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[ Abstract] Background and purpose: Growing evidence indicates that inflammation plays an important role in the development
and progression of tumors. Preoperative lymphocyte-to-monocyte ratio (LMR) and serum albumin have been estimated as
independent prognostic factors of various cancers. This study aimed to investigate the relationship between LMR or serum albumin
and the prognosis of patients with clear cell renal cell carcinoma (ccRCC). Methods: Data of 147 patients who underwent radical
or partial nephrectomy from 2012 to 2015 were retrospectively studied at a single tertiary academic center. Preoperative LMR and
serum albumin were calculated 1 week before surgical intervention. Patients were categorized using a median value of LMR cutoff
of 3.42. Dichotomization of serum albumin was according to the lower range of normal measurement at 40 g/L. The relationship
between LMR or serum albumin with other clinical factors and overall survival (OS) was analyzed using univariate analysis and
COX regression model. LMR and serum albumin combined with TNM stage and Fuhrman grade were used for further analysis.
The influences of the LMR and serum albumin on the predictive accuracy were investigated using the Harrell concordance index.

A nomogram, which predicted the 3- and 5-year survival rates for patients with ccRCC, was established by incorporating LMR and
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serum albumin into a prognostic model with TNM stage and Fuhrman grades. Results: LMR and serum albumin were independent
prognostic factors for OS (P=0.001). Low LMR was significantly associated with high Fuhrman grade (P=0.006) and the presence
of tumor necrosis (P=0.039). Low serum albumin was significantly correlated with high Fuhrman grade (P<<0.001) and high Mayo
clinic stage, size, grade and necrosis (SSIGN) score (P=0.001). Multivariate analysis identified low LMR and low serum albumin
as independent prognostic factors for patient’s OS (HR=0.37; 95% CI: 0.145-0.942; P=0.037; HR=0.325; 95% CI: 0.136-0.775;
P=0.011). The C-index rose when LMR and serum albumin were combined with TNM stage and Fuhrman grade. A nomogram

predicted the 3- and 5-year survival rates for patients with ccRCC. Conclusion: Incorporating LMR and serum albumin into

traditional clinicopathological analysis can improve the predictive value for patients with ccRCC after surgery intervention.

[ Key words ] Renal cell carcinoma; Lymphocyte-to-monocyte ratio; Serum albumin; Prognosis; Nomogram
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Tab.1 Patient’s general clinical characteristics

Characteristic n (%)
Gender

Male 108 (73.5)

Female 39 (26.5)
T stage

T, 106 (72.1)

T, 25(17.0)

T, 10 (6.8)

T, 6(4.1)
N stage

N, 143 (97.3)

N, 4(2.7)
M stage

M, 141 (95.9)

M, 6(4.1)
TNM stage

I 117 (79.6)

I 13 (8.8)

] 8(5.4)

v 9(6.1)
Fuhrman grade

1 23 (15.6)

2 59 (40.1)

3 55(37.4)

4 10 (6.8)
Tumor size D/cm

<5 82 (55.8)

=5 65 (44.2)
Tumor necrosis

Absent 77 (52.4)

Present 70 (47.6)
SSIGN score

0-3 98 (66.7)

4-7 41 (27.9)

=8 8(54)
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Fig. 1 Blood cell counts from healthy people and patients with ccRCC

A: There was no significant difference in age and gender between healthy people and patients with ccRCC (both P>0.05). B: The blood LMR in
patients with ccRCC was significantly lower than that in healthy people. C: The monocyte counts in patients with ccRCC were significantly higher
than those in healthy people. D: The lymphocyte counts of ccRCC patients were significantly lower than those of the healthy people. E: The Monocyte
counts of ccRCC patients were significantly higher than those of the normal people
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Tab.2 Associations of LMR and serum albumin with clinicopathological characteristics

Albumin py/(g-L™") LMR
Characteristic
<40 (n=54) =40 (n=93) P value <3.32 (n=73) =3.32 (n=74) P value
Agelyear 0.441 0.302
<60 40 74 54 60
=60 14 19 19 14
Gender 0.794 0.103
Male 39 69 58 50
Female 15 24 15 24
TNM stage 0.509 0.114
I 41 76 54 63
I 4 9 10 3
I 4 4 3 5
v 5 4 6 3
Fuhrman grade <0.001 0.006
1 5 18 8 15
2 17 42 28 31
3 22 33 27 28
4 10 0 10 0
Tumor size D/cm 0.699 0.568
<5 29 53 39 43
=5 25 40 34 31
Tumor necrosis 0.070 0.039
Absent 23 54 32 45
Present 31 39 41 29
SSIGN score 0.001 0.051
0-3 27 71 42 56
4-7 20 21 25 16

=8 7 1 6 2
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Tab.3 Univariate and multivariate COX proportional hazards regression analyses for OS

Univariate Multivariate
Parameter
P value HR 95% CI P value
Agelyear 0.066
=60
<60
Gender 0.099
TNM stage <0.001 0.011
[+1I Reference
m+v 3.100 1.302-7.383
Fuhrman grade 0.001 0.020
1+2 Reference
3+4 3.032 1.193-7.707
Tumor size D/cm 0.027 0.317
<5 Reference
=5 1.533 0.664-3.539
Tumor necrosis 0.021 0.429
Absent Reference
Present 1.386 0.617-3.117
Tumor site 0.541
Albumin <0.001 0.325 0.136-0.775 0.011
Hemoglobin 0.114
LMR <0.001 0.370 0.145-0.942 0.037

2 W Rt e o 20 &8, LMR
EH M (HR=0.293, 95% CI: 0.098~0.883,
P=0.029) A5 W ME (HR=0.069, 95%
CI: 0.009~0.530, P=0.010) H12OSH 7
WEHR (£4) . MESM (HR=0.286,
959% CI: 0.112~0.730, P=0.009) . 4E{
<60% (HR=0.211, 95% CI: 0.066-0.680,
P=0.009) . Wil (HR=0.200, 95%
CIl: 0.041~0.982, P=0.047) . Furhman’y
9%3+4 (HR=0.252, 95% CI: 0.079~0.800,
P=0.019) . R K/N<5 cm (HR=0.065,
95% CI: 0.009~0.493, P=0.008) . st
( HR=0.236, 95% CI: 0.074~0.755, P=0.015)
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T
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o, PR AL TR RE ) B . OB LMRORT [ 2
FUINAAE S8 () TNM 53 3 RIS SIGNAR AL v i 47 1
fili o TNMAF R CHE %R 0.60, Jin ELMRANH &
2 )5 CHE 50455 0.71710.78 ; SSIGNAICHS
Bom0.77, I ELMRFIE & A2 )5 CHREU 3k
0.79710.81, HELMRFI [ 8 I AAL 58 5 B 7
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Fig. 2 Kaplan-Meier analysis for OS of ccRCC patients according to preoperative LMR and serum albumin

Kaplan-Meier analysis for OS according to (A) preoperative LMR, (B) preoperative serum albumin, (C) combination of preoperative LMR and serum
albumin. D: Kaplan-Meier analysis for OS of ccRCC patients according to LMR in SSIGN low-risk (score 0-3). E: Kaplan-Meier analysis for OS of
ccRCC patients according to serum albumin in SSIGN low-risk (score 0-3). F: Kaplan-Meier analysis for OS of ccRCC patients according to LMR
in SSIGN intermediate/high-risk (score 4-7/score=8). G: Kaplan-Meier analysis for OS of ccRCC patients according to serum albumin in SSIGN
intermediate/high-risk (score 4-7/score=8)

A B (6
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o o o
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-1 LMR>3.32 (n=63) 1 Albumin=40 g/L (n=85) -1 LMR>3.32 (n=9) -1 Albumin =40 g/L (=8)
0.0 P<0001 0.0, P=0.001 0.0 | P=0741 0.0 { P=0.041
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B 3 ccRCCEEARRLMRIIEE BN BRI KA EFS
Fig. 3 Kaplan-Meier analysis for OS of ccRCC patients according to preoperative LMR and serum albumin in early stage and
advanced stage

Kaplan-Meier analysis for OS of ccRCC patients according to LMR in (A) early-stage (TNM stage 1 +1I), (C) advanced-stage (TNM M+1V).
Kaplan-Meier analysis for OS of ccRCC patients according to serum albumin in (B) early-stage (TNM stage I +1I), (D) advanced-stage (TNM
M+1v)
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Tab. 4 Stratified analysis of LMR for OS

Variable MR
Low High Adjusted HR (95% CI) Adjusted P value

Gender

Male 58 50 0.293 (0.098-0.883) 0.029

Female 15 24 4.691 (0.195-112.577) 0.340
Agelyear

<60 54 60 0.348 (0.095-1.276) 0.111

=60 19 14 0.370 (0.083-1.644) 0.191
TNM stage

[+1I 63 65 0.069 (0.009-0.530) 0.010

m-+1v 10 9 1.652 (0.450-6.056) 0.449
Furhman grade

1+2 36 46 0.310 (0.062-1.549) 0.154

3+4 37 28 0.437 (0.138-1.384) 0.159
Size D/cm

<5 39 43 0.180 (0.021-1.578) 0.122

=5 34 31 0.481 (0.163-1.422) 0.186
Necrosis

Present 41 29 0.303 (0.083-1.108) 0.071

Absent 32 45 0.358 (0.079-1.624) 0.183
Hemoglobin py/(g-L™")

<110 41 31 0.385 (0.105-1.407) 0.149

=110 41 34 0.376 (0.097-1.466) 0.159

*5 OSMMFAZEBRNENH
Tab. 5 Stratified analysis of serum albumin for OS
Variable Serum albumin
Low High Adjusted HR (95% CI) Adjusted P value

Gender

Male 39 69 0.286 (0.112-0.730) 0.009

Female 15 24 0.631 (0.048-8.377) 0.727
Agelyear

<60 40 74 0.211 (0.066-0.680) 0.009

=60 14 19 1.028 (0.202-5.218) 0.974
TNM stage

I+ 43 85 0.468 (0.168-1.300) 0.145

+1v 11 8 0.200 (0.041-0.982) 0.047
Furhman grade

1+2 22 60 0.552(0.132-2.314) 0.416

3+4 32 33 0.252 (0.079-0.800) 0.019
Size D/cm

<5 29 53 0.065 (0.009-0.493) 0.008

=5 25 40 0.429 (0.144-1.278) 0.129
Necrosis

Present 31 39 0.236 (0.074-0.755) 0.015

Absent 23 54 0.703 (0.151-3.260) 0.652
Hemoglobin py/(g-L™)

<110 35 37 0.348 (0.108-1.120) 0.077

=110 19 56 0.301 (0.081-1.114) 0.072
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Tab. 6 Prognostic role of LMR and serum albumin in ¢ccRCC

2.6 FIZ%E

Model Harrell concordance index ﬁ‘j T T’ﬁ i)”'J ccRCC ;'%\ % E(J e ﬁ Z{:‘ s %(7 'ﬂ] *E jﬁi
TNM stage 0.60 COX [l HAHY S3Hr, R FH B OS Iyl <7 s 48
TNM stage LM on bR, @AFTNMSMS . Fuhrmanfh9t. LMR, [
TNM stage+serum albumin 0.78 . . \
. " B L IILE (HAA) | HREHT LI
SSIGN+LMR"® 0.79 A8 E AR5 3~SAE N AR TESN LR,
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Fig. 4 Nomogram for predicting 3- and 5-year OS of ccRCC patients after nephrectomy

A: Nomogram for predicting 3- and 5-year OS of ccRCC patients after nephrectomy. Calibration plot of the nomogram for (B) 3- and (C) 5-year
survival. The blue dashed line represents the “ideal” line of a perfect match between predicted and observed survival. The red 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 1 000

resamples. Vertical bars represent 95% CI
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