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Abstract
BACKGROUND 
Chemotherapy has long been shown to confer a survival benefit in patients with 
metastatic esophageal cancer. However, not all patients with metastatic disease 
receive chemotherapy.

AIM 
To evaluate a large cancer database of metastatic esophageal cancer cases to 
identify predictors of receipt to chemotherapy and survival.

METHODS 
We interrogated the National Cancer Database (NCDB) between 2004-2015 and 
included patients with M1 disease who had received or did not receive 
chemotherapy. A logistic regression model was used to examine the associations 
between chemotherapy and potential confounders and a Cox proportional 
hazards model was employed to examine the effect of chemotherapy on overall 
survival (OS). Propensity score analyses were further performed to balance 
measurable confounders between patients treated with and without 
chemotherapy.

RESULTS 
A total of 29182 patients met criteria for inclusion in this analysis, with 21911 
(75%) receiving chemotherapy and 7271 (25%) not receiving chemotherapy. The 
median follow-up was 69.45 mo. The median OS for patients receiving 
chemotherapy was 9.53 mo (9.33-9.72) vs 2.43 mo (2.27-2.60) with no 
chemotherapy. Year of diagnosis 2010-2014 [odds ratio (OR): 1.29, 95% confidence 
interval (CI): 1.17-1.43, P value < 0.001], median income > $46000 (OR: 1.49, 
95%CI: 1.27-1.75, P value < 0.001), and node-positivity (OR: 1.35, 95%CI: 1.20-1.52, 
P < 0.001) were independent predictors of receiving chemotherapy, while female 
gender (OR: 0.86, 95%CI: 0.76-0.98, P = 0.019), black race (OR: 0.76, 95%CI: 0.67-
0.93, P = 0.005), uninsured status (OR: 0.41, 95%CI: 0.33-0.52, P < 0.001), and high 
Charlson Comorbidity Index (CCI) (OR for CCI ≥ 2: 0.61, 95%CI: 0.50-0.74, P < 
0.001) predicted for lower odds of receiving chemotherapy. Modeling the effect of 
chemotherapy on OS using a time-dependent coefficient showed that 
chemotherapy was associated with improved OS up to 10 mo, after which there is 
no significant effect on OS. Moreover, uninsured status [hazard ratio (HR): 1.20, 
95%CI: 1.09-1.31, P < 0.001], being from the geographic Midwest (HR: 1.07, 95%CI: 
1.01-1.14, P = 0.032), high CCI (HR for CCI ≥ 2: 1.16, 95%CI: 1.07-1.26, P < 0.001), 
and higher tumor grade (HR for grade 3 vs grade 1: 1.28, 95%CI: 1.14-1.44, P < 
0.001) and higher T stage (HR for T1 vs T4: 0.89, 95%CI: 0.84-0.95, P < 0.001) were 
independent predictors of worse OS on multivariable analyses.

CONCLUSION 
In this large, retrospective NCDB analysis, we identified several socioeconomic 
and clinicopathologic predictors for receiving chemotherapy and OS in patients 
with metastatic esophageal cancer. The benefit of chemotherapy on OS is time-
dependent and favors early initiation. Focused outreach in lower income and 
underinsured patients is critical as receipt of chemotherapy is associated with 
improved OS.

Key Words: Esophageal cancer; Metastatic; Chemotherapy; Predictors; Survival

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We evaluated a large cancer database of metastatic esophageal cancer cases 
to identify predictors of receipt to chemotherapy and survival. We confirmed that 
although palliative, receipt of chemotherapy in metastatic esophageal cancer conferred 
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an overall survival (OS) benefit over no chemotherapy. However, the benefit of this OS 
benefit with chemotherapy is time-dependent and favors early initiation. Furthermore, 
several socioeconomic and clinicopathologic factors were predictive for receipt of 
chemotherapy and OS in this cohort.

Citation: Midthun L, Kim S, Hendifar A, Osipov A, Klempner SJ, Chao J, Cho M, Guan M, 
Placencio-Hickok VR, Gangi A, Burch M, Lin DC, Waters K, Atkins K, Kamrava M, Gong J. 
Chemotherapy predictors and a time-dependent chemotherapy effect in metastatic esophageal 
cancer. World J Gastrointest Oncol 2022; 14(2): 511-524
URL: https://www.wjgnet.com/1948-5204/full/v14/i2/511.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i2.511

INTRODUCTION
Esophageal cancer is the eighth most common cancer throughout the world and the 
sixth most common global cause of cancer-related mortality[1,2]. In 2020 there will be 
a projected total of 18440 new cases affecting approximately 14350 men and 4090 
women in the United States[3]. This is rising from an estimated 17290 new cases in 
2018[4]. In terms of histology, there is an increasing incidence of adenocarcinoma in 
men and women, reflecting in part the increased rates of obesity-related comorbidities 
such as gastroesophageal reflux disease in the developed world[1,2,5]. Resec-
tion/ablation and/or chemoradiotherapy are options for stage I-III disease, while 
stage IV esophageal cancer is treated with systemic therapy that usually includes a 
platinum agent where five-year survival rates approximate 5%[3].

While palliative chemotherapy has been shown to prolong survival and improve 
quality of life in stage IV esophageal cancer[6], not all patients receive it. As an 
example, in one study only 18% of patients with advanced gastroesophageal cancer 
patients received chemotherapy, with the most common treatment being supportive 
care alone (21%)[7]. The adverse effects of chemotherapy in metastatic esophageal 
cancer can be significant, with grade 3-5 toxicity rates as high as 33%-48% with 
platinum-based doublet regimens[8,9]. Current National Comprehensive Cancer 
Network (NCCN) guidelines recommend systemic therapy for those with favorable 
Eastern Cooperative Oncology Group (ECOG) or Karnofsky performance status[10].

Since the decision to offer chemotherapy is individualized to each patient with 
metastatic esophageal cancer, it is helpful to identify those demographic factors that 
can impact the receipt of chemotherapy by these patients in the United States. In 
addition, evaluation of the patient and disease characteristics that affect overall 
survival (OS) can help identify candidates for chemotherapy who may have poorer 
prognoses in advanced disease. In this study, we reviewed a large data set of United 
States patients with metastatic esophageal cancer, seeking to identify predictors for the 
receipt of chemotherapy and variables affecting OS.

MATERIALS AND METHODS
Patient eligibility
We interrogated the National Cancer Database (NCDB) between 2004-2015 and 
included patients with stage 4 esophageal cancer (any T + any N + M1 disease) who 
had known chemotherapy status (received or did not receive chemotherapy). Patients 
were categorized demographically by age, race, geographic region, treatment site 
(academic vs non-academic hospital), type of residence (including urban, rural or 
metropolitan), form of insurance (Medicare, Medicaid, private or other), income 
bracket and presence of 1 or more other comorbidities according to the Charlson 
Comorbidity Index (CCI) as modified by Deyo et al[11]. Cancer-based variables 
included T and N classification as well as histologic grade of tumor.

Statistical analysis
Data are presented as frequency (percentage, %) for categorical variables and mean ± 
SD or median (IQR, interquartile range) for continuous variables. The primary 
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endpoint was OS calculated from diagnosis to the date of death or censor at last 
follow-up. A logistic regression model was employed to estimate the effect of 
chemotherapy with and without adjustment for potential confounding factors. Median 
follow-up was calculated using the reverse Kaplan-Meier method[12]. Survival 
functions were estimated by the Kaplan-Meier method and compared using a log-rank 
test[13]. Univariate and multivariable survival analyses were carried out using a Cox 
proportional hazards model[14]. Multivariable analyses were performed using a 
stepwise variable selection procedure based on Akaike Information Criterion (AIC)[15] 
while the main predictor variable was forced into the model. Final multivariable 
models were returned by the lowest AIC value. The proportional hazards assumption 
was assessed with scaled Schoenfeld residuals[16]. A violation of proportional hazards 
was addressed by time-dependent coefficient models. Possibility of multicollinearity 
was assessed by tolerance and the variance inflation factor.

To further balance measurable confounders between patients treated with and 
without chemotherapy, propensity score was estimated for each patient using a 
multivariable logistic regression model to predict the receipt of chemotherapy based 
on patient demographic, clinical, and facility characteristics including age, gender, 
race, insurance type, income level, treatment site, geographic location, residence area 
type, number of comorbidity, year of diagnosis, grade, T stage, and N stage[17,18]. 
Then, the propensity score was incorporated into a Cox regression model in the 
following four approaches[19]: (1) Regression adjustment by including the estimated 
propensity score as a covariate in the model; (2) Propensity score was used to calculate 
stabilized weights (i.e., normalized inverse probability of treatment weighting, IPTW)
[20,21], which were then used to weight patients; (3) Patients were stratified into 4 
subclasses based on quartiles of the estimated propensity score as recommended in[22,
23], and Cox models were employed separately within each stratum to compare OS 
between patients treated with and without chemotherapy, and then four estimated 
hazard ratios (HRs) were combined into an overall HR for the entire cohort; and (4) 1:3 
ratio optimal matching without replacement, which finds matched patients with the 
smallest average absolute distance across all the matched pairs[24]. With propensity 
score stratification and matching approaches, the quality of the estimated propensity 
scores was evaluated by comparing the distributions of the propensity score between 
patients treated with and without chemotherapy using box plots within each quartile 
and histograms for pre- and post-matched samples, respectively. The degree of 
balance in baseline characteristics between patients treated with and without 
chemotherapy pre- and post-propensity score adjustment was assessed by calculating 
the standardized differences[25].

Analyses were performed using SAS 9.4 (SAS Institute, Inc., Cary, North Carolina) 
and R package version 3.5.3 with two-sided tests at a significance level of 0.05.

RESULTS
Baseline characteristics
A total of 29182 patients met criteria for inclusion in this analysis, with 21911 (75%) 
receiving chemotherapy and 7271 (25%) not receiving chemotherapy (Table 1). Median 
age in patients undergoing chemo was 63 years (range 55-71). Median follow-up was 
69.45 mo [95% confidence interval (CI): 66.56-72.57] with median OS of 7.16 mo 
(95%CI: 7.03-7.26) for all patients. In the overall cohort, majority of patients were male 
(82%) with the most common race being white (84%), followed by black (9.9%) and 
other racial groups (5.7%). More patients were treated at non-academic sites (54%) vs 
academic (44%) and treated in the following geographic regions (South 33.1%, 
Midwest 28.8%, Northeast 23.6%, and West 14.6%). Eighty percent reported living in 
metropolitan areas, followed by 17.6% in urban and 2.3% in rural communities. Eighty 
three percent of patients earned more than $30000 annually and 47% reported 
Medicare as their insurance type. In terms of tumor features, more cases were (60.5%) 
poorly differentiated (grade 3) and 77% had node-positive disease. A similar 
breakdown of patient and disease characteristics from the overall cohort was seen in 
those who did and did not receive chemotherapy (Table 1).

Clinicopathologic variables associated with receipt of chemotherapy
Univariate and multivariable analyses of receipt of chemotherapy are presented in 
Table 2. Of 29182, 12370 patients with complete data were included in multivariable 
analyses. In multivariable analysis, older age [odds ratio (OR) 0.95, 95%CI: 0.95-0.96, P 
< 0.001], black race compared to white race (OR 0.79, 95%CI: 0.67-0.93, P = 0.005) and 
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Table 1 Baseline characteristics of all patients with advanced esophageal cancer who received or did not receive chemotherapy

Variable All patients (n = 29182) Chemotherapy received (n = 21911) No chemo received (n = 7271)

Age

Median (IQR) 64 (56-73) 63 (55-71) 69 (59-79)

Gender

Female 5126 (17.57) 3569 (16.29) 1557 (21.41)

Male 24056 (82.43) 18342 (83.71) 5714 (78.59)

Race

Black 2878 (9.95) 1936 (8.9) 942 (13.12)

Other 1669 (5.77) 1245 (5.72) 424 (5.9)

White 24389 (84.29) 18574 (85.38) 5815 (80.98)

Insurance type

Medicaid 2415 (8.44) 1752 (8.14) 663 (9.36)

Medicare 13412 (46.87) 9263 (43.02) 4149 (58.58)

Not insured 1404 (4.91) 959 (4.45) 445 (6.28)

Other government 459 (1.6) 323 (1.5) 136 (1.92)

Private 10923 (38.17) 9233 (42.88) 1690 (23.86)

Income quartiles for place of residence

Less than $30000 3918 (13.99) 2687 (12.79) 1231 (17.61)

$30000-$34999 5362 (19.15) 3942 (18.77) 1420 (20.31)

$35000-$45999 8066 (28.81) 6081 (28.95) 1985 (28.39)

$46000+ 10652 (38.05) 8297 (39.5) 2355 (33.69)

Treatment site

Academic 12955 (45.07) 9856 (45.75) 3099 (43.05)

Non-academic 15786 (54.93) 11686 (54.25) 4100 (56.95)

Geographic location in United States

Midwest 8278 (28.8) 6388 (29.65) 1890 (26.25)

Northeast 6772 (23.56) 5178 (24.04) 1594 (22.14)

South 9509 (33.09) 6977 (32.39) 2532 (35.17)

West 4182 (14.55) 2999 (13.92) 1183 (16.43)

Residence area type

Metro 22465 (80.15) 16883 (80.25) 5582 (79.88)

Rural 641 (2.29) 467 (2.22) 174 (2.49)

Urban 4921 (17.56) 3689 (17.53) 1232 (17.63)

Number of comorbidities1

0 22009 (75.42) 17017 (77.66) 4992 (68.66)

1 5401 (18.51) 3789 (17.29) 1612 (22.17)

≥ 2 1772 (6.07) 1105 (5.04) 667 (9.17)

Year of diagnosis

2004-2009 15715 (53.85) 11588 (52.89) 4127 (56.76)

2010-2014 13467 (46.15) 10323 (47.11) 3144 (43.24)

Grade2

1 633 (2.77) 475 (2.73) 158 (2.89)
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2 7926 (34.65) 6099 (35.02) 1827 (33.46)

3 13849 (60.54) 10497 (60.28) 3352 (61.38)

4 467 (2.04) 343 (1.97) 124 (2.27)

AJCC T stage

T0 51 (0.32) 31 (0.24) 20 (0.58)

T1 2624 (16.26) 1889 (14.86) 735 (21.45)

T2 1751 (10.85) 1442 (11.35) 309 (9.02)

T3 7128 (44.18) 6105 (48.04) 1023 (29.86)

T4 4570 (28.33) 3233 (25.44) 1337 (39.03)

pIS 10 (0.06) 8 (0.06) 2 (0.06)

AJCC N stage

Negative 4983 (22.23) 3562 (20.36) 1421 (28.86)

Positive 17435 (77.77) 13933 (79.64) 3502 (71.14)

1Per Charlson/Deyo[11].
2Grade 1, well-differentiated; grade 2, moderately differentiated; grade 3, poorly differentiated; grade 4, undifferentiated.
Data are presented as number of patients (column %) or median (interquartile range). AJCC: American Joint Committee on Cancer.

women were less likely to receive chemotherapy (OR 0.86, 95%CI: 0.76-0.98, P = 0.019). 
Patients with Medicare (OR 0.84, 95%CI: 0.73-0.97, P = 0.017) or Medicaid insurance 
(OR 0.52, 95%CI: 0.43-0.64, P < 0.001), along with the uninsured group (OR 0.41, 
95%CI: 0.33-0.52, P < 0.001), all had lower likelihood of receiving chemotherapy 
compared to those with private insurance. Those who were diagnosed recently, 
between 2010-2014, were more likely to be treated with chemotherapy than those 
diagnosed between 2004-09 (OR 1.29, 95%CI: 1.17-1.43, P < 0.001). Patients in the 
Northeast (OR 1.45, 95%CI: 1.22-1.72, P < 0.001), Midwest (OR 1.43, 95%CI: 1.22-1.68, P 
< 0.001) and Southern regions (OR 1.22, 95%CI: 1.04-1.43, P = 0.015) were all 
significantly more likely to receive chemotherapy than those in the West. Having 
higher income quartile (OR for $35000-$45999 1.31, 95%CI: 1.12-1.54, P = 0.001; for 
more than $46000 1.49, 95%CI: 1.27-1.75, P < 0.001) were more likely associated with 
receipt of chemotherapy than those with < $30000 income quartile. Besides, on 
univariate analysis, receiving treatment at an academic site (OR 1.12, 95%CI 1.06-1.18, 
P < 0.001) was more likely to receive chemotherapy than those treated at non-academic 
sites.

Clinicopathologic variables impacting OS
A total of 12370 patients with metastatic esophageal cancer were included in the 
multivariable analyses of OS (Table 3). Baseline characteristics of these 12370 patients 
did not largely differ from the overall population (Supplementary Table 1). The 
median follow-up was 72.8 mo (95%CI: 68.5-77.9) and the median OS was 7.95 mo 
(95%CI: 7.75-8.11) in this cohort. Here, women had better OS than men (HR 0.9, 95%CI: 
0.86-0.95, P < 0.001), while survival of black patients was not significantly different 
than that of whites (HR 1.02, 95%CI: 0.96-1.09, P = 0.457), but patients in other 
racial/ethnic groups had significantly better OS than whites (HR 0.87, 95%CI: 0.80-
0.95, P = 0.002). Uninsured patients (HR 1.2, 95%CI: 1.09-1.31, P < 0.001) and those 
with Medicaid (HR 1.21, 95%CI: 1.13-1.31, P < 0.001) had worse OS than those with 
private insurance. Receiving treatment at an academic center (HR 0.91, 95%CI: 0.87-
0.94, P < 0.001) was associated with improved survival. OS did not differ significantly 
among geographic subgroups, with the exception of patients in the Midwest, who had 
slightly worse survival (HR 1.07, 95%CI: 1.01-1.14, P = 0.032) when compared to those 
located in the geographic West.

Impact of chemotherapy on OS
OS was higher for those receiving chemotherapy with median OS of 9.03 mo (95%CI: 
8.90-9.20) than those who did not receive chemotherapy with median OS of 2.07 mo 
(95%CI: 2-2.14; Figure 1). Out of 21911 patients that received chemotherapy, the 
estimated 1-year OS rate was 37.4% (95%CI: 36.7-38.0) compared to 9.7% (95%CI: 9.0-
10.4) for the 7271 patients who did not received chemotherapy.

https://f6publishing.blob.core.windows.net/8f3a8562-31d3-484c-b077-ac91ddc46881/WJGO-14-511-supplementary-material.pdf
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Table 2 Univariate and multivariable analyses of factors associated with receipt of chemotherapy vs no chemotherapy in advanced 
esophageal cancer patients

Univariate Multivariable1

Variable
n Odds ratio (95%CI) P value Odds ratio (95%CI) P value

Age 29182 0.96 (0.95-0.96) < 0.001 0.95 (0.94-0.96) < 0.001

Gender

Female 5126 0.71 (0.67-0.76) < 0.001 0.86 (0.76-0.98) 0.019

Male 24056 1 (reference) 1 (reference)

Race (combined)

Black 2878 0.64 (0.59-0.70) < 0.001 0.79 (0.67-0.93) 0.005

Other 1669 0.92 (0.82-1.03) 0.148 1.12 (0.89-1.40) 0.322

White 24389 1 (reference) 1 (reference)

Insurance type

Medicaid 2415 0.48 (0.44-0.54) < 0.001 0.52 (0.43-0.64) < 0.001

Medicare 13412 0.41 (0.38-0.44) < 0.001 0.84 (0.73-0.97) 0.017

Other government 459 0.43 (0.35-0.53) < 0.001 0.74 (0.50-1.09) 0.123

Not insured 1404 0.39 (0.35-0.45) < 0.001 0.41 (0.33-0.52) < 0.001

Private 10923 1 (reference) 1 (reference)

Income quartiles for place of residence

Less than $30000 3918 1 (reference) 1 (reference)

$30000-$34999 5362 1.27 (1.16-1.39) < 0.001 1.12 (0.95-1.33) 0.172

$35000-$45999 8066 1.40 (1.29-1.53) < 0.001 1.31 (1.12-1.54) 0.001

$46000+ 10652 1.61 (1.49-1.75) < 0.001 1.49 (1.27-1.75) < 0.001

Treatment site

Academic 12955 1.12 (1.06-1.18) < 0.001 Dropped out of the model

Non-academic 15786 1 (reference)

Geographic location in United States

Northeast 6772 1.28 (1.17-1.40) < 0.001 1.45 (1.22-1.72) < 0.001

Midwest 8278 1.33 (1.23-1.45) < 0.001 1.43 (1.22-1.68) < 0.001

South 9509 1.09 (1.00-1.18) 0.044 1.22 (1.04-1.43) 0.015

West 4182 1 (reference) 1 (reference)

Residence area type

Metro 22465 1.13 (0.94-1.34) 0.185 Dropped out of the model

Urban 4921 1.12 (0.93-1.34) 0.248

Rural 641 1 (reference)

Number of comorbidities2

1 5401 0.69 (0.65-0.74) < 0.001 0.79 (0.70-0.90) < 0.001

≥ 2 1772 0.49 (0.44-0.54) < 0.001 0.61 (0.50-0.74) < 0.001

0 22009 1 (reference) 1 (reference)

Year of diagnosis

2010-2014 13467 1.17 (1.11-1.23) < 0.001 1.29 (1.17-1.43) < 0.001

2004-2009 15715 1 (reference) 1 (reference)

Grade3
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1 633 1 (reference) 1 (reference)

2 7926 1.11 (0.92-1.34) 0.273 1.08 (0.78-1.48) 0.648

3 13849 1.04 (0.87-1.25) 0.664 0.96 (0.70-1.31) 0.786

4 467 0.92 (0.70-1.21) 0.550 0.69 (0.44-1.08) 0.105

AJCC T stage

pIS 10 1.65 (0.35-7.80) 0.525 20075.87 (0.00-NA) 0.948

T0 51 0.64 (0.36-1.13) 0.123 0.63 (0.29-1.40) 0.261

T1 2624 1.06 (0.96-1.18) 0.262 1.10 (0.96-1.27) 0.181

T2 1751 1.93 (1.68-2.22) < 0.001 1.87 (1.56-2.25) < 0.001

T3 7128 2.47 (2.25-2.71) < 0.001 2.29 (2.03-2.59) < 0.001

T4 4570 1 (reference) 1 (reference)

AJCC N stage

Positive 17435 1.59 (1.48-1.71) < 0.001 1.35 (1.20-1.52) < 0.001

Negative 4983 1 (reference) 1 (reference)

110799 complete observations were used in the multivariable model.
2Per Charlson/Deyo[11].
3Grade 1, well-differentiated; grade 2, moderately differentiated; grade 3, poorly differentiated; grade 4, undifferentiated.
AJCC: American Joint Committee on Cancer; CI: Confidence interval; NA: Not available.

Modeling the effect of chemotherapy on OS using a time-dependent coefficient 
showed that the receipt of chemotherapy was associated with improved OS up to 10 
mo while its benefit decreases over time, after which there was no significant 
chemotherapy effect on OS on both univariate and multivariable analyses (Table 3 and 
Figure 2). Propensity score-adjusted log relative HR for chemotherapy compared with 
no chemotherapy showed that propensity score-adjusted analysis results are 
consistent with findings from multivariable analyses whereby the effect of 
chemotherapy on OS similarly varied with time from diagnosis and is associated with 
improved OS up until 10 mo, after which there is no chemotherapy effect on OS 
(Supplementary Figure 1).

DISCUSSION
In this retrospective, analysis of a large NCDB dataset of metastatic esophageal cancer 
patients, we first demonstrated that chemotherapy, although palliative, does improve 
survival (median OS 9.0 mo) compared to those who do not receive chemotherapy (2 
mo), which is consistent with canonical data that have structured our framework of 
how we treat this disease in the systemic setting[6]. Our median OS in the 
chemotherapy cohort is comparable to the median OS in the chemotherapy control 
arms of modern phase III trials in advanced gastroesophageal cancer[26].

However, not all patients with metastatic esophageal cancer can receive 
chemotherapy[7] and we sought to explore patient and disease factors that predicted 
likelihood of receipt to chemotherapy on multivariable analyses of 10799 metastatic 
esophageal cancer cases (Table 2). Older age, female gender, black race, not having 
private insurance, lower income quartiles, geographic location West, greater number 
of comorbidities (CCI ≥ 1), higher T stage, and node negative were significantly 
associated with a decreased likelihood of receiving chemotherapy in patients with 
stage IV esophageal cancer.

To identify at-risk patient subgroups and clinicopathologic characteristics with 
poorer mortality in the setting of metastatic esophageal cancer, we also performed 
multivariable analyses of the same variables but now in association with OS in our 
12370 patient cohort (Table 3). Factors that were associated with poor OS included 
older age, male gender, white race compared to other races, being uninsured or having 
Medicaid compared to private insurance, non-academic site, residing in the 
geographic Midwest, having a CCI ≥ 1, higher tumor grade, and higher T stage.

https://f6publishing.blob.core.windows.net/8f3a8562-31d3-484c-b077-ac91ddc46881/WJGO-14-511-supplementary-material.pdf
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Table 3 Univariate and multivariable analysis of patient and disease factors on overall survival in advanced esophageal cancer

Univariate Multivariable1

Variable
Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value

Chemotherapy

Chemotherapy received vs not 
received

If 0 < time ≤ 10 mo2 - < 0.001 - < 0.001

If time > 10 mo 0.95 (0.88-1.03) 0.204 0.98 (0.86-1.11) 0.699

Age 1.01 (1.01-1.01) < 0.001 1.01 (1.00-1.01) < 0.001

Gender

Female 0.99 (0.96-1.02) 0.420 0.90 (0.86-0.95) < 0.001

Male 1 (reference) 1 (reference)

Race (combined)

Black 1.09 (1.05-1.14) < 0.001 1.02 (0.96-1.09) 0.457

Other 0.86 (0.82-0.91) < 0.001 0.87 (0.80-0.95) 0.002

White 1 (reference) 1 (reference)

Insurance type

Medicaid 1.28 (1.22-1.34) < 0.001 1.21 (1.13-1.31) < 0.001

Medicare 1.30 (1.26-1.33) < 0.001 1.04 (0.99-1.10) 0.119

Other government 1.15 (1.04-1.26) 0.006 0.95 (0.82-1.10) 0.493

Not insured 1.37 (1.29-1.45) < 0.001 1.20 (1.09-1.31) < 0.001

Private 1 (reference) 1 (reference)

Income quartiles for place of residence

$30000-$34999 0.94 (0.90-0.98) 0.007 Dropped out of the model

$35000-$45999 0.93 (0.90-0.97) < 0.001

$46000+ 0.87 (0.83-0.90) < 0.001

Less than $30000 1 (reference)

Treatment site

Academic 0.87 (0.85-0.89) < 0.001 0.91 (0.87-0.94) < 0.001

Non-academic 1 (reference) 1 (reference)

Geographic location in United States

Northeast 0.92 (0.89-0.96) < 0.001 0.96 (0.90-1.02) 0.180

Midwest 1.02 (0.98-1.06) 0.340 1.07 (1.01-1.14) 0.032

South 1.03 (0.99-1.07) 0.142 1.05 (0.99-1.11) 0.138

West 1 (reference) 1 (reference)

Residence area type

Metro 0.93 (0.86-1.01) 0.086 Dropped out of the model

Urban 0.95 (0.87-1.03) 0.193

Rural 1 (Reference)

Number of comorbidities

1 1.20 (1.17-1.24) < 0.001 1.09 (1.04-1.14) < 0.001

≥ 2 1.45 (1.37-1.52) < 0.001 1.16 (1.07-1.26) < 0.001

0 1 (reference) 1 (reference)
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Year of diagnosis

2010-2014 0.99 (0.96-1.01) 0.286 Dropped out of the model

2004-2009 1 (Reference)

Grade

2 1.08 (1.00-1.18) 0.065 1.06 (0.95-1.20) 0.297

3 1.30 (1.20-1.41) < 0.001 1.28 (1.14-1.44) < 0.001

4 1.30 (1.15-1.48) < 0.001 1.21 (1.02-1.45) 0.032

1 1 (reference) 1 (reference)

AJCC T stage

pIS 0.57 (0.30-1.09) 0.090 1.11 (0.46-2.66) 0.821

T0 0.94 (0.69-1.26) 0.665 0.86 (0.59-1.25) 0.424

T1 0.88 (0.84-0.93) < 0.001 0.89 (0.84-0.95) < 0.001

T2 0.66 (0.62-0.69) < 0.001 0.69 (0.65-0.74) < 0.001

T3 0.65 (0.63-0.68) < 0.001 0.73 (0.70-0.76) < 0.001

T4 1 (reference) 1 (reference)

AJCC N stage

Positive 0.94 (0.91-0.97) < 0.001 Dropped out of the model

Negative 1 (reference)

112370 observations were used in the multivariable model.
2As chemotherapy effect is not constant over time up to 10 mo, it was modeled with a time-dependent coefficient and the unadjusted hazard ratio for 
chemotherapy versus no chemotherapy is exp [-2.34 + 0.998 × log(time)] and adjusted hazard ratio is exp [-2.30 + 0.966 × log(time)].
AJCC: American Joint Committee on Cancer; CI: Confidence interval.

Figure 1 Kaplan-Meier estimates for overall survival in advanced esophageal cancer patients receiving or not receiving chemotherapy.

Our findings are largely consistent with population-based studies identifying racial, 
gender and socioeconomic disparities in treatment and mortality rates among United 
States patients with esophageal cancer. In terms of gender, male gender has histor-
ically been associated with more advanced disease and poorer survival in esophageal 
cancer[27]. Female gender was an independent predictor of improved OS in our 
cohort, but it remains unclear why female gender was an independent predictor of 
lower likelihood for chemotherapy receipt. This might reflect the lower incidence and 
prevalence of esophageal cancer in women, however the gender gap is closing[2].

Those in lower socioeconomic status (SES) brackets are also less likely to receive 
optimal treatment for esophageal cancer. This has been attributed to a variety of 
factors including education, perceived lack of confidence in healthcare providers, 
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Figure 2 Adjusted log relative hazard for chemotherapy compared with no chemotherapy over 10 mo from esophageal cancer diagnosis 
whereby the effect of chemotherapy on overall survival varies with time and is associated with improved overall survival up until 10 mo, 
after which there is no chemotherapy effect on overall survival. Dashed lines represent estimated 95% confidence intervals of the hazard ratios (HRs). 
The dotted horizontal line denotes no chemotherapy effect. The adjusted HR is estimated by a multivariable model including chemotherapy, age, gender, race, 
insurance type, treatment site, geographic location, number of comorbidities, grade, and American Joint Committee on Cancer T stage.

financial strain and fear of losing employment, and minimizing time spent in 
healthcare settings even in the face of life-threatening illness[28]. Patients of lower SES 
with stage IV cancer of any kind are less likely to participate in clinical trials[29]. Those 
who are uninsured or have Medical (as opposed to Medicaid) tend to present for 
treatment at a later stage and, once they do, have lower chances of receiving mul-
timodality care for a variety of cancers[30]. We also identified geographic region in the 
United States and the number of comorbidities as additional factors affecting receipt of 
chemotherapy and survival.

Historically, patients of black race with esophageal cancer have been described to 
have significantly worse survival than white patients with respect to esophageal 
cancer-related death and lower probability of receiving cancer therapy[31]. Others 
have reported that black patients were significantly less likely to undergo 
esophagectomy for potentially curable disease[32]. However, there is data to suggest 
that once patients receive an esophagectomy, OS is no longer dependent on race[5]. 
Reassuringly, on multivariable analysis when adjusted for other variables, we found 
that the OS of patients of black race was not significantly different from those of white 
race with metastatic esophageal cancer. This finding is consistent with growing 
evidence in the literature showing that when controlled for other factors, SES remains 
the most significant contributor to survival for esophageal cancer patients[27,33].

Our findings suggest that several patient and disease factors independently predict 
for likelihood of receiving chemotherapy and OS in stage IV esophageal cancer. 
Importantly, many of these predictors are socioeconomic-related factors that 
underscore the urgent need for further study to better identify and address the 
multilevel disparities that we have shown which can significantly impact likelihood of 
receiving chemotherapy and survival in metastatic esophageal cancer.

Chemotherapy significantly improved OS in our cohort, but the magnitude of this 
benefit decreased over time and was not seen past 10 mo of treatment when the 
chemotherapy effect was modeled as a time-dependent coefficient and plotted as the 
adjusted HR of chemotherapy vs no chemotherapy from time of diagnosis (Table 3 and 
Figure 2). Other groups have described a median first symptom onset to treatment 
delay for esophageal cancer of 2.1 mo (range 0.5 to 24) with a significantly shorter 
symptom-to-treatment delay for stage I-II than stage III-IV esophageal cancer (P = 
0.0177)[34]. In early-stage esophageal cancer, a longer hospital delay between 
diagnosis and surgery resulted in worse short-term outcomes but did not affect long-
term outcomes such as OS[35]. Our novel findings suggest that the magnitude of 
benefit of chemotherapy is potentially greatest with early initiation of chemotherapy, 
as the benefit decreases over time. When tied to our earlier findings on impact of SES 
to receipt of chemotherapy and survival, it would be prudent to develop strategies to 
improve access to timely therapy for patients with at-risk SES including the 
underinsured as these factors have been shown to be associated with healthcare delays 
and treatment in esophageal cancer[36].
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CONCLUSION
In this large, retrospective analysis of metastatic esophageal cancer patients, we 
identified a survival benefit for chemotherapy that decreases over time and not seen 
beyond 10 mo from time of diagnosis. We also identified several clinicopathologic and 
socioeconomic factors associated with likelihood of receiving chemotherapy and 
survival in metastatic esophageal cancer. Together, these findings point to the need for 
early initiation of chemotherapy and increased multidisciplinary efforts to identify and 
address disparities that can adversely affect patient access chemotherapy and the 
survival benefits it can confer in metastatic esophageal cancer.

ARTICLE HIGHLIGHTS
Research background
Palliative chemotherapy has long been known to improve overall survival (OS) in 
metastatic esophageal cancer, but not all patients with advanced disease receive 
chemotherapy.

Research motivation
As not all patients with metastatic esophageal cancer are able to receive the benefits of 
chemotherapy, we evaluated a large cancer database of metastatic esophageal cancer 
cases to better understand predictors of chemotherapy and survival.

Research objectives
The objectives of this study were to investigate the patient and disease characteristics 
associated with receipt of palliative chemotherapy in metastatic esophageal cancer. We 
evaluated the impact of chemotherapy on OS compared to no chemotherapy in our 
cohort. We also investigated independent predictors of OS on multivariable analyses. 
Lastly, we investigated whether the effect of chemotherapy on OS in metastatic 
esophageal cancer patients was time dependent.

Research methods
We identified cases of M1 esophageal cancer in the National Cancer Database (NCDB) 
between 2004-2015 who had received or did not receive chemotherapy. A logistic 
regression model was used to examine the associations between chemotherapy and 
patient factors, and a Cox proportional hazards model was employed to examine the 
effect of chemotherapy on OS.

Research results
We included 21911 (75%) metastatic esophageal cancer cases receiving chemotherapy 
and 7271 (25%) not receiving chemotherapy with a median follow-up of 69.45 mo. 
Several factors were independent predictors of chemotherapy including year of 
diagnosis 2010-2014, median income > $46000, and node-positivity, while female 
gender, black race, uninsured status, and high Charlson Comorbidity Index predicted 
for lower odds of receiving chemotherapy. Although the median OS for patients 
receiving chemotherapy was 9.53 mo (9.33-9.72) vs 2.43 mo (2.27-2.60) with no 
chemotherapy, modeling the effect of chemotherapy on OS using a time-dependent 
coefficient showed that chemotherapy was associated with improved OS up to 10 mo, 
after which there is no significant effect on OS.

Research conclusions
Palliative chemotherapy confers a significant OS benefit in those with metastatic 
esophageal cancer. However, the benefit of chemotherapy in this setting is time-
dependent and emphasizes the importance of early initiation of chemotherapy.

Research perspectives
Several socioeconomic and clinicopathologic predictors for receiving chemotherapy 
and OS exist in patients with metastatic esophageal cancer. Future studies should 
focus on outreach in lower income and underinsured patients to improve receipt of 
chemotherapy, which is associated with improved OS when initiated in a timely 
fashion.
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