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Abstract

 Background—The systemic inflammatory response may be associated with tumor 

progression. We sought to analyze the impact of neutrophil-lymphocyte ratio (NLR) and platelet-

lymphocyte ratio (PLR) on recurrence-free survival (RFS) and disease-specific survival (DSS) 

among patients who underwent surgery for adrenocortical carcinoma (ACC).

 Methods—Patients undergoing surgery for ACC were identified from a multi-center database. 

Cut-off values of 5 and 190 were defined as elevated NLR and PLR, respectively, and long-term 

outcome was assessed.
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 Results—Among 84 patients with ACC, 29 (34.%) had NLR >5 while 32 (40.5%) had PLR 

>190. NLR and PLR were associated with larger tumors (NLR >5: ≤ 5 cm, 0% vs. >5 cm, 39.7%; 

PLR >190: ≤ 5cm, 0% vs. >5 cm, 45.7%), as well as need to resect of other organs (NLR >5: other 

organ resected 48.8% vs. not resected 20.9%; PLR >190: other organ resected 25.0% vs. not 

resected 56.4%)(all P <0.05). Five-year RFS was associated with an elevated NLR (NLR ≤ 5, 

14.2% vs. NLR>5, 10.5%) and PLR (PLR ≤190: 19.4% vs. PLR >190: 5.2%) (both P <0.05). On 

multivariate survival analyses, PLR remained a predictor of RFS (HR 1.72), while NLR was 

associated with both DSS (HR 2.21) and RFS (HR 1.99) (both P <0.05).

 Conclusions—Immune markers such as NLR and PLR may be useful to stratify patients with 

regards to prognosis following surgery for ACC.
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 INTRODUCTION

Adrenocortical carcinoma (ACC) is a very rare endocrine cancer with an annual incidence of 

1–2 patients per million [1]. About 40–60% of ACC are functional with hormonal hyper-

secretion that can be characterized by several well-defined clinical presentations (e.g., 

Cushing’s syndrome, feminization/masculinization, and hyperaldosteronism) [2]. Other 

ACC tumors are non-functional and typically can present with abdominal pain, weight loss, 

and other constitutional symptoms or incidentally [3]. In fact, with the increasing use of 

cross-sectional imaging, a growing number of patients have asymptomatic and 

nonfunctioning ACC that are discovered during exams performed for other unrelated 

medical reasons [4,5]. When discovered, surgery remains the only possible curative 

treatment for patients with ACC [6,7]. Despite several studies suggesting an improved 

survival over the last 20 years, the prognosis of patients after surgical resection is not well 

defined with overall 5-year survival ranging widely from 16% to 77% [8–11]. Currently, the 

most commonly utilized scheme to predict prognosis for patients with ACC is the AJCC 

tumor, node, metastasis (TNM) staging system [12]. While several tumor specific 

morphologic factors have been associated with prognosis (e.g., tumor size), other prognostic 

factors are not well defined, largely because of the small sample size of most studies [13,14]. 

Several studies have examined prognostic factors including patient- and tumor-specific 

characteristics, but the impact of other constitutional factors such as the immune system 

have not been investigated among patients with ACC [10,13,15,16].

The role of chronic inflammation in promoting tumor progression has been a topic of 

increasing interest. In fact, the systemic inflammatory response has been associated with 

outcomes in several types of cancer including gastric, liver, pancreatic, colorectal, and breast 

cancer [17–20]. The complex interaction between inflammation and cancer involves 

multiple elements of the immune system as myeloid, T-, and B-cells exert either pro- or anti-

tumor proprieties [21]. In particular, chronically activated leukocytes have been 

demonstrated to supply direct and indirect growth factors such as epidermal growth factor 

(EGF), transforming growth factor-β (TGFβ), tumor necrosis factor-α (TNF-α), fibroblast 

growth factors (FGF), and interleukins (ILs 4, 8, 10, and 13) stimulating vascular 
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angiogenesis, proliferation of cancers, and stromal tissue [22,23]. Recently, several studies 

have reported that peripheral blood-derived inflammation-based scores, such as the 

neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR), may be associated 

with long-term outcomes in patients undergoing surgical treatments for solid cancers 

[24,25]. To our knowledge, however, the patient’s inflammatory status has not been 

investigated as a predictor of survival after surgery for ACC. As such, the aim of the present 

study was to analyze the impact of NLR and PLR on postoperative outcomes, recurrence 

free survival (RFS), and disease-specific survival (DSS) among patients who underwent 

surgical resection for ACC.

 METHODS

 Patient Population and Data Collection

A multi-institutional database consisting of 265 patients with ACC who underwent surgery 

from 1993 to 2013 at 13 major surgery centers in the United States (Johns Hopkins Hospital; 

Emory University Hospital; Medical College of Wisconsin Medical Center; New York 

University Medical Center; Ohio State University Wexner Medical Center; Stanford 

University Medical Center; University of Wisconsin Hospital; University of California San 

Diego Medical Center; University of California San Francisco Medical Center; University of 

Texas Southwestern Medical Center; Vanderbilt University Medical Center; Wake Forest 

Baptist Medical Center; Washington University Medical Center) was used for this study. The 

institutional review board of each participating institution approved this study. Only patients 

with a complete blood count including a white blood cell differential count performed within 

30 days before the date of surgery were included in this study. Exclusion criteria were signs 

of active infection or sepsis at the time of surgery and coexisting inflammatory conditions 

such as hematological or autoimmune disorders.

Patient demographic and clinicopathological data were collected on all patients. In particular 

age, gender, American Society of Anesthesiologist (ASA) status, and coexisting comorbidity 

data were collected. Data regarding ACC clinical presentation included type of diagnosis 

(incidentaloma or symptomatic disease), functional status, hormonal hypersecrection, and 

tumor size defined as the maximal diameter of the lesion in the resected specimen. AJCC 

staging system 7th edition was used to classify ACC according to tumor (T), nodes (N), and 

metastatic (M) status [12]. Type of surgery (adrenalectomy and resection extended to other 

organs), major vascular resection (inferior vascular exclusion), and margin status were also 

collected. Data on short-term outcomes included incidence of complication and readmission 

within 90 days of surgery. Variables regarding postoperative treatment were also collected 

including systemic chemotherapy, specific mitotane-based chemotherapy, and radiotherapy.

The primary outcome was RFS calculated the time from operation to the date of recurrence. 

Time was censored at the date of last follow-up assessment for patients who did not relapse. 

The secondary outcome was DSS calculated from the time of operation to the date of death 

related to ACC. Time was censored at the date of the last follow-up for the patients who 

were still alive or at the date of death for patients who died from causes other than ACC.
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NLR and PLR were calculated by dividing the absolute number of neutrophils or platelets by 

the absolute number of lymphocytes measured within 30 days before surgery as part of the 

routine preoperative workup of patients. Cut-off values of 5 and 190 were used as a 

threshold to define an elevated NLR and PLR accordingly to previous data reported in the 

literature [19].

 Statistical Analysis

Continuous variables were reported as the median and interquartile range (IQR) and as 

whole number and percentages for categorical variables. The distributions of categorical and 

numerical variables between independent groups were compared using Fisher’s exact test 

and the Mann–Whitney U-test, respectively. Survival was estimated using the Kaplan–Meier 

method and differences between curves were determined using the log-rank test. Statistically 

significant variables in the univariate analysis (P <0.05) were included in the multivariate 

analysis using a Cox proportional hazard regression model with backward elimination 

method (likelihood-ratio test). A P-value of 0.10 was the threshold used for the selection of 

variables in multivariate models. Point estimates were reported as a hazard ratio (HR) with a 

95% CI only for the variables selected with the elimination method. All analyses were 

performed with STATA version 12.0 (StataCorp LP, College Station, Texas).

 RESULTS

 Patient Cohort Characteristics

After excluding patients who did not have a complete blood count within 30 days of surgery, 

as well as patients who had signs of active infection, 84 patients who underwent surgery for 

ACC were included in the study cohort. The majority of patients were female (n = 48, 

56.5%) and older than 50 years (n =48, 56.6%) with a median age at diagnosis of 51.5 years. 

Forty-eight (56.5%) patients had an ASA status of 3–4 and the most frequent comorbidities 

were diabetes mellitus (n =13, 15.5%), coronary artery disease (n =8, 9.5%), and chronic 

obstructive pulmonary disease (n =8, 9.5%). ACC was an incidental finding on imaging 

done for other medical reasons in 36 (42.8%) patients. The ACC tumor was functional in 44 

(52.4%) cases with most hormonal symptoms related to excess glucocorticoids (n =21, 

25.0%), followed by androgens/estrogens (n =18, 21.5%) or mineralocorticoids (n =5, 

5.9%). The vast majority of patients (n =73, 86.9%) had a tumor >5 cm. At the time of 

surgery, most patients had an open approach (n =67, 79.7%), while a minority underwent 

minimally invasive adrenalectomy (n =17, 20.3%). Forty-one (48.8%) patients underwent a 

resection of other organs involved by the ACC. The incidence of complications and 

readmission within 90 days of surgery were 30.9% and 22.6%, respectively. On final 

pathology, according to the AJCC staging system, 40 (47.6%) patients had T 3–4 disease, 14 

(16.7%) N1 disease, and 22 (26.2%) had distant metastasis (M1). Fifty-one (60.7%) patients 

received peri-operative systemic chemotherapy; 38 (45.2%) patients received postoperative 

mitotane.

Table I shows the association of clinicopathological characteristics with NLR and PLR. 

Preoperatively, NLR was >5 in 29 (34.5%) patients while PLR was >190 in 32 (40.5%) 

patients. In assessing patient comorbidity and ACC clinical presentation, an elevated NLR 
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(>5) was associated with chronic renal insufficiency (present 100% vs. not present 31.6%; P 
=0.005), diabetes mellitus (present 69.2% vs. not present 28.6%; P =0.005), and functional 

ACC tumor status (functional 50.0% vs. non-functional 20.6%; P =0.008). Furthermore, an 

elevated NLR was more common among patients with larger tumors (≤5 cm 0% vs. >5 cm 

39.7%; P =0.037); therefore, perhaps not surprisingly, those patients who required 

concomitant resection of other organs involved by the ACC were more likely to have an 

elevated NLR (other organ resected 48.8% vs. not resected 20.9%; P =0.007). NLR was also 

associated with an advanced AJCC tumor stage (OR 2.72, 95%CI 1.03–7.20; P =0.04) and a 

positive surgical margin (OR 3.61, 95%CI 1.29–10.1; P =0.01). Similarly, an elevated PLR 

(>190) was associated with tumor size (≤5 cm 0% vs. >5 cm 45.7%; P =0.019) and with 

resection of other organs involved by ACC (other organ resected 25.0% vs. not resected 

56.4%; P =0.004). In the post-operative period, an elevated NLR was associated with both 

the incidence of post-operative complications (occurrence 53.9% vs. not occurrence 25.0%; 

P =0.015) and readmission within 90 postoperative days (readmission 63.2% vs. not 

readmission 28.8%; P =0.007). In contrast, PLR was not associated with either postoperative 

complications or readmission (both P >0.05).

 Long-Term Outcome: Recurrence Free Survival

The median RFS for the entire cohort was 11.0 months (IQR, 3.8–40.4) and the1-,3-, and 5-

year RFS were 44.1%, 25.4%, and 12.9%, respectively. On univariate analysis, factors 

associated with shorter RFS were functional status, AJCC T, N, and M stage, peri-operative 

complications, as well as NLR and PLR (Table II). Specifically, patients with an NLR ≤5 

had a median RFS of 13.8 months compared with 5.3 months for patients with an NLR >5. 

The 1-, 3-, and 5-year RFS for patients with a NLR <5 was 52.7%, 27.7%, and 14.2%, 

respectively, compared with 26.1%, 20.9%, and 10.5% for patients with a NLR >5 (P 
=0.022; Fig. 1a). Similarly, median survival of patients with a PLR ≤190 was 11.5 months 

compared with 5.7 months among patients with an elevated PLR >190. The 1-, 3-, and 5-

year RFS for patients with a PLR ≤190 was 49.6%, 32.4%, and 19.4% versus 34.8%, 15.5%, 

and 5.2% for patients with a PLR >190 (P =0.021; Fig. 1b). On the multivariate analysis, in 

additional to functional tumor status (HR 1.74, 95%CI 0.95–3.20), AJCC T stage (HR 2.09, 

95% 1.11–3.94), and PLR (HR 1.72, 95%CI 0.96–3.09) remained an independent predictor 

of a shorter RFS (all P <0.10; Table II). In contrast, after controlling for other competing risk 

factors, NLR was not associated with RFS (HR 1.28, 95%CI 0.65–2.51; P =0.474).

 Long-Term Outcome: Disease Specific Survival

The median DSS for the entire cohort was 31.7 months (IQR, 11.4–90.9) and the 1-, 3-, and 

5-year DSS was 74.7%, 48.3%, and 40.3%, respectively. On univariate analysis, diabetes, 

AJCC stage (T, N, and M status), positive surgical margins, peri-operative complications, 

and readmission were all associated with DSS (Table III). In addition, NLR >5 was 

associated with long-term outcome. Specifically, the 1-, 3-, and 5-year DSS for patients with 

a NLR ≤5 was 88.3%, 57.7%, and 49.4% versus 50.8%, 32.6%, and 24.4% for patients with 

a NLR >5 (P <0.001; Fig. 2a). Conversely, PLR was not associated with DSS as the median 

DSS for patients with a PLR ≤190 was 24.0 months versus 36.5 months for patients with a 

PLR >190 (P =0.756; Fig. 2b). On the multivariate analysis, AJCC T (HR 3.91, 95% 1.76–
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8.73) and M status (HR 2.42, 95%CI 1.10–5.35), as well as NLR (HR 2.21, 95%CI 1.10–

4.43) remained independent predictors of a shorter DSS (all P <0.05; Table III).

 DISCUSSION

There is increasing evidence that the presence of a systemic inflammatory response may be 

associated with outcomes among patients with a variety of solid tumors [27]. For example, a 

high C-reactive protein (CRP) concentration has been associated with tumor progression in 

colorectal cancer [28,29], as well as worse OS among patients with pancreatic [30], rectal 

[31], gastric [32], and lung cancer [33]. Furthermore, the modified Glasgow Prognostic 

Score (mGPS), which combines data about peripheral blood albumin level with CRP, has 

been utilized to stratify cancer patients accurately with regards prognosis [34]. In fact, a 

large retrospective study demonstrated that the mGPS was able to separate patients with a 

wide array of malignant diseases into three distinct prognostic groups [35]. More recently, 

NLR and PLR have been investigated as possible markers of a patient’s immune status and 

predictors of long-term survival. NLR and PLR have intuitive appeal, as these blood values 

are easy to obtain and are often routinely measured in the peri-operative period. While 

several studies have noted an association of NLR and PLR with RFS and DSS for several 

cancers including HCC [36], ovarian cancer [37], and vulva carcinoma [38], no previous 

study has evaluated the impact of NLR and PLR on short-term and long-term outcomes of 

patients undergoing surgical resection for ACC. As such, the current study is important 

because it examined the association of NLR and PLR on outcome among ACC patients 

using a large, multi-center database. Of note, an elevated NLR >5 was associated with worse 

short-term outcomes such as an increased risk of perioperative complications (OR 3.5) and 

readmission (OR 4.2). Furthermore, we found that a PLR >190 was associated with tumor 

recurrence after surgery. Specifically, an elevated PLR was associated with a 1.8-fold 

increased risk of recurrence, while NLR was associated with a 2.2-fold risk of disease 

related death. As such, the data strongly suggest that NLR and PLR may be helpful in 

stratifying the post-operative prognosis of patients with ACC.

The functional relationship between inflammation and cancer has long been a topic of much 

interest [22,23]. Virchow first hypothesized that cancer occurred at sites of chronic 

inflammation with immune cells releasing factors that stimulate proliferation of tumor cells, 

while Coley successfully treated sarcomas with bacterial mixtures leading to tumor 

regression mediated by acutely activated cytotoxic immune cells [39,40]. The contrasting 

properties of the immune systems are due, in part, to functional plasticity of myeloid and 

lymphoid-linage cells that likely exert both pro- or anti-tumor effects [41,42]. For example, 

macrophages exposed to interleukin-4 (IL-4) enhance angiogenesis in mammary carcinoma 

and derivative metastasis by secreting vascular endothelial growth factor (VEGF) and 

epidermal growth factor (EGF) [43]. In contrast, when macrophages are activated through 

CD40 (a tumor necrosis factor [TNF] receptor superfamily member), these cells exert an 

anti-tumor effect and deplete tumor stroma enabling other immune cells and cytotoxic drugs 

access to the tumor [44]. In the clinical setting, NLR and PLR have been demonstrated to be 

relevant preoperative markers of a patient’s immune status and to correlate to the long-term 

prognosis of many patients undergoing surgical resection of solid tumors [45,46]. In patients 

with cancer, neutrophilia may be associated with the production of inflammatory cytokines 
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(IL-6 and TNF-α) [47], growth factors [48], and granulocyte colony stimulating factor [49], 

indicating the presence of cancer-related inflammation. Similarly, tumor cells secreting 

VEGF and cytokines (IL-1 and IL-6) can stimulate megakaryocytes differentiation leading 

to thrombocytosis [50]. Both tumor-associated neutrophils and platelets may promote tumor 

proliferation, facilitate metastatic disease by releasing pro-angiogenic mediators (VEGF), 

and lead to more aggressive tumors by inhibiting the function of cytotoxic lymphocytes 

[19,51]. Specifically, TNF-α and angiogenesis factors have been noted to be potent 

regulators of steroidogenesis and cell viability of adrenocortical cells [52,53].

In the present study, more than 30% of patients had an elevated preoperative NLR (>5), and 

almost 40% had an elevated PLR (>190). Interestingly, patients with a high NLR and PLR 

had a larger tumor (>5 cm) and were more likely to require an extended surgical resection 

that included other surrounding organs invaded by the ACC lesion. Interestingly, both NLR 

and PLR levels were also associated with long-term outcomes. While PLR was a strong 

predictor of RFS, NLR had a prognostic role for both RFS and DSS. Specifically, patients 

who had an elevated NLR >5 had an increased risk developing a recurrence versus patients 

with a NLR ≤ 5 (HR 1.9) (Fig. 1a). Similarly, patients with a PLR >190 had a shorter 5-year 

RFS compared with patients who had a PLR ≤ 190, with this association remaining 

significant on multivariate analysis (HR 1.7) (Table Ib). In contrast, only NLR was 

associated with an increased odds of death (DSS, HR 2.2) on multivariate survival analysis.

Results from the current study are consistent with those reported by Templeton et al. in a 

large meta-analysis that included a wide array of solid tumors such as gastro-esophageal, 

pancreatic, hepatocellular, renal, and lung cancer [25]. Our report expands on this previous 

work by demonstrating that NLR and PLR were also associated with adverse DSS for 

patients with ACC. Of note, while NLR was associated with RFS on univariate analysis, 

NLR did not remain significant in the multivariate survival model for RFS. The reasons for 

this are undoubtedly multifactorial and may have been influenced by limited sample size. It 

is interesting to note, however, that Spolverato et al. reported a similar phenomenon for 

patients with hepatopancreaticobiliary malignancy: NLR was a strong predictor of OS but 

not RFS [19]. Taken together, these data suggest that NLR, and perhaps PLR to a lesser 

degree, are indicators of a perioperative inflammatory state and can be used to predict long-

term prognosis after surgery.

Our study had several limitations that need to be considered. Given its retrospective design, 

the current study was subject to possible selection bias, as well as diagnostic bias. Moreover, 

despite including data from 13 major centers across the United States, the sample size 

remained relatively small due to the rarity of ACC. This limited our ability to perform a 

certain statistical analyses and increased the risk of a type II statistical error. However, it is 

important to note that the results of NLR and PLR for ACC patients were similar to those 

reported in the literature for other types of cancer, providing some degree of external 

validity.

In conclusion, immune markers such as NLR and PLR may be useful to stratify patients 

with regards to prognosis following surgery for ACC. In the current study, we demonstrated 

that an elevated preoperative NLR and PLR were associated with long-term outcome. While 
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PLR was associated with only RFS, an elevated NLR was associated with both a worse RFS 

and DSS among patients undergoing surgery for ACC. NLR and PLR are easily determined 

using preoperative labs and therefore may be helpful in determining prognosis of patients 

following surgery for ACC.

References

1. Else T, Kim AC, Sabolch A, et al. Adrenocortical carcinoma. Endocr Rev. 2014; 35:282–326. 
[PubMed: 24423978] 

2. Dackiw AP, Lee JE, Gagel RF, et al. Adrenal cortical carcinoma. World J Surg. 2001; 25:914–926. 
[PubMed: 11572033] 

3. Kebebew E, Reiff E, Duh QY, et al. Extent of disease at presentation and outcome for adrenocortical 
carcinoma: Have we made progress? World J Surg. 2006; 30:872–878. [PubMed: 16680602] 

4. Bovio S, Cataldi A, Reimondo G, et al. Prevalence of adrenal incidentaloma in a contemporary 
computerized tomography series. J Endocrimol Invest. 2006; 29:298–302.

5. Abdel-Aziz TE, Rajeev P, Sadler G, et al. Risk of adrenocortical carcinoma in adrenal tumours 
greater than 8 cm. World J Surg. 2015; 39:1268–1273. [PubMed: 25526921] 

6. Kendrick ML, Lloyd R, Erickson L, et al. Adrenocortical carcinoma: Surgical progress or status 
quo? Arch Surg. 2001; 136:543–549. [PubMed: 11343545] 

7. Gaujoux S, Al-Ahmadie H, Allen PJ, et al. Resection of adrenocortical carcinoma liver metastasis: 
Is it justified? Ann Surg Oncol. 2012; 19:2643–2651. [PubMed: 22526905] 

8. Crucitti F, Bellantone R, Ferrante A, et al. The Italian Registry for adrenal cortical carcinoma: 
Analysis of a multiinstitutional series of 129 patients. The ACC Italian Registry study group. 
Surgery. 1996; 119:161–170. [PubMed: 8571201] 

9. Kerkhofs TM, Verhoeven RH, Van der Zwan JM, et al. Adrenocortical carcinoma: A population-
based study on incidence and survival in the Netherlands since 1993. Eur J Cancer. 2013; 49:2579–
2586. [PubMed: 23561851] 

10. Tran TB, Liou D, Menon VG, et al. Surgical management of advanced adrenocortical carcinoma: 
A 21-year population-based analysis. Am Surg. 2013; 79:1115–1118. [PubMed: 24160811] 

11. Kerkhofs TM, Verhoeven RH, Bonjer HJ, et al. Surgery for adrenocortical carcinoma in The 
Netherlands: Analysis of the national cancer registry data. Eur J Endocrinol. 2013; 169:83–89. 
[PubMed: 23641018] 

12. Edge, SBBD.; Compton, CC.; Fritz, AG., et al. AJCC cancer staging manual. 7. New York: 
Springer; 2010. 

13. Bilimoria KY, Shen WT, Elaraj D, et al. Adrenocortical carcinoma in the United States: Treatment 
utilization and prognostic factors. Cancer. 2008; 113:3130–3136. [PubMed: 18973179] 

14. Allolio B, Fassnacht M. Clinical review: Adrenocortical carcinoma: Clinical update. J Clin 
Endocrinol Metab. 2006; 91:2027–2037. [PubMed: 16551738] 

15. Canter DJ, Mallin K, Uzzo RG, et al. Association of tumor size with metastatic potential and 
survival in patients with adrenocorti-cal carcinoma: An analysis of the National Cancer Database. 
Can J Urol. 2013; 20:6915–6921. [PubMed: 24128829] 

16. Fassnacht M, Johanssen S, Fenske W, et al. Improved survival in patients with stage II 
adrenocortical carcinoma followed up prospectively by specialized centers. J Clin Endocrinol 
Metab. 2010; 95:4925–4932. [PubMed: 20668036] 

17. Petrelli F, Barni S, Coinu A, et al. The modified Glasgow prognostic score and survival in 
colorectal cancer: A pooled analysis of the literature. Rev Recent Clin Trials. 2015

18. Li C, Wen TF, Yan LN, et al. Postoperative neutrophil-to-lymphocyte ratio plus platelet-to-
lymphocyte ratio predicts the outcomes of hepatocellular carcinoma. J Surg Res. 2015

19. Spolverato G, Maqsood H, Kim Y, et al. Neutrophil-lymphocyte and platelet-lymphocyte ratio in 
patients after resection for hepato-pancreaticobiliary malignancies. J Surg Oncol. 2015; 111:868–
874. [PubMed: 25865111] 

BAGANTE et al. Page 8

J Surg Oncol. Author manuscript; available in PMC 2016 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



20. Lee S, Oh SY, Kim SH, et al. Prognostic significance of neutrophil lymphocyte ratio and platelet 
lymphocyte ratio in advanced gastric cancer patients treated with FOLFOX chemotherapy. BMC 
Cancer. 2013; 13:350. [PubMed: 23876227] 

21. Makkouk A, Weiner GJ. Cancer immunotherapy and breaking immune tolerance: New approaches 
to an old challenge. Cancer Res. 2015; 75:5–10. [PubMed: 25524899] 

22. Coussens LM, Zitvogel L, Palucka AK. Neutralizing tumor-promoting chronic inflammation: A 
magic bullet? Science. 2013; 339:286–291. [PubMed: 23329041] 

23. Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002; 420:860–867. [PubMed: 
12490959] 

24. Li MX, Liu XM, Zhang XF, et al. Prognostic role of neutrophil-to-lymphocyte ratio in colorectal 
cancer: A systematic review and meta-analysis. Int J Cancer. 2014; 134:2403–2413. [PubMed: 
24122750] 

25. Templeton AJ, McNamara MG, Seruga B, et al. Prognostic role of neutrophil-to-lymphocyte ratio 
in solid tumors: A systematic review and meta-analysis. J Cancer. 2014; 106:124.

26. Edge, SB.; Compton, CC.; Fritz, AG., et al. AJCC cancer staging manual. New York: Springer; 
2010. 

27. McMillan DC, Elahi MM, Sattar N, et al. Measurement of the systemic inflammatory response 
predicts cancer-specific and non-cancer survival in patients with cancer. Nutr Cancer. 2001; 41:64–
69. [PubMed: 12094630] 

28. McMillan DC, Wotherspoon HA, Fearon KC, et al. A prospective study of tumor recurrence and 
the acute-phase response after apparently curative colorectal cancer surgery. Am J Surg. 1995; 
170:319–322. [PubMed: 7573721] 

29. Goransson J, Jonsson S, Lasson A. Pre-operative plasma levels of C-reactive protein, albumin and 
various plasma protease inhibitors for the pre-operative assessment of operability and recurrence in 
cancer surgery. Eur J Surg Oncol. 1996; 22:607–617. [PubMed: 9005149] 

30. Chen J, Wu W, Zhen C, et al. Expression and clinical significance of complement C3, complement 
C4b1 and apolipoprotein E in pancreatic cancer. Oncol Lett. 2013; 6:43–48. [PubMed: 23946775] 

31. Nielsen HJ, Christensen IJ, Sorensen S, et al. Preoperative plasma plasminogen activator inhibitor 
type-1 and serum C-reactive protein levels in patients with colorectal cancer. The RANX05 
colorectal cancer study group. Ann Surg Oncol. 2000; 7:617–623. [PubMed: 11005561] 

32. Fujita T, Hara A, Yamazaki Y. The value of acute-phase protein measurements after curative gastric 
cancer surgery. Arch Surg. 1999; 134:73–75. [PubMed: 9927135] 

33. Reitter EM, Ay C, Kaider A, et al. Interleukin levels and their potential association with venous 
thromboembolism and survival in cancer patients. Clin Exp Immunol. 2014; 177:253–260. 
[PubMed: 24580121] 

34. Imrie CW. Host systemic inflammatory response influences outcome in pancreatic cancer. 
Pancreatology. 2015

35. Proctor MJ, Morrison DS, Talwar D, et al. A comparison of inflammation-based prognostic scores 
in patients with cancer. A Glasgow inflammation outcome study. Eur J Cancer. 2011; 47:2633–
2641. [PubMed: 21724383] 

36. Lai Q, Castro Santa E, Rico Juri JM, et al. Neutrophil and platelet-to-lymphocyte ratio as new 
predictors of dropout and recurrence after liver transplantation for hepatocellular cancer. Transpl 
Int. 2014; 27:32–41. [PubMed: 24118272] 

37. Raungkaewmanee S, Tangjitgamol S, Manusirivithaya S, et al. Platelet to lymphocyte ratio as a 
prognostic factor for epithelial ovarian cancer. J Gynecol Oncol. 2012; 23:265–273. [PubMed: 
23094130] 

38. Ertas IE, Gungorduk K, Akman L, et al. Can preoperative neutrophil: Lymphocyte and 
platelet:lymphocyte ratios be used as predictive markers for lymph node metastasis in squamous 
cell carcinoma of the vulva? Eur J Obstet Gynecol Reprod Biol. 2013; 171:138–142. [PubMed: 
23992992] 

39. Balkwill F, Mantovani A. Inflammation and cancer: Back to Virchow? Lancet. 2001; 357:539–545. 
[PubMed: 11229684] 

40. Wiemann B, Starnes CO. Coley’s toxins, tumor necrosis factor and cancer research: A historical 
perspective. Pharmacol Ther. 1994; 64:529–564. [PubMed: 7724661] 

BAGANTE et al. Page 9

J Surg Oncol. Author manuscript; available in PMC 2016 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



41. Hanahan D, Weinberg RA. Hallmarks of cancer: The next generation. Cell. 2011; 144:646–674. 
[PubMed: 21376230] 

42. Hanahan D, Coussens LM. Accessories to the crime: Functions of cells recruited to the tumor 
microenvironment. Cancer Cell. 2012; 21:309–322. [PubMed: 22439926] 

43. Ruffell B, Affara NI, Coussens LM. Differential macrophage programming in the tumor 
microenvironment. Trends Immunol. 2012; 33:119–126. [PubMed: 22277903] 

44. Beatty GL, Chiorean EG, Fishman MP, et al. CD40 agonists alter tumor stroma and show efficacy 
against pancreatic carcinoma in mice and humans. Science. 2011; 331:1612–1616. [PubMed: 
21436454] 

45. Paramanathan A, Saxena A, Morris DL. A systematic review and meta-analysis on the impact of 
pre-operative neutrophil lymphocyte ratio on long term outcomes after curative intent resection of 
solid tumours. Surg Oncol. 2014; 23:31–39. [PubMed: 24378193] 

46. Templeton AJ, Ace O, McNamara MG, et al. Prognostic role of platelet to lymphocyte ratio in 
solid tumors: A systematic review and meta-analysis. Cancer Epidemiol Biomarkers Prev. 2014; 
23:1204–1212. [PubMed: 24793958] 

47. Szkandera J, Stotz M, Eisner F, 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; 
8:78225.

48. Teramukai S, Kitano T, Kishida Y, et al. Pretreatment neutrophil count as an independent 
prognostic factor in advanced non-small-cell lung cancer: An analysis of Japan Multinational Trial 
Organisation LC00-03. Eur J Cancer. 2009; 45:1950–1958. [PubMed: 19231158] 

49. Ulich TR, del Castillo J, Guo K, et al. The hematologic effects of chronic administration of the 
monokines tumor necrosis factor, interleukin-1, and granulocyte-colony stimulating factor on bone 
marrow and circulation. American J Pathol. 1989; 134:149–159.

50. Alexandrakis MG, Passam FH, Moschandrea IA, et al. Levels of serum cytokines and acute phase 
proteins in patients with essential and cancer-related thrombocytosis. Am J Clin Oncol. 2003; 
26:135–140. [PubMed: 12714883] 

51. Zhou X, Du Y, Huang Z, et al. Prognostic value of PLR in various cancers: A meta-analysis. PLoS 
ONE. 2014; 9:101119.

52. Mikahaylova IV, Kuulasmaa T, Jaaskelainen J, et al. Tumor necrosis factor-alpha regulates 
steriodogenesis, apoptosis, and cell viabiilty in the human adrenocortical cell line NCI-H295R. 
Endocrinology. 2007; 148:386–392. [PubMed: 17038555] 

53. de Fraipont F, El Atifi M, Gicquel C, et al. Expression of the angiogenesis markers vascular 
endothelial growth factor-A, thrombospondin-1, and platelet-derived endothelial cell growth factor 
in human sporadic adrenocortical tumors: correlation with genotypic alterations. J Clin Endocrinol 
Metab. 2000; 85:41–473.

BAGANTE et al. Page 10

J Surg Oncol. Author manuscript; available in PMC 2016 July 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
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Fig. 2. 
Disease Specific Survival (DSS) Kaplan-Meier curves for patients who underwent surgery 

for adrenal cortical carcinoma stratified by (a) NLR and (b) PLR.
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TABLE II

Predictors of Recurrence Free Survival (RFS) for Patients With Adrena Cortical Carcinoma Who Underwent 

Surgical Resection

Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

Gender 0.652

 Female Ref.

 Male 1.14 (0.62–2.11)

Age 0.950

 <50 years Ref.

 ≥50 years 1.00 (0.98–1.08)

ASA physical status 0.132

 1–2 Ref.

 3–4 1.83 (0.83–4.03)

Coronary artery disease 0.557

 No Ref.

 Yes 1.32 (0.51–3.43)

Chronic heart failure 0.498

 No Ref.

 Yes 0.19 (0.03–1.36)

Chronic obstructive pulmonary disease 0.147

 No Ref.

 Yes 2.17 (0.76–6.22)

Chronic renal insufficiency 0.052

 No Ref.

 Yes 4.33 (0.98–18.9)

Diabetes mellitus 0.268

 No Ref.

 Yes 1.59 (0.69–3.61)

Incidentaloma 0.270

 No Ref.

 Yes 0.72 (0.39–1.29)

Functional status 0.050 0.075

 No Ref. Ref.

 Yes 1.84 (1.00–3.38) 1.74 (0.95–3.20)

Tumor size 0.242

 ≤5 cm Ref.

 >5 cm 1.15 (0.91–1.45)

Preoperative chemo-radiotherapy 0.705

 No Ref.

 Yes 0.68 (0.09–4.90)

Other organ resected 0.118
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Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

 No Ref.

 Yes 1.59 (0.88–2.87)

IVC exclusion 0.110

 No Ref.

 Yes 2.05 (0.84–4.95)

AJCC tumor Status 0.002 0.022

 T stages I–II Ref. Ref.

 T stages III–IV 2.67 (1.41–5.03) 2.09 (1.11–3.94)

AJCC node status 0.027

 N0 Ref.

 N1 1.50 (1.04–2.15)

AJCC metastasis status 0.011 0.061

 M0 Ref. Ref.

 M1 2.58 (1.24–5.38) 2.04 (0.97–4.29)

Margin status 0.100

 R0 Ref.

 R1/R2 1.68 (0.90–3.16)

Complications 0.049

 No Ref.

 Yes 1.87 (1.00–3.51)

Readmission within 90 days 0.090

 No Ref.

 Yes 1.75 (0.91–3.35)

NLR 0.022

 ≤5 Ref.

 >5 1.99 (1.10–3.59)

PLR 0.021 0.067

 ≤190 Ref. Ref.

 >190 1.93 (1.11–3.38) 1.72 (0.96–3.09)

Post-operative chemotherapy 0.630

 Not performed Ref.

 Performed 0.79 (0.21–2.02)

Post-operative radiotherapy 0.748

 Not performed Ref.

 Performed 0.84 (0.30–2.37)

Post-operative chemotherapy with mitotane 0.220

 Not performed Ref.

 Performed 1.45 (0.79–2.64)

ASA, American Society of Anesthesiologist; IVC, inferior vena cava; P-values ≤ 0.05 are reported in bold and indicate statistically significant 
results.
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TABLE III

Predictors of Disease Specific Survival (DSS) for Patients With Adrena Cortical Carcinoma Who Underwent 

Surgical Resection

Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

Gender 0.893

 Female Ref.

 Male 0.96 (0.50–1.81)

Age 0.347

 <50 years Ref.

 ≥50 years 0.99 (0.97–1.01)

ASA physical status 0.092

 1–2 Ref.

 3–4 2.13 (0.88–5.17)

Coronary artery disease 0.205

 No Ref.

 Yes 1.86 (0.71–4.87)

Chronic heart failure 0.309

 No Ref.

 Yes 0.35 (0.05–2.61)

Chronic obstructive pulmonary disease 0.164

 No Ref.

 Yes 1.95 (0.76–5.05)

Chronic renal insufficiency 0.074

 No Ref.

 Yes 3.86 (0.88–17.0)

Diabetes mellitus 0.002

 No Ref.

 Yes 3.36 (1.55–7.28)

Incidentaloma 0.788

 No Ref.

 Yes 0.92 (0.48–1.74)

Functional status 0.229

 No Ref.

 Yes 1.50 (0.77–2.93)

Tumor size 0.987

 ≤5 cm Ref.

 >5 cm 0.99 (0.78–1.26)

Preoperative chemo-radiotherapy 0.149

 No Ref.

 Yes 2.91 (0.68–12.5)

Other organ resected 0.074
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Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

 No Ref.

 Yes 1.79 (0.94–3.41)

IVC exclusion 0.064

 No Ref.

 Yes 2.51 (0.95–6.63)

AJCC tumor status <0.001

 T stages I–II Ref. Ref.

 T stages III–IV 4.54 (2.07–9.99) 3.91 (1.76–8.73) 0.001

AJCC node status 0.008

 N0 Ref.

 N1 1.63 (1.13–2.35)

AJCC metastasis status 0.004 0.028

 M0 Ref. Ref.

 M1 2.84 (1.39–5.79) 2.42 (1.10–5.35)

Margin status <0.001

 R0 Ref.

 R1/R2 3.83 (1.88–7.77)

Complications 0.004

 No Ref.

 Yes 2.90 (1.40–6.01)

Readmission within 90 days 0.039

 No Ref.

 Yes 2.06 (1.03–4.09)

NLR 0.002 0.025

 ≤5 Ref. Ref.

 >5 2.85 (1.49–5.47) 2.21 (1.10–4.43)

PLR 0.757

 ≤190 Ref.

 >190 0.90 (0.47–1.73)

Post-operative chemotherapy 0.438

 Not performed Ref.

 Performed 1.42 (0.58–3.52)

Post-operative radiotherapy 0.893

 Not performed Ref.

 Performed 1.07 (0.37–3.07)

Post-operative chemotherapy with mitotane 0.372

 Not performed Ref.

 Performed 1.38 (0.67–2.81)

IVC, inferior vena cava; P-values ≤ 0.05 are reported in bold and indicate statistically significant results.
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