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Introduction

Digestive cancers account for five of the top ten cancer‑related 
deaths in Taiwan. Our team has made persistent endeavors in 
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translational research and clinical trials of digestive cancers 
for almost three decades.

HDFL‑Based Combinations in the Treatment of 
Gastric Cancers (GCs)
First, we developed a unique high‑dose 5‑fluorouracil (5‑FU) 
and leucovorin  (HDFL) regimen  (weekly 24‑h infusion 
of high‑dose 5‑FU 2000–2600  mg/m2 and leucovorin 
300 mg/m2) with satisfactory single‑agent activity, minimal 
myelosuppression, and mild toxicity. To overcome central 
venous portable pump blockage by calcite, a slightly lower 
dose of leucovorin  (300  mg/m2), instead of the initial 
500  mg/m2, has been used in Taiwan.[1,2] This regimen 
was found to be not only highly effective for colorectal 
cancer (CRC) and GC but also associated with surprisingly 
low treatment‑related toxicity.[2‑4]

The HDFL regimen has been successfully used to treat patients 
with advanced GC, with a response rate of 48% (95% confidence 
interval  [CI], 32%–72%).[4,5] The low‑myelosuppressive 
nature of HDFL has made it ideal for patients with GC 
presenting with a poor general condition[4] or even with acute 
DIC (disseminated intravascular coagulation).[5,6]

The half‑life of 5‑FU in the serum is very short, ranging 
from 8 to 14 min. The steady‑state serum concentration (Css) 
of 5‑FU  (approximately 7.5 µM) by 24‑h high‑dose 5‑FU 
(2000–2600  mg/m2) infusion was much lower than the 
serum concentration  (approximately 420 µM) of 5‑FU 
(370‑500  mg/m2) by bolus injection. Moreover, due to 
a probable physiological “bone marrow barrier,” the 
concentration of 5‑FU in bone marrow is about one‑third to 
one‑fifth of that in serum during low Css achieved by infusional 
5‑FU.[7] In contrast, the physiological “bone marrow barrier” 
does not exist during high concentrations of 5‑FU achieved by 
bolus injection, and the concentration of 5‑FU in bone marrow 
is about the same as that in serum.

First, a possible mechanism for the satisfactory anti‑cancer 
efficacy of HDFL has been elucidated. Prolonged exposure of 
GC cells to low concentrations of 5‑FU for 24 h and enhanced 
thymidylate synthase  (TS) inhibition, thereby increases the 
cytotoxicity of 5‑FU.[8] HDFL has been prospectively studied 
at our hospital for the treatment of patients with advanced 
GC. This enabled us to explore the possibility that the 
expression of TS, the target enzyme of 5‑FU, is related to the 
drug sensitivity of GC to HDFL monotherapy. We reported 
that 2 of the 16 patients (12.5%) with high expression of TS 
and 13 of the 14 patients (92.9%) with low expression of TS 
responded to chemotherapy (P < 0.001).[9] High expression 
of TS is associated with the drug resistance of GC to HDFL 
monotherapy.[9]

Furthermore, a possible mechanism for the low myelotoxicity 
of HDFL has been reported.[10]

The HDFL regimen has been repeatedly demonstrated 
to cause minimal myelosuppression[2‑5] and is, therefore, 

an ideal component for combination chemotherapy with 
other cytotoxic agents against GC. Various HDFL‑based 
combinations with high efficacy and manageable toxicity 
have become cornerstone regimens. All HDFL‑based 
doublets (e.g. cisplatin‑, oxaliplatin‑, and paclitaxel‑HDFL) 
are well tolerated and have a respectable objective tumor 
response of 52%–61%.[11‑14] The median overall survival (OS) 
of intent‑to‑treat patients is 10–11.4 months.[11‑14]

Everolimus (RAD001, Afinitor) is a rapamycin derivative that 
specifically inhibits the mammalian target of rapamycin, a 
potential target agent in the treatment of GC. We demonstrated 
the chemosensitizing effects and sustained G1‑S cell cycle 
arrest by low‑dose RAD001 and 5‑FU in human GC cells. We 
initiated and conducted an investigator‑initiated multi‑center 
phase II study of low‑dose everolimus plus cisplatin‑HDFL 
for the first‑line treatment of AGC has also been completed in 
Taiwan with a respectable median progression‑free survival 
of 6.9 (95% CI, 4.9–8.4) months, and without any additional 
toxicities.[15]

We also initiated and conducted an investigator‑initiated 
multi‑center phase II study of weekly cetuximab plus weekly 
cisplatin and HDFL combination regimen as an effective 
first‑line treatment for patients with metastatic GC (mGC).[16] 
Besides, we conducted a phase II study of weekly vinorelbine 
plus HDFL doublet regimen as an effective first‑line treatment 
for patients with metastatic breast cancer.[17]

HDFL‑based regimens require the insertion of a totally 
implantable venous port  (Port A) for ambulatory outpatient 
care. We identified the predictors of bloodstream infection (BSI) 
associated with a permanently implantable venous port in 
patients.[18] Solid cancer, who were prospectively observed 
for the occurrence of Port‑A‑associated BSI (PABSI), defined 
as BSI without other identifiable infection foci. The PABSI 
risk score was calculated using the Cox proportional hazards 
model. The PABSI risk score can assist in identifying patients 
with high‑risk solid cancer and may assist in designing future 
preventive strategies.[18] Later, we reported that chlorhexidine 
for the prevention of BSI was associated with totally 
implantable venous ports in patients with solid cancers.[19]

In summary, from 1992 to 2023, HDFL‑based doublet 
combinations have been constantly and widely used in the 
routine first‑line treatment of mGC for three decades.

Helicobacter Pylori Eradication Therapy on 
Early‑stage Gastric Mucosa‑associated Lymphoid 
Tissue Lymphomas and Gastric Diffuse Large 
B‑cell Lymphomas

Gastric mucosa‑associated lymphoid tissue  (MALT) 
lymphoma  (MALToma) is the most common type of 
lymphoma. Most gastric MALTomas are characterized by their 
association with Helicobacter pylori (HP) infection and are 
cured with first‑line HP eradication (HPE) therapy.
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The t  (11;18)(q21;q21) translocation is a specific marker 
for HP‑independent low‑grade  MALToma. We previously 
reported that the nuclear expression of BCL10 or nuclear factor 
kappa B  (NF‑κB) helps predict the HP‑independent status 
of low‑grade gastric MALTomas with or without t  (11;18)
(q21;q21).[20]

An explorative study evaluates the efficacy of HPE therapy on 
early‑stage gastric diffuse large B‑cell lymphomas (DLBCLs) 
without features of MALT, the pure (de novo) DLBCLs, in 
comparison with its efficacy on high‑grade transformed gastric 
MALTomas, the DLBCL (MALT). In total, 68.8% (11/16) of 
patients with pure (de novo) DLBCL and 56.3% (18/32) of 
patients with DLBCL (MALT) achieved complete pathological 
remission  (pCR) after HPE therapy. Our data revealed that 
HPE therapy was effective for the treatment of early‑stage 
HP‑positive gastric DLBCL.[21]

We showed that HP‑positive gastric “pure” DLBCL may 
respond to HPE therapy. To draw a closer biological link 
to HP, HP‑positive tumors were further examined for CagA 
expression in lymphoma cells. Compared to CagA‑negative 
cases (n = 16), CagA‑positive cases (n = 27) were associated 
with high phosphorylated SHP‑2 expression (P = 0.016) and 
better 5‑year event-free survival (EFS)  (85.2% vs. 46.3%, 
P = 0.002) and OS (88.9% vs. 52.9%, P = 0.003). HP‑related 
gastric “pure” DLBCL may be a distinct tumor entity, which 
is less aggressive, and responds better to conventional 
chemotherapy.[22] We reported that the direct contact of HP 
and B cells results in CagA translocation into the latter and 
that the translocated CagA regulates intracellular signaling 
pathways.[23] Further, our results indicate that CagA protein 
expression is biologically relevant and is associated with the 
activation of its downstream signals in HP‑dependent gastric 
MALToma.[24]

First‑line antibiotic treatment for eradicating HP infection 
is effective in HP‑positive low‑grade gastric MALToma; 
however, its role in HP‑negative cases is uncertain. In this 
exploratory retrospective study, we assessed the outcomes 
and potential predictive biomarkers of 25  patients with 
HP‑negative localized gastric MALToma who received 
first‑line HPE therapy. We observed an antibiotic response in 
9 (36.0%) of 25 patients.[25] Nuclear BCL10 expression was 
significantly higher in antibiotic‑unresponsive tumors than in 
antibiotic‑responsive tumors (14/16 [87.5%] vs. 1/9 [11.1%]; 
P = 0.001). Although the role of first‑line HPE in the treatment 
of “HP‑negative” gastric MALToma remains uncertain, we 
suggest that a proportion of “HP‑negative” gastric MALTomas 
remain antibiotic‑responsive and can be treated with HPE.[25]

Translational Research and Clinical Studies in 
Colorectal Cancers

Identifying better regimens for currently available 
chemotherapy would be beneficial to KRAS‑mutant metastatic 
CRC  (mCRC) because they have fewer treatment options 

than patients with KRAS wild‑type mCRC. First, our in vitro 
studies revealed that the KRAS mutation is a predictor of 
oxaliplatin sensitivity in colon cancer cells.[26] We found 
that oxaliplatin‑based chemotherapy might provide longer 
progression‑free survival (PFS) in KRAS‑mutant mCRC.[27] 
We reported that oxaliplatin‑based chemotherapy is more 
beneficial with significantly longer OS in KRAS mutants than 
in patients with KRAS wild‑type mCRC.[28]

We have joined a randomized, double‑blind, placebo‑controlled, 
phase 3 trial  (CONCUR trial) of regorafenib plus best 
supportive care versus placebo plus best supportive care in 
Asian patients with previously treated mCRC (CONCUR).[29] 
This phase 3 trial is the second  (in addition to CORRECT 
trial) to show an OS benefit with regorafenib compared 
with placebo in patients with treatment‑refractory mCRC, 
substantiating the role of regorafenib as an important 
treatment option for patients whose disease has progressed 
after standard treatments.[29] We and all CORRELATE Taiwan 
colleagues reported the real‑world evidence of the safety and 
effectiveness of regorafenib in Taiwanese patients with mCRC 
of a prospective, observational study (CORRELATE study).[30] 
The safety and effectiveness of regorafenib in this real‑world 
study were generally consistent with the known efficacy and 
safety profile in Asian patients in clinical trials.[30]

We reported that the primary tumor site (tumor sidedness) is a 
useful predictor of cetuximab efficacy in third‑line or salvage 
treatment of KRAS wild‑type (exon 2 non‑mutant) mCRC in 
a nationwide cohort study.[31] Our findings demonstrate that a 
left‑sided primary tumor site is a useful predictor of improved 
cetuximab efficacy in third‑line or salvage treatment of KRAS 
wild‑type (exon 2 nonmutant) mCRC.[31]

We reported that the BRAF mutation may have different 
prognostic implications in early‑ and late‑stage CRC.[32] We 
found that BRAF mutations were significantly associated with 
CpG island methylator phenotype (CIMP)‑positive (P < 0.001) 
and microsatellite instability‑high status  (P  =  0.0013) in 
patients with early‑stage CRC. Conversely, BRAF mutation 
was significantly associated with CIMP positivity (P = 0.0015) 
and right‑sided colon cancer  (P  =  0.014) in patients with 
late‑stage CRC.[32] We also reported that more frequent BRAF 
mutations in early‑onset CRC (under the age of 30) in Taiwan 
and their association with distinct clinicopathological and 
molecular features and poor clinical outcomes.[33]

Among the 450 CRC specimens with successfully determined 
CIMP status at our institution between 2005 and 2013, 
74 (16.4%) had CIMP‑high CRC. Our data revealed that the 
presence of CIMP independently predicts poor OS in patients 
with stage IV CRC.[34]

CIMP represents a carcinogenesis pathway. The association 
among CIMP CRC, molecular features, and risk factors in 
East Asian populations has not yet been extensively studied. 
We have reported that CIMP‑high CRC in 14.3% of patients 
younger than 50 years (young CRC) is significantly higher in 
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East Asian (including Taiwan) patients than in about 5.0% of 
Caucasian patients.[34] Further, our data suggest a significant 
association between body mass index ≧ of 27.5 kg/m2 and 
CIMP‑high CRC in patients younger than 50  years in a 
Taiwanese cohort.[35] These data may pave for the very first step 
of potential cancer prevention for CRC by lifestyle changes 
in Taiwan.

Many studies have revealed that the BRAF V600E mutation 
is one of the worst prognostic factors for mCRC. Previously, 
we demonstrated a significant prognostic role in late‑stage 
BRAF V600E mutant CRC, but not in early‑stage tumors.[32] 
Thus, we hypothesized that immune contextures in the 
tumor microenvironment of BRAF V600E mutant CRC have 
prognostic implications in CRC. We enrolled 54  patients 
with untreated, metastatic microsatellite‑stable  (MSS) 
BRAF V600E‑mutated CRC and analyzed the expression 
of immune‑related genes. Our data revealed that many 
complement genes were associated with patient survival 
outcomes. We developed a complement score and compared 
it with that of BRAF V600E‑mutated CRC with complement 
score. Our data showed that high complement scores 
were associated with significantly shorter PFS and OS.[36] 
We also found that complement score was significantly 
correlated with C4d  (a surrogate marker of complement 
activation) density by immunohistochemical staining, which 
validated our RNA analysis data, as well as M2 macrophage 
signatures.[36] The fact that M2 macrophages are recognized 
as tumor‑promoting may be one of the reasons why tumors 
with high complement scores are associated with poor 
survival.

Translational Research and Clinical Studies in 
Pancreatic Cancers

We reported the association of MDM2 expression with shorter 
PFS and OS in patients with advanced pancreatic cancer treated 
with gemcitabine‑based chemotherapy.[37] We reported the 
patients’ series in heavily pretreated patients with pancreatic 
adenocarcinoma, low‑dose nab‑paclitaxel‑based chemotherapy 
was fairly tolerable with modest efficacy.[38]

We previously demonstrated that nuclear BCL10 
translocation participates in the inactivation of NF‑κB in 
breast cancer and lymphoma cell lines. Furthermore, we 
demonstrated that nuclear BCL10 translocation is clinically 
significant in advanced and metastatic pancreatic ductal 
adenocarcinoma (PDAC).[39] Inhibition of BCL10 differentially 
blocked cell cycle progression in PDAC cell lines. Arrest 
at the G1 phase was noted in wild‑type  KRAS cell lines, 
and arrest at the G2/M phase was noted in mutant KRAS 
cell lines. In a PANC‑1‑xenograft mouse model, inhibition 
of BCL10 expression attenuated PDAC tumor growth. In 
clinical samples, nuclear BCL10 expression was closely 
associated with nuclear NF‑κB expression (P < 0.001), and 
patients with nuclear BCL10 expression had worse median OS 
than those without nuclear BCL10 expression (6.90 months 

vs. 9.53  months, P  =  0.019). In summary, nuclear BCL10 
translocation activates NF‑κB signaling and contributes to 
tumor progression and poor prognosis in advanced/metastatic 
PDAC.[39]

Translational Research and Clinical Studies on 
Immuno‑Oncology of Digestive Cancers

Colorectal cancers
Immunotherapy with immune checkpoint inhibitors  (ICIs), 
such as anti‑programmed death 1 (PD‑1) antibodies, has led to 
breakthroughs in the treatment of patients with microsatellite 
instability‑high (MSI‑H) mCRC. However, MSI‑H accounts 
for only 1.8%–4.0% of all patients with mCRC. To date, 
several phase III clinical trials have failed to demonstrate the 
efficacy of immunotherapy with a single ICI in patients with 
MSS mCRC; therefore, novel strategies are required.

Increases in the expression of major histocompatibility 
complex  (MHC) class  I, namely human leukocyte antigen 
class I, enhance the efficacy of cytotoxic T cells, which implies 
a higher response rate to ICIs. Our study revealed that the 
expression of MHC class  I, PD‑1, and PD‑L1 significantly 
increased after chemotherapy and targeted therapy from the 
samples of real‑world patients with de novo mCRC.[40] We 
had shown that among chemotherapy agents, particularly 
SN‑38, the active metabolite of irinotecan significantly 
stimulated the expression of stimulatory MHC class I alleles 
and also the subsequent immunogenic cell death.[40] Further, 
our study revealed that bortezomib, a proteasome inhibitor, 
may successfully restore STAT1 expression and subsequently 
enhance the downstream expression of MHC class I.[41] We 
hypothesize that both bortezomib and irinotecan might increase 
the MHC class I expression[40,41] and thus probably potentiate 
the efficacy of ICIs for the innovative treatment of mCRC.

Pancreatic ductal adenocarcinoma
Although ICIs have limited efficacy in the treatment of 
PDAC, we reported the “negative” prognostic implications 
of splenomegaly in nivolumab‑treated advanced or recurrent 
PDAC.[42] A total of 45  patients were identified. Biweekly 
nivolumab was administered as monotherapy  (n  = 5) or in 
combination with chemotherapy or targeted therapy (n = 40). 
Among 31 evaluable patients, the response and disease 
control rates were 7% and 36%, respectively. The median 
baseline splenic volume was 267  (110–674) mL. Patients 
with spleens  ≥267  mL had significantly shorter median 
OS  (1.9 months; 95% CI, 1.0–2.7) than those with smaller 
spleens  (8.2  months; 95% CI, 5.6–10.8; P  =  0.003). In a 
multivariate analysis, a spleen volume of <267 mL remained 
an independent favorable prognostic factor for OS.[42]

Gastric cancer
We report the first case of a patient with pMMR (mismatch 
repair‑proficient) and MSS GC who exhibited a partial 
response to salvage anti‑PD‑1 therapy with pembrolizumab.[43] 
We also reported durable response to PD‑1 blockade in a 
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patient with mGC with mismatch repair deficiency (dMMR) 
and MSI.[44] We have joined a randomized, double‑blind, 
placebo‑controlled, phase 3 trial  (ATTRACTION‑2) using 
nivolumab in patients with advanced GC or gastroesophageal 
junction cancer (GEJC) refractory to, or intolerant of, at least 
two previous chemotherapy regimens.[45] Median OS was 
5.26  (95% CI, 4.60–6.37) and 4.14  (3.42–4.86) months in 
the nivolumab and placebo groups, respectively (hazard ratio 
0.63; 95% CI, 0.51–0.78; P < 0.0001). In this phase 3 study, 
the survival benefits indicated that nivolumab may be a new 
treatment option for heavily pretreated patients with advanced 
GC or GEJC.[45]

Pan‑Asian Adapted European Society for 
Medical Oncology Clinical Practice Guidelines, 
on Behalf of the Taiwan Oncology Society

On behalf of the Taiwan Oncology Society  (TOS), we 
participated in and published the Pan‑Asian adapted European 
Society for Medical Oncology  (ESMO) Clinical Practice 
Guidelines for mCRC,[46] GC,[47] esophageal cancer,[48] and 
locally advanced CRC.[49]

To focus on what we have learned from both MSI/dMMR 
biomarkers in predicting the efficacy of anti‑PD‑1)/PD‑ligand 1 
immunotherapy, and the neurotrophic tyrosine receptor kinase 
gene fusions in predicting the efficacy of inhibitors of the 
tropomyosin receptor kinase proteins across a range of solid 
tumor types.[50] We, on behalf of TOS, joined and published 
the JSCO‑ESMO‑ASCO‑JSMO‑TOS: International expert 
consensus recommendations for “tumor‑agnostic” indications 
in patients with solid tumors with microsatellite instability or 
NTRK fusions.[50]
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