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ABSTRACT
Objectives: To evaluate S-phase fraction as a predictor of invasiveness and cancer-specific survival in
upper tract urothelial carcinoma (UTUC).
Patients and methods: One hundred and fifteen patients having undergone radical nephroureterec-
tomy were analysed with histology in radical nephroureterectomy specimens as reference test and S-
phase fraction as index test. Ploidy and S-phase were determined using flow cytometry. Differences in
S-phase fraction were calculated between stages, grades (WHO 1999 and 2004 classifications), ploidy
and patients that died of UTUC and those who did not. Five- and 10-year-cancer-specific survivals
were calculated. Areas under the ROC curve (AUCs) of S-phase fraction in relation to tumour stage
and to death from UTUC were measured. Multiple Cox regression was performed.
Results: Independent prognostic markers of death from UTUC were S-phase fraction and stage.
Correlation between S-phase fraction and risk of dying from UTUC was strong, with a 17% greater risk
of death from UTUC with every 1% increase in S-phase fraction, hazard ratio ¼ 1.17, 95% CI ¼
1.10–1.25, p< 0.001, Spearman’s rho q¼ 0.65. AUCs for S-phase fraction as predictors of stage and
death from UTUC were 0.8 (95% CI ¼ 0.705–0.894) and 0.77 (95% CI ¼ 0.67–0.87), respectively.
Cancer-specific survival was statistically significantly different between stages, ploidy and WHO 1999
grades, but not between WHO 2004 grades. This was also reflected in S-phase fraction, which differed
in LG-G1 compared with LG-G2 and in HG-G2 compared with HG-G3.
Conclusion: S-phase fraction was a good test for predicting both invasiveness and cancer-specific sur-
vival. Using both WHO 1999 and 2004 classifications, rather than one system alone, had a higher pre-
dictive value of cancer-specific survival.
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Introduction

Prognostic markers complementing stage and grade are
needed for risk stratification and prediction of cancer-specific
survival in upper tract urothelial carcinoma (UTUC), to enable
targeted treatment and follow-up regimens. Although the
correlation between grade and stage is known to be strong
[1,2], this is mostly true for WHO 1999 grades 1 and 3. Grade
2 UTUC deviates in this respect but, by the means of com-
bining both WHO 1999 and WHO 2004 grading systems, bet-
ter prediction of cancer-specific survival has been
noted [3–5].

Some prognostic markers are assessable after radical
nephroureterectomy (lymphovascular invasion, lymph node
positivity). However, to risk-stratify patients for kidney-spar-
ing treatment or neoadjuvant chemotherapy, prognostic
markers should be evaluated on their performance at diag-
nostic work-up. Since 2015, the European Association of
Urology (EAU) guideline [6] has sorted UTUC into low- and
high-risk categories and, since 2017, it has recommended

kidney-sparing treatment to be considered in all patients
with low-risk UTUC. In low-grade non-invasive UTUC, equal
survival has been shown after radical nephroureterectomy
and kidney-sparing treatment [7,8]. However, despite radical
surgery and increased use of adjuvant chemotherapy [9], sur-
vival of patients with high-risk UTUC is still poor and has not
substantially improved [10,11]. Although survival is much
higher in low-risk UTUC, also 10–20% of those patients will
die from UTUC. Within the respective risk group we do not
know which individuals will have recurrence, progression or
will even die from UTUC, or why.

In a previous study, we examined tumour characteristics
associated with invasiveness and cancer-specific survival [12]
and found that, in addition to the previously known prog-
nostic markers, the tumour stage and grade, proliferation
rate determined by the proportion of cells in S-phase of the
cell cycle (S-phase fraction) using flow cytometry, was
strongly associated with cancer-specific survival. S-phase frac-
tion has not been much studied in UTUC. Flow cytometry is
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a relatively inexpensive and objective method that can be
used to measure S-phase fraction in tumour cells from both
radical nephroureterectomy specimens and from in-situ bar-
botage. The latter is easy to secure at diagnostic ureterore-
noscopy and provides ‘pre-radical nephroureterectomy’ risk
assessment. To further evaluate the usefulness of S-phase
fraction as a predictor of invasiveness and of cancer-specific
survival, we investigated S-phase fraction in an extended
cohort of patients with non-metastatic UTUC treated with
radical nephroureterectomy, with long-term follow-up.

Patients and methods

The study design was a prediction study, with retrospective
analysis of a previously published cohort of consecutive
patients (n¼ 43) treated with radical nephroureterectomy
due to UTUC after diagnostic ureterorenoscopy [4,12] pooled
with a consecutive series of patients (n¼ 72) who had under-
gone radical nephroureterectomy during the same period of
time (2005–2013). Both series included open, conventional
and robot-assisted laparoscopic radical nephroureterectomies
performed with different techniques of bladder cuff removal
due to non-metastatic UTUC. This study was approved by
the Regional Board of Ethics and was conducted in line with
the Declaration of Helsinki.

Histology of radical nephroureterectomy specimens were
reassessed by a single specialized uropathologist (GJ) and
served as the reference test [13]. Patients were excluded if
data from the reference test were missing: diagnosis other
than UTUC, no remaining cancer in the specimen or specimen
not available for reassessment. Tumours with histologic het-
erogeneity in the radical nephroureterectomy specimen were
categorized as the higher grade present. S-phase fraction was
the index test [13]. Patients with missing or indeterminate
data in the index test were excluded from analysis of that spe-
cific test only. Ploidy (DNA content) and S-phase fraction were
determined using flow cytometry of tumour cells from radical
nephroureterectomy specimens in paraffin-embedded tissue
blocks. Flow cytometry was performed between 2011 and
2014, as previously described [4,12,14], with samples from par-
affin-embedded tumour specimens at least 100mm thick in
order to have enough intact cell nuclei for photospectrometry,
performed at a rate of 200 cells/s. Samples were assessed
with microscopy looking for the amount of inflammatory cells,
collecting and analysing urothelial cells after PercollVR separ-
ation when necessary. The uropathologist did not have infor-
mation on S-phase fraction when reassessing the radical
nephroureterectomy specimen for histology; however, the
pathologist interpreting S-phase by flow cytometry had infor-
mation on the histology. Cause of death was verified by
examining the patients’ charts and death certificates.

Statistical analysis

The patients were observed from the date of diagnosis until
death or censoring. Differences in S-phase fraction were cal-
culated among stages (non-invasive: pTa-1, CIS; and invasive:
�pT2 tumours), grades using both the WHO 1999 (grade 1,

2 and 3) and the 2004 (low- and high-grade) classifications
and between diploid and aneuploid tumours. The difference
in S-phase fraction was also calculated between patients
who died from UTUC and those who did not (i.e. those who
died of other causes or who were still alive at the end of the
study). Tests of significance were performed using t-test,
Mann–Whitney U-test, Kruskal–Wallis test or analysis of vari-
ance (ANOVA) as appropriate. We calculated and compared
5- and 10-year cancer-specific survival using the
Kaplan–Meier method, while the log-rank test was used to
test significance. Receiver operating characteristic (ROC)
curves and areas under the curve (AUCs) with 95% confi-
dence intervals were calculated to determine S-phase frac-
tion in relation to tumour stage and death from UTUC,
respectively. We used the non-parametric Spearman rank
correlation to estimate the effects of non-linear relationship
between S-phase fraction and risk of death from UTUC.
Multiple Cox regression was performed to analyse whether
the parameters of stage, grade, ploidy, and S-phase fraction
were independently related to survival. Statistical analysis
was performed using SPSS (IBM, version 27).

Results

Of the 115 patients, 99 patients had radical nephroureterec-
tomy specimens eligible after reassessment of histology and
96 of these were assessable with flow cytometry. Survival
was analysed in 99 patients. Patients were diagnosed
between 2005 and 2013 and were followed-up until death or
until 20 November 2020. No patient was lost to follow-up.
Patients with short follow-up time died shortly after inclu-
sion. During the follow-up of up to 14.4 years, 61 patients
died, of these 32 died from UTUC. Patient and tumour char-
acteristics are presented in Table 1.

Median follow-up time of all 99 patients was 7.6 (IQR ¼
3.1–11.9) years from diagnosis. The majority, 29/32 (91%), of
the deaths from UTUC occurred within 5 years from diagnosis.
The 5- and 10-year cancer-specific survival rates for all patients
were 69% (95% CI ¼ 60–79%) and 67% (95% CI ¼ 60–79%),
respectively. Kaplan–Meier curves depicting cancer-specific
survival stratified by stage, grade and ploidy are presented in
Figure 1(a–c). The 5-year cancer-specific survival rates were
84% (95% CI ¼ 75–95%) for papillary pTa-1 UTUC, 42% (95%
CI ¼ 29–62%) for �pT2 UTUC, 100% for G1 UTUC, 71% (95%
CI ¼ 57–88%) for G2 UTUC and 53% (95% CI ¼ 40–71%) for
G3, 84% (95% CI ¼ 71–100%) for low-grade (LG) UTUC and
64% (95% CI ¼ 53–76%) for high-grade (HG) UTUC, 81% (95%
CI ¼ 70–92%) for diploid UTUC and 56% (95% CI ¼ 43–74%)
for aneuploid UTUC. The 10-year cancer-specific survival rates
were equal to the 5-year cancer-specific survival for papillary
pTa-1 UTUC and 39% (95% CI ¼ 26–59%) for �pT2 UTUC,
equal to the 5-year cancer-specific survival for both G1 and
G2 UTUC, 47% (95% CI ¼ 34–66%) for G3 UTUC, 77% (95% CI
¼ 61–98%) for LG UTUC and 60% (95% CI ¼ 50–73%) for HG
UTUC, 75% (95% CI ¼ 63–89%) for diploid UTUC and 53%
(95% CI ¼ 40–71%) for aneuploid UTUC.

Using Cox regression, stage (HR ¼ 5.00, 95% CI ¼
2.35–10.63), p � 0.001), WHO 1999 grade (HR ¼ 2.81,
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95% CI ¼ 1.56–5.06, p¼ 0.001), ploidy (HR ¼ 2.60, 95% CI ¼
1.26–5.35, p¼ 0.01) and S-phase fraction (HR ¼ 1.17,
95% CI ¼ 1.10–1.25, p � 0.001) were significantly associated
with cancer-specific mortality. Using multiple Cox regression,
the only two independent prognostic markers of death from
UTUC were S-phase fraction (HR ¼ 1.13, p¼ 0.012) and stage
(HR ¼ 2.65, p¼ 0.043).

Distributions of S-phase fraction across stages, grades,
ploidy and cancer-specific mortality are shown in Figure 2.
Predictive accuracies of S-phase fraction for prediction of inva-
siveness (�pT2) and death from UTUC, measured by areas

under the ROC curves, were 0.8 (95% CI ¼ 0.705–0.894) and
0.77 (95% CI ¼ 0.67–0.87), respectively. The risk of dying from
UTUC was 17% greater with every 1% increase in S-phase
fraction (HR ¼ 1.17, 95% CI ¼ 1.10–1.25, p< 0.001),
Spearman’s rho q¼ 0.65, i.e. the correlation between S-phase
fraction and risk of dying from UTUC was strong.

Discussion

In the present study, most deaths from UTUC occurred early
in the follow-up period and almost exclusively within the

Figure 1. (a) Differences in survival were statistically significant, log-rank test, p � 0.001. The number of deaths from UTUC was 10 in patients with CIS, pTa-1
UTUC (one with CIS only) and 22 in patients with �pT2 UTUC. (b) The difference in survival was statistically significant for WHO 1999 grades 1–3, log-rank test:
p¼ 0.001, however not for WHO 2004 low- and high-grade tumours: p¼ 0.065 (not significant). The number of deaths from UTUC was one G1 patient, 10 G2
patients, 21 G3 patients, five patients with low-grade UTUC, and 27 patients with high-grade UTUC. The mean estimated time to death for WHO 2004 LG UTUC
was 11.5 years and for WHO 2004 HG UTUC was 9.8 years. The difference was not statistically significant (log-rank test, p¼ 0.065). The mean estimated time to
death for WHO 1999 G1 UTUC was 13.1 years, that for G2 was 10.7 years and that for G3 was 8.3 years. The difference was statistically significant (log-rank test,
p¼ 0.001). The mean estimated times to death for low-grade and high-grade G2 UTUC were 5.1 years and 11.5 years, respectively. The difference was statistically
significant (log-rank test, p¼ 0.027). The mean estimated times to death from high-grade G2 and high-grade G3 were 11.5 years and 8.3 years, respectively, and
the difference was statistically significant (log-rank test, p¼ 0.011). (c) Differences in survival were statistically significant (log-rank test, p¼ 0.007). The number of
deaths from UTUC was 12 patients with diploid UTUC and 19 with aneuploid UTUC.
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first 5 years. Five-year cancer-specific survival for all patients
was 69% (95% CI ¼ 60–79%). Comparable cancer-specific
survival rates (> 70%) have been reported in studies by
other research groups [15–17].

In a previous study [12,14], we found that the risk of
death from UTUC increased by 25% for every percent
increase in S-phase fraction in pTa-T1 and CIS UTUC
(p¼ 0.027), but no further increase in risk of death from
UTUC with higher S-phase fraction was seen in>pT2 UTUC
(p¼ 0.969). S-phase fraction was significantly higher in>pT2
than in pTa-T1 and CIS UTUC (p¼ 0.002). Since the number
of patients in that study was relatively small (43 patients), we
analysed this further by pooling that patient cohort with the

additional cohort in the present study. We found that the
correlation between S-phase fraction and risk of dying from
UTUC was strong (Spearman’s q ¼ 0:65). This correlation was
statistically significant (p � 0.001) and is clinically relevant.

In univariable analysis, we found that ploidy was a pre-
dictor of death from urothelial carcinoma, similarly to the
findings of a study on bladder cancer [18]. However, in mul-
tiple Cox regression, ploidy was not found to be an inde-
pendent predictor. In the multiple Cox regression, S-phase
fraction was an independent predictor of cancer-specific
mortality. In studies of flow cytometry, aneuploidy and high
S-phase fraction have been found to predict both metastases
and lower cancer-specific survival in bladder cancer [19]. The

Figure 2. Distributions of the proportions of cells in S-phase in relation to stage, grade, ploidy and death from UTUC. (a) Median percentage of cells in S-phase
(IQR) pTa-1: 3.3 (2.65–6.35), �pT2 11.3 (5.9–14.3) and CIS only 2.4 (1.8–3.7). (b) Median percentage of cells in S-phase (IQR) using WHO 1999 classification: grade 1:
2 (1.3–2.8), grade 2: 5.5 (3.4–7.1), grade 3: 12.8 (6.3–15.2) and CIS only: 2.4 (1.3–5). (c) Median percentage of cells in S-phase (IQR) using WHO 2004 classification:
low-grade 2.7 (1.3–3.3), high-grade 7.1 (4.2–13.0) and CIS only 2.4 (1.3–5.0). (d) Median percentage of cells in S-phase (IQR) combining WHO 1999 and 2004 classifi-
cation systems: low-grade G1: 2 (1.3–2.8), low-grade G2: 4.9 (3.7–7.7), high-grade G2: 5.6 (3.3–7.3), high-grade G3: 12.8 (6.3–15.2) and CIS only: 2.4 (1.3–5.0). Test
of significance: t-test LG-G1 compared with LG-G2: p � 0.001, LG-G1 compared with CIS only: p¼ 0.061 (not significant), LG-G2 compared with HG-G2: p¼ 0.46
(not significant). Kruskal–Wallis test HG-G2 compared with HG-G3: p � 0.001, HG-G2 compared with CIS only: p¼ 0.046, exophytic HG-G3 compared with CIS only:
p � 0.001. (e) Median percentage of cells in S-phase (IQR): diploid 2.8 (2-4.3) and aneuploid: 11.9 (6.7–14.5). (f) Median percentage of cells in S-phase (IQR): death
from UTUC 10.9 (5.7–14.6) and others 3.45 (2.4–6.7).
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mean S-phase fraction in our patient cohort (7%, range ¼
0.4–26) was level with that reported in bladder cancer
patients [20]: 6.6% (range ¼ 1–35) but lower than the mean
10.3% (range ¼ 2.7–20.3) in the 11 UTUC patients investi-
gated by Oldbring et al. [21]. Although a small study,
Oldbring et al. also observed that aneuploid grade 2 UTUC
differed from aneuploid grade 3 UTUC regarding the level of
S-phase fraction (4.6% vs. 17.3%). Although smaller, a differ-
ence was also seen in our study: mean S-phase fraction was
8.1% and 12.9% in aneuploid grade 2 and grade 3,
respectively.

Although S-phase fraction increased with higher stage
and grade, in this regard CIS was more similar to pTa-1 low-
grade tumours than to papillary high-grade or G3 UTUC. S-
phase fraction did not differ between CIS and G1 UTUC,
although CIS is histologically a grade 3 lesion. In the seven
patients with only CIS, the tumours contained a low S-phase
fraction, median 2.4% (IQR ¼ 1.8–3.7), whereas S-phase frac-
tion in invasive G3 was median 12.8% (IQR ¼ 6.3–15.2)
(Figure 2b). This low S-phase fraction in CIS could explain
why CIS tumours progress slowly and why it seems safe to
create a nephrostomy tract for BCG therapy in CIS-only
patients, whereas in patients with invasive high-grade UTUC,
the risk of tumour seeding is high [22,23]. However, the rep-
resentativeness of the analysed specimen is harder to ascer-
tain in CIS that is less distinct macroscopically than a
papillary tumour.

Data were collected during a time before kidney-sparing
treatment was more widely offered, consequently, all stages,
grades and sizes were represented in the present study. This
gives a good representation of the naturally occurring stages
and grades and makes the results generalizable. The chosen
time frame enabled long-term follow-up. Flow cytometry is a
more objective method of assessing proliferation than hist-
ology. We have previously shown that it is feasible and easy
to use in situ barbotage to determine grade, ploidy and S-
phase fraction [4]. However, this requires fresh barbotage,
which was not available from all patients in the present
study. Although there might be concerns about quality when
cell specimens have been prepared from deparaffinated arch-
ival tissue blocks, the radical nephroureterectomy specimens
provided sufficient good quality material for flow cytome-
try [14].

Estimated survival differed significantly between patients
with low-grade G1 and low-grade G2 tumours and between
those with high-grade G2 and high-grade G3 tumours. This
was also reflected in S-phase fraction. van Rhijn et al. [5] ana-
lysed a large bladder cancer cohort and showed that the
combination of WHO 1973 and 2004 classifications was
superior for predicting prognosis to either system used
alone, due to better assessment of grade 2 when it was div-
ided into low and high grades. This was also found in the
present study. When the WHO 2004 classification was used,
tumours with different properties were pooled together and
no statistically significant difference in survival was found
between low- and high-grade UTUC. However, a significant
difference was indeed found when the WHO 1999 classifica-
tion was used. Differences between HG G2 and HG G3 UTUC

have also been found when analysing genetic profiles of the
tumours [24].

Analysis of S-phase fraction was performed on archival
radical nephroureterectomy specimens in the present study,
in order to obtain a large material with long-term follow-up
time. However, S-phase fraction can be analysed in ureteror-
enoscopic barbotages [4] and thus be considered in the pre-
operative work-up of UTUC. Ureterorenoscopic biopsies are
generally very small and not always possible to obtain.
Barbotage is easier to collect and may, at least theoretically,
represent a larger part of the tumour than a biopsy. Biopsies
taken can be prioritised for analysis of histology.

Conclusion

We confirmed that S-phase fraction was an independent
prognostic marker. S-phase fraction was a good test for pre-
dicting both invasiveness and cancer-specific mortality, as
indicated by the area under the ROC curve. Accordingly, to
improve the risk stratification of UTUC, this could be an add-
on test performed together with in situ barbotage cytology
and endoscopic biopsy histology or histology of radical
nephroureterectomy specimens. Furthermore, we found that
using both the WHO 1999 and 2004 classifications for
tumour grade could better predict prognosis.
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