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ABSTRACT

Background. Definitive (chemo)radiotherapy is employed

in esophageal cancer patients as an alternative for patients

considered medically unfit for surgery or having unresec-

table tumors. We evaluated a population-based cohort to

improve the selection for intensified nonsurgical strategies

and to identify prognostic factors.

Methods. Patients who had squamous cell carcinoma

(SCC) or adenocarcinoma (AC) were treated in four

referral centers in the north-east Netherlands with defini-

tive chemoradiotherapy (dCRT) or radiotherapy (dRT)

between 1996 and 2008.

Results. Of the 287 included patients, 110 were treated

with dCRT and 177 with dRT. Median overall survival

(OS) was 11 months (95 % confidence interval: 10–12

months), with OS of 22 and 8 % and disease-free survival

(DFS) of 16 and 5 % at 2 and 5 years, respectively. DFS at

2 and 5 years was 24 and 9 % for SCC versus 10 and 2 %

for AC patients (P = 0.006). OS after 2 and 5 years was 29

and 14 % for SCC patients versus 17 and 3 % for AC

patients (P = 0.044). On multivariate Cox regression, SCC

was an independent prognostic factor for DFS [P = 0.020,

hazard ratio (HR) = 0.71] and OS (P = 0.047, HR =

0.76). On matched cohort analysis, DFS was higher in the

dCRT group compared with dRT patients (P = 0.016). The

locoregional failure rate was lower in the dCRT group and

in SCC patients (P = 0.001 and 0.046).

Conclusions. Long-term results and the local control rate

in SCC patients were better after definitive (chemo)radio-

therapy compared with in AC patients. SCC was an

independent prognostic factor for survival. Definitive

chemoradiotherapy leads to improved local control rate and

DFS.

As in many Western countries, the annual incidence of

esophageal carcinoma in The Netherlands markedly increased

from 1,100 to 2,000 newly diagnosed patients in the last

decade.1–3 Unfortunately, around half of these patients were

considered to be incurable due to the extent of the primary

tumor and/or the presence of distant metastases at the time of

presentation.4 Radical resection remains the mainstay of

treatment. However, many patients have unresectable tumors

or are medically unfit for surgery due to severe comorbidity
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and/or poor general condition, often related to the relatively

high-aged population.4,5 Only 30–40 % of patients with

nonmetastatic esophageal cancer are considered eligible for

radical resection with curative intent, and generally the 5-year

survival in these patients is between 35 and 38 %.6,7 At

present, preoperative chemoradiotherapy (CRT) is given as

standard care in this patient category. This is based on the

results of a number of randomized controlled trials showing an

improvement of 10–15 % in 5-year survival as compared with

surgery alone.8–10 For patients with nonmetastatic localized

unresectable tumors or those not amenable for surgery,

definitive CRT (dCRT) or definitive radiotherapy (dRT) are

viable options for curatively intended strategies.4,11–14 Cur-

rently, the most frequently used concurrent CRT regimens in

the neoadjuvant setting are also on occasion applied for dCRT

and include radiation dosages of 40–50 Gy/4–6 weeks given

concurrently with platinum-based chemotherapy combined

with either paclitaxel or 5-fluorouracil (5-FU).8–12,15 Although

the long-term results of these regimens are encouraging with

3-year survival rates up to 25 %, especially among patients

treated with dCRT, these treatment regimens are generally

associated with significant acute and late treatment-related

morbidity.11,13,16–18 Identification of prognostic factors is

warranted to optimize future treatment approaches and/or to

identify patient categories that may not benefit from these

treatments.

The primary objectives of this population-based study

are to evaluate the results after primary (chemo)radiation

and to identify prognostic factors for tumor control and

survival.

PATIENTS AND METHODS

Patients

This historical cohort study initially composed 312

patients treated between 1996 and 2008 in four radiotherapy

referral centers in the north-eastern part of The Netherlands

for nonmetastatic esophageal cancer with curative intent by

dRT (C50 Gy) or dCRT (C50 Gy combined with platinum-

based chemotherapy, see below). Thirteen patients were

excluded because of missing data, such as incomplete

staging information, discontinuation of treatment, and

inadequate follow-up. Twelve other patients were excluded

because of histology other than adenocarcinoma (AC) or

squamous cell carcinoma (SCC). Therefore, after exclusion,

287 patients were analyzed, including 110 (38.3 %) patients

treated with dCRT and 177 (61.7 %) patients treated with

dRT alone. The indications for employing definitive CRT or

RT were locoregionally unresectable tumors, medically

unfit or inoperable patients based on either severe comor-

bidity or high-age-based frailty and/or patient’s own choice.

Methods

Staging Procedure The pretreatment workup generally

consisted of endoscopic ultrasonography (EUS) with fine-

needle aspiration (FNA) of suspected lymph nodes, 16-64

multidetector computed tomography (md-CT) scans of the

neck, chest, and abdomen, and cervical echographic

examination. EUS information could be obtained in 90 %

of the patients. When available, 18-F-fluorodeoxyglucose

positron emission tomography (FDG-PET) was also applied.

FDG-PET was standard procedure from 2002 onwards.

Bronchoscopy was required when the tumor was tethered to

the trachea or main stem bronchus. Patients were staged

according to the Union for International Cancer Control

tumor–node–metastasis (TNM) 6th edition, which was the

most current TNM classification at time of staging.19

Treatment Regimen Radiotherapy planning was carried

out after direct simulation, based on diagnostic CT images,

or by use of treatment planning CT images. During direct

simulation patients had to swallow barium contrast to

facilitate identification and localization of the primary

tumor. For the treatment planning CT scan, patients

received oral contrast.

The gross tumor volume (GTV), defined as the macro-

scopic primary tumor and regional lymph node metastases,

was reconstructed using all available information derived

from endoscopy, EUS, CT, and from FDG-PET if available.

At direct simulation, margins from GTV to field margin

were 5 cm in caudal–cranial direction and 2 cm in trans-

versal plane. If treatment planning was based on planning

CT, the clinical target volume (CTV) was obtained by

adding a 3 cm margin in cranial–caudal direction and 1 cm

margin in transversal plane. A 1 cm margin was used

around the pathological lymph nodes. The planning target

volume (PTV) was generated by expanding the CTV with a

margin of 1 cm in all directions to account for setup

uncertainties and organ motion.

The dRT regime consisted of external-beam radiother-

apy (EBRT), which was combined with intraluminal

brachytherapy (ILBT) in 93 % of the patients. A total dose

of 50–70 Gy (median dose 60 Gy) was given in fractions

of 2 Gy, five times per week, and was generally delivered

by three-dimensional conformal radiotherapy (3D-CRT)

with at least 6-MV photons. The ILBT was given in two

fractions of 6 Gy or a single fraction of 10 Gy. The treated

length was equal to the tumor length estimated at endos-

copy plus 1–2 cm margins in cranial and caudal directions.

The required dose was specified at 1 cm from the radiation

source or 0.5 cm under the mucosa surface.

Due to positive results in favor of dCRT in prospective

randomized studies comparing dCRT with dRT, for

example, the Radiation Therapy Oncology Group (RTOG)
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85–01 study, dCRT was gradually introduced from 2005

onwards as standard treatment in the four radiotherapy

referral centers.11

Patients who underwent dCRT received a total radiation

dose of 50–54 Gy (median dose 50.4 Gy) in daily fractions

of 1.8–2 Gy.

One chemotherapy regime consisted of cisplatin/5-flu-

orouracil (FU) at week 1 and 5 during RT, with two

additional courses at week 8 and 11 (RTOG 85-01

scheme), employed in 64 patients (64/110 patients).11 The

other employed chemotherapy scheme consisted of carbo-

platin/paclitaxel at week 1, 8, 15, 22, 29, and 35 during RT,

employed in 46 patients (46/110 patients).20

In the dCRT group, ILBT was employed in 36 % of

patients.

Data Acquisition Data were obtained using the medical

records of the four radiotherapy referral centers. Additionally,

information from comprehensive cancer centers was also

acquired. From these two datasets a database was constructed.

Data were collected anonymously and were only known

to the principle investigators (J.K.S., C.T.M., and J.T.P.).

According to national guidelines and ethics codes, no

institutional board review was required for this study.

Follow-Up In general, patients were seen for regular

follow-up according to national guidelines at 4–8 weeks

after completion of treatment, every 3 months in the first

year, every 4–6 months in the second and third year, and

annually up to 5 years or until death. Only one center

routinely performed CT scans during follow-up; the other

centers performed radiological examinations solely based

on clinical grounds. A recurrence site was defined as either

local (esophageal bed), regional (lymph nodes) or distant

metastasis.

Statistics Overall survival (OS) was defined as the time

interval between the starting date of the (chemo)radiotherapy

treatment and documentation of the day of death or last

follow-up. Disease-free survival (DFS) and locoregional

recurrence-free survival (LRFS) were determined from the

starting date of treatment to documented date of first

recurrence, last follow-up, or death of any cause. OS, DFS,

and LRFS rates were calculated according to the Kaplan–

Meier method and compared using the log-rank test. Cox

regression analyses were performed to identify independent

prognostic factors. Groups were compared using t-tests or

Mann–Whitney tests in the case of a continuous response

variable, and with Fisher’s exact test in the case of a

categorical outcome. Because of the nonrandomized nature of

this study, we also compared the dCRT and dRT groups

matched on possible confounding variables (TNM stage and

age). Matched cohorts were created according to the

propensity score, which is a balancing score implemented in

our statistical package.21,22 The matching procedure was

performed with the help of an experienced biostatistician

(J.G.M.B.). First, we randomly selected 75 dCRT patients

from the 110 in the total dCRT group. Then, a matched group

of 75 patients was formed from the 177 in the total dRT group

based on age and T, N, and M stage. Matching with a larger

population instead of 75 patients corrected less based on the

propensity score. Importantly, the characteristics listed in

Tables 1 and 2 between the 75 randomly selected patients and

the initial 110 were not different.

P value \0.05 [95 % confidence interval (CI)] was

considered significant. The statistical analyses were per-

formed by using the Statistical Package for Social Sciences

(SPSS, Chicago, IL, USA) software, version 18.0.

RESULTS

Comparison of Clinical Characteristics

Characteristics are compared between AC and SCC

patients in Table 1. Male-to-female ratio (136/28 versus

TABLE 1 Clinicopathological characteristics between adenocarci-

noma (AC) and squamous cell carcinoma (SCC) patients

Characteristics AC N = 164 SCC N = 123 P value

Gender

Male/female 136/28 88/35 0.030

Age (years)

Mean (range) 72 (37–88) 65 (32–87) \0.001

Localization primary tumor

Mid/upper 11 % 49 % \0.001

Distal/GEJ 88 % 51 %

T stage

T1 7 % 5 % 0.838 (NS)

T2 16 % 14 %

T3 59 % 63 %

T4 18 % 18 %

N stage 0.682 (NS)

N1 65 % 65 %

M stage 0.107 (NS)

M1a 10 % 4 %

Treatment

dCRT 34 % 44 % 0.111 (NS)

dRT 66 % 56 %

Dose

Median 54 Gy 54 Gy 0.877 (NS)

ILBT

Yes 74 % 65 % 0.091 (NS)

90-Day mortality 3.0 % 4.9 % 0.538 (NS)

GEJ gastroesophageal junction, SCC squamous cell carcinoma, AC
adenocarcinoma, NS not significant, ILBT intraluminal brachytherapy

Definitive (Chemo)Radiation in Esophageal Cancer 1987



88/35, P = 0.030), age (72 versus 65 years, P \ 0.001),

and localization [more distal/gastroesophageal junction

(GEJ) tumors 88 % compared with 51 %, P \ 0.001] dif-

fered between AC and SCC patients. Stage- and treatment-

related characteristics did not differ between AC and SCC

patients. Comorbidities and reasons not to perform primary

resection were not routinely recorded in the data adminis-

tration of the Comprehensive Cancer Centre, The

Netherlands, but sufficient information could be obtained

from patient records in referral centers (84 %, n = 241). A

trend (P = 0.06) was observed in the distribution difference

between the dCRT and dRT groups regarding these pre-

treatment comorbidities (Table 3). To adequately evaluate

the results between the dCRT and dRT groups and to reduce

selection bias, we created matched groups with similar base-

line characteristics (see ‘‘Methods’’ section and Table 2).

The characteristics of the matched patients treated with

dCRT and dRT are displayed in Table 2. Patients treated

with dCRT were relatively younger (61.5 versus

65.7 years) compared with dRT patients. The T, N, and M

stage were comparable in the two groups.

Posttreatment 90-day mortality did not differ between

the two groups (P = 1.000 and P = 0.681, Table 2).

Disease-Free and Overall Survival

The median DFS and OS of the whole group (n = 287)

were, respectively, 8 months (95 % CI: 7–9 months) and

11 months (95 % CI: 10–12 months). The 1-, 2-, and

5-year survival rates were 37, 16, and 5 % for DFS

(Fig. 1a) and 49, 22, and 8 % for OS (Fig. 1b).

The DFS for patients with SCC was significantly better

compared with patients with AC (1, 2, and 5 years: 40, 24,

and 9 versus 34, 10, and 2 %; P = 0.006, log-rank test;

Fig. 1c).

Similarly, the OS for SCC patients was significantly

better than in AC patients, with 47, 29, and 14 % at 1, 2,

TABLE 2 Clinicopathological characteristics between patients treated with dCRT and dRT, before and after matching

Before matching P value After matching P value

dCRT N = 110 dRT N = 177 dCRT N = 75 dRT N = 75

Gender

Male/female 88/22 136/41 0.560 (NS) 59/16 57/18 0.846 (NS)

Age (years)

Mean (range) 61.7 (32–82) 71.1 (36–88) \0.001 61.5 (42–82) 65.7 (32–82) 0.005

Localization

Mid/upper 35 % 25 % 0.072 (NS) 34 % 29 % 0.591 (NS)

Distal/GEJ 65 % 75 % 66 % 71 %

Histology

AC/SCC 51/49 % 61/39 % 0.111 (NS) 55/45 % 52/48 % 0.870 (NS)

T stage

T1 1 % 9 % \0.001 1 % 0 % 0.171 (NS)

T2 7 % 20 % 5 % 13 %

T3 59 % 61 % 66 % 68 %

T4 33 % 10 % 28 % 19 %

N stage

N1 84 % 52 % \0.001 87 % 81 % 0.505 (NS)

M stage

M1a 15 % 3 % \0.001 16 % 7 % 0.120 (NS)

ILBT

Yes 36 % 93 % \0.001 32 % 91 % \0.001

90-Day mortality 3.6 % 4.0 % 1.000 (NS) 2.6 % 5.3 % 0.681 (NS)

GEJ gastroesophageal junction, SCC squamous cell carcinoma, AC adenocarcinoma, NS not significant, ILBT intraluminal brachytherapy

TABLE 3 Comparison of comorbidity and primary reasons to

abandon surgery between dCRT and dRT groups (P = 0.06)

Factor dCRT N = 89 dRT N = 152

Pulmonary 6 % 9 %

Cardiovascular 16 % 30 %

Unresectable 57 % 45 %

Age 21 % 16 %

1988 J. K. Smit et al.



and 5 years for SCC versus 50, 17 and 3 % for AC patients

(P = 0.044, log-rank test) (Fig. 1d).

In the matched analysis, patients in the dCRT group

showed better DFS compared with the dRT group

(P = 0.016, log-rank test). The difference in OS did not

reach significance, although there was a trend towards

better survival in favor of the dCRT group (P = 0.071,

log-rank test; Fig. 2b).

On multivariate Cox regression analysis of the whole

group (n = 287), tumor histology was an independent

prognostic factor for DFS with hazard ratio (HR) of 0.72

(95 % CI: 0.54–0.95) and for OS (HR of 0.76, 95 % CI:

0.58–0.99). The following factors were included in this

analysis: T stage, N stage, M stage, histology (AC versus

SCC), type of treatment (dCRT versus dRT), gender, and

age. No other independent prognostic factors for OS and

DFS could be identified.

Locoregional Recurrence-Free Survival

The median LRFS in the whole group (n = 287) was

13 months (95 % CI: 10–16 months) with 1-, 2-, and

5-year LRFS of 55, 31, and 12 %, respectively. The LRFS

in SCC patients was significantly higher compared with AC

patients, with 17 % at 5 years for SCC patients versus 7 %

for AC patients (P = 0.046, log-rank test; Fig. 1e).

In the matched group analysis the dCRT group showed

better LRFS compared with the dRT group, with 27 versus

9 % at 5 years (P = 0.001, log-rank test; Fig. 2c).

a b

c d e

FIG. 1 Kaplan–Meier survival curves of (a) disease-free survival

(DFS) and (b) overall survival (OS) in the total population (n = 287).

Survival curves of (c) DFS and (d) OS between squamous cell

carcinoma (SCC) versus adenocarcinoma (AC) patients. (e) Survival

curve of locoregional recurrence-free survival (LRFS) between SCC

and AC patients

Definitive (Chemo)Radiation in Esophageal Cancer 1989



Potential Staging Effect During the Study Period

To determine whether there was a different staging

effect due to more appropriated staging procedures,

patients were divided into two groups, namely group 1

treated before 2002 (n = 92) and group 2 treated from

2002 (n = 195). This time point coincided with the half-

way point of the study period and the introduction of FDG-

PET in the staging procedure (see ‘‘Methods’’ section).

Both groups were well balanced with regard to T stage and

N stage (P = 0.21 and 0.78). Patients in group 2 had rel-

atively higher rates of M1a stage (according to the 6th

TNM) patients compared with the group treated before

2002 (10 versus 1 %, P = 0.005). The OS and DFS

between these two groups did not differ statistically.

DISCUSSION

The present study of a relatively large population-based

cohort of patients treated with dCRT or dRT provides

important prognostic information with possible consequences

in current clinical practice.

The long-term DFS and OS at 5 years of the whole group

were grim. Other centers have reported higher 5-year survival

rates. One could speculate that the differences in survival are

due to stricter selection criteria.11,12,14,23 Therefore, direct

comparison with these survival rates is difficult to make, since

we included all curatively treatable stage categories, including

a high percentage of T4 tumors and previously M1a-staged

patients, compromising the survival rates.

In the present study we found a difference in the DFS

and OS rates between the SCC and AC groups. At 5 years,

the OS rate in the AC group was 3 %, whereas in the SCC

group this was 14 %. Furthermore, in this study, SCC

tumors showed improved locoregional control compared

with AC tumors. To date, little is known about the outcome

of RT or CRT between SCC and AC tumors. Cooper et al.

showed, in a prospective study, improved OS at 2 and

5 years for SCC compared with AC (38 and 21 versus 22

and 13 %) after dCRT treatment.11 However, this differ-

ence was not statistically significant, arguably due to the

small study population. Burmeister et al. also showed, in a

histology subgroup analysis of a randomized controlled

trial (RCT), that SCC is associated with better progression-

free survival compared with non-SCC (HR of 0.47 versus

HR of 1.02 in risk of death).24 However, these patients

underwent preoperative CRT instead of dCRT or dRT.

Finally, a recent Dutch RCT, comparing surgery versus

preoperative CRT, also showed better outcome of SCC

patients compared with AC patients (HR of 0.34 and 0.82

in risk of death).25 The improved outcome of preoperative

CRT on SCC tumors in these studies generally increases

the positive results of preoperative CRT in the whole

group. However, this improvement in survival in the pre-

operative CRT arm for the SCC histology subtype could

not be reproduced by a recent updated meta-analysis.10 In

contrast, Fiorica et al. described, in a meta-analysis, a

benefit of preoperative CRT for AC compared with SCC.26

Extent of surgery may be an important confounding factor

in comparison of results of AC and SCC after preoperative

CRT. SCC tumors are usually localized in the mid or upper

esophagus and treated using a transthoracic approach,

while AC tumors are located in the distal esophagus or

gastroesophageal junction (GEJ), for which many surgeons

a b c

FIG. 2 Kaplan–Meier survival of (a) disease-free survival (DFS) and

(b) overall survival (DFS) of the dCRT (n = 75) and dRT (n = 75)

groups, according to matched cohorts. (c) Survival curves of

locoregional recurrence-free survival (LRFS) between definitive

chemoradiotherapy (dCRT) and radiotherapy (dRT) groups

1990 J. K. Smit et al.



will opt for a transhiatal approach. However, there are

indications that patients who were operated through a

transthoracic approach have a better outcome compared

with the transhiatal approach.6,27 Large trials in the past

have shown an advantage for preoperative chemotherapy

compared with surgery alone for distal or GEJ esophageal

AC tumors.28,29 Therefore, some centers still opt for

exclusion of radiotherapy from the preoperative regimen in

case of distal or GEJ, AC tumors. This study adds further

evidence that AC tumors have less survival benefit when

RT is part of the treatment regimen. The choice to add RT

to the treatment regimen, whether in the definitive or pre-

operative setting, should be considered carefully, as

addition of RT may induce significant morbidity, such as

life-threatening ulceration with perforation, fistula or

stricture formation.13,16–18

In the matched analysis between dCRT and dRT in this

study, DFS was better in the dCRT compared with the dRT

group. We only observed a trend of significance in OS

(P = 0.07) towards better survival for the dCRT group,

which could be based on pretreatment existing differences

in comorbidities between the two groups. Also, local

control (LRFS), as a surrogate for response, in the dCRT

group was better. A possible explanation is the radiosen-

sitizing effect of concomitant chemotherapy. This is

supported by previously published studies describing better

outcome for dCRT compared with dRT patients.11,12,14 The

radiation dose is lower in the dCRT group since the che-

motherapy will act as a radiosensitizer. Therefore,

additional use of ILBT is mostly applied in the dRT group.

Furthermore, the effect of dose escalation is still ques-

tionable. This was shown in the RTOG 94-05 study, in

which a higher radiation dose did not translate into

improved locoregional tumor control or overall survival.30

An important note is that, with increasing age and the

presence of concomitant comorbidity, elderly patients

usually receive dRT, while younger patients are generally

treated with a combined modality of dCRT. Indeed, in our

group, the dCRT patients were significantly younger with

mean age of 61.7 versus 71.2 years in the dRT group. This

age difference was reduced after matching to 61.5 versus

65.7 years. Moreover, there was no difference in the

presence of pretreatment comorbidity and reasons to

abandon surgery, as we here show in a subgroup analysis of

241 patients.

This study is subjected to some limitations. A possible

drawback is that the information was limited to the data

recorded in the patient and cancer registry files. Despite the

long time interval in the current study, no staging-depen-

dent effect was observed during the treatment period.

It was noted that patients with SCC were significantly

younger than AC patients. This could be confounding when

interpreting the survival data, but as shown in our multi-

variate analysis, patient age did not impact the DFS or OS.

CONCLUSIONS

In this study we show that SCC of the esophagus has

better long-term results and local control rate than AC

tumors after definitive (chemo)radiation. This histological

subtype was demonstrated to be an independent prognostic

factor for both OS and DFS in patients treated with

(chemo)radiation. Although the OS difference between dRT

and dCRT is small, the matched analysis showed that dCRT

seems to offer better LRFS and DFS compared with dRT.
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