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Abstract

Background
Surgery alone for locally advanced oesophageal cancer is associated with low cure rates. 

The benefits and risks of neoadjuvant chemoradiation for patients with oesophageal cancer 

were evaluated.

Methods
A systematic review of publications between 2000 and 2008 on neoadjuvant chemoradiation 

for oesophageal cancer was undertaken. 

Results
Thirty-eight papers comprising 3640 different patients met the inclusion criteria. 

Chemoradiation regimens varied widely with a predominance of 5FU/cisplatin chemotherapy. 

Chemoradiation-related toxicity was reported in only ten studies and consisted mainly 

of neutropaenia. The chemoradiation-related mortality was 2.3 per cent. The mean R0-

resection rate and pathological complete response (pCR) rate were 88.4 and 25.8 per cent, 

respectively. Postoperative morbidity was not uniformly reported. The in-hospital mortality 

after oesophagectomy following chemoradiation was 5.2 per cent. Five-year survival rates 

varied from 16 to 59 per cent in all patients and from 34 to 62 per cent in those with a pCR. 

Chemoradiation had a temporary negative effect on quality of life.

Conclusion 
Neoadjuvant chemoradiation regimens for oesophageal cancer vary widely. Besides 

traditional outcome parameters (such as survival), other parameters should be analysed (for 

example toxicity) to assess whether the risks of chemoradiation are sufficiently compensated 

for by the benefits.
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Introduction 

Oesophageal cancer has one of the highest mortality rates among patients with solid 

tumours. The incidence of this tumour is rising as the result of a marked increase in the 

incidence of adenocarcinoma in the West. It is estimated that worldwide approximately 

460 000 new patients are diagnosed with oesophageal cancer annually.1 In the absence 

of tumour invasion into neighbouring organs and without evidence of distant metastasis, 

treatment is offered with curative intent. For many decades, surgical resection was the only 

treatment for these patients. However, surgery alone has been associated with low cure 

rates regardless of surgical approach or histology. Locoregional recurrence and metastatic 

spread remain common, despite improvement in staging modalities, surgical techniques 

and perioperative care. This indicates a need for better local and systemic control of this 

malignancy. Neoadjuvant chemoradiation (CRT) was introduced in the early 1980s.2-4 

Although radiotherapy may increase the rate of curative resection by tumour downstaging, 

a survival benefit of preoperative irradiation has not been demonstrated.5 Chemotherapy 

was added as a radiosensitizer in order to improve results. It may synchronize cells in a 

susceptible phase of the cell cycle for radiotherapy, decrease repopulation after radiotherapy 

and, by reducing the size of a tumour, increase its reoxygenation, which is beneficial for 

radiotherapy.6;7

Promising results have led to several randomized controlled trials (RCT)8-12 and 

subsequent meta-analyses.13-19 Most of these publications have focused on pathological 

response rate and survival. Outcome measures such as toxicity, clinical response and quality 

of life (QoL) have been studied less frequently. In their review in 2001, Geh and colleagues 

concluded that larger RCTs were needed to define the most optimal CRT regimens with 

high rates of pathological complete response (pCR) and acceptable toxicity.20 The review 

covered publications from 1980 to 2000. The purpose of the present review was to add to 

the knowledge of the subject from 2000 onwards.

The aim of our study was to describe the benefits (such as pCR) and risks (for example 

toxicity) of neoadjuvant CRT for patients with locally advanced oesophageal cancer. A 

systematic review of the recent English language literature (January 2000 through December 

2008) on neoadjuvant CRT for oesophageal cancer was performed.
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Methods

Search Strategy
Electronic searches were performed in PubMed, Embase and the Cochrane Library. A 

systematic search was done with the following medical subject headings (MeSH) terms: 

‘oesophageal neoplasms AND combined modality therapy’ and ‘oesophageal neoplasms 

AND neoadjuvant therapy’. These MeSH terms were used in the syntax of the databases. In 

PubMed and Embase, the search was carried out with the limits: ‘humans’, ‘English language’, 

‘all adult: 19+ years’ and ‘published between 2000 and 2008’. The Cochrane Library was 

limited regarding date: ‘date range from 2000 to 2008’. Papers with an electronic publication 

Table 1: Inclusion and exclusion criteria for papers in a systematic literature search on neoadjuvant 
chemoradiation for locally advanced oesophageal cancer (2000-2008)

Inclusion Criteria Exclusion Criteria

Study design Phase II or III study Phase I study

Prospective cohort study Dose-escalating study

Retrospective study Study on translational research

Study population Original study group ≥50 patients patients with:

- T1 tumour

- recurrent cancer

- metastatic disease (M1b)

- cervical oesophageal tumour

Treatment Neoadjuvant CRT followed by surgery Definitive CRT

Induction chemotherapy

Palliative treatment

Brachytherapy

Hyperthermia

Salvage surgery

Targeted therapy

Postoperative CRT

Abbreviations: CRT: chemoradiotherapy
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date in 2008, but hard-copy publication date in 2009 were ineligible. Inclusion and exclusion 

criteria are shown in Table 1. A manual cross-reference search of the bibliographies of 

included papers was carried out to identify additional potentially relevant studies. 

Data extraction and study selection 
Two investigators independently reviewed each title, abstract and potentially relevant paper. 

The following data were extracted (where provided): treatment schedule (including detailed 

information on radiotherapy and chemotherapy), completion of CRT, toxicity due to CRT, 

death during or shortly after CRT, percentage of patients proceeding to surgery, clinical 

response (correlated with pathological response), radicality of resection, pCR, postoperative 

morbidity and mortality, overall and diseasefree survival, and tumour recurrence rates. Papers 

had to provide at least two of the five following outcome measures to be included in the 

present review: toxicity of CRT, clinical response (correlated with pathological response), 

pCR, postoperative morbidity and mortality, survival. QoL was regarded as a distinct outcome 

measure. QoL studies were selected if they met the inclusion and exclusion criteria.

Evaluable studies were analysed per endpoint. When similar endpoints for the same 

study population were analysed in different papers, only the paper providing the highest 

number of endpoints was included. Papers comprising the same study population, but 

analysing different endpoints, were included. If there was no clear differentiation between 

patients treated with neoadjuvant chemotherapy and those with neoadjuvant CRT, the 

paper was excluded. 

Discrepancies between the two investigators were resolved by discussion. This occurred 

in 11 studies that were all excluded because only a single outcome measure was analysed. 

Besides three RCTs that were excluded because the study population was less than 50 

patients who underwent surgery after neoadjuvant chemoradiation, 14 non-randomized 

studies were excluded for the same reason after reading the entire paper.

Results

Of 1296 papers initially identified, 333 were at least duplicates and 925 papers were excluded 

based on predefined selection criteria, leaving 38 papers for inclusion in the present review 

(Fig. 1).21-58 A final manual cross-reference search of these selected papers did not identify 

additional relevant articles.
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Included papers
Three RCTs33;39;46 , 12 prospective cohort studies24;26;28;34;38;40;43;44;47;55;56;58 and 23 

retrospective studies 21–23,25,27,29–32,35–37,41,42,45,48–54,57, comprising 3640 different patients, were 

included. Almost all included studies reported the distribution between adenocarcinoma 

and squamous cell carcinoma, with a slight predominance for adenocarcinoma (Table 2).

There was a preference for cisplatin-based regimens, often in conjunction with 

5-fluorouracil (5-FU) (28 studies), but the dose and timing during the radiotherapy course 

varied widely.21-23;25;27;29;31-34;38;39;41-43;46-48;52-54;56-58 The radiotherapy dose varied from 30 to 

60 Gray (Gy), with a total dose of at least 45 Gy in 22 studies. With some studies using 

more than one radiotherapy schedule, 28 studies used conventional fractionation (1.8-2.0 

Gy per fraction, 5 fractions per week23-25;27-30;34-50;52;53;55;58), three used a hyperfractionated 

schedule21;22;26, four a hypofractionated schedule38;39;47;48, three a split-course schedule22;39;46, 

and two an accelerated schedule33;56 ; in five studies the type of fractionation was not 

reported (Appendix 1, supporting information).31;32;51;54;57

In most retrospective studies, the initial study population consisted exclusively of patients 

who completed CRT and underwent surgery. In these studies, data on the number of patients 

Figure 1: Summary of literature search 
on neoadjuvant chemoradiation for 
locally advanced oesophageal cancer 
(2000-2008)
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Table 2: Included papers
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Kim 21 2001 Retro 94 1% 99% Cisplatin, 5-FU 48 53

Vermund 22 2002 Retro 38

35

24%

31%

76%

69%

Cisplatin, 5-FU

Cisplatin, 5-FU, vinblastine

50.4

45

38

35

Hagry 23 2003 Retro 109 29% 65% Cisplatin, 5-FU 36-40 90

Meluch 24 2003 Phase II 129 71% 27% Paclitaxel, carboplatin, 5-FU 45 105

Donington 25 2003 Retro 108 100% -- Cisplatin, 5-FU 50.4 108

Urba 26 2003 Phase II 69 83% 14% Cisplatin, palitaxel 45 68

Imdahl 27 † 2004 Retro 82 30% 70% Cisplatin, 5-FU 36 82

Brucher 28 2004 Phase II 76 -- 100% 5-FU 30 64

Kelley 29 † 2004 Retro 61 82% 18% Cisplatin, 5-FU 50.4 61

Liao 30 † 2004 Retro 60 73% 25% Majority 5-FU based 45 60

Kesler 31 † 2005 Retro 85 89% 11% Cisplatin and 5-FU based (76 

patients); 9 received additio-

nal celecoxib

50 85

Zhang 32 † 2005 Retro 56 75% 25% Cisplatin, 5-FU 45 56

Burmeister 33 † 2005 RCT 128 63% 35% Cisplatin, FU 35 112

de Manzoni 34 † 2005 Pro 111 -- 100% Cisplatin, 5-FU 30 87

Berger 35, 36 † 2005 Retro 131 NM NM Cisplatin and 5-FU (cisplatin 

and paclitaxel and continuous 

5-FU in 27 patients)

45-60 131

Gaca 37 2006 Retro 101 95% 5% 5-FU based (+ cisplatin or 

paclitaxel and carboplatin or 

doxorubicin and methotrexate)

45 101

Reynolds 38 * † 2006 Pro 87 72% 28% Cisplatin, FU 40-50 87

Bonnetain 39 * † 2006 RCT 129 11% 89% Cisplatin, FU 30 or 46 111
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van Meerten 40 2006 Phase II 54 76% 22% Paclitaxel, carboplatin 41.4 52

Law 41† 2006 Retro 109 -- 100% Cisplatin, 5-FU 40 109

Roof 42†† 2006 Retro 164 75% 22% Cisplatin, 5-FU and/or 

paclitaxel

45-58.5 150

Mariette 43† 2006 Pro 144 -- 100% Cisplatin, 5-FU 46 144

Lin 44 2007 Phase II 97 5% 95% Cisplatin, paclitaxel 40 61

Rizk 45 2007 Retro 276 100% -- Cisplatin based (+ FU, irinote-

can, paclitaxel or other)

50.4 276

Bedenne 46† 2007 RCT 259 -- 100% Cisplatin, FU 30 or 46 111

Reynolds 47 2007 Pro 243 69% 31% Cisplatin, 5-FU 40-50 213

Walshe 48 2007 Retro 40

39

73%

77%

28%

23%

Cisplatin, 5-FU 40

44

32

35

Kelsey 49 2007 Retro 52 75% 23% Paclitaxel based (+ cisplatin, 

cisplatin and 5-FU, carbopla-

tin and 5-FU, carboplatin and 

tegafur–uracil , carboplatin 

and capecitabine)

45 52

Rizk 50 2007 Retro 91 -- 100% Cisplatin based (+ paclitaxel 

or irinotecan or 5-FU or other)

50.4 91

Luu 51† 2008 Retro 46

18

81% 19% Carboplatin based

Cisplatin based

45-60

45-60

46

18

Hsu 52† 2008 Retro 44

39

--

--

100%

100%

Cisplatin, 5-FU

Cisplatin, paclitaxel

36-40

36-40

44

39

McLoughlin 53 2008 Retro 81 70% 30% Cisplatin and 5-FU (56 pa-

tients), carboplatin and 5-FU 

(2), taxol based (4), 5-FU (19)

50.4 81

Rizzetto 54 † 2008 Retro 54 100% -- Cisplatin, 5-FU, carboplatin 

and/or paclitaxel

40 54

van Meerten 55* 2008 Phase II 54 76% 22% Paclitaxel, carboplatin 41.4 52

Barbour 56 2008 Pro 131 67% 31% Cisplatin, 5-FU 35 131
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who became inoperable after CRT (owing to toxicity or disease progression) and on the 

proportion of patients whose tumour was considered unresectable, were not available. In 12 

evaluable studies21;23;24;26;28;33;40;42;44;47;48;58, 1115 (83.6 per cent) of 1333 patients underwent 

oesophagectomy following CRT. The remaining 218 patients had disease progression (79; 

5.9 per cent), were unfit for surgery (60; 4.5 per cent), refused surgery following CRT (54; 

4.1 per cent), were removed from treatment because of poor treatment tolerance (3; 0.2 

per cent), had persistent toxicity (2; 0.2 per cent), or died during or shortly after CRT (20; 

1.5 per cent).

Toxicity of chemoradiotherapy
CRT-induced acute toxicity was often subdivided in haematological and non-haematological 

toxicity. Data on toxicity were provided in only ten papers (Table 3 and 4).24;26;28;33;34;40;42;44;46;49 

Different toxicity scoring systems were used. The most frequently reported haematological 

toxicity was neutropaenia grade 3/4, occurring in 1-60 per cent of patients. Nausea and/

or vomiting grade 3/4 were seen in 0-16 per cent, and oesophagitis grade 3/4 in 0-43 per 

cent. Two studies mentioned total (non-)haematological toxicity grade 3/4 occurring in 21 

per cent of patients46, and in 79 per cent of patients.42 Some grade 3/4 toxicity scores were 

reported once such as dehydration (17 per cent)49, fever (10 per cent)44, thrombosis (8 per 

cent)49, weakness (6 per cent)24, pneumonitis (2 per cent)33, cardiotoxicity (2 per cent)28, 

and fistula (2 per cent).42 Nutritional support (either enteral or parenteral) was required in 

6-35 per cent of patients.24;26;31;40 Nine out of ten studies, that provided data on toxicity, 

reported on mortality during or shortly after CRT.24;26;28;33;34;40;42;44;46 Twenty-nine (2.3 per 

cent) out of 1269 patients died after the start of CRT and before surgery.
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Roedl 57 2008 Retro 51 100% -- Cisplatin, 5-FU 50.4 51

Schneider 58 2008 Pro 91 39% 62% Cisplatin, 5-FU 36 80

Abbreviations: CRT: chemoradiation; AC: adenocarcinoma; SCC: squamous cell carcinoma; Retro: retrospective study; 
Phase II: Phase II trial; RCT: randomised controlled trial; Pro: prospective cohort study; FU: fluorouracil; d: day; AUC: area 
under the curve; NM: not mentioned; pts: patients

† In these studies, a part of the study population was excluded and not analysed based on the predefined selection 
criteria as described in Table 1

*  Quality of life studies
††  Elective radiation to a total dose of 45 Gy in 25 fractions in 5 weeks was applied with a concomitant boost dose of 

13.5 Gy delivered as a second daily treatment of 1.5 Gy for 9 fractions administered Days 1–5 and Days 29–32 
during the first and second cycles of chemotherapy
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Correlation of clinical response with pathological response
Clinical response was correlated with pathological response in only three studies. Data 

on sensitivity, specificity, positive and negative predictive value, and accuracy are shown 

in Appendix 2 (supporting information).53;57;58 Correlation varied widely (47-92 per cent).

Completeness of resection
In 23 studies (2241 operated patients), the microscopically clear (R0) resection rate was 

given (Table 5).23;25;26;28;30-34;37;40-43;45;46;48-52;56;58 This varied from 56 to 100 per cent, with 15 

studies reporting 90 per cent or higher. Based on patient numbers, the mean R0-resection 

rate was 88.4 per cent. The mean R0 resection rate was 85.9 per cent in five studies that 

specifically looked at circumferential resection margins (CRMs) besides longitudinal margins, 

compared with 89.1 per cent in the 18 studies that did not elaborate on CRM.

Table 3: Summary of studies describing grade 3/4 haematological toxicity owing to neoadjuvant 
chemoradiotherapy followed by surgery for oesophageal cancer
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Meluch 24 129 CTC 73% 22% 7%

Urba 26 69 NM 3% 13% 4%

Brucher 28 76 WHO/CTC 0% 1% 1%

Burmeister 33 123† RTOG 4%

de Manzoni 34 111 NM 11%

van Meerten 40 53† CTC 0% 25% 15% 2%

Roof 42 164 CTC 60% 23%

Lin 44 97 CTC 11% 30% 16% 10%

Bedenne 46 259 WHO 3% 8% 1% 1%

Kelsey 49 52 CTC 10% 13%

Abbreviations: CTC: Common Toxicity Criteria; NM: not mentioned; WHO: World Health Organization; RTOG: Radiation 
Therapy Oncology Group; † Evaluable patients
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Table 5: Summary of studies on microscopically radical (R0) resection rates and pathological complete 
response after neoadjuvant chemoradiation followed by surgery for oesophageal cancer

First author Number of ope-

rated patients

Number and percentage of 

patients with a R0 resection

Number and percentage of 

patients with a pathological 

complete response 

Kim 21 53 NM 26 49%

Hagry 23 90 68 76% 22 24%

Meluch 24 105 NM 47 44.8%

Donington 25 108 102 94.4% 24 22.2%

Urba 26 68 61 90% 13 19%

Imdahl 27 82 NM 18 22%

Brucher 28 64 48 75% 8 13%

Kelley 29 61 NM 23 38%

Liao 30 60 54 90% 13 22%

Kesler 31 85 83 98% 25 29%

Zhang 32 56 50 89% 7 13%

Burmeister 33 112 103 92.0% 16 14.3%

de Manzoni 34 87 49 56% 12 14%

Berger 36 131 NM 42 32%

Gaca 37 101 92 91.1% 28 27.7%

van Meerten 40 52 52 100% 13 25%

Law 41 109 97 89.9% 31 28.4%

Roof 42 150 138 92.0%  68 45.3%

Mariette 43 144 107 74.3% 23 16.0%

Lin 44 61 NA 24 39%

Rizk 45 276 256 92.8% 52 18.8%

Bedenne 46 111 97 87.4% 25 22.5%

Reynolds 47 213 NA 41 19.2%

Walshe 48 32

35

28

31

88%

89%

8

5

25%

14%

Kelsey 49 52 47 90% 20 38%
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Pathological response
Thirty-two studies involving 3082 operated patients reported the proportion of patients who 

had a pCR. It ranged from 13 to 49 per cent with an mean of 25.8 per cent (Table 5).21;23-

34;36;37;40-54;56;58 In the 12 studies that noted the proportion of patients who proceeded to 

surgery, the mean pCR rate was 27.3 per cent.21;23;24;26;28;33;40;42;44;47;48;58 There was no 

relationship between pCR rate and other endpoints (such as histology, chemotherapeutic 

agent, radiation dose, toxicity, timing of surgery or percentage of patients proceeding to 

surgery).

Six studies evaluated the pathological response after neoadjuvant CRT in more 

detail28;40;47;48;56;58, using the Mandard classification59 or the Junker classification (Table 

6).60 Brucher and colleagues found that responders (tumour regression grade (TRG) 1-2) 

had a significantly longer survival time than non-responders (TRG 3-5).28 Reynolds and 

co-workers concluded that TRG 1-3 was associated with significantly improved survival 

compared with TRG 4-5, but that this classification was less predictive than pathological 

nodal status.47 Walshe et al did not correlate TRG with survival.48 Barbour and colleagues 

found no significant difference in survival between patients with TRG 1 and patients with 

TRG 2, but both groups demonstrated significantly better survival than patients with TRG 

3-5.56

First author Number of ope-

rated patients

Number and percentage of 

patients with a R0 resection

Number and percentage of 

patients with a pathological 

complete response 

Rizk 50 91 85 93% 39 43%

Luu 51 64 59 92% 11 17%

Hsu 52 44

39

80 96% 12

16

27%

41%

McLoughlin 53 81 NM 32 40%

Rizzetto 54 54 NM 17 31%

Barbour 56 131 122 93.1% 22 16.8%

Schneider 58 80 72 90% 12 15%

Total 3082 1981/2241 88% 795/3082 26%

Abbreviations: NM: not mentioned; NA: not applicable
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Van Meerten et al classified pathological response according to Junker60, but drew no 

conclusions from their results.40 Schneider and co-workers concluded that histomorphological 

regression was an objective response parameter of significant prognostic importance.58

Postoperative morbidity and mortality
The time interval between completion of neoadjuvant therapy and surgery may influence 

postoperative complication rates. Only few studies reported the exact time interval for 

their population (data not shown).25;31;40;44;46;51;52 Total morbidity rates are shown in Table 

7. Anastomotic leakage was the most frequently reported postoperative complication 

Table 6: Summary of studies on pathological response after neoadjuvant chemoradiotherapy followed 
by surgery for oesophageal cancer

First author n Pathological response according to

Mandard 58 #

TRG 1 TRG 2 TRG 3 TRG 4 TRG 5

Brucher 28 64 13% 28% 44% 14% 2%

Reynolds 47 * 178 21% 21% 27% 24% 7%

Walshe 48 32

35

25%

23%

28%

29%

22%

11%

16%

26%

9%

11%

Barbour 56 † 131 17% 44% 39% (TRG 3, 4 & 5)

Junker 59 ‡

Grade I Grade II Grade III Grade IV

van Meerten 40 52 12% 27% 37% 25%

Schneider 58 80 38% 21% 26% 15%

Abbreviations: TRG: tumour regression grade
* 35 patients were excluded from pathological response assessment
† The Mandard classification was simplified into three categories: complete response (0% or no residual tumour; TRG 
1), major response (1-10% residual tumour; TRG 2) or minor response (>10% residual tumour; TRG 3-5)

# Classification according to Mandard
 TRG 1: no residual cancer
 TRG 2: rare residual cancer cells
 TRG 3: predominant fibrosis with residual cancer cells
 TRG 4: residual cancer cells outgrowing fibrosis
 TRG 5: complete absence of regression change

‡ Classification according to Junker 
 Grade I: >50% vital residual tumour cells 
 Grade II: 10 to 50% vital residual tumour cells (partial response)
 Grade III: nearly complete response with <10% vital residual tumour cells
 Grade IV: complete tumour regression without vital tumour tissue
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Table 7: Summary of studies on postoperative morbidity and mortality after neoadjuvant chemo-
radiotherapy followed by surgery for oesophageal cancer

First author
Number of resected 

patients
Total

complications In-hospital death 

Kim 21 53 3 (6%)

Vermund 22 73 5 (7%)

Hagry 23 90* 67 (74%) 9 (10%)

Meluch 24 96 45 (47%) 6 (6%)

Donington 25 108 51 (47.2%) 4 (4%)

Urba 26 68 1 (1%)

Imdahl 27 82 48 (59%)

Brucher 28 64 28 (44%) 3 (5%†)

Kelley 29 61 14 (23%) 2 (3%)

Kesler 31 85 21 (25%) 6 (7%)

Zhang 32 55 20 (36%) 2 (4%)

Burmeister 33 105  5 (4.8%)

de Manzoni 34 80 30 (38%) 9 (11%)

Berger 35 131 74 (56.5%) 6 (4.6%)

Gaca 37 101 3 (3.0%)

van Meerten 40 52 38 (73%) 4 (8%)

Law 41 109 0 (0%)

Mariette 43 144 58 (40.3%) 9 (6.3%)

Lin 44 61 2 (3%#)

Walshe 48
32

35

21 (66%)

15 (43%)

3 (9%)

3 (9%)

Kelsey 49 52 2 (4%)

Luu 51 64 31 (48%) 4 (6%)

Barbour 56 131 5 (3.8%)

Total 1932 561 of 1179 (47.6%) 96 of 1850 (5.2%) 

* including 5 operated but non-resected patients
† 90-day mortality
# 30-day mortality 
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Table 8: Summary of studies on survival and tumour recurrence after neoadjuvant chemoradiotherapy 
followed by surgery for oesophageal cancer

First author
Number of 

operated 

patients

Overall survival (%) Number of 

resected

patients

Local 
Recurrence 

Distant
Both

1 yr 3 yrs 5 yrs no % no % no %

Kim 21 53 64% 59% 53 8 15% 10 19% 2 4%

Vermund 22 73 25% 16% 73

Meluch 24 105 96 3 3% 39  41%

Donington 25 108 70% 41% 108

Urba 26 69* 75% 34% 67

Brucher 28 64 64

Liao 30 60 63%# 53% 60

Kesler 31 85 85 7  8% 19 22% 1%

Burmeister 33 128* 103† 11 10.7% 46 44.7% 3.9%

de Manzoni 34 111* 18% 80

Berger 36 131 33% 131 16 12.2% 28 21.4%

Gaca 37 101 101

van Meerten 40 52 82% 56% 52

Roof 42 164* 42% 147

Mariette 43 144 38% 144

Lin 44 97* 49% 61 14 23% 12 20% 10%

Bedenne 46 111 37%# 108

Reynolds 47 243* 62% 32% 27% 213 55.4%

Walshe 48
40*

39*

63%

64%

37% 

22%

37%

22%

40

39

7

10

18%

26%

8

6

20%

15%

18%

18%

Rizk 50

pCR & T1-any N 

T2N0-1/ T3-4N0

T3-4N1

52

28

11

68%

46%

18%

52%

46%

0%

52

28

11

Luu 51 64 76% 46% 41% 64 4  6% 14 22%

Hsu 52
44

39

48%

47%

44

39

11

6

25%

15%

13

14

30%

36%

Rizzetto 54 ‡

THO

En bloc

18

40

22%

51%

18

40

3

0

17% 

0%

10

19

56%

48%

Barbour 56 131 131
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(Appendix 3, supporting information). In absence of an accepted definition61, the majority 

of studies have used a combination of both clinical features and radiological investigations. 

The incidence of this complication ranged from 1 to 44 per cent. Pulmonary and cardiac 

complications included a variety of events, and were seen in 5-57 and 2-25 per cent of 

patients, respectively. Three studies reported the frequency of surgical reinterventions with 

a range from 10 to 12 per cent.25;35;43 In total, postoperative complications occurred in 561 

(47.6 per cent) out of 1179 evaluable patients. 

Postoperative mortality was reported in 22 studies (Table 7).21-26;28;29;31-35;37;40;41;43;44;48;49;51;56 

Of 1850 patients who had a resection, 96 (5.2 per cent) patients died in the hospital after 

surgery.

Survival and tumour recurrence
Twenty-six studies provided data on survival and/or tumour recurrence rates (Tables 

8–10; an expanded version of Table 8 may be found in Appendix 4, supporting 

information).21;22;24-26;28;30;31;33;34;36;37;40;42-48;50-52;54;56;57 When mentioned, median follow-up 

and median survival ranged from 11 to 61 months and from 16 months to ‘not yet reached’, 

respectively. Overall survival varied widely, from 22 to 64 per cent at 3 years and from 16 to 

59 per cent at 5 years in studies providing survival results for the whole study population 

that underwent surgery (without subgroup analyses).

In 11 studies, the incidence of tumour recurrence was given (Table 8).21;24;31;33;36;44;47;48

;51;52;54 Of 931 patients who underwent oesophagectomy, 450 (48.3 per cent) had tumour 

recurrence. Local recurrence rates varied from 0 to 26 per cent, and distant recurrence 

rates from 19 to 56 per cent. Median time to any recurrence was reported in only two studies 

(16 and 9 months).33;54 

For patients with a pCR, overall survival rates ranged from 49 to 80 per cent at 3 years 

and from 34 to 62 per cent at 5 years (Table 9; without subgroup analyses). For those 

First author
Number of 

operated 

patients

Overall survival (%) Number of 

resected

patients

Local 
Recurrence 

Distant
Both

1 yr 3 yrs 5 yrs no % no % no %

Abbreviations: DFS: disease-free survival; pCR: pathological complete response; T, tumour category; N, node category; THO: 
transhiatal oesophagectomy
* Survival analyses included patients with definitive chemoradiation
† Only patients who underwent R0 resection
# 2-year survival
‡ Including four patients were treated with neoadjuvant chemotherapy
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Table 9: Summary of studies on survival in patients with pathological complete response after 
neoadjuvant chemoradiotherapy followed by surgery for oesophageal cancer 

First author
Number 

of patients 
with pCR

Median 
survival 

(months)

Overall survival (%) Median
DFS

(months)

DFS 

1 yr 3 yrs 5 yrs 1 yr 3 yr 5 yrs

Kim 21 26 not reached 80% not reached 62%

Meluch 24 47 75% 49% 62%†

Donington 25 24 not reached 73% 64% not reached 76% 57%

Urba 26 13 85% 69% 85% 69%

Liao 30 13 85%† 85%†

Kesler 31 25 58

Burmeister 33 16 49% 26

de Manzoni 34 12 27 34%

Berger 36 42 50 48% not reached 62%

Gaca 37 28 50

Roof 42 68 38 52%

Mariette 43 23 82 62%

Lin 44 24 not reached not reached

Rizk 45 52 70%

Reynolds 47 39 56 76% 63% 50% 24

Luu 51 11 33 91% 53% 53%

Hsu 52 12

16
91%

Rizzetto 54

THO

En bloc

7

10

43%

70%

Abbreviations: DFS: disease-free survival; pPR: pathological partial response; pNR: pathological no response; THO: 
transhiatal oesophagectomy
* Including 9 operated but non-resected patients
† 4-year survival 
‡ Only patients with at least 3 months of disease-free survival were included.
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Table 10: Summary of studies on survival in patients without pathological complete response after 
neoadjuvant chemoradiotherapy followed by surgery followed for oesophageal cancer

First author

Number 
of patients 
with pCR

Median 
survival 

(months)

Overall survival (%)
Median

DFS
(months)

DFS 

1 yr 3 yrs 5 yrs 1 yr 3 yr 5 yrs

Kim 21 27 33 26 41%

Meluch 24 58* 65% 31% 32%†

Doning-
ton 25

84 19 69% 34% 9 44% 30%

Urba 26 54 74% 27% 59%‡ 28%‡

Liao 30 47 46%† 40%†

Kesler 31 60

Burmeis-
ter 33

89

de Manzoni 
34

68

Berger 36 89 28 18% 31%

Gaca 37 73

Roof 42 79 26 41%

Mariette 43
pPR 55 

pNR 66

51

14

52%

21%

Lin 44 37 38 16

Rizk 45 224 42%

Reynolds 47 174

Luu 51 53 17 72% 45% 41%

Hsu 52 32

23
60%

Rizzetto 54

THO

En bloc

11

30

9%

48%

Abbreviations: DFS: disease-free survival; pPR: pathological partial response; pNR: pathological no response; THO: 
transhiatal oesophagectomy
* Including 9 operated but non-resected patients
† 4-year survival 
‡ Only patients with at least 3 months of disease-free survival were included.
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without a pCR, 3- and 5-year overall survival rates ranged from 27 to 45 per cent, and from 

18 to 41 per cent, respectively (Table 10).

Data on patterns of tumour recurrence in patients who achieved pCR compared with 

those who did not were provided in only a few studies (data not shown).21;25;36;54

Squamous cell carcinoma versus adenocarcinoma
Eight studies21;28;34;41;43;46;50;52 included (almost) exclusively patients with squamous cell 

carcinoma, and four studies included only patients with adenocarcinoma (Table 2).25;45;54;57 In 

the other 26 studies, both histological types were included and were not analysed separately. 

The mean pCR rate was 25.9 per cent in the eight studies on squamous cell cancer, and 

21.2 per cent in three adenocarcinoma studies. The mean R0 resection rate was 81.7 per 

cent in seven squamous cell carcinoma studies versus 93.2 per cent in two adenocarcinoma 

studies. Survival results for the distinct histological types were too limited to pool the data.

Quality of Life 
Three studies (270 patients) reported on the health-related QoL during and after neoadjuvant 

CRT for oesophageal cancer.38;39;55 In the two studies that used the European Organization 

for Research and Treatment of Cancer (EORTC) quality of life questionnaires QLQ-C3062 

and QLQ-OES1863 or QLQ-OES2464, preoperative CRT had a negative impact on most 

aspects of health-related QoL before surgery.38;55 A significant reduction in physical and 

role functioning was seen. However, postoperative recovery of health-related QoL was not 

impaired by neoadjuvant treatment, and QoL was mostly restored 1 year after surgery and 

similar to that for patients who had surgery alone. 

Health-related QoL was not different between neoadjuvant and definitive CRT in a 

study that used the Spitzer QoL index.39 However, it is important to note that in this study 

the index was scored by the clinician and QoL was rather high (median scores from 7.52 

to 8.70 on a ten-point scale), probably owing to a ceiling effect.

Discussion

Of the 38 included studies, there were three RCTs, 12 prospective cohort studies and 23 

retrospective studies. Including observational studies in a systematic review without a 

meta-analysis presents fewer problems than including them in a review with a meta-analysis. 

Shrier and colleagues suggested that including observational studies and RCTs in the 

same review could provide important additional information, improving inferences attached 

to the results.65 Observational studies are not always more prone to bias and so applying 
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a weighting scheme based exclusively on study design may lead to misclassification. No 

weighting was applied to heterogeneous studies of different design.

Within the review period, there were many studies that contained less than 50 patients. 

In the interest of readability it was decided to include only studies with at least 50 patients. 

This might introduce selection bias and it is acknowledged that three RCTS have been 

excluded from the present review as a consequence of this criterion.66-68

One of the most striking findings was the variety of CRT regimens used. Almost a 

decade after the review of Geh and co-workers20, in which larger RCT’s were proposed to 

define the optimal CRT regimen with high pCR rates and acceptable toxicity, there is still no 

agreement in terms of dose or schedule for both chemotherapy and radiation. Comparison 

of individual studies is hampered by many factors. Different treatment schedules were 

analysed and treatment details not always provided. Variations in chemotherapy and radiation 

doses may have confounded treatment results. The most favoured CRT regimen was with 

5FU/cisplatin-based chemotherapy, and this combination was used in 28 out of 38 papers, 

although different doses and time intervals were used.21-23;25;27;29;31-34;38;39;41-43;46-48;52-54;56-58

Completion of CRT is an important endpoint. Unfortunately, many retrospective 

studies did not provide data on this issue. In these studies, all patients completed CRT 

and subsequently had surgery. In clinical practice, however, there are patients who become 

inoperable during CRT owing to toxicity, clinical deterioration, or progressive disease. From 

only 12 studies, it could be calculated that 83.8 per cent of patients proceeded to surgery 

after neoadjuvant CRT. In future papers, authors should be encouraged to describe how 

many patients actually completed the planned CRT regimen and to give the reasons for 

discontinuation.

CRT-related toxicity was reported in only ten studies using different scoring systems. Total 

haematological toxicity occurred in 11-13 per cent of patients34;49, and non-haematological 

toxicity occurred in 25 per cent.49 There is a need for more information on toxicity from 

CRT in the neoadjuvant setting. More data on CRT-related toxicity are indispensable to see 

whether potential benefits sufficiently compensate for adverse events. Uniformity in scoring 

of toxicity is needed to overcome the diversity of toxicity scoring systems that now exist. 

The National Cancer Institute’s Common Terminology Criteria version 4.0 is an appropriate 

choice, representing a comprehensive multimodality grading system that includes both 

acute and late effects.69

Several studies have evaluated the clinical response after CRT by endoscopy, rebiopsy, 

endoscopic ultrasonography (EUS), computed tomography (CT), positron emission 

tomography (PET) and/or PET-CT.21;23;24;28;33;40;46;48;53;57;58 This review limited the analysis 

of response monitoring to studies that gave information on both clinical and pathological 

response, because the accuracy of clinical response assessment can only then be calculated.
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Accuracy of response evaluation was poor to good (47-92 per cent).53;57;58 EUS for 

initial tumour (T) classification before the start of neoadjuvant CRT is valuable.70 EUS at 

response evaluation, however, can not discriminate between tissue reactions after CRT 

(inflammation, necrosis, fibrosis) and vital residual tumour.58;71 Biopsy after CRT has the 

advantage of providing proof for residual tumour, if positive, but negative biopsies have very 

limited accuracy.58 New modalities such as fluorodeoxyglucose (FDG)-PET may further 

refine clinical response evaluation. Even so, complete metabolic response on FDG-PET 

does not fully correlate with complete pathological response.53 The combination of tumour 

volume and standard uptake volume in the “total lesion glycolysis” may further increase the 

accuracy in predicting pathological response.57 

A microscopically radical (R0) resection is one of the most important prognostic factors 

for survival.72 In the present review, the mean R0-resection rate was 88.4 per cent (1981 

of 2241). This is in line with the mean of 91.7 per cent (330 of 360) among patients who 

underwent surgery after CRT within the setting of a RCT.9;12;33;66;67 The mean R0-resection 

rate for patients who underwent surgery alone in these RCTs was 72.8 per cent (294 of 

404).9;12;33;66;67 In another RCT comparing two surgical techniques this rate was 72 per 

cent.73 These figures underline the value of neoadjuvant CRT in achieving tumour-negative 

resection margins.

There was no large difference in R0 resection rates between studies that looked 

specifically at CRMs and those that did not. The role of CRMs in predicting local recurrence 

in oesophageal cancer was first described by Sagar et al.74 CRM involvement depends upon 

a combination of tumour location and extension, variable oesophageal wall thickness, and 

surgical technique. Tumour-negative CRMs could serve as a requirement for better local 

treatment and, similar to colorectal surgery, as a useful quality indicator of oesophageal 

cancer surgery.75;76 

In many reports on neoadjuvant CRT, the most important prognostic factor is the 

pathological response to therapy. A significant improvement in survival for patients with no 

evidence of residual tumour on pathological examination has been demonstrated. In this 

review, the pCR rate ranged from 13 to 49 per cent with a mean of 25.8 per cent in evaluable 

operated patients. Comparing this with the result in the review by Geh and colleagues (24 

per cent)20, little improvement has been achieved. No relationship between pCR rate and 

other endpoints could be demonstrated, probably owing to the variety of treatment schedules 

and the lack of other factors that predict response to chemoradiation. An analysis that 

explored the dose–response relationship between 5-FU, cisplatin and radiation dose and 

pCR suggested that higher total radiation dose, shorter overall treatment time, lower age, 

higher cisplatin dose and higher 5-FU dose were all associated with a greater probability 

of achieving a pCR.77
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To further differentiate pathological response after neoadjuvant CRT, several studies 

have used a quantitative classification system (Mandard and colleagues59, or Junker and 

co-workers60).28;40;47;48;56;58 The additional value of a detailed regression classification system 

is still a matter of debate, because the difference between pCR and non-pCR seems to 

have the most prognostic relevance. 

The timing of surgery after CRT may affect postoperative morbidity. In rectal cancer, 

delaying surgery beyond 8 weeks after neoadjuvant CRT reduced postoperative morbidity 

without compromising prognosis.78 Other investigators have reported higher complication 

rates with longer intervals.79;80 In the present review, most studies scheduled surgery 4-7 

weeks after completion of CRT. The actual time interval between termination of CRT and 

surgery has been reported rarely.25;31;40;44;46;51;52 In future studies, timing of surgery should 

receive greater attention.

A few studies compared postoperative complication rates between patients who had 

neoadjuvant CRT and those treated with surgery alone.29;31-35;43 In these studies, there 

was no significant difference between postoperative complication rates. There was little 

uniformity in the reporting of postoperative morbidity. This might explain the variability, for 

example, in the reported rates of anastomotic leakage (1-44 per cent). Without universally 

accepted definitions, comparing results among individual studies is not possible.

Overall survival after neoadjuvant CRT followed by surgery varied widely, from 16 to 59 

per cent at 5 years. The variation is most likely the result of differences in patient selection. 

However, detailed information on the criteria for surgical resection was often not provided. 

All studies included patients with locally advanced disease, but further details on tumour 

stages (such as inclusion of M1a disease) were frequently missing. Whether patients were 

re-evaluated after CRT was not described routinely. In some studies, projected survival 

rates were given, and actual survival rates were awaited.

In the most recent meta-analysis comparing neoadjuvant CRT followed by surgery 

versus surgery alone, Gebski et al showed a significant survival benefit at 2 years in favour 

of those patients receiving neoadjuvant CRT (a weighted average of the actuarial 2-year 

survival estimated as 33 per cent with an absolute benefit of 13 per cent for neoadjuvant 

chemoradiotherapy).19 This meta-analysis was valuable but has shortcomings. Included 

studies had small sample sizes, with considerable heterogeneity between study groups. 

Patients with squamous cell carcinomas predominated. Both sequential and concurrent CRT 

regimens were included, and no correction for the extra time needed to administer CRT was 

made. A Dutch multicentre RCT comparing the combination of neoadjuvant paclitaxel and 

carboplatin with concurrent radiotherapy to surgery alone in 350 patients has yet to report.81 
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The present review confirms the observation that survival in patients with pCR is better 

than in patients without pCR.21;24-26;30;36;42-45;50;51;54 This emphasizes the importance of 

continuing attempts at improving pCR rates.

A comparison between studies that exclusively included squamous cell carcinoma 

or adenocarcinoma did not reveal large differences in pathological response rates, 

completeness of resection or survival following neoadjuvant chemoradiation. It is debatable 

whether these two entities should be managed differently.

Neoadjuvant CRT for oesophageal cancer has a profound, but temporary, negative effect 

on most aspects of health-related QoL.38;39;55 Health-related QoL scores were restored 

or even improved 1 year after surgery. In the assessment of health-related QoL, the use of 

a eOrTC-QLQ is preferred above the Spitzer Index, because the EORTC questionnaires 

are widely used and fully validated. Knowledge of the impact of neoadjuvant therapy on 

health-related QoL is essential in the process of shared decision making regarding treatment 

choices. In this respect, improvement of patient access to health-related QoL data may help 

patients with their choices, particularly when different effective strategies are available.82 

Until recently, the focus has been on neoadjuvant CRT followed by surgery29;31-33;35;41;43;47, 

but there is increasing evidence that CRT alone may produce equivalent results.30;39;46;52;83 

In some studies, the locoregional recurrence rate was higher in patients who had definitive 

CRT than in those treated with neoadjuvant CRT followed by surgery. Before such a 

CRT-alone regimen is justified, larger RCT’s with survival as primary endpoint are needed.

Predictive markers of response would be invaluable in individualizing patient treatment. 

Ideally, they would identify patients who are likely to respond to CRT and do not need to 

proceed to surgery, as well as those whose disease is likely to progress and should undergo 

direct surgery instead of receiving CRT. 

The ultimate response to CRT may be dictated by the genetic make-up of tumours and 

the various cellular pathways that are initiated during CRT. Microarray studies have shown 

that gene expression levels may correlate with pathological response and survival.84-86 

Research on predictive markers of response to preoperative CRT should be embedded 

into prospective studies.
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