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Abstract
BACKGROUND
Nab-paclitaxel plus gemcitabine (AG) has resulted in higher tumor response and survival rates for metastatic or advanced pancreatic ductal adenocarcinoma (PDAC) compared with gemcitabine (GEM) alone.

AIM
To examine the feasibility and safety of AG adjuvant chemotherapy of resectable PDAC.

METHODS
We retrospectively analyzed patients with resected PDAC who received AG or GEM as postoperative adjuvant treatment between January 2013 and December 2016 at the Chinese People’s Liberation Army General Hospital, Beijing, China. The patients adopted combined nab-paclitaxel (125 mg/m2) and GEM (1 g/m2) or GEM (1 g/m2) alone treatment, on days 1 and 8 every 3 wk for six cycles, unless intolerable adverse events or disease progression occurred. The disease-free survival, overall survival (OS) and adverse events of the two groups were statistically analyzed.

RESULTS
Compared with GEM, median disease-free survival (12.2 mo vs 15.8 mo, P = 0.039) and OS (20.6 mo vs 28.3 mo, P = 0.028) were significantly improved in the AG group. The 2-year OS rates were 63.3% and 43.3% in the AG and GEM groups, respectively. However, the incidence of sensory neuropathy was increased significantly in the AG than the GEM group (53.3% vs 23.3%, P < 0.001).

CONCLUSION 
In our initial experience, AG significantly improved disease-free survival and OS of patients with resected PDAC. AG may be a potential option for postoperative adjuvant chemotherapy of resectable PDAC.
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Core tip: Nab-paclitaxel plus gemcitabine (AG) has resulted in better survival and tumor response rates for advanced or metastatic pancreatic ductal adenocarcinoma (PDAC) compared with gemcitabine alone. However, its role in adjuvant therapy for resected PDAC remains unclear. We retrospectively reviewed our PDAC database for patients with primary resectable PDAC who were treated with AG or gemcitabine alone as postoperative adjuvant chemotherapy between January 2013 and December 2016. Our results suggested that AG significantly improved disease-free survival and overall survival of patients with resected PDAC. AG may be a potential option for postoperative adjuvant chemotherapy of resectable PDAC.

INTRODUCTION
The mortality rate of patients with pancreatic ductal adenocarcinoma (PDAC) is increasing. In China, PDAC is the sixth leading cause of cancer-related death[1]. Complete resection of the involved portion of the pancreas has shown a curative effect. Although improved surgical techniques have led to more patients undergoing radical resection, the 5-year survival rate after radical resection alone is < 10%[2,3]. Therefore, postoperative adjuvant treatments have been evaluated over the past several decades.
The ESPAC-1[4] and CONKO-001[5] trials showed that postoperative adjuvant systemic chemotherapy [fluorouracil or gemcitabine (GEM)] improves survival of patients with resected PDAC. The ESPAC-4 trial[6], published in 2017, demonstrated the superiority of combination of GEM and capecitabine in the adjuvant setting (median survival 26 mo, 5-year survival rate approximately 30%). Surgery followed by adjuvant GEM monotherapy or GEM plus capecitabine is the standard of care for potentially curable pancreatic cancer. Additionally, the JASPAC 01 trial[7] showed that adjuvant chemotherapy with S-1 can be effective for resected pancreatic cancer in Japanese patients. However, recurrence rates remain high despite microscopically and pathologically compete removal of the tumor and adjuvant chemotherapy with about 69%–75% of patients experiencing recrudescence within 2 years[8-10].
Nab-paclitaxel combination with GEM (AG) significantly improves disease-free survival (DFS), overall survival (OS) and tumor response rates of patients with metastatic or local advanced pancreatic adenocarcinoma[11-13]. Therefore, we explored the efficacy and safety of AG compared with GEM alone as adjuvant therapy for patients with resected PDAC.

MATERIALS AND METHODS
Patients
We retrospectively reviewed our PDAC database for patients with primary resectable PDAC who were treated with AG or GEM alone as postoperative adjuvant chemotherapy between January 2013 and December 2016. The study was approved by the Ethics Committee of the Chinese People’s Liberation Army General Hospital (No. S2016-098-02). Patients aged 18–79 years were recruited and had received complete macroscopic resection (R0 or R1)[14] for histologically confirmed PDAC. The other inclusion criteria were full recovery from surgery (3-12 wk after the operation), Eastern Cooperative Oncology performance status of 0 or 1 and adequate hematological, liver and renal function according to measurements[15] performed 7 d before initiation of adjuvant therapy. Patients with incomplete (R2) resection, nonductal adenocarcinoma, TNM stage IV disease[16] or serious complications (Clavien–Dindo grade III or above) were excluded. Additionally, patients were excluded if they had recurrence or metastatic disease on chest radiography and contrast-enhanced abdominal computed tomography or magnetic resonance imaging before initiation of adjuvant therapy. Postoperative carbohydrate antigen 19-9 level was not restricted.

Treatment regimens
Patients were assigned to receive the AG regimen or GEM alone. GEM was delivered as a 1 g/m2 intravenous infusion, and AG regimen consisted of 125 mg/m2 nab-paclitaxel (Abraxane) followed by 1 g/m2 GEM. Both regimens were administered on days 1 and 8 every 3 wk (one cycle) for 24 wk (six cycles). During each cycle or whenever clinically indicated, patient status was assessed via a comprehensive physical examination, Word Health Organization performance status assessment, whole blood cell count and blood biochemical examination. Follow-up evaluation included contrast-enhanced computed tomography or magnetic resonance imaging of the chest, abdomen and pelvis and measurement of tumor markers. Clinical examinations were repeated at 3-mo intervals for 2 years and subsequently at 6-mo intervals for 3 years.

Chemotherapy-related toxicity
Chemotherapy-related toxicity was evaluated and graded by the National Cancer Institute Common Terminology Criteria of Adverse Events, version 4.0[17]. The grade 3 or higher was defined as the severe adverse events. Safety evaluations were carried out before each cycle and until the end of follow-up.
Adjuvant treatment was continued until intolerable adverse events or disease progression occurred. Details of dose modifications, adverse events and treatment cessation are reported elsewhere[8,18]. In the AG group, nab-paclitaxel was adjusted at a dose of 60 mg/m2 for the patients of grade 2 neutropenia or grade 1 thrombocytopenia. Adjuvant chemotherapy was postponed for a maximum of 2 wk for patients of grade 3 or 4 neutropenia, anemia or thrombocytopenia. If the treatment was delayed because of febrile neutropenia, then granulocyte colony-stimulating factor was used in subsequent cycles.

Statistical analysis
Statistical analyses were performed with IBM SPSS Statistics, version 20.0 (IBM Corp., Armonk, NY, United States). The continuous variables of normal distribution were expressed as mean ± standard deviation and those of abnormal distribution as median with minimum to maximum values. Differences in continuous variables between two groups were compared by t test or Mann–Whitney test, according to the distribution of the data. The frequencies of categorical variables were examined by χ2 test. If the observed number in one or more cells was > 1 but < 5, or the table was more than 2 × 2, then likelihood ratio statistics were calculated. If at least one expected cell count was < 1 in a 2 × 2 table, then Fisher’s exact test was performed. Two-tailed statistical analyses were conducted. A Kaplan–Meier algorithm was used to compare survival. Differences were considered significant at P < 0.05.

RESULTS
From January 2013 to December 2016, 70 patients with PDAC were assigned to receive an adjuvant regimen, of whom, ten were excluded due to serious complications or R2 resection. As a result, 30 patients each were assigned to the AG and GEM groups. Both groups had similar demographic and clinical characteristics at baseline (Table 1).
At the last follow-up on January 20, 2019, the median follow-up duration was 22 mo in the GEM group and 27 mo in the AG group. Patients alive and without disease progression at the time of the final analysis were censored at the date of last follow-up. The median OS was 20.6 mo [95% confidence interval (CI): 11.2-29.9 mo) in the GEM group and 28.3 mo (95%CI: 21.9–34.6 mo) in the AG group (P = 0.028). The median DFS was 12.2 mo (95%CI: 9.6-14.8 mo) in the GEM group and 15.8 mo (95%CI: 13.1-18.5 mo) in the AG group (P = 0.039). Recurrence was observed in 27 of 30 (90%) patients in the GEM group and in 24 of 30 (80%) patients in the AG group. Seven patients (23.3%) in the GEM group and eleven (36.7%) in the AG group were alive at the end of the analysis. The 2-year OS rates were 63.3% and 43.3% in the AG and GEM groups, respectively.
There were 15 patients (50%) in the AG group and 17 patients (56.7%) in the GEM group who received all planned cycles of chemotherapy. The median chemotherapy cycles were 5.5 (range 1-6) in the AG group and six (range 2-6) in the GEM group (P = 0.402). All patients were in the safety set and were analyzed for adverse events.
In the GEM group, 13 (43.3%) patients had 81 adverse events. In the AG group, 18 patients (60%) had 143 adverse events (Table 2). The incidence of decreased white blood cell count, neutropenia, anemia, thrombocytopenia, fatigue, vomiting, diarrhea, fever, febrile neutropenia and infection were similar in both groups. However, the incidence of sensory neuropathy was significantly increased in the AG group than the GEM group (53.3% vs 23.3%, P < 0.001). Additionally, grade 3 or higher neutropenia was more common in the AG group than GEM group (43.3% vs 30%), but the frequency of granulocyte colony-stimulating factor use did not differ significantly between the two groups (41.9% in the AG group vs 24.1% in the GEM group, P = 0.177).

DISCUSSION
In this retrospective study involving patients with resected PDAC, adjuvant chemotherapy with AG significantly increased OS and DFS compared with GEM alone. The safety and toxicity profiles of AG were acceptable and manageable, as in previous trials of advanced metastatic pancreatic adenocarcinoma.
The median OS and DFS in the GEM group were 20.1-26.5 and 11.3-15.3 mo, respectively, which was similar to previous studies[6-8,10]. However, the median OS was 7.7 mo longer in the AG group than in the GEM group (28.3 mo vs 20.6 mo, P = 0.028). The median DFS was 15.8 mo in the AG group and 12.2 mo in the GEM group (P = 0.039). Treatment with AG led to a 20% improvement in the 2-year OS rate (63.3% in the AG group vs 43.3% in the GEM group).
Nab-paclitaxel possesses antitumor activity and acts synergistically with GEM. Nab-paclitaxel also improves the intratumoral concentration of GEM[19]. The efficacy and safety of AG as first-line treatment for borderline resectable and locally advanced and metastatic pancreatic cancer have been reported[11,13,18,20-21]. Although this was a single-center retrospective study, the outstanding OS observed suggests the efficacy of the AG combination, which warrants further investigation for resectable PDAC.
As expected, the rates of serious life-threatening adverse events in the AG and GEM groups were similar and acceptable. Compared with the GEM group, the grade 3 or higher neutropenia was more frequent in the AG group (30% vs 43.3%), but there was no significant difference in the frequency of granulocyte colony-stimulating factor use (P = 0.177), febrile neutropenia (P = 0.073) or infection (P = 0.550). However, the incidence of sensory neuropathy differed significantly between the AG and GEM groups (53.3% vs 23.3%, P < 0.001). If grade 3 or higher sensory neuropathy was diagnosed, then the dose of nab-paclitaxel was subsequently reduced or temporarily discontinued.
Conroy et al[22] reported that adjuvant chemotherapy with a modified FOLFIRINOX (combination of fluorouracil, oxaliplatin, irinotecan and leucovorin) treatment led to significantly longer survival than GEM did among patients with resected PDAC (DFS, 21.6 mo vs 12.8 mo; OS, 54.4 mo vs 35 mo). However, there was a significant increase in the incidence of adverse effects. Therefore, the modified FOLFIRINOX regimen is not frequently applied in China, especially in the adjuvant setting for resected PDAC[23].
Results of the global phase III APACT trial have been reported at ASCO 2019. The APACT trial revealed that there was no statistical benefit for adjuvant chemotherapy with AG by independent central review[24,25]. The median DFS by independent review was 19.4 mo in the AG group and 18.8 mo in the GEM group (P = 0.1824). However, the sensitivity analysis of investigator assessment demonstrated a significant improvement for both DFS (16.6 mo vs 13.7 mo, P = 0.0168) and OS (40.5 mo vs 36.2 mo, P = 0.045) with the use of AG as compared to GEM only. The ongoing Phase III APACT study is investigating survival for adjuvant GEM compared with AG for resected PDAC. We look forward to seeing the results of this study that are expected by 2022.
The present study had several limitations due to its retrospective study design. It was also a single-center, nonrandomized controlled study with potential selection bias. However, our results initially indicated the efficacy and safety of AG for resectable PDAC. In conclusion, AG may be a potential option for postoperative adjuvant chemotherapy of resectable PDAC.

ARTICLE HIGHLIGHTS
Research background
Nab-paclitaxel plus gemcitabine (AG) has resulted in better tumor response and survival rates for metastatic or advanced pancreatic ductal adenocarcinoma (PDAC) compared with gemcitabine (GEM) alone. However, its role in adjuvant therapy for resected PDAC remains unclear.

Research motivation
This study aimed to examine the effects of AG and GEM alone as adjuvant therapy for resected PDAC.

Research objectives
This study examined the safety and efficacy of AG adjuvant therapy for resected PDAC.

Research methods
We retrospectively reviewed our PDAC database for patients with primary resectable PDAC who were treated with AG or GEM alone as postoperative adjuvant chemotherapy between January 2013 and December 2016.

Research results
The median follow-up duration was 22 mo in the GEM group and 27 mo in the AG group. Compared with GEM, median disease-free survival (12.2 mo vs 15.8 mo, P = 0.039) and overall survival (20.6 mo vs 28.3 mo, P = 0.028) were significantly improved in the AG group. The 2-year overall survival rates were 63.3% and 43.3% in the AG and GEM groups, respectively. However, the incidence of sensory neuropathy was significantly higher in the AG than in the GEM group (53.3% vs 23.3%, P < 0.001).

Research conclusions
This study suggested that AG significantly improved disease-free survival and overall survival of patients with resected PDAC. AG may be a potential option for postoperative adjuvant chemotherapy of resectable PDAC.

Research perspectives
The present study had several limitations due to its retrospective study design. It was also a single-center, nonrandomized controlled study with potential selection bias. However, our results initially indicated the efficacy and safety of AG for resectable PDAC. The ongoing Phase III APACT study is investigating survival for adjuvant GEM compared with AG for resected PDAC. We look forward to seeing the results of this study that are expected by 2022. 
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Figure 1 Kaplan–Meier analysis of overall survival and disease-free survival according to treatment group. A: Kaplan–Meier analysis of overall survival according to treatment group; B: Kaplan–Meier analysis of disease-free survival according to treatment group. AG: Nab-paclitaxel plus gemcitabine; GEM: Gemcitabine.

Table 1 Demographic and clinical characteristics of the patients at baseline, n (%)
	Characteristic
	AG
	GEM
	P value

	Age in yr
	57 (40-72)
	59 (31-67)
	

	Sex
	
	
	0.787

	Male
	19 (63)
	20 (67)
	

	Female
	11 (37)
	10 (33)
	

	Performance status
	
	
	0.791

	0
	19 (63.3)
	18 (60)
	

	1
	11 (36.7)
	12 (40)
	

	Diabetes
	
	
	0.559

	No
	23 (77)
	21 (70)
	

	Yes
	7 (23)
	9 (30)
	

	Operative procedure
	
	
	0.605

	Pancreatoduodenectomy
	15 (50)
	17 (57)
	

	Distal pancreatectomy
	15 (50)
	13 (43)
	

	Residual tumor status
	
	
	0.687

	R0
	27 (90)
	26 (87)
	

	R1
	3 (10)
	4 (13)
	

	Primary tumor status
	
	
	0.638

	T1
	6 (20.0)
	3 (10.0)
	

	T2
	17 (56.7)
	20 (66.7)
	

	T3
	5 (16.6)
	6 (20.0)
	

	T4
	2 (6.7)
	1 (3.3)
	

	Regional lymph node status
	
	
	0.273

	N0
	22 (73)
	18 (60)
	

	N1
	8 (27)
	12 (40)
	

	Pathological stage
	
	
	0.405

	I (IA/IB)
	17 (5/12, 56.7)
	13 (1/12, 43.4)
	

	II (IIA/IIB)
	11 (4/7, 36.6)
	16 (5/11, 53.3)
	

	III
	2 (6.7)
	1 (3.3)
	

	Tumor grade
	
	
	0.105

	Well differentiated
	3 (10)
	2 (6.7)
	

	Moderately differentiated
	23 (76.7)
	17 (56.7)
	

	Poorly differentiated
	4 (13.3)
	11 (36.6)
	

	Pre-adjuvant CA19-9, median
	48.2
	24.6
	0.795

	≤ 37 U/mL
	13 (43.4)
	14 (46.7)
	

	> 37 U/mL
	17 (56.6)
	16 (53.3)
	


AG: Nab-paclitaxel plus gemcitabine; GEM: Gemcitabine.


Table 2 Adverse events with nab-paclitaxel plus gemcitabine and gemcitabine alone
	
	AG
	GEM
	P value
	P value

	
	Grade 1/2 (%)
	Grade 3/4 (%)
	Grade 5 (%)
	Grade 1/2 (%)
	Grade 3/4 (%)
	Grade 5 (%)
	
	Grade ≥ 3

	White blood cell count decreased
	8 (26.7)
	9 (30.0)
	0
	7 (23.3)
	6 (20.0)
	0
	0.549
	0.371

	Neutropenia
	5 (16.7)
	13 (43.3)
	0
	4 (13.3)
	9 (30.0)
	0
	0.435
	0.284

	Anemia
	10 (33.3)
	3 (10.0)
	0
	6 (20.0)
	3 (10.0)
	0
	0.489
	1.000

	Thrombocytopenia
	5 (16.7)
	3 (10.0)
	0
	2 (6.7)
	2 (6.7)
	0
	0.394
	0.639

	Fatigue
	9 (30.0)
	4 (13.3)
	0
	6 (20.0)
	2 (6.7)
	0
	0.382
	0.385

	Vomiting
	10 (33.3)
	3 (10.0)
	1 (3.3)
	8 (26.7)
	0
	1 (3.3)
	0.168
	0.148

	Diarrhea
	8 (26.7)
	1 (3.3)
	0
	6 (20.0)
	0
	0
	0.392
	1.000

	Fever
	8 (26.7)
	2 (6.7)
	0
	5 (16.7)
	1 (3.3)
	0
	0.496
	0.550

	Febrile neutropenia
	2 (6.7)
	4 (13.3)
	1 (3.3)
	3 (10.0)
	1 (3.3)
	0
	0.296
	0.073

	Infection
	2 (6.7)
	1 (3.3)
	1 (3.3)
	1 (3.3)
	1 (3.3)
	0
	0.615
	0.550

	Sensory neuropathy
	14 (46.7)
	15 (50.0)
	1 (3.3)
	7 (23.3)
	0
	0
	< 0.001
	< 0.001


AG: Nab-paclitaxel plus gemcitabine; GEM: Gemcitabine.
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