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Residing in a food desert is associated with an increased risk of
readmission following esophagectomy for cancer
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Background: Nutritional status is related to treatment outcomes for esophageal cancer. Residing in a food
desert (FD) has been associated with worse outcomes in breast and colon cancer. We assessed the association
of residing in a FD on 30-day outcomes of esophageal cancer patients who received tri-modality therapy.
Methods: A retrospective review of patients who underwent esophagectomy (172015 to 7/2020, in New
Hampshire, USA) was performed. Patients were excluded if they did not undergo neo-adjuvant treatment,
required treatment outside of standard Chemoradiotherapy for Oesophageal Cancer Followed by Surgery
Study (CROSS) protocol, or lacked both pre and post neo-adjuvant treatment computed tomography (CT)
scans for review. Demographics, nutrition parameters, treatment characteristics, 30-day complications and
90-day mortality were reviewed. FD status was defined by the United States Department of Agriculture
(USDA) Food Access Research Atlas and cross-referenced with patients’ home zip code. Readmission was
defined as readmission to any hospital for any reason within 30-day of discharge. Univariable analysis was
conducted using Student’s #-test or Wilcoxon rank-sum for continuous variables, and Fisher’s exact test
for categorical variables. Multivariable logistic regression was then used to model readmission status on
FD status adjusted for measures statistically associated with readmission status at the P<0.10 in univariable
analyses.

Results: Seventy-eight patients were included in the analysis. Overall pre-treatment prevalence of
sarcopenia was 11.5% (9/78) and did not vary by FD status. Univariable analysis, demonstrated few
significant differences between those who were readmitted and those who were not. On unadjusted analysis,
patients who lived in a FD were 5 times more likely to be readmitted [5.16; 95% confidence interval
(CI): 1.70-15.67] compared to those who did not. Residing in a FD remained a significant risk factor for
readmission after adjustment for operative time, discharge to a rehabilitation facility and development of a
grade III/IV complication [adjusted odds ratio (OR): 6.38; 95% CI: 1.45-28.08].

Conclusions: Our data suggest that residing in a FD is a prognostic factor for readmission after tri-
modality therapy for esophageal cancer. Clinicians need to be aware that previously established nutritional
markers may not completely capture nutritional status and living in a FD may significantly increase the risk

of readmission in these patients.
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Introduction

Despite advancements in treatment practices, the overall
prognosis of esophageal cancer remains poor. Neo-adjuvant
chemoradiotherapy (nCRT) followed by esophagectomy
(tri-modality therapy) remains the standard of care for
surgically resectable disease, offering improved overall
S-year survival, compared to non-operative management
or surgery alone for patients with greater than T1a lesions
(1,2). Nevertheless, perioperative morbidity and long-
term mortality rates as a result of tumor recurrence are
high (3). While recent advances including the use
of adjuvant nivolumab in resected esophageal or
gastroesophageal junction cancer are addressing recurrence
issues (4), much work remains to be done to improve
perioperative morbidity and mortality.

Pre-treatment body mass index (BMI) and nutritional
status have been identified as potentially modifiable risk
factors in patients with gastrointestinal malignancies
undergoing surgical treatment. Extreme BMIs (<18.5 or
>40 kg/m’) have been linked to higher rates of complications
following esophagectomy compared to patients with normal
weight and class I/II obesity (5). Poor nutritional status
(defined as pre-albumin <35 g/L and weight loss >10%
over 6-month) in patients with esophageal cancer has
been associated with poor response to chemoradiotherapy,
increased respiratory morbidity, increased risk of post-
operative complications, and reduced survival following
surgery (6,7). When intensive pre-operative nutritional
support was employed in this population, either with
total parenteral nutrition, feeding tubes, or dietician-
delivered support, the rate of treatment complications was
significantly reduced (8-12). Thus, nutritional status and
malnutrition seem to play a bigger role in determining
treatment outcomes than overall body weight (13).

Sarcopenia, defined as the loss of muscle tissue, has
been considered a surrogate marker for nutritional status,
regardless of the patient’s BMI. Though previously
described as part of cancer cachexia (late stage disease),
sarcopenia has been shown to be a risk factor for dose
limiting toxicity during chemotherapy, major post-operative
complications, and reduced survival in esophageal cancer
patients who are still considered having only locally
advanced disease (14-18).

Food deserts (FDs) are a relatively new area of interest
that examines both nutrition-related and patient specific
factors including socioeconomic status. Poor nutrition is
considered a risk factor for the development of esophageal

© Journal of Thoracic Disease. All rights reserved.

1855

cancer, and worse treatment outcomes associated with
nutrition have been linked to lower socioeconomic status
(19-21). The United States Department of Agriculture
(USDA) defines a FD as “a low-income census tract where a
significant number of people have low access to supermarkets or
large grocery stores” (22). Individuals who reside in one of
these areas will also have limited access to healthy foods,
such as fruits and vegetables, typically carried by these
stores. This lack of access has been to shown to result in
poor eating habits, and as such individuals in these areas
are more likely to have diet-related diseases, including
hypertension and diabetes (23). The USDA has compiled
a publicly available Food Access Research Atlas that can
be searched based on town and zip codes to determine if
an individual resides in one of these areas (24). Though
emerging evidence suggests FD status is negatively
associated with health outcomes (25), only recently has
there been research examining this relationship in cancer
patients (26). However, the impact of living in a FD and
the effects on clinical outcomes in patients undergoing tri-
modality therapy for esophageal cancer are unknown.

As the overall morbidity of tri-modality therapy for
esophageal cancer remains high, efficient risk assessment
and patient optimization are vital to improving patient
care. Furthermore, prompt identification of risk factors to
proactively deploy targeted resources appropriately and
improve treatments will be critical in improving overall
outcomes in this patient population. There were two main
aims of this study. The first was to investigate the cross-
sectional association of living in a FD on perioperative
outcomes, and the second aim was to assess the impact
of residing in a FD on 30-day postoperative outcomes in
a cohort of esophageal cancer patients who underwent
tri-modality therapy. We present the following article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-21-
1637/rc).

Methods
Patients

This was a retrospective cohort study of a prospectively
maintained thoracic surgery database. Consecutive patients
who underwent esophagectomy at our quaternary care
hospital between January 1, 2015 and July 31, 2020 were
eligible for review. Patients were excluded if they did
not receive nCRT prior to surgery (n=19), underwent
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103 esophagectomy patients

Y

25 excluded
* No neo-adjuvant therapy [19]
* Scans not available [3]
® Gastrectomy [2]
¢ Salvage esophagectomy [1]

78 patients included in cross-sectional analysis of food
desert status and perioperative outcomes

Y

2 excluded
¢ Death during index
procedure admission [2]

76 patients included in final readmission analysis

Figure 1 Diagram of patients screened, excluded and included in the analysis.

combined gastrectomy and esophagectomy (n=2), salvage
esophagectomy (n=1) or if they did not have both pre and
post neo-adjuvant treatment computed tomography (CT)
scans available for review (n=3) (Figure I). The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). This study was approved by the
Institutional Review Board (#30500) at Dartmouth College
and Dartmouth-Hitchcock Medical Center and was granted
a waiver of consent due to the retrospective nature of the
study.

Data collection

Demographic data, geographic location, travel distance to
the treatment center, comorbidities, BMI, smoking status,
alcohol use, treatment characteristics, weight loss during
treatment, nutrition visits throughout treatment, clinical
stage of disease, post-operative length of stay, readmissions,
30-day complications and 90-day mortality were obtained.
Data fields not available in the database were obtained
via medical record review. The primary outcome measure
was readmission (yes vs. no) defined as readmission to any
hospital within 30 days after discharge. This was assessed in
the database as all patients were followed at our institution.
Postoperative complications were monitored through
30-day after surgery and graded I-V as classified by
Clavien-Dindo (27). Complication data follow Society
of Thoracic Surgeons definitions, and are prospectively
collected via the thoracic surgery database (28). Travel
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distance to the treatment center was estimated by the
most direct route via Google Maps. To attempt to control
for socio-economic status, median household income for
individuals (estimated by cross-referencing patient’s home
zip code with the United States Census Bureau Quick
Facts (29) and insurance status were included. Additionally,
in an attempt to control for nutritional related confounders,
BMI, psoas muscle index, sarcopenia, albumin levels, weight
loss and pre-resection need for a feeding tube were all
gathered and analyzed. The primary exposure was residing
in a FD, obtained from the USDA Food Access Research
Atlas (24) and cross-referenced with patient home zip
code to determine FD status (yes vs. no). Covariates were
selected among available data, and based on their potential
associations with residing in a FD and discharge status.

Measurement of skeletal muscle

Psoas muscle index was calculated via psoas muscle
measurements on CT scan. A board-certified radiologist
(MM) and a member of the study team trained by
the radiologist (KF), obtained bilateral psoas muscle
measurements. The cross-sectional area of each psoas
muscle at the level of the third lumbar vertebrae (L.3)
were compared (30). Pre and post neo-adjuvant treatment
scans were synced so the same level and used for both
measurements. Measurements were obtained on axial CT
images in mm, and the cross-sectional area was estimated by
multiplying the major axis muscle diameter/2 by the minor
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axis muscle diameter/2 by n. The area was then normalized
for patient height by dividing by height in m’. Sarcopenia
was defined using sex-specific cutoff points of <390 mm’/m’
for women and <550 mm’/m’ for men (30).

Statistical analysis

Statistical analysis was performed using Stata/SE 16.1
(StataCorp LLC, College Station, TX, USA). Univariable
analysis was conducted using Student’s #-test or Wilcoxon
rank-sum for continuous variables, and Fisher’s exact test
for categorical variables. Multivariable logistic regression
was then used to model readmission status (dependent
variable) on FD status (independent variable), adjusted for
demographic and clinical measures statistically associated
with readmission status at the P<0.10 in univariable
analyses. Only those who were alive at discharge were
included in this analysis, The final model included FD
status, operative time (continuous in 15-minute increments),
discharge to a rehabilitation facility, and presence of a grade
II/IV complication. Statistical significance of main effects
was set at P<0.05 (two-sided).

Results

Of the 103 esophagectomies that occurred during the study
period, 78 met inclusion criteria (Figure 1), 23 (29.5%) of
whom lived in a FD. There were no significant differences
in age, sex, race, pack-years smoked, smoking status, alcohol
use, cardiopulmonary comorbidities, pre-treatment BMI,
pre-treatment sarcopenia, clinical stage, travel distance,
median household income or insurance status between
those who lived in a FD and those who did not (Table I).
Interestingly, patients living in a FD were more likely to
have a better pre-treatment performance status and female
patients had a higher psoas muscle index. Furthermore,
no differences were noted in pre-operative dietary
interventions, duration of induction therapy, pre-operative
performance status, post-nCRT weight loss, post-nCRT
psoas muscle index, new post-nCRT sarcopenia, surgical
approach, operative time, pathologic stage, index procedure
length of stay or total 30-day grade III/IV complication rate
based on FD status (7able 2). Patients living in a FD had
a significantly higher rate of post-discharge grade III/IV
complications (30.4% vs. 10.9%, P=0.05) and readmission
within 30 days 39.1% vs. 13.2%, P=0.02). No differences in
30- or 90-day mortality were noted based on FD status.
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In order to more fully investigate other potential risk
factors for readmission, we stratified the patients by
readmission status. Excluding 2 in-hospital mortalities,
19 patients (25.0%) were readmitted within 30 days of
discharge from their index procedure. Demographic
characteristics of patients who were and were not readmitted
were similar (7zble 3). Both groups had an average age of
64, and were primarily male (94.7% vs. 80.7%, P=0.27).
There were no differences in smoking history, pack-years
smoked, alcohol use, cardiopulmonary co-morbidities
or pre-treatment performance status, BMI, psoas muscle
index, sarcopenia, or clinical stage. Both groups had similar
average travel distance to the institution, median household
income and insurance status. Patients who resided in a FD
were significantly more likely to be readmitted than those
who resided in areas with access to adequate nutritional
sources (57.9% wvs. 21.1%, P=0.002).

No differences were noted in pre-operative nutritional
visits or interventions, duration of neo-adjuvant therapy,
pre-operative performance status, post-nCRT psoas muscle
index, %-change in psoas muscle index, new post-nCRT
sarcopenia, surgical approach or pathologic stage between
those who were readmitted and those who were not (Tible 4).
Only 1 male with new post-nCRT treatment sarcopenia was
readmitted. In addition, readmitted patients had a larger
average psoas muscle index and less %-change in psoas
muscle index compared to those who were not readmitted,
though this was not statistically significantly different.

Patients that were readmitted had an average longer
operative time than those who were not (537.6 wvs.
468.1 minutes, P=0.002). Post-operative length of stay
was not different based on readmission status. Rates of in-
hospital grade III/IV complications were similar between
groups (45.1% wvs. 31.6%, P=0.42). Not surprisingly, those
who were readmitted were significantly more likely to
experience an outpatient grade III/IV complication within
30-day of their index procedure, compared to those who
were not readmitted (89.5% vs. 31.6%, P<0.001). While
a higher proportion of patients who were readmitted
experienced any grade III/IV complication, only patients
with a post-discharge grade III/IV complications were
readmitted, precluding statistical analysis. The most
common reasons for readmission were pleural effusion
(n=7), anastomotic leak (n=4), wound infection (n=4),
aspiration pneumonia (n=2), hypotension (n=1) and deep
vein thrombosis (n=1). No differences were noted in 30- or
90-day mortality based on readmission status.
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Table 1 Demographics of study population stratified by FD status

FD status'
Characteristics
Yes (n=23) No (n=55) P value®
Age (years), mean (SD) 64.0 (7.4) 64.9 (8.5) 0.66
Male, n (%) 20 (87.0) 46 (83.6) >0.99
Caucasian, n (%) 23 (100.0) 54 (98.2) NA
Smoking status®, n (%) 0.65
Never 8 (34.9) 13 (23.6)
Former 10 (43.5) 29 (52.7)
Current 5(21.7) 13 (23.6)
Pack-years, mean (SD) 42.9 (24.6) 49.2 (38.8) 0.56
Alcohol use, n (%) 0.59
None 6 (26.1) 16 (29.1)
Current use* 11 (47.8) 22 (40.0)
Current heavy use® 1(4.4) 0
Prior use® 0 2 (3.6)
Prior heavy use® 5(21.7) 15 (27.3)
Comorbidities, n (%)
Asthma 2(8.7) 5(9.1) >0.99
Chronic obstructive pulmonary disease 3(13.0) 5(9.1) 0.69
Hypertension 11 (47.8) 26 (47.3) >0.99
Coronary artery disease 4(17.4) 7(12.7) 0.72
Myocardial infarction 0 2(3.6) >0.99
Diabetes 7 (31.8) 17 (30.9) >0.99
Cerebrovascular accident 0 3(5.5) 0.68
Pre-treatment ECOG performance status, n (%) 0.04
0 13 (56.5) 16 (29.1)
1 10 (43.5) 39 (70.9)
Pre-treatment BMI (kg/m?), mean (SD) 28.2 (6.1) 29.3 (5.1) 0.41
Pre-treatment psoas muscle index® (mm?/m?,
mean (SD)
Male 818.8 (217.8) 803.2 (294.4) 0.83
Female 652.9 (87.8) 486.07 (106.6) 0.04
Pre-treatment sarcopenia’, n (%)
Male 2(10.0) 7 (15.2) 0.71
Female 0 1(11.1) >0.99

Table 1 (continued)
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Table 1 (continued)

FD status'
Characteristics
Yes (n=23) No (h=55) P value®

Clinical stage, n (%) 0.38

I 2(2.9) 12 (21.8)

M 15 (65.2) 30 (54.5)

v 6 (26.1) 13 (23.6)
Driving distance to hospital (km), mean (SD) 112.3 (45.4) 106.5 (41.7) 0.59
Median household income® (dollars), median 48,212 (39,504-56,307) 55,556 (45,229-68,240) 0.10
(interquartile range)
Insurance status, n (%) >0.99

Medicare, military, commercial 21 (91.3) 50 (90.9)

Medicaid, none 2(8.7) 5(9.1)

', as defined by the USDA; ?, P values from Student’s t-test, Wilcoxon rank-sum, or Fisher’s exact test where appropriate; °, classified at
the time of first consultation with a thoracic surgeon; *, <7 drinks per week for females, <14 drinks per week for males; °, >7 drinks per
week for females, >14 drinks per week for males; ®, psoas muscle index as defined by psoas muscle area normalized for height; ’, as
defined by sex-specific cutoffs; , by zip code, as reported by the United States Census Bureau. FD, food desert; SD, standard deviation;

ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; NA, not applicable; USDA, United States Department of Agriculture.

Table 2 Perioperative characteristics of study population stratified by FD status

FD status'
Characteristics
Yes (n=23) No (h=55) P value®

Pre-operative dietitian visits, mean (SD) 3.1 (2.5) 4.0 (3.5) 0.25
Pre-operative albumin <3 g/dL 0 0 NA
Pre-resection feeding tube®, n (%) 3(13.0) 3 (5.5) 0.35
Induction therapy duration (days), mean (SD) 37.7 (7.0) 38.8 (6.5) 0.52
Pre-operative ECOG performance status, n (%) 0.10

0 3(13.0) 12 (21.8)

1 18 (78.3) 43 (78.2)

2 2(8.7) 0
Pre-operative percent weight loss* (kg), mean (SD) -8.4 (8.1) -7.2(7.6) 0.54
Post-treatment psoas muscle index® (mm’/m?), mean (SD)

Male 724.8 (185.1) 724.8 (296.6) >0.99

Female 526.3 (5.2) 434.9 (114.1) 0.21
New post-treatment sarcopenia®, n (%)

Male 3(15.0) 7(15.2) >0.99

Female 0 2(22.2) >0.99

Table 2 (continued)
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Table 2 (continued)

FD status'
Characteristics
Yes (n=23) No (h=55) P value®
Operative time (minutes), mean (SD) 502.7 (86.9) 478.3 (454.8) 0.26
Surgical approach, n (%) 0.12
Robotic-assisted 18 (78.3) 32 (58.2)
Open 5(21.7) 23 (41.8)
Pathologic stage, n (%) 0.18
| 11 (47.8) 21(38.2)
Il 2(8.7) 9 (16.4)
1l 2(8.7) 11 (20.0)
v 0 5(9.1)
No residual 8 (34.8) 9(16.4)
Index procedure length of stay (days), mean (SD) 9.5 (4.3) 10.0 4.4) 0.66
Discharge location®, n (%) 0.64
Home 21 (91.3) 50 (94.3)
Rehab facility 2(8.7) 3(5.7)
30-day grade 3/4 complications’, n (%) 13 (56.5) 24 (43.6) 0.33
In-hospital 8 (34.9) 20 (36.4) >0.99
Anastomotic leak 14.3) 2 (3.6) >0.99
Delayed gastric emptying 2(8.7) 8 (14.5) 0.74
Pleural effusion 14.3) 1(1.8) 0.51
Respiratory failure 0 1(1.8) NA
Pneumothorax 14.3) 1(1.8) 0.51
After discharge 7 (30.4) 6(10.9) 0.05
Anastomotic leak 3(13.0 0 NA
Delayed gastric emptying 14.3) 0 NA
Respiratory failure 14.3) 0 NA
Pleural effusion 3(13.0 3 (5.5) 0.35
30-day readmission*, n (%) 11 (39.1) 8 (14.5) 0.004
30-day mortality**, n (%) 0 2 (3.6) NA
90-day mortality, n (%) 3(13.0 3 (5.5) 0.35

*, excludes 2 in-hospital mortalities; **, includes 2 individuals who died in-hospital. ', as defined by the USDA; ?, P values from Student’s
t-test or Fischer’s exact test where appropriate; °, includes j-tube and transnasal feeding tube placement; ¢, percent of weight lost from
initial visit to day of surgery; °, psoas muscle index as defined by psoas muscle area normalized for height; ¢, as defined by sex-specific
cutoffs; ’, grade 3/4 complications as classified by Clavien-Dindo. FD, food desert; SD, standard deviation; ECOG, Eastern Cooperative
Oncology Group; NA, not applicable; USDA, United States Department of Agriculture.
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Table 3 Demographics of study population stratified by readmission status
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Characteristics

Readmission within 30 days of discharge*

Yes (n=19) No (n=57) P value'
Age (years), mean (SD) 64.7 (8.1) 64.3 (8.2) 0.85
Male, n (%) 18 (94.7) 46 (80.7) 0.27
Caucasian, n (%) 19 (100.0) 56 (98.3) NA
Smoking status®, n (%) 0.94
Never 5(26.3) 15 (26.3)
Former 9 (47.4) 30 (52.6)
Current 5 (26.3) 12 (21.1)
Pack-years, mean (SD) 45.6 (31.4) 48.6 (37.4) 0.79
Alcohol use, n (%) 0.52
None 4(21.1) 16 (28.1)
Current use® 9 (47.4) 24 (42.1)
Current heavy use* 1(5.3) 0
Prior use® 0 2 (3.5)
Prior heavy use* 5 (26.3) 15 (26.3)
Comorbidities, n (%)
Asthma 2(10.5) 5(8.8) >0.99
Chronic obstructive pulmonary disease 2(10.5) 6 (10.5) >0.99
Hypertension 9 (47.4) 27 (47.4) >0.99
Coronary artery disease 3(15.8) 8 (14.0) >0.99
Myocardial infarction 0 2 (3.5) >0.99
Diabetes 6 (31.6) 18 (31.6) 0.56
Cerebrovascular accident 1(5.3) 2 (3.5 0.62
Pre-treatment ECOG performance status, n (%) 0.42
0 9 (47.4) 20 (35.1)
1 10 (52.6) 37 (64.9)
Pre-treatment BMI (kg/m?), mean (SD) 28.1 (4.1) 29.1 (5.7) 0.46
Pre-treatment psoas muscle index® (mm?/m?),
mean (SD)
Male 874.7 (271.4) 792.0 (267.0) 0.27
Female 567.5 524.2 (129.3) NA
Pre-treatment sarcopenia®, n (%)
Male 1(5.6) 7(15.2) 0.42
Female 0 1(9.1) >0.99

Table 3 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 3 (continued)

Fay et al. FD readmission after esophagectomy

Characteristics

Readmission within 30 days of discharge*

Yes (n=19) No (n=57) P value'
Clinical stage, n (%) 0.23
I 4(21.1) 11 (19.3)
M 13 (68.4) 29 (50.9)
v 2 (10.5) 17 (29.8)
Driving distance to hospital (km), mean (SD) 98.9 (45.2) 112.2 (41.8) 0.24
Median household income’ (dollars), median 55,556 (41,029-59,745) 55,201 (45,229-65,879) 0.52
(interquartile range)
Insurance status, n (%) 0.36
Medicare, military, or commercial 16 (84.2) 53 (93.0)
Medicaid, or none 3(15.8) 4(7.0)
Lives in a FD®, n (%) 11 (57.9) 12 (21.1) 0.002

*, excludes 2 in-hospital mortalities. !, P values from Student’s t-test, Wilcoxon rank-sum, or Fisher’s exact test where appropriate; 2,

classified at the time of first consultation with a thoracic surgeon

.3

; %, <7 drinks per week for females, <14 drinks per week for males; 4

>7 drinks per week for females, >14 drinks per week for males; °, psoas muscle index as defined by psoas muscle area normalized for
height; °, as defined by sex-specific cutoffs; ’, by zip code, as reported by the United States Census Bureau; °, as defined by the USDA.
SD, standard deviation; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; FD, food desert; NA, not applicable; USDA,

United States Department of Agriculture.

Table 4 Perioperative characteristics of study population stratified by readmission status

Characteristics

Readmission within 30 days of discharge*

Yes (n=19) No (n=57) P value'

Pre-operative dietitian visits, mean (SD) 3.4 (2.6) 3.7 (3.4) 0.71
Pre-operative albumin <3.0 g/dL 0 0 NA
Pre-resection feeding tube?, n (%) 1(6.3) 5(8.3) >0.99
Induction therapy duration (days), mean (SD) 39.5 (7.5) 38.1 (6.4) 0.46
Pre-operative ECOG performance status, n (%) 0.36

0 5(26.3) 10 (17.5)

1 13 (68.4) 46 (80.7)

2 1(5.3) 1(1.8)
Pre-operative percent weight loss® (kg), mean (SD) -5.3(5.4) -7.5(7.3) 0.24
Post-treatment psoas muscle index* (mm?*m?,
mean (SD)

Male 790.9 (253.4) 709.5 (266.0) 0.27

Female 524.6 451.6 (108.7) NA
Table 4 (continued)
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Table 4 (continued)
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Characteristics

Readmission within 30 days of discharge*

Yes (n=19) No (n=57) P value'
Change in psoas muscle index* (%), mean (SD) -9.2(10.8) -11.1 (11.1) 0.54
New post-treatment sarcopenia®, n (%)
Male 1(6.3) 9(18.8) 0.26
Female 0 2(18.2) >0.99
Operative time (minutes), mean (SD) 537.6 (74.9) 468.1 (85.8) 0.002
Surgical approach, n (%) 0.41
Robotic-assisted 14 (81.3) 35 (60.0)
Open 5(18.8) 22 (40.0)
Pathologic stage, n (%) 0.98
| 9 (47.4) 22 (38.5)
Il 2 (10.5) 9 (15.8)
11 3(15.8) 9 (15.8)
\% 1(5.3) 4 (7.0
No residual 4(21.1) 13 (22.8)
Index procedure length of stay (days), mean (SD) 9.6 (3.8) 10.6 (5.6) 0.39
Discharge location, n (%) 0.01
Home 15 (79.0) 56 (98.3)
Rehab facility 4(21.1) 1(1.8)
30-day grade 3/4 complications®, n (%) 17 (89.5) 18 (31.6) <0.001
In-hospital 8 (42.1) 18 (31.6) 0.42
Anastomotic leak 1(5.2) 6 (10.5) 0.67
Delayed gastric emptying 2(10.5) 8 (14.0) >0.99
Pleural effusion 2(10.5) 3(5.3) 0.59
Respiratory failure 0 2 (3.5) NA
Pneumothorax 0 2(3.5) NA
After discharge 13 (68.4) 0 NA
Anastomotic leak 4(21.1) 0 NA
Delayed gastric emptying 1(5.3) 0 NA
Respiratory failure 1(5.3 0 NA
Pleural effusion 7 (36.8) 0 NA
30-day mortality, n (%) 0 0 NA
90-day mortality, n (%) 2(10.5) 2 (3.5) 0.26

*, excludes 2 in-hospital mortalities. ', P values from Student’s t-test or Fischer’s exact test where appropriate; 2, includes j-tube and
transnasal feeding tube placement; °, percent of weight lost from initial visit to day of surgery; *, psoas muscle index as defined by psoas
muscle area normalized for height; °, as defined by sex-specific cutoffs; ¢, grade 3/4 complications as classified by Clavien-Dindo. SD,

standard deviation; ECOG, Eastern Cooperative Oncology Group; NA, not applicable.
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Table 5 Risk estimates for readmission after esophagectomy

Fay et al. FD readmission after esophagectomy

Characteristics

Unadjusted OR (95% Cl)

Adjusted’ OR (95% Cl)

FD status®
Operative time (per 15 minutes)
Discharged to a rehab

Grade 3/4 complication®

5.16 (1.70-15.67)
1.16 (1.05-1.29)
14.93 (1.55-143.71)
18.4 (3.84-88.35)

6.38 (1.45-28.08)
1.17 (1.02-1.35)
4.04 (0.37-44.33)
18.6 (2.97-116.32)

', adjusted for FD status, operative time, discharge to a rehab, and presence of a grade 3/4 complication; ?, as defined by the USDA; *, as
classified by Clavien-Dindo. FD, food desert; OR, odds ratio; Cl, confidence interval.

To further evaluate FD status as an independent risk
factor for readmission, a multivariable logistic regression
model was developed. Unadjusted analysis (Table 5)
demonstrated that those who reside in a FD were 5 times
more likely to be readmitted [odds ratio (OR): 5.16; 95%
confidence interval (CI): 1.70-15.67] compared to those
who did not. Residing in a FD remained a significant
risk factor for readmission in a multivariate model which
adjusted for operative time, discharge to a rehab and
presence of a grade III/IV complication (OR: 6.38, 95% CI:
1.45-28.08). This model yielded a c-statistic of 0.90.

Discussion

The American Cancer Society estimates over 18,000
new esophageal cancer cases are diagnosed in the United
States each year, with only half considered potentially
curative (31,32). Despite treatment advances, esophageal
cancer continues to be associated with high morbidity and
mortality. Re-admissions following treatment are associated
with higher cost and decreased patient quality of life. In
addition, hospital readmissions following esophagectomy
have been associated with significant reductions in long-
term survival (33,34). Therefore, pre-treatment risk
assessment and patient optimization to reduce complications
and readmissions is crucial in this population. Our study
examined a potential new prognostic factor for esophageal
cancer patients undergoing tri-modality treatment. We
found that patients who resided in a FD were 5 times more
likely to be re-admitted following their esophagectomy
compared to patients who did not. Furthermore, after
adjustment, the OR for readmission not only remained
approximately the same, but also remained significant,
suggesting that the covariates were not mediators on the
casual pathway. This easily identifiable information may
help clinicians identify which patients may benefit from
intensive preoperative interventions.

© Journal of Thoracic Disease. All rights reserved.

Our findings indicate that nutritional status may not
currently be well-captured in previously established risk
factors like BMI or sarcopenia, as has been previously
reported. A recent study by Fong ez a/. noted worse survival
for patients with stage II/III breast and colorectal cancers
living in urban FDs (26). However, as this was a large
administrative database study, the authors were unable
to evaluate the quality of care patients received as data
on margin status, surgical complications, and duration
of therapy were not available. The current study, though
involving a single-center and a relatively small number of
patients, demonstrates that FD status is an independent
prognostic factor for readmission following esophagectomy
in patients who received tri-modality therapy without
other obvious differences in baseline characteristics and
provided care. In addition, residing in a FD represents
an easily identifiable combination of the likely related
issues of nutrition, access disparities, and socioeconomic
status that does not require additional laboratory testing
or non-clinical imaging measurements, such as sarcopenia
index. Additionally, this study produced similar findings
to other studies that assessed malnutrition and post-
operative complications. Specifically, that malnourished
cancer patients experience more severe post-operative
complications and the most common complications to
occur were infections and healing disorders (35). And
furthermore, that malnutrition in esophagectomy patients
is one of the most common causes for readmission (36,37).
While evidence suggests a link between FD status and poor
health outcomes, this study adds to the emerging literature
that it negatively affects esophageal cancer treatment
outcomes.

In this study, patients who lived in a FD were
significantly more likely to experience a postoperative grade
III/IV complication and be readmitted following their
esophagectomy. This occurred despite no difference in in-
hospital complications or initial postoperative length of
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stay, indicating they are more apt to have a post-discharge
complication. This suggests that all patients fare similarly
when provided equal resources in the hospital. However,
once discharged, patients who must return to a nutritional
and asset-limited environment (i.e., a FD) do worse than
their counterparts who have more abundant resources.
Social and geographic disparities have been shown to
negatively impact access to healthcare, resulting in worse
treatment and survival outcomes for multiple types of
cancers (38,39). Though this is a small series of patients, our
data indicates that residing in a FD may represent another
type of socio-geographic disparity that negatively impacts
post-treatment outcomes for patients with esophageal
cancer undergoing tri-modality therapy.

Many cancer patients note that their nutritional status
has a significant impact on their overall quality of life (40,41).
Esophagectomy patients specifically note a reduced quality
of life post-operatively related to eating and the physiologic
effects of the resection (42,43). While nutritional risk-
screening is recommended in these patients, no consensus
on the best assessment tool exists. Proponents argue that
dietary intake, physical activity, and body composition
should be critical components of this assessment, including
measuring sarcopenia (44,45). However, patients cite a
lack of coordination and conflicting messages from their
healthcare providers regarding nutritional care as causes of
their own uncertainty and confusion (41). Despite limited
consensus on the optimal assessment or interventions, early
nutritional intervention has been demonstrated to improve
treatment outcomes in esophageal cancer patients (45,46).
The pre-induction therapy and pre-operative periods are
critical times to ensure patients are nutritionally optimized
in order to prevent the postoperative period from being a
continuation of declining quality of life. Our data suggest
that clinicians should consider whether patients live in a
FD as part of their nutrition risk screening assessment and
use this to help direct resources to limit treatment related
adverse outcomes.

There are several limitations to our study. This is
a retrospective review from a single-institution with a
homogenous, rural patient population deemed healthy
enough to undergo esophageal resection. The potential
for selection bias exists, and the results may not be
generalizable to a more heterogeneous or urban population.
Evidence suggests that there is a distinction between urban
and rural FDs, and perhaps, despite sharing a similar
definition, these two types of deserts may not be directly

© Journal of Thoracic Disease. All rights reserved.
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comparable. Urban FDs are more likely to be characterized
by low-income neighborhoods, affecting primarily racial
minorities. Rural FDs are characterized by limited access,
including a significant decrease in the number of food
retailers compared to urban areas (23). Second, though we
attempted to control for demographics, co-morbidities,
travel distance, median household income and insurance
status, potential confounders that we were unable to
address, such as patient education level, and activity/
exercise level, and likely mediators such as information from
detailed diet histories, may exist. The relationship between
FD status and these other potential indicators of worse
outcomes remain ill-defined and will be the topic of future
research. Despite these limitations, this study adds to the
limited literature that pre-treatment risk assessment in this
population is increasingly important. To our knowledge,
this is the first study to examine the relationship of FDs
and treatment outcomes in esophageal cancer patients
undergoing tri-modality therapy. Results from this study
will be used to inform a larger, multi-institutional study that
will address many of these limitations and further examine
the relationship between FD and treatment outcomes.

Conclusions

Living in a FD is a significant prognostic factor for
readmission after esophagectomy for patients receiving tri-
modality therapy for esophageal cancer and remained an
independent factor after multivariable analysis. Awareness
of FD status may help clinicians improve pre-treatment
risk assessment and focus interventions to improve patient
treatment and outcomes.
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