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Abstract: Background: Urine samples of known urothelial carcinoma were independently graded by 3 pathologists 
with (MS, MR) and without (AO) fellowship training in cytopathology using a modified version of the 2004 2-tiered 
World Health Organization classification system. By measuring interobserver and intraobserver agreement among 
pathologists, compared with the gold standard of biopsy/resection, specimen accuracy and reproducibility of grad-
ing in urine was determined. Methods: 44 urine cytology samples were graded as low or high-grade by 3 patholo-
gists with a 2-3 week interval between grading. Pathologists were blinded to their and others’ grades and histologic 
diagnoses. Coefficient kappa was used to measure interobserver and intraobserver agreement among pathologists. 
Accuracy was measured by percentage agreement with the biopsy/resection separately for each pathologist, and for 
all pathologists and occasions combined. Results: The overall accuracy was 77% (95% C.I., 72% – 82%). Pathologist 
AO was significantly more accurate than MR on occasion 1 (p = 0.006) and 2 (p = 0.039). No other significant dif-
ferences were found among the observers. Interobserver agreement using coefficient kappa was unacceptably low, 
with all but one of the kappa value being less than 0.40, the cutoff for a “fair” degree of agreement. Intraobserver 
agreement, as measured by coefficient kappa, was adequate. Conclusions: Our study underscores the lack of pre-
cision and subjective nature of grading urothelial carcinoma on urine samples. There was poor inter- and intraob-
server agreement among pathologists despite fellowship training in cytopathology. Clinicians and cytopathologists 
should be mindful of this pitfall and avoid grading urothelial carcinoma on urine samples, especially since grading 
may impact patient management. 
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Introduction

Cancer of the bladder and genitourinary tract 
has shown a significant increase in incidence in 
the United States over the years. In 2011 alone, 
71,980 new cases were diagnosed and there 
were 15,510 related deaths (http://www.can-
cer.org/acs/groups/content/@epidemiology-
surveilance/documents/document/acspc-
029771.pdf). Cystoscopy is considered the 
gold standard for diagnosis and post-treatment 
surveillance of bladder cancer; however, 
because of the invasive nature of the proce-
dure and prohibitive cost, it has been replaced 
by urine cytology, which is a cheaper screening 
and surveillance tool for early cancer 
detection. 

Urine cytology was first described by 
Papanicolaou and Marshall in 1945 [1]. The 
urothelial cells in urine represent a much larger 
surface area of the genitourinary tract com-
pared to biopsies, which only sample a limited 
area. In addition, cytologic samples allow for 
three-dimensional examination of urothelial 
cells, while tissue sections render only two-
dimensional views [2]. 

However, despite its popularity, urine cytology 
is not an infallible test. The identification of low 
grade urothelial carcinoma is fraught with diffi-
culty and low sensitivity rates [3-9]. As a result, 
numerous ancillary techniques have been 
developed to improve its sensitivity, including 
immunohistochemistry (cytokeratin 20 [10] 
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Figure 1. Low grade urothelial carcinoma. A. Papillary cluster of malignant cells with high nuclear to cytoplasmic 
ratio (Papanicolaou stain, magnification x 400). B. Three-dimensional cluster of malignant cells with nuclear pleo-
morphism, hyperchromasia and irregular nuclear borders (Papanicolaou stain, magnification x 200). 

and p53 [11]), DNA image cytometry [2], micro-
satellite analysis [12] and Urovysion fluores-
cence in situ hybridization (FISH) [13], to name 
a few. Urovysion FISH is the most widely used 
ancillary test for diagnosis; however, it also has 
limitations due to false-positive results in non-
urothelial tumors including primary bladder 
squamous cell carcinoma, adenocarcinoma, as 
well as metastatic prostate, colon and renal 
cell carcinoma [14, 15].

We graded 44 urine samples of urothelial carci-
noma, all of which had been confirmed histo-
logically. These cases were independently grad-
ed by 3 pathologists with and without fellowship 
training in cytopathology using the most recent 
2004 two-tiered World Health Organization 

(WHO) classification system [16]. We deter-
mined the accuracy and reproducibility of the 
grading of urothelial carcinoma in urine by mea-
suring interobserver and intraobserver agree-
ment among pathologists, compared with the 
gold standard follow-up biopsy or resection 
specimen. 

While other studies have examined interobserv-
er variability in the histologic grading of urothe-
lial carcinoma, none have focused on cytologic 
grading. Our purpose was not to refine existing 
criteria for the grading of urothelial carcinoma 
on cytology, nor was it to evaluate the sensitiv-
ity and specificity of the current WHO grading 
system. The aim of this study was to determine 
if accurate and reproducible cytologic grading 
was possible in urine samples and if the pro-
cess was comparable to histologic grading. 
This has implications for the management of 
patients with bladder and genitourinary tract 
cancer and could impact the way cytopatholo-
gists interpret and report urine cytology results. 

Materials and methods 

A search of the Emory University Pathology 
Department’s archives revealed 44 urine cytol-
ogy specimens diagnosed as positive for uro-
thelial carcinoma that had corresponding histo-
logic confirmation of diagnosis and tumor 
grade. These cases were diagnosed between 
June 2004 and June 2010. This final number of 
cases included all urothelial carcinomas diag-
nosed on cytology with corresponding histolog-
ic confirmation. No attempt was made to influ-

Figure 2. Low grade urothelial carcinoma. Urine 
sample contains papillary cluster of cells with a sug-
gestion of a central fibrovascular core (Papanicolaou 
stain, magnification x 200). 
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ence the cases in any manner, as all “qualifiers” 
within the time period specified were accepted 
for the study. The following data were collected: 
patient demographics; cytologic and histologic 
diagnoses; and time from urine collection to 
biopsy/resection. All samples were processed 
according to standard guidelines; cytospin and 
Thinprep® slides were prepared and each slide 
was given a unique accession number. A log 
form was then created to facilitate the entry of 
the 3 reviewers’ grades (low- versus high-grade 
urothelial carcinoma). The 3 reviewers included 
2 fellowship-trained cytopathologists (MR and 
MS) and 1 general surgical pathologist with 
sign-out responsibility in cytopathology (AO). In 
addition, the latter pathologist (AO) had fellow-
ship training in urologic pathology. The 3 review-
ers had previously agreed on the criteria for the 
grading of urothelial carcinoma (using cytologic 
and modified histologic 2004 World Health 
Organization criteria) (Figures 1, 2 and 3). For 
low-grade urothelial carcinoma, these included 
cytoplasmic homogeneity, high nuclear-to-cyto-
plasmic ratio, irregular nuclei (Figure 1), as well 
as papillae with and without fibrovascular cores 
(Figure 2) and irregular cell clusters (Figure 1). 
For high-grade urothelial carcinoma, features 
included high nuclear-to-cytoplasmic ratio, 
marked nuclear hyperchromasia, coarse chro-
matin, irregular nuclei, plus or minus large 
nucleoli and isolated malignant cells (Figure 3).

All 44 cytologic samples and 2 log forms were 
then given to each reviewer for grading on 2 
occasions, with a 2-3 week interval between 

grading. This interval was chosen with the aim 
of identifying intraobserver variability. Each 
pathologist was blinded to his/her first and sec-
ond round grades, the grades of other review-
ers, as well as the patients’ histories and histo-
logic diagnoses. 

Finally, all log forms were collected and tabu-
lated, along with additional information includ-
ing patient demographics, date of urine collec-
tion, date and type of follow-up biopsy/
resection, histologic diagnosis and grade. 
Tissue diagnosis and grade were considered 
the gold standard for diagnosis. 

Coefficient kappa was then used to measure 
interobserver and intraobserver agreement 
among pathologists. Accuracy was measured 
by percentage agreement with the gold stan-
dard (tissue biopsy or resection) for each 
pathologist on each occasion and for all pathol-
ogists and occasions combined. 

Statistical analysis

Cohen’s kappa is the generally accepted meth-
od for assessing agreement between two 
dichotomous variables, neither of which can be 
assumed to be the gold standard, but several 
deficiencies have been noted. [17] For exam-
ple, the value of kappa is affected by any dis-
crepancy in the relative frequencies of the two 
categories being scored (in this case, “high 
grade” vs. “low grade”): The higher the discrep-
ancy, the smaller the value of kappa. To adjust 
for these deficiencies, the prevalence-adjusted 

Figure 3. High grade urothelial carcinoma. Note numerous large single malignant cells with high nuclear to cytoplas-
mic ratio, coarse chromatin, irregular nuclear borders, single cell necrosis and background necrosis (Papanicolaou 
stain, magnification x 400). 
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and bias-adjusted kappa (PABAK), which is 
equivalent to the proportion of “agreements” 
between the variables minus the proportion of 
“disagreements”, may also be reported in addi-
tion to kappa [17].

In the present study, both coefficient kappa 
and PABAK, along with 95% confidence inter-
vals (C.I.), were used to measure intraobserver 
and interobserver agreement for all cytology 

samples. P-values were also calculated for test-
ing the null hypothesis that the true level of 
agreement is zero. Interobserver agreement 
was analyzed separately for each pair of observ-
ers and each occasion. Intraobserver agree-
ment between the two occasions was analyzed 
separately for each observer. 

Statistical methods for clustered data [18]  0 
were used to estimate the percent correctly 

Table 1. Descriptive statistics
Characteristic Categories n Mean ± SD Minimum Maximum Percent
Age (yr) --- 44 70.6± 9.4 47 92 ---
Gender Female 12 --- --- --- 27.3

Male 32 --- --- --- 72.7
Grade Low 3 --- --- --- 6.8

High 41 --- --- --- 93.2
Days Between Urine Sample & Biopsy --- 44 13.1 ± 22.4 1 86 ---
Histologic Diagnosis HGPUC 23 --- --- --- 52.3

CIS 9 --- --- --- 20.5
HGUC 6 --- --- --- 13.6
Other* 6 --- --- --- 13.6

Lamina propria Invasion LPI 22 --- --- --- 49.9
Suspicious for LPI 1 --- --- --- 2.2

No LPI 21 --- --- --- 47.7
Source Bladder BX 19 --- --- --- 43.2

TURBT 11 --- --- --- 25.0
Renal Pelvis BX 4 --- --- --- 9.1

Ureter BX 2 --- --- --- 4.6
Nephroureterectomy 2 --- --- --- 4.6

Other* 6 --- --- --- 13.6
*Includes one each of bladder BX/Renal pelvis BX, Cystoprostatectomy, Kidney BX, Ureteral orifice biopsy, uretero-ileal 
anastomosis, Urethral Tumor BX.

Table 2. Percent correct by observer and occasion
Observer Occasion Number (n) Number Correct Percent Correct 95% Confidence Interval

MS 1 44 32 73 58 - 84
MS 2 44 35 80 66 - 90
MS Both 88 67 76 67 - 85
AO 1 44 37 84 71 - 93
AO 2 44 39 89 77 - 96
AO Both 88 76 86 79 - 94
MR 1 44 28 64 49 - 77
MR 2 44 32 73 58 - 84
MR Both 88 60 68 58 - 78
All Trial 1 132 97 73 66 -81
All Trial 2 132 106 80 74 -87
All Both 264 203 77 72 - 82



Accuracy of grading of urothelial carcinoma on urine cytology

886	 Int J Clin Exp Pathol 2012;5(9):882-891

Table 4. PABAK coefficient for interobserver variability
Observer Occasion PABAK 95% C.I. p-Value
MS vs. AO 1 0.41 (0.12, 0.65) < 0.001
MS vs. MR 1 0.36 (0.07, 0.61) 0.007
AO vs. MR 1 0.50 (0.21, 0.72) 0.016
MS vs. AO 2 0.55 (0.26, 0.76) < 0.001
MS vs. MR 2 0.68 (0.42, 0.86) < 0.001
AO vs. MR 2 0.50 (0.21, 0.72) < 0.001

PABAK: prevalence-adjusted and bias-adjusted kappa.

classified for each observer on each occasion, 
as well as for both occasions combined for 
each observer, for all observers combined for 
each occasion, and for all observers and occa-
sions combined. Confidence intervals for per-
cent correct were calculated after adjusting for 
the clustering of occasions within observers. 
The exact version of Cochran’s Q test, with 
mid-p correction [19], was used to compare the 
observers in terms of percent accurately classi-
fied, and to compare interobserver agreement 
between each pair of observers and between 
occasions and to compare intraobserver agree-
ment among the 3 observers.

Results

Table 1 contains descriptive statistics for the 
study. The results from the gold standard histo-
logic diagnosis were used to evaluate the accu-
racy of the cytological grading by calculating 
the total percentage correct for each observer 
on each occasion (Table 2). The low grade (n = 
3) and high-grade (n = 41) carcinomas were 
combined for this analysis. In order to obtain 
estimates of overall accuracy, the results for 
both occasions were combined for each observ-
er separately, the results for all 3 observers 
were combined for each occasion, and all 
results for all observers and all occasions were 
also combined (Table 2). Each of the confi-

dence intervals for these overall estimates of 
accuracy were adjusted for the clustering of 
occasions within observers, as described in 
the Statistical Analysis section. The overall 
accuracy was 77% (95% C.I., 72% – 82%). The 
accuracy rates were better on the second 
occasion for all three reviewers (Table 2). 
Observer AO was significantly more accurate 
than observer MR on Occasion 1 (p = 0.006) 
and Occasion 2 (p = 0.039). No other signifi-
cant differences were found among the 
observers in terms of accuracy. 

Interobserver agreement, as measured by 
coefficient kappa, was unacceptably low 
(Table 3). All but one of the kappa values were 
less than 0.40, which is the cutoff for a “fair” 
degree of agreement [20]. Only two of the 
interobserver agreement coefficients were 
significantly different from zero, indicating 
relatively better agreement, and these were 
the agreement between AO and MR on occa-
sion 1 and the agreement between MS and 

Table 3. Coefficient kappa for interobserver variability
Observer Occasion Kappa 95% C.I. p-Value

MS vs. AO 1 0.05 (-0.26, 0.36) 1.000

MS vs. MR 1 0.22 (-0.08, 0.51) 0.235

AO vs. MR 1 0.37 (0.09, 0.66) 0.013

MS vs. AO 2 0.15 (-0.19, 0.50) 0.573

MS vs. MR 2 0.57 (0.30, 0.84) < 0.001

AO vs. MR 2 0.29 (-0.01, 0.59) 0.053

MR on occasion 2. Only one of the 95% confi-
dence intervals in Table 3 included the value 
0.75, which is generally considered to be the 
minimally acceptable value for a reliable clini-
cal measurement. 

However, because of the discrepancy in the fre-
quencies of low grade (n = 3) and high grade (n 
= 41) carcinomas in the sample, the value of 
kappa was likely to be attenuated. Accordingly, 
the PABAK coefficient was also calculated as a 
measure of interobserver agreement (Table 4). 
As expected, the PABAK coefficients indicated 
higher levels of interobserver agreement; how-
ever, only two of the 95% confidence intervals 
(in Table 4) included the value 0.75, again indi-
cating less than adequate reliability. The levels 
of interobserver agreement, as measured by 
PABAK, were generally comparable, regardless 
of which pair of observers was being compared, 
or which occasion. The only exception was the 
interobserver agreement between observers 
MR and MS; the PABAK coefficient measuring 
agreement between these two observers was 
significantly higher at occasion 2 than at occa-
sion 1 (p = 0.022).

The level of intraobserver agreement, as mea-
sured by coefficient kappa, was adequate 
(Table 5). For observers AO and MS, the kappa 
value exceeded the 0.75 cutoff. In fact, for 
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observers AO and MS, the 95% confidence 
interval included the maximum possible value 
of 1.00 (perfect agreement between occasions 
1 and 2). Even though the kappa value for 
observer MR was less than 0.75, the 95% con-
fidence interval had an upper limit of 0.84, 
which indicates “almost perfect” agreement 
according to the Landis and Koch criteria [20]. 
All of the intraobserver kappa coefficients were 
significantly greater than zero. None of the 
observers differed significantly from either of 
the others in terms of their level of intraobserv-
er agreement. The PABAK coefficients for 
intraobserver agreement differed very little 
from the kappa coefficients.

Discussion

Our study utilized cytomorphologic characteris-
tics to grade urothelial carcinoma in urine sam-
ples into low and high grade tumors, thus 
assessing the reliability and reproducibility of 
the current 2004 WHO grading system in urine 
samples. We evaluated interobserver and 
intraobserver agreement in the grading of these 
tumors among 3 pathologists, with and without 
fellowship training in cytopathology. We found 
that the overall accuracy of grading on urine 
cytology was unacceptably low at 77%. 
Interobserver agreement of urothelial carcino-
ma grade, as measured by coefficient kappa, 
was unacceptably low among the trio. In addi-
tion, the PABAK coefficients also indicated poor 
reliability in cytologic grading. The level of 
intraobserver agreement, as measured by coef-
ficient kappa, was adequate among the 3 
reviewers.

The histopathologic classification of urothelial 
carcinoma has been practiced since the 1920s 
[21] and revised by Bergkvist [22], Mostofi [23], 
Pauwels [24] and the WHO [25]. Mostofi’s 1973 
WHO system was once the most commonly 
used and had remained unchanged for 30 
years, despite problems with its reproducibility 
[26-28]. In 1998, the WHO/international 

Society of Urologic Pathology (ISUP) introduced 
a modified 3-tiered classification system for 
urothelial neoplasms [25]. However, problems 
remained with the system, as evidenced by 
problematic interpretation of heterogeneous 
tumors [29] and interobserver variability in 
grading [30]. This variability in grading was 
seen not only with the 1998 WHO system [25] 
but also with other grading systems as well [22, 
23]. Given its strong prognostic impact in pre-
dicting biologic aggression, tumor grading 
strongly influences clinical management and 
prediction of patient outcome. However, there 
remains an inherent degree of subjectivity in 
the grading of urothelial carcinoma, resulting in 
significant interobserver variability [26, 28, 31, 
32]. 

In 2004, the WHO agreed on a more standard-
ized classification of urothelial tumors that 
improved reproducibility in diagnosis and grad-
ing [33]. It included a more detailed description 
of categories of non-invasive papillary urotheli-
al tumors, and converged the former 3-tiered 
grading system into a two-tiered (low grade ver-
sus high grade) one [32]. However, although 
better than its 1973 and 1998 predecessors, 
some pathologists still found the new system 
difficult to histologically classify heterogeneous 
lesions as low-grade or high-grade [34].

While the accuracy and reproducibility of 
numerous grading systems for urothelial carci-
noma have been studied histologically, [26-29, 
31, 32, 34, 35] the cytologic grading of urothe-
lial carcinoma has only been rarely attempted 
[6, 36-38]. Wojcik et al used digitalized comput-
er-assisted quantitative nuclear grading to dif-
ferentiate low- and high grade urothelial carci-
noma from normal urothelium on cytology [38]. 
They used 38 nuclear features (including size, 
shape and chromatin organization) which they 
found helpful in differentiating low from high 
grade carcinoma and normal urothelium. This 
method, however, is expensive and is also not 
universally available. Vom Dorp et al combined 
a cytologic-cytometric grading system with the 
measurement of nuclear diameter and circum-
ference [37] and claimed to be able to distin-
guish grade 1 tumors from grade 2 and 3 carci-
nomas on cytology. Using the 1998 WHO/ISUP 
system, Whisnant et al attempted to distinguish 
PUNLMP from low grade urothelial carcinoma 
on cytology and found that while urine was sen-

Table 5. Coefficient kappa for intraobserver 
variability

Observer Kappa 95% C.I. p-Value
AO 0.83 (0.60, 1.00) < 0.001*
MS 0.78 (0.55, 1.00) < 0.001*
MR 0.58 (0.32, 0.84) < 0.001*
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sitive in detecting abnormal cells in both 
lesions, it was not specific in distinguishing the 
two entities [6]. Rubben et al claimed that the 
accuracy for grade 1 tumors was as high as 
78% in urine cytology samples [36], however 
others have not shown similar results. 

An ideal grading system should be relatively 
simple and highly reproducible, irrespective of 
the level of expertise and sub-specialization of 
its users. Our study looked at cytomorphology 
as the sole method for distinguishing between 
low and high grade urothelial carcinoma and we 
found that there was poor interobserver agree-
ment in the grading of urothelial carcinoma. 
Furthermore, there was some intraobserver 
variation in grading as well. One possible rea-
son for the poor interobserver agreement was 
level of experience of the reviewer. We 
addressed this potential confounder by com-
paring the more junior to the senior cytopathol-

Figure 4. Case of urothelial carcinoma showing mixed low and high grade features. Note tight clusters of malignant 
hyperchromatic low grade tumor cell clusters with dense cytoplasm and irregular nuclear borders (in A and B), and 
rare, isolated clusters of high grade malignant cells (in C and D) (Papanicolaou stain, magnification x 200).

ogist and found that the senior cytopathologist 
(MS) with 7 more years’ experience was more 
accurate than the junior one (MR). Therefore it 
would appear that level of experience may con-
tribute somewhat to interobserver variation 
and accuracy of grading. However, despite this, 
the overall grading accuracy for all reviewers 
was minimally acceptable at best and this was 
independent of specialty training in cytopathol-
ogy. All 3 pathologists had better accuracy 
rates on the second round of scoring compared 
to the first. This may be related to more learned 
familiarity with the cytologic differences 
between the low and high grade tumors after 
the first go-round. Interestingly, of the 3 pathol-
ogists, the general surgical pathologist (AO) 
performed best at differentiating low grade 
from high grade urothelial carcinoma. Of all our 
findings, this was the most surprising, since AO 
had no formal training in cytopathology. 
However it should be noted that in addition to 
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routinely signing out cytology specimens, AO 
also had specialized training as a urologic 
pathologist, which may or may not have given 
him an advantage over the other observers. 

Other potential confounders in the poor grading 
of cytology samples include a lack of careful 
review of slides, reviewer fatigue (which we 
could not accurately test for), as well as tumor 
heterogeneity. Fifty-one percent (n=21/41) of 
the high-grade tumors examined were consid-
ered “mixed low and high grade tumors” by at 
least 2 reviewers (Figure 4), leading to an 
increased potential for grading variability. 
Failure to identify low or high grade malignant 
cells could also have occurred because of low 
specimen cellularity, obscuring inflammation, 
blood or squamous contaminants. 

The diagnosis of low grade urothelial carcinoma 
in urine samples is difficult and is a source of 
frustration for practicing cytopathologists. Low 
grade carcinoma often resembles normal or 
reactive urothelium with only subtle differenc-
es. Chu at al [7] and Raab et al [39] have 
attempted to separate low grade tumors from 
their normal and high-grade counterparts by 
suggesting cytoplasmic vacuolization/homoge-
neity, nuclear to cytoplasmic ratio and nuclear 
membrane irregularity as features of low grade 
tumors. Others suggest that papillary frag-
ments with fibrovascular cores, especially when 
found in voided urine, are worrisome for low 
grade urothelial carcinoma. However, none of 
these are specific. In fact, some cytopatholo-
gists believe that normal urothelium and low-
grade urothelial carcinoma cannot be distin-
guished by light microscopy alone [40]. 

Our study underscores the lack of precision 
and subjective nature of grading of urothelial 
carcinoma on urine samples, and highlights the 
poor inter- and intraobserver agreement that 
may be seen among pathologists with and with-
out formal training in cytopathology. Clinicians 
and cytopathologists alike should be mindful of 
this pitfall and thus avoid grading urothelial car-
cinoma on urine samples, especially since 
grading may impact clinical management. 
Based on our findings, one can conclude that 
the current two-tiered WHO histologic grading 
system is difficult to reproduce in urine speci-
mens and we propose that for positive cytologic 
samples one should merely use the diagnostic 
category “positive for malignant cells” without 

attempting to grade these tumors. Future focus 
should be placed on the development of non-
morphologic ancillary tests that might improve 
the diagnostic sensitivity of urine cytology, 
especially for low-grade urothelial carcinoma.

Address correspondence to: Dr. Michelle D Reid, 
Department of Pathology, Emory University School 
of Medicine, 1364 Clifton Rd NE, Room H190, 
Atlanta, GA 30322, USA. E-mail: michelle.reid@
emory.edu
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