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Abstract. Patients with advanced pancreatic cancer (PC) need 
a cost‑effective treatment regimen. The present study was 
designed to compare the efficacy and safety of nab‑paclitaxel 
plus S‑1 (AS) and gemcitabine plus S‑1 (GS) regimens in 
patients with chemotherapy‑naïve advanced PC. In this 
open‑label, multicenter, randomized study named AvGmPC, 
eligible patients with chemotherapy‑naïve advanced PC 
were randomly assigned (1:1) to receive AS (125  mg/m2 
nab‑paclitaxel, days 1 and 8; 80‑120 mg S‑1, days 1‑14) or 
GS (1,000 mg/m2 gemcitabine, days 1 and 8; 80‑120 mg S‑1, 
days 1‑14). The treatment was administered every 3 weeks 
until intolerable toxicity or disease progression occurred. 
The primary endpoint was progression‑free survival (PFS). 
Between December  2018 and March  2022, 101 of 106 
randomized patients were treated and evaluated for analysis 
(AS, n=49; GS, n=52). As of the data cutoff, the median 
follow‑up time was 11.37 months [95% confidence interval 
(CI), 9.31‑13.24]. The median PFS was 7.16 months (95% CI, 

5.19‑12.32) for patients treated with AS and 6.41 months (95% 
CI, 3.72‑8.84) for patients treated with GS (HR=0.78; 95% 
CI, 0.51‑1.21; P=0.264). The AS regimen showed a slightly 
improved overall survival (OS; 13.27 vs. 10.64 months) and 
a significantly improved ORR (44.90 vs. 15.38%; P=0.001) 
compared with the GS regimen. In the subgroup analyses, PFS 
and OS benefits were observed in patients treated with the AS 
regimen who had KRAS gene mutations and high C‑reactive 
protein (CRP) levels (≥5 mg/l). The most common grade ≥3 
adverse events were neutropenia, anemia and alopecia in the 
two groups. Thrombocytopenia occurred more frequently in 
the GS group than in the AS group. While the study did not 
meet the primary endpoint, the response benefit observed for 
AS may be suggestive of meaningful clinical activity in this 
population. In particular, promising survival benefits were 
observed in the subsets of patients with KRAS gene mutations 
and high CRP levels, which is encouraging and warrants 
further investigation. This trial was retrospectively registered 
as ChiCTR1900024588 on July 18, 2019.

Introduction

Pancreatic cancer (PC) is among the most lethal malignancies 
and its global mortality and incidence rates have been rising 
continuously, with the lowest 5‑year survival rate among all 
cancers (9%) (1‑3). In particular, recent cancer statistics indi‑
cate that China is faced with a rising burden of cases of PC (4), 
which merits attention. Surgery with adjuvant chemotherapy is 
the only method of curing this disease, but ~80% of patients are 
diagnosed with unresectable or metastatic PC (5). Therefore, 
chemotherapy remains the mainstay for advanced PC (6). 

According to current guidelines of the National 
Comprehensive Cancer Network, first‑line regimens for 
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advanced PC include a combination of f luorouracil + 
leucovorin + irinotecan + oxaliplatin (FOLFIRINOX), and 
nanoparticle albumin‑bound paclitaxel (nab‑paclitaxel) plus 
gemcitabine (AG)  (7,8). Although FOLFIRINOX and AG 
regimens demonstrated significant survival advantages in 
clinical trials, the objective response rate (ORR) was limited 
to 23‑31.6% (9,10). In addition, a high level of toxicity was 
reported among patients receiving FOLFIRINOX, resulting 
in it being necessary to use rigorous patient selection criteria 
and a low dose intensity of each agent. In China, AG was 
considered to be a more practical and convenient regimen than 
FOLFIRINOX (11). However, nab‑paclitaxel was not covered 
for use in PC by health insurance policies in China when the 
present study was designed in 2018; therefore, the use of the 
AG regimen was limited in Chinese clinical practice at that 
time.

Numerous attempts have been made to develop 
high‑efficacy chemotherapeutic regimens to improve the 
prognosis of patients with advanced PC  (12‑14). S‑1 is 
a fourth‑generation oral fluoropyrimidine, consisting of 
tegafur, gimeracil, and oteracil potassium. Due to S‑1 being 
convenient to administer and highly effective, S‑1 has been 
studied as a monotherapy in the MPACA‑3 and ASPAC‑01 
trials, and as a combination therapy in the GEST trial (14‑16). 
Two phase II trials of S‑1 monotherapy reported promising 
results with an ORR of 21.1‑37.5% and overall survival (OS) of 
5.6‑9.2 months (14,17). Subsequently, large‑scale clinical trials 
showed that the ORR of gemcitabine plus S‑1 (GS) was 44‑48%, 
with a median OS of 10‑12 months in patients with metastatic 
PC  (18,19). Notably, a combination of gemcitabine with a 
fluoropyrimidine, such as S‑1 or capecitabine, was affordable 
and more widely used than the AG regimen in China in 2018, 
particularly for patients with a poor economic status. This 
regimen was also recommended as a first‑line treatment for 
advanced PC in Chinese guidelines since 2018 (20). Although 
it exhibited a good safety profile, patient survival was still not 
adequate (21). Accordingly, alternative agents were sought to 
improve patient survival.

Nab‑paclitaxel was developed as a solvent‑free paclitaxel 
formulation that eliminates the risk of hypersensitivity reac‑
tions (22). Owing to its promising activity, nab‑paclitaxel has 
been approved as a therapeutic option for various cancers, 
including breast  (23), non‑small cell lung cancer  (24) and 
PC (10). Given that nab‑paclitaxel and S‑1 in combination with 
gemcitabine were found to significantly improve outcomes (25), 
efforts were made to develop a novel combination of nab‑pacli‑
taxel and S‑1 (AS). This combination was reported to exhibit a 
synergetic effect with good tolerability in preclinical models of 
PC (26,27). Subsequently, two single‑arm phase II trials of AS 
were performed in China, which reported noteworthy response 
rates of 50.0‑53.1% and an OS of 9.4‑13.6 months in patients 
with advanced PC (28,29). Additionally, the efficacy and safety 
of this treatment combination were established in advanced 
breast cancer and gastric cancer  (30,31). However, the use 
of nab‑paclitaxel increases the medical expenses of patients 
with PC. At present, there is no direct evidence regarding the 
comparable efficacy of AS and GS in advanced PC. In view of 
the potential favorable survival benefits and controllable safety 
profiles of the AS regimen, the present prospective study was 
designed to compare the efficacy and safety of AS with that of 

GS as first‑line chemotherapy in patients with advanced PC. If 
the more expensive treatment provides no increase in survival, 
this treatment may be considered to be limited in value.

Materials and methods

Study design and participants. The present study 
(AvGmPC) was an open‑label, multicenter, prospective, 
randomized clinical study conducted across three centers 
(Zhongshan Hospital affiliated to Fudan University, 
Huashan Hospital affiliated to Fudan University, and 
Ruijin Hospital affiliated to Shanghai Jiaotong University; 
all Shanghai, China). Eligible patients were aged between 
18  and  75  years with histologically or cytologically 
confirmed unresectable locally advanced or metastatic 
PC; tumor staging was reported using the eighth edition of 
the American Joint Committee on Cancer staging system 
for PC (32). Unresectable tumors were initially identified 
using imaging techniques and subsequently confirmed 
by discussion among the multidisciplinary team respon‑
sible for pancreatic care. Additional eligibility criteria 
included: No prior history of antitumor therapy including 
radiotherapy and chemotherapy; at least one measurable 
lesion according to Response Evaluation Criteria In Solid 
Tumors version 1.1 (RECIST 1.1) (33); Eastern Cooperative 
Oncology Group (ECOG) performance status 0‑1; adequate 
hematologic function, as indicated by an absolute neutro‑
phil count ≥1.5x109/l, a platelet count ≥100x109/l and a 
hemoglobin level ≥100 g/l); adequate hepatic function, as 
indicated by bilirubin ≤1.5 upper limit of the normal (ULN), 
alanine aminotransferase and aspartate aminotransferase 
≤2.5 ULN; and adequate renal function (serum creatinine 
≤1 ULN). Patients with recurrent diseases after surgery 
were eligible for enrolment. However, patients who had 
received other investigational drugs within 4 weeks prior to 
study initiation were ineligible for inclusion in the present 
trial. Exclusion criteria also comprised: Other malignan‑
cies within 5 years, with the exception of cured cervical 
carcinoma or skin basal cell carcinoma; uncontrolled brain 
metastases; congestive heart failure (New York Heart 
Association class ≥II); peripheral nerve injury (Sunderland 
grade ≥II); allergy or intolerance to study drugs; severe 
systemic infection or concomitant diseases; and pregnant 
or lactating women. 

The study protocol was approved by the Ethics 
Committees of Zhongshan Hospital affiliated to Fudan 
University (approval no. B2018‑260), Huashan Hospital affili‑
ated to Fudan University [approval no. 2019 (001)] and Ruijin 
Hospital affiliated to Shanghai Jiaotong University [approval 
no. 2019 (143)]. The study was conducted in accordance with 
the Declaration of Helsinki. Written informed consent was 
obtained from each patient before enrolment. The study was 
retrospectively registered with the Chinese Clinical Trial 
Registry as ChiCTR1900024588 on July 18, 2019.

Patients were enrolled between December 19, 2018 and 
March 8, 2022. The database was closed for final analysis on 
August 15, 2022.

Randomization and masking. Patients were enrolled by the 
investigators and randomly assigned in a 1:1 ratio to receive 
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either AS or GS, using a central computerized dynamic 
hierarchical randomization system. Randomization was strati‑
fied according to PC status (locally advanced vs. metastatic) 
and baseline CA 19‑9 levels (<500 vs. ≥500 U/ml). Patients 
and investigators were not masked to study treatment in this 
open‑label trial.

Treatment. Patients randomized to the AS group received 
nab‑paclitaxel intravenously (125 mg/m2 on days 1 and 8) 
and oral S‑1 twice daily on days 1‑14 at a dose calculated 
according to the body surface area (BSA) of the patient (80 mg 
for BSA <1.25 m2, 100 mg for BSA 1.25‑1.5 m2, 120 mg for 
BSA ≥1.5 m2) every 3 weeks. Patients assigned to the GS 
group received gemcitabine intravenously (1,000 mg/m2 on 
days 1 and 8) and S‑1 at the same doses as those in the AS 
group every 3 weeks. Treatment continued until the occurrence 
of progressive disease (PD) as evaluated by the investigators 
according to RECIST 1.1, any intolerable adverse events (AEs), 
or at the discretion of the investigators or patients. Crossover 
within the two groups was permitted in the event of disease 
progression.

Toxicity was managed with dosing interruption, dose reduc‑
tion or supportive care. Dosing interruption was performed 
according to protocol guidelines; specifically, the treatment 
cycle was delayed until non‑hematological (≤ grade 1) and 
hematological toxicities were resolved, and an absolute 
neutrophil count (ANC) ≥1.5x109/l and platelet count (PLT) 
≥7x109/l were achieved. Dose reduction was considered if one 
of the following events occurred: i) ANC <0.5x109/l; ii) three 
consecutive occurrences of grade 2 ANC reductions (1.0x109/l 
< ANC <1.5x109/l); iii) febrile neutropenia; iv) 0.5x109/l < ANC 
<1.0x109/l and 25x109/l< PLT <50x109/l; v) PLT <25x109/l; 
vi) ≥ grade 2 peripheral neuropathy or gastrointestinal toxicity. 
Dose re‑escalation was not allowed after dose reduction.

Assessments. Tumor response was assessed by two indepen‑
dent oncologists according to RECIST 1.1 guidelines with 
computed tomography (CT) or magnetic resonance imaging at 
baseline, then at every 6 weeks from the start of the first 3‑week 
cycle, until disease progression or discontinuation of the treat‑
ment protocol. Patients were followed up for survival until 
death or study closure. Safety assessments were performed 
by investigators at every clinical visit in accordance with the 
study protocol. AEs were classified and graded according to 
the National Cancer Institute Common Terminology Criteria 
for Adverse Events (version 5.0) (34). Physical examinations 
and routine laboratory tests, including hematology, liver and 
kidney function, CA199 and CA125 tests, were performed 
prior to each cycle of chemotherapy. 

Outcomes. The primary endpoint was progression‑free 
survival (PFS), defined as the time between the initiation of 
treatment and the observation of disease progression or death 
due to any cause. Secondary endpoints included: OS, defined 
as the time between the initiation of treatment and the occur‑
rence of death from any cause; ORR, defined as the proportion 
of patients achieving a complete response (CR) or partial 
response (PR); disease control rate (DCR); 12‑ and 24‑week 
PFS rates, defined as the percentage of patients who did not 
have a PD or had died by week 12 or 24, respectively; 12‑ and 

24‑week OS rates, defined as the percentage of patients who 
had died by week 12 or 24, respectively; and safety.

Statistical analysis. Based on the results of a previous 
study (35), it was presumed that the median PFS of AS and GS 
groups would be 7.1 and 3.6 months, respectively. Assuming 
an enrolment period of 24 months and a follow‑up period of 
12 months, the PFS was tested by a log‑rank test with a signifi‑
cance level of 5% (two‑sided) and 80% power; after adjustment 
for a dropout rate of 15%, 106 patients were enrolled in the 
study.

Efficacy was assessed in the modified intent‑to‑treat (mITT) 
population, which included all participants randomly assigned 
to treatment who received at least one dose of the assigned 
trial treatment. Safety was evaluated in the safety analysis set, 
which consisted of all patients who had at least one dose of 
assigned trial treatment. The Kaplan‑Meier method was used 
to analyze the PFS and OS, with medians and corresponding 
95% confidence intervals (CIs). Data for patients who were 
alive and without disease progression or who were lost to 
follow‑up were censored for the analysis of PFS at the time 
of the last imaging assessment. Patients who received other 
anticancer therapies, such as radiotherapy, without disease 
progression were recorded as censored. Data for patients who 
were alive or lost to follow‑up were censored for OS at the time 
they were last known to be alive. For post hoc analyses of the 
interactions between the treatment and subgroup, the hazard 
ratio (HR) with two‑sided 95% CIs was estimated using the 
Cox proportional hazards regression model in the pre‑planned 
subgroups. ORR, DCR and safety were compared between the 
two treatment groups using the Chi‑square or Fisher's exact 
test. The same stratification factors used in randomization 
were used for all stratified analyses. Statistical analyses were 
conducted using IBM SPSS software (version 25; IBM Corp.). 
P≤0.05 was considered to indicate a statistically significant 
result.

Results 

Baseline characteristics. A total of 106 patients from 3 medical 
centers were enrolled in the study, of which 52 patients were 
assigned to the AS group and 54 patients were assigned to the 
GS group. However, 5 of these patients were excluded before 
treatment initiation due to neuroendocrine carcinoma (n=1), 
complicated pulmonary carcinoma (n=1) and withdrawal 
before treatment (n=3). Thus, 49 (94.23%) of 52  patients 
assigned to the AS group and 52 (96.29%) of 54 patients in 
the GS group received at least one dose of the study treatment, 
and were included in the mITT population. A flow chart of 
patient enrolment and the study design is presented in Fig. 1. 
An ECOG PS score of 1 was reported in 97.96% of the patients 
and 65.30% had one or more metastasis sites in the AS group. 
Baseline demographics and clinical characteristics were 
well‑balanced between the groups (Table I). The median age 
was 63 (interquartile range (IQR) 36‑75) years in the AS group 
and 62 (IQR 39‑73) years in the GS group. Most patients were 
male in the AS (61.22%) and GS (75.00%) groups.

Treatment and subsequent therapy. Of the 106 enrolled 
patients, 49 in the AS group and 52 in the GS group received 
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at least one dose of the assigned combination therapy. At the 
time of the data cutoff in the mITT population (August 15, 
2022), one patient in each group was still receiving the 
assigned treatment. The median number of treatment cycles 
was 7.00 (IQR 2.50‑11.00) for patients in the AS group and 
6.50 (IQR 3.25‑12.75) for those in the GS group (Table SI). 
There were 20 patients (14 in AS group vs. 6 in the GS group) 
who had not progressed after >6 cycles of combination therapy 
and were unable to tolerate intensive regimens who chose to 
undergo maintenance with S‑1, nab‑paclitaxel or gemcitabine 
monotherapy as decided by the investigators. As the data 
cut‑off, 99 (98.02%) patients had discontinued the protocol 
therapy early (AS, n=48 vs. GS, n=51) due to AEs (AS, n=3 
vs. GS, n=0), disease progression (AS, n=38 vs. GS, n=45) and 
patient choice (AS, n=7 vs. GS, n=6; Fig. 1). The relative dose 
intensities for nab‑paclitaxel and S‑1 in the AS regimen and 
for gemcitabine and S‑1 in the GS regimen were 92.30, 93.10, 
95.90 and 97.20%, respectively.

Second‑line and third‑line treatments were respectively 
administered to 29 (59.18%) and 8 (16.33%) patients assigned 
to the AS group, and 34 (65.38%) and 7 (13.46%) patients 
assigned to the GS group (Table SII). After the discontinuation 
of their assigned treatment, the 29 patients in the AS group who 
received subsequent therapies with second‑line regimens were 
mostly treated with gemcitabine‑based and radiotherapy‑based 
regimens. By contrast, the 34 patients in the GS group selected 
mostly nab‑paclitaxel‑based regimens and irinotecan/oxalipl‑
atin‑based regimens as subsequent therapies. 

Efficacy. At the data cut‑off, the median follow‑up period was 
11.37 months (95% CI, 9.31‑13.24), with 83 PFS events observed 
[AS, n=38 (77.55%); GS, n=45 (86.54%)]. At the final analysis, 
the median PFS was 7.16 months (95% CI, 5.19‑12.32) in the 
AS group as compared with 6.41 months (95% CI, 3.72‑8.84) in 
the GS group, with an HR of 0.78 (95% CI, 0.51‑1.21, P=0.264; 
Fig. 2A). The 12‑week PFS rates were 87.29 and 78.85% in 
the AS and GS groups (P=0.233), respectively. With regard to 
24‑week PFS rates, similar results were also observed for the AS 
and GS groups (59.65 vs. 57.41%, respectively; P=0.638). A post 
hoc subgroup analysis of PFS based on patient characteristics 
revealed that patients with KRAS gene mutations (HR 0.42; 95% 
CI, 0.21‑0.85) and baseline C‑reactive protein (CRP) ≥5 mg/l 
(HR 0.46; 95% CI, 0.23‑0.95) were more likely to benefit from 
the AS regimen (Fig. 2B). 

At the time of final analysis, when 71 death events had been 
recorded [AS, n=34 (69.39%); GS, n=37 (71.15%)], the median 
OS durations were 13.27 months (95% CI, 10.39‑18.52) and 
10.64 months (95% CI, 5.36‑13.59) in the AS and GS groups, 
respectively, with an HR of 0.92 (95% CI, 0.58‑1.47; P=0.551; 
Fig. 3A). The 24‑week OS rate was 85.48% in the AS group 
compared with 78.71% in the GS group. Marked OS benefits 
were observed in patients with KRAS gene mutations [HR 0.44 
(95% CI, 0.21‑0.93) and high CRP levels (≥5 mg/l) (HR 0.46 
(95% CI, 0.22‑0.95)] from the AS regimen (Fig. 3B).

No patient in either group achieved a CR as the best 
response according to RECIST 1.1 (Table  II). However, 
22 patients (44.90%) in the AS group and 8 patients (15.38%) 

Figure 1. Profile of the trial. AS, nab‑paclitaxel plus S‑1; GS, gemcitabine plus S‑1.
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in the GS group had a PR. Among the evaluated patients, the 
ORR was significantly higher in the AS group than in the GS 
group [44.90% (95% CI, 30.67‑59.77%) vs. 15.38% (95% CI, 
6.88‑28.08%), respectively; P=0.001]. There were 20 patients 
(40.82%) in the AS group and 35 patients (67.31%) in the GS 
group who achieved a stable disease; thus, the DCRs in the 
AS and GS groups were 85.71% (95% CI, 72.76‑94.06%) and 
82.69% (95% CI, 69.67‑91.77%), respectively (P=0.678). The 
maximal percentage change from baseline in the sum of the 
longest target lesion diameters during treatment is presented 
as a waterfall plot (Fig. S1).

AEs. The main AEs are summarized in Table III. The number 
of AEs of any grade was 46 (93.88%) in the AS group vs. 44 
(84.62%) in the GS group. AEs of grade ≥3 occurred in 34 
patients (69.39%) treated with AS and in 22 patients (42.31%) 
treated with GS (P=0.009). AEs of any grade that led to treat‑
ment discontinuation were only observed in 3 patients (6.12%) 
with the AS therapy, for which the events were myelosuppression 
(n=3) and peripheral neurotoxicity (n=1). The frequency of the 

most common AEs of any grade in the two groups (AS vs. GS) 
was generally similar, including neutropenia (55.10 vs. 44.23%), 
anemia (32.65 vs. 23.08%) and alopecia (42.86 vs. 32.69%). 
Most AEs of both groups were grade 1 or 2 and manageable. 
Dose reductions occurred in 21 participants (42.85%) with AS 
and 13 (25.00%) with GS, and all were due to AEs. The most 
common grade ≥3 hematological toxicity was neutropenia (AS, 
44.89% vs. GS, 23.08%; P=0.020). The non‑hematological 
toxicities with high incidence in the AS group were peripheral 
neurotoxicity (46.94%), alopecia (42.86%) and fatigue (26.53%), 
and in the GS group were alopecia (32.69%) and rash (13.46%). 
The proportion of patients with peripheral neurotoxicities was 
higher in the AS group than in the GS group (46.94 vs. 1.92%, 
respectively; P<0.001). No treatment‑associated mortalities 
occurred in either of the groups. 

Discussions

To the best of our knowledge, the present study is the first 
multicenter, open‑label phase II trial to compare AS with GS as 

Table I. Patient demographic characteristics at baseline.

Characteristic	 AS group (n=49)	 GS group (n=52)

Age, years		
  Median (IQR)	 63 (36‑75)	 62 (39‑73)
  <65, n (%)	 30 (61.22)	 36 (69.23)
  ≥65, n (%)	 19 (38.78)	 16 (30.77)
Sex, n (%)		
  Male	 30 (61.22)	 39 (75.00)
  Female	 19 (38.78)	 13 (25.00)
ECOG PS, n (%) 		
  0	 1 (2.04)	 1 (1.92)
  1	 48 (97.96)	 51(98.08)
CA199a, U/ml, median (range)	 345.00 (2.00‑10,000.00)	 276.00 (2.00‑10,000.00)
CA125b, U/ml, median (range)	 35.50 (7.20‑3,505.00)	 37.45 (9.00‑852.00)
Location, n (%)		
  Pancreatic head	 26 (53.06)	 22 (42.31)
  Pancreatic body	 6 (12.24)	 12 (23.08)
  Pancreatic tail	 8 (16.33)	 9 (17.31)
  Accumulated multiple sites	 9 (18.37)	 9 (17.31)
Stages, n (%)		
  Ⅲ	 17 (34.69)	 20 (38.46)
  Ⅳ	 32 (65.31)	 32 (61.54)
Metastasis sites, n (%)		
  0	 17 (34.69)	 20 (38.46)
  1	 20 (40.81)	 22 (42.31)
  2	 7 (14.29)	 7 (13.46)
  3	 4 (8.16)	 2 (3.85)
  4	 1 (2.04)	 1 (1.92)

aNormal range, 0‑40 U/ml; bnormal range, 0‑35 U/ml. ECOG PS scores: 0, normal activity; 1, symptoms but the patient is nearly fully ambula‑
tory. Stages: III, regional lymph node metastasis without distant metastasis; IV, distant metastasis. AS, nab‑paclitaxel plus S‑1; GS, gemcitabine 
plus nab‑paclitaxel; IQR, interquartile range; ECOG PS, Eastern Cooperative Oncology Group performance status. 
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first‑line chemotherapies in patients with advanced PC. Despite 
the study failing to meet the primary endpoint of PFS, the AS 
regimen showed a numerical improvement of 2.63 months 
in OS compared with the GS regimen. More encouragingly, 
the ORR of patients treated with AS was significantly higher 
compared with that of patients treated with GS. Further analysis 
revealed that several subpopulations of patients, including 
patients who had KRAS gene mutations and CRP levels ≥5 mg/l, 
benefited more from the AS regimen. Additionally, the present 
study found a favorable and acceptable safety profile for AS in 
Chinese patients with advanced PC. Overall, the data from the 
present trial provide an important benchmark for investigation 
of the AS regimen in a subset of patients.

Although the results obtained in the present study did not 
demonstrate an advantage of AS over GS in terms of PFS 
(7.16 vs. 6.41 months), the results were generally comparable 
with those of other studies of AS, such as the NPSPAC 
trial (5.6 months) (29) and another trial performed in China 
(6.3 months) (36). It should also be noted that the relatively 
high PFS obtained with the GS regimen in the present study 
may be the main reason for the primary endpoint of PFS not 
being met. When compared with a previous retrospective 
study of GS, with its inherent selection bias and enrolment 
of patients only with stage IV disease (35), the improved 
baseline characteristics of the patients in the current study, 
with 38.46% in stage III and 61.54% in stage IV, may have 

Figure 2. Analyses of progression‑free survival. (A) Kaplan‑Meier estimates of progression‑free survival and (B) Forest plot of progression‑free survival 
according to various patient subgroups. HR, hazard ratio; CI, confidence interval; AS, nab‑paclitaxel plus S‑1; GS, gemcitabine plus S‑1.
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contributed to the longer PFS (6.41 vs. 3.6 months) of the 
GS regimen. Furthermore, the patients who received the 
AS regimen had a numerically higher OS compared with 
those who received the GS regimen (13.27 vs. 10.64 months, 
respectively), suggesting a possible survival advantage for 
patients who were able to adhere to this regimen. Compared 
with the OS found in other studies  (29,36), an improved 
survival benefit was observed in the present study, which may 
be due to the use of subsequent therapies in the two groups. 
Despite response activity not being a primary endpoint of the 
present study, a markedly increased ORR (44.90 vs. 15.38%) 
was achieved in patients treated with the AS regimen. 
Zhang et al (28) reported that the ORR was as high as 53.1% 

among 32 patients with advanced pancreatic ductal adeno‑
carcinoma receiving the same triweekly regimen, which was 
similar to the present results. On the basis of this finding, the 
response benefit of AS is suggestive of meaningful clinical 
activity in this population. Despite an increased ORR of the 
AS regimen compared with the GS regimen being observed 
in the present AvGmPC study, the response did not trans‑
late into improved survival benefits, which may be partly 
explained by more patients in the AS group discontinuing 
treatment due to intolerable toxicity. Another explanation 
is that crossover within two groups was permitted in the 
event of disease progression; thus, the proportion of patients 
with second‑line use of nab‑paclitaxel and gemcitabine was 

Figure 3. Analyses of overall survival. (A) Kaplan‑Meier estimates of overall survival and (B) Forest plot of overall survival according to various patient 
subgroups. HR, hazard ratio; CI, confidence interval; AS, nab‑paclitaxel plus S‑1; GS, gemcitabine plus S‑1.
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similar, potentially leading to the OS of the two groups being 
comparable. Although these are interesting findings, consid‑
ering economic limitations, further study with AS in a larger 
cohort of advanced PC requires careful assessment.

Distinct advantages of AS with regard to PFS/OS were 
not obtained in the present study population; however, the 
subgroup analysis showed that patients with KRAS gene 
mutations and elevated CRP levels were more likely to 
benefit from the AS regimen. A number of clinical trials 
have shown significant OS advantages in KRAS wild‑type 
patients (13.4 vs. 9.1 months; 479 vs. 255 days; and 352 vs. 
333 days) (37‑39). The findings of the present study suggest 
that the AS regimen may be able to reverse the adverse 
effects of oncogenic KRAS mutations. Considering these 
results, they may be partially explained by the finding 

that KRAS mutations increase nab‑paclitaxel uptake by 
5‑25‑fold compared with that in KRAS wild‑type PC cells, 
which may be associated with extracellular signal‑regulated 
kinase activation (40). In addition, the subgroup analysis 
in the present study showed improvements in PFS and 
OS among patients with high CRP levels. This suggests 
the predictive potential of CRP as a biomarker for the 
efficacy of AS. Considering the maximization of benefits, 
further study should focus on subpopulations with KRAS 
gene mutations and/or elevated CRP levels to explore the 
survival benefits of the AS regimen.

In order to identify the less toxic regimen, the safety of the 
AS and GS regimens was compared. The safety profiles of 
AS in the present study were generally consistent with known 
profiles, as previously reported in other studies with similar 

Table II. Tumor response according to RECIST 1.1.

Variable	 AS group (n=49)	 GS group (n=52)	 P‑value

Objective response			   0.001
  No. of patients 	 22	 8	
  % of patients (95% CI)a	 44.90 (30.67‑59.77)	 15.38 (6.88‑28.08)	
Best overall response, n (%)			   0.005
  Complete response	 0 (0.00)	 0 (0.00)	
  Partial response	 22 (44.90)	 8 (15.38)	
  Stable disease	 20 (40.82)	 35 (67.31)	
  Progressive disease	 5 (10.20)	 8 (15.38)	
  Not evaluated	 2 (4.08)	 1 (1.92)	

aDifference in % vs. GS (95% CI) is 29.52 (12.48‑46.55). RECIST, response evaluation criteria in solid tumors version; AS, nab‑paclitaxel 
plus S‑1; GS, gemcitabine plus S‑1; CI, confidence interval.

Table III. Major adverse events.

	 All grades	 Grades 3‑4
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Events	 AS group (n=49)	 GS group (n=52)	 P‑value	 AS group (n=49)	 GS group (n=52)	 P‑value

All events, n (%)	 46 (93.88)	 44 (84.62)	 0.202	 34 (69.39)	 22 (42.31)	 0.009
Hematology toxicity, n (%)						    
  Neutropenia	 27 (55.10)	 23 (44.23)	 0.275	 22 (44.89)	 12 (23.08)	 0.020
  Anemia	 16 (32.65)	 12 (23.08)	 0.283	 2 (4.08)	 2 (3.85)	 1.000
  Thrombocytopenia	 4 (8.16)	 12 (23.08)	 0.040	 0 (0)	 5 (9.62)	 0.077
Non‑hematological toxicity, n (%)						    
  Peripheral neurotoxicity	 23 (46.94)	 1 (1.92)	 <0.001	 4 (8.16)	 0 (0)	 0.052
  Alopecia	 21 (42.86)	 17 (32.69)	 0.292	 0 (0)	 0 (0)	 ‑
  Fatigue	 13 (26.53)	 5 (9.62)	 0.026	 4 (8.16)	 3 (5.77)	 0.710
  Diarrhea	 9 (18.37)	 5 (9.62)	 0.203	 5 (10.20)	 1 (1.92)	 0.105
  Vomiting	 9 (18.37)	 2 (3.85)	 0.019	 3 (6.12)	 0 (0)	 0.111
  Oral mucositis	 7 (14.28)	 1 (1.92)	 0.028	 2 (4.08)	 0 (0)	 0.233
  Rash	 1 (2.04)	 7 (13.46)	 0.061	 0 (0.00)	 1 (1.92)	 1.000
  Hand‑foot syndrome	 7 (14.29)	 1 (1.92)	 0.028	 0 (0.00)	 0 (0.00)	 ‑

AS, nab‑paclitaxel plus S‑1; GS, gemcitabine plus S‑1.
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populations  (29,36). In addition, AS has been shown to be 
less safe than nab‑paclitaxel or S‑1 monotherapy in previous 
studies, indicating that this combination might increase the 
risk of various AEs including neutropenia, oral mucositis, diar‑
rhea and vomiting (15,29,41). Seven patients in the AS group 
experienced oral mucositis accompanied by gastrointestinal 
symptoms, which resulted in reductions in daily food intake 
and the recovery of white blood cell numbers. This may be 
associated with the status of dihydropyrimidine dehydrogenase 
(DPD) and the enzymes that metabolize paclitaxel; however, 
the analysis of this data has not yet been completed. No 
treatment‑associated deaths occurred in either of the groups 
in the present study, and no unexpected safety signals were 
identified in the study population. Notably, the GS regimen was 
associated with a high incidence of thrombocytopenia and rash. 
We hypothesize that this result may be partly due to a generic 
gemcitabine drug being used. In addition, although a greater 
proportion of patients experienced peripheral neuropathy in 
the AS group, in most patients, these events could be mitigated 
with dose reduction or the suspension of nab‑paclitaxel treat‑
ment. In general, the AS regimen was well‑tolerated and was 
delivered safely in patients with advanced PC.

Overall support for the AS regimen is based on several 
considerations: i) A significantly higher ORR and numerical 
improvement of 2.6 months in OS was observed in the AS group 
compared with the GS group; and subpopulations with KRAS 
gene mutations and CRP levels ≥5 mg/l gained more benefit 
from the AS regimen. ii) The study being designed on the basis 
of retrospective data led to an underestimation of the potential 
improvement in PFS for the GS group, and several cases did 
not adhere to the protocol due to mucosal reactions, leading to 
no significant improvement in PFS being observed between the 
AS and GS regimens. iii) Despite there being a greater number 
of AEs in the AS group than in the GS group, most AEs were 
grade 1 or 2 and manageable. and no treatment‑associated 
deaths occurred. Together, considering the overall risk‑benefit, 
the AS regimen may be deemed to be favorable in patients 
with PC. Importantly, based on these findings, future studies 
should focus on exploration of the efficacy of the AS regimen in 
selected populations, such as those with RAS mutations or high 
CRP levels. Dose adjustments should also be considered, as it 
may be necessary to reduce the initial dose of nab‑paclitaxel. 
Also, the DPD enzyme or the DPYD gene that encodes it should 
be investigated to assist in the dosage selection for S‑1, and the 
impact of taxane metabolism‑associated genetic phenotypes on 
adverse reactions require exploration.

Although the present study did not reach the primary 
endpoint, it is not possible to make an absolute determination 
of whether this is a negative study or a failed study. Several 
important limitations of the study should be recognized. 
Firstly, the study was conducted in China and included only 
Asian participants; it is unclear whether the results can be 
simply extrapolated to Western patients because the pharmaco‑
kinetics and pharmacodynamics of S‑1 between Western and 
East Asian patients may differ (42,43). The prominent factors 
for inter‑ethnic differences in drug effects between Asian and 
Caucasians populations among the three S‑1 components are 
differences in genetic polymorphisms, cultural differences 
and dietary habits. Tegafur (FT) is a prodrug of 5‑fluorouracil 
(5FU), which is converted to 5FU in vivo mainly in the liver 

through hydroxylation by cytochrome P‑450 2A6 (CYP2A6), 
a highly polymorphic enzyme with a higher frequency of 
common allelic variants CYP2A6*4, *7 and *9 in East Asians 
than Caucasians. As these variants are associated with reduced 
enzymatic activity, reduced activation of FT may explain the 
lower 5FU exposure in Asian patients (43). Also, DPD catabo‑
lizes 85% of 5FU to fluoro‑β‑alanine and has a major influence 
on 5FU levels (44); therefore, the variable inhibition of DPD 
by gimeracil is likely to impact 5FU exposure. Secondly, the 
study had an open‑label design due to the different administra‑
tion, which may have lead to a subconscious bias in favor of 
the experimental group. Nevertheless, radiological results were 
required to be assessed by at least two independent oncologists, 
which eliminated this limitation and ensured the quality of the 
study findings to a large extent. Thirdly, the high dose in the 
AS regimen without a dose‑escalation design may have lead to 
discontinuation due to AEs. However, patients were allowed to 
receive supportive care and further second‑ or third‑line treat‑
ment, which made the two groups of patients more comparable. 
Finally, due to COVID‑19, changes in the treatment plan and 
survival data of patients were inevitably delayed.

Although the study failed to reach the primary endpoint, 
the improved response observed in patients with AS may 
indicate meaningful clinical benefits in this population. The 
promising PFS and OS benefits in certain predefined subsets 
and manageable toxicity indicate that the AS regimen is 
comparable with GS and a convenient alternative first‑line 
chemotherapy for advanced PC. However, a larger‑scale 
randomized trial is required for further evaluation of the AS 
regimen in the near future.
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