherapy
are the backbone to prolong survival time and improve
quality of life. TACE, hepatic arterial infusion
chemotherapy (HAIC), radiation therapy (RT),
molecular target, and immune therapy are commonly
used treatments for unresectable HCC with PVTT.
In terms of this refractory complication of HCC,
monotherapy is not enough. Additionally, Mechanized
diagnosis and treatment based solely on established
guidelines are likely to omit patients who may benefit
from active treatment. With the breakthroughs of
molecular targeted therapy and immune therapy, plenty
of clinical trials combining various treatment methods
emerged, leading to improvement of the prognosis of
HCC-PVTT (23).

2.2.1. Locoregional therapy

TACE is the most common palliative local modality
used for unresectable HCC. Theoretically, TACE is
considered a relatively contraindication in patients
with PVTT, especially for type III/IV PVTT, since
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portal vein occlusion caused by PVTT will lead to
liver failure after TACE (24-26). However, recent
studies have demonstrated the role of TACE in well-
selected patients with good liver function and adequate
collateral circulation around the obstructed portal
vein, which can also obtain MST of 5.6-8.7 months
in all types of PVTT as reported (27). A retrospective
study by propensity score matching suggested that
TACE is associated with better 1,2 and 3-years OS
rates compared with best supportive care (45.3%,
27.7%, and 19.3 vs. 41.1%,15.7%, and 11.6%; p =
0.002) (28). However, tumor necrosis caused by TACE
will lead to the release of angiogenic growth factors
simultaneously, which may confer a negative effect
on tumor control. Combined with sorafenib and other
tyrosine kinase inhibitors (TKIs), which can block
angiogenic growth factors may reduce the side-effects
attributed to TACE, thereby improving the outcome
of TACE, theoretically. A nationwide population-
based cohort study comparing TACE monotherapy
with TACE plus sorafenib suggested that the TACE-
sorafenib combination strategy has a better median
OS (6.7 months vs. 12.5 months, respectively) (29).
However, a phase III STAH trial had the opposite
outcome. The median OS was 12.8 in the TACE
plus sorafenib group and 10.8 months in the TACE
monotherapy group (p = 0.290), which suggested that
no difference was found between the two groups. As
for the time to progression, progression-free survival,
and tumor response rate, results were found to be better
in the TACE-sorafenib group. Therefore, the effect of
TACE combined with TKIs on oncological outcome
in advanced HCC still needs to be further delineated
by more prospective control trials. Apart from TACE
combined with sorafenib, another combination protocol
showing potential benefits is HAIC plus sorafenib. A
randomized phase 3 trial demonstrated that sorafenib
combined with HAIC using oxaliplatin, fluorouracil,
and leucovorin (FOLFOX) achieved better median OS,
higher response rate, and longer median progression-
free survival compared to sorafenib monotherapy in
patients with portal vein invasion (30). Except for
HAIC, TARE with Yttrium-90 (Y-90) microspheres
has also presented promising results on tumor control,
which is characterized by minimizing damage to liver
parenchyma surrounding the tumor and alteration of
hepatic arterial flow (37). Two IlI-phase randomized
control trials comparing TARE and sorafenib in locally
advanced HCC failed to demonstrate better OS by
TARE. However, better tolerance of treatment and
quality of life in patients with HCC was observed in
the TARE group (32,33). As to the combination of
sorafenib with TARE, a retrospective study suggested
that no significant differences in survival outcomes
were identified between sorafenib plus TARE and
TARE monotherapy (median overall survival 10 vs.
10 months; p = 0.711) (34). Albeit the uncertainty of

TARE in treating HCC-PVTT, TARE may be used
as an alternative modality to increase the surgery
eligibility as well as enhance OS.

2.2.2. Systemic therapy

Sorafenib, one TKI whose effect was proved by
two large RCT trials, is generally accepted to apply
to patients with advanced HCC (3,4). Lenvatinib
another TKI also deems as the first-line therapy which
is no-inferior to sorafenib for advanced HCC (35).
Nevertheless, the response rate to TKIs is low and the
benefit of patients with advanced HCC from sorafenib
is modest with overall survival time being extended
by approximately three months (3). Therefore, the
combination of systemic therapy with local-regional
therapy is still the mainstay of the treatment protocol
for advanced HCC, especially those complicated by
PVTT. Recently, immune checkpoint inhibitors (ICIs)
also revealed promising outcomes for advanced HCC
and multiple RCTs testing the outcome of combinations
with other ICIs or TKIs are ongoing. The reported
response rates to ICIs monotherapy ranged from 15%
to 23% and increased to approximately 30% after
combination with other systemic agents (36). However,
considering the relatively low response rate and hyper-
progression caused by ICIs in a small group of patients,
a further study focusing on the biomarkers for the
selection of candidates is urgently needed.

3. Conclusion

Currently, HCC complicated by macro portal vein
invasion is a hard to treat bottleneck, which worsens
the prognosis of HCC patients. Surgical resection is
still the best potential curative method for patients with
HCC and PVTT under careful estimation and selection.
Combination strategies are necessary to effectively
control tumor burden and reduce the risk of recurrence
postoperatively. In the era of multidisciplinary
management, communication and cooperation between
different disciplines make patients with HCC have a
better survival via accurate diagnosis and individual
treatment. In the future, more RCTs focusing on the
combination of different treatments and innovative
treatments need to be performed to offer more effective
choices for clinical practice.

4. The MDT of West China Hospital

Based on the BRIDGE study, a large retrospective
cohort study reviewing the diagnosis and treatment
data of 18,031 HCC patients from 2005 to 2012, it
was indicated that patients with HCC in China have
significant characteristics, including younger age of
onset, more HBV infections, and relatively advanced
staging. The patients with BCLC stage C and portal
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Figure 1. (A), The imaging of contrast-enhanced CT demonstrating a tumor 4.3 x 6.3 cm in diameter in the upper right posterior lobe of the
liver with inferior vena cava tumor thrombus (red arrow). (B), Contrast-enhanced CT demonstrating tumor invading into inferior vena cava
(red arrow). (C), Contrast-enhanced CT 2 months after SBRT combined with targeted therapy showed significantly decreased main tumor and
thrombus. (D), the specimen of resected liver. (E), Contrast-enhanced CT 1 year after surgery demonstrating no obvious tumor recurrence.

vein invasion accounted for 55% and 23% of patients
with HCC in the China cohort, respectively (37).
Similarly, in our institute, the West China Hospital,
there are 15,000 patients with HCC visiting the
outpatient clinic annually, of whom 1,700 cases were
surgically treated, and 493 cases were complicated
by macro PVTT, of which 90 cases had undergone
surgical resection. About 90% of HCC patients required
comprehensive treatment other than surgery. Therefore,
the West China Hospital launched a multidisciplinary
management program for HCC, especially for HCC
patients with PVTT, on March 7, 2019. In 2019, a total
of 262 patients with HCC visited our MDT outpatient
clinic, of which approximately 49% had a PVTT
complication, 2% of patients with inferior vena cava
tumor thrombus, and 2% with two kinds of tumor
thrombus. Approximately 40% of patients underwent
combined treatment and 6 patients underwent surgical
resection after successful downstaging. While the MDT
outpatient clinic can make more accurate diagnoses,
comprehensive and individual treatment suggestions
to patients, it saves time by avoiding the referral
between different disciplines, which usually happens in
traditional clinics. Even though the number of patients
with vascular tumor thrombus getting curative surgery
after downstage treatment is small, MDT still offers the
best hope for them to prolong survival time.

5. Case presentation
Case 1

The patient was a 52-year-old Chinese man with a
history of treatment for hepatitis B and child-pugh
A cirrhosis presented to our center with abdominal
CT examination revealing that HCC 4.3 X 6.3 cm in
diameter in the upper right posterior lobe of the liver
and inferior vena cava tumor thrombus. His AFP and

Protein Induced by Vitamin K Absence II (PIVKA-
II) were 614.1 ng/mL and 119 mAU/mL, respectively.
Neoadjuvant stereotactic body radiation therapy (SBRT)
combined with sorafenib (400 mg po. bid.) was planned
after MDT was reviewed, in an attempt to eliminate the
inferior vena cava tumor thrombus while controlling
tumor growth to allow for a biologic test-of-time. The
planning target volume was 40 Gy, with a fractional size
of 8 Gy at five fractions per week. Imaging evaluation
performed 2 months after treatment demonstrated that
the size of the tumor and thrombus were significantly
smaller than pre-neoadjuvant therapy with no evidence
of intrahepatic tumor progression or metastatic disease
(Figure 1). Laboratory results revealed that AFP
decreased from 374 to 57 ng/mL and PIVKA decreased
from 119 to 37 mAU/mL with well-preserved liver
function. The patient subsequently underwent open
right posterior lobe resection with inferior vena cava
incision and tumor thrombus removal. The patient
experienced no major postoperative complications and
was discharged 9 days after surgery. Pathology of the
resected liver tissue demonstrated negative margins and
no viable malignancy. Surveillance imaging 19 months
after resection demonstrated no evidence of recurrence.

Case 2

A 51-year-old male with a history of treated hepatitis
B and Child-Pugh A cirrhosis presented to our
institution with a left and right liver lobe giant HCC
and intrahepatic metastasis. The diameter of the largest
tumor in the left lobe increased from 9.1 x 6.1 cm to
10.3 x 7.1 cm and serum PIVKA-II rose from 9,108
mAU/mL to 15,153 mAU/mL with a normal AFP after
sorafenib treatment of two weeks and the first TACE.
MDT members decided to perform a second TACE, and
then use PD-1 inhibitor (camrelizumab) combined with
Lenvatinib, because of the insensitivity of sorafenib
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Figure 2. The figure demonstrates the variation of treatment procedures and tumor marker level with the passage of time. Blue line in
the middle of the figure represents the timeline. The images of CT and postoperative specimen are presented above the timeline. (A),
Contrast-enhanced CT of liver revealing the left and right liver lobe giant HCC (9.1 x 6.1 cm) combined with intrahepatic metastasis. (B),
Contrast-enhanced CT demonstrating the diameter of the lesion increased from 9.1 x 6.1 cm to 10.3 x 7.1 cm after 3 weeks treatment of TACE
combined with sorafenib. (C), Contrast-enhanced CT demonstrating a significant decrease of main tumor after 5 months treatment of targeted and
immune therapy. (D), Contrast-enhanced CT 4 months after liver transplantation demonstrating no obvious tumor recurrence. (E), The resected
specimen of diseased liver. CT: computed tomography; TACE: transcatheter arterial chemoembolization; SBRT: stereotactic body radiation

therapy. PIVKA-II: protein induced by vitamin K absence 1T

after 6 weeks of treatment. The patient was started on
the second TACE, camrelizumab (200mg iv. every
two weeks) combined with Lenvatinib (8 mg po. qd.),
and underwent SBRT with a planning target volume of
5,000 cGy and a fraction size of 1,000 cGy. Imaging
demonstrated a complete response, with PIVKA-
IT decreased from 18,254 mAU/mL to 40 mAU/mL
within 4 months and well-preserved liver function.
Subsequently, the patient underwent liver transplantation
2 months later (Figure 2). Liver explant pathology
revealed complete necrosis. The patient was discharged
postoperatively after 3 weeks with normal liver graft
function. Imaging evaluation demonstrated no evidence
of tumor recurrence within 6 months of follow-up.
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SUMMARY

The preferred treatment for hepatocellular carcinoma (HCC) is surgery, which is the only way to
achieve long-term survival and even a cure. However, the vast majority of patients with liver cancer
in China are already in the middle to advanced stage of the disease and no longer have the opportunity
to undergo surgery. The goal of conversion therapy is to transform unresectable advanced liver
cancer or potentially resectable liver cancer into resectable cancer, so it has become a topic of interest
in the treatment of advanced liver cancer. Common modalities of conversion therapy are: local
treatment (TACE, TARE, or HAIC), systemic treatment (targeted therapy alone or combined with
immunotherapy), and a therapeutic alliance (TACE combined with radiation therapy, TACE combined
with targeted therapy, HAIC combined with targeted therapy, or HAIC combined with targeted therapy
and immunotherapy). The plan for maintenance treatment after conversion therapy is determined based
on the outcome of conversion therapy to obtain the best survival benefit for patients.

Keywords

1. Introduction

Hepatocellular carcinoma (HCC) is the second most
common malignant tumor in China; about half of
the new patients with HCC worldwide are Chinese,
and approximately 300,000-400,000 people die from
HCC each year (/,2). A survey of the current status of
treatment for HCC in China indicates that most patients
with HCC are already in the middle to late stages of the
disease when diagnosed and no longer have the chance
to undergo surgery (3). In the past, systemic treatment
had limited effectiveness, and the emergence of targeted
and immunotherapy drugs over the last two years has
brought hope for the non-surgical treatment of HCC.
In this context, several old terms from other fields have
become topics of interest in the field of liver cancer
treatment: downstaging therapy, conversion therapy,
and neoadjuvant therapy. The aim of the current review
is to provide some ideas for conversion treatment
strategies and updates for HCC guidelines in China in
this new era by systematically discussing the definitions
of these terms, the related treatment modalities, and the
subsequent treatment strategies.

2. Downstaging therapy and conversion therapy

Downstaging therapy is a method of turning an

hepatocellular carcinoma, conversion therapy, maintenance therapy, China

inoperable tumor in an advanced stage into an operable
tumor in an earlier stage via systemic or local treatment.
The term was first used in liver transplantation for
HCC. As an example, patients who fell outside the
Milan criteria and were not eligible for priority liver
transplantation (United Network for Organ Sharing
(UNOS) stage T3) were treated locally (transhepatic
artery chemoembolization (TACE), ablation, efc.) to
shrink or reduce the number of tumors to meet the Milan
criteria (UNOS stage T2), and then transplantation
was performed (4). The prognosis of successful liver
transplantation was similar to that of a standard stage
I liver transplantation. Conversion therapy is the
conversion of an otherwise unresectable cancer into
a surgically resectable one by means of systemic or
local treatment. However, conversion therapy is again
not equivalent to downstaging therapy. For example,
HCC involving the main trunk of the portal vein or the
main trunk of the superior mesenteric vein is BCLC
stage C, meaning it is inoperable or unsuitable for
surgical resection, but through conversion therapy,
the tumor thrombus is reduced to the branch of portal
vein and then operated on. If the tumor thrombus
disappears completely after conversion therapy, it
changes from BCLC stage C to BCLC stage B or A,
and then conversion therapy lowers the tumor stage,
so conversion therapy can be regarded as a part of
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downstaging therapy. In the treatment of HCC in
particular, liver resection is the goal of treatment rather
than liver transplantation, so conversion therapy has
greater practical value in clinical terms. Although the
use of conversion therapy (including the combination
of targeted therapy, immunotherapy, and interventional
therapy) in the treatment of advanced HCC is still in its
infancy, it has become a topic of interest in the treatment
of advanced HCC because it can reduce the tumor size
and focal necrosis, which can convert unresectable or
potentially resectable HCC into radically resectable
HCC.

3. Common modalities of conversion therapy

In 1993, Sitzmann & Abrams (5) were the first to report
on unresectable cancer in 14 patients that was converted
to resectable cancer after radiotherapy combined with
chemotherapy. This opened the door to down-staging
conversion of HCC. Various approaches subsequently
emerged, including local and systemic treatments and
more often a combination of the two.

3.1. Local treatment

Most commonly used local treatments include TACE,
transhepatic artery radioembolization (TARE), and
hepatic artery infusion chemotherapy (HAIC). TACE
has been widely used in the treatment of mid- to late-
stage HCC. Cancer in about 8-18% of patients is
converted into an operable form after TACE treatment,
and the 5-year survival rate of patients treated with
surgery after downstaging TACE may be as high
as 24.9-57%, and an even longer survival has been
achieved in some patients (6). TACE has yielded long-
term clinical results and offered a chance to those
patients with HCC who were ineligible for radical
surgery when initially diagnosed. TARE, which has 2
actions to kill a tumor, usually uses yttrium-90 as an
embolic agent. Of 35 patients with UNOS stage T3
cancer, Kulik et al. (7) reported that TARE treatment
successfully downstaged the cancer to T2 in 19 of 34
patients (56%) and that cancer in 23 (66%) of the 35
patients was downstaged to the extent that the patients
were eligible for RFA or resection, creating a bridge
to surgical procedures and yielding better results. In
a recent study (8), however, only 9% of patients with
HCC who were treated with TARE underwent liver
transplantation (LT) or liver resection (LR). However,
a promising result of that study is that the OS was
47 months while survival rates at 1-, 3-, and 5-years
reached 97, 86, and 86%, respectively. Although the
conversion rates differ considerably among studies, the
long-term outcomes are consistent (7-9), suggesting
that as long as conversion is achieved, the prognosis
should be as good as that for patients undergoing
radical resection following initial diagnosis. A point

worth noting is that the extent of tumor necrosis still
increases 3-6 months after TARE due to the lagging
effect of radiotherapy on tumor cell killing, so repeated
use of TARE is not required within 6 months.

HAIC has not been validated in large-scale
randomized clinical trials, and thus guidelines on liver
cancer from the American Association for the Study of
Liver Diseases (AASLD), the National Comprehensive
Cancer Network (NCCN), the European Society
of Liver Diseases (EASL) and the Asia-Pacific
Association for the Study of the Liver (APASL) (/0-13)
do not consider HAIC to be a recommended treatment
for advanced HCC. However, HAIC has been used
in Asia, and especially in Japan and South Korea, as
an approach that can improve outcomes in advanced
HCC and it is included in treatment guidelines (/4).
HAIC is greatly underestimated due to the small
sample size in previous studies and the lack of large-
scale randomized trials. In fact, HAIC is theoretically
more effective than systemic chemotherapy for HCC
because hepatic arterial infusion of anticancer drugs
allows direct delivery of high doses of drugs to highly
vascular HCC, including those micro metastases that
cannot be detected with imaging and that may not have
an obvious arterial blood supply. The intrahepatic first-
pass effect results in lower systemic levels of HAIC
drugs than systemic administration, reducing toxic
effects and adverse events. In a randomized phase
III study (9810) announced at ESMO 2020, HAIC
(oxaliplatin, fluorouracil, and folinic acid) vs. hepatic
artery chemoembolization for unresectable HCC with
TACE resulted in a significant difference in the surgical
conversion rate of 23.8% in the HAIC group vs. 11.5%
in the TACE group (p < 0.004).

3.2. Systemic treatment

Sorafenib was effective as the first first-line standard
systemic therapeutic agent for advanced HCC that was
unresectable when diagnosed. Since then, many other
promising drugs, including tyrosine kinase inhibitors
(TKIs) and immune checkpoint inhibitors, have been
developed, making significant advances in systemic
therapy for liver cancer. However, a single agent
yields limited clinical results. The overall response
rate (ORR) after sorafenib monotherapy was only
3.3% (15), that for cabozantinib was 4.0% (/6), and
that for regorafenib was 6.5%. Lenvatinib, which is an
inhibitor of VEGF receptors 1-3, FGF receptors 1-4,
PDGEF receptor a, RET, and KIT, is reported to have an
ORR as high as approximately 18.8%, which is much
higher than that of sorafenib (/7). However, lenvatinib
and sorafenib groups have a similar OS, and patients
with a tumor occupying > 50% of the liver, obvious
invasion of the bile duct, or portal vein invasion at the
main portal vein were excluded from that study, which
may explain the difference in ORR. At ESMO 2019,
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nivolumab was reported to have an ORR of 15.0%
alone, and the ORR for pembrolizumab alone was
18.3%. In a multicenter randomized phase 1II trial, Qin
et al. found that carrilizumab alone had an ORR of only
14.7% (18). Although these results from worldwide
centers are interesting and promising, the level of
effectiveness is insufficient to meet clinical needs.
Thus, combination therapy may yield a higher ORR
compared to monotherapy and may signal the advent
of a new era of conversion therapy for advanced HCC.
As announced at ASCO-GI 2020, a phase 1b clinical
study on lenvatinib in combination with nivolumab
in patients with unresectable HCC noted an ORR of
54.2% after lenvatinib in combination with nivolumab
(ASCO-GI 2020, Ib (117)). As announced at the 2019
ESMO Congress, the latest data from a phase 1b study
on pembrolizumab combined with lenvatinib for
advanced HCC indicated that the combination had an
ORR of 46.3% (2019 ESMO (747P)). Qin et al. found
that carrilizumab combined with apatinib had an ORR
of 44.4% (18). Prognosis has sharply improved for
patients with advanced HCC and the low rate of liver-
related adverse reactions with combination therapy has
made subsequent surgery safer. As a result, targeted
therapy combined with immunotherapy is now the
most commonly used approach for the conversion of
HCC. At the 2020 ASCO Annual Meeting, Sun et al.
(19) reported on 60 patients with unresectable cancer
who received targeted therapy with a small-molecule
TKI combined with immune checkpoint inhibitors. The
cancer in 11 (18.3%) of those patients was converted
to resectable HCC. As announced at ESMO Asia 2020,
a study by Zhang et al. (20) found that HCC with
portal vein tumor thrombosis (PVTT) was converted
to a surgically resectable form in 42.4% of 33 patients
received targeted therapy with a small molecule TKI
combined with immune checkpoint inhibitors. These
two recent studies provide further evidence for the
feasibility and effectiveness of combination therapy.

3.3. Other combined treatment modalities
3.3.1. TACE-based combined therapy

The role of external radiation therapy in the treatment
of liver cancer has gradually been highlighted, and the
effectiveness of radiotherapy for HCC has significantly
improved due to precise positioning technology. It has
become an important tool for the conversion of HCC,
and especially for the control of a tumor thrombus.
External radiation therapy is mainly combined with
interventional therapy for the conversion of advanced
HCC with portal vein and inferior vena cava tumor
thrombi.

In 2017, Li and Zhou (27) reported 21 cases of HCC
treated with TACE combined with sorafenib that were
unresectable on initial evaluation. In this Chinese study,

the 1-, 2-, and 3-year OS rates were 85.7, 71.4, and
57.1%, respectively; these rates were much higher than
that for regular treatment such as TACE or sorafenib
alone. An important point is that sorafenib was used as
maintenance therapy after surgery, which may enhance
the survival rate accordingly. Although sorafenib was
unable to improve the prognosis for patients who
underwent radical resection following initial diagnosis,
its value as maintenance therapy for down-staged
advanced HCC warrants more attention and related
clinical trials should be conducted like those with other
TKIs and immuno-agents.

3.3.3. HAIC-based combined therapy

In a retrospective cohort study, Hamaoka et al. (22)
evaluated the survival benefit and safety of hepatectomy
after down-staging with 3-dimensional conformal
radiation therapy (3D-CRT) for major PVTT and
HAIC for unresectable HCC. Seven of the 52 patients
became eligible for surgery, and there was a significant
difference in overall survival (OS) between the surgical
and non-surgical resection groups (p = 0.009). In 2019,
He et al. (21) reported a conversion rate of 12.8% in
patients with unresectable HCC treated with HAIC in
combination with sorafenib, indicating that HAIC-based
combined therapy could also yield results as good as
those of TACE-based therapies. A recent study by Shi
et al. (23) announced at ESMO Asia in 2020 (24) found
that HAIC plus targeted therapy and immunotherapy
for advanced HCC had an ORR of 67.6% according
to the mRECIST criteria, which is the highest of all
combination regimens available and offers a new option
for HAIC-based conversion therapy in the future.

Conversion therapy is currently performed
using a variety of approaches and regimens, and
conversion therapy for advanced HCC is currently
being studied, but there is no higher level evidence to
confirm which treatment option is best. Thus, close
collaboration of multidisciplinary teams is essential,
requiring individualized treatment plans tailored to the
patient's condition or the skills and experience of the
treatment teams. That said, the overall trend is towards
combination therapy. The conversion rate of combined
therapy is higher than that of monotherapy, and the
efficiency of combined local and systemic therapy is
higher than that of local or targeted therapy combined
with immunotherapy. A goal-oriented treatment strategy,
the aim of conversion therapy is to achieve radical
surgical resection and obtain a higher conversion rate.
The most potent combination therapy regimen may
be used in the future as long as the patient's physical
condition and liver and kidney function permit. This
could include HAIC combined with small-molecule
TKIs and immune checkpoint inhibitors or TACE
combined with radiotherapy, TKIs, and immune
checkpoint inhibitors.
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4. Maintenance therapy after conversion therapy is
determined by the outcome of conversion therapy

4.1. Tumor progression is stable or the tumor is in partial
remission but there is still no possibility of surgical
resection

If the first-line conversion option is to use a potent and
efficient local and systemic regimen, then the second-
line treatment option should be a combination therapy
causing fewer and less severe adverse reactions or a
monotherapy, such as a second-line targeted drug or a
targeted drug combined with an immune checkpoint
inhibitor. After all, the main treatment goal for patients
at this point is no longer conversion to surgery but to
prolong survival as long as possible.

If the patient's physical status and liver, kidney, bone
marrow function are sufficient and conversion is not
prolonged, then the current treatment can be maintained
until yielding results. The tumor may shrink further with
additional rounds of treatment and be downgraded to
a resectable status; if the patient has already received
sufficient rounds of conversional therapy and his or
her physical strength or liver, kidney, and bone marrow
function are no longer sufficient to tolerate a potent
treatment regimen, then options in the event of failure
should be considered.

4.2. Successful tumor conversion following radical
surgical resection

There is currently no recommendations for postoperative
adjuvant therapy in any guidelines on HCC, and the
2020 CSCO (25) guidelines for the management
of primary HCC (which usually has a high risk of
recurrence) recommend postoperative administration of
TACE. Although the STORM study of targeted therapy
as postoperative adjuvant therapy (as exemplified by
sorafenib) yielded negative results (26), numerous
subsequent studies have concluded that targeted agents
would still have a survival benefit in HCC with a high
risk of recurrence (27,28). With the increased availability
of numerous targeted agents and immune checkpoint
inhibitors, more postoperative adjuvant therapy options
will emerge in the future, with single agents such as
lenvatinib, regorafenib, and apatinib, and with immune
checkpoint inhibitors such as PD-1 or PD-L1 antibodies,
and even targeted combination immunotherapy.
Numerous clinical studies on postoperative adjuvant
therapy for HCC with a high risk of recurrence have
been initiated, and these therapies include nivolumab
monotherapy (NCT03383458), carrilizumab combined
with apatinib (NCT03722875), and lenvatinib combined
with TACE (the LANCE study). Those findings will
surely provide a stronger basis for postoperative adjuvant
therapy to treat HCC in the near future.

Conversion therapy for HCC has just emerged.

There are various conversion protocols but no standard
protocol, so there is no definitive postoperative
maintenance therapy for cancer that has been
successfully converted and treated surgically. However,
information can be gleaned from more established
procedures for perioperative treatment of colorectal
cancer liver metastases. Perioperative treatment of
resectable colorectal cancer liver metastases with a
high risk of recurrence usually lasts six months, and the
postoperative regimen is basically a continuation of the
preoperative chemotherapy regimen. Colorectal cancer
metastases that are initially unresectable need to be
treated with a more potent and efficient combination of
two or three drugs than neoadjuvant therapy. The post-
conversion regimen is weaker than the preoperative
regimen, such as using targeting drugs only if there
is a clear therapeutic response and then continuing
to use them after surgery or using a shorter course of
chemotherapy or even performing an observational
follow-up. If, therefore, a more potent