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The purpose of this study was to investigate the predictors of metastatic
patterns of upper tract urothelial carcinoma (UTUC) and to analyze the
surgical outcomes of different metastatic patterns of UTUC. Data on patients
with UTUC from 2010 to 2017 were retrieved from the Surveillance,
Epidemiology, and End Results Program (SEER) database. Kaplan–Meier
analysis was applied to compare the patients’ survival distributions. Univariate
and multivariate logistic regression was used to assess the specific predictors
of site-specific metastases, while competitive risk regression was applied to
estimate the predictors of cancer-specific mortality in patients with
metastases. A total of 9,436 patients were enrolled from the SEER database,
of which 1,255 patients had distant metastases. Lung metastasis (42.5%) was
most common and patients with single distant lymph node metastasis had a
better prognosis. Clinical N stage (N1, N2, N3) was the strongest predictors
of the site specific metastatic sites. Renal pelvis carcinoma was more prone
to develop lung metastases (OR= 1.67, P < 0.01). Resection of the primary
tumor site is beneficial for the prognosis of patients with metastatic UTUC,
whether local tumor resection (HR=0.72, P < 0.01) or nephroureterectomy
(HR= 0.64, P < 0.01). Patients with single distant lymph node metastasis have
the greatest benefit in nephroureterectomy compared to other specific-site
metastases (median survival 19 months vs. 8 months). An understanding of
distant metastatic patterns and surgical outcomes in patients with UTUC is
important in clinical settings and helpful in the design of personalized
treatment protocols.
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Introduction

upper tract urothelial carcinoma (UTUC) is a rare and

highly malignant tumor, affecting only 2 in 100,000 people

(1). Although the incidence of UTUC has continued to

increase, with the greater use of cross-sectional imaging,

UTUC only accounts for 5%–10% of urothelial carcinoma

(2,3). In this population, the incidence of metastatic UTUC is

even lower, estimated to be only 12%–16% at the time of

initial diagnosis (4).

Due to the rarity of metastatic UTUC, few studies have

reported the predictors of metastatic patterns. Matin et al.

reported that lymphatic diffusion patterns are associated with

the laterality and the anatomic location of the primary tumor

(5). Decker et al. indicated that age was an independent

predictor of distant metastases (6). However, these studies

were small-cohort investigations, and the results in these

study did not describe the stratification of distant metastases

at each site.

Previous studies suggested that surgical interventions such

as kidney-sparing surgery (KSS) or nephroureterectomy could

significantly benefit patients in UTUC (7, 8). KSS such as

endoscopic ablation or segmentectomy for UTUC has become

one of the important options for some patients. Chen et al.

pointed that endoscopic ablation is comparable to

nephroureterectomy in survival outcomes and could be used

as an alternative to radical nephroureterectomy (9). However,

whether KSS or nephroureterectomy can benefit in metastatic

UTUC has not been reported.

This study analyzes the predictive factors of site-specific

metastasis in UTUC and the surgical outcomes of this

population through the SEER database. An understanding of

the metastatic patterns and surgical outcomes of UTUC can

provide guidance for clinicians to arrive at better decisions

during the initial diagnosis.
Methods

Study population

The Surveillance, Epidemiology, and End Results Program

(SEER) database is the largest publicly available oncology

database in the United States, covering 34.6% of the U.S.

population. The dataset was extracted from the SEER

Research Plus Data, 18 Registries, Nov 2020 Sub (2000–2018).

As variables associated with distant metastases could only be

included after 2010, our cohort focused on 2010 to 2017. The

inclusion criteria were as follows: (1) the primary tumor was

identified by the International Classification of Diseases-O-3

(ICD-O-3) codes C64.9, C65.9. (2) the initial primary tumor

was confirmed to be renal pelvis or ureter carcinoma, and (3)
Frontiers in Surgery 02
the histology was microscopically confirmed. Patients were

excluded if distant metastasis, survival months, and vital

status were unknown, or the tumor was a secondary lesion.
Description of covariates

The variable analysis included age at diagnosis, sex, race,

tumor site, tumor laterality, clinical T stage (AJCC, 7th

edition, 2010), clinical N stage (AJCC, 7th edition, 2010),

radiotherapy, chemotherapy, surgery, lymphodissection, tumor

size, bone metastasis, liver metastasis, brain metastasis, lung

metastasis, histology and pathological grades. Based on WHO

2016 grading standards, pathological grade was classified as

“low level”, “high level”, and “unknown”. Surgery mainly

included “none”, “local tumor resection”,

“nephroureterectomy”. For tumor size, we reclassified patients

into four groups as follows:"≤2 cm”, “>2 cm and ≤4 cm”,

“>4 cm”, and “unknown”. The tumor laterality was

categorized as “right”, “left”.
Statistical analysis

Descriptive statistical methods were applied to summarize

the demographic features and tumor characteristics of patients

with and without metastases. The data were compared

between groups using Student’s t-test and chi-square test.

Metastasis and survival distribution at diagnosis were

evaluated, and the predictors related to metastasis were

screened using a univariate and multivariate logistic regression

risk model in the training set. Receiver operating characteristic

(ROC) analysis was applied to evaluate the efficiency of the

established model by area under curve (AUC) in the

validation set. The Kaplan–Meier method and the log-rank

test were applied to estimate the survival function among the

different metastatic sites. The predictors of cancer-specific

mortality (CSM) in metastatic and non-metastatic patients

were identified using a competitive risk model. P values < 0.05

were considered significant. Statistical analyses were

performed using IBM SPSS software (v25.0) and R package

(v4.1.1).
Results

Demographic features

A total of 9,436 eligible patients with primary UTUC were

screened from the SEER database from 2010 to 2017. In this

series, 1,255 (13.3%) patients developed distant metastases at

diagnosis. The median age at diagnosis was 72, with males
frontiersin.org
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accounting for 59.8% of cases and females accounting for 40.2%

of cases.

Table 1 lists the differences in demographic features and

tumor characteristics between patients with and without

metastases, of which 6,566 patients were used as the training

set and 2,870 patients were used as the validation set. There

were no significant differences in sex or race between the

groups. Compared to the patients without metastases, fewer

patients diagnosed with distant metastases were treated with

surgery and lymphodissection, while more patients were

treated by radiotherapy and chemotherapy. Besides, patients

with distant metastases had higher clinical T, N stages and

larger tumor diameters. Lung metastasis (533/1255, 42.5%)

was the most common type of metastasis in this population,

while brain metastasis (32/1255, 2.5%) was the least common

type of metastasis. Among all the patients with metastases, a

total of 1,166 patients died, in which 1,047 deaths were

cancer-specific.
Distribution of metastasis patterns and
surgical outcomes

The Venn diagram (Figure 1) shows the distribution of

distant metastases due to UTUC. Among 1,255 metastatic

patients, 1,118 patients developed bone, liver, lung, brain

and distant lymph node metastases. Single-site specific

metastasis accounted for 60.1% (754/1255) of all cases. The

lung metastases (272/754, 36.1%) was the most common

region of single-site metastasis, followed by bone metastasis

(204/754, 27.0%), liver metastasis (144/754, 19.1%), distant

lymph node metastasis (122/754, 16.2%), and brain

metastasis (12/754, 1.6%). Multiple specific metastases

accounted for 29.0% (364/1255) of all cases, and

simultaneous metastases of the lung and the liver (78/364,

21.4%) were the most common.

Metastatic patterns and surgical outcomes of metastatic

UTUC are shown in Table 2. Among cases of single-site

metastasis without surgery, patients with distant lymph

node metastases had the best 1-, 3-, and 5-year overall

survival (OS) and the longest median survival (8 months).

Patients with brain metastases had the shortest 1-, 3-, and

5-year OS, while patients with liver metastases or brain

metastases had the shortest median survival (3 months).

For patients with single metastases who had undergone

nephroureterectomy, the 1-year, 3-year, and 5-year OS and

median survival time were significantly improved at site-

specific metastasis compared with those without surgery.

Among multiple metastasis, patients undergoing

nephroureterectomy had a better OS and median survival

time (8 months vs. 4 months).
Frontiers in Surgery 03
Predictors of metastatic disease at
diagnosis

Univariate and multivariate logistic regression was

performed to analyze the predictors of metastasis at diagnosis.

Table 3 summarizes the factors associated with distant

metastases in the training set. Factors, such as renal pelvis

tumor, grade (high level), size (>4 cm), clinical T stage (T3,

T4) and clinical N stage (N1, N2, N3) were strongly

associated with metastatic disease at diagnosis. Interestingly,

age >80 years decreased the probability of distant metastases.

Subsequently, in order to verify the validity of the model, we

used the validation set to evaluate the training set model. The

AUC of the training set was 0.881 (95% CI, 0.775–0.867),

consistent with that in the validation set (0.881, 95%CI,

0.778–0.861), which indicated the good efficiency of the

model (Figure 2).

The predictors of metastasis at each site are listed in

Table 4. Most of the findings were consistent with those

presented in Table 2, and certain variables were associated

with site-specific metastases at diagnosis. Clinical N stage (N1,

N2) were significant predictors for all metastatic sites, clinical

T stage (T4) was strongly associated with bone, liver and

brain metastases. Age >80 years seemed to be more prone to

develop bone, liver, and brain metastases. Interestingly, renal

pelvis cancer was more prone to lung metastases. Tumor size

(>4 cm) was also a strong predictor of liver, bone, distant

lymph node and lung metastases. Gender, marriage, and

laterality were not correlated with site-specific metastases.

Through the ROC curve, we also compared the AUC of the

training set and the validation set in the above model, and the

efficiency of each model was proved.
Associations between metastatic sites and
survival outcomes

UTUC associates with poor prognosis, especially in patients

with metastases. In the short term, single distant lymph node

metastases had better OS, cancer specific survival (CSS), and

median survival time compared to other single metastasis,

whereas the 5-year overall survival rate for all single-site

metastases is close to 0 (Figure 3). Figure 4 showed that

patients with multiple metastases had a rapid decline in OS

and CSS within 1 year, and the 10-year overall survival rate is

0 regardless of single or multiple metastases. Figure 5

suggested that the resection of the primary tumor, including

local tumor resection and nephroureterectomy, could prolong

the survival time of patients who had developed distant

metastases in the short term, whether it is single or multiple

metastases.
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FIGURE 1

Venn diagram of the distribution of distant metastatic sites.

Hu et al. 10.3389/fsurg.2022.1045831
Multivariate competitive risk analysis

Competitive risk regression analysis was performed to assess

CSM. The factors affecting CSM in patients with and without

metastases at diagnosis are listed in Table 5. We observed that

age, tumor size, race, clinical N stage and radiotherapy were

uncorrelated with CSM in patients with metastases.

Chemotherapy was conducive to the survival of patients with

metastases (HR = 0.63, P < 0.001), however, chemotherapy is not

associated with CSM in non-metastatic UTUC (P > 0.05).

Patients can benefit from either local excision of the primary

tumor or nephroureterectomy both in metastatic UTUC and
Frontiers in Surgery 06
non-metastatic UTUC. Only T4 stage affected the prognosis of

patients with metastases (HR = 1.43, P < 0.001). Men had better

prognosis than female in metastatic UTUC (HR = 0.63, P =

0.013). Although metastases at all sites could lead to poor

prognosis, distant lymph node metastases have a relatively good

prognosis compared to other metastases (HR = 0.80, P < 0.001).
Discussion

Metastatic UTUC is extremely rare, and its incidence has

been gradually increasing in the past three decades, with a
frontiersin.org
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TABLE 2 Effect of surgery on 1, 3, and 5-year OS in patients with single specific metastasis and multiple metastases.

Characters Number
(%)

1-year overall
survival rate (%)

3-year overall
survival rate (%)

5-year overall
survival rate (%)

Median survival
time (months)

Single metastasis without surgery

Bone metastasis 137 (27.9) 21.1 2.9 0 4

Liver metastasis 95 (19.3) 10.5 4.5 1.1 3

Lung metastasis 176 (35.8) 26.1 4.2 1.0 6

Brain metastasis 9 (1.8) 0.0 0.0 0.0 3

Distant lymph node metastases 56 (15.1) 32.4 6.7 1.3 8

Single metastasis with nephroureterectomy

Bone metastasis 59 (26.2) 27.1 11.8 1.6 8

Liver metastasis 42 (18.6) 13.0 7.3 0 5

Lung metastasis 81 (36.0) 32.4 13.5 4.1 8

Brain metastasis 2 (0.01) 33.3 0.0 0.0 6

Distant lymph node metastases 41 (18.2) 77.6 26.8 5.6 19

Multiple metastases without
surgery

281 (76.1) 16.7 1.0 0.7 4

Multiple metastases with
nephroureterectomy

71 (20.0) 24.2 1.3 0 8

Hu et al. 10.3389/fsurg.2022.1045831
significant increase from 0.1 to 0.4 per 100,000 individuals

(10,11). In this study, 17.2% of patients presented with distant

metastases, and the higher incidence may be due to the

increased use of positron emission tomography/computed

tomography and bone scanning in recent years. The

prediction of tumor metastatic patterns is important in

clinical decision making in cancers of the prostate, kidney,

and testis (12–14). However, few studies have focused on

UTUC (15). Thus, it is important to define the independent

predictors of metastasis, which will help us to further

understand the disease.

In addition to the overall metastatic rate of UUTC, we also

evaluated the distribution of the different metastatic sites.

Similar to a previous study, lung metastasis was the most

common, followed by bone and liver metastases, with brain

metastasis being relatively rare (16). Many studies have

reported that UTUC associated with very poor OS and CSS

(17,18). This was also the case in this study. After comparing

the survival distribution with the log-rank test results, we

observed that single distant lymph node metastases had the

best short-term prognosis, with brain metastases being the

worst. The 5-year overall survival rates for each single

metastasis were close to 0, suggesting a poor prognosis for

metastatic UTUC. Subsequently, we found that primary tumor

resection, especially nephroureterectomy, significantly

improved median survival, OS and CSS in the short-term.

Patients with single distant lymph node metastasis had the

most significant improvement after nephroureterectomy

compared to other single site-specific metastasis. However,

long term survival of patients with a single metastasis did not
Frontiers in Surgery 07
improve significantly after surgery. For multiple metastases,

patients can still benefit from surgery. However, for most

patients with multiple metastases, their survival is less than 1

year, the impact of surgical trauma and renal impairment on

the patients must be considered. For patients with a single

metastasis, nephroureterectomy may be recommended.

In a subsequent study, we compared the independent

predictors of distant and site-specific metastases. Age was an

independent predictor for both distant and site-specific

metastases, while gender had no effect on both, consistent

with Deuker et al. (6). In addition, we observed that clinical T

stage (T4) and clinical N stage (N1, N2) were the strongest

predictors of distant and site-specific metastases. Li et al. also

reported a similar view, that is, stage IV was a high risk factor

for metastasis (16). In patients with T4 stage tumors, there is

invasion of perirenal organs or blood vessels, tumors are

prone to progress to hematogenous metastasis. For patients

with regional lymph node infiltration, the probability of

distant lymph node metastasis was higher.

We observed that renal pelvis cancer was an independent

predictor of lung metastasis. However, the underlying

mechanisms are unclear and further studies are still needed.

Tumor size (>4 cm) was a risk factor for liver, lung, liver and

distant lymph node metastases, which is consistent with the

risk stratification criteria described in the EAU guidelines (4).

In competitive risk regression analysis, tumor sites and

tumor size affected CSM only in non-metastatic UTUC, but

not in metastatic UTUC. Lwin et al. had a similar point, they

believed the reason why ureteral cancer associated with poorer

CSM was due to the high stage of ureteral cancer in non-
frontiersin.org
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TABLE 3 Summary of significant predictors of distant metastases at the time of diagnosis based on univariate and multivariable logistic regression
hazard analysis.

Characters Univariate Multivariable

OR 95% CI for OR P OR 95% CI for OR P

Lower Higher Lower Higher

Age

≤60 years reference

>60 and ≤70 years 0.124

>70 and ≤80 years 0.066

>80 years 0.62 0.49 0.79 <0.001 0.60 0.45 0.81 <0.001

Sex

Female reference

Male 0.810

Race

White reference reference

Black 1.47 1.10 1.94 0.006 0.431

Other 1.12 0.92 1.36 0.526 0.864

Site

Ureter reference reference

Renal pelvis 1.57 1.34 1.84 <0.001 0.161

Grade

Low level reference reference

High level 2.83 2.00 4.16 <0.001 1.60 1.09 2.44 0.020

Size

≤2 cm reference reference

>2 cm and ≤4 cm 2.09 1.42 3.18 <0.001 1.71 1.12 2.68 0.014

>4 cm 6.83 4.78 8.13 <0.001 3.33 2.23 5.12 ⍰0.001

T

T1 reference reference

T2 0.55 0.36 0.80 0.002 0.307

T3 1.66 1.32 2.09 <0.001 1.14 1.02 1.49 <0.001

T4 7.93 6.20 10.17 <0.001 2.79 2.07 3.76 <0.001

N

N0 reference reference

N1 10.30 8.30 12.77 <0.001 5.99 4.69 7.64 <0.001

N2 13.76 11.22 16.90 <0.001 7.72 6.12 9.75 <0.001

N3 13.91 6.89 27.62 <0.001 5.86 2.72 12.42 <0.001

Laterality

Right reference

Left 0.165

Marriage

Unmarried reference

Married 0.134

Abbreviations: OR, Odds Ratio; CI, Confidence Interval.

Hu et al. 10.3389/fsurg.2022.1045831
metastatic UTUC and the unsatisfactory treatment effect (19).

We conjecture that once distant metastases have occurred,

tumor biological behavior has a greater impact on prognosis,

while the influence of local tumor factors is relatively reduced.
Frontiers in Surgery 08
Interestingly, we observed that women had poorer CSM in

metastatic UTUC, which was also supported by Mohamad

et al., who suggested that this may be associated with later

diagnosis, higher T stage, and higher N stage in women (20).
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FIGURE 2

ROC analysis for evaluating the discrimination of logistic model. (A) ROC in the training set for metastases at all sites. (B) ROC in the validation set. for
metastases at all sites. (C) ROC in the training set for lung metastases. (C) ROC in the validation set for lung metastases. (E) ROC in the training set for
bone metastases (F) ROC in the validation set for bone metastases. (G) ROC in the training set for liver metastases. (H) ROC in the validation set for
liver metastases. (I) ROC in the training set for brain metastases. (J) ROC in the validation set for brain metastases. (K) ROC in the training set for
distant lymph node metastases. (L) ROC in the validation set for distant lymph node metastases.

Hu et al. 10.3389/fsurg.2022.1045831
Other potential causes may be due to a combination of

metabolic and genetic, anatomical, hormonal and

environmental factors.

For metastatic UTUC, radiotherapy didn’t improve patients’

outcomes. In this study, metastatic UTUC can benefit from

chemotherapy, either postoperative adjuvant chemotherapy or

end-stage salvage chemotherapy. This is why chemotherapy

has always been the best choice for the palliative treatment of

patients with metastatic UTUC (21). Nephroureterectomy

delayed tumor progression and improved outcomes in

metastatic and non-metastatic UTUC, whereas lymphatic

dissection improved survival outcomes only in non-metastatic

patients. These results suggest that at different stages of the

disease, clinicians can choose different surgical procedures

and chemotherapeutic combinations to achieve the best

therapeutic effect (22).

Among all site-specific metastases, distant lymph node

metastases had less impact on CSM, which is consistent with

the results of survival analysis. We believed this was due to

the fact that we could still manage distant lymph node

metastases with various means such as lymph node dissection,

chemotherapy and immunotherapy (23). Although brain

metastases were less likely to occur, they had the greatest

impact on CSM, as most patients had only a 1-year survival.
Frontiers in Surgery 09
This may be related to factors such as secondary intracranial

hypertension and tumor hemorrhage.

Although this investigation strictly followed the study

design, there were still several shortcomings. Firstly, the SEER

database only provides information on lung, bone, liver, brain

and distant lymph node metastases after 2010, and no study

has been performed on the other types of metastasis.

Secondly, in terms of surgery, radiotherapy, chemotherapy,

and other variables in the data, we are not clear about the

treatment sequence and whether comprehensive treatment

should be performed. Since the SEER database did not

provide further description of functional characteristics, the

complications and functional status of the patients were not

analyzed in this study.
Conclusion

Overall, 13.3% of patients developed distant metastases at

diagnosis. Patients with lung metastases were the most

common. Single distant lymph node metastasis had the best

oncologic survival, while those with brain metastases showed

the worst prognosis among single metastases. We identified

several specific factors associated with site-specific metastasis.
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TABLE 4 Summary of significant predictors of specific distant metastases at the time of diagnosis based on univariate and multivariable logistic
regression hazard analysis.

Metastasis site Characters Metastasis at diagnosis

OR 95% CI for HR P

Lower Higher

Predictors of lung metastases Renal pelvis [Ureter (reference)] 1.67 1.32 2.14 <0.001
Clinical T stage [T4 vs. T1 (reference)] 3.24 2.19 4.83 <0.001
Clinical N stage [N1 vs. N0 (reference)] 4.55 3.30 6.25 <0.001
Clinical N stage [N2 vs. N0 (reference)] 4.96 3.65 6.72 <0.001
Clinical N stage [N3 vs. N0 (reference)] 2.30 1.13 6.23 0.017

Size > 4 cm [≤2 cm (reference)] 3.23 1.84 6.14 <0.001

Predictors of bone metastases Age > 80 years [≤60 years (reference)] 0.53 0.35 0.80 <0.001
Size > 4cm [≤2cm (reference)] 1.87 1.04 3.61 0.045

Clinical T stage [T2 vs. T1 (reference)] 0.56 0.28 0.88 0.043
Clinical T stage [T4 vs. T1 (reference)] 2.22 1.45 3.44 <0.001
Clinical N stage [N1 vs. N0 (reference)] 4.41 3.03 6.37 0.005
Clinical N stage [N2 vs. N0 (reference)] 6.03 4.29 8.49 <0.001
Clinical N stage [N3 vs. N0 (reference)] 3.71 1.05 10.14 0.004

Predictors of liver metastases Age > 80 years [≤60 years (reference)] 0.67 0.43 0.94 <0.001
Size > 4 cm [≤2 cm (reference)] 3.41 1.65 8.26 0.002

Grade high level [low level (reference)] 2.05 1.01 4.93 0.044
Clinical T stage [T4 vs. T1 (reference)] 2.63 1.66 4.23 <0.001
Clinical N stage [N1 vs. N0 (reference)] 4.51 3.03 6.69 <0.001
Clinical N stage [N2 vs. N0 (reference)] 5.36 3.53 7.81 <0.001

Predictors of brain metastases Age > 80 years [≤60 years (reference)] 0.89 0.87 0.94 0.027
Clinical N stage [N1 vs. N0 (reference)] 6.58 2.02 22.15 0.001
Clinical N stage [N3 vs. N0 (reference)] 11.71 5.82 18.34 0.031

Predictors of distant lymph node metastases Size > 4 cm [≤2 cm (reference)] 2.24 1.13 6.01 0.034
Clinical N stage [N1 vs. N0 (reference)] 3.41 2.55 7.33 <0.001
Clinical N stage [N2 vs. N0 (reference)] 5.24 3.27 8.27 <0.001
Clinical N stage [N3 vs. N0 (reference)] 5.98 3.58 9.43 <0.001

Abbreviations: OR, Odds Ratio; CI, Confidence Interval.

FIGURE 3

Kaplan-Meier curves of OS and CSS according to single site-specific metastasis. (A) OS in single site-specific metastasis (B) CSS in single site-specific
metastasis. OS, overall survival, CSS, cancer-specific survival.

Hu et al. 10.3389/fsurg.2022.1045831
Renal pelvis cancer was more prone to lung metastasis. Clinical

N stage were all sites risk factors for metastases at all sites.

Tumor size (>4 cm) was a strong predictor of liver, bone,

distant lymph node and lung metastases. CSM was higher in
Frontiers in Surgery 10
women with metastatic UTUC. Resection of the primary

tumor, especially nephroureterectomy, can benefit patients

with distant metastases, with the most obvious improvement

in survival time for single distant lymph node metastasis.
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FIGURE 4

Kaplan-Meier curves for OS and CSS according to number of distant metastases. (A) OS in single metastasis and multiple metastases; (B) CSS in single
metastasis and multiple metastases. OS, overall survival, CSS, cancer-specific survival.

FIGURE 5

Kaplan-Meier curves for OS and CSS according to surgical methods. (A) OS in single metastasis; (B) CSS in single metastasis; (C) OS in multiple
metastasis; (D) CSS in multiple metastasis. OS,overall survival; CSS, cancer-specific survival.

Hu et al. 10.3389/fsurg.2022.1045831

Frontiers in Surgery 11 frontiersin.org

https://doi.org/10.3389/fsurg.2022.1045831
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


TABLE 5 Competing regression analysis predicting cancer-specific mortality in patients with and without metastases.

Without Metastasis at diagnosis Metastasis at diagnosis

HR 95% CI for HR P HR 95% CI for HR P

Lower Higher Lower Higher

Age

≤60 reference reference

>60 and ≤70 1.28 1.09 1.49 <0.001 0.862

>70 and ≤80 1.62 1.40 1.88 <0.001 0.286

>80 2.25 1.93 2.62 <0.001 0.311

Sex

Female reference

Male 0.700 0.86 0.77 0.97 0.013

Race

White reference reference

Black 0.132 0.192

Other 0.749 0.628

Site

Ureter reference reference

Renal pelvis 0.90 0.82 0.99 0.029 0.188

Grade

Low level reference reference

High level 1.74 1.49 2.03 <0.001 1.29 1.01 1.66 0.044

Size

≤2 cm reference reference

>2 cm and ≤4 cm 0.618 0.433

>4 cm 1.38 1.20 1.58 <0.001 0.461

T

T1 reference reference

T2 1.40 1.22 1.61 <0.001 0.167

T3 2.18 1.94 2.44 <0.001 0.433

T4 3.67 3.09 4.36 <0.001 1.43 1.17 1.75 <0.001

N

N0 reference reference

N1 2.09 1.77 2.47 <0.001 0.190

N2 2.15 1.83 2.54 <0.001 0.195

N3 2.62 1.46 4.76 v 0.611

Surgery

None reference reference

Local tumor resection 0.43 0.36 0.52 <0.001 0.72 0.59 0.89 0.003

Nephroureterectomy 0.42 0.34 0.49 <0.001 0.64 0.53 0.76 <0.001

Lymphodissection

No reference reference

Yes 0.77 0.69 0.85 <0.001 0.632

Radiotherapy

No reference reference

Yes 1.39 1.16 1.67 <0.001 0.515

Chemotherapy

No reference reference

(continued)

Hu et al. 10.3389/fsurg.2022.1045831
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TABLE 5 Continued

Without Metastasis at diagnosis Metastasis at diagnosis

HR 95% CI for HR P HR 95% CI for HR P

Lower Higher Lower Higher

Yes 0.167 0.63 0.55 0.71 <0.001

Liver metastases

No reference

Yes 1.23 1.05 1.45 0.014

Bone metastases

No reference

Yes 1.35 1.15 1.58 <0.001

Brain metastases

No reference

Yes 1.50 1.04 2.70 <0.001

Lung metastases

No reference

Yes 1.18 1.02 1.37 0.025

Distant lymph node metastases

No reference

Yes 0.80 0.66 0.96 0.019

HR, Hazard Ratio; CI, Confidence interval.

Hu et al. 10.3389/fsurg.2022.1045831
Maintenance chemotherapy also improved patient outcomes.

For patients with metastatic UTUC, understanding the

metastatic patterns, the factors inducing metastasis, and the

surgical outcomes on survival of patients with metastases at

different sites is helpful for personalized interventions.
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