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Patient specific factors associated with inpatient hospital length
of stay for solid tumor oncology patients: a retrospective cohort
study
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Background: Previous studies have demonstrated longer hospital length of stay (LOS) for cancer
patients with socioeconomic constraints. However, only a few oncology studies investigated patient-specific
sociodemographic factors when examining inequities in hospital LOS. Although not unique to the pandemic,
the LOS became more relevant for patients when additional assistance was often needed prior to discharge.
Therefore, this study evaluated patient-specific sociodemographic and clinical factors associated with hospital
LOS among patients admitted to oncology units.

Methods: Data on adult patients admitted to inpatient oncology units in 2020 was abstracted from EPIC
and Vizient® Clinical Data Base and linked to socioeconomic (SES) data. The LOS index (LOSi) was the
main study outcome and based on the ratio of observed LOS (days between admission and discharge) and
expected LOS (obtained from a predictive model developed by Vizient®). A secondary outcome, LOSi ratio,
compares the LOSI categories of the main predictors. Patient sociodemographic and clinical factors included
race, payer type, SES, body mass index (BMI), and cancer diagnosis. Poisson univariate and multivariate
regression models with robust standard errors were used to compare patients’ LOSi and LOSi ratio based on
race, SES, primary payer, and BML.

Results: One thousand and six hundred ten patients with a solid tumor diagnosis were identified. Patients
with medium-low SES had longer than expected LOS (LOSi =1.20, CI: 1.03-1.39, P=0.02) overall, and when
compared to high SES [adjusted LOSi ratio (alLOSi) vs. Outside Milwaukee County =1.30, CI: 1.04-1.62,
P=0.02]. Among breast cancer patients, factors that contributed to a longer than expected LOSi and LOSi
ratio included: Black (LOSi =1.24, CI: 1.07-1.45, P=0.01), medium-low SES (LOSi =1.46, CI: 1.08-1.99,
P=0.02), Medicaid (LOSi =1.40, CI: 1.13-1.74, P<0.001), Medicare (aLOSi ratio vs. Managed Care =1.22,
CI: 1.00-1.49, P=0.05), and overweight (LOSi =1.23, CI: 1.05-1.43, P=0.01; aLOSi ratio vs. normal weight
=1.28, CI: 1.03-1.60, P=0.03).

Conclusions: This study showed an association between patient-specific sociodemographic factors and
inpatient LOS. Although our study planning started prior to the pandemic, we observed that during the

A ORCID: 0000-0003-3031-9269.

© Annals of Cancer Epidemiology. All rights reserved. Ann Cancer Epidemiol 2022;6:5 | https://dx.doi.org/10.21037/ace-21-15


https://crossmark.crossref.org/dialog/?doi=10.21037/ace-21-15

Page 2 of 12

Annals of Cancer Epidemiology, 2022

pandemic, identifying patients with barriers related to socioeconomic constraints was beneficial to provide

additional assistance in facilitating hospital discharge. Therefore, healthcare systems should consider these

factors when developing care delivery models to reduce hospital LOS.
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Introduction

Although most care for oncology is shifted to outpatient
settings, hospitalizations for acute illness are inevitable
(1,2). For hospitalized cancer patients, the length of stay
(LOS) is affected by multiple factors: severity of the illness,
comorbidities, type of cancer, and the complexities of its
treatments (2,3). LOS is a health system quality metric
and is defined as the average number of days patients
spend in the hospital. Another measure of LOS, the LOS
index (LOSI), is the ratio of actual to expected LOS and
is reported as greater than 1 or less than 1, indicating a
longer or shorter LOS than expected (4). LOSi varies
across health systems, cancer types, and sociodemographic
factors of patients (5-7). Michas er 4/. and others reported
the differences in the average LOS for various cancer types
from 2008 to 2017 in U.S. hospitals: breast (2.7-4.8 days),
prostate (3.5-4.5 days), lung (5.8-6.3 days), and colorectal
cancer (7.4-8.1 days) (2,8,9). Recent studies demonstrated
that the hospital LOS for cancer patients is also dependent
on comorbidities, socioeconomic challenges across different
health systems, examination of which is vital to facilitate a
timely discharge and a smoother transition to outpatient
setting (10-13).

Prior studies from Froedtert Health and the Medical
College of Wisconsin report lower survival rates for
patients from disadvantaged communities diagnosed with
breast and colorectal cancer (14-16). Beyer et al. examined
patient-specific sociodemographic factors in Wisconsin.
The authors reported the poorest survival among Black/
African American and Hispanic/Latina women with breast
cancer and lower survival rates among Black/African
American patients with colorectal cancer (14). Nattinger
et al. examined socioeconomic disparities in mortality
rates among breast cancer patients before and after
implementation of Medicare Part D (16). Among the pre-
Part D beneficiaries, 40.5% of poor women died within
five years of diagnosis compared to 20.3% from more
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affluent communities (16). Unfortunately, some of these
inequities related to socioeconomic status (SES) are not
limited to the pandemic, but have only widened during the
pandemic due to additional financial strain, such as loss of
employment leading to delays in routine medical checkups,
and unplanned hospitalizations (17-20).

Recently, during the pandemic, throughout the
U.S., higher hospitalization rates and poorer outcomes
were reported among the underserved: Latinx residents
2.5 dmes and Blacks or African Americans 2.6 times greater
hospitalization rates, and American Indian residents with
1.5 times greater death rates compared to their White
counterparts (21-26). Unfortunately, patients with high-
risk sociodemographic factors such as the underserved
communities, low SES, use of governmental insurance,
and other comorbidities such as obesity experienced
multiple delays in discharge process due to accompanying
impediments (15,16,27-29). These include housing
insecurities, transportation barriers, and additional
limitations from the accepting facilities related to insurance
coverage etc. (30). Also, as the LOS increases, there is
an additional risk of hospital acquired infections, which
is a major concern for cancer patients who tend to be
immunocompromised (31). Accordingly, examination of
patient-specific factors for advanced discharge planning
has become a higher priority to further identify their home
needs to facilitate outpatient referrals. These include home
physical therapy and visiting nurse referrals for medication
management etc. to facilitate a smoother outpatient
transition; especially for those who need additional
assistance due to barriers associated with socioeconomic
constraints (32-34). These accompanying patient-specific
factors and barriers highlight the need for untapped
intervention targets; yet only a few studies examined
inequities related to hospital LOS based on patient-specific
sociodemographic factors (35-39).

During the American Society of Clinical Oncology
(ASCO) Quality Training Program (QTP), Stavros Niarchos
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Froedtert hospital ADT data
clinical year 2020
N=20,169

!

Aged 18 years +
N=20,155
(14 patients excluded)

l

Cancer diagnosis
N=6,350
(13,805 patients excluded)

’

Solid tumor diagnosis
N=4,366
(1,984 patients excluded)

!

Patient alive at discharge
N=4,221
(145 patients excluded)

!

Expected LOS >0 days
N=4,201
(20 patients excluded)

!

Patient admitted to ADT oncology or
ADT gynecology oncology unit
N=1,610
(2,591 patients excluded)

Figure 1 Inclusion and Exclusion criteria for the final cohort.

ADT, admission-dischargetransfer; LOS, length of stay.

Quality Improvement Initiative (QI), we conducted a needs
assessment for solid tumor oncology patients admitted
to inpatient units (40). We identified a longer LOS for
patients residing in low SES ZIP Codes in Milwaukee
County compared to their high-SES counterparts
(7.2 vs. 5.6 days). Based on this previously collected needs
assessment data, we examined patient-specific factors by
SES, race, and others such as obesity or health insurance
payer type to further identify the associated LOS. Although
our study planning started in 2019, and not directly linked
to the COVID-19 pandemic, the investigators observed
longer hospital LOS during the pandemic, especially for
patients with socioeconomic constraints. Therefore, we
sought to conduct an in-depth evaluation of patient-specific
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sociodemographic factors and LOSi across different solid
cancer diagnoses. We hypothesized that oncology patients
with sociodemographic barriers had longer inpatient LOSi
than their counterparts. We present the following article in
accordance with the STROBE reporting checklist (available
at https://ace.amegroups.com/article/view/10.21037/ace-
21-15/rc).

Methods
Data source and study sample

This study evaluated hospital LOS based on institutional
census data from EPIC and expected LOS data from
the Vizient® Clinical Data Base (CDB) (32,41). The
CDB is a healthcare analytics platform that provides
data on patient outcomes (e.g., LOS, complication and
readmission rates, mortality, etc.) to help hospitals identify
performance improvement opportunities. Our study cohort
included patients ages 18 and older who were admitted
to the inpatient oncology or gynecology oncology units
with a diagnosis of solid tumor from 1/1/2020 through
12/31/2020. Solid tumor diagnoses included breast,
gastrointestinal (GI), genitourinary (GU), gynecologic
(GYN), head and neck (H&N), lung, and melanoma. We
excluded patients who died during the hospital stay, had an
expected LOS of 0 days, or were missing LOS data. The
final study cohort consisted of 1,610 patients (Figure I).

Study covariates

Based on the data from our own institution and other
studies, we selected patients’ sociodemographic factors
associated with longer hospital LOS as covariates (14-16).
These included indicators of enrollment into Medicare
and Medicaid and ecological data at the ZIP Code level
(14,16,27) to obtain patients’ demographic and health
characteristics, including race, payer type, and BMI from an
internal electronic medical record (EMR) database (Table 1).
Age group categories included 20-54, 55-64, 65-74, and
75 years and older. Categories of patients’ race/ethnicity
included White, Black/African American, and Other. SES
was assessed based on patients’ ZIP Codes and categorized
as Low, Medium-Low, Medium, Medium-High, High,
and Outside Milwaukee County (patients who were not
residents of Milwaukee County). Payer types included
Medicaid, Medicare, Managed Care and Other/Self-Pay/
Unknown. BMI categories included underweight (BMI <18.5),
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Melanoma
P value
0.65

Yes
2.9% [2]
35.7% [25]
27.1% [19]
34.3% [24]
0.0% [0]

P value
<0.001

Lung

es
8.5% [47]
40.0% [221]
28.6% [158]
22.1% [122]
0.9% [5]

P value
0.025

Head & neck

es
7.8% [18]
37.9% [88]
31.5% [73]
21.6% [50]
1.3% [3]

P value
<0.001

Gynecologic

es
2.0% [5]
30.9% [79]
24.6% [63]
39.1% [100]
3.5% [9]

P value
0.85

Genitourinary

Yes
5.8% [20]
35.0% [120]
29.2% [100]
29.2% [100]
0.9% [3]

P value
0.011

Gastrointestinal

es
5.3% [45]
38.3% [323]
29.7% [251]
26.1% [220]
0.6% [5]

P value
<0.001

Breast
Yes

0.4% [1]
0.4% [1]

29.3% [472] 41.5% [113]
0.8% [13]

27.5% [443] 30.9% [84]

Total
5.7% [91]
Normal weight 36.7% [591] 26.8% [73]

Underweight
Overweight
Unknown

Obesity
Data presented as % [n]. Gl, gastrointestinal; GU, genitourinary; H&N, head and neck. LOSi, length of stay index; SES, socioeconomic; BMI, body mass index.

Table 1 (continued)
Demographics
BMI category
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normal weight (18.5-24.9), overweight (25.0-29.9), and
obese (=30.0). The data for these variables and clinical data
such as solid tumor diagnoses were obtained from an internal
clinical electronic Medical Record (EMR-EPIC) database, and
International Statistical Classification of Diseases (ICD-10)
and merged into the original Vizient® database.

Study outcome

We identified the LOSi as the study outcome, calculated
by dividing the observed LOS by the expected LOS,
values obtained from the Vizient® Clinical Data Base (41).
Observed LOS was defined as the number of days between
a patient’s date of admission and date of discharge. Vizient”
used data from 2 years of admissions from 176 academic
medical centers to build a predictive model for LOS based on
demographic and clinical characteristics present at admission
(e.g., age, gender, comorbidities, etc.) (42). This predictive
model was applied to our cohort to obtain expected LOS for
each admission. A LOSIi of greater than 1 denoted a LOS
that was longer than expected, whereas a LOSi of less than
1 denoted a LOS shorter than expected (19). The LOSi ratio
was used to compare the LOSi for the categories of the main
predictors to a reference category (LOSi for Black/African
American patients compared to White patients).

Statistical analyses

Poisson regression models with robust standard errors
were used to estimate the LOSi and LOSi ratio (43). The
outcome variable was the LOS, in days, while the log-
transformed value of the expected LOS was used as an
offset in the model in addition to the covariates of interest.
We constructed separate models for each type of cancer
since the risk profile for morbidity and mortality differs
significantly for each. We examined the LOSI estimates
for each category of the predictor, P values comparing if
the LOSI was statistically significantly different from 1,
and 95% confidence intervals (CI). We examined the LOSi
ratio estimates for each category of the predictor compared
to the reference group, P values statistically comparing the
LOSi to the reference group LOSi, and 95% CI. Statistical

analysis was performed using R version 4.0.3.
Etbical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was

Ann Cancer Epidemiol 2022;6:5 | https://dx.doi.org/10.21037/ace-21-15
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Table 2 LOSi and LOS:I ratio for patients diagnosed with solid tumors
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Mean LOSIA LOSi ratio” LOS:i ratior
Pemographics (,\?:;“g:%) ot:\g:f:/r;d ex“::il:ed LOSi 95%Cl P ';;i' 95%Cl P ar:iji 95%Cl P
’ LOS [days] LOS [days]
Race/ethnicity
White 1,170 6.94 6.75 1.03 0.97-1.09 0.34 - - - - - -
Black 353 7.34 6.84 1.07 0.97-1.19 0.18 1.05 0.93-1.18 046 090 0.74-1.09 0.27
Other 87 6.15 6.50 0.95 0.81-1.10 0.47 0.92 0.78-1.08 0.32 0.85 0.70-1.02 0.07
SES [ZIP code]
Low SES 143 7.31 6.56 111 0.95-1.30 0.17 1.12 0.95-1.33 0.17 1.21 0.96-1.53 0.10
Medium-Low SES 190 8.38 6.99 120 1.03-1.39 0.02 1.21 1.03-1.42 0.02 1.30 1.04-1.62 0.02
Medium SES 175 713 6.51 1.10 0.94-1.28 0.25 111 0.94-1.31 0.23 1.16 0.96-1.41 0.12
Medium-High SES 119 6.71 6.98 0.96 0.84-1.10 0.57 0.97 0.84-1.13 0.69 0.99 0.85-1.16 0.90
High SES 77 7.14 7.32 0.98 0.82-1.16 0.79 0.99 0.82-1.19 0.88 1.00 0.83-1.21 0.98
Other [not 902 6.65 6.71 0.99 0.93-1.05 0.77 - - - - - -
Milwaukee county]
Payer [health insurance]
Medicaid 191 6.89 6.68 1.03 0.90-1.18 0.65 1.04 0.89-1.23 0.61 1.00 0.84-1.19 1.00
Medicare 937 7.30 6.99 1.04 0.98-1.11 0.16 1.06 0.94-1.18 0.33 1.05 0.94-1.18 0.38
Managed care 436 6.26 6.34 0.99 0.90-1.09 0.80 - - - - - -
Other/self-pay/ 46 7.80 6.39 122 0.92-161 0.16 124 0.92-1.66 0.16 125 0.94-1.66 0.12
unknown
BMI
Underweight 91 9.34 8.41 111 0.88-1.40 0.38 1.10 0.86-1.40 046 1.10 0.87-1.40 0.42
Normal weight 591 6.89 6.80 1.01 0.94-1.09 0.73 - - - - - -
Overweight 443 7.19 6.63 1.08 0.99-1.19 0.08 1.07 0.95-1.20 0.26 1.07 0.95-1.20 0.30
Obese 472 6.58 6.54 1.01 0.93-1.09 0.88 0.99 0.89-1.11 0.91 099 0.88-1.11 0.84

A, Univariate Poisson Regression Models with robust standard errors; A*, Multivariate Poisson Regression Models with robust standard
errors; controlled for all other predictors. LOSI, length of stay index; SES, socioeconomic; BMI, body mass index.

exempt from formal IRB approval by institutional ethics
board of Medical College of Wisconsin. Individual consent
for this retrospective analysis was waived.

Results

A total of 1,610 patients with a solid tumor diagnosis
admitted to hematology and oncology units were identified
(Table 1). Oncological diagnoses were defined as a patient
being diagnosed with at least one of the following solid
tumor malignancies: breast (16.9%), GI (52.4%), GU

© Annals of Cancer Epidemiology. All rights reserved.

21.3%), GYN (15.9%), H&N (14.4%), lung (34.3), and
melanoma (4.3%). Approximately 45.1% of the sample
was diagnosed with more than one type of cancer up to 5
different cancer diagnoses. Many patients were 65-74 years
(33.5%), female (54.3%), identified as White (72.7%),
and had a normal weight (36.7%). Although most patients
resided outside Milwaukee County, the majority who did
live in Milwaukee County had medium-low SES (11.8%).
Additionally, most patients used Medicare (58.2%) as their
primary insurance type.

Tables 2-4 include univariate and multivariate Poisson

Ann Cancer Epidemiol 2022;6:5 | https://dx.doi.org/10.21037/ace-21-15
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Table 3 LOSi and LOS: for patients diagnosed with breast cancer
Mean LOSIA LOSi ratio” LOSi ratior”
Demographics i i
T e e
Race/ethnicity
White 197 6.62 6.34 1.04 0.92-1.19 0.50 - - - - - -
Black 61 7.82 6.29 124 1.07-1.45 0.01 1.19 0.97-1.45 0.09 0.92 0.61-1.39 0.68
Other 14 6.50 5.40 120 0.77-1.89 0.42 1.15 0.72-1.84 0.56 1.10 0.68-1.80 0.70
SES [ZIP code]
Low SES 24 7.25 5.81 125 0.91-1.72 0.18 1.24 0.88-1.76 0.22 1.24 0.86-1.80 0.25
Medium-Low SES 26 10.04 6.87 1.46 1.08-1.99 0.02 1.46 1.04-2.03 0.03 1.43 0.78-2.61 0.25
Medium SES 42 7.19 6.42 112 0.87-1.44 0.37 1.11 0.84-1.48 0.45 1.07 0.73-1.56 0.74
Medium-High SES 30 6.50 5.37 1.21 0.94-1.56 0.14 1.20 0.90-1.60 0.20 1.18 0.87-1.61 0.28
High SES 12 9.33 11.21 0.83 0.57-1.21 0.34 0.83 0.56-1.23 0.35 0.83 0.51-1.35 0.45
Other [not 138 6.01 5.98 1.00 0.88-1.15 0.95 - - - - - -
Milwaukee county]
Payer [health insurance]
Medicaid 24 7.38 5.26 1.40 1.13-1.74 0.00 1.51 1.17-1.96 0.00 1.30 0.95-1.78 0.10
Medicare 167 7.78 6.90 1.13 0.98-1.29 0.09 1.22 1.00-1.48 0.05 1.22 1.00-1.49 0.05
Managed care 79 4.95 5.35 0.93 0.80-1.07 0.29 - - - - - -
Other/self-pay/ 2 3.00 3.67 0.82 0.41-1.62 0.56 0.88 0.44-1.78 0.73 0.77 0.31-1.88 0.56
unknown
BMI
Underweight 1 9.00 5.42 1.66 1.66-1.66 0.00 1.79 1.55-2.06 0.00 1.29 0.91-1.83 0.10
Normal weight 73 5.79 6.26 0.93 0.80-1.07 0.29 - - - - - -
Overweight 84 6.88 5.61 1.23 1.05-1.43 0.01 1.32 1.07-1.63 0.01 1.28 1.03-1.60 0.03
Obese 113 7.60 6.77 1.12 0.94-1.34 0.20 1.21 0.97-1.52 0.10 1.19 0.92-1.56 0.19

A, Univariate Poisson Regression Models with robust standard errors; A", Multivariate Poisson Regression Models with robust standard

errors; controlled for all other predictors. LOSI, length of stay index; SES, socioeconomic; BMI, body mass index.

regression models for LOSi and LOSi ratio. Among all
patients with a solid tumor diagnosis (7zble 2), patients
with medium-low SES had a higher LOSi and LOSi ratio
for both univariate and multivariate analyses (LOSi =1.20,
CI: 1.03-1.39, P=0.02; LOSIi ratio =1.21, CI: 1.03-1.42,
P=0.02; aLOSi ratio =1.30, CL: 1.04-1.62, P=0.02). Among
patients with breast cancer, significant differences in the
LOSi, univariate LOSI ratio, and multivariate LOSi ratio
were seen across different social characteristics (Tuble 3).
The LOSi was higher for patients who identified as Black
(LOSi =1.24, CI: 1.07-1.45, P=0.01), had medium-low SES

© Annals of Cancer Epidemiology. All rights reserved.

(LOSi =1.46, CI: 1.08-1.99, P=0.02), used Medicaid as their
primary payer type (LOSi =1.40, CI: 1.13-1.74, P=0.00),
and were underweight (LOSIi =1.66, CI: 1.66-1.66, P=0.00)
or overweight (LOSi =1.23, CI: 1.05-1.43, P=0.01). In
univariate analyses, the LOSI ratio was significantly higher
for patients who had medium-low SES (LOSi ratio =1.46,
CI: 1.04-2.03, P=0.03), used Medicaid (LOSi ratio=1.51,
CI: 1.17-1.96, P=0.00) or Medicare (LOSi ratio =1.22,
CI: 1.00-1.48, P=0.05), and were underweight (LOSi
ratio=1.79, CI: 1.55-2.06, P=0.00) or overweight (LOSi
ratio=1.32, CI: 1.07-1.63, P=0.01). When controlling for
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Table 4 LOSi and LOS:I for patients diagnosed with head & neck cancer

Annals of Cancer Epidemiology, 2022

Mean LOSIA LOSi ratio” alLOSi ration

Patient
demographics (?ﬂ'z‘z';) oti\g:?vned exl\:eestned LOSi  95%Cl P t;i' 95%Cl P ';;iii 95%Cl P

LOS (days) LOS (days)
Race/ethnicity
White 174 7.67 7.24 1.06 0.92-1.22 0.44 - - - - - -
Black 44 5.91 7.69 0.77 0.61-0.97 0.02 0.73 0.55-0.95 0.02 0.67 0.46-0.99 0.04
Other 14 6.64 6.67 1.00 0.65-1.52 0.99 0.94 0.60-1.47 0.79 091 0.55-1.51 0.71
SES [zip code]
Low SES 15 9.60 8.88 1.08 0.65-1.80 0.76 1.01 0.59-1.73 0.97 1.22 0.61-2.41 0.58
Medium-Low SES 22 5.91 6.68 0.89 0.67-1.17 040 0.83 0.59-1.15 0.26 0.98 0.66-1.45 0.92
Medium SES 36 6.42 7.37 0.87 0.67-1.13 0.30 0.81 0.59-1.11 020 0.90 0.66-1.24 0.53
Medium-High SES 15 7.20 7.22 1.00 0.73-1.36 0.99 0.93 0.66-1.32 0.69 1.08 0.74-1.58 0.70
High SES 16 7.44 9.15 0.81 0.55-1.21 0.31 0.76 0.49-1.17 0.21 0.73 0.45-1.17 0.19
Other [not 128 7.46 6.97 1.07 0.90-1.27 0.43 - - - - - -
Milwaukee county]
Payer [health insurance]
Medicaid 26 7.65 7.86 097 0.78-1.21 0.81 1.06 0.78-1.44 0.71 1.09 0.76-1.58 0.63
Medicare 143 7.52 7.40 1.02 0.86-1.20 0.85 1.11 0.84-1.46 0.47 1.21 0.91-1.60 0.19
Managed care 58 6.34 6.91 0.92 0.74-1.14 0.44 - - - - - -
Other/self-pay/ 5 8.80 5.69 155 0.49-4.88 046 1.69 0.52-542 0.38 1.76 0.55-5.63 0.34
unknown
BMI
Underweight 18 8.83 8.97 098 0.66-1.46 094 1.02 0.66-1.57 0.93 1.06 0.67-1.67 0.81
Normal weight 88 7.26 7.53 0.96 0.81-1.15 0.68 - - - - - -
Overweight 73 7.36 6.52 113 0.88-1.44 0.33 1.17 0.87-1.57 0.30 1.25 0.93-1.66 0.14
Obese 50 6.86 7.53 091 0.70-1.18 0.48 0.94 0.69-1.29 0.72 1.09 0.80-1.48 0.59

A, Univariate Poisson Regression Models with robust standard errors; A", Multivariate Poisson Regression Models with robust standard

errors; controlled for all other predictors. LOSI, length of stay index; SES, socioeconomic; BMI, body mass index.

race/ethnicity, SES, payer type, and BMI, the LOSi ratio
was significantly higher for patients who used Medicare
(aLOSi ratio =1.22, CI: 1.00-1.49, P=0.05) and were
overweight (aLOSIi ratio =1.28, CI: 1.03-1.60, P=0.03).
Among patients who were diagnosed with head and neck
cancer, patients who identified as Black had a lower LOSi
and LOSI ratio for both univariate and multivariate analyses
(LOSi =0.77, CI: 0.61-0.97, P=0.02; LOSi ratio =0.73,
CI: 0.55-0.95, P=0.02; aLOSi ratio =0.67, CI: 0.46-0.99,
P=0.04). No other significant differences were noted among
the other solid tumor cancer types.

© Annals of Cancer Epidemiology. All rights reserved.

Discussion

Our study addressed patient-specific differences in LOS
by race, SES, payer type, and BMI for hospitalized
patients with a solid tumor cancer diagnosis in a combined
analysis and separately by the disease type. Our results
demonstrated increases in LOSi, and LOSi ratio both in
the univariate (P=0.02) and multivariate analyses (P=0.02)
for solid tumor oncology patients from medium-low SES
groups. We also noted significant findings among specific

disease subtypes: among breast cancer patients, those who
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identified as Black, had medium-low SES, used Medicaid,
and were underweight or overweight had longer LOS
compared to their counterparts, some of which persisted
both in the univariate and multivariate models. However,
among H&N cancer patients, Black patients had a shorter
LOS, highlighting the sociodemographic differences
contributing to extended hospital LOS among various solid
tumor oncology patients. As many of our patients require
outpatient appointments for follow-up care, we believe
that addressing patients’ sociodemographics at the time of
hospital admission is vital to facilitate interventions while
transitioning to the outpatient setting.

Previous studies evaluating LOS among breast cancer
patients examined the type of breast cancer surgery
(lumpectomy vs. mastectomy) with LOS, but studies
examining the LOS related to sociodemographic constraints
for hospitalized patients on active cancer treatment are
limited (38,39,44). As most of oncology care is offered in
the outpatient setting, hospitalizations have significantly
lowered in the past few years for breast cancer patients.
However, our study demonstrated the patient-specific
factors that contributed to a longer LOS. This, in turn,
indicates an opportunity to identify and address these
factors upfront at the time of admission to facilitate a timely
discharge process.

Few other studies explored inpatient LOS for oncology
patients with other tumor types. In contrast to our study
results, a German study by Schneider er /. examined
the differences in the number and duration of hospital
stays and reported that lung cancer patients had frequent
hospitalization (3.3 times higher) compared to breast,
colon and prostate cancer patients and for a long duration
(35 days) (3). In a UK-based study, Aravani et a/. evaluated
LOS after surgical resection for colorectal cancer during
1998-2010 (n=240,873). Although the overall LOS was
ten days after the surgical resection, there was a decline in
the LOS from 11 days in 1998 to seven days in 2010 (8).
Nevertheless, neither one of these studies focused on
differences in race, SES, payer type, or BMI, which are
important in clinical practice as patient-specific barriers
that may delay the continuity of cancer care if not addressed
timely. In a study from Brazil, Silva et 4/. examined the
number of hospitalizations within the first year of outpatient
cancer treatment, LOS and patients’ demographics and
characteristics during the years 2010-2014 (9). The authors
reported hospitalizations among 34% of patients, with a
median LOS being six days, with lower admissions rates for
female patients [odds ratio (OR): 0.84; 95% CI: 0.82-0.86]

© Annals of Cancer Epidemiology. All rights reserved.
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and shorter length hospital stay. In addition to the regional
differences in LOS, patients with colorectal cancer had a
higher frequency of hospitalizations (OR: 4.42; 95% CI:
4.27-0 and LOS (average ratio, AR: 1.37; 95% CI: 1.35-
1.40) 21).

Only a limited number of retrospective studies attempted
to address sociodemographic factors and the associated
indicators of health inequities associated with hospital
LOS for oncology patients (38,39). Our study showed no
increased LOS based on race, SES, payer type, or BMI for
lung, gastrointestinal, genitourinary, or gynecologic cancers.
In contrast to our study results, in a study by Naik ez /.,
a nationwide inpatient sample of patients diagnosed with
prostate cancer reported a longer inpatient LOS for Black
patients compared to White patients regardless of other
demographics and patient characteristics (38). Naik et al.
also evaluated the LOS for cervical cancer patients and
reported a shorter LOS for White patients compared to
Black/African-Americans ($=0.41, P<0.0005) (39). Although
the exact reasons for these differences are unclear, the
authors reported possible association with comorbidities,
and treatment at low volume hospitals which may have
caused a protracted course of hospitalization among African
American patients (39).

Our study is unique in identifying patient-specific
factors related to hospital LOS among inpatient oncology
patients in the city of Milwaukee, WI, USA and the
neighboring counties, given the statewide inequities
among cancer patients from vulnerable communities (34).
In addition, in our observation, throughout the U.S., the
COVID-19 pandemic had a direct influence on cancer
care, leading to delays in treatment, and infrequent medical
checkups leading to higher rates of hospitalizations, and
an overall compromise in the overall health of cancer
patients (35,45,46). Additionally, patients with coexisting
comorbidities, low SES, barriers to transportation, and
suboptimal health insurance also suffered from multiple
hospitalizations, emergency room visits, and readmissions
(20,33). Based on this information, it is imperative that we
identify patient-related factors in facilitating the admission
to discharge process by involving the appropriate teams, i.e.,
transportation, home nurse, etc.

Several strengths of this study include exploring multiple
patient-specific factors including BMI for inpatient cancer
patients that are restricting the hospital discharge process,
providing opportunities to develop patient-specific care-
delivery models, which set examples and foundations for
future studies. Unlike prior studies, the analyses were
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adjusted for expected LOS, which captured age, gender,
comorbidities, diagnoses, and procedures. Although our
results vary compared to previous reports, we believe
that unique barriers related to geographical aspects
in Milwaukee, WI, USA, such as poverty among the
underserved, may cause multiple hurdles and delays in the
cancer treatment leading to hospitalizations and longer stay.
Our study had a few limitations including it was inclusive
of all inpatient oncology admissions during 1/1/2020
through 12/31/2020 and being limited to oncology patients
in a geographic location, which may limit generalizability.
While this study assessed SES based on patients’ ZIP codes,
the authors acknowledge the possible inaccuracies in the
source of information on EMR.

Conclusions

"This study shows that certain patient-specific factors such as
race, SES, primary payer, and BMI contribute to inpatient
LOS for patients with solid tumor oncological diagnoses.
Although not unique to the pandemic, examination of
patient’s needs and barriers at the time of admission became
more relevant during the pandemic; generating appropriate
referrals and to facilitate a safe and timely discharge.
Healthcare systems may benefit by using these patient-
specific factors to develop care-delivery models to reduce
inpatient LOS and provide a personalized approach to
addressing health inequities for patients with cancer.
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