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Abstract. The aim of the present study was to determine the 
prognostic significance of a novel marker, the red cell distribu‑
tion width to lymphocyte percentage (RDW‑to‑LYM%) ratio, 
in patients with upper tract urothelial carcinoma (UTUC) after 
radical nephroureterectomy (RNU). The clinical and follow‑up 
data of 625 patients with UTUC receiving RNU were retrospec‑
tively analyzed. The optimal cut‑off value of the pre‑treatment 
RDW‑to‑LYM% ratio was determined as 0.80 using receiver 
operating characteristic (ROC) analysis according to 
cancer‑specific death. The associations between low (≤0.80) 
and high (>0.8) RDW‑to‑LYM% ratio and other clinicopatho‑
logical parameters were evaluated using the χ2 test and logistic 
regression analysis. The impact of the RDW‑to‑LYM% ratio 
on overall survival (OS), cancer‑specific survival (CSS) and 
progression‑free survival (PFS) rates was assessed using the 
Kaplan‑Meier method and Cox regression analysis. A high 
RDW‑to‑LYM% ratio (>0.80) was significantly associated 
with impaired kidney function, previous/concurrent bladder 
cancer, tumors involving both the pelvis and ureter, advanced 
pathological T stage, lymph node involvement and lympho‑
vascular invasion (LVI). Kaplan‑Meier analysis revealed that 
a high RDW‑to‑LYM% ratio was associated with poorer OS, 
CSS and PFS than a low RDW‑to‑LYM% ratio (all P<0.001). 

The multiple logistic regression analysis revealed that high 
RDW‑to‑LYM% ratio was associated with non‑organ‑confined 
(NOC) disease [odd ratio (OR), 2.107; 95% confidence interval 
(CI), 1.446‑3.069; P<0.001] and positive LVI (OR, 1.978; 95% 
CI, 1.338‑2.916; P<0.001). Furthermore, the multivariate anal‑
ysis showed that the RDW‑to‑LYM% ratio was an independent 
factor for predicting OS [hazard ratio (HR), 2.046; P<0.001], 
CSS (HR, 2.041; P<0.001) and PFS (HR, 1.502; P=0.009). In 
conclusion, the pre‑treatment RDW‑to‑LYM% ratio was found 
to be a significant predictor of both NOC and the presence of 
LVI in patients with UTUC. Moreover, an elevated pre‑treat‑
ment RDW‑to‑LYM% ratio was identified as an independent 
factor for unfavorable survival outcomes in patients with 
UTUC undergoing RNU.

Introduction

Upper tract urothelial carcinoma (UTUC) is a rare malignant 
disease of the urinary system, with a relatively higher preva‑
lence in Taiwan compared with other countries (1‑3). Due to 
the high risk of disease recurrence and progression, radical 
nephroureterectomy (RNU) is considered the gold‑standard 
treatment for localized UTUC (4). Recent evidence has shown 
that neoadjuvant and adjuvant systemic therapy can improve 
outcomes in patients with UTUC who have unfavorable 
pathological characteristics, including advanced tumor stage, 
regional lymph node (LN) metastasis and lymphovascular 
invasion (LVI) positivity (5,6). While pathological tumor stage, 
LN status and LVI have been considered the most important 
factors for survival in patients with UTUC, these factors 
cannot provide preoperative treatment planning. Therefore, 
identifying preoperative prognostic factors is clinically valu‑
able to make more precise pre‑treatment assessments, such as 
whether to use systemic therapy before or after surgery, and to 
improve postoperative surveillance.

Aside from the conventional Tumor‑Node‑Metastasis 
(TNM) system, evidence suggests that systemic inflammation 
is also strongly associated with cancer growth/development 
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and progression, and influences survival outcomes. Several 
clinical studies reported that pre‑operative peripheral blood 
inflammation biomarkers, such as the neutrophil‑lymphocyte 
ratio (NLR) (7,8), the platelet‑lymphocyte ratio (PLR) (9‑11), 
the monocyte‑lymphocyte ratio (MLR) (11‑13) and the 
systemic immune‑inflammation index (SII; neutrophil x 
platelet/lymphocyte) (14,15) were associated with prognosis in 
several solid malignancies, including UTUC.

In addition, some studies reported that an elevated red 
cell distribution width (RDW) (16,17) or a reduced pretreat‑
ment lymphocyte percentage (LYM%) (18) was associated 
with poor survival. While increased RDW was considered 
to indirectly reflect progressive inflammation state, less 
circulating lymphocytes implied reduced antitumor immu‑
nity. Nevertheless, to the best of our knowledge, the clinical 
significance of integrating RDW and LYM% has not yet been 
evaluated in UTUC. Combining RDW and LYM% provides 
a better indicator than using RDW or LYM% alone, as it 
effectively reflects the balance between tumor inflamma‑
tion and antitumor immunity. Therefore, the present study 
aimed to explore the associations between the pre‑treatment 
RDW‑to‑LYM% ratio and clinicopathological parameters, 
and to identify the prognostic value of this ratio in UTUC in 
clinical practice.

Patients and methods

Study populations and data collection. The present study 
was approved by the Institutional Review Board of National 
Cheng Kung University Hospital (Tainan, Taiwan; approval 
no. NCKUH‑B‑ER‑112‑218). The cases of 625 patients (mean 
age, 69.3±11.0 years) with UTUC who had received an RNU 
between January 2008 and June 2020 were retrospectively 
analyzed. RNU was performed based on standard procedures, 
and the regional LNs were generally dissected if there was a 
preoperative presentation of enlargement on imaging studies 
or intraoperative findings of palpable nodes. In this study, 
exclusion criteria included active infection status, a lack of 
differential count information from preoperative complete 
blood counts (CBCs) 30 days prior to surgery, bone or distant 
metastasis at the time of diagnosis, other cancer diseases, 
current administration of immunosuppressive agents and a 
postoperative follow‑up duration of <30 days. None of the 
patients received neo‑adjuvant chemotherapy, radiotherapy 
or any other antitumor therapy. Adjuvant chemotherapy, 
consisting of at least 3 cycles of gemcitabine (800‑1,000 mg/m2) 
and cisplatin (35‑70 mg/m2) (or carboplatin; AUC, 4‑6), was 
administered to patients with pathological T stage (pT≥2) and 
over or pathological node positivity (pN+) within 3 months of 
RNU.

Preoperative clinical and pathological data, including 
sex, age, comorbidities (diabetes mellitus and hypertension), 
symptoms (hydronephrosis and hematuria), preoperative esti‑
mated glomerular filtration rate (eGFR), prior or concomitant 
bladder urothelial carcinoma, tumor location (renal pelvis, 
ureter or synchronous), tumor size, tumor necrosis, pT stage, 
LN metastasis, tumor grade, LVI and CBC parameters 
(neutrophil/monocyte/lymphocyte percentages, white blood 
cell counts and platelet counts) were also recorded for further 
analysis. The overall survival (OS) time was defined as the 

time from RNU to death from any cause or the last follow‑up. 
The cancer‑specific survival (CSS) time was defined as the 
time from RNU until death due to UTUC. The progres‑
sion‑free survival (PFS) time was defined as the time from 
RNU until disease progression, including local recurrence or 
distant metastasis or death. Furthermore, bladder or contra‑
lateral upper urinary tract relapse was not defined as local 
recurrence. TNM classification was determined according to 
American Joint Committee on Cancer staging, 7th edition (18), 
and pathological grade was based on the 2004 World Health 
Organization classification (19). Preoperative eGFR was 
calculated with the Modification of Diet in Renal Disease 
Study equation as follows: 186 x (serum creatinine)‑1.154 x 
(age)‑0.203 x (0.742 if female) (19). Patients were considered 
to have chronic kidney disease if they had an eGFR value 
of <60 ml/min/1.73 m2 or if they received regular dialysis. 
Postoperative follow‑up strategies included interval history 
taking, physical examination, urinalysis, urine cytology, 
abdominal ultrasonography and abdominal computed tomog‑
raphy every 6‑12 months. Cystoscopy was performed every 3 
months for the first 2 years, every 6 months for the next 2 years 
and annually thereafter.

Statistical analysis. Clinical data, including continuous and 
categorical variables, were analyzed using SPSS software 
(version 22.0; IBM Corp.). Based on cancer‑specific death as 
the endpoint, the optimal cut‑off value of the RDW‑to‑LYM% 
ratio was determined using a receiver operating characteristic 
(ROC) curve analysis and Youden's index. After all included 
patients were dichotomized into two groups based on the 
cut‑off value of the RDW‑to‑LYM% ratio, Fisher's exact test 
and the χ2 test were used to compare the differences in clinico‑
pathological variables between the two groups. Kaplan‑Meier 
analysis was conducted to evaluate the association between 
RDW‑to‑LYM% ratio and OS, CSS and PFS, and the signifi‑
cant differences were determined using the log‑rank test. 
Univariate and multivariate Cox regression analyses were 
performed to assess each variable for significance in terms 
of OS, CSS and PFS. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Baseline characteristics of patients with localized UTUC and 
high or low pretreatment RDW‑to‑LYM% ratios. A total of 
625 patients who received RNU for UTUC were enrolled in 
this study, with 47.8 months as the median follow‑up time 
(Table I). In terms of preoperative clinical baseline param‑
eters, 330 (53%) patients were >69 years old, 354 (57%) 
were female, 372 (60%) had chronic kidney disease (eGFR 
<60 ml/min/1.73 m2), 361 (58%) had underlying hypertension 
or diabetes mellitus, 543 (87%) had microscopic or gross 
hematuria and 492 (79%) presented with hydronephrosis 
(Table I). In terms of pathological information, prior and 
concomitant bladder tumors were noted in 92 (15%) and 121 
(19%) patients, respectively, while tumor location was in the 
renal pelvis in 284 (45%) patients, in the ureter in 206 (33%) 
patients and in both locations in 135 (22%) patients. pTis/a/1, 
T2 and T3/4 stages were found in 229 (37%), 122 (20%) and 
274 (44%) patients, respectively, 38 (6%) had positive LN 
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Table I. Associations between clinicopathological characteristics and high (n=470) or low (n=155) pre‑treatment RDW‑to‑LYM% 
ratio in patients with upper tract urothelial carcinoma.

 RDW‑to‑LYM% ratio
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables All patients Low (≤0.80) High (>0.80) P‑value

Mean age ± SD, years 69.3±11.0 69.3±10.7 69.1±11.8 
Median follow‑up time after surgery, months 47.8 51.5 31.1 
Age, n (%)    0.598
  ≤69 years 295 (47) 219 (47) 76 (49) 
  >69 years 330 (53) 251 (53) 79 (51) 
Sex, n (%)    0.969
  Male 271 (43) 204 (43) 67 (43) 
  Female 354 (57) 266 (57) 88 (57) 
Renal function, n (%)      0.005
  Pre‑eGFR ≥60 ml/min/1.73 m2 253 (40) 205 (44) 48 (31) 
  Pre‑eGFR <60 ml/min/1.73 m2 372 (60) 265 (56) 107 (69) 
HTN or DM, n (%)    0.300
  No 264 (42) 193 (41) 71 (46) 
  Yes 361 (58) 277 (59) 84 (54) 
Hematuria, n (%)    0.522
  No 82 (13) 64 (14) 18 (12) 
  Yes 543 (87) 406 (86) 137 (88) 
Hydronephrosis, n (%)    0.363
  No 133 (21) 96 (20) 37 (24) 
  Yes 492 (79) 374 (80) 118 (76) 
Previous BC, n (%)     0.016
  No  533 (85) 410 (87) 123 (79) 
  Yes 92 (15) 60 (13) 32 (21) 
Concomitant BC, n (%)    0.010
  No  504 (81) 390 (83) 114 (74) 
  Yes 121 (19) 80 (17) 41 (26) 
Tumor location, n (%)    0.003
  Pelvis 284 (45) 210 (45) 74 (48) 
  Ureter 206 (33) 170 (36) 36 (23) 
  Both 135 (22) 90 (19) 45 (29) 
Pathologic T stage, n (%)    <0.001
  Tis/a/1 229 (37) 184 (39) 45 (29) 
  T2 122 (20) 101 (21) 21 (14) 
  T3/4 274 (44) 185 (39) 89 (57) 
Lymph node status, n (%)    <0.001
  N0 109 (17) 70 (15) 39 (25) 
  Nx 478 (76) 380 (81) 98 (63) 
  N+ 38 (6) 20 (4) 18 (12) 
Tumor grade, n (%)    0.290
  Low 30 (5) 25 (5) 5 (3) 
  High 595 (95) 445 (95) 150 (97) 
Tumor size, n (%)     0.045
  ≤2 cm 172 (28) 139 (30) 33 (21) 
  >2 cm 453 (72) 331 (70) 122 (79) 
Lymphovascular invasion, n (%)    <0.001
  Absent 444 (71) 351 (75) 93 (60) 
  Present 181 (29) 119 (25) 62 (40) 
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metastasis and 595 (95%) had a high tumor grade. A total of 
453 (72%) patients had larger tumor size (>2 cm), 181 (29%) 
had LVI, 122 (20%) had tumor necrosis and 61 (10%) received 
adjuvant chemotherapy (Table I).

Subsequently, with cancer‑specific death as the endpoint, 
the optimal cut‑off value of the pretreatment RDW‑to‑LYM% 
ratio was determined as 0.80 using ROC analysis (Fig. S1). 
After stratifying the 625 patients with UTUC into high‑ and 
low‑level RDW‑to‑LYM% ratios (>0.80 and ≤0.80), the clin‑
ical and pathological characteristics were compared between 
the two groups. As shown in Table I, patients with pre‑existing 
renal impairment, prior/concomitant bladder cancer, tumors 
located in both the renal pelvis and ureter, advanced pT stage 
(≥T3), lymph node metastasis, larger tumor size (>2 cm), and 
positive LVI tended to have high‑level RDW‑to‑LYM% ratios 
(all P<0.05). Conversely, the differences in age, sex, underlying 
diseases (diabetes mellitus or hypertension), preoperative clin‑
ical symptoms (hematuria or hydronephrosis), tumor grade, 
tumor necrosis and administration of adjuvant chemotherapy 
were not noted to be significant between the two groups.

Association between pre‑treatment RDW‑to‑LYM% ratio and 
NOC disease and LVI. In the present study, 278 (44%) patients 
had NOC disease and 181 (29%) were positive for LVI. Among 
them, 50% (138/278) with NOC disease and 54% (98/181) who 
were positive for LVI were classified as having a high‑level 
RDW‑to‑LYM% ratio (data not shown). In the pre‑treatment 
model to predict NOC disease and the presence of LVI, multi‑
variate logistic regression analyses revealed that a high‑level 
RDW‑to‑LYM% ratio was significantly associated with NOC 
disease [odds ratio (OR), 2.107; 95% confidence interval (CI), 
1.446‑3.069; P<0.001] and positive LVI (OR, 1.978; 95% CI, 
1.338‑2.916; P<0.001) (Tables II and III). However, other 
preoperative variables, including age, sex, renal function, 
underlying HTN or DM, and hematuria/hydronephrosis and 
bladder cancer history, were not associated.

Association between pre‑treatment RDW‑to‑LYM% ratio 
and poor survival outcomes. Kaplan‑Meier analysis was 
performed to evaluate the associations between pre‑treatment 
RDW‑to‑LYM% ratio and OS, CSS and PFS. The results 

showed that the high‑level RDW‑to‑LYM% ratio was 
significantly associated with worse OS, CSS and PFS, with 
all P<0.001 for all comparisons (Fig. 1). The effect of the 
pre‑treatment RDW‑to‑LYM% ratio on OS, CSS and PFS in 
different pathological tumor stages was also assessed. The 
patients were sub‑grouped into organ‑confined and NOC 
UTUC. Kaplan‑Meier analysis showed that a high‑level 
RDW‑to‑LYM% ratio was associated with significantly 
shorter OS, CSS and PFS times (all P<0.001) compared with 
a low RDW‑to‑LYM% ratio in both organ‑confined and NOC 
disease (Fig. 2).

Furthermore, a multivariate Cox regression analysis was 
conducted to determine the prognostic factors that indepen‑
dently influenced survival in the patients. From the results 
of the multivariate analyses (Table IV), old age, male, tumor 
localizing in the ureter or both ureter and pelvis, advanced pT 
stage (pT3/4), pN+, positive LVI and high RDW‑to‑LYM% 
ratio significantly conferred the negative impacts on OS and 
CSS. Regarding PFS, the high RDW‑to‑LYM% ratio was still 
an independent predicting factor, and other significant factors 
included older age, sex, tumors localizing in the ureter or both 
ureter and pelvis, advanced pT3/4 stage, LN‑positive status 
and the presence of LVI.

Development of a nomogram that includes pre‑treatment 
RDW‑to‑LYM% ratio to predict survival outcomes. 
Considering all independent variables for survival outcomes 
in multivariate analyses, a prognostic nomogram was devel‑
oped for OS, CSS and PFS in patients with UTUC after 
RNU (Fig. 3). This nomogram incorporated pre‑treatment 
RDW‑to‑LYM% ratio with age, sex, tumor location, pT stage, 
LN status and LVI. According to this nomogram, the 1‑, 3‑ and 
5‑year survival rates can be easily obtained.

Discussion

Various predictive factors derived from blood‑based inflam‑
matory immune cells have been used to assess the prognosis 
of patients with UTUC undergoing RNU. For example, RDW, 
lymphocyte counts, NLR, PLR, MLR, lymphocyte‑to‑mono‑
cyte ratio and SII, among others, have been demonstrated to 

Table I. Continued.

 RDW‑to‑LYM% ratio
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables All patients Low (≤0.80) High (>0.80) P‑value

Tumor necrosis, n (%)     0.070
  Absent 503 (80) 386 (82) 117 (75) 
  Present 122 (20) 84 (18) 38 (25) 
Adjuvant chemotherapy, n (%)    0.968
  No  564 (90) 424 (90) 140 (90) 
  Yes 61 (10) 46 (10) 15 (10) 

RDW‑to‑LYM% ratio, red cell distribution width to lymphocyte percentage ratio; pre‑eGFR, preoperative estimated glomerular filtration rate; 
BC, bladder cancer; HTN, hypertension; DM, diabetes mellitus.
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predict oncological outcomes in patients with non‑metastatic 
UTUC (7,9,11,13,18). Previous studies reported that the 
RDW‑to‑lymphocyte count ratio was associated with prog‑
nosis in cutaneous malignant melanoma (20) and renal cell 
carcinoma (21). Simultaneously assessing RDW and LYM% 
for patients with cancer could provide information about 
systemic inflammation and immunity in the presence of 
tumors. However, to the best of our knowledge, the combination 

of RDW and LYM% has not been evaluated for predicting 
oncological outcomes in patients with UTUC after RNU.

In the present study, an increased RDW‑to‑LYM% ratio 
(>0.80) was markedly associated with more aggressive patho‑
logical phenotypes, including synchronous involvement of the 
ureter and pelvis, advanced tumor stage, regional LN metas‑
tasis and positive LVI, in patients with UTUC. Patients with 
renal impairment or previous/concomitant BC also tended to 

Figure 1. Kaplan‑Meier analysis for (A) overall survival, (B) cancer‑specific survival and (C) progression‑free survival in patients with upper tract urothelial 
carcinoma based on a high and low pre‑treatment RDW‑to‑LYM% ratio. RDW‑to‑LYM% ratio, red cell distribution width to lymphocyte percentage ratio; 
RNU, radical nephroureterectomy.

Table II. Univariate and multivariate logistic regression preoperative model analyses for prediction of NOC disease (≥pT3 and/or 
positive lymph nodes) based on the pre‑treatment RDW‑to‑LYM% ratio.

 NOC disease
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 Univariate Multivariate
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter HR (95% CI) P‑value HR (95% CI) P‑value

Age at RNU    
  >69 vs. ≤69 years 0.955 (0.696‑1.309) 0.774 1.015 (0.731‑1.410) 0.929
Sex    
  Female vs. male 0.739 (0.537‑1.016) 0.063 0.731 (0.527‑1.014) 0.061
Pre‑eGFR    
  <60 vs. ≥60 ml/min/1.73 m2 0.911 (0.661‑1.256) 0.570 0.882 (0.630‑1.236) 0.466
DM or HTN    
  Present vs. absent 0.934 (0.679‑1.285) 0.675 0.998 (0.716‑1.390) 0.998
Previous BC    
  Yes vs. no 0.773 (0.492‑1.215) 0.264 0727 (0.456‑1.160) 0.181
Hematuria    
  Present vs. absent 0.867 (0.544‑1.380) 0.547 0.816 (0.50‑1.314) 0.428
Hydronephrosis    
  Present vs. absent 0.862 (0.587‑1.266) 0.450 0.864 (0.581‑1.283) 0.469
RDW‑to‑LYM% ratio    
  High vs. low  2.005 (1.388‑2.897) <0.001 2.107 (1.446‑3.069) <0.001

NOC, non‑organ confined; RDW‑to‑LYM% ratio, red cell distribution width to peripheral lymphocyte percentage ratio; RNU, radical nephro‑
ureterectomy; pre‑eGFR, preoperative estimated glomerular filtration rate; DM, diabetes mellitus; HTN, hypertension; BC, bladder cancer; 
HR, hazard ratio; CI, confidence interval.
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have a high RDW‑to‑LYM% ratio. In the preoperative model, 
a relatively higher RDW‑to‑LYM% ratio had the potency to 
predict NOC disease and the presence of LVI. Furthermore, 
the high‑level RDW‑to‑LYM% ratio was associated with 
decreased OS, CSS and PFS times, particularly in NOC 
disease. Furthermore, in the present cohort, <20% of patients 
with localized advanced (≥pT2 or pN+) UTUC received adju‑
vant chemotherapy, as there was no significant evidence on 
the survival benefit of adjuvant platinum‑based chemotherapy 
before the POUT trial (5). In the present study, adjuvant 
chemotherapy possibly provided a trend in survival benefits, 
but did not reach significance. Notably, the RDW‑to‑LYM% 
ratio was identified as an independent prognostic factor for 
predicting worse outcomes, which could potentially aid in 
treatment decision‑making, such as administering systemic 
therapy before or after surgery. To the best of our knowledge, 
the present study is the first to describe the prognostic signifi‑
cance of the pre‑treatment RDW‑to‑LYM% ratio in UTUC.

Tumor progression and metastases are closely associated 
with systemic inflammation (22,23). There is a mutually 
promoting interaction between inflammation and tumor 
progression. Inappropriate inflammation precedes and 
promotes tumor development/growth and progression, and 
tumor progression induces and drives inflammatory reac‑
tions. Numerous clinical studies in various cancer types, 
including breast, esophageal, gastrointestinal, pancreatic and 

upper urinary tract cancer, found that changes in peripheral 
blood immune cell numbers or proportions indirectly denoted 
tumor‑related inflammation status (7‑15). According to 
previous studies, peripheral neutrophils, monocytes or plate‑
lets were considered to facilitate tumor malignant behaviors, 
whereas lymphocytes were responsible for weakening tumor 
cell viability. Decreased lymphocyte counts (abnormally 
low absolute lymphocyte counts) were associated with poor 
outcomes in some solid cancer types, such as oropharyn‑
geal, cervical, lung and breast cancer (24‑27). Furthermore, 
several studies adopted other blood parameters unrelated to 
immune cells, such as RDW or C‑reactive protein (CRP), 
as inflammation biomarkers for predicting outcomes in 
patients with cancer (16,17,28‑31). Increasing preoperative 
RDW was reported to negatively affect prognosis in bladder 
and prostate cancer (16,17,28). RDW was used to diagnose 
anemia, and indirectly reflected oxidative stress and inflam‑
mation status (32). RDW was also closely linked to various 
inflammatory cytokines, such as interleukin‑6, enterococcal 
surface protein and CRP (33,34). Elevated RDW may imply an 
increase in systemic inflammation, thus potentially enhancing 
tumor aggressiveness and resulting in tumor progression and 
metastasis.

In the present study, increased RDW combined with 
decreased LYM% was significantly associated with 
poorer OS, CSS and PFS times in patients with UTUC 

Table III. Univariate and multivariate logistic regression preoperative model analyses for prediction of presence of LVI based on 
pre‑treatment RDW‑to‑LYM% ratio.

 LVI
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 Univariate Multivariate
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter HR (95% CI) P‑value HR (95% CI) P‑value

Age at RNU    
  >69 vs. ≤69 years 0.923 (0.653‑1.305) 0.650 1.036 (0.697‑1.539) 0.861
Sex    
  Female vs. male 0.814 (0.575‑1.153) 0.246 0.799 (0.560‑1.140) 0.216
Pre‑eGFR    
  <60 vs. ≥60 ml/min/1.73 m2 1.009 (0.709‑1.435) 0.961 0.965 (0.667‑1.395) 0.457
DM or HTN    
  Present vs. absent 0.952 (0.671‑1.350) 0.783 1.020 (0.711‑1.464) 0.914
Previous BC    
  Yes vs. no 1.087 (0.671‑1.760) 0.736 1.015 (0.617‑1.667 0.955
Hematuria    
  Present vs. absent 0.806 (0.491‑1.326) 0.396 0.744 (0.448‑1.236) 0.254
Hydronephrosis    
  Present vs. absent 0.747 (0.496‑1.126) 0.163 0.742 (0.487‑1.130) 0.164
RDW‑to‑LYM% ratio    
  High vs. low  1.966 (1.341‑2.883) <0.001 1.978 (1.338‑2.916) <0.001

LVI, lymphovascular invasion; RNU, radical nephroureterectomy; pre‑eGFR, preoperative estimated glomerular filtration rate; DM, diabetes 
mellitus; HTN, hypertension; BC, bladder cancer; RDW‑to‑LYM% ratio, red cell distribution width to peripheral lymphocyte percentage ratio; 
HR, hazard ratio; CI, confidence interval.
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Figure 2. Kaplan‑Meier analysis for (A and B) overall survival, (C and D) cancer‑specific survival and (E and F) progression‑free survival in patients with 
(A, C and E) non‑organ‑confined and (B, D and F) organ‑confined upper tract urothelial carcinoma stratified based on the pre‑treatment RDW‑to‑LYM% ratio. 
RDW‑to‑LYM% ratio, red cell distribution width to lymphocyte percentage ratio; RNU, radical nephroureterectomy.

https://www.spandidos-publications.com/10.3892/br.2024.1910
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after RNU, particularly in those with NOC disease. ROC 
analysis revealed that on their own, RDW or LYM% did 
not better predict survival outcomes compared with 
the RDW‑to‑LYM% ratio (Fig. S1). The pretreatment 
RDW‑to‑LYM% ratio as a combination marker is derived 
from RDW and LYM% values. Given that RDW and LYM% 
are pro‑tumor and antitumor inflammation markers, respec‑
tively, the RDW‑to‑LYM% ratio could reflect the imbalance 
between pro‑ and anti‑tumor immunity, rather than RDW 
or LYM% alone. An increase in the RDW‑to‑LYM% ratio 
value is mathematically attributed to relatively increased 
RDW and/or decreased LYM%. As aforementioned, 
increased RDW levels may indicate an increase in the 
systemic inflammation state, and a reduced lymphocyte 
distribution may imply a weak immune response to the 
tumor. We suggest that an elevated RDW‑to‑LYM% ratio 
in patients UTUC may reflect a clinical state with more 
inflammatory burden and less antitumor immunity. As such, 
patients with a higher RDW‑to‑LYM% ratio are at risk of 
worse survival times and disease progression. The present 
study emphasized that the pre‑treatment RDW‑to‑LYM% 
ratio remained statistically significant for predicting OS, 
CSS and PFS after adjusting several important and relevant 
risk factors, including tumor location, pT stage, LN status 
and LVI. Furthermore, the pretreatment RDW‑to‑LYM% 
ratio had the potency to predict NOC and the presence of 
LVI. Since the clinical staging of UTUC has been depen‑
dent on imaging and ureterorenoscopy biopsy to date, the 
pretreatment RDW‑to‑LYM% ratio will provide additional 
assistance to improve the accuracy of the clinical staging 
of UTUC.

Taken together, the results of the present study are, to 
the best of our knowledge, the first to report the prognostic 
significance of combining RDW and LYM% for deter‑
mining OS, CSS and PFS in patients with UTUC after RNU. 
The optimal cut‑off value of 0.80 for the pre‑treatment 
RDW‑to‑LYM% ratio significantly distinguished high‑risk 
patients who had unfavorable outcomes after surgery 
from the cohort. As the rising RDW‑to‑LYM% ratio was 
attributed to increased RDW or/and decreased LYM%, it 
contributed to benefit the survival and proliferation of the 
tumor, and even metastasis, eventually leading to adverse 
patient survival outcomes. Assessment of the pre‑treatment 
RDW‑to‑LYM% ratio before surgery was low in cost 
and easily accessible in clinical practice. Furthermore, 
a pre‑treatment RDW‑to‑LYM% ratio was employed to 
establish a nomogram for predicting prognosis in UTUC. 
This nomogram can be clinically applied to understand 
the specific survival probabilities and risk factors for each 
patient; it can serve as a decision‑support tool, helping clini‑
cians identify patients with a high risk of post‑operative 
recurrence, and it further assists in deciding the timing and 
intensity of adjuvant treatment.

There are some limitations to the present study. First, this 
was a single‑center and retrospective study, which might give 
rise to selection bias. Secondly, all patients in this study were 
Taiwanese, and Taiwan is known for its high incidence of 
UTUC. The single ethnic group and limited area might affect 
the result. Last but not least, this study lacked convincing 
molecular biomarkers that involved the systemic inflammation 
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and tumor microenvironment, such as CRP, CD4 or CD8 for 
T cells, or CD68 and CD163 for macrophages. All of these 
limitations may indicate that future multicenter and prospec‑
tive studies are required.

In conclusion, the present study found that an elevated 
pre‑treatment RDW‑to‑LYM% ratio was associated with more 
advanced stage UTUC and a poorer prognosis after RNU. 
Moreover, the pre‑treatment RDW‑to‑LYM% ratio was demon‑
strated to be an independent prognostic factor, potentially 
aiding in treatment planning for patients with UTUC.
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