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Prognostic value of preoperative 
inflammatory response biomarkers 
in patients with sarcomatoid 
renal cell carcinoma and the 
establishment of a nomogram
Liangyou Gu1,*, Xin Ma1,*, Hongzhao Li1, Luyao Chen1, Yongpeng Xie1,2, Chaofei Zhao1, 
Guoxiong Luo1 & Xu Zhang1

To examine the prognostic role of inflammatory response biomarkers in sarcomatoid renal cell 
carcinoma (sRCC). From January 2004 to May 2015, 103 patients with sRCC were enrolled in this study. 
Preoperative neutrophil to lymphocyte ratio (NLR), derived neutrophil to lymphocyte ratio (dNLR), 
platelet to lymphocyte ratio (PLR) and lymphocyte to monocyte ratio (LMR) were analyzed. Besides 
well-established clinicopathological prognostic factors, we evaluated the prognostic value of this 
four markers using Kaplan-Meier method and Cox regression models. Additionally, a nomogram was 
established to predict the prognosis of sRCC patients. Elevated NLR, dNLR and PLR were significantly 
associated with worse overall survival (OS), nevertheless, elevated LMR showed an adverse effect 
on reduced OS. Multivariate analysis revealed that NLR (HR = 4.07, 95% CI = 1.50–11.00, P = 0.006) 
retained as independent factor. Incorporation of the NLR into a prognostic model including T stage, 
M stage, tumor necrosis and percentage of sarcomatoid generated a nomogram, which accurately 
predicted OS for sRCC patients. Preoperative NLR may serve as a potential prognostic biomarker in 
patients with sRCC and may help with clinical decisions about treatment intervention in clinical practice. 
The proposed nomogram can be used for the prediction of OS in patients with sRCC.

Sarcomatoid renal cell carcinoma (sRCC) is characterized by malignant spindle cells, similar to those present 
in sarcomas, within a background of epithelioid cells of renal cell carcinoma (RCC). First described by Farrow 
et al.1 in 1968, it was initially thought to represent a distinct entity of renal neoplasms. However, it can occur in 
all types of RCC and represent a common pathway of dedifferentiation of renal tumors2. Although about 5% of 
RCCs have sarcomatoid features, these cases account for a higher percentage of patients with advanced disease3. 
The patients with sRCC often have a worse prognosis compared with other patients with high-stage RCCs. By far, 
a few studies have attempted to risk-stratify patients with sarcomatoid RCC based on clinical and pathological 
features4–8; however, no commonly accepted prognostic model currently exists for this subset of patients. It is 
expected that a combination of specific RCC biomarkers into conventional clinicopathological parameters will 
allow better prediction of prognosis9.

Recently, emerging evidence indicates that inflammation plays a critical role in the initiation and progres-
sion of numerous cancers, including RCC10. In addition to local inflammatory symptoms, cancer patients fre-
quently present with systemic inflammation responses, which is characterized by changes of peripheral blood cell 
amounts. Thus, several circulating blood cell-based prognostic biomarkers have been developed to predict patient 
outcome in various tumors, such as the neutrophil to lymphocyte ratio (NLR)11, derived neutrophil to lympho-
cyte ratio (dNLR)12, platelet to lymphocyte ratio (PLR)13 and lymphocyte to monocyte ratio (LMR)14. These 
markers are inexpensive to test and routinely measured in day-to-day clinical practice, and hence potentially 
provide readily available objective information to help doctors to estimate patient prognosis. However, only one 
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or two inflammatory biomarkers have been evaluated for the prognosis of patients with RCC according to previ-
ous reports14,15. Moreover, the optimal cut-off values of the biomarkers from these studies were still discrepant.

To our knowledge, the prognostic value of inflammatory response biomarkers in sRCC has not been investi-
gated. The current study aimed to investigate the prognostic role of these inflammatory biomarkers (NLR, dNLR, 
PLR, and LMR) in patients with sRCC, and was the first study attempting to establish a prognostic nomogram 
with improved predictive capacity for patients with sRCC based on these biomarkers and the clinicopathologic 
characteristics.

Results
The clinicopathological characteristics of patients are shown in Table 1. After a median follow-up of 19.9 months 
(interquartile range, 10.8–35.1 months), 78 patients (75.7%) had died from all causes.

The optimal cut-offs for NLR, dNLR, PLR and LMR.  The ROC curves, using OS as the end-point for 
NLR, dNLR, PLR and LMR, were depicted in Fig. 1. The areas under curve (AUC) for NLR, dNLR, PLR and LMR 
were 0.675, 0.616, 0.663 and 0.695, respectively. The optimal cut-off levels were determined to be 4.10 for NLR, 
2.57 for dNLR, 132 for PLR and 3.11 for LMR by ROC curves analysis. Patients were subsequently divided into 
two groups according to the optimal cut-off levels, with the high group ≥  the optimal cut-off levels and the low 
group that <  the optimal cut-off levels.

Associations of NLR, dNLR, PLR and LMR with OS.  To evaluate the associations, Kaplan-Meier sur-
vival analysis and log-rank tests were performed based on the postoperative survival time. Our results indicated 
that NLR (≥ 4.10) (P <  0.001), dNLR (≥ 2.57) (P =  0.007), PLR (≥ 132) (P <  0.001), LMR (< 3.11) (P =  0.008) 
were significantly associated with decreased OS (Fig. 2A–D).

Inflammatory response biomarkers and clinicopathological parameters for the prediction of OS were further 
investigated by univariate analysis with Cox regression model. Results from the univariate analysis indicated that 
tumor size, T stage, N stage, M stage, histology, tumor necrosis, percentage of sarcomatoid differentiation, NLR, 
dNLR, PLR and LMR were prognostic factors of OS (Table 2). Then all of the 11 variables above were included in 
a multivariate Cox proportional hazards model to adjust the effects of covariates. In that model, we demonstrated 
that NLR was independent prognostic factor for OS (HR, 4.067; 95% CI, 1.504–10.995; P =  0.006), together with 
T stage (HR, 3.392; 95% CI, 1.885–6.103; P <  0.001), M stage (HR, 4.173; 95% CI, 2.256–7.719; P <  0.001), tumor 
necrosis (HR, 1.811; 95% CI, 1.066–3.077; P =  0.028) and percentage of sarcomatoid (HR, 2.244; 95% CI, 1.311–
3,842; P =  0.003) (Table 2).

Associations of NLR, dNLR, PLR and LMR with other clinicopathological variables.  Potential 
relationships between NLR, dNLR, PLR and LMR and other clinicopathological factors were then explored 
(Table 3). Our results revealed that elevated NLR, dNLR and PLR were significantly correlated with tumor size 
>7 cm, high TNM stage (Pall <  0.05), separately. Moreover, both NLR and PLR were significantly higher in 
patients with a diagnosis of non-clear cell carcinoma compared with the clear cell group (P =  0.034 and 0.007, 
respectively). NLR and dNLR were both significantly higher in patients diagnosed with presence of tumor necro-
sis (P =  0.049 and 0.028, respectively). In addition, dNLR was significantly higher in female patients and patients 
with symptoms at presentation (P =  0.044 and 0.041, respectively), PLR was significantly higher in patients diag-
nosed with microvascular invasion (P =  0.013). By contrast, decreased LMR was significantly correlated with 
tumor size >7 cm, distant metastasis positivity, high TNM stage, presence of non- clear cell carcinoma and pres-
ence of tumor necrosis (Pall <  0.05), separately.

Predictive nomogram for OS.  To predict the survival of sRCC patients after surgical resection, prognostic 
nomogram was depicted by Cox regression model analysis using all the significant independent indicators for OS 
consisting of T stage, M stage, tumor necrosis, percentage of sarcomatoid and NLR (Fig. 3A). The nomogram can 
predict the probability of death for sRCC patients within 1, 2 or 3 years after initial surgery. In this nomogram, a 
higher total point indicates a reduced OS. For internal validation, calibration plots of the nomogram predicting 
1- , 2- and 3-year survival performed well with the ideal model (Fig. 3B–D). The C-index of the multivariate 
prognostic model based on T stage, M stage, tumor necrosis, percentage of sarcomatoid was 0.75 and improved 
to 0.78 when the NLR was incorporated.

Discussion
Sarcomatoid differentiation has been shown as an adverse predictor of survival for patients with RCC in clinical 
practice. Multiple series have reported a median survival time of 4–19 months for patients with sRCC after diag-
nosis4–7. Recently, several studies have reported response of sRCC to anti-angiogenic therapy, although with lim-
ited efficacy. In particular, Golshayan et al.16 indicated among 43 patients who were treated with targeted therapy 
that over half of these patients achieved some degree of tumor shrinkage while on therapy. The median PFS and 
OS for these patients were reported to be 5.3 and 11.8 months, respectively. A more recent study by Molina et al.17 
evaluated 63 patients with metastatic sRCC, of whom 29 were treated with sunitinib. A moderate improvement in 
PFS was noted compared with those who were treated with other therapies. Additionally, small clinical trials have 
shown that combined chemotherapy consisting of gemcitabine and doxorubicin has antitumor effect in patients 
with sRCC18,19. Although sarcomatoid differentiation is commonly recognized by clinicians to be associated with 
poor prognosis, a subset of patients has shown prolonged survival and favorable response to targeted therapy. 
Unfortunately, there is currently no commonly accepted prognostic model for sRCC. With this objective in mind, 
we attempt to evaluate the prognosis of patients with sRCC based on inflammatory response biomarkers and to 
establish a predictive nomogram to improve the predictive accuracy. To the best of our knowledge, this is the first 
report suggesting the prognostic value of systematic inflammation biomarkers in patients with sRCC.
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As Rudolf Virchow initially made links between cancer and inflammation in the nineteenth century, contem-
porary studies have led to a general acceptance that inflammation has an important role in carcinogenesis20. Over 
the past decades, Virchow’s hypothesis was verified by emerging evidence showing the influence of inflammatory 
microenvironment on cancer. The inflammatory milieu facilitates tumor cells to evade host responses, contrib-
uting to angiogenesis, tumor growth, invasion, and metastasis. More understanding of the associations between 
inflammation and cancer contributes to the prevention and treatment of tumor. Recently, several biomarkers have 
been found to reflect the link between inflammation and RCC, such as platelet count21 and C-reactive protein22. 
Previous studies have shown that the systemic inflammatory biomarkers (NLR, dNLR, PLR, and LMR) can be 
also considered as potential prognostic factors for various types of carcinoma12–14,23.

Characteristics No. (%)

Age (years), Median (min-max) 56(16–79)

Gender

  Male 71(68.9)

  Female 32(31.1)

Presentation

  Incidental 50(48.5)

  Symptomatic 53(51.5)

Nephrectomy

  Radical 94(91.3)

  Partial 9(8.7)

Tumor site

  Left 50(48.5)

  Right 53(51.5)

Tumor size (cm)

  ≤7 61(59.2)

  >7 42(40.8)

T stage

  T1 44(42.7)

  T2 26(25.2)

  T3 29(28.2)

  T4 4(3.9)

N stage 

  N0 83(80.6)

  N1 20(19.4)

M stage 

  M0 76(73.8)

  M1 27(26.2)

TNM stage

  I 32(31.1)

  II 17(16.5)

  III 27(26.2)

  IV 27(26.2)

Histology

  Clear Cell 83(80.6)

  Papillary 6(5.8)

  Chromophobe 7(6.8)

  Collecting duct 2(1.9)

  Not otherwise specified (NOS) 5(4.9)

Tumor necrosis

  Absent 48(46.6)

  Present 55(53.4)

Microvascular invasion

  Absent 82(79.6)

  Present 21(20.4)

Percentage sarcomatoid (%)

  < 50 63(61.2)

  ≥ 50 40(38.8)

Table 1.  Patient characteristics and pathological findings. No. =  number of patients.
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The present study also showed that pre-operation NLR, dNLR, PLR and LMR in the peripheral blood of sRCC 
patients were significantly associated with tumor progression and poor prognosis after surgical resection. We 
demonstrated that increased NLR level before surgery was independent and adverse predictor of OS in multivar-
iate analysis. Although dNLR, PLR and LMR were significantly associated with survival in univariate analysis, 
they were not retained as independent indicators in the multivariate model. The above results were supported by 
several mechanisms of inflammatory reaction to tumor.

Firstly, neutrophilia was triggered by cancer-related inflammatory factors, including granulocyte colony 
stimulating factor, tumor necrosis factor-alpha, interleukin-6, and myeloid growth factors24. Meantime, elevated 
circulating neutrophils have been particularly reported to contain and prompt secretion of the potent angio-
genesis cytokine, namely, vascular endothelial growth factor (VEGF) and therefore accelerate tumor develop-
ment25. Moreover, neutrophilia can secrete large amounts of reactive oxygen species (ROS), which cause cell 
DNA damage and genetic instability, inducing both carcinogenesis and promotion in tumor microenvironment26. 
Secondly, the decreased lymphocyte count and function play important roles in inflammatory reaction to tumor. 
Neutrophilia as an inflammatory response inhibits the immune system by suppressing the cytolytic activity of 
immune cells such as lymphocytes, activated T cells, and natural killer cells27. The importance of lymphocytes 
has been highlighted in several studies in which increasing infiltration of tumors with lymphocytes has been 
associated with better response to cytotoxic treatment and prognosis in cancer patients28,29. It has long been held 
that anti-tumor activity is mainly mediated by lymphocyte dependent cellular immune reactions. Lymphopenia 
is associated with diseases’ severity and immune escape of tumor cells from tumor-infiltrating lymphocytes. 
Additionally, an elevated NLR has been associated with an increase in the peritumoral infiltration of macrophages 
and an increase in interleukin (IL) 1730.

Some nomograms have been developed in various cancers, and nomograms have shown to be more accu-
rate than the conventional staging systems for predicting prognosis in cancers31. The present study attempts 
to establish a predictive nomogram to predict the probability of postoperative patients who will die of sRCC 

Figure 1.  Optimal cut-off levels for NLR, dNLR, PLR and LMR were applied with ROC curves for overall 
survival (OS). 
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within 1-year, 2-year and 3-year based on T stage, M stage, tumor necrosis, percentage of sarcomatoid and NLR. 
Calibration plots of the nomogram performed well in predicting OS with the ideal model, and the prediction was 
supported by C-index (0.78). These results supported that the nomogram could better predict overall survival in 
patients with sRCC post operation.

Several limitations of this study need to be acknowledged. Firstly, the study was a retrospective design, with a 
small population size of 103 patients, the prognostic significance of systematic inflammatory biomarkers in sRCC 
patients remains to be confirmed by prospective and clinical validation studies in the future. Also, further basic 
research studies will be performed to identify the detailed mechanism that how inflammatory cells and mediators 
are involved in the pathogenesis and progression of renal cell cancer. Secondly, the peripheral blood findings were 
not compared to the findings of peritumoral inflammation in the primary tumor tissue. Nevertheless, the periph-
eral blood results provide a novel horizon to understand the roles of inflammation in carcinogenesis and cancer 
progression. Thirdly, in the present study, the optimal cut-off levels of NLR, dNLR, PLR and LMR calculated by 
ROC curves based on OS. It was observed that the optimal cut-off values for these four markers were superior 
prognostic levels based on HR, which had the highest AUC and the best sensitivity and specificity. However, the 
optimal cutoff levels in this study was inconsistent with the results of previous studies, which may be due to the 
differences in assays measuring circulating blood cells, different population and different survival end-point. 
Fourthly, since CRP is not routinely tested in our clinical practice, we did not include CRP in our analyses. 
Further studies should evaluate the prognostic role of CRP in combination with other inflammatory biomarkers 
as well as clinicopathological parameters. Finally, there was some heterogeneity in the treatment used for patients 

Figure 2.  Kaplan-Meier curves for overall survival probability according to preoperative NLR, dNLR, PLR 
and LMR. Kaplan–Meier analysis for OS according to (A) preoperative NLR, (B) preoperative dNLR,  
(C) preoperative PLR, and (D) preoperative LMR.
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Parameters

Univariate Multivariate

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

Age (years) 0.125

  ≤60 Reference

  >60 0.680(0.416–1.112)

Gender 0.547

  Male Reference

  Female 0.859(0.524–1.409)

Presentation 0.419

  Incidental Reference

  Symptomatic 0.832(0.533–1.300)

Nephrectomy 0.953

  Radical Reference

  Partial 1.028(0.412–2.569)

Tumor site 0.072

  Left Reference

  Right 1.510(0.964–2.367)

Tumor size (cm) 0.045 0.805

  ≤7 Reference Reference

  >7 1.614(1.012–2.574) 1.070(0.626–1.828)

T stage <0.001 <0.001

  T1 +  T2 Reference Reference

  T3 +  T4 3.088(1.812–5.264) 3.392(1.885–6.103)

N stage 0.028 0.603

  N0 Reference Reference

  N1 1.820(1.068–3.103) 1.200(0.604–2.385)

M stage <0.001 <0.001

  M0 Reference Reference

  M1 4.282(2.562–7.158) 4.173(2.256–7.719)

Histology 0.021 0.060

  Clear Cell Reference Reference

  Non-clear Cell 1.875(1.099–3.201) 1.926(0.973–3.812)

Tumor necrosis 0.012 0.028

  Absent Reference Reference

  Present 1.821(1.144–2.900) 1.811(1.066–3.077)

Microvascular invasion 0.084

  Absent Reference

  Present 1.709(0.931–3.139)

Percentage sarcomatoid (%) 0.035 0.003

  <50 Reference Reference

  ≥50 1.615(1.033–2.525) 2.244(1.311–3.842)

NLR <0.001 0.006

  <4.10 Reference Reference

  ≥4.10 3.259(1.962–5.412) 4.067(1.504–10.995)

dNLR 0.008 0.283

  <2.57 Reference Reference

  ≥2.57 1.926(1.189–3.120) 0.613(0.251–1.498)

PLR <0.001 0.627

  <132 Reference Reference

  ≥132 2.386(1.482–3.840) 1.172(0.618–2.220)

LMR 0.009 0.588

  <3.11 Reference Reference

  ≥3.11 0.547(0.348–0.859) 0.850(0.472–1.531)

Table 2.  Univariate and multivariate Cox proportional hazards regression analysis for OS. HR =  hazard 
ratio; CI =  confidence interval; NLR =  neutrophil count to lymphocyte count; dNLR =  neutrophil count 
to (white cell count – neutrophil count); PLR =  platelet count to lymphocyte count; LMR =  lymphocyte to 
monocyte ratio.
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after surgical resection, which led to different clinical prognosis. Therefore, further studies are needed to illumi-
nate the relationship between inflammatory biomarkers and prognosis in patients with sRCC.

Conclusions
In conclusion, preoperative NLR, dNLR, PLR and LMR are significantly associated with poor prognosis in sRCC 
patients. Moreover, NLR is an independent prognostic indicator for OS. The nomogram based on NLR and con-
ventional clinicopathological variables could be used to accurately predict prognosis and offer optimal therapeu-
tic strategy for patients with sRCC.

Factor
NLR, 

Median(IQR) P
d-NLR, 

Median(IQR) P
PLR, 

Median(IQR) P
LMR, 

Median(IQR) P

Total 3.07(2.20–4.78) 2.11(1.65–3.02) 122(85–183) 3.32(2.12–4.53)

Age (years) 0.928 0.789 0.265 0.986

  ≤60 3.12(2.21–4.89) 2.11(1.64–3.27) 132(87–199) 3.34(2.10–4.52)

  >60 3.01(2.19–4.51) 2.13(1.70–2.69) 100(81–167) 3.27(2.61–4.72)

Gender 0.480 0.044 0.875 0.853

  Male 2.96(2.15–4.78) 2.03(1.59–2.57) 130(85–179) 3.38(2.00–4.53)

  Female 3.21(2.51–4.72) 2.33(1.84–3.34) 122(84–203) 3.23(2.44–4.68)

Presentation 0.105 0.041 0.208 0.430

  Incidental 2.94(1.96–4.39) 1.98(1.50–2.59) 121(72–180) 3.39(2.15–4.63)

  Symptomatic 3.17(2.51–4.96) 2.27(1.73–3.18) 138(94–192) 3.20(2.06–4.50)

Tumor site 0.531 0.892 0.963 0.577

  Left 2.99(2.46–4.80) 2.03(1.67–2.91) 126(84–177) 3.18(2.10–4.50)

  Right 3.16(1.98–4.64) 2.26(1.51–3.18) 122(79–197) 3.42(2.14–4.55)

Tumor size (cm) 0.014 0.013 0.004 0.014

  ≤7 2.84(1.98–4.34) 2.03(1.52–2.53) 100(68–177) 3.54(2.66–4.86)

  >7 3.52(2.51–5.30) 2.29(1.80–3.54) 153(155–224) 2.83(2.00–3.65)

T stage 0.283 0.174 0.302 0.930

  T1 +  T2 2.85(2.21–4.45) 1.98(1.65–2.73) 121(77–185) 3.26(2.11–4.73)

  T3 +  T4 3.35(2.18–5.39) 2.48(1.67–3.27) 142(93–188) 3.39(2.41–4.12)

N stage 0.701 0.471 0.214 0.739

  N0 3.07(2.19–4.51) 2.12(1.63–2.70) 122(82–175) 3.35(2.11–4.72)

  N1 3.06(2.35–5.16) 2.13(1.70–3.29) 153(85–238) 3.21(2.23–4.21)

M stage 0.245 0.254 0.062 0.044

  M0 2.94(2.17–4.51) 1.98(1.64–2.70) 121(75–169) 3.43(2.24–4.76)

  M1 3.92(2.34–4.91) 2.18(1.76–3.27) 155(97–222) 2.74(2.04–3.54)

TNM stage 0.022 0.044 0.001 0.006

  I 2.64(1.91–3.38) 1.71(1.50–2.38) 87(57–137) 3.88(2.76–5.03)

  II 3.52(2.78–5.44) 2.26(1.77–3.26) 143(121–206) 2.49(1.81–3.42)

  III 3.17(2.20–5.66) 2.33(1.68–3.37) 122(85–192) 3.54(2.75–4.53)

  IV 3.92(2.34–4.91) 2.18(1.76–3.27) 155(97–222) 2.74(2.04–3.54)

Histology 0.034 0.379 0.007 0.010

  Clear Cell 2.86(2.15–4.74) 2.12(1.59–3.02) 121(73–167) 3.42(2.64–4.72)

  Non–clear Cell 3.65(2.80–5.41) 2.12(1.95–3.05) 179(106–247) 2.21(1.84–3.23)

Tumor necrosis 0.049 0.028 0.058 0.025

  Absent 2.85(2.03–4.11) 1.85(1.54–2.38) 115(69–178) 3.59(2.52–4.87)

  Present 3.43(2.51–4.98) 2.31(1.71–3.27) 139(95–216) 3.10(2.11–3.69)

Microvascular invasion 0.167 0.297 0.013 0.089

  Absent 2.91(2.18–4.57) 2.04(1.65–2.91) 120(73–180) 3.36(2.46–4.73)

  Present 3.51(2.61–6.12) 2.48(1.72–3.26) 163(121–226) 2.74(1.71–3.80)

Percentage sarcomatoid (%) 0.771 0.552 0.710 0.561

  <50 3.01(2.36–4.33) 2.11(1.66–2.69) 130(93–183) 3.35(2.00–4.07)

  ≥50 3.25(2.05–5.40) 2.16(1.60–3.35) 122(70–190) 3.23(2.25–4.68)

Table 3.   Associations of NLR, dNLR, PLR and LMR with other clinicopathological factors. 
IQR =  interquartile range; NLR =  neutrophil count to lymphocyte count; dNLR =  neutrophil count to (white 
cell count – neutrophil count); PLR =  platelet count to lymphocyte count; LMR =  lymphocyte to monocyte 
ratio.
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Materials and Methods
Patients and data collection.  We retrospectively reviewed the medical records of patients with RCC who 
underwent radical or partial nephrectomy at our institution between January 2004 and May 2015. The inclusion 
criteria were as follows: 1) All patients with RCC and whose tumors had sarcomatoid features in the pathologic 
specimen; 2) No history of previous anti-cancer therapies and other malignancies; 3) No perioperative mor-
tality; 4) No hematology disease, infection and hyperpyrexia; 5) Preoperative blood parameter data available;  
5) Informed consents were obtained from eligible patients. At last, 103 patients were enrolled in the present study.

For each patient, the following clinical and pathologic information was gathered: age at surgery, gender, symp-
toms at presentation, nephrectomy pattern, tumor site and size, TNM stage32, histology, tumor necrosis, micro-
vascular invasion and percentage of sarcomatoid differentiation. Histopathologic review on each of the tumor 
specimens was performed by a single pathologist to verify reported pathologic findings. The presentation mode 
was categorized as incidental or symptomatic. Tumors accompanied by fever or weight loss, pain, hematuria, 
abdominal mass were categorized as symptomatic tumors. Nephrectomy pattern was categorized as radical or 
partial. Tumor size was recorded as the longest diameter described in pathologic reports. The presence of nodal 
metastases was defined by pathologic examinations and the presence of distant metastases was defined according 
to radiographic findings. Histologic subtype was assigned based on recommendations of the International Union 
Against Cancer (UICC) and the American Joint Committee on Cancer (AJCC), and the Heidelberg classification 
system33. Tumor necrosis was defined as the presence of microscopic coagulative necrosis. Microvascular inva-
sion refers to the presence of tumor within microscopic or veins with a muscular coat or the lymphatic system, or 
both. Percentage of sarcomatoid differentiation was estimated by reviewing all of the tumor sections microscopi-
cally, then classifying to < 50% or ≥ 50%. The hematological parameters were obtained within 1 week before sur-
gery. Preoperative NLR, dNLR, PLR and LMR were calculated from peripheral blood cell count. The definitions 
of them are described as follows: NLR =  neutrophil to lymphocyte ratio; dNLR =  neutrophil to (white cell count 
– neutrophil count) ratio; PLR =  platelet count to lymphocyte ratio; and LMR =  lymphocyte to monocyte ratio.

In our institute, patients were followed up every 3 to 6 months for the first 2 years after initial surgery, then 
annually. The typical items includes review of general health, physical examination, abdominal computed tomog-
raphy or ultrasound, chest radiography, and laboratory exams. Follow-up was terminated in August 2015. This 
study was approved by Medical Ethics Committee of Chinese People’s Liberation Army General Hospital. The 
written informed consent was obtained from all subjects. The methods were carried out in accordance with the 
approved guidelines.

Figure 3.  Nomogram for predicting 1-, 2- and 3-year OS of sRCC patients after nephrectomy. (A) Nomogram 
for predicting 1-, 2- and 3-year OS of sRCC patients after nephrectomy. Calibration plot of the nomogram for 
(B) 1-year, (C) 2-year and (D) 3-year survival. The blue dashed line represents the “ideal” line of a perfect match 
between predicted and observed survival. The black line indicates the performance of the proposed nomogram. 
Black dots are sub-cohorts of the data set; X is the bootstrapped corrected estimate of nomogram with 200 
resamples. Vertical bars represent 95% confidence interval.
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Statistical analysis.  Statistical analysis was performed with SPSS 20 (IBM Corporation, Armonk, NY, 
USA) and R 3.2.1 software (Institute for Statistics and Mathematics, Vienna, Austria). Overall survival (OS) was 
defined as the time from surgery to death from all causes. And patients were censored at end of follow-up, if 
death had not occurred. The optimal cut-off levels of NLR, dNLR, PLR, and LMR were determined by receiver 
operating curve (ROC) analysis (using the R software version 3.2.1). The end-point based on OS was applied. The 
Kolmogorov-Smirnov test revealed a non-normal distribution of NLR, dNLR, PLR, and LMR (each P <  0.05). 
Thus, they are shown as the median and IQR. Associations of NLR, dNLR, PLR, and LMR with other catego-
rized clinicopathological prognostic variables were determined using nonparametric Wilcoxon rank-sum test or 
Kruskal-Wallis tests. Survival analyses on categorical variables were performed using the Kaplan-Meier method 
and significant differences between groups were identified using the log-rank test. The Cox proportional hazards 
regression model was applied to perform univariate and multivariate analyses, and those variables that achieved 
statistical significance in the univariate analysis were entered into the multivariable analysis. A nomogram for 
possible prognostic factors associated with OS was established by R software using ‘rms’ package. Calibration 
plots were generated to examine the performance characteristics of the predictive nomogram. The Harrell’s 
Concordance index (C-index) was used to evaluate the predictive accuracy34, which ranges from 0.5 (no predic-
tive power) to 1 (perfect prediction). All statistical tests used in this study were two sided and P-values of < 0.05 
were considered significant.
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