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Abstract

Background The aim of this study was to confirm prognostic factors for salvage esophagectomy for remnant or

recurrent esophageal squamous cell carcinoma after definitive chemoradiotherapy.

Study design We retrospectively analyzed clinicopathological backgrounds of 50 patients who underwent salvage

esophagectomy between April 2005 and January 2016. Salvage esophagectomy comprised 40 three-incision

esophagectomies, two transhiatal esophagectomies and eight pharyngolaryngoesophagectomies. Independent prog-

nostic factors for overall survival were assessed using Cox regression analysis of the factors.

Results Salvage esophagectomy remains a highly invasive surgery and correlated with a higher incidence of all

morbidities of Clavien–Dindo classification (CDc) CII, severe morbidities of CDc C IIIb, any pulmonary mor-

bidities and chylorrhea, compared with those in patients without preoperative definitive chemoradiotherapy. Cox

regression analysis suggested that R0 resection (hazard ratio [HR] 6.39; 95% confidence interval [CI] 2.03–9.68,

P = 0.002), absence of severe complications (HR 4.97; 95% CI 1.70–14.81, P = 0.004) and early pStage (0–II) (HR

3.42; 95% CI 1.24–10.12, P = 0.018) were independent prognostic factors for salvage esophagectomy.

Conclusions Salvage esophagectomy remains correlated with a high incidence of postoperative complications.

Avoiding non-curative surgery and reducing the incidence of severe postoperative complications are important if

patients are to receive prognostic benefit of this highly invasive surgery.

Introduction

Esophageal cancer is the sixth leading cause of cancer-

related deaths [1]. Despite advances in multimodal thera-

pies, esophageal cancer remains a refractory malignancy.

Chemoradiotherapy (CRT) is one of the primary treat-

ment tools for esophageal cancer and is accepted as a

potent therapy for cure. Notably, squamous cell carcinoma,

which is the dominant histological type of esophageal

cancer in East Asia, has a high radiosensitivity. Even for

cT4 stage esophageal cancer, CRT can achieve a complete

response (CR) of 17–52% of patients [2–9]. However, a

suitable treatment strategy for remnant or recurrent eso-

phageal squamous cell carcinoma (ESCC) after definitive

CRT (dCRT) remains unestablished.
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Salvage esophagectomy is effective and is frequently

considered for these cases. Nevertheless, salvage

esophagectomy is also associated with a high incidence of

postoperative severe morbidity and surgery-related mor-

tality [10–21]. Therefore, identifying the subset of patients

who would obtain prognostic benefit from salvage

esophagectomy is of considerable importance. In the cur-

rent study, we clarify the independent prognostic factors

for salvage esophagectomy, which may help to determine

which patients should undergo or avoid this highly invasive

surgery.

Materials and methods

Patients

A CONSORT diagram of the current study is presented in

Fig. 1. A total of 277 consecutive patients with ESCC

underwent dCRT at the Department of Gastroenterological

Surgery, Kumamoto University, between April 2005 and

January 2016. Of these patients, 126 (45.5%) achieved a

clinical CR, whereas 151 (54.5%) did not. Of those patients

with clinical CR, 33 suffered recurrence. In the current

study, there was no significant difference between remnant

and recurrence cases in median overall survival (OS).

Thus, we analyzed remnant and recurrent cases together.

Finally, of the 184 patients with residual or recurrent ESCC

after dCRT, 50 patients who underwent salvage

esophagectomy were eligible. Tumor stage was classified

according to the Union Internationale Contre le Cancer

TNM staging, version 7 [22]. This study included eight

stage IV patients with supraclavicular lymph node metas-

tasis. The Institutional Ethics Committee approved this

study (Registry Number 991). Documented comprehensive

consent was obtained from all patients.

Chemoradiotherapy

In accordance with a previous report, dCRT was defined in

the present study as a CRT of C 50.4 Gy radiation [23]. The

methods and anticancer agents of dCRT varied over time.

Between April 2005 and June 2008, a low-dose FP regimen,

which consisted of low-dose cisplatin (CDDP) and fluo-

rouracil (5-FU), combined with concomitant radiation ther-

apy, was principally administered. Between July 2008 and

January 2016, two cycles of the FP regimen or two cycles of

the DCF regimen, consisting of CDDP, 5-FU and docetaxel,

together with concomitant radiation therapy were principally

administered. The low-dose FP regimen consisted of 4 mg/

m2/h of CDDP and 200 mg/m2/24 h of 5-FU given by a

continuous intravenous (i.v.) infusion on days 1–5 and

repeated weekly during radiotherapy. The FP regimen con-

sisted of 80 mg/m2/2 h of CDDP bolus on day 1 and 800 mg/

m2/24 h of 5-FU given via a continuous i.v. infusion on days

1 to 5. The DCF regimen consisted of 60 mg/m2 of docetaxel

bolus for 1 h on day 1, 350 mg/m2 of 5-FU given via a

continuous i.v. infusion and 6 mg/m2 of CDDP given via an

i.v. infusion on days 1–5. After 4 weeks of chemotherapy,

the next cycle of chemotherapy was initiated. Concomi-

tantly, 50.4–70 Gy of radiation therapy was delivered with

megavoltage equipment (6–10 MV) using an opposing

portal or multiple field irradiation techniques.

Surgery

Salvage esophagectomy was defined as a surgical proce-

dure for patients with residual or recurrent ESCC after

Fig. 1 CONSORT diagram of

the patient selection process for

our study cohort dCRT

definitive chemoradiotherapy,

SCC squamous cell carcinoma,

CR complete remission
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dCRT. There was no difference in occurrence of any

postoperative morbidity, severe morbidity or OS between

salvage esophagectomy (SLE) and salvage pharyngo-

laryngoesophagectomy (SLPLE) (Supplementary Figure 1

and Supplementary Table 1). Thus, in the current study,

salvage esophagectomy comprised 40 three-incision

esophagectomies (from neck, chest and abdomen

approach), two transhiatal esophagectomies and eight

pharyngolaryngoesophagectomies. All patients had an

Eastern Cooperative Oncology Group performance status

of 0–2. Lymph node dissection was performed only for

lymph nodes that were swollen or suspected to have

recurrence. Prophylactic extended lymphadenectomy was

not performed. In the perioperative periods, we performed

management to prevent morbidities to all patients accord-

ing to the enhanced recovery after surgery (ERAS) pro-

gram including preoperative smoking cessation, respiratory

rehabilitation [24]. At the start of surgery, methylpred-

nisolone, continuous neutrophil elastase inhibitor and

every 3 h antibiotics were also administered to all patients

[25]. Minimally invasive esophagectomy by a thoraco-

scopic technique was not adopted for any of the patients.

Definition of morbidity

Postoperative morbidities were defined in accordance with

the risk-adjusted morbidity and mortality for esophagec-

tomy for cancer proposed in the Society of Thoracic Sur-

geons General Thoracic Surgery Database [26]. The details

of each of the morbidities are described in our past reports

[27]. In our study, the Clavien–Dindo classification system

(CDc) was used to describe morbidity, with a CDc score

C II used as a cutoff for the presence of morbidity [28].

A CDc score C IIIb was indicative of a severe morbidity

requiring surgical, endoscopic or radiological intervention,

under general anesthesia.

Statistical methods

Statistical analyses were performed using JMP (version 10;

SAS Institute, Cary, NC, USA). Differences in clinico-

pathological features were determined using Student’s

t test. Survival rates after salvage surgery were calculated

by the Kaplan–Meier method, and statistical significance

was determined using the log-rank test. Overall survival

(OS) was defined as the time from salvage surgery to death

from any cause. Regarding OS, univariate analyses were

performed, including age, sex, body mass index, perfor-

mance status, tumor location, cT classification, cN classi-

fication, cM classification, pretreatment cStage, combined

chemotherapy regimen, efficacy of dCRT, indication for

surgery, operative procedure, operative time, bleeding,

presence of severe postoperative complications with

CDc C IIIb, pStage and surgical curability. When a prob-

ability level B0.1 was identified, the factor was included in

subsequent multivariate analysis. A multivariate analysis,

using the Cox proportional hazards model, was adopted to

identify independent prognostic factors. A P value of

\0.05 was considered an indication of statistical

significance.

Results

Short-term outcomes

We initially investigated short-term outcome after

esophagectomy according to preoperative treatment (Sup-

plemental Table 2). Salvage esophagectomy was associ-

ated with greater blood loss. It also correlated with a higher

incidence of any morbidity of CDc C II (58 vs 38%,

P\ 0.001), severe morbidities of CDc C IIIb (24 vs 12%,

P = 0.027), any pulmonary morbidities (34 vs 17%,

P = 0.004) and chylorrhea (12 vs 2%, P\ 0.001). In this

study, there were no surgery-related deaths in the salvage

esophagectomy group.

Survival

Table 1 presents univariate analyses of median OS after

salvage esophagectomy. Figure 2 shows the Kaplan–Meier

curves of median OS according to representative signifi-

cant factors. The OS rate was significantly lower in patients

with R1 and R2 resection than with R0 resection (0 vs.

44.4%, P\ 0.001). It was also lower in patients with

severe postoperative morbidities of CDc C IIIb (0 vs.

46.2%, P = 0.014). In addition, the rate was lower in

patients with pStage III–IV than with pStage 0–II (12.1 vs.

56.1%, P\ 0.001). Median follow-up time was 406

(22–3317) days. There were no significant differences

regarding age (divided by median), sex, primary tumor

location, preoperative cT, cN or cM classification, type of

chemotherapy regimen, efficiency of dCRT or indication

for surgery. Supplementary Figure 2 shows the Kaplan–

Meier curves of cancer-specific survival according to the

same factors. The cancer-specific survival rate was sig-

nificantly lower in patients with R1 and R2 resection, and

pStage III–IV. However, there were no significant differ-

ences in the presence of severe postoperative morbidity.

Table 2 presents the results of multivariate analyses of the

independent factors related to median OS after salvage

esophagectomy. Cox regression analysis indicated that R0

resection (hazard ratio [HR] 6.39; 95% confidence interval

[CI] 2.034–19.68, P = 0.002), absence of severe compli-

cations (HR 4.97; 95% CI 1.699–14.81, P = 0.004) and

early pStage (0–II) (HR 3.42; 95% CI 1.235–10.12,
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P = 0.018) were independent prognostic factors after sal-

vage esophagectomy.

Discussion

In the current study, we initially reconfirmed that salvage

esophagectomy remains correlated with a higher incidence

of postoperative morbidities, despite recent advances in

postoperative management. In addition, we demonstrated

that patients with R1–2 resection, severe morbidity of

CDc C IIIb and advanced pStage (III–IV) are associated

with significantly poorer survival.

Definitive CRT is clearly a potent therapy for cure in

ESCC of various stages. In stage I ESCC, dCRT is con-

sidered an equivalent treatment to surgery with a 5-year OS

rate of approximately 80% [29]. Definitive CRT for locally

advanced ESCC is also effective: According to the latest

Table 1 Univariate analyses of overall survival after salvage esophagectomy

Variable n Univariate analysis Variable n Univariate analysis

HR (95% CI) P value HR (95% CI) P value

Age Efficiency of dCRT

66\ 25 CR 18

66[ 25 1.11 (0.504–2.506) 0.79 PR 22 2.33 (0.928–6.645) 0.07

Sex SD/PD 10 2.04 (0.584–6.803) 0.25

Female 4 Indication of surgery

Male 46 4.10 (0.838–74.37) 0.09 Residual disease 32

BMI Recurrent disease 18 0.45 (0.161–1.062) 0.07

\18.5 15 Surgery

18.5–24.9 28 0.38 (0.073–6.845) 0.41 SLE 42

[25 7 0.66 (0.104–12.77) 0.72 SLPLE 8 1.46 (0.423–3.872) 0.51

Performance status Operative time

0 31 541[ 25

1–2 19 1.16 (0.507–2.539) 0.71 541\ 25 1.02 (0.466–2.217) 0.97

Primary site Bleeding

Ce 8 647[ 25

Ut/Mt/Lt 40 0.91 (0.362–2.760) 0.84 647\ 25 1.48 (0.679–3.375) 0.32

Ae 2 1.25 (0.065–8.028) 0.84 Surgical curability

Baseline T factor R0 41

cT0–T2 17 R1, R2 9 4.85 (1.79–12.07) 0.002

cI3–T4 33 1.59 (0.693–4.077) 0.28 Pathological T factor

Baseline N factor pT0–T2 31

cN0 20 pT3–T4 19 3.94 (1.742–9.337) 0.001

cNl–N3 30 1.11 (0.498–2.62) 0.81 Pathological N factor

Baseline M factor pN0 26

cM0 42 pNl–N3 24 2.67 (1.202–6.210) 0.016

cMl 8 1.47 (0.535–3.481) 0.42 Postoperative morbidity

Pretreatment clinical stage CDc\ IIIa 38

0–II 20 CDc[ IIIb 12 2.84 (1.133–6.609) 0.027

Pathological stage

III–IV 30 1.30 (0.578–3.189) 0.53 0–II 32

Chemotherapy regimen III–IV 18 3.94 (1.769–9.169) \0.001

FP 31

DCF 13 0.82 (0.267–2.087) 0.69

Other 6 1.61 (0.456–4.481) 0.33

N number, HR hazard ratio, BMI body mass index, FP cisplatin and fluorouracil, DCF docetaxel, cisplatin and fluorouracil, CR complete

response, PR partial response, SD stable disease, PD progressive disease, SLE salvage esophagectomy, SLPLE salvage pharyngolaryngoe-

sophagectomy, CDc Clavien–Dindo classification
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ESMO guidelines, both dCRT and neoadjuvant chemora-

diotherapy (NACRT) are recommended as a first treatment

for locally advanced ESCC [30]. Even in T4 stage ESCC,

dCRT showed a reasonable CR rate of 17–52% [3–9]. The

NCCN guidelines also classify dCRT as one of the treat-

ment options for stages I–IV esophageal cancer [31].

However, strategy for remnant and recurrent cancer after

dCRT remains unestablished so far.

Treatment for remnant and recurrent ESCC after dCRT

is an unresolved clinical problem. Although salvage

esophagectomy is one of the possible treatment strategies

for a cure, postoperative morbidity and mortality are

common [16]. In the current study, salvage esophagectomy

remained associated with a high incidence of any mor-

bidities, severe morbidities, any pulmonary morbidities and

chylorrhea. Thus, we consider it important to clarify which

patients would benefit in terms of survival from this highly

invasive surgery [32].

We demonstrated here that curative non-R0 resection

was an independent factor for a unfavorable prognosis

(both OS and CSS) after salvage surgery. Our finding is in

agreement with the results of the study by Tomimaru et al.

[33], which also identified curative resection as the stron-

gest prognostic factor after salvage esophagectomy. Morita

et al. [16] and Watanabe et al. [21] also demonstrated that

incomplete resection was an independent unfavorable

Fig. 2 Overall survival after

salvage esophagectomy,

according to a the surgical

curability, b severe

postoperative morbidity and

c pathological stage

Table 2 Multivariate analyses of overall survival after salvage

esophagectomy

Variables Multivariate analysis

N HR (95% CI) P value

Sex

Female 4

Male 46 4.51(0.873–82.93) 0.07

Indication of surgery

Residual disease 32

Recurrent disease 18 1.49 (0.433–5.042) 0.51

Surgical curability

R0 41

Rl/2 9 6.39 (2.034–19.68) 0.002

Postoperative morbidity

CDc\ IIIa 38

CDc[ IIIb 12 4.97 (1.699–14.81) 0.004

Pathological stage

0–II 32

III–IV 18 3.42 (1.235–10.12) 0.018

N number, HR hazard ratio, CDc Clavien–Dindo classification
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prognosis factor. These results indicate that salvage surgery

for volume reduction or to control symptoms is ineffective.

Salvage surgery for borderline resectable ESCC, with a

high probability of incomplete resection, should be care-

fully considered. However, determination of the probabil-

ity of a curative resection of cancer is frequently difficult,

especially when it was initially at the cT4 stage. From the

current result, we considered it important to preoperatively

foresee a probability of incomplete resection. Univariate

analysis of R0 resection suggested that pretreatment clini-

cal advanced stage and poor effectiveness in dCRT (SD/

PD) were associated with subsequent non-curative surgery

(Supplementary Table 3). Thus, indication of salvage

esophagectomy should discreetly be considered against

patients with poor effectiveness in dCRT. Watanabe et al.

[33] previously reported that cT1–2 tumors, initially

resectable tumors, ycT1–2 tumors and relapse after CR

were candidate for predictors for R0 resection. We consider

further investigation with a larger cohort is necessary to

establish predictive factors to estimate R0 resection in

salvage esophagectomy, as it is clinically important to

elucidate the stratum of patients to avoid this highly

invasive surgery.

The incidence of postoperative severe complications of

CDc C IIIb was also an independent factor for poor

prognosis after salvage surgery. A correlation between

postoperative complications and poor prognosis was pre-

viously reported in non-salvage surgery for esophageal

cancer [34] and other gastrointestinal cancers [35–37].

Postoperative complications cause prolonged inflammation

and produce a number of inflammatory cytokines, which

can induce tumor cell proliferation at micrometastasis

[38, 39]. Notably, because salvage surgery for esophageal

cancer correlated with frequent severe morbidities, various

precautions and careful postoperative monitoring are

extremely important. Preoperative smoking cessation [40],

respiratory rehabilitation [41], maintaining oral hygiene

[42], nutritional support during surgery [27] and perioper-

ative administration of steroids [43] and neutrophil elastase

inhibitor [44] could be strong candidates contributing to the

reduction in morbidities. Analyses for the risk factors of

severe morbidity in the present cases suggested that low

serum albumin level and baseline cN factor were the can-

didates (Supplementary Table 4). In addition, abnormality

of pretreatment C-reactive protein and great bleeding

during surgery could also be the candidates (data not

shown). Thus, patients who met those parameters should be

carefully observed after salvage surgery.

Our study had some limitations. Firstly, this is a retro-

spective study conducted at a single institute and the

sample size was insufficient large. Thus, we propose that a

multicenter study with a larger cohort should be performed

to establish definitive prognostic factors for salvage

esophagectomy. Secondly, the period of the present study

is rather long, which could give rise to bias with respect to

treatment strategy and instruments for diagnosis and sur-

gery. Thirdly, we analyzed the data which combined SLE

and SLPLE in present study, although we showed short-

term and long-term outcomes of both strategies were

similar in the current study. Thus, we should accumulate

cases and show each surgical outcome in the future.

In conclusion, salvage esophagectomy remains highly

invasive associated with a high incidence of postoperative

morbidities. Avoiding surgery in patients with a low

probability of curative resection and preventing severe

postoperative complications are important for improving

the prognosis of salvage esophagectomy for ESCC.
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