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Central pathology review and its 
prognostic value in upper tract 
urothelial carcinoma patients: 
a nationwide multi‑institutional 
study
Yung‑Tai Chen 1,2, Hsiang Ying Lee 3,4,5, Wen‑Jeng Wu 3,4,5, Ching‑Chia Li 3,4,5, 
Chih‑Hung Lin 6,7, Chung‑Tai Yue 8, Yuan‑Hong Jiang 9, Yu‑Khun Lee 9, Kuan Hsun Huang 10 & 
Yao‑Chou Tsai 11,12,13*

The prognostic value of central pathology review in upper urinary tract cancer (UTUC) remains 
inadequately addressed in existing literature. In this study, we conducted an extensive central 
pathology review and presented its influence on multi-center UTUC studies. We conducted a 
retrospective review of patients who underwent radical nephroureterectomy or segmental resection 
for UTUC to determine eligibility for central pathology review. In the Taiwan UTUC Collaboration 
cohort, 377 cases met the criteria for pathology review. We assessed agreement between pathologists 
using both the total percentage of agreement and simple kappa statistics. The prognostic implications 
of original and review pathology for various parameters were examined using the Cox regression 
model. This study included 209 female and 168 male participants. Pathology review revealed 
substantial interobserver variability in pT staging, with a particularly high rate of pT2 cases being 
upgraded to pT3 upon central review (17/70 pT2 stage made by local pathologists were finally 
confirmed as pT3 disease by the review pathologist). The local pathologist cohort identified fewer 
significant histological predictors in survival models compared to the review pathology cohort. 
Advanced pT stage, perineural invasion (PNI), and positive surgical margin were independent 
predictors of poorer overall survival and cancer-specific survival. PNI, lymphatic vascular invasion, and 
positive surgical margin were independent predictors of disease recurrence. Substantial interobserver 
variability in histological assessment underscores the importance of centralized pathology review 
for both multi-center studies and accurate post-operative management of UTUC patients. Advanced 
stage, perineural invasion, and margin status were significant histological predictors of oncological 
outcomes.
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Histopathological analysis of radical nephroureterectomy (RNU) specimens is crucial for evaluating the progno-
sis of upper urinary tract urothelial cancer (UTUC). It helps determine the prognostic staging (RNU or kidney 
sparing surgery) and the need for adjuvant treatments after RNU, as per the NCCN guidelines. Consensuses 
have been reached to ensure accurate histopathological staging, including handling specimens, using reliable 
techniques, and standardized reporting. Unlike bladder urothelial cancer, UTUC requires careful examination 
and sampling due to the complexity of the upper urinary tract system. Technical factors and processing artifacts 
can lead to difficulties and bias in staging. Pathology review is recommended for consistent diagnosis and stag-
ing in multi-center cancer research, particularly for rare cancers1. Inter-observer variations have been observed 
in bladder urothelial cancer, with significant discrepancies in tumor grade and stage between local and central 
pathology2–4. However, there is limited discussion on reviewing UTUC histology, especially regarding variant 
histology, which is an adverse and often under-recognized feature5.

Chang and their colleagues reported that though significant interobserver variations were observed, cen-
tral pathology review had minimal impact on clinical practice based on current UTUC treatment guidelines6. 
Whether pathology review for important histological factors, such as tumor grading, staging and surgical margin 
status, of UTUC will have an prognostic impact on multicenter study largely remained unknown. In addition, 
due to the rarity of UTUC, the histological review analysis for UTUC remained extremely scarce in the litera-
ture. Here, we reported the commonly reported the inter-observer variations in important histological factors 
in UTUC studies and their potential impacts on the multi-center UTUC research.

Material and methods
Patients
The Taiwan UTUC Collaboration Group conducted a registry database for UTUC. This multicenter internet-
based registry enrolled UTUC cases from teaching hospitals in Taiwan since June 2018. The study received insti-
tutional review board approval of Taipei TzuChi Hospital (IRB no.: 08-X-037 & 12-X-004) and the requirement of 
informed consent was waived due to its anonymous nature without any identifiable information in the database. 
The study protocols and methods were carried out in accordance with relevant guidelines and regulations.

In our retrospective review of patients who underwent radical nephroureterectomy (RNU) or segmental 
resection for UTUC, a total of 756 cases were assessed. Among them, 377 cases met the eligibility criteria for 
specimen review. Cases without a definitive surgical treatment (RNU or segmental resection) or lacking acces-
sible full sets of pathology slides were excluded from the pathology review. Eligible cases with a complete set of 
slides were sent for pathology review. The definition of a complete set of slides included all sections examined 
by the local institutional pathologist.

Histologic review
A single pathologist, recommended by the Taiwan Society of Pathology, conducted a histological review using an 
approved standardized format. The format was based on the AJCC TNM staging system and NCCN guidelines 
for urothelial cancer management. The central reviewer was unaware of the initial local pathologist’s diagnosis, 
except for basic information such as specimen description and number of sections. The median number of slides 
reviewed was 9, with a range of 8 to 12. The histological diagnosis and staging of UTUC specimens followed 
the AJCC TNM staging system (version 9), and grading was based on the 2015 WHO/ISUP recommendation 
grading system. The diagnostic criteria for UTUC variants were described in the WHO classification of tumors.

Follow‑up
The patients were scheduled for follow-up appointments every 3–6 months during the first year, and then 
every 6–12 months thereafter. To determine recurrence or progression-free status, chest radiography and cross-
sectional imaging (such as computer-tomography [CT] or magnetic resonance imaging [MRI]) were utilized. 
Ureteroscopy, urine cytology and cystoscopy were employed to detect upper tract and intravesical recurrence. 
In this trial, UTUC recurrence was defined as the return of the tumor in the original site, regional lymph nodes, 
or distant metastasis. The primary objective of the study was to assess overall survival (OS), cancer specific 
survival (CSS), and disease-free survival (DFS), which is defined as the duration from surgical treatment until 
death from cancer-related causes for CSS and the duration from surgical treatment to the first occurrence of 
disease recurrence or death from any cause for DFS.

Statistical analysis
Demographic and clinicopathological differences between groups were compared using Pearson Chi-square for 
categorical variables. Agreement between original pathology and review pathology was measured by the total 
percentage of agreement and by simple kappa statistics. The Kaplan–Meier estimator was used to estimate the 
rates of prognostic outcomes. The prognostic impact of original and review pathology for the different param-
eters was analyzed by the Cox regression model with the estimation of hazard ratios (HR) and 95% confidence 
intervals. Cox proportional hazard model was selected to assess the effect of prognostic outcomes by stepwise 
regression analysis and after adjusting for potential confounders. The Pearson correlation coefficient measures 
the strength and direction of the linear association between two variables. The resulting coefficient value, ranges 
between -1 and 1, with values closer to -1 indicating a strong negative monotonic relationship, values closer to 
1 indicating a strong positive monotonic relationship, and a value of 0 suggesting no monotonic relationship 
between the variables. Variance Inflation Factor (VIF) measure how much the variance of the estimated regres-
sion coefficient for a particular independent variable is increased due to multicollinearity. Multicollinearity 
occurs when independent variables in a regression model are highly correlated with each other, which can lead 
to unstable coefficient estimates and difficulty in interpreting the results. We addressed this challenge using 
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following techniques: Firstly the principal component analysis (PCA) to explore variable relationships. Sec-
ondly, the regularization techniques (LASSO regression) to manage multicollinearity in the survival prediction 
model. Thirdly, the Akaike information criterion (AIC) technique to identify models. The performance differ-
ences between models were evaluated using the concordance index (C-index) and calibration curves. Statistical 
analyses were carried out with IBM SPSS statistical software version 26 and R version 4.4.1. The description of 
statistical methods was based on standard format of statistical analysis of Taiwan UTUC collaboration group7.

Declaration of generative AI and AI‑assisted technologies in English editing
During the preparation of this work the authors used [GPT-3.5/ChatGPT] in order to improve readability and 
language of the work. After using this service, the author reviewed and edited the content as needed and takes 
full responsibility for the content of the publication.

Ethical consideration
The protocol for this research project has been approved by a suitably constituted Ethics Committee of the insti-
tution and it conforms to the provisions of the Declaration of Helsinki. Committee of Taipei Tzu Chi Hospital, 
Approval No. IRB no.: 08-X-037 & 12-X-004.

Results
Baseline characteristics
In this study, a final pathology review and analysis were conducted on 377 patients with UTUC, consisting of 209 
women and 168 men. The median follow-up time was 13.22 months (interquartile range: 7.0–20.2). The major-
ity of patients underwent either radical nephroureterectomy (RNU) (364 patients) or segmental resection (13 
patients) as the accepted surgical treatments (Table 1). At the end of the follow-up period, 216 patients remained 
disease-free, while 51 patients experienced UTUC-related deaths.

A comparison between the histologic findings of local pathologists and the independent review pathologist 
revealed significant differences in various aspects. These differences included tumor grading, tumor architecture, 
invasiveness, variant histology, T stage, lymphovascular invasion (LVI), peri-neural invasion (PNI), and surgi-
cal margins (Table 2). The central pathologist identified a higher number of variant histology cases, as well as a 
greater presence of LVI, PNI, and positive surgical margins in the reviewed histology.

Level of agreement
The agreement rates and kappa values for various histology factors were examined and are presented in Table 3. 
Overall, tumor grading, peri-neural invasion (PNI), and surgical margin status demonstrated high levels of 
consistency, exceeding 80%. Conversely, the pT stage exhibited a low overall agreement rate, falling below 60%. 
The agreement rates for each pT stage were 42.9% for pTis, 92.7% for pTa, 15.1% for pT1, 34.3% for pT2, 75% 
for pT3, and 68.2% for pT4. The agreement for tumor grade (κ = 0.461), tumor architecture (κ = 0.524), pT 
stage (κ = 0.428), LVI (κ = 0.431), and surgical margin status (κ = 0.472) was deemed fair. On the other hand, the 
interobserver agreement for tumor invasiveness, PNI, and identification of variant histology were categorized 
as moderate.

Survival model
The univariate analysis of overall survival (OS) revealed that the review pathologist identified several significant 
histological predictors, including grading, tumor architecture, invasiveness, variant histology, pT stage, LVI, 
PNI, and surgical margin, more accurately compared to the local pathologists (Table 4). For cancer-specific 
survival (CSS) in the univariate analysis, all the histology variables examined by the review pathologists were 

Table 1.   Baseline characteristics of the UTUC patients.

Variables N %

Gender

 Men 168 (44.6)

 Women 209 (55.4)

Age

  < 50 16 (4.2)

 50 ~ 70 171 (45.4)

  > 70 190 (50.4)

Tumor location

 Renal pelvis 165 (43.8)

 Ureter 128 (34.0)

 Renal pelvis + ureter 84 (22.3)

Surgical approach

 RNU 364 (96.6)

 Segmental resection 13 (3.4)
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Table 2.   Histopathological factors recorded by the local and review pathologists. a Chi-Squared test calculated 
for the difference variables. * < 0.05, ** < 0.01.

Variables

Local 
pathologist 
(N = 377)

Review 
pathologist 
(N = 377)

p-valueaN % N %

Grade

 Not mentioned 4 (1.1) 2 (0.5)  < 0.001**

 Low grade 49 (13.0) 93 (24.7)

 High grade 324 (85.9) 282 (74.8)

Tumor location

 Renal pelvis 184 (48.8) 185 (49.1) 0.510

 Ureter 125 (33.2) 128 (34.0)

 Renal pelvis and ureter 68 (18.0) 62 (16.4)

 N/A 0 (0.0) 2 (0.5)

Tumor architecture

 Papillary 220 (58.4) 237 (62.9) 0.005**

 Non-papillary 81 (21.5) 83 (22.0)

 Mixed 59 (15.6) 55 (14.6)

 Not mentioned 17 (4.5) 2 (0.5)

Invasiveness

 Non-invasive 63 (16.7) 149 (39.5)  < 0.001**

 Invasive 313 (83.0) 226 (59.9)

 Not mentioned 1 (0.3) 2 (0.5)

Variant histology

 Yes 31 (8.2) 111 (29.4)  < 0.001**

 No 346 (91.8) 266 (70.6)

pT stage

 Tis/Ta/T0 63 (16.7) 153 (40.6)  < 0.001**

 T1/T2 156 (41.4) 71 (18.8)

 T3/T4 158 (41.9) 153 (40.6)

Lymphovascular invasion

 Negative 282 (74.8) 249 (66.0) 0.002**

 Positive 91 (24.1) 128 (34.0)

 Not mentioned 4 (1.1) 0 (0.0)

Perineural invasion

 Negative/free 306 (81.2) 327 (86.7)  < 0.001**

 Positive 28 (7.4) 50 (13.3)

 Not mentioned 43 (11.4) 0 (0.0)

Surgical margin status

 Free 356 (94.4) 335 (88.9) 0.01*

 Not free 18 (4.8) 40 (10.6)

 Not mentioned 3 (0.8) 2 (0.5)

Table 3.   Agreements between the review and local pathologist. 0.0 ~ 0.20 very low consistency, 0.21 ~ 0.40 
moderate consistency, 0.41 ~ 0.60 fair consistency, 0.61 ~ 0.80 high consistency, 0.81 ~ 1 almost complete 
consistency.

Variables Overall agreement (%) Simple kappa (95% CI)

Grade 82.5 0.461 (0.356, 0.567)

Tumor architecture 73.2 0.524 (0.453, 0.453)

Invasiveness 74.0 0.404 (0.319, 0.489)

pT stage 55.4 0.428 (0.370, 0.486)

Lymphvascular invasion 75.1 0.431 (0.336, 0.526)

Perineural invasion 80.6 0.323 (0.221, 0.426)

Surgical margin status 91.8 0.472 (0.318, 0.626)

Variant histology 77.2 0.305 (0.209, 0.401)
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significant predictors, while the local pathologists failed to recognize the tumor architecture and misinterpreted 
margin status and LVI as predictors for cancer-related death (Table 5). In the univariate analysis of disease-free 
survival (DFS), all the histology features examined by the review pathologist were found to be significant pre-
dictors (Table 6). However, the local pathologists failed to identify tumor architecture and variant histology as 
predictors for DFS.

Multicollinearity of histological variables in survival model
To address potential issues of overfitting and excessive redundant information in the cancer survival models, 
we initially assessed the homogeneity of variables through correlation analysis and variance inflation factor 
(VIF) (supp. Tables 1 & 2). In correlation analysis, the majority of histological features identified by the review-
ing pathologist showed moderate to high correlation (16/21; 76%) with correlated other histological features, 
except for surgical margin status, which exhibited a consistently low correlation with other histological features 
(r = 0.197–0.358) (Supp. Table 1). In addition, correlation analysis revealed that the pT stage had high correla-
tions with tumor architecture and invasiveness, and the LVI showed an unusual high correlation with the pT 
stage (r = 0.742). In VIF analysis, all the analyzed histological factors had moderate multicollinearity within the 
survival models. (Supp. Table 2) The pT stage exhibited the highest multicollinearity (VIF > 3) with other vari-
ables in the models but the margin status had the lowest VIF. To handle the possible multicollinearity, the PCA 
was employed to explore variable relationships (Fig. 1). PCA revealed strong correlations among histological 
variables except for pT stage and tumor architecture configuration. We compared survival models generated 
by LASSO and AIC with our feature-selected model that used only pT stage and margin status (Supp. Table 3). 
Both LASSO and AIC models significantly outperformed the feature selected model in terms of C-index (supp. 
Table 4) and calibration curve (Fig. 2). While the LASSO model included more histological variables (supp. 

Table 4.   Comparative univariate overall survival analysis of upper tract urothelial cancer patients according to 
local and review pathology. * < 0.05, ** < 0.01.

Univariate analysis, overall survival

Local pathologist Review pathologist

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

Grade

 Low grade 1 1

 High grade 1.910 (0.988, 3.695) 0.054 2.378 (1.385, 4.084) 0.002**

 Not mentioned 1.616 (0.206, 12.649) 0.648 0.000 (0.000, ) 0.969

Architecture

 Papillary 1 1

 Non-papillary 1.474 (0.878, 2.475) 0.142 1.591 (0.953, 2.657) 0.076

 Mixed 2.405 (1.475, 3.922)  < 0.001** 2.896 (1.823, 4.601)  < 0.001**

 Not mentioned 2.338 (1.103, 4.957) 0.027* 0.000 (0.000, ) 0.969

Invasiveness

 Non-invasive 1 1

 Invasive 1.837 (1.004, 3.360) 0.048* 2.422 (1.559, 3.764)  < 0.001**

 Not mentioned 0.000 (0.000, ) 0.969 0.000 (0.000, ) 0.969

Variant histology

 No 1 1

 Yes 1.850 (1.051, 3.258) 0.033* 2.131 (1.424, 3.187)  < 0.001**

pT stage

 Tis/Ta/T0 1 1

 T1/T2 1.134 (0.566, 2.270) 0.723 1.195 (0.618, 2.309) 0.596

 T3/T4 3.207 (1.683, 6.113)  < 0.001** 3.418 (2.160, 5.406)  < 0.001**

LVI

 Negative/free 1 1

 Positive 2.201 (1.453, 3.335)  < 0.001** 3.297 (2.208, 4.923)  < 0.001**

 Not mentioned 5.033 (1.574, 16.093) 0.006**

PNI

 Negative/free 1 1

 Positive 4.337 (2.566, 7.330)  < 0.001** 4.134 (2.660, 6.424)  < 0.001**

 Not mentioned 1.339 (0.708, 2.533) 0.369

Surgical margin

 Free 1 1

 Not free 3.744 (1.857, 7.549)  < 0.001** 3.803 (2.285, 6.330)  < 0.001**

 Not mentioned 8.473 (2.055, 34.941) 0.003** 3.227 (0.446, 23.354) 0.246
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Table 5) than the AIC model (Table 7) and achieved slightly better performance. The LASSO techinique also 
selected some statistically non-significant predictors (LVI in OS and CSS; UC variants in CSS; Invasiveness and 
pT stage in DFS). In addition, the LASSO model assigned extremely large or zero coefficients to some variables 
(e.g. pT stage and invasiveness in DFS), suggesting potential multicollinearity or overfitting. In contrast, the 
AIC model achieved comparable performance with the LASSO model but used a smaller set of statistically 
significant variables which were associated with lower Variance Inflation Factors (supp. Table 2). Therefore, for 
managing multicollinearity in our pathology survival model, we favor the AIC technique over LASSO (Table 7). 
The histology survival model revealed that advanced pT stage, PNI, and positive surgical margin were common 
independent predictors of worse OS and CSS. The LVI, PNI and positive surgical margin were independent 
predictors of disease recurrence.

Discussion
Pathology review plays a crucial role in ensuring consistent diagnosis and accurate staging in multi-center 
cancer research, particularly for rare cancers1. A prior central pathology review in a retrospective UTUC cohort 
revealed significant interobserver variations in identifying variant histology of UTUC; however, their impact 
on treatment guidelines and clinical practice were minimal5. The present study constitutes the most extensive 
centrally pathology-reviewed cohort that thoroughly examined the correlations and their impact among com-
monly reported histological features, thus far. Our review identified substantial inter-observer variability in the 
assessment of outcome-predictive histological factors, including pT stage and surgical margin status. To improve 
consistency, we recommend a second evaluation of these factors by an experienced genitourinary pathologist. 
When consensus cannot be reached, centralized review is essential for multi-center studies. Notably, the Cox 
regression model derived from the centrally reviewed cohort demonstrated superior identification of clinically 

Table 5.   Comparative univariate cancer-specific survival analysis of upper tract urothelial cancer patients 
according to local and review pathology. * < 0.05, ** < 0.01.

Univariate analysis, cancer-specific survival

Local pathologist Review pathologist

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

Grade

 Low grade 1 1

 High grade 3.002 (0.934, 9.654) 0.065 6.515 (2.027, 20.936) 0.002**

 Not mentioned 0.000 (0.000, ) 0.976 0.000 (0.000, ) 0.979

Architecture

 Papillary 1 1

 Non-papillary 1.699 (0.814, 3.549) 0.158 2.822 (1.431, 5.562) 0.003**

 Mixed 3.174 (1.624, 6.201) 0.001** 4.469 (2.322, 8.603)  < 0.001**

 Not mentioned 3.237 (1.214, 8.628) 0.019* 0.000 (0.000, ) 0.978

Invasiveness

 Non-invasive 1 1

 Invasive 5.979 (1.453, 24.595) 0.013* 5.441 (2.447, 12.098)  < 0.001**

 Not mentioned 0.001 (0.000, ) 0.980 0.000 (0.000, ) 0.979

Variant histology

 No 1 1

 Yes 2.750 (1.377, 5.492) 0.004** 3.155 (1.821, 5.467)  < 0.001**

pT stage

 Tis/Ta/T0 1 1

 T1/T2 1.921 (0.415, 8.892) 0.404 1.387 (0.406, 4.740) 0.602

 T3/T4 11.186 (2.700, 46.340) 0.001** 8.289 (3.703, 18.556)  < 0.001**

LVI

 Negative/free 1 1

 Positive 3.131 (1.773, 5.528)  < 0.001** 6.812 (3.712, 12.503)  < 0.001**

 Not mentioned 9.916 (2.996, 32.825)  < 0.001**

PNI

 Negative/free 1 1

 Positive 7.991 (4.251, 15.018)  < 0.001** 7.283 (4.145, 12.796)  < 0.001**

 Not mentioned 1.906 (0.833, 4.358) 0.126

Surgical margin

 Free 1 1

 Not free 7.776 (3.682, 16.421)  < 0.001** 6.958 (3.849, 12.577)  < 0.001**

 Not mentioned 14.901 (3.511, 63.242)  < 0.001** 0.000 (0.000, ) 0.973
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relevant histological features compared to the model based on local pathology assessments. Consequently, central 
pathology review significantly enhanced the accuracy and reliability of survival models in this multi-institutional 
UTUC study.

Due to the retrospective nature of this study, all patient treatments were completed prior to central pathology 
review, limiting the clinical implications of our findings to future patient management. However, if central review 
is carried out in a prospective nature, it would identify discrepancies in 14 of 377 cases initially diagnosed as 
pTa-1 disease. These cases would subsequently be reclassified as pT2-4 disease, necessitating adjuvant platinum-
based chemotherapy or nivolumab per treatment guidelines. Additionally, 24 cases with positive surgical margins, 
undetected by initial local pathology, would be identified. These patients, also at increased risk for recurrence, 
required adjuvant chemotherapy to optimize outcomes. These findings underscore the potential for improved 
oncological outcomes through routine central pathology review in identifying under-staged advanced UTUC.

The comparison between the histologic findings of local pathologists and an independent review pathologist 
revealed significant differences in various important histological factors, such as tumor grading, tumor archi-
tecture, invasiveness, variant histology, pT stage, lymphovascular invasion (LVI), peri-neural invasion (PNI), 
and surgical margin status. In addition, the agreement rates of these outcome related histological factors were 
only moderate to fair consistency between the pathologists. Even for the most important treatment guiding 
histological factor, the pT stage, the overall agreement rate was only 55.4% with a kappa value of 0.428. Based 
on above findings, we propose that pT stage and surgical margin should undergo a second review by a genitou-
rinary pathologist, and if consensus on pT staging cannot be reached, centralized review should be considered. 
Because the pT stage and the surgical margin status not only alter the following treatment strategy following 
nephroureterectomy, but also have significant impact on disease recurrence and long-term survival.

Table 6.   Comparative univariate disease-free survival analysis of upper tract urothelial cancer patients 
according to local and review pathology. * < 0.05, ** < 0.01.

Univariate analysis, disease-free survival

Local pathologist Review pathologist

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

Grade

 Low grade 1 1

 High grade 2.364 (1.278, 4.373) 0.006** 2.304 (1.485, 3.574)  < 0.001**

 Not mentioned 2.710 (0.600, 12.238) 0.195 4.716 (1.111, 20.016) 0.035

Architecture

 Papillary 1 1

 Non-papillary 1.028 (0.670, 1.577) 0.898 1.753 (1.183, 2.599) 0.005**

 Mixed 1.400 (0.902, 2.172) 0.133 1.737 (1.124, 2.684) 0.013*

 Not mentioned 1.083 (0.501, 2.341) 0.839 3.058 (0.750, 12.467) 0.119

Invasiveness

 Non-invasive 1 1

 Invasive 1.985 (1.197, 3.294) 0.008** 2.416 (1.676, 3.484)  < 0.001**

 Not mentioned 5.718 (0.757, 43.194) 0.091 4.346 (1.047, 18.036) 0.043*

Variant histology

 No 1 1

 Yes 1.436 (0.842, 2.450) 0.184 1.991 (1.422, 2.789)  < 0.001**

pT stage

 Tis/Ta/T0 1 1

 T1/T2 1.268 (0.741, 2.170) 0.387 1.576 (0.971, 2.557) 0.065

 T3/T4 2.656 (1.589, 4.440)  < 0.001** 2.956 (2.026, 4.313)  < 0.001**

LVI

 Negative/free 1 1

 Positive 1.613 (1.122, 2.319) 0.010* 2.882 (2.078, 3.997)  < 0.001**

 Not mentioned 2.853 (0.904, 9.003) 0.074

PNI

 Negative/free 1 1

 Positive 3.896 (2.403, 6.317)  < 0.001** 3.081 (2.054, 4.619)  < 0.001**

 Not mentioned 2.569 (1.713, 3.854)  < 0.001**

Surgical margin

 Free 1 1

 Not free 2.896 (1.461, 5.739) 0.002** 3.064 (1.938, 4.843)  < 0.001**

 Not mentioned 4.364 (1.075, 17.716) 0.039* 4.398 (1.078, 17.945) 0.039*
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For multi-center trials, these inter-viewer differences clearly had significant impacts on all our survival pre-
diction models (Tables 4, 5, 6). Therefore, an independent pathology review by an experienced pathologist or 
central pathology review is required to enhance the accuracy and consistency of multi-center UTUC studies. 
We recommend that the original full set pathology slide should be reviewed by an independent pathologist who 
is experienced in UTUC interpretation. In addition, those important survival prediction histological factors of 
UTUC, such as the pT stage, perineural invasion, and surgical margin status should be carefully addressed in 
histological review.

Given the observed moderate to high correlation among the reviewed histological features, it is essential to 
address the possibility of multicollinearity among the enrolled histological variables to prevent overfitting of the 
survival model. Given the high correlation and potential multicollinearity between most histological variables 
and pT stage, we selected pT stage, PNI, and surgical margin status as the most efficient predictors of OS and 
CSS. For DFS, PNI, LVI, and surgical margin were identified as the most efficient predictors. The present study’s 
findings emphasize the importance of central pathology review, as it led to the identification of more significant 
histological features, ultimately enhancing the efficiency and accuracy of predicting UTUC outcomes. In addi-
tion, the pT stage continues to serve as the benchmark risk stratification tool for both survival outcome studies 
and treatment guidelines.

Fig. 1.   Principal component analysis (PCA) was employed to explore variable relationships. PCA revealed 
strong correlations among most histological variables except for pT stage and tumor architecture configuration.

Fig. 2.   Calibration curve analysis for overall survival (OS), cancer specific survival (CSS), and disease free 
survival (DFS) in the original feature-selection model, LASSO regression model, and Akaike information 
criterion (AIC) generated model.
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Based on the EAU Guidelines, various histological features have been identified as histological prognos-
tic factors for UTUC, including stage, grade, LVI, tumor architecture, positive surgical margin, and variant 
histology8. Among these factors, LVI stands out as one of the most crucial independent risk factors. As a result, 
the International Collaboration on Cancer Reporting (ICCR) has recommended regular reporting of LVI in 
the pathological reports of all UTUC specimens9. While these histological factors have all been associated with 
oncological outcomes in UTUC, they may potentially exhibit similar patterns in a cancer survival model, leading 
to the problem of multicollinearity, which can greatly impact the accuracy and reliability of prognostic predic-
tions. Remarkably, the collinearity of histological variables has not been thoroughly examined in prior reported 
multi-center UTUC studies up to this point. Additionally, a clear assessment of multicollinearity necessitates 
adherence to the same histological evaluation standards, underscoring the critical importance of independent 
central pathology review. Therefore, understanding the potential multicollinearity among histological factors 
in UTUC prognostic models is vital for ensuring reliable and meaningful predictions. While LVI remains a sig-
nificant independent risk factor, its strong correlation and moderately high VIF level with the pT stage render it 
unsuitable for integration into survival models within UTUC prognostic prediction studies. Based on our find-
ings, we can enhance the accuracy of prognostic predictions and advance our knowledge of UTUC outcomes.

Based on the agreement rates among various common histological features in UTUC, most features had mod-
erate agreements between the local and central pathologists, except in diagnosis of variant histology. Pathology 
review for bladder UC exposed considerable inter-observer variations in reporting variant histology, with an 
agreement rate as low as 46% upon evaluation by an expert genitourinary pathologist10. In the current UTUC 
cohort, approximately 30% of cases displayed at least one variant subtype based on the review of pathological 
findings. This proportion aligns with observations from historical series. In Taiwan, genitourinary pathologists 
have adhered to a standardized regimen encompassing uniform training, specimen handling protocols, diagnostic 
criteria, standardized reporting templates, and peer review processes across diverse local institutions. Conse-
quently, a noteworthy agreement rate of 77.2% (kappa value: 0.305) has been achieved among peers, indicating 
a level of agreement that, while not perfect, is still considered fair.

Despite these standardized practices, significant inter-observer discrepancies persist within multi-center stud-
ies. To effectively address these challenges, it is crucial to implement a pathology review mechanism, particularly 
focused on histological attributes that might be inadequately recognized, such as pT stage, surgical margin status, 
and variant histology. Moreover, a discernible pattern emerges, indicating that experienced consultant patholo-
gists conducting review consultations demonstrate higher confidence and a greater inclination to identify and 
report variant histology when compared to their local counterparts.

In current study, those patients who underwent conservative endoscopic treatment were excluded from this 
study because definitive pathological staging is primarily based on imaging studies in this cohort. Additionally, 
the limited tissue obtained through ureteroscopy often provides insufficient histological information about the 
tumor base, making accurate pathological staging and comparison between pathologists challenging.

Limitations
The study has several limitations. Firstly, large scale central pathology review in a multi-center study still limited 
by insufficient manpower and relevant resources, which limit the sample size of current study. Secondly, while the 
study considers interobserver bias in pathology, it does not explore intra-observer reliability in reporting pathol-
ogy. Thirdly, the absence of standardized templates for reporting specific variant histology, tumor architecture 
and PNI introduces bias in reported results. Fourthly, the review pathologist lacks complete access to original 
specimens; however, detailed descriptions, specimen sections, and pathology slides are provided. Additionally, 
the potential impact of limited manpower and resources would limit the generalizability of the study’s findings. 
Lastly, notable discrepancies between review and local pathology exist in adverse histologic findings. While not 
listed as factors for treatment changes in current guidelines, these discrepancies could affect patient outcomes. 

Table 7.   AIC stepwise model selection technique generated multivariate survival analysis of upper tract 
urothelial cancer patients according to review pathology. CI confidence interval, HR hazard ratio, OS overall 
survival, CSS cancer-specific survival, DFS disease-free survival, p-value: * < 0.1, ** < 0.05, *** < 0.01.

Multivariate analysis review Levels

OS CSS DFS

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

pT stage

Tis/T0/Ta 1 1 1

T1/T2 1.18 (0.61, 2.28) 0.627 1.42 (0.42, 4.86) 0.575 1.52 (0.91, 2.54) 0.109

T3/T4 2.26 (1.32, 3.85) 0.003*** 4.50 (1.84, 10.98) 0.001*** 1.61 (0.91, 2.85) 0.1

LVI
Negative/free 1

Positive 1.71 (1.01, 2.88) 0.045**

PNI
Negative/free 1 1 1

Positive 2.24 (1.30, 3.86) 0.004*** 2.51 (1.28, 4.93) 0.007*** 1.60 (0.97, 2.65) 0.067*

Surgical margin

Free 1 1 1

Not free 1.79 (0.98, 3.24) 0.057* 2.50 (1.24, 5.01) 0.01** 2.11 (1.29, 3.45) 0.003***

Not mentioned 3.11 (0.42, 22.82) 0.265 0.00 (0,∞) 0.997 3.01 (0.71, 12.81) 0.136
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Thus, while pathology review in UTUC may have limited impact on clinical practice, it could influence multi-
center trial outcomes.

In conclusion, central pathology review is indispensable for conducting robust multi-center cancer research, 
especially in rare malignancies such as upper tract urothelial carcinoma (UTUC). By enhancing diagnostic accu-
racy and consistency, central pathology review significantly improves the quality of multi-institutional UTUC 
studies. Prospective implementation of central pathology review holds the potential to translate these findings 
into improved patient outcomes. Addressing challenges such as inter-observer variability, multicollinearity, and 
standardized reporting will optimize the efficacy of pathology review in future UTUC trials.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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