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Abstract
Introduction: Esophageal cancer (EC) is a common malig-
nant tumor entity with increasing occurrence. The incidence 
of esophageal adenocarcinoma (AC), particularly, is con-
stantly rising in the Western world. The mainstays of therapy 
with curative intent for EC in advanced stages are neoadju-
vant radiochemotherapy (neoRCT) with surgery and defini-
tive radiochemotherapy (defRCT). Methods: We examined 
our internal files to identify patients suffering from EC. Pal-
liative cases were excluded. Statistical testing was performed 
by χ2 test, Student’s t test, Kaplan-Meier analyses, and the 
Mann-Whitney U test. Results: One hundred and twenty-
two cases were included. Histology revealed squamous cell 
carcinoma in 92 cases and AC in 23 cases. Ninety-five pa-
tients underwent defRCT, 27 underwent neoRCT, and 114 (in 
both therapy regimes) received simultaneous chemothera-
py. There was no difference in the overall survival (OS) (p = 

0.654; HR 1.145; 95% CI 0.629–2.086) or and progression-free 
survival (PFS) (p = 0.912) of patients who underwent neoRCT 
or defRCT. Median OS was 13.5 (2–197) months for defRCT 
patients and 19.5 (2–134) months for neoRCT patients (p = 
0.751). Karnofsky index (KI) with a cut-off of 70% was stron-
gest, but not a significant parameter for OS (p = 0.608) or PFS 
(p = 0.137). Conclusion: defRCT is a valid and an equal alter-
native to neoRCT for patients suffering from EC. Selection of 
patients for therapy is of crucial relevance. Further studies 
and improvements in follow-up are needed when neoRCT 
has been completed before surgery, in order to spare the 
patient undergoing operative treatment if there is complete 
remission. The identification of valid markers urgently need-
ed to limit treatment side effects.                           

Introduction

Esophageal cancer (EC) is the eighth most common 
cancer entity in the world, and the sixth most common 
cause of cancer-associated deaths worldwide [1, 2]. The 
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incidence of EC has been rapidly increasing in the indus-
trialized world within the last years. In Germany, the in-
cidence is 2.2/100,000 for women and 9.3/100,000 for 
men. Esophageal adenocarcinoma (AC) accounts for 
11.6 % of cases and squamous cell cancer (SCC) for the 
remaining 88.4% worldwide [3]. In the last years, a trend 
towards AC has been observed in industrialized coun-
tries [4, 5]. Gastroesophageal reflux disease, and its as-
sociation with obesity and immobility, is thought to be 
one of the most important underlying causes in the 
Western world.

The rate of 5-year-survival is 37.8 % at localized stages 
(up to stage II) according to the Union for International 
Cancer Control (UICC), and around 19.8–47 % in pa-
tients with node-positive disease who undergo adjuvant 
radiochemotherapy (neoRCT); survival rates in patients 
with metastasized stages often do not exceed 1 year [1, 
2, 5].

To date, there has been much discussion about supe-
rior therapy schemes [6]. The constitution of patients, the 
evaluation of perioperative risks, and examination of his-
tology are major factors that influence therapeutic deci-
sions. However, there is a considerable lack of evidence 
available from daily clinical routine.

Early-stage disease is commonly treated by endoscop-
ic mucosal/submucosal resection [6]. Therapeutic ap-
proaches for more advanced disease and curative intent 
include esophagectomy. Definitive radiochemotherapy 
(defRCT) is increasingly being seen as a potential alterna-
tive in resectable disease, especially in patients unfit for 
surgery. Advanced-stage tumors need multimodal treat-
ment in order to reduce recurrence rates and achieve 
higher rates of local control and survival [7, 8]. Another 
aim is preoperative downstaging of the tumor to mini-
mize the extent of the surgery performed as well as target-
ing potential micrometastases to reduce the risk of distant 
recurrence [6, 8]. To date, discussions are ongoing re-
garding the dose of radiotherapy (RT), the scheme of con-
comitant chemotherapy (CTx), indications, and time of 
operative intervention. Determining patient selection 
criteria for therapeutic approaches, i.e., surgery, RT, and 
RCT is also important.

The aim of our study was to evaluate radiotherapeutic 
and surgical treatment modalities in terms of therapy-
associated morbidity, overall survival (OS), disease recur-
rence, patient selection criteria with regard to patients’ 
constitution (measured by means of the Karnofsky index 
[KI]), age, and tumor stage. In terms of RT, we analyzed 
the applied dosage, the CTx, and the occurrence of steno-
sis following RT. We evaluated a single-center collective 
of cases taken from daily clinical routine, without the pre-
selection bias that is frequently observed in clinical trials. 
Furthermore, this study was performed for internal qual-
ity assurance and standard of care aspects.

Methods

We screened the radiotherapeutic information system (MO-
SAIQ, Elekta, Stockholm, Sweden) for cases of EC treated with 
curative intent (i.e., a neoadjuvant or definitive approach) at our 
Radiation Oncology Department in the period 2000–2018. These 
cases were matched and completed with reference to the Tumor 
Data Management (TDM) database, in order to obtain additional 
follow-up and survival data. Finally, we screened our clinic infor-
mation system to gather missing information about clinical course 
and follow-up data. In total, 122 cases were collected.

Statistics
Statistical analysis was performed by IBM’s SPSS v24 software 

suite. p values ≤0.05 were estimated as significant. Mean values 
were compared by Student’s t test. Cross-table comparison analy-
sis was performed with the χ2 test and Fisher’s exact test for small 
numbers. Additionally, Kaplan-Meier and log rank analyses were 
performed for survival analyses. The Mann-Whitney U test was 
used in cases of ordinal data and unequally distributed data. Fol-
low-up times were measured according to the method of Schemp-
er and Smith [9].

Results

Therapeutic Decisions and Radiotherapeutic Planning
All treatment decisions at our institute are consensus-

based and made by the inhouse interdisciplinary tumor 
board. The tumor board comprises experts from surgery, 
radiology, oncology, nuclear medicine, pathology, gas-
troenterology, and radiation oncology. If RCT is the ther-
apy of choice, staging by PET-CT, endoscopic sonogra-
phy, and clip marking of the tumor are routinely per-
formed pretherapeutically. If PET-CT is not performed 
because of high therapeutic pressure, CT of the thorax 
and abdomen is performed. Afterwards, planning CT is 
merged with data from the PET-CT or diagnostic CT. 
Safety margins are 5 cm oral and aboral to the primary 
tumor. The radiation technique is based on intensity-
modulated RT (IMRT) with consideration of the con-
straints posed by the surrounding anatomical structures, 
i.e., with maximum protection of the spinal cord, heart, 
and lungs.

Clinical Data
An overview of the cases and clinical data from this 

study is given in Table 1. Patients undergoing defRCT 
were significantly older than those who received neoRCT 
and surgery (p = 0.033). There was no difference in the 
distribution of sex (p = 0.412). Histology was significant-
ly differently distributed: SCC was significantly more 
common in the defRCT group (75 cases) than in the ne-
oRCT group (17 cases), while ACs were about equal in 
number (13 with defRCT and 10 with neoRCT) (p = 
0.015). UICC stage was marginally not significantly dif-
ferent in the 2 treatment groups, according to the Mann-
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Table 1. Overview of clinical data on 122 study subjects

All patients neoRCT + surgery group defRCT group p value

Age, years 64 (21–82) 61 (37–77) 55 (21–82) 0.033
Follow-up, months 14.5 (2–197) 19.5 (3–134) 13.5 (2–197) 0.751
Therapy intended, n 29 93
Therapy performed, n 27 95
PEG tube implantation 0.004

No 39 (32.5) 15 (55.6) 24 (25.8)
Yes 81 (67.0) 12 (44.4) 69 (74.2)

Karnofsky index available, % 90 (50–100) 90 (40–100) 0.997
A Karnofsky index of at least 70% 0.578

No 6 (5.1) 1 (3.7) 5 (5.6)
Yes 111 (94.9) 26 (96.3) 85 (94.4)

Sex 122 0.412
Female 27 (22.1) 5 (18.5) 22 (23.2)
Male 95 (77.9) 22 (81.5) 73 (76.8)

UICC stage
I 10 (8.2) 0 (0) 10 (11.1) 0.083
II 20 (17.2) 2 (7.7) 18 (20.0)
III 77 (66.4) 23 (88.5) 54 (60.0)
IV 9 (7.8) 1 (3.8) 8 (8.9)
Not available, n 6 1 5

Location in esophagus <0.001
Upper third 47 (38.5) 0 (0.0) 47 (49.5)
Middle third 36 (31.1) 10 (37.0) 26 (27.4)
Lower third 38 (29.5) 17 (63.0) 21 (22.1)
Multiple locations 1 (8.0) 0 (0.0 1 (1.1)

Histology 0.015
Squamous cell carcinoma 92 (80.0) 17 (63.0) 75 (85.2)
Adenocarcinoma 23 (20.0) 10 (37.0) 13 (14.8)
Not available 7 0 7

Chemotherapy 0.436
No 8 (6.6) 1 (3.7) 7 (7.4)
Yes 114 (93.4) 26 (92.3) 88 (92.6)

Chemotherapy completed 0.453
No 12 (10.5) 2 (7.7) 10 (12.8)
Yes 102 (89.0) 24 (92.3) 78 (87.2)

Progress in the course of disease 0.366
No 53 (43.4) 13 (48.1) 40 (42.1)
Yes 69 (56.6) 14 (51.9) 55 (57.9)

Distant metastasis in course of dis-
ease

0.229

No 86 (70.5) 17 (63.0) 69 (72.6)
Yes 36 (29.5) 10 (37.0) 26 (27.4)

Death 0.577
No 59 (48.4) 13 (48.1) 46 (48.4)
Yes 63 (51.6) 14 (51.9) 49 (51.6)

Death within 30 days after completion of therapy 0.280
No 117 (95.6) 27 (100.0 90 (94.7)
Yes 5 (4.3) 0 (0.0) 5 (5.3)

Death within 90 days after completion of therapy 0.434
No 107 (87.7) 23 (85.2) 84 (88.4)
Yes 15 (12.3) 4 (14.8) 11 (11.6)

Overall survival, months 14.5 (2–197) 19.5 (3–134) 13.5 (2–197) 0.751
Local recurrence after therapy

No 41 (73.2) 4 (66.7) 37 (74.0) 0.515
Yes 15 (26.8) 2 (33.3) 13 (26.0)

Values are expressed as median (range) or n (%), unless otherwise indicated. neoRCT, neoadjuvant 
radiochemotherapy; defRCT, definite radiochemotherapy; PEG, percutaneous endoscopic gastrostomy; UICC, 
Union for International Cancer Control.
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Whitney U analysis (p = 0.083), as was the case for the KI 
(p = 0.997; the median KI was 90% in both groups). Per-
cutaneous endoscopic gastrostomy (PEG) tube implanta-
tion was more often performed with defRCT than with 
neoRCT (p = 0.004).

Patients’ Condition
In the defRCT group, 85/95 patients had a KI of at least 

70% and 10 had a KI of < 70%. KI was not retrievable in 
the archive data in 5 cases and was therefore excluded in 
the further analysis. The neoRCT group showed a KI of 
≥70% in 26/27 cases, and just 1 patient had a KI of < 70%. 
KI 70% was not significantly different in the neoRCT and 
defRCT groups (p = 0.578).

Histology and Tumor Characteristics
The local distribution of tumors was about equal in all 

parts of the esophagus (Table 1). In 1 patient, the tumor 
was found at multiple locations. Esophagectomy was per-
formed in 17 cases of distal EC and in 10 cases of middle-
localized tumors, while almost half of all the cases that 
underwent defRCT (47/95 cases) were in the upper 
esophagus. Location was significant for the choice of 
therapy in the χ2 analysis (p < 0.001). Upper EC was sole-
ly treated by defRCT in this case series.

SCC was found in 92/122 cases and AC in 23. In 4 cas-
es, no histologic diagnosis was available and 3 cases were 
defined as “carcinoma of no profound histology.” Signif-
icantly more patients suffering from SCC (i.e., 75 cases) 
received defRCT than those suffering from AC (13 cases) 
(p = 0.015).

M-stage (p = 0.514) was not significantly different in 
cases of neoRCT and defRCT. Patients in the M-stage 

were at an oligometastasized stage and treated with cura-
tive intent. The T-stage (p = 0.033) was significantly high-
er in defRCT than in neoRCT cases, and the N-stage (p = 
0.063) trended towards a higher stage in the defRCT pa-
tients.

Choice of Therapy
In 101 cases (82.8% of all cases), treatment planning 

was performed on the basis of PET. There was no PET 
available in 21 cases (17.2%). There was no significant dif-
ference in PET availability in cases of neoRCT or defRCT, 
but a very slight trend towards the surgical approach 
(PET was available in 26/28 neoRCT cases and 75/94 de-
fRCT cases; p = 0.103).

Ninety-five patients (initially intended: n = 93) were 
treated by defRCT and 27 received neoRCT (initially in-
tended: n = 29). One patient was switched to defRCT due 
to inoperability, while 3 patients were not operated on 
after neoRCT because of their reduced overall condition 
(n = 2) or a switch to palliative care (n = 1). On the other 
hand, 1 patient received salvage surgery after defRCT, 
and another had surgery for 1 tumor and the other treat-
ed by defRCT. Percutaneous RT was applied in 108 cases, 
intraluminal brachytherapy in 1, and percutaneous RCT 
and consequent intraluminal brachytherapy in 13.

CTx (scheme: 5-fluorouracil [1,000 mg/m2 with a 
maximum of 1,800 mg/day]) and cisplatin (20 mg/m2) 
were applied on days 1–4 of weeks 1 and 5 of the RT 
course in 114 patients. CTx was applied in 102 cases with 
no difference between the 2 therapy approaches (p = 
0.453). Incomplete CTx was associated with a trend to-
wards a higher risk of disease progression in 9/11 cases 
(p = 0.062).

Fig. 1. Kaplan-Meier analysis of overall 
survival with neoRCT and surgery versus 
defRCT.
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Data on local recurrence were available in 56 cases. 
There was no difference between defRCT and neoRCT 
(p = 0.515) or for dose escalation (p = 0.139). Dose escala-
tion in the defRCT setting (> 60 Gy vs. 50.4 Gy + brachy-
therapeutic boost) was not more significant for stenosis 
than lower doses (i.e., ≤60 Gy) (p = 0.316).

Of 27 patients undergoing surgery, 14 showed down-
staging in their operation specimen compared to preop-
eratively performed staging as described above, while 7 
did not. There was a discrepant course in 2 cases. In 5 
cases, data were insufficient. Patients with downstaging 
tended to have a better OS than patients with no down-
staging (p = 0.079) or with a discrepant course (p = 0.065).

Progression Free Survival/Overall Survival
Median survival time was 14.5 months (2–197 months) 

and overall follow-up was 32 months (95% CI 19–45 
months) from the day of diagnosis to the day of death 
from any cause. Deaths occurring within 30 days (D30) 
and 90 days (D90) after treatment completion were not 
significantly different between therapy approaches. D30 
and D90 occurred in 0 and 14.8% (4/27 cases) of patients 
treated with neoRCT and in 5.2% (5/95 cases) and 11.6% 
(11/95) of defRCT cases (D30: p = 0.280; D90: p = 0.434), 
respectively.

Median follow-up was 28 months in the neoRCT 
group and 32 months in the defRCT group. OS was not 
significantly different between neoRCT and defRCT (p = 
0.751) in the Kaplan-Meier analysis (Fig. 1). Proportion-
al HR also showed no significant difference between 
neoRCT and defRCT (1,145; 95% CI 0.629–2.086). Me-
dian OS was 13.5 (2–197) months in defRCT and 19.5 
(2–134) months in the neoRCT group (p = 0.751). Tumor 

location and applied radiation dose (p = 0.649 [in defRCT 
setting: p = 0.468]) did not influence OS (p = 0.758) and 
PFS (location: p = 0.854 and radiation dose: p = 0.480). 
There was no significant difference in the PFS of neoRCT 
and surgery patients and those who underwent the 
defRCT approach (p = 0.912) (Fig. 2). Histology (SCC vs. 
AC) also showed no significant difference (OS: p = 0.927 
and PFS: p = 0.908). KI cut-off of 70% had a strong trend 
to significance (p = 0.052) for overall survival, but not for 
PFS (p = 0.137).

PFS did not differ according to the application of CTx 
(p = 0.608) but was trending for the completion of CTx 
(p = 0.071) as it was for PEG tube implantation (p = 
0.106). PET-based planning was not significant for OS 
(p = 0.923) or PFS (p = 0.970).

Discussion

The choice of therapy for EC depends mainly on dis-
ease stage and the performance status of the patient [10, 
11]. Another important aspect is the tumor location; 
while the surgical approach is routinely performed in the 
middle or lower esophagus, tumors in the upper third are 
primarily treated by RT or RCT. According to Sohda et 
al. [10], surgery only is the preferred therapy option, 
while advanced disease is preoperatively treated by 
neoRCT/RT [8, 12]. defRCT is routinely applied in cases 
of UICC stage III/IV disease or primary tumor extension 
beyond the esophageal wall (T4). Another indication for 
defRCT is elevated operative risk, e.g., due to a reduction 
in the general condition of the patient. In our case series, 
there was a majority (77/122) of UICC stage III cases of 

Fig. 2. Kaplan-Meier analysis of progres-
sion-free survival with neoRCT and sur-
gery versus defRCT.
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EC, while cancer stage itself tended to be significantly as-
sociated with therapy approach (p = 0.083). We also 
found that patients treated only with RT/RCT were sig-
nificantly older than the neoRCT group.

To date, the choice of an ideal therapy is under perma-
nent consideration in recent literature. Recent reports re-
veal a fundamental controversy about the further treat-
ment strategy for patients with tumor remission/regres-
sion after neoRCT. Some authors claim that remission/
regression might be a strong indicator for performing 
surgery whereas others report it as an indicator for dose 
escalation and the continuation of RCT without surgery 
[13–18].

In terms of OS, there was no significant difference be-
tween patients who underwent defRCT and those under-
going surgery after neoRCT (p = 0.751). In the published 
literature, 3-year OS varied within a range of 20–58% for 
the neoRCT and surgery approach, depending on the sur-
gical technique [19–21]. In our study, 3-year OS was re-
ported in 14.8% of neoRCT cases (4/27) and 22.1% of de-
fRCT cases (21/95). DefRCT may be the only curative op-
tion for those patients with an impaired general condition, 
as measured by KI in our study. Thus, comparable end 
results in OS are very satisfying [6, 22]. Valid predictive 
criteria for therapeutic decisions are urgently needed as 
well as diagnostic modalities for determining residual 
disease after neoRCT has been performed [23]; patients 
can be spared the strain of possibly unnecessary surgery. 
A topic of particular interest in cases of operatively high-
risk situations, e.g., comorbidities, advanced age, etc., is 
the watch-and-wait approach after RT/RCT due to sur-
gery-associated risks [24, 25]. With regard to comparable 
D30 and D90 in defRCT and neoRCT, this approach may 
be a valid option. Stahl and Ruhstaller [26] proclaimed 
salvage surgery after defRCT to be an option in elevated 
operative risk situations; they suggested that if defRCT 
fails, surgery can still be performed. A study published by 
Castoro et al. [27] supports this suggestion and shows no 
disadvantage when pursuing the operative approach in 
cases of failure of neoRCT. Nevertheless, the authors rec-
ommend improved restaging protocols. Another impor-
tant aspect is missing markers. Liquid biopsy may be an 
applicable method. Further studies are urgently needed.

In our department, a dose escalation up to 66 Gy is 
routinely applied to stage T4 EC and nodal involvement 
without distant metastases, while the published literature 
shows 50.4 Gy to be the widely accepted/performed stan-
dard dose [28, 29]. Dose escalation beyond 50.4 Gy 
showed no survival benefit in a large contemporary anal-
ysis performed by Brower et al. [30] in 2016. De et al. [31] 
found no advantage in OS in an evaluation of cervical EC. 
This is in agreement with our results. On the other hand, 
a study published in 2017 showed a higher rate of local 
control with no increase in therapy-related toxicity [32]. 

The literature published so far proclaims the need of fur-
ther studies especially with regard to improved radiation 
techniques, tumor histology, tumor localization, thera-
peutic alternatives, and salvage options in cases of local 
failure, e.g. surgery.

The application of CTx is of crucial relevance for the 
impact of RT and enhances its effect [8, 33, 34]. In daily 
clinical routine, comorbidities may be more common in 
patients undergoing defRCT rather than neoRCT and 
therefore limit CTx application [35]. Reduction of overall 
condition may also cause inoperability in neoRCT cases, 
e.g., due to CTx-induced thrombopenia. To sum up, neg-
ative selection might be one reason for the poorer out-
come of EC patients treated by defRCT reported in the 
literature [22].

The proclaimed thesis of CTx-mediated effects applied 
to metastases not yet diagnosed in the course of initial 
staging by simultaneous CTx [36] was not observed in 
our study. Abscopal effects are increasingly observed and 
incipiently understood. In the future, a combination of 
immunotherapy and RT may allow control of microscop-
ic seeds, which is of crucial relevance in AC as it tends to 
relapse distantly. Within this study about half of all cases 
of AC (11/23) showed metastases in the further course of 
disease versus only a quarter (23/92) of SCC (p = 0.032).

Patients with EC often suffer from relevant disease 
due to impaired oral food uptake by tumor-associated 
dysphagia [37]. Besides the impact on quality of life, this 
accelerates tumor cachexia and further reduces the con-
dition of patients [38]. In the course of RT, dysphagia 
may be aggravated by therapy-associated side effects. 
Nutrition is of crucial relevance and supports patients 
during therapy and beyond as well as having a positive 
impact on survival and quality of life [39, 40]. Assurance 
of nutrition is done by PEG tube implantation at our de-
partment. Nevertheless, valid markers may be of help for 
the success of therapy while under RCT. In other words, 
therapy-associated side effects might be reduced by stop-
ping therapy and the outcome improved if markers de-
cline.

In conclusion, there was no significant difference in 
OS between neoRCT with surgery and defRCT in this 
study. Dose escalation had no significant impact on sur-
vival or further favorable aspects in the further course of 
the disease. More studies are needed to evaluate dose es-
calation protocols, especially with regard to histology and 
tumor location. The retrospective study design limited 
data quality and completeness. The total study size (n = 
122) hampered subgroup analyses. Special effort must be 
spent on patients’ selection criteria for the therapeutic 
concepts of surgery and/or neoRCT/defRCT (+ salvage 
surgery). Another pertinent issue is the identification of 
markers for therapy success and control to reduce thera-
peutic side effects and improve outcomes.
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The data evaluated within this study consisted of un-
selected patients routinely treated at our hospital daily. 
The study is one of the most comprehensive studies to 
evaluate treatments of EC performed in Germany.
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