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Patients with colour vision deficiency (CVD) may not see blood in urine or
stool, often the first sign of bladder or colorectal cancer, respectively. Here

we sought to identify whether patients with bladder or colorectal cancer
and CVD have worse outcomes when compared to matched patients without
CVD, using an electronic health records research network (TriNetX). A

total of 135 patients with CVD and bladder cancer showed shorter overall
survival (y* = 4.85, P=0.028) as compared to 135 matched patients without
CVD. There was no significant difference among 187 patients with colorectal
cancer and CVD, and controls. This suggests that patients with bladder
cancer and CVD may be at risk of reduced survival. This is a hypothesis-
generating paper that should raise clinicians’ diagnostic suspicion for
bladder cancer in patients with CVD and prompt further investigation into
whether screening for bladder cancer should be introduced for high-risk
individuals with CVD.

Colorectal cancer and urinary bladder cancer are among the most com-
mon malignancies in the United States. Colorectal cancer is the third
mostcommon cancer in the United Statesamong men and women, and
bladder cancer is the fourth most common among men'. Colorectal
cancer has the third-highest and fourth-highest mortality among
malignancies observedin menand women, respectively, while bladder
cancer has the eighth-highest among men.

Blood in the stool or urineis often the first sign of colorectal** or
bladder cancer’, respectively. Recognizing this signis an essential indi-
cator for patients to seek medical evaluation. However, patients with
visualimpairments that prevent them fromidentifying the red colour
ofbloodintheirfaeces or urine may be at greater risk of delayed detec-
tion of disease. Thisis especially true in the case of painless haematuria,
which is often the sentinel sign of bladder cancer, where blood in the
urineis notaccompanied by pain, which may otherwise be an alterna-
tive symptom prompting patients to seek medical attention. Without
painasanadditional symptom, patients canrely solely onrecognizing
bloodin their urine to detect the disease.

One visual condition that may limit a patient’s ability to detect
bloodinthestool or urineis colour vision deficiency (CVD), one of the

mostcommoninherited disorders of vision, affecting 1in12 (8%) males
and 1in 200 (0.5%) females®. The majority of CVDs impair the ability
to distinguish the colour red’, leading to the possibility of delayed
recognition of malignancy and an increased risk of severe disease
among patients with CVD and colorectal cancer or bladder cancer.

Indeed, two case reports show that this hasbeen observed among
patients with CVD. One report® discussed three patients with CVD
who were experiencing blood in their stool, but misinterpreted the
blood as diarrhoea due to an inability to discriminate the colour red.
It was not until their respective spouses noticed blood in the toilet
that they sought care. They each delayed seeking care by a few weeks
to 3 months from the onset of supposed ‘diarrhoea’. Another report’
likewise described a patient with CVD who wasin shock due to gastro-
intestinal haemorrhage, and still did not present for 10 days follow-
ing the first observation of presumed ‘diarrhoea’, at which point he
was hypotensive, tachycardic and diaphoretic, and admitted to the
intensive care unit.

Prior work'® showed this phenomenon in an experimental setting
by conducting a study in which 10 participants with CVD and 20 age-
matched controls were shown photographs of saliva, urine and stool,
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and asked to identify which of them contained blood. The colourblind
group was substantially less successful at selecting the photos depict-
ingbloody human excreta (a median of 77% correctly identified images
versus 99% in the control group).

Inasubsequent study, 200 male patients with bladder cancer were
evaluated for CVD using the Ishihara plate test, and the authors found
that bladder cancer patients with CVD presented with more invasive
disease (rated T1 or above) as compared to peers without CVD, who
mostly presented with superficial cancer (Ta or Tis)".

Thus, there is evidence to suggest that patients with CVD and
cancersthatinitially present with blood in urine or stool may delay care-
seeking due to lack of recognition of the blood. This delay is thought
to allow the cancer to invade more tissue, leading to more advanced
cancer histology at the time of presentation. However, it remains
an open question whether this translates to differential mortality
among patients with CVD as compared to patients without CVD. We are
not familiar with any studies to date that have evaluated the survival
or mortality outcomes associated with colorectal or bladder cancer
in patients with CVD, as compared to patients without CVD.

One study’ showed that only 10% of surveyed physicians
had considered the possibility that colourblindness may preclude
patients from screening for blood in their own urine and faeces, sug-
gesting thatbladder or colorectal cancer diagnoses might be made later
invisuallyimpaired patients thanin patients without visualimpairment.

Identifying the risks this may pose to survival and mortality further
clarifies the importance of more attentively screening these popula-
tions for certain malignancies, and may serve toincrease clinicians’ sus-
picion of cancer among patients with CVD and signs suggestingillness.

Results

The TriNetX network provides real-world electronic healthrecords data
from health organizations in the United States and around the world.
TriNetX was used to form cohorts of patients based on their diagnoses
ofbladder cancer, colorectal cancer and CVD (or the absence thereof),
whichwere thenusedinretrospective cohortanalyses to evaluate sur-
vival differences between the cohorts with CVD and those without CVD.

Bladder cancer

A total of 149 patients in the bladder cancer with CVD cohort and
371,154 patientsin the bladder cancer without CVD control cohort were
initially identified before propensity score matching (PSM). After PSM
methods and inclusion-exclusion criteria were applied, 135 patients
were subsequently analysed in each cohort.

The average age of patients after PSM at the time of initial diag-
nosis of bladder cancer with and without CVD was 71.9 + 10.8 years
and 70.6 +13.7 years, respectively. Females comprised 7.4% of the
CVD cohort and 7.4% of the non-CVD cohort. Before PSM, there were
significant differences between the groups in the 0-45 age at cancer
diagnosis bracket (P=0.0047), sex (P < 0.0001) and race (P< 0.0001 for
white, unknown race and unknown ethnicity populations; P=0.0002
for Hispanic or Latino populations). The mean follow-up time of
patients in the bladder cancer with CVD cohort and bladder cancer
without CVD cohort, respectively, was 1,848 (s.d. =1,517) days and
1,631(s.d. =1,504) days.

Furthermore, there were significant differences between the
groups in systemic comorbidities, including nicotine dependence
(P<0.0001), hypertension (P< 0.0001), diabetes mellitus (P< 0.0003)
and hyperlipidaemia (P < 0.0001). After PSM methods were applied for
the above features, baseline characteristics were balanced between
the groups and there were no significant differences in age, age at
cancer diagnosis, sex, race or ethnicity, nor in systemic comorbidities
including nicotine dependence, hypertension, diabetes mellitus and
hyperlipidaemia (Table 1).

Figure 1 shows the results of a Kaplan-Meier survival analysis
of mortality in the two groups. A log-rank analysis revealed that

the cohort with both bladder cancer and CVD had a lower survival
probability than the cohort with bladder cancerandno CVD (x> = 4.85,
P=0.028).

After observing adifferencein overall survival,a20-year mortality
analysis was conducted separately to quantify the differential mortality
risk. Given that the TriNetX platform is live, the data are newly pulled
witheach analysis, leading to slight variability in the numbers. As such,
inthis subsequent analysis, atotal of 149 patientsin the bladder cancer
with CVD cohort and 365,420 patients in the bladder cancer without
CVD control cohort were initially identified before PSM. After PSM
methods and inclusion-exclusion criteria were applied, 136 patients
were subsequently analysed in each cohort.

Thedemographictrendsinthe secondary mortality analysis were
similar to those in the original cohorts; more details are provided in
Table 2. Some key differences included mean age at cancer diagnosis
(CVD cohort, 71.6 £ 11.2 years; without CVD, 71.3 + 11.8 years) and mean
follow-up time (CVD cohort, 1,847 (s.d. =1,512) days; without CVD, 1,556
(s.d.=1,413) days).

The cohort with CVD experienced a52% higher 20-year mortality
rate thanthe non-CVD cohort (risk ratio = 1.52, 95% confidence intervals
(Cl)=1.05-2.19, P=0.025).

Colorectal cancer

A total of 216 patients in the colorectal cancer with CVD cohort and
757,629 patients in the colorectal cancer without CVD control cohort
were initially identified before PSM. After PSM methods and inclu-
sion-exclusion criteria were applied, 187 patients were subsequently
analysed in each cohort.

The average age of patients after PSM at the time of initial diag-
nosis of colorectal cancer with and without CVD was 65.2 + 15 years
and 66.7 +14.9 years, respectively. Females comprised 29.9% in both
cohorts. Before PSM, there were significant differences between the
groups in the 45-60 age at index bracket (P=0.02), sex (P<0.0001),
race (P < 0.0001 for white, unknown race and unknown ethnicity popu-
lations). Likewise, before PSM balancing of the constituent diagnoses
of colorectal cancer (that is, C18, C19 and C20), there was a signifi-
cant difference between the cohorts in the diagnosis of International
Classification of Diseases, Tenth Revision (ICD-10) colon cancer (C18;
P=0.0035), International Classification of Diseases for Oncology
(ICD-O) colon cancer (C18; P= 0.0022), ICD-O rectosigmoid junction
cancer (C19; P < 0.0001) and ICD-Orectal cancer (P=0.0353). The mean
follow-up time of patients in the colorectal cancer with CVD cohort
and colorectal cancer without CVD cohort, respectively, was 1,862
(s.d.=1,605) days and 1,352 (s.d. = 1450) days.

Furthermore, there were significant differences between the
groups in systemic comorbidities, including nicotine dependence
(P<0.0001), hypertension (P< 0.0001), diabetes mellitus (P < 0.0001)
and hyperlipidaemia (P < 0.0001). After PSM methods were applied for
the above features, baseline characteristics were balanced between
the groups and there were no significant differences in age, age at
index, sex, race, ethnicity or diagnoses of ICD-10 and ICD-O colon
cancer, rectosigmoid junction cancer and rectal cancer, nor in systemic
comorbidities including nicotine dependence, hypertension, diabetes
mellitus and hyperlipidaemia (Table 3).

Figure 2 shows the results of a Kaplan-Meier survival analysis
of mortality in the two groups. A log-rank analysis revealed that the
cohorts did not significantly differ in survival probability (x> = 0.285,
P=0.593). As such, a20-year mortality analysis was not conducted.

Discussion

This retrospective study compared outcomes of patients with colo-
rectal or bladder cancer and CVD to matched patients with colorectal
orbladder cancer without CVD. The analysis revealed that the bladder
cancer and CVD group had a reduced survival probability and higher
20-year mortality risk than the non-CVD group with bladder cancer.
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Table 1| Baseline characteristics of bladder cancer with CVD and bladder cancer without CVD before and after PSM in the

overall survival analysis

Baseline characteristics Before PSM After PSM
Bladder cancer Bladder cancer Pvalue Bladder cancer Bladder cancer p value
with CVD control with CVD control
(n=149) (n=371,154) (n=135) (n=135)
Current age, years (meanzs.d.) 77.9+10.2 76.9+11.8 0.31 78.2+9.8 77.2+12.5 0.46
Age at index 71.6+£11.2 70.5+12.3 0.30 71.9+10.8 70.6+13.7 0.40
Age at index below 45 years (%) 7.4% 31% 0.005 7.4% 7.4% 1.00
Age at index 45-59 years (%) 12.5% 131% 0.84 12.6% 1% 071
Age at index 60-74 years (%) 41.9% 42.9% 0.81 42.2% 42.2% 1.00
Age at index at least 75 years (%) 43.4% 40.8% 0.55 437% 43.0% 0.90
Sex (%)
Female 74% 25.5% <0.0001 74% 74% 1.00
Male 89.0% 7% <0.0001 89.6% 88.1% 0.70
Race (%)
White 84.6% 60.2% <0.0001 84.4% 85.9% 0.73
Black or African American 7.4% 47% 0.15 7.4% 7.4% 1.00
Asian 74% 4.0% 0.05 74% 74% 1.00
Hispanic/Latino 7.4% 2.4% 0.0002 7.4% 7.4% 1.00
Unknown 7.4% 27.3% <0.0001 7.4% 7.4% 1.00
Systemic associations (%)
Hypertension 721% 38.4% <0.0001 71.9% 1% 0.89
Diabetes mellitus 27.9% 16.4% 0.0003 28.1% 25.9% 0.68
Hyperlipidaemia 53.7% 23.3% <0.0001 541% 52.6% 0.81
Disorders of lipoprotein metabolism 63.2% 30.8% <0.0001 63.7% 64.4% 0.90
Nicotine dependence 20.6% 9.8% <0.0001 20.0% 18.5% 0.76

Baseline characteristics were compared using two-sided t tests for continuous variables and two-sided x? tests for categorical variables. Adjustments were not made for multiple comparisons.

Age at index refers to age at cancer diagnosis.
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Fig.1|Kaplan-Meier overall survival curve among cohorts with bladder
cancer. A log-rank analysis revealed that the cohort with CVD had alower survival
probability than the cohort withno CVD (y* = 4.85, P=0.028).

There was no significant difference in mortality due to colorectal cancer
between the two cohorts.

Thereis limited literature on the outcomes in patients with colo-
rectal or bladder cancer and CVD. Case reports®’ show that patients
with CVD may delay seeking care by weeks to months because they
are unable to discriminate blood in their waste, and only do so when
their spouses notice blood in the toilet bowl. Furthermore, prior work"
has shown that patients with CVD and bladder cancer present with
more advanced findings on histology as compared to patients with-
out CVD. The existing literature is thus beginning to coalesce around

the hypothesis of this study, namely that patients with CVD are more
likely to delay seeking care for cancers with blood in urine or stool
as a presenting symptom, leading to more invasive disease on initial
presentation. The extension of this phenomenonis an expectation that
patients with CVD experience increased mortality as a result of their
moreinvasive disease on presentation; however, no evidence has been
presentedintheliterature so far to support this. The findings presented
hereinlend credence to this hypothesis.

This analysis identified a significant difference in mortality
between patients with bladder cancer and CVD and those without
CVD. Interestingly, there was no significant mortality difference
between patients with colorectal cancer and CVD and those with-
out CVD. This may be due to a variety of factors. For one, whereas
bladder cancer tends to present with painless haematuria (meaning,
the only sign of disease is blood in the urine), colorectal cancer can
often present with a multitude of other symptoms that may indicate
disease even in a patient who cannot see blood in the stool. A study
of early-onset colorectal cancer found that 63% of patients under the
age of 45 years presented with abdominal pain, 54% with a change in
stool habits, 53% with rectal bleeding and 32% with weight loss, and
found similar findings among patients over the age of 45 years®. In
contrast, 80-90% of patients with bladder cancer present with pain-
less gross haematuria®, while only approximately 20% present with
irritative voiding symptoms, including dysuria, urgency, frequency
orurge incontinence™.

Screening is another factor that may explain why a difference
was observed in mortality among the patients with bladder cancer,
while there was no significant difference among the patients with
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Table 2 | Baseline characteristics of bladder cancer with CVD and bladder cancer without CVD before and after PSM in the

20-year mortality analysis

Baseline characteristics Before PSM After PSM
Bladder cancer Bladder cancer Pvalue Bladder cancer Bladder cancer p value
with CVD control with CVD control
(n=149) (n=365,420) (n=136) (n=136)
Current age, years (meanzs.d.) 78.0+10.2 76.9+11.8 0.310 78.0+£10.2 779+10.4 0.97
Age at index 71.6+£11.2 70.5+12.3 0.307 71.6+11.2 71.3+£11.8 0.80
Age at index below 45 years (%) 7.4% 3.1% 0.005 74% 7.4% 1.0
Age at index 45-59 years (%) 12.5% 131% 0.840 12.5% 11.8% 0.85
Age atindex 60-74 years (%) 41.9% 42.9% 0.815 241.9% 42.6% 0.90
Age at index at least 75 years (%) 43.4% 40.9% 0.553 43.4% 43.4% 1.0
Sex (%)
Female 7.4% 25.5% <0.0001 7.4% 74% 1.0
Male 89.0% 71.6% <0.0001 89.0% 89.0% 1.0
Race (%)
White 84.6% 59.6% <0.0001 84.6% 85.3% 0.87
Black or African American 7.4% 4.8% 0.165 7.4% 7.4% 1.0
Asian 7.4% 4% 0.054 74% 74% 1.0
Hispanic/Latino 7.4% 2.4% 0.0002 7.4% 74% 1.0
Unknown 7.4% 27.8% <0.0001 7.4% 7.4% 1.0
Systemic associations (%)
Hypertension 721% 38.6% <0.0001 721% 721% 1.0
Diabetes mellitus 27.9% 16.5% 0.0003 27.9% 27.9% 1.0
Hyperlipidaemia 53.7% 23.3% <0.0001 53.7% 52.9% 0.90
Disorders of lipoprotein metabolism 63.2% 30.9% <0.0001 63.2% 64.7% 0.80
Nicotine dependence 17.6% 9.2% 0.0007 17.6% 16.2% 0.75

Baseline characteristics were compared using two-sided t tests for continuous variables and two-sided x? tests for categorical variables. Adjustments were not made for multiple comparisons.

Age at index refers to age at cancer diagnosis.

colorectal cancer. Whereas the United States Preventive Services Task
Force recommends screening for colorectal cancerin all adults aged 45
yearsand older®, there is no such recommendation for asymptomatic
bladder cancer screening'. As such, it stands to reason that, even if a
patient with CVD and colorectal cancer does not visually detect blood
inthe stool, many will still be captured by standard screening.

These two factors lend further support to the hypothesis that
patients with CVD do not notice blood in their waste and therefore
present later and with more advanced disease. Specifically, because
bladder cancer tends to present only with painless haematuria, the
onus of disease detection is placed almost entirely on the patient
observing blood in the urine, whereas colorectal cancer might be
observed through other symptoms, or might be caught by routine
screening, thereby interrupting the chain of eventsleading from CVD to
impaired recognition of blood, and thereby to more advanced disease.

Itisalsopossiblethatthereis,infact,amortality difference between
colorectal cancer patients with and without CVD, but thatitis smallerin
effect size thanwhatis seeninbladder cancer, for the aforementioned
reasons. It may be the case that this analysis was underpowered to
detect a smaller difference in mortality between patients with both
colorectal cancer and CVD, and those without CVD.

Limitations within this study are inherent in the analysis of
large sets of de-identified aggregated medical health records data. This
study relies onaccurate ICD-10 and ICD-O diagnoses and coding, and,
as such, may containinaccuracies in the true coding of the diagnoses
evaluated in the analysis. It is also possible that many patients with
colourblindness may not have their condition officially diagnosed and
codedintheir medical records, asit can often present mildly and may

not cause significant enough impairment to be noticeable. Indeed,
research fromaround the world indicates that asignificant percentage
of individuals with colourblindness are undiagnosed. In the United
Kingdom, 80% of colourblind students remain undiagnosed by the
time they enter year seven of school”. A study of 283 individuals with
CVD in Latvia found that 55% of participants had learned of their
colourblindness in adulthood, mostly in an occupational context’®.

In the United States, colour vision screening is not typical. Only
11 states require it for school-aged children' and only 1 state
(Massachusetts) requires colour vision testing for all drivers obtain-
ingalicence (13requireit foracommercial driver’s licence to operate
large or heavy vehicles)®. As such, given how prevalent CVD is (1in
12 males and 1in 200 females), there is a high likelihood that the
number of patients officially diagnosed with CVD is smaller than
the number of patients who have CVD, whether or not they may be
diagnosed. This may have led to misclassification bias, in which the
effect size would be diluted because patients with undiagnosed CVD
may have been included in the cohort without CVD. So, the effect
size may be larger in reality than the analysis calculated.

If, aswas suggested earlier, there was in fact a mortality difference
among colorectal cancer patients that this study was underpowered
to detect, perhaps this fact may have also contributed to suppressing
the effect size and concealing that difference. This is both because of
possible misclassification bias and because fewer patients officially diag-
nosedwith CVDled toasmaller cohortsize and reduced statistical power.

Apossible further limitation was the 1:1ratio used for PSM. While
including alarger cohort of matched controls (for example, 2:1, 5:1 or
10:1) would have strengthened the control arm, the TriNetX system
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Table 3 | Baseline characteristics of colorectal cancer with CVD and colorectal cancer without CVD before and after PSM in

the overall survival analysis

Baseline characteristics Before PSM After PSM
Colorectal cancer Colorectal cancer Pvalue Colorectal cancer Colorectal cancer Pvalue
with CVD control with CVD control
(n=216) (n=757,629) (n=187) (n=187)
Current age, years (meanzs.d.) 72.2+15.3 71.3+14.8 0.42 72.3+15.2 72.9+14.0 0.69
Age at index 65.0£15.1 64.6+14.8 0.72 65.2+15.0 66.7+£14.9 0.31
Age at index below 45 years (%) M.7% 8.8% 0.16 1.2% 1.2% 1.0
Age at index 45-59 years (%) 17.6% 24.8% 0.02 17.6% 16.0% 0.68
Age at index 60-74 years (%) 37.8% 39.3% 0.67 38.0% 39.0% 0.83
Age at index at least 75 years (%) 33.0% 27.2% 0.07 33.2% 33.7% 0.91
Sex (%)
Female 29.8% 46.3% <0.0001 29.9% 29.9% 1.0
Male 66.0% 51.3% <0.0001 66.3% 66.8% 0.91
Race (%)
White 74.5% 45.8% <0.0001 74.3% 76.5% 0.63
Black or African American 8.0% 7.0% 0.58 8.0% 5.9% 0.42
Asian 5.3% 5.8% 0.77 5.3% 5.3% 1.0
Hispanic/Latino 5.3% 3.3% on 5.3% 5.3% 1.0
Unknown 10.6% 371% <0.0001 10.7% 9.6% 073
Cancer diagnoses (%)
ICD-10 colon cancer (C18) 73.9% 63.7% 0.004 73.8% 7.7% 0.64
ICD-10 rectosigmoid junction 9.0% 6.3% 012 9.1% 8.0% on
cancer (C19)
ICD-10 rectum cancer (C20) 20.2% 22.6% 0.43 20.3% 23.0% 0.53
ICD-O colon cancer (C18) 5.3% 12.8% 0.002 5.3% 5.3% 1.0
ICD-O rectosigmoid junction 5.3% 0.6% <0.0001 5.3% 5.3% 1.0
cancer (C19)
ICD-O rectum cancer (C20) 5.3% 2.8% 0.04 5.3% 5.3% 1.0
Systemic associations (%)
Hypertension 60.1% 29.3% <0.0001 59.9% 62.0% 0.67
Diabetes mellitus 26.6% 137% <0.0001 26.7% 27.3% 0.91
Hyperlipidaemia 39.9% 15.9% <0.0001 401% 40.6% 0.92
Disorders of lipoprotein metabolism 47.3% 21.3% <0.0001 476% 48.1% 0.92
Nicotine dependence 19.7% 6.5% <0.0001 19.3% 171% 0.59

Baseline characteristics were compared using two-sided t tests for continuous variables and two-sided x? tests for categorical variables. Adjustments were not made for multiple comparisons.

Age at index refers to age at cancer diagnosis.

does not currently allow for these alternative matching ratios. At the
same time, there is also evidence to suggest that a 1:1 or 2:1ratio is
optimalin PSM?.

A limitation also arose in implementing our fixed-sequence
analysisbecause each subsequentanalysis runin TriNetX is performed
separately. This is an intrinsic element of the system, designed to
protect patient privacy by summoning patient data only when the
analysisis run. Because we donot have accessto the raw patient records,
we can only interface with the data through the TriNetX system. And,
because it summonsdata from participating healthcare organizations
inreal time, thereisaslight variability in the number of records drawn
ineachinstance, whichis why our survival analysis among the bladder
cancer patients included 135 participantsin each cohort, whereas our
20-year mortality analysis included 136 patients.

Another limitation was the low level of staging data associated
with patients in the cohort. While incorporating staging data into
our analysis would have offered a clearer window into the biological

underpinnings of our findings (for instance, that patients with CVD also
presented with more advanced stages of cancer, in addition to being
at higher risk of mortality), we were unable to include this additional
element of analysis because not all healthcare organizations contribute
staging data to the TriNetX system, resulting in low levels of staging
data within our cohorts. The staging data that were available were
smallin quantity and, therefore, suppressed by the system to protect
privacy. However, as mentioned previously, the existing literature®"
offers support for the mechanism we propose, namely that patients
with CVD seek carelater and thus present with more advanced cancer,
placing them at higher risk of mortality.

Althoughwe acknowledge these limitations, without the use of this
system, it would have been challenging to access such alarge dataset
of real-world patient records and identify patients with overlapping
diagnoses of CVD and bladder or colorectal cancer. Future work can
use dedicated datasets and include larger cohorts to assess survival
differences more systematically.
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Fig. 2| Kaplan-Meier overall survival curve among cohorts with colorectal
cancer. A log-rank analysis revealed that the CVD and non-CVD cohorts did not
significantly differ in survival probability (x*= 0.285, P= 0.593).

Overall, this study uses secondary data to demonstrate an
increased risk of mortality among patients with bladder cancer who
also have CVD, compared to patients with bladder cancer and no
CVD, inalarge real-world live patient dataset. While these hypothesis-
generating findings should increase clinicians’ suspicion of bladder
cancer among patients with CVD and nonspecific signs of malignancy
(for example, weight loss and fatigue), the results should be further
validated in future work to assess whether formal changes to clinical
practice would be merited, such as screening patients with CVD who
are at high risk for bladder cancer. Future studies may use a prospec-
tive design to test for CVD among patients with colorectal or bladder
cancerasameans ofincreasing the sample size and factor staging into
the analysis. This will help to corroborate the results of this study and
also verify whether thereis, in fact, no difference in mortality between
patients with colorectal cancer and CVD and those without CVD. Future
studies may also evaluate whether screening populations with CVD
for bladder cancer can lead to improved survival. Moreover, future
work should risk-stratify the various subtypes of CVD to identify
whether some pose agreater mortality risk than others.

Methods
Portions of the Methods are adapted from our prior publications that
also used the TriNetX network??*.

The TriNetX platform (Cambridge) was used to conduct a retro-
spective cohort study. TriNetX is a research network that aggregates
de-identified electronic health records from several major health
organizations within the United States of America and countries across
the globe. Over 275 million patient records are available on the plat-
form. TriNetXis certified to the ISO 27001:2013 standard and complies
with the Health Insurance Portability and Accountability Act. TriNetX
data are only accessible in de-identified aggregate form. Given that
the analysis described herein exclusively made use of de-identified
records, the study was deemed exempt from Institutional Review
Board approval.

The datausedinthis study were collected on 8 March2025and 11
March2025fromthe TriNetX Health Research Network, which provided
access to electronic medical records. This study used a retrospective
cohort design by reviewing electronic medical records included in
the TriNetX research network database from January 2004 through
March 2025.

Statistics and reproducibility

Patients withbladder cancer wereidentified by ICD-10 and ICD-O code
C67 (malignant neoplasm of bladder). Patients with colorectal cancer
were identified by ICD-10 and ICD-O codes C18 (malignant neoplasm
of colon), C19 (malignant neoplasm of rectosigmoid junction) or C20
(malignant neoplasm of rectum). Both ICD-10 and ICD-O codes were

included because not all healthcare organizations use the ICD-O clas-
sification. These populations were then narrowed to those with an
additional diagnosis of CVD, as identified by the ICD-10 code H53.5
(CVDs). Univariate analyses were performed and odds ratios with 95%
Clwere calculated for systemic associations.

After this, the control population was formed, comprising patients
with colorectal or bladder cancer without CVD. Patients in the bladder
cancer control cohort were included based on the presence of ICD-10
and ICD-O code Cé67. Patients in the colorectal cancer control cohort
wereincluded based on the presence of ICD-10 and ICD-O code C18, C19
or C20. Individuals in these control groups were excluded if they had
been diagnosed with CVDs, identified by ICD-10 code H53.5.

Demographics at baseline were noted, including sex, race, ethnic-
ity and age at cancer diagnosis. Sex, race and ethnicity were recorded
according to their designation within the electronic health record.
Additionally, diagnoses of hypertension (110), diabetes mellitus (EO8-
E13), hyperlipidaemia (E78.5) and nicotine dependence (F17) were
queried and recorded for both groups.

Subsequently, PSMwas performed onthe bladder cancer with CVD
andbladder cancer without CVD cohorts to control for age, age at cancer
diagnosis, sex, race, ethnicity and systemic comorbidities including nico-
tinedependence, hypertension, diabetes mellitus and hyperlipidaemia.
The same was done for the colorectal cancer with CVD and colorectal
cancer without CVD cohorts. The PSMwas performed using the TriNetX
built-in analysis platform (1:1 matching by nearest-neighbour greedy
matching algorithm with a caliper of 0.25s.d.)**. Age at cancer diagno-
sis was matched by the number of participants in several age brackets
(below 45, 45-59, 60-74, 75 years and above). The age of 45 years was
selected as the initial threshold because the United States Preventive
Services Task Force recommends screening colonoscopies at this age”.
Inthe colorectal cancer cohorts, the proportion of each colorectal tract
cancer ICD code diagnosis (C18,C19 and C20) was balanced between the
two cohorts. The primary outcomes included survival probability, as
measured by aKaplan-Meier survival analysis, and a 20-year mortality
risk. The survival analysis was conducted first, and, if a significant dif-
ference was observed, a 20-year mortality risk analysis was conducted
subsequently. This is in keeping with the ‘fixed-sequence’ method of
avoiding multiple comparisons. Because the bladder cancer and colo-
rectal cancer analyses address different hypotheses, it was determined
that further correction for multiple comparisons was not merited.
Significance tests were two-sided and paired. A threshold of 0.05 was
used todeterminesignificant Pvalues and 95% Cls were calculated as well.

Ethical statement

This analysis exclusively made use of de-identified, aggregate records.
As such, the study was deemed exempt from institutional review
board approval.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The data used in this analysis originate from the TriNetX platform,
which deidentifies and aggregates data to protect patient privacy. As
such, dataattheindividual level cannot be shared. Aggregated results
produced by the TriNetX platform have been shared in the results of
this paper. Data that were accessible to the authors can be made avail-
ablewithinImonth onreasonable request to E.R. (rahimye@stanford.
edu), Byers Eye Institute, Department of Ophthalmology, Stanford
University School of Medicine.

Code availability
Notapplicable, as the analysis was conducted using built-in tools within
the TriNetX system.
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Data collection  The data used in this study was collected on March 8, 2025, and March 11, 2025, from the TriNetX Health Research Network, which provided
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Population characteristics Participant groups were matched by age, sex, race, and diagnoses of hypertension, diabetes mellitus, hyperlipidemia,
disorders of lipoprotein metabolism, and nicotine dependence.

Recruitment N/A. This was a retrospective analysis of health records data.

Ethics oversight This study was exempted from Institutional Review Board approval, as it only contained de-identified data.
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Study protocol N/A. This was a retrospective analysis of health records data.

Data collection N/A. This was a retrospective analysis of health records data.

Outcomes N/A. This was a retrospective analysis of health records data.
Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A




	Impact of colour vision deficiency on bladder and colorectal cancer survival

	Results

	Bladder cancer

	Colorectal cancer


	Discussion

	Methods

	Statistics and reproducibility

	Ethical statement

	Reporting summary


	Acknowledgements

	Fig. 1 Kaplan–Meier overall survival curve among cohorts with bladder cancer.
	Fig. 2 Kaplan–Meier overall survival curve among cohorts with colorectal cancer.
	Table 1 Baseline characteristics of bladder cancer with CVD and bladder cancer without CVD before and after PSM in the overall survival analysis.
	Table 2 Baseline characteristics of bladder cancer with CVD and bladder cancer without CVD before and after PSM in the 20-year mortality analysis.
	Table 3 Baseline characteristics of colorectal cancer with CVD and colorectal cancer without CVD before and after PSM in the overall survival analysis.




