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Purpose: This study aims to develop and validate a nomogram to predict lymph node
(LN) metastasis preoperatively in patients with T1 high-grade urothelial carcinoma.

Methods: We retrospectively evaluated the data of 2,689 patients with urothelial
carcinoma of the bladder (UCB) treated with radical cystectomy (RC) and bilateral
lymphadenectomy in two medical centers. Eventually, 412 patients with T1 high-
grade urothelial carcinoma were enrolled in the primary cohort to develop a prognostic
nomogram designed to predict LN status. An independent validation cohort (containing
783 consecutive patients during the same period) was subjected to validate the
predicting model. Binary regression analysis was used to develop the predicting
nomogram. We assessed the performance of the nomogram concerning its clinical
usefulness, calibration, and discrimination.

Results: Overall, 69 (16.75%), and 135 (17.24%) patients had LN metastasis in the
primary cohort and external validation cohort, respectively. The final nomogram included
information on tumor number, tumor size, lymphovascular invasion (LVI), fibrinogen, and
monocyte-to-lymphocyte ratio (MLR). The nomogram showed good predictive accuracy
and calibration with a concordance index in the primary cohort of 0.853. The application
of the nomogram in the external validation cohort still gave good discrimination (C-
index, 0.845) and good calibration. The analysis of the decision curve shows that the
nomogram has clinical application value.

Conclusion: The nomogram that incorporated the tumor number, tumor size, LVI,
fibrinogen, and MLR showed favorable predictive accuracy for LN metastasis. It may
be conveniently used to predict LN metastasis in patients with T1 high-grade urothelial
carcinoma and be helpful in guiding treatment decisions.
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INTRODUCTION

Urothelial carcinoma of the bladder (UCB) is the ninth most
common tumor worldwide (1). It is also the most prevalent
cancer of the urinary tract and the fourth cause of cancer-related
death in men (2). Approximately 75% of patients with UCB
are diagnosed as non-muscle-invasive bladder cancer (NMIBC)
at the first time in seeking medical care. Most of the NMIBC
patients will choose to retain bladder therapy: transurethral
resection of the bladder (TURBT) combined with maintenance
bacillus Calmette–Guérin (BCG), but some patients (especially
T1 high grade) are very likely to fail BCG therapy alone (3).
Approximately 22% of the UCB patients finally found positive
lymph nodes, and this number will increase with pathologic
stage progressing (13% for pT1 and 45% for pT4). To date,
extended pelvic lymph node (LN) dissection is suggested in
some clinical trials for UCB patients with LN metastasis. It can
prolong the lifetime of these patients (4, 5). Immediate radical
cystectomy (RC) and LN dissection should be considered in
selected cases such as those patients with pT1 high-grade disease
and other risk factors such as lymphovascular invasion (LVI),
histological variants, and size of the tumor (6). However, some
patients with T1 high-grade bladder cancer have a low risk of
metastasis and progression, and conservative treatment can be
tried. In these cases, RC may be an overtreatment (7). Some
researchers found that even muscle-invasive bladder tumor can
be treated with trigeminal therapy that can preserve the bladder
and improve the quality of the patient’s life (8). At the same time,
some scholars believe that extended lymph dissection should
be performed during RC for patients with higher risk of LN
metastasis. However, others thought that the extent of pelvic
LN dissection (PLND) of T1 high-grade UCB remains highly
disputed if there has no evidence of LN metastasis (9–11). A good
preoperative prediction about LN metastasis can be helpful in
making a decision on PLND (10, 12). There is no validated project
to decide which treatment program is optimal for each patient
with T1 high-grade disease. Current evidence demonstrate that
clinicopathological and molecular risk classifiers together may
help to select the optimal management strategy for each patient
with T1 high-grade disease (7).

Recently, several researches have found that systemic
inflammatory response is highly related to LN metastasis and
tumor progression (13, 14). Some studies have found that
preoperative neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR),
and fibrinogen are directly associated with nodal involvement
status of tumors (15–19). Kilian et al. found that decreased
cholinesterase (ChE) is associated with poor prognosis in
patients with NMIBC undergoing TURBT (8). Ferro et al. found
that type 2 diabetes mellitus predicts worse outcomes in patients

Abbreviations: LN, lymph node; UCB, urothelial carcinoma of the bladder;
NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR,
monocyte-to-lymphocyte ratio; NMIBC, non-muscle invasive bladder cancer;
PLND, pelvic LN dissection; ChE, cholinesterase; TURBT, transurethral resection
of the bladder; RC, radical cystectomy; TNM, tumor node metastasis; HB,
hemoglobin; ALB, albumin; WBC, white blood cell; AUC, area under the curve;
CSS, cancer-specific survival; OS, overall survival.

with high-grade T1 bladder cancer (20). These results indicate
that many routine laboratory reports will be helpful to predict
the prognosis of tumors.

Hence, this study was aimed to detect the relationship between
inflammation biomarkers, clinicopathological features, and LN
metastasis in patients with T1 high-grade UCB treated with RC.
This study also aimed to develop and validate a nomogram to
predict LN metastasis preoperatively in patients with T1 high-
grade urothelial carcinoma.

MATERIALS AND METHODS

We retrospectively evaluated the data of 2,689 patients with
UCB treated with RC and bilateral lymphadenectomy at the
Second Hospital of Tianjin Medical University and Tianjin
Medical University General Hospital between January 2010
and December 2019. Eventually, we enrolled 1,195 patients
(412 in the primary cohort and 783 in the validation
cohort) with T1 high-grade UCB in this study (Figure 1).
All patients enrolled had RC immediately (no more than
1 month) after histologically confirmed pT1 high-grade disease.
Approximately 35% of the patients had repeated TURBT. The
tumor was graded according to the World Health Organization—
International Society of Urologic Pathology 2004 guidelines and
the tumor node metastasis (TNM) 2002 staging system. All
patients were histologically confirmed, and the exclusion criteria
were as follows: (a) patients without muscle in the TURBT
specimen, (b) patients received radiation therapy or neoadjuvant
chemotherapy, (c) liver cirrhosis, (d) patients had distant
metastatic disease at the time of RC, (e) severe inflammation,
(f) immune system or severe bleeding disease, (g) patients had
concomitant carcinoma in situ (CIS), and (h) patients received
adjuvant intravesical chemo before RC.

Sex, age, lymphatic invasion, LN status, tumor number,
tumor size, TNM stage, and routine preoperative laboratory
measurements including white blood cell (WBC) count,
neutrophil count, lymphocyte count, monocyte count,
hemoglobin (HB), albumin (ALB), and fibrinogen were
recorded in our study. Two doctors independently reviewed the
medical data and pathological data of all patients.

PLR, NLR, and MLR Evaluation
Blood count test was a routine part of the preoperative inspection
before the surgery. All blood samples were obtained within
14 days (median 6.3 days) before RC. The definition of PLR,
NLR, and MLR was platelet count divided by lymphocyte count,
neutrophil count divided by lymphocyte count, and monocyte
count divided by lymphocyte count, respectively.

Statistical Analysis
Our patients were divided into two groups on the basis of LN
status. Continuous data were presented as means ± standard
deviations. Mann–Whitney U-test was conducted for all variables
with non-normal distribution. The features of clinicopathological
and categorical variables associated with LN status were analyzed
using the χ2 test. Statistical analyses were performed using IBM
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FIGURE 1 | Flow chart of the enrollment of patients.

SPSS (version 22.0) and R software (version 3.5.2). P < 0.05 was
accepted as statistically significant.

Development of Prediction Model
Binary logistic regression analysis was conducted with the
following clinical candidate predictors: tumor number, tumor
size, LVI, fibrinogen, NLR, PLR, and MLR. Then, tumor number,
tumor size, LVI, fibrinogen, and MLR were applied to develop a
diagnostic model for LN metastasis by using the primary cohort.
Backward step-wise selection was applied by using the likelihood
ratio test with Akaike’s information criterion as the stopping rule
to develop and validate the nomogram.

Performance of the Nomogram in the
Primary Cohort
Calibration curves and Hosmer–Lemeshow test were conducted
to assess the calibration of the nomogram. To quantify the
discrimination performance of the nomogram, Harrell’s C-index
was used. Bootstrapping validation (1,000 bootstrap resample)
was used to calculate a relatively corrected C-index.

Validation of the Nomogram
Internal validation was performed. The logistic regression
formula was built with the primary cohort and was applied to

the validation cohort, with total points for each patient evaluated.
The total points were then subjected to logistic regression as
a factor. Decision curve analysis was performed to assess the
clinical usefulness of the nomogram.

RESULTS

Characteristics
Patients’ characteristic of the primary cohort and validation
cohort showed in Table 1. No significant difference was
found between primary cohort (16.75%, 69/412) and validation
cohort (17.24%, 135/783) in regard to lymph node-positive
rate (P = 0.462). Patients with LN metastasis in both primary
and validation cohorts were more likely to have bigger tumor
(≥3 cm), multiple tumors, hydronephrosis, and LVI than the
patients without LN metastasis. There is no significant difference
association with LN status for other parameters, such as gender,
age, body mass index (BMI), and ALB.

Features of Preoperative Inflammatory
Indicators
As shown in Table 2, although the WBC count did not show
any difference between the two groups (P = 0.393) concerning
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TABLE 1 | Clinicopathologic features of patients according to the lymph node status.

Parameters Primary cohort Validation cohort

Overall n = 412 LN (+) n = 69 LN (−) n = 343 P Overall n = 783 LN (+) n = 135 LN (−) n = 648 P

Gender 0.481 0.189

Male 372 63(16.9) 309(83.1) 487 123(25.3) 564(74.7)

Female 40 6(15.0) 34(85.0) 96 12(12.5) 84(87.5)

Age (years) 0.184 0.526

≥60 264 48(18.2) 216(77.8) 574 96(16.7) 478(83.3)

<60 148 21(14.2) 127(85.8) 209 39(18.7) 170(80.3)

BMI 0.143 0.273

≥28 45 11(24.4) 34(65.6) 69 18(26.1) 51 (73.9)

<28 367 58(15.8) 309(84.2) 728 149(20.4) 579(79.6)

Hydronephrosis 0.011 0.001

Present 64 18(28.1) 47(61.9) 114 36(31.6) 78(68.4)

Absent 347 51(14.7) 296(85.3) 669 99(14.8) 570(85.2)

ALB(g/l) 0.125 0.189

≥35 324 49(15.1) 275(84.9) 624 102(16.3) 522(83.7)

<35 88 20(22.2) 68(77.8) 159 33(20.8) 126(79.2)

Pathological stage 0.001* <0.001*

pTa 21 0(0.0) 21(100.0) 27 0(0.00) 27(100.0)

pT1 98 9(9.2) 89(90.8) 337 39(11.6) 288(88.4)

pT2 149 18(12.1) 131(87.9) 343 39(11.3) 204(88.7)

pT3 101 21(20.1) 80(79.9) 121 33(27.3) 88(72.7)

pT4 39 18(46.2) 21(53.8) 65 24(36.9) 41(63.1)

≥pT1 293 60(20.5) 233(79.5) 429 96(22.3) 333(77.5)

LVI, no. (%) <0.001 <0.001

Present 135 42(38.9) 93(61.1) 303 99(32.7) 204(67.3)

Absent 277 27(13.2) 250(86.8) 480 36(7.5) 444(92.5)

Tumor size (cm) <0.001 <0.001

≥3 114 42(36.8) 72(53.2) 364 99(27.2) 265(72.7)

<3 341 27(7.9) 271(92.1) 419 36(8.5) 383(91.5)

Tumor number <0.001 0.012

Multiple 174 51(29.3) 123(70.7) 362 87(24.0) 275(76.0)

Single 264 18(6.8) 246(93.2) 421 48(11.4) 373(88.6)

BMI, body mass index; ALB, albumin; and LVI, lymphovascular invasion. *Chi-square tests of pT1 and ≥pT1.

TABLE 2 | Inflammation indicators according to lymph node status.

Parameters Primary cohort Validation cohort

LN (+) LN (−) P LN (+) LN (−) P

WBC count 6.78 ± 1.92 7.31 ± 4.17 0.393 7.47 ± 1.99 7.00 ± 1.68 0.311

Neutrophil count 4.67 ± 1.76 4.60 ± 178 0.792 5.15 ± 1.85 4.53 ± 1.54 0.153

Lymphocyte count 1.42 ± 0.66 1.82 ± 0.66 <0.001 1.34 ± 0.71 1.82 ± 0.58 0.006

Monocyte count 0.42 ± 0.16 0.44 ± 0.17 0.523 0.49 ± 0.16 0.45 ± 0.20 0.395

Platelet count 229.38 ± 66.32 237.50 ± 71.24 0.486 233.09 ± 40.03 254.60 ± 65.916 0.140

HB 124.58 ± 21.47 133.58 ± 20.38 0.009 123.61 ± 20.71 133.10 ± 22.53 0.073

ALB 38.91 ± 6.30 39.58 ± 6.22 0.522 37.09 ± 7.00 39.24 ± 6.69 0.198

Fibrinogen 3.87 ± 0.76 3.36 ± 0.87 <0.001 4.25 ± 0.76 3.35 ± 0.86 0.001

NLR 3.98 ± 3.09 3.01 ± 2.65 0.033 4.67 ± 2.29 2.81 ± 1.42 0.001

PLR 193.85 ± 119.73 148.40 ± 80.30 0.019 248.92 ± 167.54 157.37 ± 73.53 0.017

MLR 0.34 ± 0.15 0.27 ± 0.14 0.012 0.48 ± 0.24 0.28 ± 0.17 0.001

WBC, white blood cell; HB, hemoglobin; ALB, albumin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; and MLR, monocyte-to-lymphocyte ratio.
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TABLE 3 | Risk factors for LN metastasis.

Variable and intercept Univariate logistic regression Multivariate logistic regression

Adjusted OR (95% CI) P Adjusted OR (95% CI) P

Hydronephrosis 2.66 (1.20−5.86) 0.016

Lymphocyte count 0.35 (0.19−0.66) 0.01

HB 0.98 (0.965−1.00) 0.10

Fibrinogen 1.89 (1.31−2.73) <0.001 1.88 (1.18–2.99) 0.008

NLR 1.12 (0.99−1.24) 0.074

PLR 1.004 (0.961−1.008) 0.236

MLR 5.81 (1.69−52.13) 0.007 7.79 (1.94–60.06) 0.003

Lymphovascular invasion 6.00 (2.89−12.43) <0.001 8.50 (3.66–19.74) <0.001

Tumor size 4.28 (2.19−8.36) <0.001 4.71 (2.06–10.78) <0.001

Tumor number 2.8 (1.5−5.24) 0.001 3.50 (1.53–8.06) 0.001

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; and MLR, monocyte-to-lymphocyte ratio.

the nodal status, fibrinogen (P < 0.001), and lymphocyte count
(P < 0.001) were significantly higher in patients with nodal
involvement than those without. The differences between the
lymph node-positive and lymph node-negative groups were
statistically significant in regard to HB (P = 0.009), PLR
(P = 0.019), NLR (P = 0.033), and MLR (P = 0.012). Other
parameters like neutrophil count, monocyte count, platelet count,
and ALB did not show an association with LN status.

Development of the Prediction Model
Binary regression analysis identified tumor number, tumor size,
LVI, fibrinogen, and MLR as independent predictors (Table 3).
These independent predictors were pooled to develop the
prediction model. The prediction model was demonstrated as a
nomogram (Figure 2).

Performance of the Nomogram
The area under the curve (AUC) of the receiver operating
characteristic (ROC) curve (Figure 3) of the nomogram was
0.853 (95% CI, 0.785 to 0.906), indicating that the nomogram
is powerful to differentiate LN metastasis. The calibration curve
of the nomogram demonstrated a good agreement between the
observation cases and prediction cases both in the primary cohort
and validation cohort (Figure 4). The Hosmer–Lemeshow test
of the nomogram harvested a non-significant statistic in the
primary cohort (P = 0.381) and validation cohort (P = 0.236). The
C-index of the nomogram was 0.853 (95% CI, 0.77 to 0.91) in the
primary cohort, which was confirmed to be 0. 845 (95% CI, 0.76
to 0.98) in the validation cohort.

Clinical Use
The result of the decision curve (Figure 5) in regard to the
primary cohort demonstrated that when the threshold probability
was 0.15–0.80, the nomogram will be helpful to predict LN
metastases. Correspondingly, if the threshold probability was
0.20–0.60 in the validation cohort, using the nomogram to
predict LN metastases and make treatment decision adds more
benefit than either the treat-all-patients scheme or the treat-
none scheme.

DISCUSSION

As is known to all, cancer-specific survival (CSS) and overall
survival (OS) of patients with UCB were associated with
pathologic stage and LN status at the time of cystectomy.
The potential of LN metastasis plays an important role
when considering an operation (21). Fritsche et al. reported
that 16.2% of the patients treated with RC for T1 high-
grade UCB had LN metastasis (22). If we can identify
patients who may have LN metastasis with T1 high-grade
UCB before surgical treatment, it will facilitate individualized
treatment of the disease.

Nowadays, plenty of methods including quantitative
comparative proteomic, imaging techniques (such as PET-CT
and MRI) (23, 24), and histological analysis have been used to
identify new markers predicting LN metastasis. Brunocilla et al.
evaluated the role of PET-CT in the preoperative evaluation
of the nodal involvement of patients with BC suitable for RC
and found that PET-CT showed a sensitivity of 42% and a
specificity of 84%, whereas contrast-enhanced CT showed a
sensitivity of 14% and a specificity of 89% (24). Birkhäuser
et al. assessed the diagnostic accuracy of combined ultrasmall
superparamagnetic particles of iron oxide (USPIO) MRI and
diffusion-weighted (DW) MRI in staging of normal-sized
pelvic LNs in bladder cancer patients. The results showed
that per-patient sensitivity and specificity for detection of
LN metastases by the three readers ranged from 65% to
75% and 93% to 96%, respectively (25). All of the above
results indicate that it is difficult to predict LN metastasis
accurately even using the most advanced imaging techniques.
Therefore, we wanted to explore a more accurate model to
predict LN metastasis of T1 high-grade BC by combining
the pathological characteristics of TURBT specimens with
inflammation indicators in peripheral blood. Cantiello et al.
investigated 1,151 NMIBC patients who underwent first
TURBT at 13 academic institutions and found that NLR, PLR,
and LMR are factors predictive of recurrence, progression,
cancer-specific mortality, and overall mortality (26). Previous
studies have demonstrated that NLR, PLR, and fibrinogen are
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FIGURE 2 | The nomogram was developed in the primary cohort, with tumor number, tumor size, lymphovascular invasion, fibrinogen, and MLR.

FIGURE 3 | (A) The ROC curve of nomogram in the primary cohort. (B) The ROC curve of nomogram in the validation cohort.
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FIGURE 4 | (A) The calibration curve of nomogram in the primary cohort. (B) The calibration curve of nomogram in the validation cohort.

FIGURE 5 | (A) The decision curve of nomogram in the primary cohort. (B) The decision curve of nomogram in the validation cohort. Net benefit can be interpreted
as the proportion of all patients who have lymph node metastases and are recommended for extended pelvic lymph node dissection if no patients with negative
lymph nodes were treated.

available biomarkers to predict LN metastasis (21, 27), and
other hematological indicators, like MLR and ALB, have been
shown to be associated with pathologic stage or LN status of
bladder carcinoma (17, 27–29). A study involving patients with
high-grade T1 bladder cancer also showed that absolute basophil
count is associated with time to recurrence in patients receiving
BCG after TURBT tumor (30). Hematological indicators are
cheap and accessible. However, their clinical applications are

unrealistic because there is no good sensitivity and specificity to
use them solely.

In our study, we found LN metastasis in about 20% of
the patients who underwent RC for T1 high-grade UCB.
It is higher than the previous study conducted by Fritsche
et al. We suspect that the difference may come from the
different ethnicity of patients or may have resulted from the
different treatment strategies (our patients received less repeated
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TURBT and adjuvant intravesical chemotherapy before RC).
In our results, there is no significant difference in lymphocyte
and monocyte counts between the two groups, but both
lymphocyte count and monocyte count were increased in the
lymph node-positive group. Monocytes and tumor-associated
macrophages (differentiated by monocytes) were thought to have
an impact on tumorigenesis and will be recruited to the tumor
site (31). The main function of lymphocytes is suppressing
proliferation and migration of cancer cell (32). Therefore,
monocyte and lymphocyte count (to suppress migration of
cancer cells) may increase or decrease in patients having tumor.
Besides, after calculating the ratio of platelet count, neutrophil
count, and monocyte count to lymphocyte count, we found
that NLR, PLR, and MLR were significantly correlated with
LN metastasis in bladder tumors, which is consistent with
previous studies.

According to our results, there were significant differences
about the means of PLR, NLR, MLR, and fibrinogen between the
lymph node-positive and lymph node-negative groups. Also, the
tumor number, tumor size, LVI, fibrinogen, and MLR, according
to the logistic regression analysis, are independent predictors
of LN metastasis in patients with T1 high-grade urothelial
carcinoma. It suggests that there is a close relationship between
cancer and inflammation (33).

Pathologic features, such as tumor number, tumor size, and
LVI are widely accepted as an indicator of tumor prognosis.
Thus, we attempted to develop a model including tumor number,
tumor size, LVI, fibrinogen, PLR, NLR, and MLR for the
prediction of LN metastasis. Then, we found that the tumor
number, tumor size, LVI, fibrinogen, and MLR are independent
predictors of LN metastasis in patients with T1 high-grade
urothelial carcinoma. Our results are consistent with previous
research. Ferro et al. found that tumor size and the presence
of carcinoma in situ are independent predictors to identify
patients at risk of residual T1 high-grade bladder cancer after
a complete TUR (34). This suggests that the combination of
pathological features and inflammatory status is a good predictor
of LN metastasis in patients with T1 high-grade urothelial
carcinoma (12).

Therefore, we developed a nomogram of tumor number,
tumor size, LVI, fibrinogen, and MLR to help doctors and
patients make better decisions on the treatment of T1 high-
grade urothelial carcinoma. The Hosmer–Leme show test of
the nomogram shows that this model has a good fit. The
nomogram of this combination was conducted to present
it. The AUC (0.843) of the ROC curve of the nomogram
indicated that the nomogram is powerful to differentiate LN
metastasis. The calibration curve demonstrated good consistency
in the primary cohort and validation cohort. To justify the
clinical usefulness of the nomogram, we assessed whether
nomogram-assisted decisions would improve patient outcomes.
The decision curve showed that the nomogram will be helpful
to predict LN metastases. All of the measurements above
indicate that the nomogram of tumor number, tumor size,
LVI, fibrinogen, and MLR can help doctors and patients
make better decisions on the treatment of T1 high-grade
urothelial carcinoma.

Nevertheless, our study has many limitations. First, even if we
collected two institutions’ data, the sample size remains small.
More and more patients with T1 high-grade bladder tumor
choose to retain the bladder, and fewer and fewer patients receive
RC in the early stage. We believe that even if we wait a few
more years, the number of cases will not increase significantly.
However, considering that 20% of the patients will still benefit
from the early standard full cut, we believe that more patients will
benefit from using this model to assist in clinical decision making.
Second, although we have tried our best to control potential
confounders, we could not control surgeon and pathologist
experience, treatment decisions, including patient and surgeon
preferences. Fortunately, we have two pathologists to review
to identify LNs. Third, the data were collected retrospectively.
However, for now, the model was developed by the best data
we can achieve, and it may provide some reference for clinical
decision making. In future studies, we will design a prospective
randomized controlled study with a higher level of evidence to
further validate our model.

CONCLUSION

The nomogram that incorporated the tumor number, tumor
size, LVI, fibrinogen, and MLR showed favorable predictive
accuracy for LN metastasis. It may be conveniently used
to predict LN metastasis in patients with T1 high-grade
urothelial carcinoma and be helpful in guiding treatment
decisions. Large-sample multicenter validation is needed for its
clinical application.
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