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ABSTRACT

Objective: To determine if women aged 50-70 years with a single episode of isolated acute haemorrhagic
cystitis have a significantly lower risk of developing urological cancers, potentially indicating that further
evaluation for macroscopic haematuria may be unnecessary.

Materials and methods: A retrospective study was conducted on all women assessed for macroscopic
haematuria at two participating centres in Sweden between 2020 and 2022. The standard evaluation
included computed tomography urography and cystoscopy. Patients were divided into two groups: AHG
(acute haemorrhagic cystitis group), which was defined by the presence of macroscopic haematuria and
symptoms resembling acute cystitis (dysuria, frequency or urgency), and non-AHG (non-acute haemor-
rhagic cystitis group), consisting of women with chronic, complicated or recurrent irritative symptoms or
no cystitis-like symptoms at all. The characteristics of the women and their tumours were documented.
Results: A total of 1,084 women were evaluated for macroscopic haematuria. The median age was 67
years, with 652 women (60%) aged 50-70. Urological malignancies were detected in 71 women (7%). In
the younger group, the AHG had a low cumulative cancer incidence (1%), whereas the non-AHG had a
significantly higher rate (10%), P < 0.001. Asymptomatic haematuria showed the highest cumulative can-
cer incidence (11%). A multivariable Cox regression analysis (for all patients in the study) indicated that
women in non-AHG have a seven-fold higher risk of developing urological cancer over time than women
in AHG (hazard ratio [HR]: 7.19; 95% confidence interval [Cl]: 3.64-14.21; P < 0.001).

Conclusion: Women aged 50-70 years with isolated acute haemorrhagic cystitis have a significantly low
risk of urological malignancies, indicating that invasive investigations, such as cystoscopy and computed
tomography urography, may not always be necessary. Nonetheless, further large-scale prospective studies
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are needed to validate these findings.

Introduction

Macroscopic haematuria is the primary symptom of urinary
bladder cancer [1]. In Sweden, approximately 220 per 100,000
individuals are referred annually to a urologist for macroscopic
haematuria evaluation [2].In 2016, Sweden introduced a nation-
wide standardised care pathway (SCP) specifically for patients
aged 50 years or older presenting with macroscopic, but not
microscopic, haematuria. The pathway ensures timely diagnos-
tic evaluation, including cystoscopy, computed tomography
urography and urine cytology [3-5]. Significantly, Sweden’s
selective policy of not investigating microscopic haematuria has
not been associated with decreased survival amongst patients
with urinary bladder cancer [6].

Cystoscopy and computed tomography urography are
time-consuming procedures with known risks [7-9], and exces-
sive examination of macroscopic haematuria imposes a signifi-

cant financial burden on healthcare facilities [10]. A single
nephrographic-phase dual-energy Computed Tomography (CT)
may be adequate for assessing such patients, potentially simpli-
fying the diagnostic process [11]. Additionally, efforts to en-
hance Computed Tomography Urography (CTU) image analysis
using Al models have shown promising results, demonstrating
high detection rates and excellent negative predictive value
(NPV) in identifying urinary bladder cancer [12].

Notably, up to 83% of patients undergoing routine evalua-
tions for macroscopic haematuria do not have an underlying
urological malignancy [3]. However, many women with macro-
scopic haematuria also suffer from urinary tract infections (UTls),
particularly acute haemorrhagic cystitis, which is characterised
by bladder mucosal bleeding and irritative symptoms such as
dysuria, frequency or urgency [13]. Since more than 50% of
women are likely to experience at least one UTl in their lifetime,
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acute haemorrhagic cystitis poses a significant challenge [14-
16]. Although some researchers argue that acute haemorrhagic
cystitis represents a benign condition, given the low likelihood
of urological malignancies in individuals aged 75 years or
younger [17], others have identified a link between UTI treat-
ments and delayed urinary bladder cancer diagnosis [14], high-
lighting a gap in knowledge in this regard.

Therefore, this study aimed to determine whether women
aged 50-70 years with a single episode of isolated acute cystitis
accompanied by macroscopic haematuria (acute haemorrhagic
cystitis) have a low enough risk of urological cancer to justify a
more targeted approach to further tests, potentially reducing the
need for invasive procedures such as cystoscopy and computed
tomography urography.

Material and methods
Patients

A cohort study with a retrospective, observational and longitudinal
design was conducted. This study incorporated all women under-
going assessments for macroscopic haematuria at two Swedish
medical centres: the NU-Hospital Group/Uddevalla (September
2020-December 2022) and Hallands Hospital (June 2021-
December 2022). The inclusion criteria were one or more episodes
of macroscopic haematuria in women aged 50 years or older.

The standard investigation involved computed tomography
urography and flexible cystoscopy; however, urinary cytology
was not routinely performed in all centres. We selected a limit of
50 years because it resembles the existing SCP criteria. A cut-off
age of 70 years was selected based on clinical experience and
previous studies, indicating a low risk of urological malignancy
in patients with macroscopic haematuria within this age range
[18]. The investigation was deemed negative if no malignant
urological abnormalities were detected by the end of the study
period, which encompassed any subsequent diagnoses of
urinary bladder cancer, upper tract urothelial carcinoma (UTUC)
or kidney cancer.

Definitions

Women were classified as having an acute haemorrhagic cystitis
if they experienced macroscopic haematuria accompanied by
an acute-onset of irritative cystitis-like symptoms, such as
dysuria, frequency or urgency, less than 1 week before the hae-
maturia episode. Moreover, a urine dipstick test was considered
positive if either leukocytes or nitrites were detected (any trace
of nitrites or leukocytes was classified as positive). Furthermore,
a urine culture was considered valid if it was performed during
the initial visit for acute haemorrhagic cystitis. Thus, a patient
was classified as lab-positive if she had either a positive urine
dipstick test or a positive urine culture (Table 2).

Data analysis

Consequently, the study cohort was divided into two main
groups: the acute haemorrhagic cystitis group (AHG), which

consisted of women with macroscopic haematuria accompa-
nied by short-term irritative cystitis-like symptoms (dysuria,
frequency or urgency), and the non-acute haemorrhagic cystitis
group (non-AHG), which included all other women with macro-
scopic haematuria. The non-AHG included patients with chronic
irritative symptoms (lasting more than 4 weeks), recurrent UTls
(defined as at least two UTls within 6 months or three or more
within 1 year), febrile UTls or cases where no irritative cysti-
tis-like symptoms presented [19].

The rationale for grouping all women with short-term
irritative symptoms together, regardless of laboratory results,
and distinguishing between acute-onset and other cases is
based on the fact that diagnosing acute cystitis and initiating
antibiotic treatment primarily rely on symptoms rather than
routine urine testing (urine dipstick or urine culture). According
to the European Association of Urology (EAU) guidelines, acute
cystitis can be diagnosed with a high probability based solely on
a focused history of lower urinary tract symptoms, as urine
culture and/or urine dipstick only provide a minimal increase in
diagnostic accuracy [13, 19]. Similarly, the Swedish Strategic
Program Against Antibiotic Resistance, known as The Swedish
Strategic Program Against Antibiotic Resistance (STRAMA), also
notes that in non-pregnant women, a high likelihood of acute
cystitis exists when at least two severe irritative cystitis-like
symptoms, such as burning during urination, frequency or
urgency, are present without vaginal symptomes. In such cases,
antibiotics should be immediately prescribed without the need
for prior urine testing [20].

All patients who investigated for macroscopic hematuria
according to SCP (n=2618)*
NU Hospital group (n= 1636)
Halland Hospital (n=982)

I

[ Female patients (n= 1084, 41%) ]

Excluded due to difficulty in
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!
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*Inclusion in NU Hospital Group was between 2020 and 2022, in Halland Hospital between 2021 and 2022.

Figure 1. Flow chart of patients included in the study.



Table 1. Characteristics of all patients in the study.
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Variable name 50-70 years >70 years All
No. patients % of the row 652 (60) 427 (40) 1079
Age (years) Median (IQR) 60 (55-65) 77 (74-82) 66 (58-76)
Hospital NU-Hospital Group 405 (62) 272 (64) 677 (63)
Hallands Hospital 247 (38) 155 (37) 402 (37)
Smoking* Never smoker 323 (50) 264 (63) 587 (55)
Current or former smoker 319 (50) 153 (37) 472 (45)
Time of smoking (for both former and Median (IQR) years 20 (10-30) 22 (10-40) 20 (10-30)
current smokers)
Radiotherapy Yes 17 (3) 15 (4) 32(3)
Irritative cystitis-like symptoms Yes 498 (76) 254 (60) 752 (70)
Fever Yes 24 (4) 14 (3) 38 (4)
Urine dipstick Yes 472 (73) 285 (70) 757 (72)
Urine dipstick results Positive for leukocytes 357 (76) 214 (75) 570 (76)
Positive for nitrite 84 (18) 73 (26) 157 (21)
Positive urine dipstick** 370 (57) 231 (54) 601 (56)
Urine culture Yes 286 (44) 191 (47) 476 (46)
Urine culture results Positive 123 (45) 87 (48) 210 (46)
Positive laboratory results*** 395 (61) 260 (61) 655 (61)
Symptoms groups AHG 429 (66) 196 (46) 625 (58)
Non-AHG 223 (34) 231 (54) 454 (42)
Cystoscopy results Not done**** 3(1) 6(1) 9(1)
Normal findings 427 (67) 238 (56) 675 (63)
Other benign findings 191 (29) 149 (35) 340 (31)
Papillomatous lesions 21 (3) 34 (8) 55 (5)
Investigation results***** No uro-malignancy 625 (96) 383 (90) 1008 (93)
Urinary bladder cancer 22 (3) 31(7) 53 (5)
UTUC 2(0.5) 7(1.5) 9(1)
Kidney cancer 3(0.5) 6(1.5) 9(1)
Tumour stage of urinary bladder cancer TaG1-2 12 (55) 13 (42) 25 (47)
TaG3 - Cis-T1 5(22.5) 9(29) 14 (26.5)
T2+ 5(22.5) 9(29) 14 (26.5)
Tumour stage of UTUC TaG1-2 1 (50) 1(14) 2(22)
TaG3 -Cis-T1 1(50) 1(14) 2(22)
T2+ 0(0) 5(72) 5 (56)
Tumour stage of kidney cancer T1-2 2(67) 2(33) 4 (45)
T3+ 0(0) 2(33) 2(22)
Not biopsied****** 1(33) 2(33) 3(33)
Number of urinary bladder cancer Solitary 16 (73) 23(74) 39 (74)
lesions
Tumour size of (cm) <3cm 17 (77) 22(71) 39 (74)

The table represents the number of patients (% of the row) if not otherwise indicated. (AHG: acute haemorrhagic cystitis group, IQR: interquartile range,
non-AHG: non-acute haemorrhagic cystitis group, Cis: carcinoma in situ, TNM: tumour, node, metastasis, UTUC: upper tracts urothelial carcinoma).

*Patients with missing results n = 20

**Either positive leukocytes or nitrite in urine dipstick, or both
***Either positive urine dipstick or urine culture

****Computed tomography urography was done in these cases

**xxx After both cystoscopy and computed tomography urography in almost all patients

**xxx*Under active surveillance

Subgroup analysis was performed by further analysing non-
AHG subgroups separately, including women without irritative
symptoms (asymptomatic haematuria) in one subgroup and
those with chronic irritative symptoms and/or recurrent UTIs
and/or febrile UTls as another subgroup (complex haematuria).
Patient characteristics were registered at the initial assessment
for macroscopic haematuria. All study data were retrospectively
collected through a review of medical records conducted by

experienced physicians, who were blinded to the subsequent
analysis and patient group allocation. The irritative symptoms
examined in this study were initially evaluated by a physician
and documented in the patient’s medical record. Details
regarding tumour characteristics, such as the number of
tumours, size, tumour grade and tumour-node-metastasis
(TNM) classification, were documented for women diagnosed
with urological malignancy.
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Table 2. Definitions and classification of study groups.

Category Definition/Criteria

Acute haemorrhagic cystitis
AHG
Non-acute haemorrhagic cystitis

Macroscopic haematuria + acute-onset (< 1 week before) of irritative symptoms: dysuria, frequency or urgency.
Patients diagnosed with acute haemorrhagic cystitis comprise the AHG group.
Macroscopic haematuria without the acute haemorrhagic cystitis criteria. Includes:

- Chronic irritative symptoms (>4 weeks) and/or
- Recurrent UTls (= 2 within 6 months or =3 within 1 year) and/or

- Febrile UTl and/or

- No cystitis-like symptoms
Non-AHG
Valid Urine Culture
Positive Urine Dipstick
Lab-positive patient

All other patients without acute haemorrhagic cystitis form the non-AHG group.
Performed during the initial macroscopic haematuria visit.

Any trace of leukocytes or/and nitrites.

The patient had either a positive dipstick or a valid positive urine culture.

AHG: acute haemorrhagic cystitis group, non-AHG: non-acute haemorrhagic cystitis group; UTIs: urinary tract infections.

Descriptive statistics were used to summarise the study char-
acteristics and outcomes. Continuous variables were compared
using the Mann-Whitney test, whereas categorical data were
analysed using the chi-square test. Continuous data were pre-
sented as medians with interquartile ranges (IQRs). Univariable
and multivariable Cox proportional hazards analyses were per-
formed to evaluate time to events in relation to potential risk
factors, including age, grouping into AHG versus non-AHG, radi-
otherapy and smoking status. For this analysis, the observation
period started at the onset of macroscopic hematuria. It ended
when a urological malignancy was identified, the patient died,
follow-up was no longer possible, or the data were censored on
September 30, 2024, whichever occurred first. The median fol-
low-up time was calculated using the reverse Kaplan-Meier
method. P-values < 0.05 were considered statistically significant.
Statistical analysis was performed using SPSS version 29 (IBM
Corp., Armonk, NY, USA).

Results

During the study period, 2,618 patients were evaluated for mac-
roscopic haematuria according to SCP, including 1,084 women
(41%), all of whom were included in this study (Figure 1). Patient
data were retrospectively collected from electronic medical
records, with a median follow-up period of 32 months (inter-
quartile range, 1QR, 25-38). This study included 677 women
(63% from the NU-Hospital Group) and 402 women (37% from
Halland Hospital). The median age was 67 years (IQR 58-76),
with 652 women (60%) aged between 50 and 70 years.

Cystoscopy was performed in 1,070 women (99%), revealing
normal findings in 675 women (63%), whilst benign lesions,
such as cystitis-like changes, bladder stones, cystitis cystica or
bladder diverticula, were observed in 340 women (32%).
Urological malignancies were detected in 71 women (7%),
including urinary bladder cancer in 53 women (5%), and both
UTUC and kidney cancer in nine women each (1%).

Amongst women aged 50-70, urological malignancies were
less common (4%, 27/652) compared with those over 70 (10%,
43/427). Muscle-invasive (T2+) bladder tumours were found in
22.5% of cases in the younger group and 29% in the older group
(Table 1; Supplementary Tables 1 and 2). In the 50-70 age group,

urological malignancies were found in only 1% (5/429) of AHG
compared with 10% (21/223) in the non-AHG group (P < 0.001).
Only five women (1%) in the AHG were diagnosed with urological
malignancies, including two women of solitary urinary bladder
cancer (TaG1-2 tumours < 3 ¢m) and three cases of kidney
cancer, two with T2 tumours and one under active surveillance
for a small renal mass. In contrast, urological malignancies were
found in 22 women (10%) in the non-AHG (Table 3, Figure 2A).

The asymptomatic haematuria group had the highest
cumulative cancer incidence, with 17 women (11%) aged 50-70
years diagnosed with urological malignancies versus 32 women
(18%) aged > 70 years. Finally, amongst women with complex
haematuria, urological malignancies were diagnosed in five
women (7%) in the younger age group and seven women (12%)
in the older age group (Supplementary Tables 1 and 2).

The age-stratified cumulative cancer incidence of urological
malignancies across the study groups indicates that age is a
significant risk factor, with older women facing a higher risk of
developing urological malignancies. In AHG, the cumulative
cancer incidence was very low amongst younger women, with a
slight increase observed in those aged 80 and above. In contrast,
non-AHG demonstrated a clear trend of progressively increasing
risk of developing urological malignancies with advancing age
(Figure 2B).

The Cox regression analysis of all patients in the study (in-
cluding those under and over 70 years) revealed that age was
significantly associated with risk of developing urological can-
cers, with each additional year increasing the hazard by 5% in
the univariable model (hazard ratio [HR]: 1.05, 95% confidence
interval [Cl]: 1.03-1.07, P < 0.001) and by 3% in the multivariable
model (HR: 1.03, 95% Cl: 1.01-1.06, P = 0.006). Belonging to the
non-AHG was strongly associated with an elevated risk com-
pared with the AHG, with an HR of 8.59 (95% Cl: 4.39-16.76, P <
0.001) in the univariable model and 7.19 (95% Cl: 3.64-14.21, P <
0.001) in the multivariable model. Smoking was a significant
predictor in the multivariable model (HR: 1.69, 95% CI: 1.02-2.79,
P = 0.040), indicating increased risk amongst current or former
smokers (Table 4).
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Table 3. Demographic and clinical characteristics of women aged 50-70 years with macroscopic haematuria in the study’s two main groups: AHG (acute
haemorrhagic cystitis group) and non-AHG (non-acute haemorrhagic cystitis group).

Variable name AHG Non-AHG p-value
No. patients % of the row 429 (66) 223 (34)
Age (years) Median (IQR) 59 (54-64) 60 (56-65) 0.006
Smoking* Never smoker 224 (53) 99 (45) 0.052
Current or former smoker 198 (47) 121 (55)
Radiotherapy Yes 7(2) 10 (5) 0.030
Cystoscopy results Not done 3(0.5) 0(0) <0.001
Normal findings 280 (65) 157 (70)
Other benign findings 144 (34) 47 (21)
Papillomatous lesions 2(0.5) 19 (9)
Investigation results** No uro-malignancy 424 (99) 201 (90) <0.001
Urinary bladder cancer 2(0.5) 20 (9)
UTUC 0(0) 2(1)
Kidney cancer 3(0.5) 0(0)
Tumour stage of urinary bladder cancer TaG1-2 2 (100) 10 (50) 0.400
TaG3 -Cis-T1 0(0) 5(25)
T2+ 0(0) 5(25)
Tumour stage of UTUC TaG1-2 0(0) 1(50) HxK
TaG3 -Cis-T1 0(0) 1(50)
Tumour stage of kidney cancer T1-2 2(67) 0(0) *xK
Not biopsied**** 1(1) 0(0)
Number of urinary bladder cancer lesions Solitary 2(100) 14 (70) 0.364
Tumour size (cm) <3cm 2(100) 15 (75) 0.421

Table represents number of patients (% of the row) if not otherwise indicated (AHG: acute haemorrhagic cystitis group, IQR: interquartile range, non-AHG:
non-acute haemorrhagic cystitis group, Cis: carcinoma in situ, TNM: tumour, node, metastasis, UTUC: upper tracts urothelial carcinoma).

*Patients with missing results n =10

**After both cystoscopy and computed tomography urography
***Not applicable

****Under active surveillance

Discussion

This retrospective study included 1,084 women evaluated for
macroscopic haematuria, amongst whom urological malignan-
cies were identified in 71 cases (7%), with urinary bladder cancer
being the most common (53/71, 75%). Notably, amongst
younger women, the AHG exhibited a significantly lower cumu-
lative cancer incidence (n = 5, 1%) than the non-AHG (n = 22,
10%), P < 0.001. These findings suggest that foregoing further
investigation according to the SCP protocol may be a reasona-
ble approach for women in the AHG. This strategy could spare
40% of women who undergo cystoscopy and computed
tomography urography for macroscopic haematuria
(429/1,079), representing 16% of the total study cohort
(429/2,618), from undergoing these invasive procedures. By tai-
loring investigations for these women, healthcare systems can
reduce the burden of unnecessary invasive procedures, thereby
minimising patient discomfort, procedural complications and
financial costs.

Three women with kidney cancer were identified in the AHG,
raising the question of whether these tumours were the actual
cause of macroscopic haematuria or if the bleeding originated
from haemorrhagic cystitis, with the kidney tumours being
incidental findings. Although early cancer detection can be
beneficial, it raises concerns about overdiagnosis [21]. Notably,
one-third of these women had a small kidney mass that required

neither biopsy nor intervention. These findings underscore the
need for a more nuanced approach to evaluate macroscopic
haematuria, striking a balance between early detection and the
risk of overdiagnosis.

Our findings are consistent with those of Malmstrom et al. [6],
who showed that abandoning testing for asymptomatic
microscopic haematuria did not adversely affect urinary bladder
cancer outcomes in Sweden. Both their study and ours emphasise
that reducing unnecessary urological investigations — whether
for asymptomatic microscopic haematuria or isolated acute
haemorrhagic cystitis — can alleviate patient burden and lower
healthcare costs without compromising cancer detection or
survival. This supports a more targeted approach to haematuria
evaluation, emphasising the need for further large-scale
prospective studies to optimise clinical guidelines.

A clinical presentation involving complex haematuria and/or
a history of recurrent UTls was associated with a higher risk of
urothelial malignancies, aligning with the findings of Liedberg
et al. [14]. They investigated the relationship between UTIls and
delayed urinary bladder cancer diagnosis in a large cohort of
29,921 patients with urinary bladder cancer and 149,467
matched references. They showed a higher risk of muscle-
invasive or metastatic urinary bladder cancer in relation to at
least one prescription of prediagnostic antibiotics indicated for
UTI treatment, 1.42 (95% CI 1.27-1.58). Moreover, the risk
increased with the number of UTI treatments, suggesting a
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Figure 2. (A) The distribution of urological malignancies amongst women
aged 50-70 years with macroscopic haematuria across the study groups,
including those with acute haemorrhagic cystitis symptoms (AHG), and
those in the non-AHG (non-acute haemorrhagic cystitis symptoms) sub-
groups with asymptomatic haematuria and those with complex haematuria.

possible delay in diagnosis. However, some clinical/laboratory
details, such as irritative urinary symptomes, urine testing results
and other relevant signs accompanying macroscopic
haematuria, were not included in the analysis, prompting
further investigation. Additionally, UTI treatments within 90
days before urinary bladder cancer diagnosis were excluded,
which could have affected the results by overlooking potentially
relevant prediagnostic confounders. Our study helps bridge this
critical clinical gap just before urinary bladder cancer diagnosis
by offering valuable insights into this prediagnostic period,
emphasising the importance of a more refined approach to
assessing UTlIs in the context of macroscopic haematuria.

Our results are also consistent with a previous report, show-
ing that the predictive value of macroscopic haematuria was be-
low 1% in patients aged 75 years or younger with concomitant
bacteriuria, prompting the authors to advise against further uro-
logical evaluation in these cases [17]. Vasdev et al. [22] had eval-
uated 1,740 patients at a one-stop fast-track haematuria clinic in
2003-2006, including 673 women. Amongst 330 patients with a
positive urine culture and a subsequent negative one after treat-
ment, only three patients (1%) were found to have urological ma-
lignancies, which align with our results. However, this study con-
cluded that the presence of a UTI does not reduce the likelihood
of urologic malignancy. This conclusion may be influenced by
the inclusion of a heterogeneous group comprising both men
and women, as well as patients with both microscopic and mac-

Asymptomatic hematuria

5059yrs  60-69yrs 7079 yrs

AHG

5059yrs  60-69yrs  70-79yrs  80+yrs 80+yrs

mNo cancer W Uro cancer m No cancer m Uro cancer

Complex hematuria

5059yrs  60-69yrs  70-79yrs  80+yrs

W No cancer ® Uro cancer

Figure 2. (B) Age-stratified cumulative cancer incidence of urological
malignancies in all women in the study with macroscopic haematuria across
the study’s groups including those with acute haemorrhagic cystitis symp-
toms (AHG), those in the non-AHG (non-acute haemorrhagic cystitis symp-
toms) subgroups with asymptomatic haematuria and those with complex
haematuria.

roscopic haematuria. Additionally, 14% of their cohort consisted
of individuals under 40 years.

Vasdev et al. used urine culture as a key factor to differentiate
between groups. In a subgroup of 161 patients who initially had
a negative urine culture but later tested positive at the urology
visit, 32 cases (20%) of urological malignancies were identified.
They suggested that UTI should not be ruled out in further
urological evaluation. However, it remains unclear whether
these 20% were men or women, which is important because
men have a higher risk of developing urological malignancies
[18, 23, 24]. Furthermore, although these patients may not have
had a bacterial infection during the haematuria episode, they
were still categorised as having a positive urine culture, which
may have impacted the study’s conclusions. In contrast, our
study distinguished between patients with short-term irritative
cystitis-like symptoms (AHG) and those with asymptomatic
macroscopic haematuria, consistently demonstrating a
significant difference in cancer detection rates (P < 0.001).

A well-founded and important concern that arises from
previous reports is that women tend to present with more
advanced tumours and have higher cancer-specific mortality,
which may be linked to referral delays and inadequate adherence
to diagnostic guidelines. Research indicates that women are
more likely than men to require three or more consultations
before being referred, possibly as a result of their symptoms
being misinterpreted as uncomplicated haemorrhagic cystitis,
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Table 4. Univariable and multivariable Cox Proportional Hazards regression analyses (full cohort), examining the association between different exposure
categories and urological cancer incidence, with urological cancer/no cancer as the dependent variable.

Variable name Nr. HR Univariable (95%Cl) Nr. HR Multivariable (95%Cl)
Age* 1079 1.05(1.03-1.07) 1059 1.03(1.01-1.06)
Symptoms groups AHG 625 1 (ref) 615 1 (ref)
Non-AHG 454 8.59 (4.39-16.76) 444 7.19 (3.64-14.21)
Smoking** Never smoker 587 1 (ref) 587 1 (ref)
Current or former 472 1.29 (0.79-2.08) 472 1.69 (1.02-2.79)
smoker
Radiotherapy*** No 1047 1 (ref) 1027 1 (ref)
Yes 32 0.04 (0.00-20.63) 32 0.0 (0.0-0.0)

(AHG: acute hemorrhagic cystitis group, Cl: confidence interval, HR: hazard ratio, and non-AHG: non-acute hemorrhagic cystitis group, Nr. the number of
patients at risk) HRs were calculated using Cox proportional hazards regression models. For age, HR reflects the change per one-year increase. (Ref) indicates

the reference category in categorical comparisons.
*Age is a continuous variable
**20 missed values

not requiring further investigation [25, 26]. Additionally,
different age groups are often treated similarly, with older
women treated similarly to younger women, and those with
chronic recurrent or persistent irritative symptoms grouped
with those experiencing a single episode of acute haemorrhagic
cystitis. In contrast, our study specifically distinguished between
these two latter groups, demonstrating a clear difference in
cumulative cancer incidence. One potential risk of excluding
younger women with acute UTls from the SCP is the increased
likelihood that those with complicated UTIs may not be referred.
Therefore, we strongly highlight the critical importance of
referring women with complex or asymptomatic haematuria to
the SCP, as the association with cancer in these groups is
significantly higher than that in other groups.

An interesting finding was reported by Nilbert et al. [18], who
compared patients with positive laboratory results (either a
positive urine dipstick or urine culture) to those with negative
laboratory results. They found that 20 out of 317 (6%) of women
with positive laboratory results had urological malignancies,
compared with 69 of 367 (19%) amongst those with negative
laboratory results. Interestingly, applying the same approach to
our study (regardless of the presence of symptoms) yields
comparable figures: urological malignancies were found in 34
out of 655 women (5%) with positive laboratory results,
compared with 37 out of 424 women (9%) with negative
laboratory results.

However, Nilbert et al. did not categorise their study cohort
based on symptom presentation; instead, they grouped all
patients with positive laboratory results into a single category.
In our study, we differentiated between acute irritative
symptoms (AHG) and chronic or recurrent symptoms or even
asymptomatic haematuria (non-AHG). We observed that women
aged 50-70 with acute irritative symptoms (regardless of
laboratory results) had only a 1% risk of cancer. In addition, the
presence of chronic, recurrent, irritative symptoms, sometimes
accompanied by fever or silent macroscopic haematuria, was a
stronger predictor of cancer detection compared with isolated
positive laboratory results alone.

Our findings are consistent with the growing body of
evidence supporting the more selective use of invasive

investigations in patients with haematuria. Tan et al. introduced
the Haematuria Cancer Risk Score (HCRS) in combination with
renal bladder ultrasound (RBUS) as a risk stratification tool,
demonstrating that up to 25%-34% of patients could safely
avoid cystoscopy whilst maintaining high sensitivity for cancer
detection (97%) [27]. Similarly, our results suggest that women
aged 50-70 years with isolated acute haemorrhagic cystitis have
a significantly lower risk of urological malignancies and may not
require routine cystoscopy or computed tomography urography,
supporting the feasibility of a more tailored diagnostic approach.

Cox regression analysis of the entire cohort further reinforces
the stratified cancer risk observed in different patient subgroups.
Most notably, women in the non-AHG had a markedly elevated
cancer risk, with a more than seven-fold increase compared with
the AHG, even after adjustment for confounders (HR: 7.19;
P < 0.001). Additionally, smoking emerged as a significant
independent risk factor in the multivariable model, further
supporting its role in urological carcinogenesis. These findings
underscore the clinical utility of symptom-based categorisation
and known risk factors in guiding the diagnosis of haematuria.

However, relying solely on laboratory tests may not always
be a successful approach, as asymptomatic bacteriuria is present
in more than 50% of women above the age of 80 [28],
complicating cancer risk assessment in those with macroscopic
haematuria and concurrent bacteriuria. However, considering
symptoms alongside laboratory results provides a more
transparent framework and better guidance. Short-term
irritative symptoms might not automatically prompt further
investigation. In contrast, chronic, recurrent urinary symptoms
or febrile UTls with haemorrhagic cystitis in women should
warrant a prompt SCP evaluation, including cystoscopy and
computed tomography urography.

A closer examination of biomarkers is essential to streamline
the diagnostic process further, as their clinical and practical
significance continues to evolve [29]. GeneXpert BC has a
sensitivity of 0.94 (95% Cl: 0.90-0.97) and an NPV of 0.99 (95% Cl:
0.98-0.99). The use of this biomarker could potentially eliminate
the need for cystoscopy and computed tomography urography
in 44% of patients presenting with macroscopic haematuria
[30]. Incorporating such tools into routine clinical practice is
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crucial for enhancing efficiency and improving patient
outcomes. However, further research should investigate the
clinical application of biomarkers to optimise the efficiency of
macroscopic haematuria evaluations.

One of the strengths of this study was the inclusion of a large
cohort of women aged 50 and older, allowing for a
comprehensive analysis of the association between macroscopic
haematuria and urological malignancies across a diverse range
of clinical presentations. Moreover, data collection from two
separate centres enhances the generalisability of the findings.
Furthermore, this study provides new insights into the risk of
uro-malignancy across different clinical subgroups by stratifying
patients based on their symptom presentation.

However, our study has limitations. The retrospective nature
of the study limits the ability to establish causality. It may intro-
duce selection bias, as it only includes those who sought medi-
cal attention and had documented cases of macroscopic hae-
maturia. Sweden’s quality registers remain valuable for
monitoring care patterns and outcomes, supporting further re-
search, such as on women with acute cystitis [31]. Additionally,
variations in the completeness and quality of medical records
could have impacted our findings. Moreover, only 72% of pa-
tients underwent urinalysis, and 46% had urine cultures per-
formed, which may have affected the accurate classification of
UTl-related cases. Standardising these tests would strengthen
the study’s conclusions.

In conclusion, women aged 50-70 years with isolated acute
haemorrhagic cystitis had a minimal risk of urological malignan-
cies (1%), supporting the possibility of excluding them from SCP.
Implementing this adjustment could spare 40% of women with
macroscopic haematuria due to haemorrhagic cystitis from un-
dergoing invasive procedures. However, it remains essential to
provide a careful follow-up for women with persistent, compli-
cated or recurrent symptoms to ensure early detection of poten-
tial malignancies. Larger prospective studies are still needed to
confirm our findings and develop risk-adapted strategies for
managing macroscopic haematuria in women.
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