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Abstract 

Background Urine biomarkers are crucial for monitoring patient responses in treating urological pathologies, includ-
ing non-muscle invasive bladder cancer (NMIBC). Yet, analysing urine biomarkers poses several challenges, includ-
ing ensuring specimen stability during transportation and analytical processing. This prospective feasibility study 
aimed to investigate how urinary leukocytes and proteins are impacted by storing and refrigerating urine.

Methods Stability of leukocytes from four healthy donors (HD) spiked into urine supernatants was analyzed for up to 
72 h at 4°C. Urine samples from five NMIBC patients undergoing BCG treatment were divided into two portions, 
followed by either immediate processing or overnight refrigeration. Urinary cell content and soluble factors were 
analyzed by multiparameter flow cytometry and Luminex®, respectively.

Results We confirmed the stability of healthy donor peripheral blood leukocytes spiked into cell-free urine super-
natants from healthy donors or untreated bladder cancer patients for up to 72 h under refrigeration at + 5℃. Addi-
tionally, we conducted immune cell and proteomic analysis from urine samples obtained from five NMIBC patients 
receiving Bacillus Calmette-Guérin (BCG) therapy either processed immediately or after overnight refrigeration. We 
successfully demonstrated that leukocyte and protein composition remain stable in refrigerated urine from BCG-
treated NMIBC for 24 h. This included granulocytes, monocytes, and T cells, as well as total protein, creatinine and 46 
additional individual immune-related mediators.

Conclusions This work demonstrates the compatibility of refrigerated urine shipment from the collection sites 
to analytical laboratories with both immunophenotyping and proteomic analysis and establishes clear logistical ben-
efits for numerous clinical settings focused on monitoring patient immune responses in the urine matrix.
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Background
Immunotherapy has revolutionised the treatment of can-
cer [1], and bacterial immunotherapy became a golden 
standard for a non-muscle invasive bladder cancer 
(NMIBC) treatment for decades [2]. Yet, most patients 
do not benefit from these treatments.

Indeed, while BCG therapy is one of the most success-
ful immunotherapies, approximatively 50% of patients do 
not respond to the treatment [3], partly due to immune 
regulatory mechanism [4]. Tracking cancer patient 
responses to treatment traditionally relies on measur-
ing biomarkers from either tumour tissue or peripheral 
blood, both of which can be complex and invasive to 
sample over time. Understanding the dynamic changes 
in the immune compartment, especially at the local level, 
is crucial to uncovering the mechanisms of response or 
non-responsiveness, thereby unlocking the full potential 
of immunotherapy [1, 5, 6].

While systemic immunomonitoring for response to 
cancer immunotherapy is well-explored [7, 8], the immu-
nomonitoring of local responses remains underexplored 
[5, 9, 10]. Using urine as a non-invasive biomarker matrix 
is an effective alternative that has the potential to sub-
stantially improve the patient experience. Urine protein 
profiling for detection of NMIBC by multiplex technolo-
gies is standardised [11, 12], and monitoring of immune 
responses to BCG therapy in NMIBC is well-documented 
[10, 13], but sample processing and stability questions 
persist. And despite limited research, studies on immu-
nophenotyping urinary leukocytes in bladder cancer 
immunotherapy have shown its potential in predicting 
treatment response and understanding the therapy’s 
mechanism of action [14–17].

Thus, understanding urine sample stability for local 
immune response monitoring in NMIBC immunother-
apy is critical. There is a perception that urine sample 
processing must occur at the collection site, which is 
often impractical in multicentre clinical trials where sam-
ple processing typically happens at a central lab, necessi-
tating a shipping period of at least 24 h [18, 19].

Therefore, this study aims to assess the optimal time-
frame for urine sample stability during transit from a 
clinical site to an analytical laboratory. The goal is to 
determine the sample quality window for effective pro-
cessing and analysis of cellular and protein urine com-
position and to offer practical insights for streamlined 
logistics in clinical trials for NMIBC and other urological 
conditions.

Methods
Study design and participants
Leukocytes were obtained from the buffy coat blood 
product material from healthy donors collected by NHS 

Blood and Transplantation (NHSBT; n = 4, London, UK). 
Cell-free urine supernatants were obtained from healthy 
donor (HD; n = 2) or untreated bladder cancer patients 
(n = 2) (Fidelis Research, Sophia, Bulgaria).

Non muscle invasive bladder cancer (NMIBC) patients 
(n = 5) receiving Bacillus Calmette-Guérin (BCG) therapy 
at Lausanne University Hospital (CHUV), Switzerland, 
were prospectively recruited for this study (Table  S1). 
Due to the exploratory nature of the study, no formal 
hypothesis on the sample size was made. At the time of 
inclusion, NMIBC patients were starting standard BCG 
therapy involving 6-weekly intravesical instillations of 
OncoTICE® BCG (2 to 8 ×  108 colony forming units; 
Merck Sharp & Dohme AG) in line with European Asso-
ciation of Urology (EAU) guidelines and at the shared 
decision of both the physicians and patients. Urine sam-
ples were self-collected at the Lausanne University Hos-
pital 2–3 h following BCG instillation (second urination) 
(Table  S1). All patients provided written informed con-
sent before taking part.

The study was approved by the Health Research 
Authority, London—Stanmore Research Ethics Commit-
tee (19/LO/0179; 257743) and the Ethics Committee of 
the Canton de Vaud in Switzerland (#2019–00564).

Isolation of leukocytes from healthy donors and spiking 
into cell‑free urine supernatant
Buffy coat was recovered from the NHSBT bag into a 50 
mL tube and centrifuged (800xg, 10 min, room tempera-
ture (RT)). The leukocyte layer and plasma were collected 
and washed with Hanks’  Balanced Salt Solution (HBSS; 
no  Ca2+ , no  Mg2 +) by centrifugation (300xg, 10 min, 
RT). Red blood cells (RBC) were removed by lysis with 
RBC lysis buffer (Biolegend®). Leukocytes were washed 
again and re-suspended in Dulbecco’s phosphate buff-
ered saline (D-PBS, Gibco) with 0.5% bovine serum albu-
min (BSA; Sigma-Aldrich) for cell counting.

Cell-free urine supernatant was thawed at 4°C. Before 
adding leukocytes, cell-free urine was centrifuged (300xg, 
10 min, 4°C), then filtered with a 0.2 μm syringe filter to 
remove any protein aggregates or cell debris. The leu-
kocytes were spiked into urine cell-free supernatants at 
three different concentrations  (103,  104 or  105 cells/mL of 
urine supernatant) and analysed by flow cytometry either 
immediately or after 24, 48 or 72 h at 4℃ (Fig. 1a).

Processing of urine samples from BCG‑treated NMIBC 
patients
Upon collection, patient urine samples were split into 
two tubes followed by either immediate processing or 
overnight refrigeration for 24h at 4℃ (Fig. 2a). Both tubes 
were centrifuged (1500 revolutions per minute (RPM), 5 
min) and the resulting cell pellet was counted, stained (as 
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per below) and fixed before flow cytometry acquisition. 
The urine cell-free supernatant was frozen at -80℃ for 
batch proteomic analysis (Fig. 2a).

Flow cytometry analysis
Cell-surface antigens were stained for 20 min at 4°C in 
the staining buffer (PBS with 0.2% BSA and 2 mM eth-
ylenediaminetetraacetic acid [EDTA]) and an amine 
reactive dye (aqua live/dead stain kit, Life Technolo-
gies, Carlsbad, CA, USA) or propidium iodide (PI) (Inv-
itrogen™) was used for dead cell exclusion. Fc-Receptor 
Blocking Reagent (Miltenyi Biotec) was used to increase 
staining specificity by blocking non-specific antibody 
binding.

Spiked leukocytes were stained with anti-human 
CD45-BV605™ (BioLegend®, mouse IgG1, clone HI30), 
anti-human CD3-PE (BioLegend®, mouse IgG1, clone 
UCHT1), anti-human CD14-BV421™ (BioLegend®, 
mouse IgG1, clone HCD14) and anti-human CD15-
AF700 (BioLegend®, mouse IgM, clone HI98).

The following monoclonal antibodies were applied 
at pre-determined optimal concentrations to stain leu-
kocytes in urine samples from BCG-treated patients: 
anti-human CD45-PE (eBioscience™, mouse IgG1, clone 
2D1), anti-human CD15-PerCP/Cy5.5 (BioLegend®, 
mouse IgG1, clone W6D3), anti-human CD14-PE-Cy7 

(eBioscience™, mouse IgG1, clone 61D3), anti-human 
CD3-AF700 (BioLegend®, mouse IgG2a, clone HIT3a), 
anti-human CD4-APC (BioLegend®, mouse IgG2b, 
clone OKT4) and anti-human CD8-AF488 (BioLegend®, 
mouse IgG1, clone SK1).

Stained samples were acquired on a Gallios (Beck-
man Coulter™) or Attune (Thermo Fisher Scientific) flow 
cytometer followed by analysis on FlowJo™ version 10.8.1 
software (FlowJo LLC, Ashland, OR, USA).

Protein quantification
The Quick Start™ Bradford Protein Assay Kit 2 (Bio-Rad) 
was used to measure total protein in urine according to 
manufacturer’s instructions. Briefly, urine was diluted 
1:10 and 1:50 with sterile D-PBS (Gibco). A standard 
curve was built using the albumin standard. The 1 × dye 
reagent provided in the kit was added to each diluted 
sample and reference standard in a microplate format, 
incubated at room temperature for not less than 10 min, 
and absorbances were measured at 595nm with a Spark 
microplate reader (Tecan).

Creatinine quantification
A creatinine assay kit was used to measure creatinine in 
urine according to manufacturer’s instructions (Oxford 
Biomedical Research®). Briefly, urine was diluted 1:10 

Fig. 1 Extended leukocyte sample quality window defined for up to 72h in refrigerated urine matrix. a Experimental protocol of the healthy 
donor leukocytes spiking experiments. Blood leukocytes from four healthy donors were spiked at three concentrations  (103,  104 or  105 cells/mL) 
into cell-free urine supernatants obtained from either healthy donors (n = 2) or untreated NMIBC patients (n = 2) and analysed by flow cytometry 
either fresh or after incubation for 24h, 48h or 72h at 4°C. This figure was partly generated using Servier Medical Art, provided by Servier, licensed 
under a Creative Commons Attribution 3.0 unported license. b Gating strategy from urine spiked with different numbers of leukocytes  (103, 
 104 or  105 cells): after debris, doublets and dead cells exclusion, frequencies of monocytes  (CD45+CD14+CD3−), T cells  (CD45+CD3+CD14−) 
and granulocytes  (CD45+CD15+CD14−) were determined. Since no difference in stability was observed between different concentrations of spiked 
leukocytes, these were therefore treated as technical replicates. c Frequency of granulocytes  (CD15+), monocytes  (CD14+) and T cells  (CD3+) 
from spiked leukocytes after 0h, 24h, 48h or 72h at 4℃. Comparisons were made using an ordinary one-way ANOVA with Dunnett’s multiple 
comparisons test (with no statistically significant differences). Graphs include n = 6 independent leukocyte/urine matrix conditions per timepoint. 
d Correlations between the frequencies of immune cell subsets determined in fresh samples (0h) and samples refrigerated for 24h, 48h or 72h. 
A Spearman r test with two-tailed P-value was performed
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with sterile distilled water and a standard curve was pre-
pared in a microplate using creatinine. Two sequential 
absorbance readings were performed at 490 nm using a 
Spark microplate reader (Tecan) to determine the creati-
nine concentration (in mg/dL) in the samples. The first 
reading was performed after adding alkaline picrate solu-
tion (initial reading) and a second reading was performed 
after addition of acid reagent (final reading). The differ-
ence in absorbance upon subtracting the final reading 
from the initial reading for each standard and sample was 
directly proportional to the creatinine concentration.

Multiplex assay
Multiplex protein immunoassays were conducted using 
both the 48-plex (Merck Millipore) and 3-plex TGF-beta 
(Merck Millipore) assay kits according to manufacturer’s 
instructions. For the 48-plex assay, urine was diluted 1:3 
with assay diluent. For the 3-plex TGF-beta assay, urine 
was acidified with 1N HCl for 10 min and the reaction 
was stopped by the addition of 1N NaOH. Acidified urine 
was diluted 1:3 with assay diluent. Samples were read on 
the Luminex™ xMAP™ INTELLIFLEX system (Merck, 
Germany). Acquired multiplex data were initially ana-
lysed using Belysa® software (Millipore Merck, version 

1.0.19). After excluding any values below the limit of 
detection from analysis and accepting paired samples 
with a minimum of seven samples, the following analytes 
were excluded from the analysis: IL-1β, IL-7, IL-17E/
IL-25, IL-22 and PDGF-AB/BB. To facilitate comparison 
between analytes, concentrations were normalised in the 
range of 0 to 1 using the Python numpy package (Supple-
mentary online content).

Statistical analysis
GraphPad Prism version 10.0.3 (275) for Windows 
(GraphPad Software, USA) was used for statistical analy-
sis of flow cytometry, total protein and urine creatinine 
data, as well as for plotting of raw bead array data.

Comparisons between groups for immune cell analysis 
to distinguish the change in cell frequencies with refrig-
eration time were conducted using a one-way ANOVA 
mixed-effects model with Dunnett’s multiple comparison 
test.

Correlation analysis was performed using the Spear-
man non-parametric r test with a two-tailed P value. 
The normality assumption for correlation analysis was 
assessed via the Shapiro–Wilk normality test.

Fig. 2 Urinary leukocyte stability in overnight refrigerated BCG-treated patients’ samples. a Experimental protocol for processing urine 
from BCG-treated non-muscle invasive bladder cancer patients. Urine samples were split in two tubes followed by either immediate analysis 
or overnight refrigeration at 4°C. Frequencies of urinary immune cell subsets were then assessed by flow cytometry. This figure was partly generated 
using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license. b Representative gating 
strategy to identify urinary  CD8+ and  CD4+ T cells  (CD45+CD3+CD8+ or  CD4+, respectively), granulocytes  (CD45+CD15+CD14−) and monocytes 
 (CD45+CD15−CD14+), after debris, doublets and dead cells exclusion. c Correlation of total absolute cell number, live leukocyte frequency  (CD45+ 
cells) and d immune cell subset frequencies measured in fresh versus overnight incubated samples (n = 16) from BCG-treated non muscle invasive 
bladder cancer patients. The Spearman r test with two-tailed P test was performed. Each colour represents an individual patient
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Group analysis for multiplex assays was conducted 
using a mixed-effect model (REML) with Sidak multiple 
comparisons test. For proteomic correlation analysis, 
the Spearman rho test with two-tailed P test was calcu-
lated using the Python stats module of the SciPy library 
(1.11.1). Correlation for each analyte was done using 
Jupyter Notebooks (version 6.5.4 executed on Python 
3.10.12) with the support of the packages: pandas (2.0.3), 
scipy (1.11.1), matplotlib (3.7.2) and numpy (1.25.1). The 
full python code is provided in Supplementary online 
content.

Results
Extended leukocyte sample quality window defined 
for up to 72h in refrigerated urine matrix
An initial controlled assessment of the urine sample 
quality window was conducted by spiking healthy donor 
or untreated NMIBC patient urine cell-free supernatants 
with healthy donor leukocytes (at 3 different concentra-
tions:  103,  104 and  105 cells/mL) obtained from buffy coat 
products. Spiked samples were processed immediately or 
refrigerated at 4°C for 24, 48 or 72 h and the frequency 
of granulocytes  (CD15+), monocytes  (CD14+) and T 
cells  (CD3+) was determined by flow cytometry (Fig. 1a, 
b, and Methods), as these immune cell subsets are the 
most frequent in urine from BCG-treated patients [17]. 
Interestingly, granulocyte, monocyte and T cell frequen-
cies were stable up to 72h post-refrigeration compared to 
fresh (0h) sample (Fig.  1c). Notably, since no difference 
in stability was observed between different quantities of 
spiked blood leukocytes, these were treated as technical 
replicates. In addition, the frequency of each immune cell 
subset analysed prior to refrigeration significantly cor-
related with the frequency measured at each timepoint 
after refrigeration (Fig.  1d). Taken together, these find-
ings indicated that storing urine samples at 4°C for up to 
72 h did not significantly alter their immune cell content.

Urinary leukocytes are stable in overnight refrigerated BCG 
treated NMIBC patient urine samples
To confirm our observations in the clinical setting, 
urine samples were prospectively collected from five 
BCG-treated NMIBC patients following intravesical 
instillations (2–3 h after BCG instillation) throughout 
the induction treatment regimen (Table  S1). Collected 
patient urine specimens were split into two samples: one 
was analysed by flow cytometry immediately after col-
lection (fresh), while the other half was analysed follow-
ing overnight (24h) refrigeration (Fig. 2a and Methods). 
As shown in Fig. 2C, total urine cell numbers as well as 
live  CD45+ leukocytes showed high recovery rates with 
a strong positive correlation between fresh versus over-
night refrigerated samples (n = 16). These results appear 

to be consistent across patients, despite the small size 
of the cohort. Similarly, all studied urinary immune cell 
subset frequencies, including granulocytes, monocytes, 
total T cells and  CD8+ and  CD4+ T cells, demonstrated 
remarkable stability upon refrigeration at 4°C compared 
to the paired sample freshly analysed (Fig. 2d).

Total protein and creatinine remain stable 
following overnight refrigeration of urine
In parallel, proteomic analysis of 51 soluble factors was 
performed in BCG-treated NMIBC patient urine super-
natants (n = 20), frozen immediately after collection or 
frozen after overnight refrigeration (Fig.  2a and Meth-
ods). As illustrated in Fig. 3a and b, comparable levels of 
total protein and creatinine were measured for samples 
frozen either immediately or following overnight refrig-
eration. Further, the cytokine, chemokine, and growth 
factor profiles in urine supernatants from BCG-treated 
NMIBC patients remained comparable between fresh 
and overnight refrigerated samples (Fig.  3c), which was 
confirmed by correlation analysis for all detected inflam-
matory mediators (Fig. 3d).

Discussion
Urine contains multiple components that can be used as 
effective biomarkers and can potentially reflect dynamic 
changes in the urological tumour microenvironment, 
including immune cells and proteins [20, 21]. Voided 
urine sampling is thus a simple, non-invasive procedure 
that may generate a highly informative source of bio-
markers allowing for regular monitoring of treatment 
and disease, especially bladder cancer [11, 22, 23], and 
can potentially increase patient enrolment and retention 
in clinical trials. However, the limited knowledge about 
the stability of urine samples during storage and transit 
poses a challenge for their use in clinical trials, where 
samples must be analysed by a central laboratory.

Tumour tissue and peripheral blood are traditionally 
considered key samples for tracking biomarkers in oncol-
ogy patients. Yet urine samples represent a non-invasive 
and readily available patient output that can provide sim-
ilarly valuable clinical insights, especially in the urology 
setting [14–17, 24]. Extensive research has investigated 
stability and storage considerations for assays involv-
ing tumour tissue and peripheral blood [7, 8, 18], while 
established standards for voided urine samples remain 
limited. Existing studies mainly focus on urinary metabo-
lites/electrolytes, with limited analysis of cytokines and 
no exploration of the urinary cell compartment.

We examined the stability of leukocytes from healthy 
donors spiked into either healthy donor or NMBIC 
patient urine supernatants, as well as the stability 
of immune cell and protein content in prospectively 
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collected urine samples from NMIBC patients under-
going BCG treatment. We successfully show for the 
first time that storing urine at + 2 to + 8°C, without 
preservatives, for up to at least 24 h does not sub-
stantially affect the viability or recovery of total urine 
immune cells, and we were able to extend this stability 
window up to 72 h based on the result of spiking urine 
with whole blood leukocytes. Moreover, frequencies of 
monocytes, granulocytes and T cells remain unaffected 
in refrigerated urine. This discovery presents promis-
ing new logistical avenues for clinical trials or ongoing 
treatments involving the immunophenotyping of uri-
nary leukocytes for biomarker research.

We also demonstrate that total protein and creatinine 
levels, together with cytokine, chemokine and growth 
factor profiles, remain stable in the overnight refriger-
ated urine matrix. Recently, Chang et  al. explored the 
stability of urinary proteins in a 12-marker panel under 
different temperature regimens for 48h [19]. This study 
highlighted that the refrigerated storage of urine did not 
lead to loss of any of the twelve investigated proteins. 
Our findings are in line with this research, demonstrat-
ing robust protein recovery in overnight refrigerated 
specimens in a large-scale proteomic analysis.

Overall, our study confirms the feasibility of the immu-
nophenotyping and proteomic analysis of refrigerated 
urine samples within a 24h sample quality window, that 
might be extended up to 72h. However, further long-
term stability studies testing different refrigeration condi-
tions are warranted.

This study has two main limitations. Although we ana-
lysed a substantial number of samples (16 for cellular 
and 20 for proteomic analyses), they were collected only 
from 5 BCG-treated patients. Besides, this small cohort 
may not faithfully represent the NMIBC population 
well, since 4 patients only had a carcinoma in situ (CIS). 
Future studies investigating larger cohorts will be needed 
to confirm our results.

Conclusions
By showing that whole urine samples can be overnight 
transported at 4℃  without undergoing any substan-
tial decay in their quality, our results demonstrated that 
urine cellular and soluble factor biomarker analysis can 
be reliably implemented in decentralised or multicentred 
clinical trials. Consequently, this may potentially enhance 
patient enrolment and retention in clinical trials.

Fig. 3 Proteomic profiling in BCG-treated NMIBC patient urine samples upon refrigeration. Comparison of total protein (a) and creatinine 
(b) concentrations between urine supernatant samples (n = 20) from BCG-treated NMIBC patients freshly frozen versus frozen after overnight 
refrigeration. A non-parametric paired t test (left panel, with no statistically significant differences) and a Spearman r test with two-tailed P-value 
(right panel) were performed. Each colour represents an individual patient. The dotted lines represent the minimum (Min NV) and maximum 
(Max NV) normal values in single void urine samples, serving as a reference control for our results. c, d Comparison of the urinary concentration 
of each detected soluble factor from BCG-treated NMIBC patients between freshly frozen versus frozen after overnight refrigeration. Analytes, 
namely IL-1b, IL-7, IL-17E/IL-25, IL-22, and PDGF-AB/BB, that were below the limit of detection or had paired samples from fewer than seven samples 
were not plotted. No significant differences were observed between measurements for each analyte in the group analysis using a mixed-effect 
model (REML) with a Sidak multiple comparisons test (c). Correlations between fresh and overnight refrigerated at 4℃ cell-free urine supernatants 
from BCG-treated non-muscle invasive bladder cancer patients for each measured analyte, and the Spearman rho test with two-tailed P test 
was calculated using the Python stats module of the SciPy library (d)
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