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Background: Lung immune prognostic index (LIPI), a combination of derived neutrophil-to-lymphocyte ratio (dNLR) and lactate dehydrogenase (LDH), is currently attracting considerable interest as a potential prognostic indicator in many malignancies. Our study aimed to investigate the prognostic value of preoperative LIPI in patients with pancreatic ductal adenocarcinoma (PDAC) undergoing radical resection.



Methods: We retrospectively reviewed PDAC patients treated with radical resection from February 2019 to April 2021 at Chinese People's Liberation Army (PLA) general hospital. Based on the cut-off value of dNLR and LDH identified by X-tile, patients were divided into LIPI good and LIPI intermediate/poor group. Kaplan-Meier curve and log-rank test were used to compare the recurrence-free survival (RFS) and overall survival (OS) of the two groups. Univariate and multivariate Cox regression was used to identify the independent prognostic value of LIPI. Subgroup analysis was performed to identify specific population benefited from radical resection.



Results: A total of 205 patients were included and the median RFS and OS was 10.8 and 24.3 months, respectively. Preoperative LIPI intermediate/poor was related to worse RFS and OS (p < 0.05). Preoperative LIPI intermediate/poor, vascular invasion and no adjuvant chemotherapy were indicators of poor OS. Patients with LIPI intermediate/poor had worse OS especially among females and those with adjuvant chemotherapy (p < 0.05). Adjuvant chemotherapy related to better RFS and OS in patients with LIPI good (p < 0.05).



Conclusions: Preoperative LIPI intermediate/poor can be an indicator of poor prognosis in patients with PDAC undergoing radical resection. LIPI good could be an effective marker of benefit from adjuvant chemotherapy. Larger studies are warranted for further validation.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal malignancies, which is predicted to be the second cause of cancer-associated mortality in the United States by 2030 (1). Most patients with PDAC have distant metastases or locally advanced disease at initial diagnosis, and less than 20% are eligible for resection. Radical resection remains the only potentially curative treatment for PDAC (2, 3). However, due to the highly aggressive nature of PDAC, many patients relapse within 1 year after radical resection. The median overall survival (OS) was 2 years for PDAC patients with stage I/II, and less than 1 year for those with stage III (4, 5). In addition, due to the high incidence of complications (up to 40%) after pancreatectomy and postoperative mortality (3%–5%) (2), appropriate patient selection is a key factor in the outcome of early-stage PDAC. Therefore, it is crucial to identify potential biomarkers that select PDAC patients who would benefit from radical resection and help make subsequent treatment decisions.

Serum lactate dehydrogenase (LDH) elevation has been identified as an indicator of poor prognosis in unresectable pancreatic cancer (6–8). A meta-analysis containing 76 studies showed that higher LDH levels (>245 U/L) were associated with unfavorable OS and PFS in a variety of solid tumors (9). LDH regulates the final step of glycolysis process to provides energy and biosynthesis for tumor cells (10). Enhanced LDH promotes tumor survival by inhibiting apoptosis, preventing necrosis in anoxic environment, and protecting tumor from reactive oxygen species (ROS) damage. LDH also facilitate tumor metastasis and angiogenesis by activating VEGF signaling pathway (11). What's more, LDH can promote immunosuppressive cells activation by increasing lactate production (12). Systemic inflammation indicators have been reported to be associated with tumors prognosis. Notably, derived neutrophil-to-lymphocyte ratio [dNLR, absolute neutrophil count/(absolute leukocyte count−absolute neutrophil count)] has been reported to predict prognosis in a variety of malignancies including melanoma (13), breast cancer (14), urothelial bladder cancer (15), renal cell carcinoma (16) and pancreatic cancer (17). dNLR reflects the composition of tumor microenvironment and determines the anti-tumor immune status. Neutrophils participate in suppressing immunity and facilitating tumor proliferation by inhibiting lymphokine activation (18), while lymphocytes participate in enhancing immunity and inhibiting tumor progression via cytotoxic cell and cytokine production (19). Therefore, the value of dNLR is closely related to tumor prognosis.

The lung immune prognostic index (LIPI), which combines dNLR and LDH, was first proposed by Mezquita et al. in 2018 (20) and predicts the prognosis of advanced non-small cell lung cancer (NSCLC) patients treated with immunotherapy. Since then, more and more studies have shown that LIPI was predictive of treatment outcomes in NSCLC and small cell lung cancer (21–25). More recently, there has been growing interest in extra-pulmonary cancer. LIPI has been reported to be predictive of the benefit of immunotherapy in other solid tumors (26, 27). It was also related to the prognosis of patients with osteosarcoma receiving standard treatment (28), esophageal squamous cell carcinoma undergoing curative surgery (29) or chemoradiotherapy (30), urothelial bladder cancer receiving radical cystectomy (31), and advanced breast cancer patients treated with trastuzumab emtansine (14). However, the value of LIPI in the prognosis of PDAC patients undergoing radical resection remains unknown. Therefore, this study aims to investigate the prognostic significance of preoperative LIPI in PDAC patients undergoing radical resection, and further explore whether LIPI affects treatment response to postoperative chemotherapy.



Methods


Study population

A total of 336 patients with pancreatic cancer who received resection at the Chinese People's Liberation Army (PLA) general hospital between February 2019 to April 2021 were included. The inclusion criteria were as follows: (1) diagnosed with stage I–III pancreatic cancer; (2) received radical resection and postoperative pathology histologically confirmed pancreatic ductal adenocarcinoma. The exclusion criteria were: (1) absence of preoperative blood test results; (2) loss to follow-up; (3) received preoperative chemotherapy or other treatments; (4) suffered from other malignancies, inflammatory diseases, autoimmune diseases, or trauma and (5) imaging examination revealed distant metastasis within two weeks after surgery. Following the above criteria, 205 patients were eventually enrolled in our study. Clinical characteristics as well as preoperative blood test results were recorded. Clinical characteristics included age, gender, tumor location, differentiation, tumor size, lymph node metastasis, TNM stage, neural invasion, vascular invasion, smoking history, drinking history and postoperative adjuvant chemotherapy. Preoperative blood test results included ratio of neutrophil to white blood cell, LDH, CEA, CA-125 and CA19-9 levels. All patients were followed up through electronic medical records and telephone consultations until March 31, 2022. This study was approved by the Ethics Committee of Chinese PLA General Hospital and was conducted according to the principles of the Declaration of Helsinki.



Assessment

Blood tests results were collected within one week before surgery. LIPI was defined as dNLR (equal to the ratio of neutrophils to white blood cells divided by 1 min the ratio of neutrophils to white blood cells) and LDH. The cutoff values of dNLR and LDH were calculated by X-tile software based on overall survival (32), which were 1.4 and 225 U/L, respectively. Based on preoperative dNLR and LDH levels, patients were divided into three groups: LIPI good group with dNLR < 1.4 and LDH < 225 U/L, LIPI intermediate group with dNLR < 1.4 and LDH ≥ 225 U/L, or dNLR ≥ 1.4 and LDH < 225 U/L, LIPI poor group with dNLR ≥ 1.4 and LDH ≥ 225 U/L. LIPI intermediate and poor group were integrated for prognostic analysis. Overall survival (OS) was defined as the time from the date of surgery to the date of death or the date of last follow-up. Recurrence-free survival (RFS) was defined as the time from the date of surgery to the first recurrence or the last follow-up. Recurrence included local recurrence, lymph node metastasis and distant metastasis to liver, lung or other sites. The pathological stage was determined according to the eighth edition of the TNM classification.



Statistical analysis

The optimal cut-off value of dNLR and LDH were identified by X-tile 3.6.1 (Yale University, New Haven, CT, United States). Clinical characteristics were presented as categorical variables and compared using the Chi-square test. Kaplan-Meier method was used to analyze survival data and the significance analysis was implemented by log-rank test. Univariate and multivariate analyses were performed by Cox proportional hazards models to assess the independent prognostic value of preoperative LIPI and other factors. Calibration plots and C-index were used to evaluate the calibration and discrimination of Cox proportional hazards models. Subgroup analysis and p-value for interaction were computed to identify specific population who might benefit from this treatment. IBM SPSS 26.0 (SPSS Inc., Chicago, IL, United States) and GraphPad Prism 8 (La Jolla, CA, United States) were used for survival analyses. R software (v4.1.2, R Foundation for Statistical Computing, Vienna, Austria) and R studio (v1.4.1103, Integrated Development for R, Boston, United States) were used for internal validation. All statistical tests were two-sided tests with p < 0.05 denoted statistical significance.




Results


Patients' characteristics

A total of 205 PDAC patients receiving radical resection with complete clinical and survival data were analyzed (Supplementary Figure S5). Surgical methods included laparotomy, laparoscopic surgery and robot-assisted surgery. Chemotherapy regimens included AS (nab-paclitaxel 125 mg/m2 on day 1 and day 8 plus S-1 40–60 mg twice daily on day 1 to 14 of each cycle, 3 weekly scheme), GS (gemcitabine 1,000 mg/m2 on day 1 and day 8 plus S-1 40–60 mg twice daily on day 1 to 14 of each cycle, 3 weekly scheme), AG (nab-paclitaxel 125 mg/m2 plus gemcitabine 1,000 mg/m2 on day 1 and day 8 of each cycle, 3 weekly scheme), and nab-paclitaxel or S-1 as a single agent according to the patient's physical state. Clinical characteristics are summarized in Table 1. Among the 205 patients, the median age at diagnosis was 63 years old (range from 31 to 82), 62.4% were males, 23.9% with elevated CEA, 15.6% with elevated CA-125, 67.8% with elevated CA19-9, 60.0% located in the head of pancreas, 38.5% had a smoking history and 43.3% had a drinking history. Of the patients, 50.2% were well or moderately differentiated adenocarcinoma, 74.1% had neural invasion, 21.5% had vascular invasion, 52.2%, 39.0%, and 8.8% were stage I, stage II, and stage III, respectively; 70.2% received adjuvant chemotherapy, 40.5% with dNLR < 1.4, 86.3% with LDH < 225 U/L. Patients in the LIPI good, intermediate, and poor group were 36.6%, 53.7%, and 9.8%, respectively.


TABLE 1 Characteristics of patients with resected PDAC.
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LIPI intermediate/poor associated with worse RFS and os

The median follow-up time was 28.2 months (range, 0.2–36.7 months). At the time of last follow-up, 70.2% of the patients relapsed and 48.3% died, the median RFS and OS was 10.8 and 24.3 months, respectively. In the LIPI intermediate/poor and LIPI good group, the median RFS was 8.3 and 17.1 months (HR: 1.58; 95%CI: 1.11, 2.25; p = 0.011), respectively (Figure 1A). The median OS was 18.6 months and not reached (HR: 2.37; 95%CI: 1.49, 3.79; p < 0.001) in the LIPI intermediate/poor and LIPI good group, respectively (Figure 1B). The RFS and OS of LIPI intermediate/poor group were significantly worse than that of LIPI good group.


[image: Figure 1]
FIGURE 1
Preoperative LIPI associated with (A) recurrence-free survival and (B) overall survival in PDAC patients undergoing radical resection. LIPI, lung immune prognostic index; mRFS, median recurrence-free survival; mOS, median overall survival; HR, hazard ratio; CI, confidence interval.




LIPI was an independent prognostic factors for os

Univariate Cox regression indicated that increased CA-125 level, poorly differentiation, stage II/III, vascular invasion and LIPI intermediate/ poor were related to worse RFS in PDAC patients receiving radical resection (p < 0.05). Multivariate Cox regression revealed that only CA-125 > 35 (HR: 1.48; 95%CI: 1.02, 2.44; p = 0.041) and vascular invasion (HR: 1.62; 95%CI: 1.08, 2.43; p = 0.020) were independent risk factors for poor RFS (Table 2). Univariate Cox regression for OS was similar with the outcome of RFS that increased CA-125 level, poorly differentiation, stage II/III, vascular invasion, LIPI intermediate/poor and no chemotherapy were related to worse OS (p < 0.05). After multivariate Cox regression, vascular invasion (HR: 1.88; 95%CI: 1.19, 2.97; p = 0.007), chemotherapy (HR:0.52; 95%CI: 0.34, 0.79; p = 0.002) and LIPI intermediate/poor (HR:1.69; 95%CI: 1.01, 2.80; p = 0.044) were independent prognostic factors for OS (Table 3). The C-index of multivariate Cox regression model for RFS and OS for were 0.650 (0.603, 0.697) and 0.710 (0.663, 0.757), respectively. Calibration plots showed good performance of multivariate Cox regression model for RFS and OS (Supplementary Figures S1–S4).


TABLE 2 Univariate and multivariate analysis for RFS in patients with resected PDAC.
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TABLE 3 Univariate and multivariate analysis for OS in patients with resected PDAC.
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Subgroup analysis

Baseline comparison between the LIPI good and LIPI intermediate/poor group showed that no differences were observed in age, gender, CEA, CA-125, CA19-9, neural invasion, vascular invasion, smoking and drinking history. Patients with LIPI intermediate/poor tended to have pancreatic head cancer (p = 0.008), poorly differentiation (p = 0.016), late TNM stage (p = 0.010) and less adjuvant chemotherapy (p < 0.001) (Table 4). We further conducted subgroup analysis stratified by these characteristics. The results showed that no significant differences were found between subgroups for RFS in LIPI good and LIPI intermediate/poor group (Figure 2). Patients with LIPI intermediate/poor had worse OS, especially among females and those with adjuvant chemotherapy (p < 0.05) (Figure 3).


[image: Figure 2]
FIGURE 2
Subgroup analysis of the association between preoperative LIPI and recurrence-free survival. RFS, recurrence-free survival; HR, hazard ratio; CI, confidence interval.
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FIGURE 3
Subgroup analysis of the association between preoperative LIPI and overall survival. OS, overall survival; HR, hazard ratio; CI, confidence interval.



TABLE 4 Baseline comparison between LIPI good and LIPI intermediate/poor.
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LIPI good benefited from adjuvant chemotherapy

To further explore whether LIPI helps stratifying resected PDAC patients who may benefit from postoperative chemotherapy. Kaplan-Meier curves and multivariate Cox regression analyses were performed to compare the survival of patients treated with and without adjuvant chemotherapy in different LIPI groups. Interestingly, the RFS and OS of patients with adjuvant chemotherapy are better than that of patients without adjuvant chemotherapy in LIPI good group (median RFS: 20.3 vs. 7.9 m, p = 0.078; median OS: not reached vs. 8.8 m, p = 0.002) (Figure 4). After adjusting for CA-125, differentiation, TNM stage and vascular invasion, adjuvant chemotherapy was an independent prognostic factor for good RFS (HR:0.32; 95%CI: 0.14, 0.75; p = 0.008) and OS (HR:0.08; 95%CI: 0.02, 0.25; p < 0.001) in the LIPI good group (Supplementary Table S1). However, no differences were observed in OS and RFS between patients with and without adjuvant chemotherapy in LIPI intermediate/poor group (p > 0.05) (Figure 5, Supplementary Table S2).


[image: Figure 4]
FIGURE 4
Association between postoperative chemotherapy with (A) recurrence-free survival and (B) overall survival in patients with LIPI good. mRFS, median recurrence-free survival; mOS, median overall survival; HR, hazard ratio; CI, confidence interval.
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FIGURE 5
Association between postoperative chemotherapy with (A) recurrence-free survival and (B) overall survival in patients with LIPI intermediate/poor. mRFS, median recurrence-free survival; mOS, median overall survival; HR, hazard ratio; CI, confidence interval.





Discussion

Although radical resection offers the only hope of curing PDAC, not all patients benefit from this treatment. Thus, the identification of potential biomarkers that predict population benefits from radical resection and subsequent treatment is needed. Peripheral inflammation indicators are generally easy to acquire in clinical practice. Previous studies have found that inflammatory markers are associated with the prognosis of patients with pancreatic cancer (33–38). The dNLR, defined as dividing neutrophils by leukocytes minus neutrophils, has been reported to be a promising independent prognostic indicator in a single-center, large cohort and full-stage PDAC patients (17). Suzuki et al. also found that pretreatment dNLR was an important biomarker in stratifying unresectable PDAC patients who may benefit from gemcitabine (39). Meanwhile, the prognostic role of pretreatment LDH levels has been well demonstrated in pancreatic cancer (40–43). Xiao et al. reported that among patients with advanced pancreatic cancer receiving chemotherapy, those with elevated LDH had a 2.47-fold increased risk of death, but no significant differences were found between elevated LDH and normal LDH group in patients who did not receive chemotherapy (44). Therefore, dNLR and LDH are both useful prognostic markers of pancreatic cancer. The combination of dNLR and LDH, also known as LIPI, was first revealed as a prognostic factor for advanced NSCLC patients treated with immune checkpoint inhibitors (20). More and more studies indicated that LIPI was associated with therapeutic outcomes in many malignancies (14, 21–31). However, there is a lack of researches exploring the value of preoperative LIPI in the outcomes of resectable PDAC patients treated with radical surgery.

To our knowledge, this is the first study to elucidate the relationship between preoperative LIPI status and survival outcomes of PDAC patients undergoing radical surgery. In this study, the median RFS and OS was 10.8 and 24.3 months, respectively, which were consistent with previous literature reports (4). Due to the small sample size of patients with LIPI poor, LIPI poor group was incorporated into LIPI intermediate group for survival analyses. Our results showed that preoperative LIPI intermediate/poor was associated with worse RFS and OS in PDAC patients treated with radical surgery. Univariate and multivariate Cox regression indicated that preoperative LIPI intermediate/poor was an independent indicator of poor OS but not RFS, which was consistent with the results of a recently published research of SCLC patients treated with immunotherapy plus chemotherapy (24). Nevertheless, the negative findings of RFS should be viewed carefully due to its retrospective nature. Multiple factors affect RFS, such as the methods, frequency, and physician's evaluation of postoperative examination. In contrast, the significant difference in OS between the two groups was more credible.

Inflammation predisposes to the progression of all stages of cancer, including PDAC. Increased dNLR is mainly associated with neutrophilia. Neutrophils are the main inflammatory cells involved in tumor-promoting. In the process of metastasis, neutrophils can form complexes with cancer cells and aid in the adhesion and translocation of metastatic seeds to the vessel wall. The neutrophil-cancer cells complexes can also protect these metastatic seeds from immune surveillance at their most vulnerable moments away from established immunosuppressive microenvironment of the primary tumor (45). LDH is an important enzyme in final step of glycolysis process, which provides energy and biosynthesis for tumor cells. Tumor burden can be reflected by LDH levels as rapidly growing tumors can produce large amounts of LDH. Increased LDH can also promote tumor progression by inhibiting tumor cell apoptosis, activating VEGF pathway, and immunosuppressive cells activation (10–12). LIPI is determined by dNLR and LDH. The above evidence well elucidated the underlying mechanism of the association between LIPI and prognosis of PDAC patients.

We also found that preoperative LIPI was associated with tumor location, tumor differentiation, TNM stage, and adjuvant chemotherapy. Similar results have been reported in the systemic inflammation and nutrition status of resected PDAC (46). Patients with tumor located in the head of pancreas, poorly differentiation, advanced TNM stage or without adjuvant chemotherapy were tend to have intermediate/poor LIPI. Pancreatic head cancer usually leads to biliary and digestive tract obstruction as well as pancreatitis, which causes elevated levels of inflammatory indicators, such as neutrophils, and eventually lead to elevated dNLR. It is well known that poor tumor differentiation, advanced TNM stage and no chemotherapy are all recognized indicators of poor prognosis for PDAC, but the reason why they are related to LIPI is still unclear. However, among these factors correlated to LIPI, only adjuvant chemotherapy was found as an independent prognostic factor for OS. We further performed a subgroup analysis stratifying by clinical characteristics and the results showed that patients with LIPI intermediate/poor had worse OS than those with LIPI good, especially among females and those receiving adjuvant chemotherapy, which indicated that for the patients with LIPI intermediate/poor, adjuvant chemotherapy might not be the optimal postoperative treatment. In addition, the result that LIPI good patients treated with adjuvant chemotherapy had better RFS and OS than those without adjuvant chemotherapy further confirmed preoperative LIPI as an effective biomarker in selecting resected PDAC patients who may benefit from adjuvant chemotherapy. However, further studies are needed to verify these results.

Our study had several limitations. Firstly, it was a retrospective study conducted at a single center with a limited number of participants and potentially incomplete information. Thus, residual confounding factors and selection bias are inevitable. However, we adjusted as many possible confounders as we could and participants are enrolled consecutively in strict accordance with our inclusion and exclusion criteria. Data from external medical centers are being collected and the results will be presented in subsequent studies. Secondly, due to the COVID-19 pandemic, many patients failed to complete a full course of postoperative chemotherapy and regularly comprehensive imaging reviews. Therefore, the results of our study should be interpreted carefully. Finally, the dNLR and LDH cutoff values were calculated by X-tile software based on the data collected in our center, which may not be optimal. We also performed Cox regression analyses with dNLR and LDH as continuous variables, and the results remained stable (Supplementary Table S3). Despite the deficiencies in this study, it provided an easy and non-invasive way for identifying PDAC patients who might benefit from radical resection and subsequent adjuvant chemotherapy in clinical practice.



Conclusion

Our study revealed the prognostic value of preoperative LIPI in patients with PDAC treated with radical resection. Preoperative LIPI intermediate/poor can be an indicator of poor prognosis in patients with PDAC undergoing radical resection. LIPI good could be an effective marker of benefit from adjuvant chemotherapy. Larger studies are warranted for further validation.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committee of Chinese PLA General Hospital. The patients/participants provided their written informed consent to participate in this study.



Author contributions

QZ designed this study and drafted this manuscript. QZ and GD participated in acquisition of data and analysis of data. ZW and GD were responsible for article quality inspection. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.1002075/full#supplementary-material.



References

1. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM. Projecting cancer incidence and deaths to 2030: the unexpected burden of thyroid, liver, and pancreas cancers in the United States. Cancer Res. (2014) 74:2913–21. doi: 10.1158/0008-5472.CAN-14-0155

2. Hartwig W, Werner J, Jager D, Debus J, Buchler MW. Improvement of surgical results for pancreatic cancer. Lancet Oncol. (2013) 14:e476–485. doi: 10.1016/S1470-2045(13)70172-4

3. Strobel O, Neoptolemos J, Jager D, Buchler MW. Optimizing the outcomes of pancreatic cancer surgery. Nat Rev Clin Oncol. (2019) 16:11–26. doi: 10.1038/s41571-018-0112-1

4. Van Roessel S, Kasumova GG, Verheij J, Najarian RM, Maggino L, de Pastena M, et al. International validation of the eighth edition of the American joint committee on cancer (AJCC) TNM staging system in patients with resected pancreatic cancer. JAMA Surg. (2018) 153:e183617. doi: 10.1001/jamasurg.2018.3617

5. Loehrer PJ, Feng Y, Cardenes H, Wagner L, Brell JM, Cella D, et al. Gemcitabine alone versus gemcitabine plus radiotherapy in patients with locally advanced pancreatic cancer: an eastern cooperative oncology group trial. J Clin Oncol. (2011) 29:4105–12. doi: 10.1200/JCO.2011.34.8904

6. Shibuki T, Mizuta T, Shimokawa M, Koga F, Ueda Y, Nakazawa J, et al. Prognostic nomogram for patients with unresectable pancreatic cancer treated with gemcitabine plus nab-paclitaxel or FOLFIRINOX: a post-hoc analysis of a multicenter retrospective study in Japan (NAPOLEON study). BMC Cancer. (2022) 22:19. doi: 10.1186/s12885-021-09139-y

7. Yu SL, Xu LT, Qi Q, Geng YW, Chen H, Meng ZQ, et al. Serum lactate dehydrogenase predicts prognosis and correlates with systemic inflammatory response in patients with advanced pancreatic cancer after gemcitabine-based chemotherapy. Sci Rep. (2017) 7:45194. doi: 10.1038/srep45194

8. Stocken DD, Hassan AB, Altman DG, Billingham LJ, Bramhall SR, Johnson PJ, et al. Modelling prognostic factors in advanced pancreatic cancer. Br J Cancer. (2008) 99:883–93. doi: 10.1038/sj.bjc.6604568

9. Petrelli F, Cabiddu M, Coinu A, Borgonovo K, Ghilardi M, Lonati V, et al. Prognostic role of lactate dehydrogenase in solid tumors: a systematic review and meta-analysis of 76 studies. Acta Oncol. (2015) 54:961–70. doi: 10.3109/0284186x.2015.1043026

10. Hsu PP, Sabatini DM. Cancer cell metabolism: warburg and beyond. Cell. (2008) 134:703–7. doi: 10.1016/j.cell.2008.08.021

11. Feng Y, Xiong Y, Qiao T, Li X, Jia L, Han Y. Lactate dehydrogenase A: a key player in carcinogenesis and potential target in cancer therapy. Cancer Med. (2018) 7:6124–36. doi: 10.1002/cam4.1820

12. Ding J, Karp JE, Emadi A. Elevated lactate dehydrogenase (LDH) can be a marker of immune suppression in cancer: interplay between hematologic and solid neoplastic clones and their microenvironments. Cancer Biomark. (2017) 19:353–63. doi: 10.3233/cbm-160336

13. Ferrucci PF, Ascierto PA, Pigozzo J, Del Vecchio M, Maio M, Antonini Cappellini GC, et al. Baseline neutrophils and derived neutrophil-to-lymphocyte ratio: prognostic relevance in metastatic melanoma patients receiving ipilimumab. Ann Oncol. (2016) 27:732–8. doi: 10.1093/annonc/mdw016

14. Li L, Ai L, Jia L, Zhang L, Lei B, Zhang Q. High score of LDH plus dNLR predicts poor survival in patients with HER2-positive advanced breast cancer treated with trastuzumab emtansine. BMC Cancer. (2022) 22:29. doi: 10.1186/s12885-021-09131-6

15. Rajwa P, Życzkowski M, Paradysz A, Bujak K, Bryniarski P. Evaluation of the prognostic value of LMR, PLR, NLR, and dNLR in urothelial bladder cancer patients treated with radical cystectomy. Eur Rev Med Pharmacol Sci. (2018) 22:3027–37. doi: 10.26355/eurrev_201805_15060

16. Rajwa P, Życzkowski M, Paradysz A, Slabon-Turska M, Suliga K, Bujak K, et al. Novel hematological biomarkers predict survival in renal cell carcinoma patients treated with nephrectomy. Arch Med Sci. (2020) 16:1062–71. doi: 10.5114/aoms.2017.70250

17. Szkandera J, Stotz M, Eisner F, Absenger G, Stojakovic T, Samonigg H, et al. External validation of the derived neutrophil to lymphocyte ratio as a prognostic marker on a large cohort of pancreatic cancer patients. PLoS One. (2013) 8:e78225. doi: 10.1371/journal.pone.0078225

18. Rosales C. Neutrophil: a cell with many roles in inflammation or several cell types? Front Physiol. (2018) 9:113. doi: 10.3389/fphys.2018.00113

19. Quigley DA, Kristensen V. Predicting prognosis and therapeutic response from interactions between lymphocytes and tumor cells. Mol Oncol. (2015) 9:2054–62. doi: 10.1016/j.molonc.2015.10.003

20. Mezquita L, Auclin E, Ferrara R, Charrier M, Remon J, Planchard D, et al. Association of the lung immune prognostic Index with immune checkpoint inhibitor outcomes in patients with advanced non-small cell lung cancer. JAMA Oncol. (2018) 4:351–7. doi: 10.1001/jamaoncol.2017.4771

21. Kazandjian D, Gong Y, Keegan P, Pazdur R, Blumenthal GM. Prognostic value of the lung immune prognostic Index for patients treated for metastatic non-small cell lung cancer. JAMA Oncol. (2019) 5:1481–5. doi: 10.1001/jamaoncol.2019.1747

22. Sonehara K, Tateishi K, Komatsu M, Yamamoto H, Hanaoka M. Lung immune prognostic index as a prognostic factor in patients with small cell lung cancer. Thorac Cancer. (2020) 11:1578–86. doi: 10.1111/1759-7714.13432

23. Wang W, Huang Z, Yu Z, Zhuang W, Zheng W, Cai Z, et al. Prognostic value of the lung immune prognostic Index may differ in patients treated with immune checkpoint inhibitor monotherapy or combined with chemotherapy for non-small cell lung cancer. Front Oncol. (2020) 10:572853. doi: 10.3389/fonc.2020.572853

24. Li L, Pi C, Yan X, Lu J, Yang X, Wang C, et al. Prognostic value of the pretreatment lung immune prognostic Index in advanced small cell lung cancer patients treated with first-line PD-1/PD-L1 inhibitors plus chemotherapy. Front Oncol. (2021) 11:697865. doi: 10.3389/fonc.2021.697865

25. Hopkins AM, Kichenadasse G, Abuhelwa AY, McKinnon RA, Rowland A, Sorich MJ. Value of the lung immune prognostic Index in patients with non-small cell lung cancer initiating first-line atezolizumab combination therapy: subgroup analysis of the IMPOWER150 trial. Cancers (Basel). (2021) 13:1176. doi: 10.3390/cancers13051176

26. Criscitiello C, Marra A, Morganti S, Zagami P, Viale G, Esposito A, et al. Pretreatment blood parameters predict efficacy from immunotherapy agents in early phase clinical trials. Oncologist. (2020) 25:e1732–1742. doi: 10.1634/theoncologist.2020-0518

27. Chen L, Zhao R, Sun H, Huang R, Pan H, Zuo Y, et al. The prognostic value of gastric immune prognostic Index in gastric cancer patients treated with PD-1/PD-L1 inhibitors. Front Pharmacol. (2022) 13:833584. doi: 10.3389/fphar.2022.833584

28. He X, Wang Y, Ye Q, Wang Y, Min L, Luo Y, et al. Lung immune prognostic Index could predict metastasis in patients with osteosarcoma. Front Surg. (2022) 9:923427. doi: 10.3389/fsurg.2022.923427

29. Feng JF, Zhao JM, Chen S, Chen QX. Prognostic significance of the lung immune prognostic Index in patients with resected esophageal squamous cell carcinoma. Cancer Manag Res. (2021) 13:2811–9. doi: 10.2147/cmar.S298412

30. Yu Y, Wu H, Qiu J, Ke D, Wu Y, Lin M, et al. The novel pretreatment immune prognostic index discriminates survival outcomes in locally advanced non-operative esophageal squamous cell carcinoma patients treated with definitive chemoradiotherapy: a 6-year retrospective study. Transl Oncol. (2022) 21:101430. doi: 10.1016/j.tranon.2022.101430

31. Obayashi K, Miki J, Fukuokaya W, Yanagisawa T, Kimura S, Tsuzuki S, et al. The prognostic value of the preoperative lung immune prognostic index in patients with urothelial bladder cancer undergoing radical cystectomy. Int J Clin Oncol. (2022) 27:396–402. doi: 10.1007/s10147-021-02059-8

32. Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-informatics tool for biomarker assessment and outcome-based cut-point optimization. Clin Cancer Res. (2004) 10:7252–9. doi: 10.1158/1078-0432.CCR-04-0713

33. Garcea G, Ladwa N, Neal CP, Metcalfe MS, Dennison AR, Berry DP. Preoperative neutrophil-to-lymphocyte ratio (NLR) is associated with reduced disease-free survival following curative resection of pancreatic adenocarcinoma. World J Surg. (2011) 35:868–72. doi: 10.1007/s00268-011-0984-z

34. Wang DS, Luo HY, Qiu MZ, Wang ZQ, Zhang DS, Wang FH, et al. Comparison of the prognostic values of various inflammation based factors in patients with pancreatic cancer. Med Oncol. (2012) 29:3092–100. doi: 10.1007/s12032-012-0226-8

35. Stotz M, Gerger A, Eisner F, Szkandera J, Loibner H, Ress AL, et al. Increased neutrophil-lymphocyte ratio is a poor prognostic factor in patients with primary operable and inoperable pancreatic cancer. Br J Cancer. (2013) 109:416–21. doi: 10.1038/bjc.2013.332

36. Sugiura T, Uesaka K, Kanemoto H, Mizuno T, Okamura Y. Elevated preoperative neutrophil-to-lymphocyte ratio as a predictor of survival after gastroenterostomy in patients with advanced pancreatic adenocarcinoma. Ann Surg Oncol. (2013) 20:4330–7. doi: 10.1245/s10434-013-3227-8

37. Xue P, Kanai M, Mori Y, Nishimura T, Uza N, Kodama Y, et al. Neutrophil-to-lymphocyte ratio for predicting palliative chemotherapy outcomes in advanced pancreatic cancer patients. Cancer Med. (2014) 3:406–15. doi: 10.1002/cam4.204

38. Dolan RD, Laird BJA, Horgan PG, McMillan DC. The prognostic value of the systemic inflammatory response in randomised clinical trials in cancer: a systematic review. Crit Rev Oncol Hematol. (2018) 132:130–7. doi: 10.1016/j.critrevonc.2018.09.016

39. Suzuki R, Takagi T, Hikichi T, Konno N, Sugimoto M, Watanabe KO, et al. Derived neutrophil/lymphocyte ratio predicts gemcitabine therapy outcome in unresectable pancreatic cancer. Oncol Lett. (2016) 11:3441–5. doi: 10.3892/ol.2016.4381

40. Wang Y, Zhong X, Zhou L, Lu J, Jiang B, Liu C, et al. Prognostic biomarkers for pancreatic ductal adenocarcinoma: an Umbrella review. Front Oncol. (2020) 10:1466. doi: 10.3389/fonc.2020.01466

41. Wang Y, Xiao X, Wang T, Li L, Zhu Y, Xu H, et al. A survival model in locally advanced and metastatic pancreatic ductal adenocarcinoma. J Cancer. (2018) 9:1301–7. doi: 10.7150/jca.23984

42. Haas M, Heinemann V, Kullmann F, Laubender RP, Klose C, Bruns CJ, et al. Prognostic value of CA 19-9, CEA, CRP, LDH and bilirubin levels in locally advanced and metastatic pancreatic cancer: results from a multicenter, pooled analysis of patients receiving palliative chemotherapy. J Cancer Res Clin Oncol. (2013) 139:681–9. doi: 10.1007/s00432-012-1371-3

43. Tas F, Karabulut S, Ciftci R, Sen F, Sakar B, Disci R, et al. Serum levels of LDH, CEA, and CA19-9 have prognostic roles on survival in patients with metastatic pancreatic cancer receiving gemcitabine-based chemotherapy. Cancer Chemother Pharmacol. (2014) 73:1163–71. doi: 10.1007/s00280-014-2450-8

44. Xiao Y, Chen W, Xie Z, Shao Z, Xie H, Qin G, et al. Prognostic relevance of lactate dehydrogenase in advanced pancreatic ductal adenocarcinoma patients. BMC Cancer. (2017) 17:25. doi: 10.1186/s12885-016-3012-8

45. Greten FR, Grivennikov SI. Inflammation and cancer: triggers, mechanisms, and consequences. Immunity. (2019) 51:27–41. doi: 10.1016/j.immuni.2019.06.025

46. Xu SS, Li S, Xu HX, Li H, Wu CT, Wang WQ, et al. Haemoglobin, albumin, lymphocyte and platelet predicts postoperative survival in pancreatic cancer. World J Gastroenterol. (2020) 26:828–38. doi: 10.3748/wjg.v26.i8.828



OPS/images/fsurg-09-1002075-t001.jpg
Characteristics No. of patients  Percentage (%)
(n = 205)

Age (year), median (range) 63 (31-82)

<63 102 498

263 103 502
Gender

Male 128 624

Female 77 37.6
CEA (ng/L)

<5 156 76.1

>5 49 239
CA-125 (U/mL)

<35 173 844

>35 32 156
CA19-9 (U/mL)

<37 66 322

>37 139 67.8
Tumor location

Head 123 60.0

Body/tail 82 40.0
Differentiation

Well/moderately 103 502

Poorly 102 49.8
TNM stage

1 107 522

1 80 390

11 18 88
Neural invasion

No 53 259

Yes 152 74.1
Vascular invasion

No 161 785

Yes 44 215
Adjuvant chemotherapy

No 61 208

Yes 144 702
Smoking history

No 126 615

Yes 79 385
Drinking history

No 116 56.6

Yes 89 433
dNLR

<14 83 405

>14 122 595
LDH (U/L)

<5 177 863

2225 28 137
LIPI

Good 75 366

Intermediate 110 537

Poor 20 98






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Preoperative lung immune prognostic index predicts survival in patients with pancreatic cancer undergoing radical resection

		Introduction



		Methods



		Study population



		Assessment



		Statistical analysis











		Results



		Patients' characteristics



		LIPI intermediate/poor associated with worse RFS and os



		LIPI was an independent prognostic factors for os



		Subgroup analysis



		LIPI good benefited from adjuvant chemotherapy











		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Preoperative lung immune prognostic index
predicts survival in patients with
pancreatic cancer undergoing
radical resection





OPS/images/fsurg-09-1002075-t003.jpg
Variables

Age

Category

263 vs. <63

Univariate analysis

HR (95% CI)

141 (0.94, 2.09)

p-value

Multivariate analysis

HR (95% CI)

p-value

Gender

female vs. male

1.29 (0.86, 1.93)

CEA

>5 vs. <5

091 (056, 1.46)

CA-125

>35 vs. <35

1.86 (1.14, 3.04)

1.49 (0.88, 2.52)

CA19-9

>37 vs. <37

0.91 (0.60, 1.39)

Tumor location

bodytail vs. head

074 (049, 1.13)

Differentiation

pootly vs. well/moderately

162 (108, 2.41)

118 (0.76, 1.83)

TNM stage

stage IV/III vs. stage T

1.74 (117, 2.60)

1.16 (0.74, 1.83)

Neural invasion

yes vs. no

1.09 (069, 1.73)

Vascular invasion

yes vs. no

217 (142, 331)

188 (119, 2.97)

Smoking history

yes vs. no

091 (061, 1.37)

Drinking history

yes vs. no

086 (058, 1.28)

Chemotherapy

yes vs. 1o

0.46 (0.31, 0.69)

0.52 (0.34, 0.79)

LIP

intermediate/poor vs. good

2.37 (149, 3.79)

1.69 (1.01, 2.80)






OPS/images/fsurg-09-1002075-t002.jpg
Variables

Category

263 vs. <63

Univariate analysis

HR (95% CI)

1.16 (0.83, 1.61)

p-value

Multivariate

HR (95% Cl)

analysis

p-value

female vs. male

101 (0.72, 1.43)

>5 vs. <5

116 (0.80, 1.69)

CA-125

>35 vs. <35

1.94 (127, 2.96)

02, 2.44)

CA19-9

>37 vs. <37

108 (0.76, 1.54)

‘Tumor location

body/tail vs. head

101 (072, 1.41)

Differentiation

poorly vs. well/moderately

1.67 (120, 2.33)

131 (0.92, 1.88)

TNM stage

stage IV vs. stage T

162 (117, 2.25)

120 (0.84, 1.73)

Neural invasion

yes vs. no

1.29 (088, 191)

Vascular invasion

yes vs. no

201 (139, 2.91)

1.62 (108, 2.43)

Smoking history

yes vs. no

090 (065, 1.27)

Drinking history

yes vs. no

0.98 (0.71, 1.37)

Chemotherapy

yes vs. no

076 (053, 1.08)

LIPT

intermediate/poor vs. good

1.58 (111, 2.25)

1.39 (0.97, 2.00)






OPS/images/fsurg-09-1002075-g002.jpg
Intermediate/poor Good p-value for

RFS sub HR(95%C)  pvalue F 5
no. of events/no.at risk interaction
Overall 98/130 46/75 —— 158(1.11,2.25)  0.011 -
0.419
47/61 22/41 — 1.84(1.11,3.06)  0.019
51/69 24/34 H—— 137(0.84,223)  0.208
0134
60/81 32/47 H—— 130(085,2.00) 0229
38/49 14/28 e e 230(1.24,4.26)  0.008
0945
73/97 34/59 = 159 (106,2.40)  0.025
25/33 12/16 —— 1.44(0.72,2.88)  0.303
CA-125 (U/ml) 0937
<35 77/106 40/67 —— 152(1.03,222)  0.033
> 35 21/24 6/8 — 139(0.52,370) 0514
CA19-9 (U/mL) 0890
37 28/40 16/26 _—_— 150(0.81,2.78)  0.198
> 37 70/90 30/49 —— 161(1.05,247)  0.030
Tumor location 0.605
Head 66/87 22/36 H—=— 150(0.92,2.43)  0.103
Body/tail 32/43 24/39 ——— 183(107,3.14)  0.027
Differentiation 0320
Well/moderately 36/57 26/46 —_——— 125(0.76,207)  0.386
Poorly 62/73 20/29 e — 1.85(1.11,3.08)  0.017
TNM stage 0397
1 41/59 26/48 —— 172(1.05,281)  0.032
nm 57/71 20/27 e 1.20(0.72,201)  0.477
Neural invasion 0598
No 23/34 10/19 — 1.80(0.86,3.80)  0.122
Yes 75/96 36/56 —— 150(1.00,2.23)  0.048
Vascular invasion 0944
No 70/99 35/62 —— 155(1.03,233) 0034
Yes 28/31 11/13 ———— 145(0.72,294)  0.299
Chemotherapy 0147
No 37/51 810 == 092(0.43,1.98)  0.826
61/79 38/65 —— 175(1.16,262)  0.007
Smoking history 0842
No 60/79 20/47 f=— 152(0.98,237)  0.063
Yes 38/51 17/28 —— 1.70(0.95,3.02)  0.072
Drinking history. 0740
No 56/72 26/44 ———1 167(1.05,2.66) 0031
Yes 42/58 20/31 o — 1.50(0.88,257)  0.139






OPS/images/fsurg-09-1002075-g001.jpg
Percent survival

=i= LIPlintermediate/poor  ~i=

Pl

1 good

MRFS:83vs 17.1m
158 (1.11,225)

HR (95% CI

Log-rank test p-value = 0.011

Number at risk
LIPI good

LIP! intermediate/poor

T T
2 18 2

RFS (Months)
% 23 15

4 28 2

Percent survival

~=l= LIPlintermediate/poor

== LIPIgood

mOS: 18.6 m vs not reached
HR (95% C|

237 (1.49,379)

Log-rank test p-value < 0.001

Number at risk
LIPI good

LIP! intermediate/poor

T T T T T T T 1

o 6 12 18 24 30 3% 4
0S (Months)

75 T4 50 34 30 7 1 0

130 109 72 49 33 18 4 0





OPS/images/fsurg-09-1002075-t004.jpg
Clinical characteristics

Age (year)

LIPI p-value

Good | Intermediate/poor

Gender

Male

Female

CEA (ng/L)

CA-125 (U/ml)

<35

>35

CA19-9 (U/ml)

Tumor location

Head

Body/tail

Differentiation

Well/moderately

Poorly

TNM stage

Neural invasion

No

Yes

Vascular invasion

No

Yes

Adjuvant chemotherapy

No

Yes

Smoking history

No

Yes

Drinking history

No

Yes






OPS/images/fsurg-09-1002075-g005.jpg
100

Percent survival

- Ny e T S
mRFS:8.9vs 8.0m
HR (95% CI): = 0.97 (0.65, 1.46)
Log-ank test p-value = 0.889

Number at risk
With chemotherapy

Without chemotherapy

N ey =S T ey

HR (9

B s e
7 (042,1.08)

5%
Log-rank. e .mm

0.082

B 100
5

3
i

&

s
L
Number at risk
Wi chemtherapy

Without chemotherapy





OPS/images/fsurg-09-1002075-g004.jpg
A =l= With chemotherapy —i— Without chemotherapy B == With chemotherapy —i= Without chemotherapy

MRFS: 203 v 7.9 m 100
HR (95% CI): = 050 (0.23, 1.08)
Log-rank test p-value = 0.078

mOS: not reached vs 8.8 m
HR (95% CI): = 0.24 (0.10, 0.59)
Log-rank test p-value = 0,002

Percent survival
Percent survival

25 25
T T T T T T T 1 T T T T T T T 1
[ & 12 18 24 0 3% 4 0 & 12 18 24 3 3% 42
RFS (Months) 08 (Months)
Number at risk Number at risk
With chemotherapy 65 54 34 21 14 8 10 With chemotherapy 65 65 47 31 28 15 1 0
Without chemotherapy 10 ) 2 2 1 1 0o o Without chemotherapy 10 9 3 3 2 2 0o o






OPS/images/fsurg-09-1002075-g003.jpg
Intermediate/poor Good p-value for

05 suby HR (95% CI) pvalue | .
no. of events/no.at risk interaction
Overall 76/130 23/75 —— 237(1.49,379)  <0.001 -
Age (year) 0.365
35/61 10/41 —— 292(1.44,590)  0.003
41/69 13/34 —— 188(1.01,351)  0.047
0.023
42/81 18/47 —— 160(0.92,278)  0.096
34/49 5/28 ————————————————  540(209,13.96) 0001
CEA (pg/t) 0838
5 59/97 18/59 —— 232(137,3.94)  0.002
>5 17/33 5/16 ———— 232(0.85,6.30)  0.101
CA-125 (U/mL) 0.087
=35 61/106 18/67 —— 269(1.59,455)  <0.001
> 35 15/24 5/8 —-— 090(0.33,2.49)  0.839
CA19.9 (U/mL) 0.498
37 25/40 826 —— 305(137,681)  0.006
>37 51/90 15/49 —— 211(1.19,376) 0011
Tumor location 0.061
Head 51/87 15/36 —— 158(0.89,2.8)  0.121
Body/tail 25/43 8/39 —_— 405(1.82,9.03) 0001
Differentiation 0741
Well/moderately 29/57 13/46 —— 210(1.09,4.05 0.0
Poorly 47/73 10/29 . 248(1.25,4.92)  0.009
TNM stage 0.050
[ 31/59 10/48 —— 344(168,7.03) 0001
i 45/71 13/27 He— 133(0.72,247) 0367
Neural invasion 0.496
No 19/34 5/19 — 230(111,809) 0031
Yes 57/96 18/56 —— 216(1.27,3.67)  0.005
Vascular invasion 0.553
No 51/99 16/62 —— 246(1.40,431)  0.002
Yes 25/31 7/13 ] 176(0.76,4.06)  0.189
Chemotherapy 0.045
No 32/51 7710 —— 095(0.42,2.16)  0.908
Yes 4479 16/65 —— 274(154,4.85)  0.001
Smoking history. 0.759
No 47/79 14/47 —— 248(1.36,451)  0.003
Yes 29/51 9/28 —— 223(1.05,473) 003
Drinking history. 0738
No 4s/72 13/44 —— 253(1.36,469)  0.003
Yes 31/58 10/31 —— 2.21(1.08,4.52) 0.030









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





