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Abstract
AIM: To investigate the association of plasma levels of interleukin (IL)-6 and -8 with Wilms’ tumor 1 (WT1)-specific immune responses and clinical outcomes in patients with pancreatic ductal adenocarcinoma (PDA) treated with dendritic cells (DCs) pulsed with three types of major histocompatibility complex class Ⅰ and Ⅱ-restricted WT1 peptides combined with chemotherapy.

METHODS: During the entire treatment period, plas​ma levels of IL-6 and -8 were analyzed by ELISA. The induction of WT1-specific immune responses was as​sessed using the WT1 peptide-specific delayed-type hypersensitivity (DTH) test.

RESULTS: Three of 7 patients displayed strong WT1-DTH reactions throughout long-term vaccination with significantly decreased levels of IL-6/-8 after vaccinations compared with the levels prior to treat​ment. Moreover, overall survival (OS) was signi​ficantly longer in PDA patients with low plasma IL-6 levels (< 2 pg/mL) after 5 vaccinations than in patients with high plasma IL-6 levels (≥ 2 pg/mL) (P = 0.025). After disease progression, WT1-DTH reactions decreased severely and were ultimately negative at the terminal stage of cancer. The decreased levels of IL-6/-8 ob​served throughout long-term vaccination were asso​ciated with WT1-specific DTH reactions and long-term OS.

CONCLUSION: Prolonged low levels of plasma IL-6/-8 in PDA patients may be a prognostic marker for the clinical outcomes of chemoimmunotherapy.
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Core tip: We recently reported a phase 1 clinical study in pancreatic cancer patients using dendritic cells (DCs) pulsed with multiple major histocompatibility complex class Ⅰ and Ⅱ-restricted Wilms’ tumor 1 (WT1) epitopes (DC/WT1-Ⅰ/Ⅱ) in combination with chemotherapy. Little is known about the prognostic markers for the clinical outcomes of chemoimmunotherapy. We exa​mined the association of plasma levels of interleukin (IL)-6/-8 with WT1-specific immune responses and clinical outcomes in pancreatic cancer patients treated with chemotherapy combined with DC/WT1-Ⅰ/Ⅱ. The study demonstrates that prolonged low levels of plasma IL-6/-8 in pancreatic ductal adenocarcinoma patients may be a prognostic marker for the clinical outcomes of chemoimmunotherapy.

INTRODUCTION
Patients with pancreatic ductal adenocarcinoma (PDA) have a particularly poor prognosis, with a 5-year survival rate of < 1%[1]. Thus, PDA remains one of the deadliest human tumors, characterized by high mortality, rapid progression, and resistance to chemotherapy and radiation therapy. Compared with single chemotherapy with standard agents such as gemcitabine, multi chemotherapy regimens such as FOLFIRINOX (consisting of 5-fluoro​uracil/folinic acid/oxaliplatin/irinotecan) and gem​citabine/nab-paclitaxel have been associated with significant improvement in median overall survival (OS) from 6 to 11 mo[2,3]. New therapeutic approaches for PDA are urgently needed. PDA cells express tumor-associated antigens (TAAs), including Wilms’ Tumor gene 1 (WT1)[4]. Therefore, immunotherapy targeting PDA-associated antigens may be an alternative approach in patients with PDA.

Dendritic cells (DCs) are potent antigen-presenting cells (APCs) extensively used for the development of anticancer immunotherapies[5,6]. DCs capture and process TAAs into peptides and present these fragments through major histocompatibility complex (MHC) class Ⅰ and Ⅱ pathways, thus simultaneously stimulating both CD4+ and CD8+ T cells[5,6]. TAAs are recognized by CD8+ cytotoxic T-lymphocytes (CTLs) in the context of MHC class Ⅰ molecules, whereas CD4+ T cells recognize antigenic peptides in association with MHC class Ⅱ molecules. CD8+ CTLs recognize MHC class Ⅰ-peptide complexes on cancer cells and destroy these cells through effector molecules such as granzyme B and perforin[7]. DCs have been pulsed with various MHC class Ⅰ-restricted antigenic peptides for the treatment of patients with PDA in clinical studies; however, the antitumor effects of these vaccines targeting only CD8+ CTLs are not as vigorous in clinical trials[7]. Increasing evidence has suggested that CD4+ T cells prime and maintain antigen-specific CD8+ CTLs[8] and play a direct role in the destruction of tumor cells[9]. Therefore, the stimulation of both CD4+ and CD8+ T cells is an efficient strategy for treating patients with advanced cancer. We recently conducted a phase 1 clinical study in patients with PDA to examine the clinical and immunological responses to DCs pulsed with multiple MHC class Ⅰ and Ⅱ-restricted WT1 epitopes (DC/WT1-Ⅰ/Ⅱ) in combination with chemotherapy[10,11]. The vaccination of PDA patients with DC/WT1-Ⅰ/Ⅱ simultaneously induced WT1-specific CD4+ and CD8+ T cell responses in vivo and in vitro[10,11]. WT1-specific delayed-type hypersensitivity (DTH) induced by combination therapy was associated with maintenance of WT1-specific memory CTLs, resulting in long-term clinical responses[10]. Moreover, we previously reported that the post-treatment neutrophil to lymphocyte (N/L) ratio is a treatment-related prognostic factor for improved survival of PDA patients after DC/WT1-Ⅰ/Ⅱ treatment[11]. In the present study, we analyzed the association of plasma interleukin (IL)-6 and IL-8 levels and WT1 peptide-specific DTH in PDA patients during long-term chemoimmunotherapy using DC/WT1-Ⅰ/Ⅱ. The value of plasma IL-6 and IL-8 levels as prognostic markers was also assessed.

MATERIALS AND METHODS
Study design

The study was reviewed and approved by the ethics committee of the Jikei Institutional Review Board, Jikei University School of Medicine (Tokyo, Japan), and the clinical study committee of Jikei University Kashiwa Hospital [No. 14-60 (3209) and 21-204 (6082)]. All 7 PDA patients provided written informed consent and underwent chemoimmunotherapy with DC/WT1-Ⅰ/Ⅱ vaccination and chemotherapy[10]. All procedures were performed in accordance with the Helsinki Declaration.

DC/WT1-Ⅰ/Ⅱ vaccine

Autologous peripheral blood mononuclear cells (PBMCs) were isolated from peripheral blood by Ficoll-Plaque Premium (GE Healthcare Bio-Sciences, Piscataway, NJ, United States) density gradient solution. Adherent PBMCs were cultured for 5 d in AIM-V medium (Gibco Life Technologies, New York, United States) containing granulocyte macrophage colony-stimulating factor (50 ng/mL, Primmune Corp. Kobe, Japan) and IL-4 (50 ng/mL, R&D Systems, Minneapolis, MN, United States) to generate immature DCs. The immature DCs were activated with penicillin-killed and lyophilized preparations of a low-virulence strain (Su) of Streptococcus pyogenes (OK-432; 10 mg/mL, Chugai Pharmaceutical Co, Ltd, Tokyo, Japan) and prostaglandin E2 (PGE2; 50 ng/mL, Daiichi Fine Chemical Co, Ltd, Toyama, Japan) for an additional 24 h. The mature DCs were pulsed with a mixture of three WT1 peptide types restricted to HLA-A*02:01, A*02:06 (126-134: RMFPNAPYL), A*24:02 (235-243: CYTWNQMNL) and MHC-class Ⅱ (332-347: KRYF​KLSHLQMHSRKH; NeoMPS Inc., San Diego, CA, United States) as previously described[10].

Chemoimmunotherapy

Gemcitabine was intravenously administered at a dose of 1000 mg/m2 on days 1, 8, and 15 of a 28-d cycle. After the first cycle of gemcitabine admini​stration, the patients were treated with a combination of gemcitabine and DC/WT1-Ⅰ/Ⅱ. The DC/WT1-Ⅰ/Ⅱ vaccine (usually 1 × 107 cells/dose) was intra​dermally administered biweekly, regardless of the chemotherapy regimen (Figure 1). In Japan, the oral 5-fluorouracil (FU) S-1 is used to treat patients with gemcitabine-refractory PDA[12]. Therefore, some patients with gemcitabine-refractory PDA received S-1 during chemoimmunotherapy. Patients without early progressive disease received chemoimmunotherapy until the occurrence of disease progression, un​accep​table adverse events, or withdrawal of patient consent.

Clinical responses

Computed tomography was performed every 4 to 8 wk during treatment until disease progression. The clinical response was determined according to Response Evaluation Criteria in Solid Tumors. Stable disease (SD) was defined as disease that was stable for more than 8 wk after the start of treatment. Overall survival (OS) and progression-free survival (PFS) were calculated from the date of treatment to the date of death or final follow-up and the date of disease progression, respectively.

WT1 peptide-specific immune responses

To determine the induction of WT1-specific immune responses during chemoimmunotherapy, the WT1 peptide-specific DTH test was performed before treatment and after every vaccination. Briefly, 30 μg of the three types of WT1 peptides in saline or saline alone was intradermally injected separately into the forearm. The maximum diameter of erythema and induration were measured 48 h after WT1 peptide injection. WT1-specific DTH positivity was defined as erythema and induration greater than 2 mm in the maximum diameter. We selected the value of 5-mm erythema and induration to discriminate between weak (2-5 mm) and strong (> 5 mm) WT1-specific DTH reactions. The DTH test was performed prior to treatment and during long-term treatment.

Enzyme-linked immunosorbent assay

Throughout the vaccination period, plasma was collected and immediately frozen at -140 ℃ until further use. To investigate the quantitative relationship between IL-6 or IL-8 plasma levels and WT1-specific DTH reactions during vaccinations, the stored plasma was tested for IL-6 or IL-8 every 5 vaccinations using Enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems) according to the manufacturer’s instructions. Background cytokine levels were subtracted from each sample.

Statistical analysis

Statistical analyses of prognostic factors for OS and PFS were performed according to the Kaplan-Meier method and evaluated using the log-rank test. IL-6 or IL-8 levels were evaluated in a t-test analysis. A P value of < 0.05 was considered statistically significant.

RESULTS
Clinical characteristics

All 7 patients with PDA received gemcitabine followed by a combination of gemcitabine and biweekly vaccinations with DC/WT1-Ⅰ/Ⅱ (Figure 1). The clinical characteristics of all PDA patients are presented in Table 1. All patients had disease stage Ⅳ and HLA types of A (A*02:01, A*02:06, or A*24:02), DR (DRB1*04:05, DRB1*08:03, DRB1*15:01, or DRB1*15:02) or DP (DPB1*05:01, or DPB1*09:01). Treatment with the DC/WT1-Ⅰ/Ⅱ vaccine was non-toxic and safe[10]. None of the 7 PDA patients achieved complete or partial response, and 6 (85.7%) exhibited SD. As OS of ≥ 1 year in advanced PDA patients generally indicates that treatment has been beneficial[13], the treated PDA patients were classified into 2 groups: OS ≥ 1 and < 1 year. Three of 7 patients (No. 1, 2, and 6) exhibited OS of ≥ 1 year, and the remaining 4 patients (No. 3, 4, 5, 7) exhibited OS of < 1 year (Table 1). These 3 patients (No. 1, 2, and 6) had long-term SD, resulting in long-term survival (OS ≥ 1 year). From the beginning of treatment, one patient (No. 6) received biweekly 1000 mg/m2 gemcitabine combined with DC/WT1-Ⅰ/Ⅱ vaccination because of neutropenia. Despite receiving insufficient doses of gemcitabine, the local pancreatic lesions in the patient were stable for more than 1 year (Figure 2A-C, left panel); however, we identified liver metastases at 545 d after the first treatment (Figure 2C, right panel). Therefore, the patient continued treatment with S-1, an oral fluoropyrimidine, or gem​citabine/nab-paclitaxel combined with the DC/WT1-Ⅰ/Ⅱ vaccine. At 545 d after the first treatment, the patient maintained stable primary pancreatic cancer (Figure 2D, left panel) with slightly enlarged liver metastases (Figure 2D, right panel), and survived for more than 1000 d with 100% Karnofsky Performance Status (KPS).

WT1-specific DTH reactions

WT1-specific DTH reactions were not detected prior to treatment in all patients. Chemoimmunotherapy induced strong WT1-specific DTH reactions in all 3 patients (No. 1, 2, and 6) with long-term OS (≥ 1 year) after receiving only one dose of the DC/WT1-Ⅰ/Ⅱ vaccine (Table 2). Moreover, the strong WT1-specific DTH reactions in the 3 super-responders were efficiently maintained during the entire treatment period with at least 30 DC/WT1-Ⅰ/Ⅱ vaccinations (Table 2). However, the DTH reactions in 2 (No. 1 and 2) of the super-responders were severely decreased and became negative at the terminal stage of cancer (35 and 45 vaccinations, respectively). Interestingly, one super-responder (No. 6) remained alive more than 1000 d and received more than 71 vaccinations, resulting in the induction of strong WT1-specific DTH reactions throughout the vaccination period (Table 2). Moreover, a clinical response in terms of SD was achieved in all 3 patients (No. 1, 2, and 6) with strong WT1-specific DTH responses. These patients also maintained 100% KPS during treatment. By contrast, strong WT1-specific DTH reactions were not observed in all 4 nonsuper-responders with OS < 1 year (No. 3, 4, 5, and 7). In the 4 nonsuper-responders, one patient (No. 7) exhibited stable disease and weakly positive DTH reactions against WT1 peptides after 10 to 15 vaccinations; however, the DTH reactions became negative after 20 vaccinations, and the patient died at 325 d after the first treatment. Importantly, all 4 PDA patients with WT1-specific DTH reactions (No. 1, 2, 6, and 7) displayed significantly improved OS compared with the negative control patients (No. 3, 4, and 5) (P = 0.018) (Figure 3A). In particular, all 3 PDA patients with strong DTH reactions (No. 1, 2, and 6) survived more than 1 year, with significantly longer OS compared to the negative control patients (No. 1, 2, and 6) (P = 0.039) (Figure 3B). In addition, the WT1-specific DTH reactions observed in this clinical trial were HLA restricted (Table 2).

Plasma IL-6 level changes in PDA patients after DC/WT1-Ⅰ/Ⅱ vaccination

To assess the prognostic significance of plasma IL-6 levels in PDA patients receiving chemoimmunotherapy using DC/WT1-Ⅰ/Ⅱ vaccines, we analyzed plasma IL-6 levels by quantitative ELISA during treatment (Figure 4A). Prior to treatment, there was no difference in plasma IL-6 levels between super-responders (OS ≥ 1 year) and nonsuper-responders (OS < 1 year) (Figure 4B). In one nonsuper-responder (No. 5), plasma IL-6 levels were extremely high prior to treatment and continuously increased during treatment (60.25-274.5 pg/mL), and we excluded these data from the assessment of the relationship between plasma IL-6 levels and OS. After 1 course of gemcitabine alone, plasma IL-6 levels decreased in some patients but not significantly compared with prior to treatment (Figure 4A). All 3 super-responders (No. 1, 2, and 6) had long-term SD (440, 208, and 545 d, respectively), and plasma IL-6 levels in these patients were significantly decreased compared with the levels prior to treatment after 5 DC/WT1-Ⅰ/Ⅱ vaccinations. This significant decrease continued for 15 vaccinations (Figure 4C). Plasma IL-6 levels in 2 super-responders (No. 1 and 2) were increased after 35 and 45 vaccinations, respectively. However, 1 super-responder (No. 6) maintained low levels of IL-6 for at least 45 vacci​nations, resulting in long-term OS. Because of early disease progression in nonsuper-responders (No. 3, 4, 5, and 7), these patients received at least 6 (7, 6, 14, and 20 times, respectively) DC/WT1-Ⅰ/Ⅱ vaccinations. Therefore, we also compared plasma IL-6 levels in super-responders and nonsuper-responders after 5 DC/WT1-Ⅰ/Ⅱ vaccinations. Compared with nonsuper-responders, plasma IL-6 levels in super-responders were significantly lower after 5 vaccinations (Figure 4D), indicating that plasma IL-6 levels decreased in super-responders after the initial vaccinations. In addition, IL-6 levels were remarkably increased at the terminal stage of cancer. Moreover, we assessed the association of IL-6 levels and OS and PFS after 5 DC/WT1-Ⅰ/Ⅱ vaccinations. The PDA patients with low levels of plasma IL-6 (< 2 pg/mL) after 5 vaccinations displayed significantly improved OS (P = 0.025) but not PFS (P = 0.110) compared with those patients with plasma IL-6 ≥ 2 pg/mL (Figure 5A and B).

Changes in IL-8 plasma levels in PDA patients after DC/WT1-Ⅰ/Ⅱ vaccination

Plasma IL-8 levels in PDA patients after chemoi​mmunotherapy using DC/WT1-Ⅰ/Ⅱ vaccines were also analyzed by quantitative ELISA (Figure 6A). Prior to treatment, there was no difference in plasma IL-8 levels between super-responders (No. 1, 2, and 6) and nonsuper-responders (No. 3, 4, 5, and 7) (Figure 6B). Importantly, plasma IL-8 levels in all 3 super-responders with long-term SD were significantly decreased after 15 vaccinations compared with the levels observed prior to treatment, and this decrease continued after 25 vaccinations (Figure 6C). However, plasma IL-8 levels in 2 super-responders (No. 1 and 2) were increased after 35 vaccinations. The patients died 582 and 717 d, respectively (Table 1). However, one super-responder (No. 6) maintained low levels of IL-8 until at least 45 vaccinations and survived more than 1000 d. All 3 patients (No. 3, 4, and 5) with negative-DTH reactions against WT1 peptides received less than 15 DC/WT1-Ⅰ/Ⅱ vaccinations (7, 6, and 14 vaccinations, respectively) due to disease progression. Therefore, we also compared plasma IL-8 levels in super-responders at various vaccination periods and nonsuper-responders after 5 DC/WT1-Ⅰ/Ⅱ vaccinations. As shown in Figure 6D, plasma IL-8 levels were significantly higher in nonsuper-responders after 5 DC/WT1-Ⅰ/Ⅱ vaccinations than in super-responders after 15, 20 and 25 vaccinations. In addition, plasma IL-8 levels were remarkably increased at the terminal stage of cancer.

DISCUSSION
In the present study, we analyzed plasma IL-6 and IL-8 levels and assessed WT1-specific DTH reactions in PDA patients receiving DC/WT1-Ⅰ/Ⅱ vaccines. The data presented herein suggest that long-term decreases in plasma IL-6 and IL-8 levels compared to the early treatment period are associated with the induction of WT1-specific DTH reactions. Significantly prolonged OS was observed in PAD patients with strong WT1-specific DTH reactions. Thus, long-term low levels of plasma IL-6 and IL-8 during chemoimmunotherapy may be prognostic markers of clinical outcomes.

In a recent clinical trial, to simultaneously activate WT1-specific CD4+ and CD8+ T cells, mature DCs were pulsed with a mixture of three types of WT1 peptides, including MHC class Ⅰ and Ⅱ-restricted epitopes, and injected into one site biweekly as a cancer vaccine[10]. DC/WT1-Ⅰ/Ⅱ vaccinations not only induced WT1-specific CD4+ and CD8 T cells but also maintained long-term WT1-specific memory CD8+ T cells[10]. The phase 1 study indicated that WT1-specific DTH reactions induced after treatment with DC/WT1-Ⅰ/Ⅱ combined with chemotherapy were associated with long-term disease stability in advanced PDA. Moreover, the WT1-specific CTL responses continued throughout long-term vaccination and were associated with long-term OS[10]. With chemotherapy alone, SD is often transient and not considered indicative of true antitumor activity. Because, cancer vaccines are not as rapidly effective as cytotoxic agents, SD is considered an indicator of a meaningful therapeutic effect[14]. Long-term SD in patients receiving immunotherapy may be unique to cancer vaccines and is considered evidence of activity[10]. In the present study, we assessed immunological responses in 7 patients with stage Ⅳ PDA who received DC/WT1-Ⅰ/Ⅱ combined with chemotherapy. Three patients displayed strong WT1-specific DTH reactions in long-term chemoi​mmunotherapy, resulting in long-term OS ≥ 1 year. Antigenic peptide-specific DTH is an inflammatory reaction that is primarily mediated through CD4+ effector-memory T cells primed by the cancer vac​cines[15]. A significant correlation between favorable clinical outcomes and the induction of a cancer vac​cine-related antigen-specific DTH reaction has been observed[15]. Therefore, the long-term maintenance of strong WT1-specific DTH reactions in these 3 patients might be associated with long-term SD, resulting in prolonged survival. Indeed, one patient had long-term SD and continuously strong WT1-specific DTH, surviving at least 1000 d with 100% KPS.

The plasma levels of circulating IL-6/-8 were also analyzed by ELISA, a more quantitative analysis than the multiplexed measurement system of flow cytometry, and the cytokines levels were compared with the clinical outcomes. In the present study, none of the 7 PDA patients achieved complete or partial response, and 6 (85.7%) exhibited SD. Three patients (No. 1, 2, and 6) exhibited long-term SD, resulting in long-term survival. These 3 patients displayed significantly decreased levels of plasma IL-6 after 5 to 15 vaccinations. IL-6 is secreted from a variety of cells, primarily lymphocytes, macrophages, monocytes, fibroblasts, endothelial cells, and keratinocytes[16]. Some tumor cells also secrete IL-6[16]. One histological hallmark of PDA is the presence of a highly desmo​plastic stroma, including several inflammatory cell populations, such as fibroblast, stellate, endo​thelial, endocrine, and immune cells, all of which produce different inflammatory cytokines[17]. The multifunctional inflammatory cytokine IL-6 plays a role in the development and progression of PDA by directly affecting tumorigenesis[18]. Moreover, IL-6 regulates the secretion of vascular endothelial growth factor in PDA cells, thereby stimulating angiogenesis and tumor vascularization resulting in lymphatic and distant metastasis and disease progression[18-20]. Therefore, the maintenance of low plasma IL-6 levels in 3 patients receiving chemoimmunotherapy using DC/WT-1-I/Ⅱ at early vaccination periods (5 vaccines) and its continuation for 15 vaccinations may be responsible for the prolonged survival of the PDA patients. Importantly, these patients also maintained long-term strong WT1-specific DTH reactions. By contrast, extremely high levels of IL-6 and IFN- (data not shown) were detected in a nonsuper-responder (No. 5). The expression of IL-6 is potentiated by IFN- via prolonged NF-κB activation[21]. Three super-responders exhibited slightly increased IFN- production from CD4+ and CD8+ T cells upon stimulation with WT1 peptides in vitro[10]. The low levels of plasma IL-6 in the super-responders patients did not interfere with the induction of WT1-specific antitumor immune responses and were associated with a prolonged survival period.

After chemoimmunotherapy, significantly decreased plasma IL-8 levels were also obvious in all 3 super-responders with strong WT1-specific DTH reactions. Compared with IL-6, significantly decreased levels of plasma IL-8 were observed in the patients after longer periods of treatment (from 15 to 25 vaccinations). Although tumor-associated macrophages and mono​cytes are the most likely source of IL-8, this cytokine is also overexpressed in most human PDA cells under inflammatory conditions[22]. Several cell types within the tumor microenvironment produce a variety of cytokines. Differences in cells producing inflammatory cytokines such as IL-6 and IL-8 may underlie periods of decreased plasma IL-6 and IL-8 levels. In the tumor environment, these cytokines interact with other cell types in a complex network. Importantly, IL-8 plays a major role in the progression of PDA by promoting proliferation, migration, angiogenesis and metastasis[23]. Elevated levels of circulating IL-8 are associated with poor clinical outcome in patients with PDA and have been suggested as a prognosis marker[24,25]. Therefore, a significant decrease in plasma IL-8 levels might also be associated with good prognosis in PDA patients receiving the chemoi​mmunotherapy using DC/WT1-Ⅰ/Ⅱ. Indeed, all 3 super-responders with strong WT1- DTH reactions maintained low levels of IL-8 after 25 vaccinations and exhibited prolonged SD. However, plasma IL-8 and IL-6 levels in 2 super-responders (No. 1 and 2) were increased at the terminal stage of cancer, and these patients had WT1-negative DTH reactions. However, one super-responder (No. 6) maintained low levels of IL-8 and IL-6 and displayed strong WT1-specific DTH reactions after at least 45 vaccinations. Recently, we reported that IL-8 secretion from tumor cells enhances the generation and activation of CD163-positive M2 macrophages producing IL-10, leading to poor clinical outcomes in patients with cancer[26]. That finding is consistent with the results of the present study demonstrating that long-term low levels of circulating IL-8 in PDA patients receiving DC/WT1-Ⅰ/Ⅱ is associated with the maintenance of strong WT1-specific DTH reactions, resulting in good clinical outcomes.

In conclusion, both IL-6 and IL-8 were maintained at low levels in all 3 PDA patients with strong WT1-specific DTH reactions who received DC/WT1-Ⅰ/Ⅱ combined with chemotherapy. All 3 PDA patients exhibited long-term SD and prolonged survival times (582 to more than 1000 d). One patient with long-term strong WT1-specific DTH reactions maintained decreased levels of plasma IL-6 and IL-8 during therapy and maintained long-term SD, resulting in survival for more than 1000 d. Therefore, the maintenance of low plasma IL-6 and IL-8 levels may be associated with immunogenic changes in the desmoplastic stroma. Low levels of plasma IL-6 and IL-8 with strong WT1-DTH reactions may be a prognostic factor for PDA patients following chemoimmunotherapy using DC/WT1-Ⅰ/Ⅱ. These cytokine interactions are associated with tumor growth and progression, invasion and metastasis, angiogenesis and immune evasion. Although targeting IL-6 and IL-8 may improve not only clinical outcome but also the response to treatment in PDA patients, it is not clear if IL-6/-8-signaling inhibitors will translate into clinical benefits for PDA[19]. A limitation of the present study is the relatively small sample size. Further studies are needed to evaluate the clinical significance of circulating IL-6/-8 levels in PDA patients treated with DC/WT1-Ⅰ/Ⅱ combined with chemotherapy.
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CD4+ T cells prime and maintain antigen-specific CD8+ CTLs and play a direct role in the destruction of tumor cells. Therefore, the stimulation of both CD4+ and CD8+ T cells is an efficient strategy for treating patients with pancreatic ductal adenocarcinoma (PDA). The authors had conducted a phase 1 clinical study in PAD patients to examine the clinical and immunological responses to dendritic cells (DCs) pulsed with multiple major histocompatibility complex class Ⅰ and Ⅱ-restricted Wilms’ tumor 1 (WT1) epitopes (DC/WT1-Ⅰ/Ⅱ) in combination with chemotherapy. The combination of DC/WT1-Ⅰ/Ⅱ and chemotherapy were associated with disease stability in PAD patients.
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Authors investigate the association of plasma levels of interleukin (IL)-6 and -8 with WT1-specific immune responses and clinical outcomes in patients with PDA treated with DC/WT1-Ⅰ/Ⅱ combined with standard chemotherapy. The authors reported the association of plasma IL-6 and -8 levels and WT1 peptide-specific DTH in PDA patients during long-term chemoimmunotherapy. 

Innovations and breakthroughs

Authors showed that plasma IL-6/-8 levels in PDA patients during long-term treatments. Prolonged low levels of plasma IL-6/-8 may be a prognostic marker for the clinical outcomes of chemoimmunotherapy.

Applications

The study’s results suggest that plasma IL-6/-8 in PDA patients during chemoimmunotherapy using DC/WT1-Ⅰ/Ⅱ is a prognostic biological marker for assessing the induction of WT1-specific immune responses and long-term overall survival.
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The WT1 is highly expressed in various types of cancers, including PDA and has been found to be highly immunogenic. Thus, WT1 is one of the excellent tumor-associated antigens for the target of cancer immunotherapy.

Peer-review

The authors reported that prolonged low levels of plasma IL-6/-8 in PDA patients may be a prognostic marker for the clinical outcomes of chemoimmunotherapy. The data are well represented, organized, and clear.
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Figure Legends
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Figure 1  Treatment schedule for patients with pancreatic ductal adenocarcinoma. The patients were treated with gemcitabine alone, followed by dendritic cells pulsed with a Wilms’ tumor 1 (WT1)-specific peptide mixture restricted by multiple major histocompatibility complex (MHC) class Ⅰ and Ⅱ molecules (DC/WT1-Ⅰ/Ⅱ) in combination with gemcitabine or S-1, an oral 5-fluorouracil (5-FU). GEM: Gemcitabine.
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Figure 2  Response assessment in a super-responder, case 6. A: Computed tomography (CT) imaging of case 6 revealing pancreatic body cancer before treatment and no liver metastases; B: CT imaging after chemoimmunotherapy revealed that local pancreatic lesions were stable; C: Local pancreatic lesions were stable (left panel), multiple liver metastases appeared at 545 d after the first treatment (right panel); D: Local pancreatic lesions were stable (left panel), the sizes of multiple liver metastases were markedly increased at 963 d after the first treatment (right panel).
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Figure 3  Association of Wilms’ tumor 1-specific delayed-type hyper​sensitivity reactions with overall survival. Kaplan-Meier estimates of overall survival (OS) for patients with PDA treated with dendritic cells (DCs) pulsed with Wilms’ tumor 1 (WT1) MHC class Ⅰ and -Ⅱ peptides (DC/WT1-Ⅰ/Ⅱ) combined with chemotherapy. A: OS in WT1-specific delayed type hypersensitivity (DTH)-positive (n = 4) or -negative (n = 3) responders; B: OS in strongly WT1-specific DTH-positive (n = 3) or -negative (n = 3) responders.
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Figure 4  Plasma interleukin-6 levels in pancreatic ductal adenocarcinoma patients receiving chemoimmunotherapy. A: Plasma interleukin (IL)-6 levels in 6 patients during treatment; B: Comparison of plasma IL-6 levels prior to treatment between super-responders [overall survival (OS) ≥ 1 year] and nonsuper-responders (OS < 1 year); C: Comparison of plasma IL-6 levels in super-responders prior to treatment and post-vaccination; D: Comparison of plasma IL-6 levels after 5 vaccinations between nonsuper-responders and super-responders after 5, 10, 15, 20, and 25 vaccinations. The values are expressed as mean ± SD. aP < 0.05.
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Figure 5  Association of plasma interleukin-6 levels with overall survival and progression-free survival. The plasma interleukin (IL)-6 levels of 7 pancreatic ductal adenocarcinoma patients receiving chemoimmunotherapy were analyzed after 5 vaccinations. Kaplan-Meier estimates of OS (A) and PFS (B) in these patients.
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Figure 6  Plasma interleukin-8 levels in pancreatic ductal adenocarcinoma patients receiving chemoimmunotherapy. A: Plasma interleukin (IL)-8 levels in 7 patients during treatment; B: Comparison of plasma IL-8 levels prior to treatment between super-responders [overall survival (OS) ≥ 1 year] and nonsuper-responders (OS < 1 year); C: Comparison of plasma IL-8 levels in super-responders prior to treatment and post-vaccination; D: Comparison of plasma IL-8 levels after 5 vaccinations in nonsuper-responders and super-responders after 5, 10, 15, 20, and 25 vaccinations. The values are expressed as means ± SD. aP < 0.05.
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Table 1  Patient characteristics


No.


�
Sex


�
Age (yr)


�
Location


�
Size (mm)


�
Metastases


�
UICC stage


�
Vaccine (times)


�
OS (d)


�
PFS (d)


�
HLA type


�
Best overall tumor response


�
�
�
�
�
�
�
�
�
�
�
�
HLA-A


�
�
DRB1


�
�
DPB1


�
�
�
�
1


�
M


�
70


�
Body


�
22


�
Peritonitis


�
Ⅳ


�
35


�
582


�
440


�
02:01


�
24:02


�
04:05


�
15:02


�
05:01


�
09:01


�
Stable disease


�
�
2


�
M


�
68


�
Body


�
15


�
Liver, lymph nodes


�
Ⅳ


�
46


�
717


�
208


�
24:02


�
33:03


�
08:03


�
13:02


�
02:02


�
04:01


�
Stable disease


�
�
3


�
F


�
49


�
Head


�
18


�
Liver, peritonitis, lymph nodes


�
Ⅳ


�
  7


�
133


�
26


�
02:01


�
24:02


�
04:05


�
09:01


�
02:02


�
05:01


�
Progressive disease


�
�
4


�
M


�
35


�
Body


�
25


�
Liver, lymph nodes


�
Ⅳ


�
  6


�
283


�
147


�
02:01


�
-


�
09:01


�
15:01


�
02:01


�
05:01


�
Stable disease


�
�
5


�
F


�
72


�
Body


�
22


�
Peritonitis, lymph nodes


�
Ⅳ


�
14


�
215


�
109


�
02:06


�
24:02


�
08:02


�
12:01


�
02:01


�
05:01


�
Stable disease


�
�
6


�
F


�
69


�
Body-tail


�
45


�
Lymph nodes


�
Ⅳ


�
   71+


�
1050+


�
545


�
24:02


�
33:03


�
13:02


�
15:01


�
04:01


�
13:01


�
Stable disease


�
�
7


�
M


�
39


�
Head-body


�
30


�
Peritonitis


�
Ⅳ


�
20


�
325


�
290


�
02:10


�
24:02


�
15:01


�
15:02


�
02:02


�
09:01


�
Stable disease


�
�
Stable disease conformation is determined at least for more than 2 mo. Ope: Operation; Cx: Chemotherapy; OS: Overall survival; PFS: Progression-free survival; HLA: Human leukocyte antigen.





Table 2  Wilms’ tumor 1-specific delayed-type hypersensitivity reactions


Patient


�
Gemcitabine


�
HLA-A*02:01


�
HLA-A*24:02


�
HLA-DRB1/DPB1


�
�
No.


�
�
�
Vaccine times


�
Vaccine times


�
Vaccine times


�
�
�
Pre


�
Post


�
1


�
5


�
10


�
15


�
20


�
25


�
30


�
35


�
40


�
45


�
70


�
1


�
5


�
10


�
15


�
20


�
25


�
30


�
35


�
40


�
45


�
70


�
1


�
5


�
10


�
15


�
20


�
25


�
30


�
35


�
40


�
45


�
70


�
�
1


�
-


�
-


�
+


�
+


�
++


�
++


�
++


�
++


�
+


�
-


�
ND


�
+


�
+


�
++


�
++


�
++


�
++


�
+


�
-


�
ND


�
+


�
+


�
++


�
++


�
++


�
++


�
+


�
-


�
ND


�
�
2


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
ND


�
+


�
+


�
++


�
++


�
+


�
+


�
+


�
+


�
+


�
-


�
ND


�
+


�
+


�
++


�
++


�
+


�
+


�
+


�
+


�
+


�
-


�
ND


�
�
3


�
-


�
-


�
-


�
-


�
ND


�
-


�
-


�
ND


�
-


�
-


�
ND


�
�
4


�
-


�
-


�
-


�
-


�
ND


�
-


�
-


�
ND


�
-


�
-


�
ND


�
�
5


�
-


�
-


�
-


�
-


�
-


�
ND


�
-


�
-


�
-


�
ND


�
-


�
-


�
-


�
ND


�
�
6


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
+


�
+


�
++


�
++


�
++


�
++


�
++


�
++


�
++


�
++


�
++


�
+


�
+


�
++


�
++


�
++


�
++


�
++


�
++


�
++


�
++


�
++


�
�
7


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
ND


�
-


�
-


�
+


�
+


�
-


�
ND


�
�
-


�
+


�
+


�
-


�
ND


�
�
Delayed-type hypersensitivity (DTH) erythema < 1 mm, +; DTH erythema 2-5 mm, ++; DTH erythema > 5 mm, not done (ND).
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