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ABSTRACT 
Background. Despite trimodality treatment, 10% to 20% of 
patients with esophageal cancer experience interval metas-
tases after surgery. Restaging may identify patients who 
should not proceed to surgery, as well as a subgroup with 
limited metastases for whom long-term disease-control can 
be obtained. This study aimed to determine the proportion of 
patients with interval metastases after neoadjuvant chemo-
radiotherapy (nCRT) and to evaluate treatment and survival.
Methods. Patients who had cT2-4aN0-3M0 esophageal 
cancer treated with nCRT were identified from a trial 

database. Metastases detected up to 14 weeks after nCRT 
on 18F-FDG-PET/CT or during surgery were categorized 
as oligometastases (≤3 lesions located in one single organ 
or one extra-regional lymph node station) or as non-oligo-
metastases. The primary outcome was the proportion of 
patients with metastases after nCRT. The secondary out-
comes were overall survival (OS) and the site and treatment 
of metastases.
Results. Between 2013 and 2021, 973 patients received 
nCRT, and 10.3% had interval metastases. Of 100 patients, 
30 (30%) had oligometastases, located mostly in non-
regional lymph nodes (33.3%) or bones (26.7%). The median 
OS of this group was 13.8 months (95% confidence interval 
[CI] 9.2–27.1 months). Of 30 patients, 12 (40%) with oligo-
metastases underwent potentially curative treatment, with a 
median OS of 22.8 months (95% CI 10.4–NA). The patients 
with non-oligometastases underwent mostly systemic 
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therapy or BSC and had a median OS of 9 months (95% CI 
7.4–10.9 months).
Conclusions. Interval metastases were detected in about 
10% of patients after nCRT, underscoring the importance 
of re-staging with 18F-FDG-PET/CT for those who proceed 
to surgery. A favorable survival might be accomplished for 
a subgroup of patients with oligometastases.

Keywords Esophageal cancer · Esophagogastric junction 
cancer · Chemoradiotherapy · Interval metastases · 
Palliative therapy

The standard care for patients with potentially curable 
esophageal or junctional cancer consists of neoadjuvant 
chemoradiotherapy (nCRT) followed by esophagectomy.1–3 
Despite trimodality treatment, 10% to 20% of patients expe-
rience distant metastases within 1 year after surgery.2 For 
these patients, esophagectomy probably has not been of ben-
efit because recovery from surgery takes as long as 6 to 12 
months, and surgery has a lasting negative effect on quality 
of life. Therefore, it is pivotal to carefully select patients who 
can be cured by surgery.

A Dutch nationwide study reported a median survival of 
only 10 months for patients with interval metastases after 
nCRT, all of which were detected during surgery.4 Stud-
ies using 18F-FDG-PET/CT after completion of nCRT but 
before surgery showed that in 8% to 10% of patients, distant 
metastases are detected.5–7 Therefore, most hospitals in the 
Netherlands have established a re-staging 18F-FDG-PET/CT 
after completion of nCRT as the standard care.

It is unclear how patients with interval metastases should 
be managed and whether long-term control can be achieved, 
especially for patients with oligometastases. Retrospective 
and prospective studies on synchronous and metachronous 
oligometastases in patients with esophageal cancer show that 
a 5-year survival of 25% to 30% can be achieved for a select 
group.8–10 Given the low burden of metastatic disease, it can 
be hypothesized that patients with interval oligometastases 
also may be candidates for more aggressive treatments, even 
with potentially curative intent.

This study aimed to determine the proportion of patients 
experiencing interval metastases after nCRT and the site 
of these metastases, and to evaluate treatment and survival 
for patients with oligometastases and non-oligometastases.

MATERIALS AND METHODS

Study Design

This retrospective multicenter observational cohort study 
was initiated by the Erasmus MC Cancer Institute in collabo-
ration with the hospitals that participated in the preSANO 

and SANO(1/2) studies. Ethical approval for this study was 
waived by the local Ethics Committee (Erasmus University 
Medical Centre Rotterdam; MEC-2022-0185) because the 
patients were not subjected to any medical procedure and 
written informed consent had already been provided for the 
prospective preSANO and SANO(1/2) studies. The study 
was performed in accordance with the Declaration of Hel-
sinki (64th World Medical Association General Assembly, 
Fortaleza, Brazil, October 2013).

Patients

Operable patients with a resectable esophageal of junc-
tional tumor who underwent nCRT and met the inclusion 
criteria of the preSANO and SANO(1/2) studies were 
selected from a trial database.11–13

Neoadjuvant chemoradiotherapy consists of five weekly 
cycles of carboplatin administered intravenously at an area 
under the curve (AUC) of 2 mg/ml/min and paclitaxel 
administered intravenously at a dose of 50 mg/m2 on the first 
day of each week, with concurrent radiotherapy of 41.4 Gy 
given in 23 fractions of 1.8 Gy for 5 days per week, starting 
on the first day of each chemotherapy cycle.3

Response Evaluations

The first response evaluation 4 to 6 weeks after com-
pletion of nCRT included an upper gastrointestinal endos-
copy with at least four bite-on-bite biopsies of the primary 
tumor site and suspicious areas.14 If residual invasive can-
cer, high-grade dysplasia (confirmed by two independent 
pathologists), or an endoscopically non-traversable tumor 
was confirmed, 18F-FDG-PET/CT was performed before the 
patients underwent surgery. Esophagectomy was performed 
only when 18F-FDG-PET/CT showed no distant metastases.

The patients without residual tumor at the first response 
evaluation underwent a second response evaluation 10 to 12 
weeks after completion of nCRT. This evaluation consisted 
of 18F-FDG-PET/CT, upper gastro-intestinal endoscopy with 
bite-on-bite biopsies, and endoscopic ultrasound (EUS) with 
fine-needle aspiration (FNA) of suspicious lymph nodes.

The patients who participated in the preSANO study 
underwent esophagectomy after the second response evalua-
tion. The patients without locoregional residual disease were 
randomized to standard surgery or active surveillance as per 
SANO protocol or were offered active surveillance within 
the SANO-2 study.12,13

Detection and Treatment of Interval Metastases

Interval metastases were defined as metastases detected 
during the first or second response evaluation by 18F-FDG-
PET/CT or at the time of surgery. Metastases were 
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categorized as oligometastases or non-oligometastases. Oli-
gometastatic disease was defined as three lesions or fewer 
located in a single organ or as one extra-regional lymph node 
station with metastases.15

The patients with interval metastases were discussed in 
the local multidisciplinary tumor board (MTB). Treatment 
was categorized as therapy with curative intent or purely pal-
liative intent as deduced from the electronic patient records. 
If the MTB decided on treatment followed by response eval-
uation, this was classified as curative-intent therapy, whereas 
treatment without follow-up evaluation was considered as 
treatment with palliative-intent.

The therapies included systemic anti-tumor therapy (i.e., 
chemotherapy with optional immunotherapy or targeted 
therapy), locoregional therapy (i.e., radiotherapy or other 
local treatment of metastases), or best supportive care (BSC) 
including endoscopic stent.

Outcomes

The primary outcome was the proportion of patients who 
experienced interval metastases after nCRT and the site of 
these metastases. The secondary outcomes were treatment 
and overall survival (OS) of the patients with oligometasta-
ses and non-oligometastases.

Statistical Analyses

Baseline characteristics were presented as frequency 
(%) for categorical variables and as median (minimum to 
maximum value) for continuous variables. For binominal 
outcomes, comparison was made using the chi-square test 
and Fisher’s exact test when appropriate. The proportion of 
patients with interval metastases was calculated relative to 
all the patients treated with nCRT. Survival and follow-up 
evaluation were reported in months and calculated from the 
date of nCRT completion to the date of death or the last day 
of follow-up evaluation, whichever occurred first. Survival 
was calculated using the Kaplan-Meier method, and the 
log-rank test was used to determine statistical differences 
between groups. Statistical significance was defined as a p 
value lower than 0.05. Statistical analysis was performed 
using R version 4.0.4 (www.r- proje ct. org).

RESULTS

Patients

Between July 2013 and April 2021, 973 patients were 
selected from the trial databases. The proportion of patients 
with interval metastases was 10.3% (100/973), with the 
majority of metastases (62.6%) detected 10 to 14 weeks after 
completion of nCRT. In 32% of the patients, metastases were 

detected during the first response evaluation, whereas in 54% 
of the patients, metastases were detected during the second 
response evaluation.

Of the 100 patients, 84 (84%) had interval metastases 
detected by 18F-FDG-PET/CT (n = 83) or conventional com-
puted tomography (CT) scan (n = 1), and metastatic disease 
was histologically proven in 52 (61.9%) of these patients. 
In one patient, interval metastases were detected on mag-
netic resonance imaging (MRI) scan, performed because 
of hemianopsia. Metastases were identified in 15 patients 
(15%) during planned surgery, and subsequently no resec-
tion was performed. Patient and tumor characteristics are 
listed in Table 1.

Site of Metastases

Of the 100 patients, 30 (30%) had oligometastastic dis-
ease and 70 (70%) had non-oligometastatic disease. Oli-
gometastases were located in non-regional lymph nodes 
in 10 (33.3%) of 30 patients. Other locations are shown in 
Fig. 1. More than half of the patients (60%) with metastases 
detected during surgery had peritoneal metastases or organ 
metastases (40%).

Treatment

More than half of the patients with oligometastatic dis-
ease (60%) underwent palliative therapy. For 10 patients, 
systemic therapy was performed. Only three patients were 
treated with palliative radiotherapy for metastatic lesions 
(10%), and five patients (16.7%) were treated with BSC 
alone. Treatment details are shown in Fig. 2.

Of all the patients with non-oligometastatic disease, 
26 (37.1%) were treated with systemic therapy. Locore-
gional) therapy was administered to 10 patients (14.3%). 
No systemic or locoregional therapy was administered 
to 30 patients (42.9%), only BSC. Eight of these patients 
(26.7%) received an endoscopic stent to palliate dysphagia. 
For four patients (5.7%), details about palliative treatment 
were missing.

Potentially Curative Therapy

Treatment with potentially curative intent was given to 12 
(40%) of 30 patients with oligometastatic disease. Five of 
these patients underwent systemic therapy as part of induc-
tion therapy, with surgery reserved as a possibility. One 
patient received definitive chemoradiotherapy on metastatic 
lymph nodes followed by esophagectomy and cervical lymph 
node dissection. Three patients underwent stereotactic radi-
otherapy for metastatic lesions, and another three patients 
received surgical treatment. Two the patients who received 
surgery underwent resection of a metastatic lesion (located 

http://www.r-project.org
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in the thyroid and adrenal glands) without esophagectomy 
because a clinically complete response in the esophagus was 
observed, and one patient underwent percutaneous radiofre-
quency ablation of a liver metastasis.

Survival

The median follow-up period for all the patients was 10 
months (interquartile range [IQR], 6.0–15.7 months). The 
median OS of the patients with interval metastases was 
10.1 months (95% CI 8.6–11.5 months). The patients with 
oligometastases had a median OS of 13.8 months (95% 
CI 9.2–27.1 months) compared with 9.0 months (95% CI 

7.4–10.9 months) for the patients with non-oligometasta-
ses (p < 0.001). For the patients with oligometastases who 
underwent treatment with curative intent, the median OS 
was 22.8 months (95% CI 10.4–NA) compared with a 
median OS of 13.2 months (95% CI 4.4–22.1 months) for 
those treated with palliative intent (p = 0.13). A significant 
difference in OS was observed between the patients with 
non-oligometastases and those who had oligometastases 
treated with curative or palliative intent (p = 0.0022) (Fig. 3).

TABLE 1  Patient and tumor 
characteristics

Bold indicates p-value < 0.05
IQR interquartile range, EGJ esophagogastric junction
a Chi-square p value
b Kruskal-Wallis p value

Characteristics All patients Non-oligomet-
astatic disease

Oligometastatic disease p value

(n = 973) (n = 70) (n = 30)

n (%) n (%) n (%)

Sex
 Male 784 (80.6) 60 (85.7) 22 (73.3) 0.14a

Age: years (IQR) 68 (61.8–73.0) 69 (64–73.3) 65 (58.5–69.0) 0.08b

Tumor histology
 Adenocarcinoma 780 (80.2) 63 (90) 22 (73.3)
 Squamous cell carcinoma 184 (18.9) 7 (10) 8 (26.7)
 Other 9 (0.9) – – 0.03a

Tumor location
 Proximal/middle esophagus 118 (12.1) 7 (10) 5 (16.7)
 Distal esophagus/EGJ 855 (87.9) 63 (90) 25 (83.3) 0.35a

Tumor differentiation grade
 Well-differentiated (G1) 90 (9.2) 10 (14.3) 4 (13.3)
 Moderately differentiated (G2) 383 (39.4) 22 (31.4) 13 (43.3)
 Poorly differentiated (G3) 275 (28.3) 23 (32.9) 6 (20)
 Differentiation grade cannot be 

assessed (Gx)
188 (19.3) – –

Missing 37 (3.8) 15 (21.4) 7 (23.3) 0.55a

Clinical T category
 cTx 159 (16.3) 2 (2.9) –
 cT1 5 (0.5) – –
 cT2 190 (19.5) 10 (14.3) 3 (10)
 cT3 601 (61.8) 56 (80) 27 (90)
 cT4 15 (1.5) 2 (2.9) – 0.52a

Clinical N category
 cNx 85 (8.7) – 1 (3.3)
 cN0 352 (36.2) 14 (20) 10 (33.3)
 cN1 340 (34.9) 30 (42.9) 5 (16.7)
 cN2 176 (18.1) 21 (30) 12 (40)
 cN3 17 (1.7) 5 (7.1) 2 (6.7) 0.07a
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FIG. 1  Location of oligometas-
tases detected after neoadjuvant 
chemoradiotherapy (n = 30)

Lung (6.7%)

Liver (16.7%)

Bones (26.7%)

Subcutaneous (3.3%)

Non-regional lymph nodes (33.3%)

Adrenal gland (10%)

Thyoid gland (3.3%)

Patients with interval metastases
(n = 100)

Oligometastatic disease
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(n = 18)
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Loco(regional) therapy (n = 3)
Radiotherapy on metastatic lesions (n = 3)

Best supportive care (n = 5)

5-FU or derivate + oxaliplatin (n = 5)
Systemic therapy (n = 5)

Systemic therapy (n = 26)

Loco(regional) therapy (n = 10)
Radiotherapy on metastatic lesions (n = 9)
Radiotherapy on the esophagus (n = 1)

Best supportive care (n = 30)

Missing (n = 4)

5-FU or derivate + oxaliplatin (n = 15)
5-FU or derivate + trastuzumab (n = 4)
Anthracyclin containing triplets (n = 3)
Other (n = 4)
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Other (n = 1)

Therapy with curative intent
(n = 12)

Non-oligometastatic disease
(n = 70)

FIG. 2  Overview of palliative and curative-intent therapy for non-oligometastatic and oligometastatic disease. 5-FU, 5-fluorouracil
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DISCUSSION

This multicenter observational cohort study showed that 
interval metastases were detected in 10.3% of patients within 
14 weeks after completion of nCRT. This underscores the 
importance of re-staging with 18F-FDG-PET/CT before 
esophagectomy after nCRT because these patients are spared 
non-beneficial surgery with its inherent risks and complica-
tions as well as its lasting negative effect on quality of life.

The median OS for the patients with interval metastases 
in the current study (10.1 months) is comparable with the OS 
for patients with synchronous metastatic disease as reported 
previously.16–18 This suggests that metastases probably were 
already present at the time of diagnosis, but below the detec-
tion limit of 18F-FDG-PET/CT. Because the patients in our 
study underwent 18F-FDG-PET/CT also during initial clini-
cal staging, the occurrence of interval metastases shortly 
after nCRT probably was not due to failure of clinical stag-
ing, but rather due to growth of micro-metastases. Further-
more, the proportion of detected interval metastases in our 
study cohort was consistent with the current literature (8%), 
which supports this hypothesis.7

The patients with non-oligometastases had a worse 
median OS (9 months) than the patients with oligometas-
tases (13.8 months). This can probably be explained by the 
more aggressive tumor biology of patients with non-oligo-
metastatic disease, as well as the higher metastatic burden, 
which results in limited treatment response and potential 
immunosuppression, with greater treatment challenges in the 
end. Additionally, the patients with squamous cell histology 
presented more frequently with oligometastatic than non-
oligometastatic disease.19

On the other hand, early detection of oligometastases 
still may provide the option of potential curative treatment 
for some patients (40% in the current study). The limited 
number of metastatic lesions possibly creates a window of 
opportunity for intervention, in which induction therapy can 
be administered, and subsequent assessment of treatment 
response could aid in identifying individuals who exhibit 
positive responses and are suitable candidates for surgical 
intervention. Nevertheless, the study’s small sample pre-
cluded the discernment of factors linked to the probability 
of qualifying for curative therapy and subsequently yielding 
improved survival rates.

The results of this study also point toward the need for 
more effective neoadjuvant treatments. Because locore-
gional control was achieved by chemoradiation, intensify-
ing systemic chemotherapy may be an option. Extension 
of neoadjuvant therapy by adding, for example, FLOT 
chemotherapy or immunotherapy could be considered for 
treatment of micro-metastases. Previous studies combining 
chemotherapy with chemoradiotherapy showed improved 
response to chemo(radio)therapy alone.20–22 Ongoing trials 
are investigating the feasibility and safety of combined sys-
temic therapy and locoregional therapy in oligometastatic 
esophageal cancer to allow for better treatment options.23

A strength of this study was the completeness and valid-
ity of the collected data as the patients participated in pro-
spective studies. This made it possible to obtain detailed 
information on palliative treatment, including chemotherapy 
regimens and organ of radiation therapy. This also allowed 
categorization of patients between oligometastatic and non-
oligometastatic disease because the number of metastatic 
lesions was registered.

FIG. 3  Survival of patients 
with non-oligometastatic dis-
ease and oligometastatic disease 
treated with either palliative 
therapy or potentially curative 
therapy. nCRT, neoadjuvant 
chemoradiotherapy
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The limitations of this study also should be mentioned. 
First, the different regimens of chemotherapy limit the gen-
eralizability of the results.

Second, the reason for a particular palliative treatment 
was not clearly defined for the majority of the patients 
despite access to all electronic patient records. As a result, 
it could be possible that certain patients themselves had 
decided not to opt for more intensive therapy (e.g., systemic 
therapy), although this was advised by the MTB. Therefore, 
the group of patients who underwent BSC alone and not 
any palliative therapy may have been overestimated with 
real-world data, which could have influenced the OS. Due 
to these lacking data, it was not possible to use this variable 
as a correcting factor.

Third, the short median follow-up period might have 
affected the survival analysis because the patients with 
recently diagnosed interval metastases were censored, poten-
tially leading to less accurate survival data or an overestima-
tion of the OS.

Fourth, this study cohort started from 2013 when only 
palliative chemotherapy and radiotherapy were available, 
before more recent target-specific tumor drivers or immune 
checkpoint inhibitors became available. Recent studies such 
as the Checkmate-648 and -649 and KEYNOTE-590 stud-
ies have shown improved survival when immunotherapy 
was added to chemotherapy, but this therapy was not yet 
available at time of this study, which was an important 
limitation.24

Finally, selection bias was present because the MTB 
decided whether patients qualified for potentially curative 
therapy. Patients’ physical condition also could have wors-
ened at the time of interval metastases, resulting in bias 
because limited treatment options were available for these 
patients. Because no established guidelines exist to direct 
the therapy for oligometastases, there is room for diversity 
in decisions made by the MTB in this regard.

Despite these limitations, this multicenter observational 
cohort study provides insights into the prevalence of interval 
metastases after nCRT, underscoring the need of restaging 
before esophagectomy. Notwithstanding the dismal prog-
nosis, a sub-selection of patients with oligometastatic dis-
ease qualify for potentially curative therapy, resulting in a 
favorable survival.

DISCLOSURE Bianca Mostert received research funding from 
Sanofi, Pfizer, and BMS and served as consulting/advisory for Lilly, 
Servier, BMS, Amgen and AstraZeneca. Ewout Kouwenhoven served 
as consulting/advisory for Intuitive Surgical. Grard Nieuwenhuijzen, 
Medtronic, and BMS. Bas Wijnhoven received research funding from 
BMS and served as consulting/advisory for BMS. The remaining 
authors have no conflicts of interest.

OPEN ACCESS This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

REFERENCES

 1. Eyck BM, van Lanschot JJB, Hulshof M, van der Wilk BJ, 
Shapiro J, van Hagen P, et al. Ten-year outcome of neoadju-
vant chemoradiotherapy plus surgery for esophageal can-
cer: the randomized controlled CROSS trial. J Clin Oncol. 
2021;39:1995–2004.

 2. Shapiro J, van Lanschot JJB, Hulshof M, van Hagen P, van Berge 
Henegouwen MI, Wijnhoven BPL, et al. Neoadjuvant chemora-
diotherapy plus surgery versus surgery alone for oesophageal or 
junctional cancer (CROSS): long-term results of a randomised 
controlled trial. Lancet Oncol. 2015;16:1090–8.

 3. van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, 
van Berge Henegouwen MI, Wijnhoven BP, et al. Preoperative 
chemoradiotherapy for esophageal or junctional cancer. N Engl 
J Med. 2012;366:2074–84.

 4. Kroese TE, Dijksterhuis WPM, van Rossum PSN, Verhoeven 
RHA, Mook S, Haj Mohammad N, et al. Prognosis of inter-
val distant metastases after neoadjuvant chemoradiotherapy for 
esophageal cancer. Ann Thorac Surg. 2022;113:482–90.

 5. Goense L, Ruurda JP, Carter BW, Fang P, Ho L, Meijer GJ, et al. 
Prediction and diagnosis of interval metastasis after neoadjuvant 
chemoradiotherapy for oesophageal cancer using (18)F-FDG 
PET/CT. Eur J Nucl Med Mol Imaging. 2018;45:1742–51.

 6. Anderegg MC, de Groof EJ, Gisbertz SS, Bennink RJ, Lagarde 
SM, Klinkenbijl JH, et al. 18F-FDG PET-CT after neoadjuvant 
chemoradiotherapy in esophageal cancer patients to optimize 
surgical decision-making. PLoS ONE. 2015;10:e0133690.

 7. Kroese TE, Goense L, van Hillegersberg R, de Keizer B, Mook 
S, Ruurda JP, et al. Detection of distant interval metastases after 
neoadjuvant therapy for esophageal cancer with 18F-FDG PET(/
CT): a systematic review and meta-analysis. Dis Esophagus. 
2018;31:055.

 8. Markar SR, Mikhail S, Malietzis G, Athanasiou T, Mariette 
C, Sasako M, et al. Influence of surgical resection of hepatic 
metastases from gastric adenocarcinoma on long-term sur-
vival: systematic review and pooled analysis. Ann Surg. 
2016;263:1092–101.

 9. Seesing MFJ, van der Veen A, Brenkman HJF, Stockmann 
HBAC, Nieuwenhuijzen GAP, Rosman C, et al. Resection of 
hepatic and pulmonary metastasis from metastatic esopha-
geal and gastric cancer: a nationwide study. Dis Esophagus. 
2019;32:034.

 10. Kobayashi N, Kohno T, Haruta S, Fujimori S, Shinohara H, Ueno 
M, et al. Pulmonary metastasectomy secondary to esophageal 
carcinoma: long-term survival and prognostic factors. Ann Surg 
Oncol. 2014;21(Suppl 3):S365–9.

 11. Noordman BJ, Shapiro J, Spaander MC, Krishnadath KK, van 
Laarhoven HW, van Berge Henegouwen MI, et al. Accuracy of 

http://creativecommons.org/licenses/by/4.0/


7766 C. J. van der Zijden et al.

detecting residual disease after cross neoadjuvant chemoradio-
therapy for esophageal cancer (preSANO trial): rationale and 
protocol. JMIR Res Protoc. 2015;4:e79.

 12. Noordman BJ, Wijnhoven BPL, Lagarde SM, Boonstra JJ, 
Coene P, Dekker JWT, et al. Neoadjuvant chemoradiotherapy 
plus surgery versus active surveillance for oesophageal can-
cer: a stepped-wedge cluster randomised trial. BMC Cancer. 
2018;18:142.

 13. van der Zijden CJ, Lagarde SM, Hermus M, Kranenburg LW, 
van Lanschot JJB, Mostert B, et al. A prospective cohort study 
on active surveillance after neoadjuvant chemoradiotherapy for 
esophageal cancer: protocol of Surgery as Needed for Oesopha-
geal Cancer-2. BMC Cancer. 2023;23:327.

 14. Noordman BJ, Spaander MCW, Valkema R, Wijnhoven BPL, van 
Berge Henegouwen MI, Shapiro J, et al. Detection of residual 
disease after neoadjuvant chemoradiotherapy for oesophageal 
cancer (preSANO): a prospective multicentre, diagnostic cohort 
study. Lancet Oncol. 2018;19:965–74.

 15. Kroese TE, van Laarhoven HWM, Nilsson M, Lordick F, Guck-
enberger M, Ruurda JP, et  al. Definition of oligometastatic 
esophagogastric cancer and impact of local oligometastasis-
directed treatment: a systematic review and meta-analysis. Eur 
J Cancer. 2022;166:254–69.

 16. Dijksterhuis WPM, Verhoeven RHA, Slingerland M, Haj 
Mohammad N, de Vos-Geelen J, Beerepoot LV, et al. Heteroge-
neity of first-line palliative systemic treatment in synchronous 
metastatic esophagogastric cancer patients: a real-world evidence 
study. Int J Cancer. 2020;146:1889–901.

 17. Haj Mohammad N, Bernards N, van Putten M, Lemmens VEPP, 
van Oijen MGH, van Laarhoven HWM. Volume-outcome rela-
tion in palliative systemic treatment of metastatic oesophagogas-
tric cancer. Eur J Cancer. 2017;78:28–36.

 18. Haj Mohammad N, ter Veer E, Ngai L, Mali R, van Oijen 
MGH, van Laarhoven HWM. Optimal first-line chemothera-
peutic treatment in patients with locally advanced or metastatic 

esophagogastric carcinoma: triplet versus doublet chemotherapy: 
a systematic literature review and meta-analysis. Cancer Metas-
tasis Rev. 2015;34:429–41.

 19. Cancer Genome Atlas Research N, Analysis Working Group: 
Asan U, Agency BCC, Brigham, Women’s H, Broad I, et al. 
Integrated genomic characterization of oesophageal carcinoma. 
Nature. 2017;541:169–75.

 20. Xi M, Liao Z, Deng W, Xu C, Komaki R, Blum M, et al. A prog-
nostic scoring model for the utility of induction chemotherapy 
prior to neoadjuvant chemoradiotherapy in esophageal cancer. J 
Thorac Oncol. 2017;12:1001–10.

 21. Saba NF, Force S, Staley C, Fernandez F, Willingham F, Pickens 
A, et al. Phase IB study of induction chemotherapy with XELOX, 
followed by radiation therapy, carboplatin, and everolimus in 
patients with locally advanced esophageal cancer. Am J Clin 
Oncol. 2019;42:331–6.

 22. Luo LL, Xi M, Yang YD, Li QQ, Zhao L, Zhang P, et al. Com-
parative outcomes of induction chemotherapy followed by 
definitive chemoradiotherapy versus chemoradiotherapy alone in 
esophageal squamous cell carcinoma. J Cancer. 2017;8:3441–7.

 23. van der Zijden CJ, Eyck BM, van der Gaast A, van Doorn L, 
Nuyttens J, van Lanschot JJB, et al. Chemotherapy aNd chemo-
radiotherapy for adenocarcinoma of the oesophagus and esoph-
agogastric junction with oligometastases: protocol of the TNT-
OES-1 trial. Contemp Clin Trials Commun. 2022;28:100934.

 24. Janmaat VT, Steyerberg EW, van der Gaast A, Mathijssen RH, 
Bruno MJ, Peppelenbosch MP, et al. Palliative chemotherapy and 
targeted therapies for esophageal and gastroesophageal junction 
cancer. Cochrane Database Syst Rev. 2017;11:CD004063.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Interval Metastases After Neoadjuvant Chemoradiotherapy for Patients with Locally Advanced Esophageal Cancer: A Multicenter Observational Cohort Study
	Abstract 
	Background. 
	Methods. 
	Results. 
	Conclusions. 

	Materials and Methods
	Study Design
	Patients
	Response Evaluations
	Detection and Treatment of Interval Metastases
	Outcomes
	Statistical Analyses

	Results
	Patients
	Site of Metastases
	Treatment
	Potentially Curative Therapy
	Survival

	Discussion
	References




