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Introduction

Esophageal cancer is a global disease, impacting 604,000 
new patients in 2020 and was responsible for one out of  
18 cancer deaths in the same year (1). In America, the 
incidence of esophageal cancer is roughly 4 per 100,000 
people with a 5-year survival rate of approximately 20% 

according to SEER data (2). Between 2010 to 2014, there 
were 11,360 esophagectomies performed in the United 
States according to research utilizing data from the NCDB 
database, the majority of whom had neoadjuvant therapy 
prior to surgery (3). Chemoradiotherapy was initially 
evaluated as definitive treatment of patients. It has since 
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Background: Neoadjuvant chemoradiotherapy has become the mainstay of treatment for locally advanced 
esophageal cancer. CALGB 9781 trial established cisplatin and 5-flourouracil (5-Fu) with radiotherapy as 
superior to surgery alone while the CROSS trial established paclitaxel, carboplatin, and radiotherapy as 
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2012–2020 was performed. Demographics as well as staging, response rates, and modified Ryan scores were 
collected. Univariate analysis between the two groups was performed.
Results: A total of 82 patients were identified between 2012–2020 who underwent esophagectomy after 
neoadjuvant chemoradiotherapy. In total, 74 (90.2%) received carboplatin and paclitaxel while 8 (9.8%) 
received 5-Fu and carboplatin. Both groups included patients with squamous cell carcinoma (SCC) and 
adenocarcinoma. No significant factors were found in terms of patient comorbidities or pathologic staging. 
There was no significant difference in modified Ryan score between the two groups (P=0.745).
Conclusions: This study evaluates the degree and presence of pathologic response between the two 
neoadjuvant chemoradiotherapy modalities used for esophageal cancer. Our results, in contrast to other 
studies, suggest no significant difference with regards to pathologic response rate. Furthermore, our findings 
suggest that use of the least toxic regimen would make sense.
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evolved into a method of treatment in the neoadjuvant, 
primary, and adjuvant setting and changed the landscape 
of cancer care (4). The first published trial regarding 
trimodality treatment utilized a combination of 50 Gy, 
fluorouracil, and cisplatin which conferred 3.6 months 
greater in terms of median survival when compared 
to radiation alone (5). Subsequent studies compared 
trimodality therapy to surgery alone, but many did not find 
a significant survival benefit. In 2008, the CALGB 9781 trial 
was published comparing trimodality therapy consisting 
of 50.5 Gy, cisplatin, and 5-flourouracil (5-Fu). 56 patients 
enrolled in the trial with 30 randomized to neoadjuvant 
chemoradiation prior to surgery vs. 26 randomized 
to surgery alone. A nearly 3-year increase in median 
overall survival (OS) was observed in the neoadjuvant 
chemoradiation prior to surgery group (6). The CROSS 
trial was published in 2012 and randomized patients to 
receive 41.4 Gy, carboplatin, and paclitaxel vs. surgery 
alone. Median OS in the neoadjuvant chemoradiotherapy 
group was more than double that of the surgery alone group 
(49.4 vs. 24 months) (7).

These studies have established neoadjuvant chemoradiation 
as the preferred treatment regimen for locally advanced 
tumors- those tumors which are either larger in size or 
with high-risk features or clinically node positive (8). 
Currently, the National Comprehensive Cancer Network 
(NCCN) guidelines recommend paclitaxel and carboplatin 
(carbotaxol) a preferred pre-operative chemotherapy 
regimen with fluorouracil and cisplatin as a recommended 
therapy regimen (8). While each of these therapies was 
formally evaluated against surgery alone in patients, the 
results of comparing the two therapies against each other 
has not been conclusive in determining a superior therapy. 
We sought to compare the degree of pathologic response 
after surgery in patients that received these therapies. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-70/rc).

Methods

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the Methodist Health System IRB (No. 037.HPB.2018.
R). Informed consent was waived due to the retrospective 
nature of this study. We conducted a retrospective analysis 
of an identified previously treated patient cohort. Electronic 
medical record (EMR) from a single surgical group was 

searched using current procedural terminology (CPT) codes 
(codes 43107, 43108, 43286, 43287, 43288, and 43289) 
as performed to identify all esophagectomies performed 
between 2012–2020. Patient charts were then accessed to 
assess whether they had received esophagectomy for cancer 
and furthermore whether they had received neoadjuvant 
therapy was assessed. Meticulous effort was made to avoid 
misclassification bias. Amongst those who had neoadjuvant 
chemoradiotherapy, those who had received radiation 
with chemotherapy regimens that included either cisplatin 
and 5-Fu or carbotaxol were identified and included in 
analysis. Patients were excluded from final analysis if they 
did not undergo these interventions or final pathology was 
unavailable. Demographic information, comorbidities, 
tumor staging, neoadjuvant treatment, surgical approach, 
and pathologic response were the major focus of our data 
collection. All patients were staged using American Joint 
Committee on Cancer (AJCC) 8th edition classifications. 
Pathologic response to neoadjuvant therapy was determined 
using the modified Ryan score.

Statistical analysis

Groups were stratified by chemotherapy regimens and 
variables were subjected to both univariate analysis and 
independent samples t-test to identify significant differing 
factors. Statistical analysis was conducted using JASP 
(version 0.15, 2021).

Results

A total of 163 patients were identified, 145 of whom had 
esophagectomy performed for malignancy. Amongst those 
who had esophageal cancer, 100 patients received neoadjuvant 
therapy and 82 patients received triple therapy consisting 
of either radiation with cisplatin and 5-Fu or carbotaxol. 
Search strategy outlined in Figure 1. Of the 82 patients 
included for analysis, 74 (90.2%) received carbotaxol for their 
preoperative therapy and 8 (9.8%) received cisplatin/5-Fu as 
their preoperative chemotherapy. Median age for each group 
was 63 years for the carbotaxol group and 69 years for the 
cisplatin and 5-Fu group. There was no significant difference 
in gender (P=0.673) and presence of comorbidities including 
diabetes (P=0.242), hypertension (P=0.833), tabacco use 
(P=0.827), dyslipidemia (P=0.711), congestive heart failure 
(CHF) (P=0.403), and chronic obstructive pulmonary disease 
(COPD) (P=0.680) between patients who had received each 
chemotherapy regimen (Table 1).

https://jgo.amegroups.com/article/view/10.21037/jgo-22-70/rc
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EMR searched using CPT codes 
43107, 43108, etc. (9 codes total)

163 patients identified

63 patients excluded

Patients with NAT identified
100 patients

18 patients excluded

82 patients

Did not receive NAT

Did not receive either NAT of interest

Received CRT with 
cisplatin/5-Fu

Received CRT with 
carboplatin/paclitaxel

Figure 1 Patient identification and selection strategy. EMR, electronic medical record; CPT, current procedural terminology; NAT, 
neoadjuvant therapy; CRT, chemoradiotherapy; 5-Fu, 5-flourouracil.

In terms of tumor characteristics. In the patient 
group treated with carbotaxol, 67/74 patients (90.5%) 
had adenocarcinoma and 7/74 patients (9.5%) had 
squamous cell carcinoma (SCC) of the esophagus. 
In the patient group treated with cisplatin and 5-Fu,  
4/8 patients (50%) had adenocarcinoma and 4/8 (50%) 
had SCC (P=0.001). Patients in both groups had a median 
duration of neoadjuvant chemotherapy of 5.7 weeks 
(P=0.972) and were treated with neoadjuvant radiation for 
a median duration of 6 weeks in the carbotaxol group and  
5.5 weeks in the cisplatin and 5-Fu group (P=0.610) prior 
to surgery. Both type of surgery (open, laparoscopic, or 
robotic) (P=0.484) and margin status (P=0.857) were not 
significant between the two groups. There was also no 
significant difference pathologic staging (P=0.433) and 
tumor features such as the presence of Barrett’s esophagus 
(P=0.519) and signet cell features (P=0.363) (Tables 2,3). 
Of note, there were 9% of the group that received carbo/
taxol that had signet cell features. These were clearly 
staged as esophageal cancer and this pathologic finding 
demonstrates that signet cell features are not limited to 
gastric cancer only.

On pathology for the patient group treated with 
carbotaxol, 12/74 patients (16.2%) had a complete pathologic 
response (modified Ryan score of 0), 22/74 patients (29.7%) 
had a near-complete response (modified Ryan score of 1), 
29/74 patients (39.2%) had a partial response (modified 

Ryan score of 2), and 11/74 patients (14.9%) had poor or 
no response (modified Ryan score of 3). Amongst patients 
treated with cisplatin and 5-Fu 2/8 patients (25%) had a 
complete response, 2/8 patients (25%) had a near-complete 
response, 2/8 patients (25%) had a partial response, and 
2/8 patients (25%) had poor or no response on pathologic 
specimen (Figure 2A). This difference was not significant 
(P=0.745) by analysis through contingency table when the 
modified Ryan score was treated as an ordinal variable. 
The neoadjuvant therapies were further evaluated by 
constructing a categorical response variable where modified 
Ryan scores of zero, one, and two were treated as positive in 
terms of responsiveness and a modified Ryan score of three 
was treated as negative in terms of responsiveness. Using 
this definition 63/74 patients (85.1%) in the carbotaxol 
group responded to neoadjuvant therapy and 11/74 (14.9%) 
did not (Figure 2B). In the cisplatin and 5-Fu group, 6/8 
patients (75%) responded and 2/8 patients did not (25%). 
The difference between the response rates between the 
two groups was not significant (P=0.456) (Table 2). Lastly, 
tumor type also did not show any significant difference in 
modified Ryan score and whether tumors responded or did 
not respond to neoadjuvant therapy (Table 3).

Discussion

This study provides one of the first findings of no 
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Table 1 Characteristics of patients undergoing NAT for esophageal cancer

Variables Carboplatin and paclitaxel (n=74) Cisplatin and 5-Fu (n=8) Significance testing

Age (years), mean [range] 63 [42–85] 69 [57–87]

Gender, n (%) χ2, P=0.673

Female 6 (8.1) 1 (14.2)

Male 68 (91.8) 7 (87.5)

Diabetes, n (%) χ2, P=0.242

Absent 52 (70.3) 4 (50.0)

Present 22 (29.7) 4 (50.0)

Hypertension, n (%) χ2, P=0.833

Absent 25 (33.8) 3 (37.5)

Present 49 (66.2) 5 (62.5)

Tobacco use, n (%) χ2, P=0.827

Absent 34 (46.0) 4 (50.0)

Present 40 (54.0) 4 (50.0)

Dyslipidemia, n (%) χ2, P=0.711

Absent 51 (68.9) 5 (62.5)

Present 23 (31.1) 3 (37.5)

CHF, n (%) χ2, P=0.403

Absent 68 (91.9) 8 (100.0)

Present 6 (8.1) 0 (0.0)

COPD, n (%) χ2, P=0.680

Absent 60 (81.1) 6 (75.0)

Present 14 (18.9) 2 (25.0)

Tumor type, n (%) χ2, P=0.001

Adenocarcinoma 67 (90.5) 4 (50.0)

SCC 7 (9.5) 4 (50.0)

NAT, neoadjuvant therapy; 5-Fu, 5-flourouracil; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; SCC, 
squamous cell carcinoma.

significant difference in pathologic response relative to 
two utilized neoadjuvant chemoradiotherapy regimens for 
esophageal cancer. Our data suggests that either regimen of 
chemotherapy, combined with radiation therapy, results in 
equivalent pathologic response. Therefore, we recommend 
that the regimen that has the least toxicity be considered for 
neoadjuvant therapy (NAT).

Prior studies have evaluated the rate of complete 
pathologic responses after specific TMT regimens but none 
have evaluated the degree of pathologic response between 

these regimens (9-11). Blum Murphy et al. demonstrated 
that a complete response has shown a significant effect 
on OS and disease-free survival (DFS) with a large 
retrospective patient cohort (12). The different degrees of 
response do however seem to hold significance in terms of 
patient prognosis and their evaluation. Takeda et al. used 
the Ryan and modified Ryan score applied to pathologic 
specimens for 134 patients treated with radiation, taxane, 
and platinum based neoadjuvant therapy to predict patient 
outcomes (13). They were able to find that the scores were 
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Table 2 Characteristics of patients undergoing NAT for esophageal cancer

Variables Carboplatin and paclitaxel (n=74) Cisplatin and 5-Fu (n=8) Significance testing

Clinical stage, n (%) χ2, P=0.145

II 10 (13.5) 3 (37.5)

III 61 (82.4) 5 (62.5)

IVA 2 (2.7) 0 (0.0)

X 1 (1.3) 0 (0.0)

Chemotherapy duration (weeks), mean (SD) 5.7 (2.3) 5.7 (0.4) P=0.972

Radiation duration (weeks), mean (SD) 6 (2.5) 5.5 (0.9) P=0.610

Type of surgery, n (%) χ2, P=0.484

Open 17 (23.0) 3 (37.5)

Laparoscopic 13 (17.6) 2 (25.0)

Robotic 44 (59.4) 3 (37.5)

Margin status, n (%) χ2, P=0.857

R0 63 (85.1) 7 (87.5)

R1 11 (14.9) 1 (12.5)

Signet cell features, n (%) χ2, P=0.363

Present 7 (9.5) 0 (0.0)

Absent 67 (90.5) 8 (100.0)

Barret’s esophagus, n (%) χ2, P=0.519

Present 27 (36.5) 2 (25.0)

Absent 47 (63.5) 6 (75.0)

Pathological stage (yp), n (%) χ2, P=0.433

I 28 (37.8) 5 (62.5)

II 11 (14.9) 2 (25.0)

IIIA 7 (9.5) 0 (0.0)

IIIB 19 (25.7) 1 (12.5)

IVA 9 (12.2) 0 (0.0)

Modified Ryan score, n (%) χ2, P=0.745

0 12 (16.2) 2 (25.0)

1 22 (29.7) 2 (25.0)

2 29 (39.2) 2 (25.0)

3 11 (14.9) 2 (25.0)

Change in yp staging vs. c staging, n (%) χ2, P=0.356

Upstage 39 (52.7) 6 (75.0)

Same 21 (28.4) 2 (25.0)

Downstage 13 (17.6) 0 (0.0)

Response rate, n (%) χ2, P=0.456

Response 63 (85.1) 6 (75.0)

No response 11 (14.9) 2 (25.0)

NAT, neoadjuvant therapy; 5-Fu, 5-flourouracil; SD, standard deviation.
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Table 3 Characteristics of patients between tumor type (n=82)

Variables Adenocarcinoma (n=71) SCC (n=11) Significance testing

Modified Ryan score, n (%) χ2, P=0.630

0 11 (15.5) 3 (27.3)

1 20 (28.2) 4 (36.3)

2 28 (39.4) 3 (27.3)

3 12 (16.9) 1 (9.1)

Response rate, n (%) χ2, P=0.509

Response 59 (83.1) 10 (90.9)

No response 12 (16.9) 1 (9.1)

SCC, squamous cell carcinoma.
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Figure 2 Proportion of response rates. (A) Proportion of patients with each category of tumor regression per the modified Ryan score.  
(B) Proportion of patients with any degree of response on pathologic specimen vs. no response after neoadjuvant therapy.

a significant predictor of survival as well as both systemic 
and lymphatic recurrence. The results of prior retrospective 
studies have also showed differing results with regard to 
outcomes for patients after neoadjuvant chemotherapy. 
Sanford et al. utilized cisplatin and 5-Fu as a reference 
regimen and found that carbotaxol significantly improved 
OS (11). Conversely, Jiang et al. when comparing the two 
regimens found no significant therapy when comparing 
the two regimens as trimodality therapy in the neoadjuvant 
setting but did find cisplatin and 5-Fu superior to carbotaxol 
as definitive therapy in 3-year OS (10). From our data 
using the Ryan score as a predictor of long-term patient 
outcomes, it would appear that both regimens would offer 
patients comparable DFS and OS.

With regards to toxicity, in the original phase 3 CALGB 
973 trial 57% of those who received pre-operative therapy 
had a reported Grade 3 toxicities or higher (6). In the phase 
2 results from the CROSS trial, 48% of those receiving 

therapy had grade 3 toxicities or higher (14). Subsequent 
retrospective studies have also compared the toxicity 
between the two regimens. Steber et al. evaluated both 
regimens in a retrospective cohort of patients treated both 
with both tri-modality therapies and found a significant 
increase in weight loss in the cisplatin and 5-Fu group as 
compared to the carbotaxol group (9). Furthermore, they 
found a significant difference between responses after 
receiving regimens which was not repeated by our data. 
Münch et al. retrospectively examined both regimens in the 
neoadjuvant setting for SCC. They found grade 3 toxicities 
in the cisplatin and 5-Fu group to be at a higher rate 
than carbotaxol (41% vs. 25%) (15). These results would 
suggest the preferred regimen for trimodality treatment 
as carbotaxol given the higher propensity for observed 
toxicities seen with cisplatin and 5-Fu.

There are limitations to this study. The cohorts receiving 
each therapy are skewed towards patients who received 
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carbotaxol. This is due to our EMR only being able to 
access patient data starting in 2012 when the preferred 
neoadjuvant treatment changed after the CROSS trial in 
favor of carbotaxol. Another limitation is the length of time 
in which patient data was collected, a more contemporary 
analysis with a shorter time interval might have yielded 
differing results. Additionally, patients with differing types 
of esophageal cancers (SCC and adenocarcinoma) were 
combined in treatment although this is how current national 
guidelines group treatments. Other limitations include the 
single institution where patients were seen, which could 
have impacted outcomes as well as reduced our sample size 
compared to a multi-institutional study, and retrospective 
nature of the study.

Conclusions

This study examined and compared the degree and 
presence of pathologic response after trimodality treatment 
using either cisplatin and 5-Fu or carbotaxol. Our 
results add further evidence that there is no significant 
difference between these two regimens in terms of degree 
of pathologic response which is a significant predictor of 
long-term patient outcomes. Further efforts regarding 
the comparison of these chemotherapy regimens should 
incorporate the modified Ryan score.
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