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Abstract

Background: Chemoradiotherapy for Esophageal cancer followed by Surgery (CROSS regimen) 

is standard of care for locally-advanced esophageal cancer. We evaluated CROSS completion 

rates, toxicity, and postoperative outcomes between older and younger adults receiving trimodality 

therapy.

Methods: Retrospective analysis of patients with locally-advanced esophageal cancer who 

underwent CROSS regimen from May 2016 to January 2020 at a single academic center. 

Outcomes of those aged ≥70-years-old and <70 years-old were analyzed.

Results: Of 201 patients, 136 were <70 and 65 were ≥70 years. Older adults were more likely 

to be male (91% vs. 79%; p = 0.045), have higher ECOG scores (median 1 vs. 0; p = 0.003), 

Charlson-comorbidity index (median 6 vs. 4; p < 0.001), and undergo open procedures (20% 

vs. 8% p = 0.008). Most completed CROSS regimen (78% vs. 84% respectively) with similar 
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rates of treatment discontinuation and dose reduction (all p > 0.05). Time to surgery following 

neoadjuvant therapy was similar between age groups, except in those ≥80-years-old as compared 

to <70-years-old (p < 0.05). Overall toxicity rates were similar (68% vs. 71% respectively; p = 

0.676). Only rates of delirium (19% vs. 5%) and urinary retention (9% vs. 0%) were higher in 

older adults (both p < 0.05). Length of stay, discharge disposition, mortality, and overall survival 

were similar. Age was not an independent risk factor for complication, neoadjuvant toxicity or 

completion, surgery timing, nor worse overall or recurrence-free survival (p > 0.05).

Conclusion: Trimodality CROSS regimen for esophageal cancer in older adults is feasible, with 

similar completion rates and postoperative outcomes as compared to their younger counterparts.
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Introduction

Esophageal cancer is a disease of older adults with a median age of 68 and 25% of 

cases over the age of 75 [1]. Neoadjuvant chemoradiation (nCRT) therapy followed by 

surgery is the current mainstay of treatment for locally advanced (T1N1 or T2-T3/N0–N1) 

esophageal cancer for those who can tolerate major surgery [2]. Since the publication of 

the Dutch Chemoradiotherapy for Esophageal cancer followed by Surgery Study (CROSS) 

trial in 2012 (which we will refer to as the “CROSS regimen”) we have adopted it as 

our standard of care for locally advanced esophageal cancer [2,3]. This regimen uses 

neoadjuvant carboplatin (Area Under Curve (AUC) 2 mg/ml/min), paclitaxel)50 mg/m2) 

and radiation (minimum 41.4 Gy).

In CROSS [3], eligible patients were 18–75 years of age (median 60 years), had a WHO 

performance status of 0 or 1 and weight loss less than 10% body weight. It is unclear if 

similar results could be expected in older and frailer patients. Few studies have reported 

outcomes in patients older than 70 years with locally advanced esophageal cancer. Many 

were often missing baseline functional data and chemotherapy completion rates [4]. Age 

itself is not a sufficient predictor of surgical and multi-modality therapy outcomes [1,5].

We evaluate the differences in outcomes and completion rates of CROSS regimen for 

locally advanced esophageal cancer in patients aged 70 and older as compared to younger 

counterparts.

Methods

Study design and population

Retrospective cohort study of all patients aged 18 and above with esophageal cancer 

clinical stage T1N1 or T2-T3N0–1 [3] by either 7th or 8th edition AJCC TNM [6,7] 

who underwent neoadjuvant CROSS regimen followed by surgery between May 2016 

and January 2020 at a large academic referral center. Patients were identified from the 

division of thoracic surgery's prospectively collected surgical database which includes only 

postoperative patients. We excluded all surgical cases without confirmed clinical staging (Tx 
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or Nx), or those who received any alternative or unknown neoadjuvant regimen. The study 

was approved by the Institutional Review Board (IRB #2014P002478).

Treatment protocol

Planned neoadjuvant chemotherapy was carboplatin (AUC) 2 mg/ml/min and paclitaxel 50 

mg/m2. Planned neoadjuvant radiation (XRT) was 50.4 Gy in the majority of patients. In our 

institution, planned time following neoadjuvant therapy completion and esophagectomy is 

30–90 days. Patients underwent either a modified McKeown or Ivor-Lewis esophagectomy 

by open or minimally invasive technique as previously described [8–12]. Details of 

preoperative workup, perioperative care and routine follow up are described in Supplemental 

Appendix 1. Adjuvant therapy was not routinely utilized, and in our institution is largely 

given for recurrence.

Variables

Pre-treatment chemoradiotherapy and surgical variables were collected. Treatment 

completion was defined as completed prescribed cycles and doses of chemoradiation. 

Dose reduction was defined as decreased dose or cycle of chemoradiation. Treatment 

discontinuation was defined as early termination. Chemoradiation toxicities were scaled 

according to the Common Terminology Criteria for Adverse Events (CTCAE) 5th edition 

[13] and postoperative complications were graded by Clavian-Dindo classification [14] 

(appendix 2). We examined time to surgery after neoadjuvant within 8 weeks per CROSS 

protocol [3] and 30–90 days per our institutional best practices. Survival was calculated 

based on date of surgery to last known follow up or date of death. Recurrence-free 

survival was calculated from date of surgery to recurrence on imaging or biopsy when 

performed. Details of our quality assurance are presented as supplemental appendix 2. 

Variable definitions are presented as appendix 3.

Statistical analysis

Patients less than 70-years were compared to those aged 70-years old or greater. Categorical 

variables were analyzed using either chi-square or Fisher's exact test. Continuous variables 

were analyzed using medians and means with SD, and comparisons made with Wilcoxon 

rank-sum test.

Kaplan-Meier Curves were constructed to examine 3-year overall and recurrence-free 

survival by age group (<70 and 70+ years-old). Log-rank test was considered significant 

at a p-value < 0.05.

Univariable and multivariable logistic regressions tested the associations between age 

groups (<70 and ≥ 70 years, and <70 and ≥ 80 years-old) and preselected by clinical 

relevance variables with [1]: postoperative complications (baseline none) [2], completion 

of chemoradiation therapy (baseline either discontinuation or dose reduction) [3] overall 

neoadjuvant toxicity (baseline none) [4], performance of surgery within 8 weeks of 

neoadjuvant completion (baseline >8 weeks). Inclusion into the multivariable analysis was 

based on predetermined variables considered to be clinically relevant with the exclusion 

of variables that presented with a very low (<5) event rate, and consequently led to 
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unstable estimates due to overestimated standard deviation. Correspondingly, univariable 

and multivariable Cox proportional hazard models were constructed to describe the possible 

association of age groups and clinically relevant-treatment variables with [1]: overall and 

[2] recurrence-free survival. Statistical analyses were performed using R 4.0.3 (R Core team 

2020) [15].

Results

During the study period 393 esophagectomies were performed at our institution. Of those 

esophagectomies, 201 (51%) patients completed trimodality CROSS regimen and were 

included in our analysis:136 were <70-years and 65 patients were ≥70-years-old. Median 

overall age was 66.35 (range 26–83) with 84% adenocarcinoma and 13% squamous cell 

carcinoma. Patients in both age groups had similar sociodemographic factors, comorbidities 

(Table 1), and tumor characteristics (Table 2). However, older adults were more likely to be 

male (91% vs. 79%; p = 0.045), have a higher Eastern Cooperative Oncology (ECOG) score 

(median 1 vs. 0; p = 0.003), higher age-adjusted Charlson Comorbidity Index (median 6 vs. 

4; p < 0.001), more hypertension (65% vs. 48%; p = 0.029) and moderate-to-severe chronic 

kidney disease (6% vs. 0.7%; p = 0.039).

All patients received neoadjuvant chemoradiation. Median radiation dose was 50.4 Gy. 

Neoadjuvant treatment-related toxicity occurred in 140 patients (70%), which was most 

commonly gastrointestinal (GI) (Table 2). Toxicity rates were similar between age groups 

except for GI toxicity, which was more prevalent in the younger group (29% vs. 52%; 

p = 0.002). Most neoadjuvant treatment-related toxicities were mild (grade 2 or below), 

especially among younger patients (85% vs. 68% in the younger and older cohort 

respectively, p = 0.018). Overall, 14/65 (22%) of those 70 and older as compared to 22/165 

(13%) of the younger cohort experienced a grade 3 toxicity or higher, requiring a dose 

reduction or discontinuation of therapy (p = 0.354).

Overall, 165 patients (82%) completed neoadjuvant chemoradiation, 17 patients (8%) 

discontinued therapy, and 19 (9%) required dose reduction. Treatment completion rates were 

not significantly different between age groups (p > 0.05).

Median time from neoadjuvant completion to esophagectomy was 49 days (range 12–

241). One hundred and twenty-seven patients (65%) underwent surgery within 8 weeks 

of neoadjuvant completion and 173 (88%) underwent surgery within 30–90 days following 

neoadjuvant completion. There was no difference in these treatment intervals between the 

age groups (Table 3).

Operative details are described in Supplemental Table 1. Ivor-Lewis was the most common 

surgical technique overall (66% vs. 68% in those <70 and ≥ 70 years old respectively; p 

= 0.831). The most common approach for either group was Video Assisted thoracoscopic 

surgery (VATS) (76% vs. 65% in those <70 and ≥ 70 years old respectively) followed by 

robotic in the younger cohort (16%) and open procedure in the older patients (20%). Older 

patients were likelier to undergo an open procedure (p = 0.008) and less likely to undergo 

VATS approach than the younger cohort (p = 0.045). Higher rates of open procedure in older 
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adults were due to surgeon preference, as rates of conversion were similar (7.7% vs. 5.1% 

for older and younger respectively; p = 0.467). Overall R0 resection was achieved in 99% of 

patients. There was no difference in rate of robotic assisted surgery between the groups (p = 

0.886). Breakdown of pT and pN stage, as well as rates of positive margins, lymphovascular 

invasion, and lymph node involvement were similar between the two cohorts (Table 2).

The overall 30-day postoperative complication rate was 52% (Table 4). While those aged 70 

years or older tended to have more overall complications (58% vs. 49%), this did not achieve 

statistical significance (p = 0.222). Rates of grade II complications (55% vs. 38%) including 

delirium (18% vs. 5%) and urinary retention (9% vs. 0%) were more common in those 70 

years or older (all p < 0.05). However, there was no difference in grade III-V complications. 

One hospital death occurred in the older group and none in the younger group. Hospital 

length of stay (LOS) and discharge disposition were not statistically different between 

groups.

Thirty-day, 90-day, and 1-year overall mortality were 0.50%, 2.02% and 12.0% respectively 

for the overall patient population. Mortality rates were not statistically different between 

age-groups (Table 4). Kaplan-Meier survival curves showed no significant differences in 

overall survival (Fig. 1A) (log-rank p-value = 0.24) nor 1-year survival (90.4% (95% CI 

85.4%–95.7%) vs. 82.7% (95% CI 73.4%–93.1%) for <70 and ≥ 70 years old respectively). 

Median survival was not achieved for either age group at 3 years.

One year recurrence-free survival for the overall cohort was 69.3% (95% CI 62.8%–76.4%), 

which was similar between age groups (69.6% (95% CI 61.9%–78.2%) vs. 68.0% (95% 

CI 56.4%–82.0%) for <70 and ≥ 70 years old respectively). Kaplan-Meier recurrence-free 

survival curves (Fig. 1B) showed no difference between age groups (log-rank p-value = 

0.48). Median recurrence-free survival was not reached at 3 years for either age group.

In both our univariable and multivariable logistic regression, age ≥70 years (reference 

<70) was not associated with increased odds of neoadjuvant toxicity, overall complication, 

performance of surgery later than 8-weeks after CROSS completion, nor lower odds 

of neoadjuvant completion (all p > 0.05) (Supplemental Tables 2–5). All patients on 

immunosuppression except 1 experienced a complication. This led to overestimated standard 

deviation of the corresponding coefficient in our regression model for complications and was 

therefore excluded.

Similarly, our univariable and multivariable cox models showed age was not associated 

with reduced overall survival (Supplemental Table 6) and recurrence free survival (Table 

5). For overall survival, only increasing pathologic T stage (either pT1/T2 or T3) (baseline 

pT0) and presence of pathologic nodal disease (pN1-N3) (baseline pN0) were significantly 

associated with increased hazard ratio of death (all p < 0.05). Similarly, advanced pathologic 

T stage (pT3) (baseline pT0) and presence of pathologic nodal disease (pN1-N3) (baseline 

pN0) were associated with increased hazard ratio for recurrence. Additionally, presence of 

lymphovascular invasion was found to be associated with increased risk of recurrence. Our 

results showed only performance of surgery within 8-weeks of neoadjuvant completion was 

associated with lower risk of recurrence (HR 0.44 95% CI 0.23–0.85).
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Subanalysis of patients older than or equal to 80-years

Eight patients (12%) were ≥80 years-old (median 81.7 years). Compared to the patients <70 

years, these patients had a higher median Charlson comorbidity index (8.5 versus 4; p < 

0.001) and median ECOG score (1 versus 0, p = 0.05).

Of the 8 patients, 5 completed therapy, 2 required dose reduction and 1 discontinued 

neoadjuvant therapy. None of these rates were statistically different compared to those aged 

less than 70. In all cases, the reason for dose reduction or discontinuation was due to grade 3 

hematologic toxicity (2 cases of thrombocytopenia, 1 case of neutropenia).

Those aged 80 or older were less likely to undergo surgery within 8 weeks compared to 

those less than 70 (38% vs. 67%, p < 0.001) but the rates of surgery within 30–90 days were 

similar (75% vs. 89%; p = 0.245). No difference in overall, hematologic or non-hematologic 

toxicity was observed. Furthermore, as compared to less than 70 years old, those aged 80 

or greater underwent fewer VATS (50% vs. 78%), and more open (25% vs. 7%) or robotic 

procedures (25% vs. 16%), but this did not achieve statistical significance.

Five of 8 (63%) patients aged 80 or older experienced a postoperative adverse event, but 

there was no significant difference in rate of overall, grade II, III, or V complications as 

compared to age < 70 years. Grade IV complications were statistically more common (p 

= 0.049). Only 1 perioperative mortality occurred within 30-days in the eldest group (p = 

0.056).

Logistic regression and survival analysis were not performed due to very low number of 

patients in this sub-group.

Discussion

In this study we examined the outcomes of trimodality CROSS regimen in older adults 

with locally advanced esophageal cancer which in our practice is offered to all eligible 

patients with adenocarcinoma or squamous cell carcinoma. We focused not only on 

surgical outcomes but also on neoadjuvant toxicity and therapy completion rates, which 

have not been extensively reported in older adults. Our results show that completion of 

treatment, neoadjuvant toxicity, time to surgery, rate R0 resection, and most postoperative 

complications were not different among age groups despite higher comorbidities and 

slightly worse performance status in the older age group. There was only a significant 

difference in terms of delirium and urinary retention compared to their younger counterparts. 

These findings are aligned with other studies, showing that urinary retention and delirium 

are both substantial and prevalent in older adults who undergo esophagectomies [16,17]. 

Furthermore, hospital LOS and discharge disposition were similar among age groups, with 

most patients going home with services postoperatively.

When we separately examined patients aged 80 years or older, we did not identify an 

age-cutoff where a clinically relevant difference in morbidity was observed, except for grade 

IV complications. Importantly, 75% of patients aged 80 or older were able to complete 

CROSS regimen and most had surgery in the defined time interval of 30–90 days.
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We additionally found that overall and recurrence-free survival were similar between the 

two age groups and aligned with outcomes from the original CROSS trial [3] which 

showed improved survival in those undergoing trimodality regimen compared to surgery 

alone regardless of age. These findings are consistent with other studies. Verma et al. [18] 

retrospectively compared outcomes of trimodality therapy to surgery alone and definitive 

chemoradiotherapy in patients older than 75 years. They showed that overall survival was 

significantly improved with trimodality therapy in this age group. However, in their study 

patients who could not tolerate combined CRT or received reduced doses were excluded. 

Furthermore, most of their study population (>70%) had no reported comorbidities, which 

raises concern about the generalizability to “real life” populations. In contrast, we analyzed 

outcomes in patients who required neoadjuvant dose reduction or discontinuation with 

diverse comorbidities. Comorbidities are an important aspect of risk stratification in older 

adults prior to surgery and even more specifically in esophageal cancer, as they were shown 

to predict the treatment completion rate prior to surgery [19]. While advanced age (>80 

years) and increased comorbidity score are associated with reduced likelihood of receiving 

trimodality treatment, in high volume centers this approach is more frequently utilized with 

improved survival rates, including in older adults [20].

Our study showed that neoadjuvant toxicity rates were similar among age groups, except 

for GI toxicity rates that were higher in the younger age group. One possible explanation 

may be that older adults who experienced high rates of GI toxicity may subsequently 

not undergone surgery, thus were not identifiable in our surgical database. Other studies 

showed that CRT in older adults may cause considerable toxicity and worse outcomes [21]. 

Some have even advocated to consider avoiding resection in high-risk older patients with 

squamous cell carcinoma and complete clinical response since surgery in these patients had 

less survival benefit [22,23]. Overall, only a small percentage of older adults with locally 

advanced esophageal cancer receive trimodality treatment, with socioeconomic status and 

age being most predictive of withholding surgery [24]. However, the results of our study 

did not identify age alone as associated with increased toxicity or overall complications 

nor worse survival. Furthermore, we did not identify tumor histology to be associated with 

differences in overall or recurrence-free survival.

Finally, performance of surgery within 8-weeks of neoadjuvant completion consistent with 

CROSS regimen [3], led to improvement in recurrence-free survival which aligned with 

previous studies as well [25]. We did not find timing of surgery to be associated with 

increased overall complication rate.

The strength of our study is the large number of older adults who underwent what is now 

considered standard of care in locally advanced esophageal cancer with the trimodality 

CROSS regimen. Furthermore, given the higher ECOG and Charlson scores in our study, 

we believe our cohort is typical of the older adult population with esophageal cancer. Apart 

from this, our study had similar patient characteristics (majority male) and tumor histology 

(primarily adenocarcinoma) and stage (majority T3) as the original CROSS trial by Van 

Hagen et al. [3]. Furthermore, we report more granular detail about operative techniques 

than other studies [3,20], notably the higher rate of open procedures performed in older 
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adults in our series. However, unlike one recent clinical trial [26], the operative method was 

not associated with worse overall complication rates in a univariate analysis.

Limitations

The present study reflects a retrospective analysis of a prospective database in a single large 

volume center in the United States. Second, our study cohort included only those patients 

who have completed surgery in our institution, therefore, our results may be confounded by 

potential selection bias. On the other hand, in our population there were high numbers of 

comorbidities and elevated ECOG scores as compared to CROSS trial [3]. Yet, due to the 

retrospective nature of this study we cannot report on frailty measures as these have not 

been routinely assessed and uniformly reported, nor do we report patient-reported outcomes 

which are relevant to older adults. We have not prospectively catalogued mortality cause, so 

we can only report all-cause mortality rate and overall recurrence-free survival. Finally, our 

limited sub-group analysis of patients who are 80 years or older was hampered by the small 

size of this group. Future analysis with larger sample size is warranted to determine whether 

a higher age cutoff may exist where CROSS regimen should not be the preferred treatment.

Conclusion

Trimodality CROSS regimen for esophageal cancer in selected older adults in a high

volume surgical center is safe, with similar completion rates and postoperative outcomes as 

compared to younger counterparts. Chronologic age should not be the primary consideration 

for limiting treatments in older adults with locally advanced esophageal cancer. Further 

studies should focus on patient reported outcomes and pre-treatment geriatric assessment, to 

identify high-risk older adults who may benefit from additional intervention and modified 

treatment plans.
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Acknowledgment

A. Dezube is supported in part through the generous donations of Bruce Bartlett and family and the Jack Mitchell 
Thoracic Oncology Fellowship.

Disclosure

C. Dumontier is supported by the Harvard Translational Research in Aging Training Program (NIH/NIA 
T32AG023480). P Enzinger is a consultant for: Astellas, Astra-Zeneca, Celgene, Daiichi-Sankyo, Five-Prime, Lilly, 
Loxo, Merck, Taiho, Takeda, Zymeworks. The remainder of the authors have no conflicts of interest or financial 
disclosures.

Abbreviations

AUC Area Under Curve

AJCC American Joint Committee on Cancer

CTCAE Common Terminology Criteria for Adverse Events
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ECOG Eastern Cooperative Oncology

Gy Grey

IRB Institutional review board

KM Kaplan-Meier

LOS Length of Stay

nCRT Neoadjuvant chemoradiation

pN pathologic nodal descriptor

pT pathologic tumor descriptor

TNM Tumor, node, metastasis

VATS Video Assisted Thoracoscopic Surgery

XRT Radiation Therapy
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Fig. 1. 
Kaplan-Meier curve of 3-year overall survival and recurrence-free survival by age group 

Figure legend: (A) Kaplan-Meier curve of 3-year overall survival by age group (B) Kaplan

Meier curve of 3-year recurrence-free survival by age group.
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