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Abstract

Background and Objectives—Disparities in esophageal cancer are well-established. The
standard treatment for locally advanced esophageal cancer is chemoradiation followed by surgery.
We sought to evaluate the association between socioeconomic factors, time to surgery, and patient
outcomes.

Methods—All patients =18 years old diagnosed with T2/3/4 or node-positive esophageal cancer
between 2004-2016 and who underwent chemoradiation and esophagectomy in the National
Cancer Database were included. Multivariable regression was used to assess the association
between socioeconomic variables and time to surgery (grouped into <56 days, 56-84 days, and
85-112 days).

Results—12,157 patients were included. 5-year overall survival was 39%, 35% and 35% for the
three groups examined. Post-operative 30 and 90-day mortality was increased in both the 56-84
days to surgery group (OR 1.30 and 1.20, respectively) and the 85-112 days group (OR 1.37 and
1.56, respectively) when compared to <56 days. Patients of minority race, public insurance, or
lower income were more likely to have a longer time to surgery.

Conclusions—Longer time to surgery is associated with increased postoperative mortality and
is more common in patients with lower socioeconomic status. Further research exploring reasons
for delays to esophagectomy among disadvantaged patients could help target interventions to
reduce disparities.
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Introduction

Neo-adjuvant chemoradiation followed by esophagectomy is the standard of care for

locally advanced, non-metastatic esophageal cancer.[1-4] Randomized controlled trials have
demonstrated an improved survival with neoadjuvant chemoradiation (nCRT) plus surgery
compared with surgery alone, but have used a variable time interval to surgery between

2-8 weeks [1,3,5]. Despite multiple studies, the optimal timing of esophagectomy after
neo-adjuvant therapy remains controversial [6-12]. However, the largest studies and meta-
analyses suggest that surgery delayed beyond 8 weeks is associated with an increased rate of
pathologic complete response (pCR), but a decreased rate of overall survival [9,10,13].

Disparities in outcomes for esophageal cancer are well-established. Black and Hispanic
patients with esophageal cancer have increased all-cause mortality [14]. The causes of these
disparities are less clear, but are related to increased incidence, lower rates of chemotherapy
and/or radiation, and lower rates of surgery [15-17]. For patients who receive recommended
therapy, disparities are significantly improved, but race remains a predictor of failure to
rescue after major complications [18,19].

We sought to evaluate the association between socioeconomic factors and time to surgery
among adults who received nCRT and surgery, as well as the impact of timing of surgery on
patient outcomes. We hypothesized that low socioeconomic status would be associated with
longer time to surgery and that longer time to surgery would be associated with negative
outcomes.

Material and methods

This study was determined to be exempt by the University of North Carolina Institutional
Review Board (IRB# 20-2225). A retrospective review was conducted using the National
Cancer Database (NCDB) esophageal cancer site-specific 2016 Participant User File (PUF).
The NCDB is a joint endeavor by the Commission on Cancer (CoC) of the American
College of Surgeons and the American Cancer Society and is the largest hospital-based
cancer registry program in the United States [20]. The NCDB includes more than 1,500
facilities and captures more than 70% of newly diagnosed cancer cases annually.

All adult patients (=18 years old) diagnosed with esophageal cancer (cancer site: C151,
C152, C154, C155, C158, and C159), who had adjusted AJCC 6t or 7t edition clinical
T2-4N0-1 or TIN1 between 2004-2016 eligible for inclusion (n=59,574). Cancer histology
was classified as esophageal adenocarcinoma (histology 8020, 8140, 8143, 8145, 8147,
8255, 8260 — 8263, 8480, 8481, 8560, 8562, 8570 — 8574), squamous cell carcinoma
(8070-8076, 8078); patients with other histologies were not included. Patients with
metastatic disease (adjusted AJCC 6% or 7t edition M1, n=9,644) or who were undergoing
palliative treatment (n=3,473), were excluded. Patients were also required to undergo
partial or total esophagectomy without laryngectomy (surgery codes 30, 40, 50, 52-54

and 80) (n=18,138, 41%) and nCRT (n=13,913, 77% of those undergoing esophagectomy).
To calculate the time interval between nCRT and esophagectomy, we used a previously
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described method of (E — (RS + RD)), where E is days between diagnosis and surgery, RS is
days between diagnosis and start of radiation, and RD is duration of radiation therapy [9].

Surgical timing was classified as <56 days (0-7 weeks), 56-84 days (8-12 weeks), and
85-112 days (13-15 weeks). Patients who underwent surgery >112 days after completing
nCRT (n=573, =16 weeks after diagnosis) were excluded. These time points were based

on prior studies and clinical experience. First, 56 days (8 weeks) has been previously
described by Ranney et al. (2017) as an inflection point in modeling the association between
timing of esophagectomy and clinical outcomes [21]. Several previous studies, including a
meta-analysis, have also used this as an important time variable [7,8,13,22]. The second time
point (84 days or 12 weeks) is similar to those described in other studies evaluating rates of
pathologic complete response in delayed esophagectomy [11,12]. The third group (85-112
days) was included as it is intended to represent patients who may have had some issue with
timeliness of surgery but for whom surgery in planned fashion was still being undertaken
with curative intent. Beyond 112 days, it is unlikely surgery is being performed as part of
planned trimodality therapy. Patients who received both neoadjuvant and adjuvant therapy
(n=567) or were missing information on surgical timing were excluded (n=328); patients
missing information on clinical M or N status were also excluded (n=288).

Chi-square and Wilcoxon-Mann-Whitney tests were used to compare patient and cancer
characteristics across surgical timing and patient outcomes, where appropriate. Multivariable
generalized logistic regression was used to assess whether socioeconomic variables (race/
ethnicity, primary insurance type, median residential income in the patients’ ZIP code, and
the proportion of adults with less than a high school education in the patients” ZIP code)
were associated with time to surgery, after adjusting for year of diagnosis, patient age,
gender, Charlson-Deyo comorbidity score, cancer histology, clinical T, and clinical N status.
Facility characteristics were not included as these variables are restricted in patients <40
years old. Age was treated as a restricted quadratic spline. Interaction terms and Wald Chi
square tests were used to assess effect measure modification between race/ethnicity, primary
insurance type, and median residential income.

Multivariable linear, logistic, and Cox proportional hazards regression were used to estimate
association between surgical timing and patient outcomes. Outcomes of interest included
length of stay (LOS) after surgery, 30-day unplanned readmission after surgery, 30-day
mortality after surgery, 90-day mortality after surgery, and 5-year, all-cause mortality. As
before, all models were adjusted for year of diagnosis, patient age, gender, race/ethnicity,
primary insurance type, Charlson-Deyo comorbidity score, median residential income in the
patients’ ZIP code, residential education level in the patients’ ZIP code, cancer histology,
clinical T, and clinical N status. Patients diagnosed in 2016 were excluded from these
analyses, as survival data is suppressed for these patients in the 2016 PUF. For 5-year all-
cause mortality, follow-up began 4 months after diagnosis in order to account for potential
immortal person-time [23]. Patient follow-up was administratively censored 5 years after
diagnosis. We also performed a sensitivity analysis where the cohort was restricted to
patients with esophageal adenocarcinoma.

All analyses were performed using SAS 9.4 (SAS Inc., Cary, NC).
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Overall, 12,157 patients were included; 61% underwent surgery in <56 days, 32% between
56-84 days, and 8% between 85-112 days. Patient sex, pre-operative co-morbidities, and
cancer staging were similar across time to surgery groups (Table 1). 5-year survival when
analyzed by the three time to surgery groups was 39% in patients who underwent surgery
<56 days after nCRT, 35% in patients at 56-84 days, and 35% in patients treated 85-112 days
(Figure 1). Comparison of survival between groups is shown in Table 2. A slight decrease
in mortality was seen in the 56-84 days to surgery group when compared to the <56 days
to surgery group (OR 1.08; p=0.01), but there was no difference in mortality between the
85-112 days to surgery group and <56 days group (OR 1.10; p=0.06). Comparison between
the 56-84 days and 85-112 days to surgery groups showed no difference in 5-year survival
(OR 0.99, 95% CI 0.94, 1.04, p=0.74).

5% of patients had an unplanned readmission, 3% died within 30 days of surgery, and

7% died within 90 days (Table 2). For the group who underwent surgery between 56-84
days, rates of 30-day (OR 1.30, 95% CI 1.02, 1.65), 90-day (OR 1.20, 95% CI 1.02,

1.41), and overall mortality (HR 1.08, 95% CI 1.02, 1.14) were increased compared with
those who underwent surgery before 56 days, Table 3. For the group with longer time

to surgery (85-112 days), rates of 30-day (OR 1.37, 95% CI 0.94, 2.00), 90-day (OR

1.56, 95% CI 1.22, 2.00), and overall mortality (HR 1.10, 95% CI 1.00, 1.21) were also
increased, although 30-day mortality did not show a significant difference, compared with
patients undergoing surgery before 56 days. When examined separately, there were minimal
differences between outcomes for patients with adenoncarcinoma and squamous carcinoma.
Examined as a continuous variable by weeks after completion of neoadjuvant therapy,
90-day mortality across surgical timing is shown in Figure 2. Mortality by weeks after
surgery ranged from 5.8% (5 weeks after completion) to 16.6% (15 weeks after completion),
with the highest incidence at the extremes of the time range examined. Time to surgery was
not associated with meaningful differences in 30-day readmission or length of stay.

Associations between socioeconomic status and surgical timing are described in Table 4.
Non-Hispanic Black and Hispanic patients were more likely to have a longer time to
surgery (85-112 days) (OR 1.53 95% CI (1.10, 2.13) and OR 1.63 (95% CI 1.09, 2.44),
respectively), compared to non-Hispanic White patients; no difference was seen in time to
surgery of 56-84 days. Medicaid and Medicare patients were also more likely to have a
longer time to surgery compared with patients with private insurance (85-112 days) (OR
1.98, 95% CI 1.49, 2.62 and OR 1.45, 95% CI 1.17, 1.78, respectively). No significant
difference was seen for patients with no insurance compared with patients with private
insurance. Patients from lower income areas (<$48,000 median household income) were
more likely to have longer time to surgery (85-112 days) compared with patients from
higher income areas (=$63,000) (OR 1.34, 95% CI 1.03, 1.74). Middle income groups

of $38,000 - $47,999 and $48,000 - $62,999 showed no significant difference in time to
surgery. Patient ZIP code education was not associated with time to surgery. Recognizing
that squamous cancer may be associated with specific socioeconomic variables to a greater
degree than adenocarcinoma, we also examined the impact of socioeconomic factors in
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adenocarcinoma alone. Similar disparities in surgical timing and outcomes were seen in this
group of patients (Supplemental Tables 1 and 2).

Discussion

The purpose of this study was to determine the association between socioeconomic factors
and time to surgery after neo-adjuvant chemoradiation for esophageal cancer, as well as
examine the association between timing of esophagectomy and outcomes. In doing so,

we hoped to explore a possible source of disparities in esophageal cancer. We found that
minority race, low household income, and public insurance is associated with a longer
time to surgery and we re-demonstrated associations between longer time to surgery and
increased peri-operative mortality.

Patients with esophageal cancer experience significant disparities based on socioeconomic
factors such as race/ethnicity and income. Disparities appear to begin with incidence

and diagnosis. In 2001, a case-control study on risk factors for esophageal squamous

cell carcinoma involving 347 patients found that low income, alcohol, tobacco use, and
infrequent consumption of raw fruits and vegetables contributed significantly to the excess
incidence of esophageal cancer in Black patients compared with White patients [24]. A
2012 study of 1914 patients in the Netherlands found that low socio-economic status (SES)
patients were diagnosed at an older age and with more advanced tumor stage [25].

Disparities also exist in the incidence of squamous cell carcinoma vs adenocarcinoma
between socioeconomic groups. Our analysis of patient characteristics by histologic type
does show a higher proportion of non-Hispanic Black race and lower income among those
with squamous cell carcinoma compared with adenocarcinoma. However, subgroup analysis
of patients with adenocarcinoma showed a consistent relationship between race/ethnicity,
insurance type, and income with longer time to esophagectomy.

Disparities exist in treatment as well. An analysis of 6737 patients included in the
Surveillance, Epidemiology, and End Results (SEER) database in 2013 found that Black
and Hispanic patients were less likely to undergo esophagectomy compared with White
patients [17]. In the VA system, 1521 patients were reviewed in 2002 and Black patients
were found to undergo esophagectomy about half as frequently as White patients [14]. A
more recent analysis published in 2019 confirmed that the disparity still exists, with Black
patients, uninsured patients, and patients living in areas with lower median income and
education levels receiving no treatment or no surgery at higher rates. These patients had
correspondingly worse outcomes [26]. For patients who do receive recommended therapy,
disparities in all-cause mortality appear to resolve [19,27]. However, among patients who
experience a major complication after esophagectomy, Black race was associated with
significantly increased in-hospital mortality [18].

Few studies have attempted to determine the causes of these disparities. One qualitative
study, published in 2017, interviewed or surveyed 80 patients with esophageal cancer.
They found that patients with low SES were offered surgery at lower rates, pursued 2"
opinions at a lower rate, and were more likely to lose their jobs. In addition, patients with
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low SES had difficulties communicating with their providers, understanding treatment, and
maintaining their finances [15]. This study highlights the responsibility of providers to
mobilize appropriate social services, explain therapies at an appropriate health literacy level,
and recognize potential unconscious biases in treatment plans.

The current study adds to the literature on disparity in esophageal cancer by highlighting
time to surgery, a pathway through which disadvantaged patients (non-White race, public
insurance, and lower median household income) may experience worse outcomes. Although
the optimal timing of esophagectomy remains unclear, previous studies have demonstrated
an association between lower overall survival and longer time to esophagectomy. A 2017
retrospective review of 2444 patients showed that patients receiving surgery after 56 days
had a higher rate of pathologic downstaging, but no difference in margin positivity and
lower overall survival [21]. A similar 2018 retrospective review included 3102 patients

and again demonstrated a higher rate of pathologic complete response, but higher rate of
30-day mortality [12]. A meta-analysis of 13 retrospective studies including 15,086 patients
confirmed an association between time to surgery >56 days and improved pathologic
complete response but higher 30-day mortality. It also demonstrated an association with
lower 2 and 5 year survival [13]. Our study agrees with previously published work showing
a higher rate of 30-day and 90-day mortality and a small difference in 5-year survival.

Most recently, a 2019 retrospective review of the NCDB analyzed patients with esophageal
adenocarcinoma based on a 90-day cutoff and found an increased rate of delayed surgery

in Black patients and those insured with Medicare. It also showed a higher rate of pCR

and increased 90-day mortality in the delayed group. Interestingly, this study showed no
significant difference in overall survival [28]. There are key differences between this work
and our analysis. First, Levinsky et al. focus on outcomes of delayed/salvage esophagectomy
compared with timely esophagectomy with a cutoff of 90 days. Our study focuses on the
relationship between socioeconomic factors and delayed esophagectomy with cutoffs of 56
days and 85 days. This difference in grouping is the largest difference in terms of statistical
analysis and may explain the differences in overall survival. Other differences including

the inclusion of squamous cell carcinoma and data from 2015-2016 are less likely to have
affected the results, as our analysis showed no significant association between the covariates
of cancer type and date of surgery and outcomes.

This study demonstrates a trend towards increased mortality in patients undergoing surgery
56-84 days after nCRT and a statistically significant increase in patients undergoing
surgery after 85-112 days. Together with previously published data, this study confirms

the association between longer time to surgery and worse outcomes. By separating the
“late” surgery group into two groups, we demonstrate that delaying surgery beyond 85 days
appears to increase the magnitude of its association with mortality.

It remains unclear why a longer time to surgery is associated with worse outcomes.
It appears that the ability of a patient to undergo surgery sooner after completion of
neoadjuvant therapy is itself a proxy for improved outcomes. This may mean that patients
who achieve early surgery have a better performance status and greater fitness for surgery,
which would likely improve outcomes. Correspondingly, delays in time to surgery may be
a marker of frailty, increased toxicity or complications of neo-adjuvant therapy, financial/
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social crisis, challenges in access to surgical care or some other residual confounder that
results in worse outcomes. If longer time to surgery does cause worse outcomes, then this
association represents a modifiable delay in care. If longer time to surgery is a marker of
increased pre-operative risk due to some other clinical or social factor, then more intensive
social services, “pre-habilitation,” and supportive care is warranted. Although examining
this specifically is not feasible in the NCDB data examined in this study, further research
exploring reasons for delays to surgery among disadvantaged groups could help clarify this
question and target interventions to reduce disparities.

This study is not without limitations. First, we are only able to observe received treatment;
if a patient had been planned to undergo nCRT and surgery but died before they could
complete the treatment plan, they would not be included. However, this occurrence is rare,
about 0.3%, in recent randomized controlled trials [1]. Second, while we chose our cut
points using prior studies and clinical experience, there are no widely accepted and standard
time interval groups. For example, while many studies use <56 days as the shortest time
period, published studies have used <42 days [12] or <64 days [11]; however, regardless of
the intervals these studies have all had similar results.

Additionally, while we adjusted for cancer characteristics, age, and Charlson-Deyo
comorbidity score, residual confounding by patient frailty and illness severity may still
exist. If surgical timing is also associated with frailty or illness severity, this could bias

our results. We attempted to minimize the impact of unmeasured confounding by excluding
patients who underwent surgery >112 days from nCRT, which is a clear deviation from
standard of care. Additionally, data on education and income were at the ZIP code-level
rather than individual level. Finally, there are specific limitations associated with data

from the NCDB. First, this only includes facilities accredited by the American College of
Surgeons CoC, so these results may not generalize to non-participating hospitals, especially
community facilities. It is also limited with regard to interpretation of socioeconomic factors
by the extrapolation of income and education status from zip code of residence instead

of individual patient data. This makes precise interpretation of socioeconomic data more
challenging.

Conclusion

Minority race (non-Hispanic Black and Hispanic), public insurance, and lower household
income were associated with a longer time interval between completion of neoadjuvant
chemoradiation and esophagectomy for esophageal cancer. Longer time intervals were also
associated with increased post-operative mortality but minimal impact on long-term survival.
This study demonstrates a potential source of socioeconomic disparities in outcomes among
patients with esophageal cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis:

Socioeconomic status (minority race, public insurance, low income) is associated with
longer time interval between esophagectomy and neo-adjuvant chemoradiation for
esophageal cancer. Longer time interval to surgery is associated with increased post-
operative mortality, but not long-term survival.
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Patient demographics and cancer characteristics, stratified by surgical timing.

Table 1.

<56 days 56-84 days  85-112 days
7,366 (61%) 3,844 (32%) 947 (8%)
Age, median (IQR) 62 (56—68) 63 (57—-69) 64 (57 —70)
Male, n (%) 6,306 (86) 3,187 (83) 772 (82)
Race/ethnicity, n (%)
Non-Hispanic white 6794 (93) 3529 (92) 832 (88)
Non-Hispanic black 243 (3) 153 (4) 58 (6)
Hispanic 145 (2) 81(2) 33 (4)
Non-Hispanic other
Charlson score, n (%)
0 5534 (75) 2742(71) 679 (72)
1 1470 (20) 846 (22) 199 (21)
2 280 (4) 191 (5) 48 (5)
3+ 82 (1) 65 (2) 21(2)
Primary insurancetype, n (%)
Uninsured 135 (2) 91 (2) 17(2)
Private insurance/managed care 3866 (53) 1812 (48) 371 (40)
Medicaid 343 (5) 185 (5) 81(9)
Medicare 2801 (39) 1625 (43) 440 (47)
Other government 98 (1) 82(2) 24 (3)
Median residential income?, n (%)
<$40,227 1019 (14) 611 (16) 188 (20)
$40,227 -$50,353 1603 (22) 905 (24) 229 (25)
$50,354 — $63,332 1800 (25) 961 (25) 225 (24)
>$63,333 2843 (39) 1319 (35) 297 (32)
Residential education Z, n (%)
217.6% 984 (14) 569 (15) 178 (19)
10.9%-17.5% 1816 (25) 1081 (28) 263 (28)
6.3%-10.8% 2414 (33) 1118 (31) 290 (31)
<6.3% 2067 (28) 963 (25) 210 (22)
Histologic type, n (%)
Esophageal adenocarcinoma 6209 (84) 3212 (83) 763 (79)
Squamous cell carcinoma 1157 (16) 632 (16) 184 (19)
Clinical T, n (%)
T1 178 (2) 88 (2) 28 (3)
T2 1679 (23) 824 (21) 215 (23)
T3  5295(72) 2824 (73) 662 (70)
T4 214 (3) 108 (3) 42 (4)
Clinical N, n (%)
NO 2746 (37) 1487 (39) 381 (40)
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<56 days 56-84 days  85-112 days
7,366 (61%) 3,844 (32%) 947 (8%)
N1 4620 (63) 2357 (61) 566 (60)
Clinical stage, n (%)
Il 3736 (51) 1953 (51) 492 (52)
I 3630 (49) 1891 (49) 455 (48)
Facility program c‘ n (%)
Community cancer program 361 (5) 188 (5) 65 (7)
Comprehensive community program 2180 (30) 1164 (31) 305 (32)
Academic/Research 3637 (50) 1960 (52) 472 (50)
Integrated network cancer program 1058 (15) 485 (13) 97 (10)

Abbreviations: IQR, interquartile range

a., . N . . . . . .
Median residential household income of each patient’s ZIP code was estimated using the 2016 American Community Survey

Proportion of adults in patient’s ZIP code who did not complete high school, measured in the 2016 American Community Survey

cFaciIity type is suppressed for patients <40 years old, n=188
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Table 2.

Page 15

Association between undergoing surgery 56-84 days or 85-112 days, compared to <56 days, on post-operative

and long-term outcomes.

56-84 days 85-112 days
Estimate® p-value Estimate® p-value
5-year mortality, HR (95% ClI) 1.08 (1.02, 1.14) 0.01 1.10 (1.00, 1.21) 0.06
Post-oper ative events, OR (95% CI)
30-day unplanned readmission 0.90 (0.74, 1.10) 0.31 0.86 (0.61, 1.22) 0.41
30-day mortality 1.30 (1.02,1.65) 003  1.37(0.94,2.00)  0.10
90-day mortality 1.20(1.02,1.41)  0.03 1.56 (1.22,2.00)  0.0004
LOSafter surgery, CIE (95% CI)  0.56 (0.07,1.06)  0.03  0.81(-0.06,1.68)  0.07

Abbreviations: LOS, length of stay; CIE, change in estimate (linear regression); Cl, confidence interval; OR, odds ratio (logistic regression); HR,

hazard ratio (Cox proportional hazards regression)

a . . . . . . .
Compared to patients who underwent surgery <56 days after n\CRT; adjusted for year of diagnosis, patient age, gender, race/ethnicity, primary
insurance type, Charlson-Deyo comorbidity score, median residential income, residential education level, cancer histology, clinical T, and clinical

N status

b . . .
Follow-up started 4 months after diagnosis to account for treatment duration
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Table 3.

Surgical and post-operative outcomes, stratified by surgical timing, among patients diagnosed between 2004
and 2015.

<56 days 56-84 days  85-112 days
6,721 (62%) 3,358 (31%) 829 (8%)

Surgical margins, n (%)

No residual tumor 6191 (95) 3091 (95) 761 (95)
Residual tumor, microscopic 191 (3) 75 (2) 20 (2)
Residual tumor, macroscopic 125 (2) 83 (3) 24 (3)

LOS after surgery, median (IQR) 9 (7-14) 10 (8-14) 10 (8-15)

Post-oper ative events, n (%)

30-day unplanned readmission 336 (5) 163 (5) 40 (5)
30-day mortality 184 (3) 124 (4) 36 (4)

90-day mortality 443 (7) 268 (8) 91 (11)

Abbreviations: IQR, interquartile range; LOS, length of stay
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Table 4.
Association between socioeconomic factors and undergoing surgery 56-84 days or 85-112 days, compared to
<56 days.
56-84 days 85-112 days
OR (@5% cl)®  PVAU®  op gy, )@  Pvalue
Race/ethnicity
Non-Hispanic white ref - ref -
Non-Hispanic black ~ 1.14 (0.91,1.43)  0.24  153(1.10,2.13)  0.01
Hispanic 0.98(0.74,1.31) 091  1.63(1.09,2.44)  0.02
Non-Hispanic other  0.92 (0.66, 1.27) 0.60 1.06 (0.62, 1.80) 0.84
Primary insurance type
Uninsured  1.44(1.09,1.90) 001  1.16(0.69,1.96)  0.58
Private insurance/managed care ref - ref -
Medicaid 1.06 (0.87,1.28) 059  1.98(1.49,2.62) <0.0001
Medicare  1.09 (0.96, 1.23) 0.18 1.45(1.17,1.78)  0.0005
Other government  1.68 (1.24, 2.29) 0.001  2.23(1.38, 3.62) 0.001
Median residential incomeb
<$40,227 1.16(0.99,1.35)  0.07  1.34(1.03,1.74) 0.3
$40,227 - $50,353  1.13(1.00,1.28)  0.06  1.16(0.93,1.45)  0.18
$50,354 — $63,332  1.10 (0.98, 1.23) 0.11 1.09 (0.89, 1.33) 0.40
>$63,333 ref - ref -
Residential education ©
217.6%  1.10 (0.93, 1.30) 0.25 1.30(0.98, 1.72) 0.07
10.9% -17.5% 1.16 (1.02, 1.33) 0.03 1.23(0.97, 1.55) 0.09
6.3% -10.8% 1.01(0.90, 1.13) 0.90 1.10(0.90, 1.13) 0.33

<6.3%

ref

ref

1duosnuey Joyiny

1duosnuen Joyiny

Abbreviations: OR, odds ratio; Cl, confidence interval

laCompared to patients who underwent surgery <56 days after nCRT; adjusted for all variables in table, year of diagnosis, patient age (treated as a
restricted quadratic spline), sex, Charlson-Deyo comorbidity score, cancer histology, AJCC 6t or 7th edition clinical T and N

Median residential household income of each patient’s ZIP code was estimated using the 2016 American Community Survey

cProportion of adults in patient’s ZIP code who did not complete high school, measured in the 2016 American Community Survey
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