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Abstract

Purpose: To evaluate predictors of cardiac events in esophageal cancer patients treated with
neoadjuvant chemoradiotherapy followed by surgery (NA CRT) compared with surgery alone.

Methods and materials: We retrospectively identified patients treated for esophageal cancer
between 2006 and 2016. 123 patients were identified; 70 were treated with surgery alone, and 53
were treated with NA CRT. Cardiac events were scored based on Common Terminology Criteria
for Adverse Events (CTCAE v4.03), and dosimetric data was compiled for all patients who
received radiation. Univariate (UVA) and multivariable (MVA) analyses were performed to
identify predictors of cardiac events. A competing risk of death regression was performed to
model cumulative incidence of cardiac events.

Results: The overall rates of grade =3 cardiac events were 24.5% in the NA CRT group versus
10% in the surgery group (p = 0.04). On MVA, use of NA CRT (p < 0.01, HR 3.45, 95% CI 1.35 -
9.09) predicted for grade =3 cardiac events, though no dosimetric variable predicted for grade =3
cardiac events or overall survival. On MVA, NA CRT predicted for pericardial effusions of any
grade (p < 0.01, HR 3.70, 95% CI 1.67 — 8.33). The V45 Gy was the most significant predictor of
pericardial effusions (p = 0.012, HR 1.03, 95% CI 1.01 — 1.06)

Conclusions: NA CRT significantly increased the rate of grade =3 cardiac events compared with
patients treated with surgery alone. While no dosimetric parameter predicted for grade =3 cardiac
events or survival, the V45 Gy predicted for pericardial effusions.

Corresponding Author: Andrew M. Baschnagel, M.D., Department of Human Oncology, School of Medicine and Public Health,
University of Wisconsin-Madison, 600 Highland Avenue, K4/B100-0600, Madison, W1 53792, Phone: 608-263-8500, Fax:
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Introduction

Neoadjuvant chemoradiotherapy (NA CRT) is the standard of care for patients with locally
advanced esophageal or gastroesophageal junction (GEJ) cancers. The landmark CROSS
trial demonstrated a substantial survival benefit for patients treated with NA CRT compared
with surgery alone [1]. As patients have longer lifespans as a result of improving therapies,
there is an increasing concern for treatment-related late toxicities. The CROSS trial reported
cardiac outcomes only in the perioperative setting. Radiation-induced cardiac toxicity has
previously been studied in other disease sites, with the resultant data demonstrating a
relationship between radiation dose to the heart, survival, and cardiac events [2-3]. In locally
advanced lung cancer, heart dose has been identified as a significant predictor of cardiac
events, and in some studies, overall survival as well [4-5]. Not all patients with esophageal
cancer receive radiation as part of their care, and in light of these data, it is important to fully
understand the long term cardiac implications of radiation in this population.

Limited data exists cataloguing cardiac toxicities associated with NA CRT for esophageal
cancer. Cardiac toxicity is a particularly relevant concern for esophageal and GEJ cancers
given the location of the heart with respect to the target anatomy. Prior studies aiming to
elucidate the impact of cardiac irradiation in this patient population have investigated
variable outcomes, including echo-based cardiac function, FDG PET changes, and cardiac
events, with variable associations with radiotherapy reported [6, 8-10]. In the present study,
we attempt to identify potential cardiac risks posed by NA CRT in patients with esophageal
cancer by comparing patients treated with NA CRT followed by surgery with a cohort of
patients treated with surgery alone.

Methods and Materials

After IRB approval, we retrospectively identified patients with biopsy proven esophageal
cancer treated at a single institution between January of 2006 and March of 2016. Cohorts of
patients treated with NA CRT and surgery alone were identified. Patients with cervical
esophageal tumors, those who did not have surgery, and those without evaluable follow up
were excluded. For patients who received neoadjuvant treatment, those who did not receive
concurrent chemotherapy or whose radiation treatment plans were unavailable for analysis
were all excluded.

All patients that received neoadjuvant treatment were treated with concurrent chemotherapy.
Regimens included cisplatin/5-FU based (35.8%), carboplatin/paclitaxel (34.0%), cisplatin/
irinotecan (22.6%), and other chemotherapy protocols (7.5%). Seven patients (13.2%) either
required dose reductions or needed to discontinue chemotherapy during treatment.

All patients were treated with either 3D conformal radiation therapy, or intensity modulated
radiation therapy (IMRT) to a dose of 41.4 to 54 Gy in 23 to 30 fractions (range, 1.8-2 Gy/
fraction) on a 5 day per week basis.

Gross tumor volume (GTV) was contoured on the basis of EGD, PET/CT, or CT scans
(when PET was not obtained). The clinical target volume was defined as the GTV with 3-4
cm superior-inferior margins, and 0.5-1 cm lateral and anterior-posterior margins. An
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additional nodal CTV was typically added containing positive nodal regions plusa 1 cm
expansion, and an elective nodal region which varied based on primary tumor location. 3D
conformal radiation was typically delivered with a four-field technique employing opposed
anterior/posterior fields with additional off-cord oblique fields. IMRT included step-and-
shoot, helical tomotherapy, or volume modulated techniques. Prescribed dose and organ at
risk constraints were at the discretion of the treating physicians. Typically, the heart was
constrained such that 1/3 of the heart received <40 Gy, mean lung dose <20 Gy with a V20
Gy < 30%, and spinal cord dose Dmax < 45 Gy.

Surgery was performed at a median of 7 weeks (range, 4-14) after the completion of
radiation. The most common esophagectomy type was Ivor Lewis (50.4%), followed by
minimally invasive esophagectomy (30%), and transhiatal esophagectomy (19.5%).

Radiation treatment plans were reviewed and dosimetry was retrieved. Pericardial contours
were reviewed and adjusted by a single author (J.S.W.) per the atlas prepared by Feng et al
[7]. Plans for each patient were contoured and/or evaluated using the MIM software
planning system (MIM Software Inc., Cleveland, Ohio). Cardiac dosimetry was extracted
from the resultant dose-volume histograms (DVH) for each patient, and DVH data were
recorded in discrete 5-Gy dose levels. Mean and maximum cardiac dose levels were also
recorded on a per patient basis.

All available patient records were reviewed via the electronic health record to assess for
cardiac events. Relevant imaging and laboratory data were also evaluated to assess for
pericardial effusions, cardiac function, markers of cardiac injury, and arrhythmias. Pre-
existing cardiac disease was defined as a known diagnosis of coronary artery disease or
congestive heart failure prior to treatment.

All cardiac events were assessed and graded after therapy regardless of whether events were
symptomatic or asymptomatic. Time 0 was defined as the time of surgical resection for both
groups. Cumulative cardiac events were recorded for each individual patient, and the
highest-grade event was reported on a per patient basis. When individual patients had
multiple grade >3 cardiac events, the event with the shortest time interval from completion
of therapy was recorded. Cardiac toxicity was evaluated retrospectively using the Common
Terminology Criteria for Adverse Events (CTCAE, version 4.03).

Cumulative incidence curves for the development of first grade =3 cardiac event competing
with death were generated using the Fine and Gray competing risk regression. Univariate
(UVA) and multivariable (MVA) proportional sub-distribution hazard regression models
(Fine and Gray) were employed to analyze the impact of each individual covariate on the
development of grade =3 cardiac events. This included performance status, the presence of
pre-existing cardiac disease, smoking history, diabetes mellitus, and other factors related to
cardiovascular outcomes. MVA analyses were limited to the 2—3 most significant covariates
per analysis given the small number of statistically significant factors identified, and the
relatively small number of cardiac events. A two sided p value of < 0.05 was considered
statistically significant. Difference in cardiac dosimetry was calculated using a two-tailed
student’s t test.
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Patient characteristics are listed by cohort in Table 1. Patients in the surgery alone arm were
older (p = 0.01) and had lower clinical stage (p = 0.01) than patients treated with NA CRT.
Pathologic nodal positivity was significantly higher in the NA CRT group compared with the
surgery alone group (37.7% versus 20%, p = 0.03). There was no statistically significant
difference in pre-existing cardiac disease between the surgery alone group and the NA CRT
group (p = 0.13). The majority of patients (89.4%) across both groups had tumors located in
the lower third of the esophagus and GEJ.

Dosimetric data for patients who underwent NA CRT followed by surgery is reported in
Table 2. The median prescription dose was 50.4 Gy (range, 41.4 — 54 Gy), with the majority
of NA CRT patients (83%) receiving 50.4 Gy. The majority of patients (67.9%) were treated
with 3D conformal radiation, with the remainder (32.1%) treated with IMRT. The median
mean heart dose was 28.8 Gy (range, 10-43 Gy); those treated with 3D conformal technique
had a median mean of 30.5 Gy, while those treated with IMRT had a median mean dose of
27.6 Gy (p = 0.25). There was a significant difference in the median cardiac volumes
receiving doses =35 Gy between patients treated with IMRT and 3D technique. For example,
V35 was 53.8% versus 30.0% (p = 0.03), V40 was 44.9% versus 18.4% (p < 0.01), and V45
was 20.0% versus 11.0% (p < 0.01) all in favor of IMRT (Table 2).

Out of 123 patients, 20 (16.3%) experienced grade =3 cardiac events. Only 4 patients (3%)
experienced a grade 4 event, while no patients had a grade 5 event. Median follow up from
treatment was 37.3 months. The median time to grade =3 event was 3.7 months in the NA
CRT group compared with 1.7 months with surgery alone. The maximum =3 grade cardiac
events included 5 acute coronary syndromes, 2 new diagnoses of congestive heart failure, 8
arrhythmias, 1 cardiac arrest, 3 pericardial effusions, and 1 episode of pericarditis (Table 3).
The overall rates of grade =3 cardiac toxicity were 24.5% in the NA CRT group compared
with 10% in the surgery group (p = 0.04).

UVA and MVA analyses adjusted for the competing risk of death are listed in Table 4.
Patients with pre-existing cardiac disease had higher rates of cardiac events on UVA analysis
(p =0.04, HR 2.56, 95% CI 1.06 — 6.25) (Figure 1A). NA CRT also predicted for grade =3
cardiac events after adjusting for the competing risk of death on UVA analysis (p = 0.04, HR
2.63, 95% CI 1.08 — 6.67) (Figure 1B). Both pre-existing cardiac disease (p < 0.01, HR 3.45,
95% Cl 1.41 - 8.32) and use of NA CRT (p < 0.01, HR 3.45, 95% CI 1.35 — 9.09) persisted
on MVA analysis after pairing them together. Among patients treated with NA CRT, no
chemotherapy regimen predicted for grade >3 cardiac events (Supplemental Table 2).

UVA analysis of the NA CRT group showed no significant predictors, dosimetric or
otherwise, of grade =3 cardiac events (Supplemental Table 3). Though cardiac doses were
lower with IMRT compared with 3D conformal technique, there was no statistically
significant reduction in high-grade cardiac events when comparing the two modalities (p =
0.12). Additionally, there was no identifiable association between overall survival and
cardiac dose (Supplemental Table 4).
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Pericardial effusions of any grade were significantly increased in patients treated with NA
CRT (26.4%) compared with surgery alone (7.1%) (p < 0.01, HR 1.75, 95% CI 1.06 — 2.94)
(Supplemental Figure 1). The minority of the pericardial effusions were grade 3 or higher
(21.6%) in the NA CRT group, while in the surgery alone group no patient had a
symptomatic pericardial effusion.

On UVA analysis of patients treated with NA CRT, GTV (p = 0.01), as well as the heart
volumes receiving 35 Gy (p = 0.03), 45 Gy (p = 0.001), and 50 Gy (p = 0.04) were all
identified as predictors of developing pericardial effusions. No other baseline or treatment
factors predicted for pericardial effusion, including both pre-existing cardiac disease and
hypertension. A full listing of factors assessed is displayed in Table 5. Pairing each
dosimetric factor with GTV for MVA analysis resulted in persistence of V45 being
associated with pericardial effusion (p = 0.012, HR 1.03, 95% CI 1.01-1.06). After adjusting
for the competing risk of death, we identified that a V45 of 33% represented the most
statistically significant cutoff (p < 0.001) for pericardial effusions (Supplemental Figure 2).

Discussion

In the present study, we retrospectively analyzed separate cohorts of patients treated for
esophageal cancer with either surgery alone, or surgery in combination with NA CRT. After
adjusting for the competing risk of death, our results showed that grade =3 cardiac events
occurred more often in those with pre-existing cardiac conditions, as well as those treated
with NA CRT. Though we did not identify any specific dosimetric variable that predicted for
grade =3 cardiac events, there was a dosimetric relationship between heart dose and
pericardial effusion.

Prior studies have attempted to analyze the risk of cardiac toxicity in patients treated with
radiation for esophageal cancer. A SEER analysis showed an increased risk of heart disease-
related death in patients with esophageal cancer treated with radiotherapy [8]. Other studies
have used varying definitions of cardiac outcomes, including standardized toxicity reporting
scales like the CTCAE, decreases in ejection fraction, FDG uptake on PET, and others [6,9-
11]. Two prior studies evaluated decreases in ejection fraction in small cohorts of patients
treated with neoadjuvant chemo-radiation, and concluded that there was no short-term
dosimetric relationship on cardiac function [9-10]. Conversely, in a prior cohort of patients
with locally advanced esophageal cancer treated either definitively or neoadjuvantly with
chemo-radiation, Konski et al reported a dosimetric relationship between cardiac V20, V30,
and V40 with all cardiac events [11]. In that study, cardiac outcomes were assessed based on
the CTCAE v3.0, and they identified a total of 12 events over the period of follow up.
However, they captured only 5 grade 3 events, and a single grade 4 event in their follow up
period, with the remaining 6 events being grade 1. They did not further stratify by higher
grade events given the relatively few number observed. They concluded that patients with
events had higher V20-40, but did not attempt to identify any dosimetric cutoff. In
comparison, our study identified a higher number of cardiac events, including a higher
number of grade =3 cardiac events.
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In comparison to the esophageal data, studies examining the effects of radiation on the heart
in lung cancer patients have revealed a dosimetric relationship between cardiac dose and
patient survival [12]. An analysis of RTOG 0617 identified cardiac V5 and V30 as predictors
of death in this population, a finding that has changed the evaluation of radiation plans for
locally advanced lung cancer. Further work by Dess et al and Wang et al analyzed treatment
plans from a number of prospective lung radiotherapy protocols, including RTOG 0617, and
found a statistically significant association between mean heart dose and clinically
significant cardiac events, but no relationship with overall survival [4, 5]. In comparison
with the lower doses delivered for neoadjuvant treatment in esophageal cancer, the higher
doses delivered for definitive treatment of lung cancer may have a greater relative cardiac
impact.

In our study, pericardial effusions were more prominent in the NA CRT group, and this was
correlated with heart dose. Prior work by Wei et al also demonstrated a dosimetric
relationship between pericardial dose and pericardial effusions in patients treated definitively
for esophageal cancer with chemoradiation [13]. They noted a crude rate of 27.7% among
their 101 patients, with statistically significant associations identified between both V30 and
mean heart dose and the development of pericardial effusion. Cutoffs were identified
including a mean heart dose of 26.1 Gy, and a V30 of 46%. Similar to our study, no other
clinical factors were significantly associated with pericardial effusion aside from radiation
dose. Though the majority of the observed pericardial effusions in our study were
asymptomatic, there were 2 grade 3 and 1 grade 4 pericardial effusions recorded in the NA
CRT group. Given the association between pericardial effusion and cardiac dose found here
and in other studies, minimizing cardiac dose may reduce incidence of clinically significant
events.

In our series, we found that IMRT reduced the heart V35, V40, and V45 compared to 3D
conformal techniques. IMRT is one possible means of reducing cardiac dose, and ultimately
improving cardiac outcomes. A propensity-matched analysis of a large cohort of patients
treated either neoadjuvantly or definitively for esophageal cancer revealed a statistically
significant decrease in cardiac death for patients treated with IMRT [14]. In the study,
patients who received IMRT had a worse performance status, though were observed to have
better overall survival and locoregional control compared with patients treated with 3D
conformal technique. In particular, they identified a statistically significant decrease in
cardiac and indeterminate deaths for patients treated with IMRT. Notably, there was no
difference in cancer specific outcomes between these two groups. In a second publication by
the same group, a SEER analysis investigating the role of IMRT for esophageal cancer in the
elderly population demonstrated improved all-cause mortality and cardiac mortality in
patients older than 65 years [15]. Proton radiotherapy has also been shown to reduce cardiac
dose in esophageal cancer [16]. Taken together, these data suggest that techniques that limit
heart dose may lead to an improved long-term toxicity profile that impacts survival. In the
present study, there were significant differences in V35, V40, and V45 observed between
plans employing IMRT versus 3D CRT. However, this did not translate into reduced cardiac
events or an effect on survival. In our cohort, the majority (67.9%) of patients were treated
with 3D CRT, limiting our evaluation of differences between the two techniques and raising
the median cardiac dose of the overall cohort.
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There are several limitations with the present study given its retrospective nature. As
expected, the two cohorts varied significantly in stage and age, with surgical patients having
more limited disease. However, baseline pre-existing cardiac disease was not statistically
different between the two groups. All patients treated with radiation also received various
concurrent chemotherapy regimens, though no specific chemotherapy regimen predicted for
cardiac events. This is relevant, as common chemotherapy regimens are known to have
cardiotoxic effects [17]. A strength of our data is the inclusion of a surgical comparison
group. Our data show that there is a 10% baseline risk of developing clinically significant
cardiac events after surgery, even without the use of NA CRT.

In conclusion, in this study comparing patients treated with neoadjuvant chemoradiation to
patients treated with surgery alone, there was an increased incidence of grade =3 cardiac
events associated with neoadjuvant treatment. While no dosimetric variable predicted for
high-grade events, V45 predicted for pericardial effusions of any grade. Given the
overwhelming evidence from the CROSS trial in favor of neoadjuvant treatment, NA CRT
will continue to be the standard of care in patients with locally advanced esophageal cancer.
The risk of cardiac toxicity should always be considered in relation to the probability of
long-term survival and pre-existing cardiac conditions. Techniques to minimize heart dose,
including IMRT, should be considered. Further work will be needed to understand the
complex relationship between heart dose and cardiac events in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:

A. Cumulative incidence of =3 cardiac events for patients with and without pre-existing

cardiac disease. B. Cumulative incidence of =3 cardiac events comparing patients treated
with surgery alone to patients treated with neoadjuvant chemoradiation (NA CRT) followed

by surgery adjusted for competing risk of death.
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Patient, Tumor and Treatment Characteristics

Table 1:

Patient Number
Median Age, years (range)
Sex
Male
Female
Race
White
Black
ECOG

Smoking History
Current
Former
Never
BMI, Median (Range)

Diabetes

Yes

No
HTN

Yes

No
Clinical Stage

Surgery Alone (%)
70
71 (40-86)

57 (81.4)
13 (18.5)

68 (97)
2(3)

67 (95.8)
3(4.2)

7(10)
50 (71.4)
13 (18.6)
28.02 (16.48-48.22)

19 (27.1)
51 (72.9)

44 (62.9)
26 (37.1)

40 (57.1)
22 (31.4)
8 (11.4)

Chemoradiation + Surgery (%)

53
65 (45-75)

44 (83.0)
9 (17.0)

52 (98)
1(2)

51 (96.2)
2(3.8)

12 (22.6)
30 (56.6)
11 (20.8)
27.27 (16.32-42.10)

9 (17.0)
44 (83.0)

29 (54.7)
24 (45.3)

0
12 (22.6)
41 (77.4)

p-value

0.01

0.89

0.12

0.06

0.27

0.47

0.01
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Median Dosimetric Data (Range)

Table 2:

Prescription Dose, Gy

Technique
3D
IMRT

Gross Tumor Volume (cc)

Heart Volume (cc)
Heart Dmax (Gy)
Heart Mean (Gy)
V5 Gy (%)

V10 Gy (%)

V15 Gy (%)

V20 Gy (%)

V25 Gy (%)

V30 Gy (%)

V35 Gy (%)

V40 Gy (%)

V45 Gy (%)

V50 Gy (%)

All Patients
50.4 (41.4-54)

36 (67.9%)

17 (32.1%)
65.9 (4.9-347)
664.1 (282-1270)
54.2 (33-61)
28.8 (10-43)
95.9(47-100)
83.4 (29-100)
74.9 (22-99)
66.0 (18-98)
59.3 (14-97)
48.7 (7-95)
37.9 (0-94)
26.0 (0-86)
15.5 (0-77)
7.0 (0-36)
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65.9
655.3
55.0
305
20.8
81.2
71.2
66.5
63.6
58.9
53.8
449
20.0
9.3

IMRT

59.7
688.4
533
27.6
99.8
92.3
81.4
66.0
53.1
41.7
30.0
18.4
11.0
3.8
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Table 3:

Highest grade cardiac event experienced by patient.
Surgery Alone
Cardiac Event None | Gradel | Grade2 | Grade3 | Grade4 | Grade5 | Grade 3-5
Acute Coronary Syndrome 0 0 5 0 0 5
New Congestive Heart Failure 1 0 0 0
Arrhythmia 3 15 2 0 0 2
Cardiac Arrest 0 0 0 0 0 0
Pericardial Effusion 0 5 0 0 0 0
Pericarditis 0 0 0 0 0 0
Total (n=70) 39 3 21 7 0 0 7
Percent 56 4 30 10 0 0 10
Neoadjuvant Chemoradiation followed by Surgery
Cardiac Event None | Gradel | Grade2 | Grade3 | Grade4 | Grade5 | Grade 3-5
Acute Coronary Syndrome 0 2 0 0 0 0
New Congestive Heart Failure 2 2 0 0 2
Arrhythmia 4 8 4 2 0 6
Cardiac Arrest 0 0 0 0 1
Pericardial Effusion 0 11 2 1 0 3
Pericarditis 0 0 1 0 0 1
Total (n=53) 13 4 23 4 0 13
Percent 25 8 43 17 8 0 25

Am J Clin Oncol. Author manuscript; available in PMC 2020 June 01.

Page 12



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Witt et al.

Univariate and multivariable analyses for grade =3 cardiac events for all patients.

Table 4:

Variable Univariate Analysis Multivariable Analysis
HR  95% ClI p-value HR  95%ClI p-value

Age at Diagnosis 1 0.96-1.04 0.99

Sex (Male) 146 0.48-4.45 0.51

ECOG Score 041 0.05-32 0.38

BMI 1.02 0.96-1.07 0.56

Diabetes (No) 279 066-11.76 0.16

HTN (No) 0.58 0.23-1.49 0.26

Smoking (Never) 0.73 0.22-2.48 0.62

Pre-existing Cardiac Disease (Yes) 2.56 1.06-6.25 0.04 345 141-833 <0.01
Location (GE Junction) 069 027-181 0.45

Radiation (Yes) 2.63 1.08-6.67 0.04 345 135-9.09 <0.01

Abbreviations: BMI, body mass index; HTN, hypertension; GE, gastro-esophageal
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Table 5:

Page 14

Univariate and multivariable analyses for pericardial effusion (any grade) for patients treated with NA CRT

followed by surgery.

Variable Univariate Analysis Multivariable Analysis
HR  95% ClI p-value HR 95%CI p-value

Age at Diagnosis 097 09-104 0.33

Sex (Male) 224 049-10.13 0.30

ECOG Score 0.69 0.28-1.68 0.41

BMI 1.05 0.96-1.14 0.32

Diabetes (No) 0.86 0.29-2.55 0.79

HTN (No) 199 0.87-4.6 0.11

Smoking (Never) 204 088-4.71 0.09

Pre-Existing Cardiac Disease (Yes) 1.16 0.40-3.53 0.83

Clinical Stage (1) 105 039-285 092

Location (GE Junction) 1.2 0.49-291 0.69

Radiation Modality (IMRT) 042 0.14-1.26 0.12

Gross Tumor Volume 101 1-101 0.01 101 1-1.01 0.016
Heart Mean Dose 1.06 099-1.14 0.10

Heart Max 098 0.9-1.07 0.70

V5 1.01 0.97-1.04 0.73

V10 1.01 0.98-1.04 0.74

V15 1 1-1 0.06

V20 1.01 0.99-1.04 0.31

V25 1.02 0.99-1.04 0.17

V30 1.02 1-1.04 0.08

V35 1.02 1-1.04 0.03

V40 1 1-1 0.09

V45 1.03 1.01-1.05 0.001 1.03 101-1.06 0.012
V50 1.04 1-1.08 0.04

Abbreviations: BMI, body mass index; HTN, hypertension; GE, gastro-esophageal; IMRT, intensity-modulated radiation therapy; NA CRT,

neoadjuvant chemoradiotherapy
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