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Abstract Background: Adenocarcinoma with more than 50% extracellular mucin is a relatively rare histological subtype of gastrointestinal adenocarcinomas. The clinical impact of
extracellular mucin in oesophageal adenocarcinoma (OeAC) has not been investigated in
detail. We hypothesised that patients with mucinous OeAC (OeACmucin) do not benefit from
neoadjuvant chemotherapy.
Methods: OeAC patients either treated by surgery alone in the OE02 trial (S-patients) or by
neoadjuvant chemotherapy followed by surgery (CS-patients) in OE02 or OE05 trials were
included. Cancers from 1055 resection specimens (OE02 [test cohort]: 187 CS, 185 S; OE05
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[validation cohort]: 683 CS) were classified as either mucinous (more than 50% of the tumour
area consists of extracellular mucin, OeACmucin) or non-mucinous adenocarcinoma (OeACnonmucin). The relationship between histological phenotype, clinicopathological characteristics,
survival and treatment was analysed.
Results: Overall, 7.3% and 9.6% OeAC were classified as OeACmucin in OE02 and OE05,
respectively. In OE02, the frequency of OeACmucin was similar in S and CS-patients. Patients
with OeACmucin treated with surgery alone had a poorer overall survival compared with
OeAC n on- muc i n patients (hazard ratio: 2.222, 95% confidence interval: 1.08 e4.56,
P Z 0.025). Patients with OeACmucin treated with neoadjuvant chemotherapy and surgery
had similar survival as OeACnon-mucin patients in test and validation cohort.
Conclusions: This is the first study to suggest in a post-hoc analysis of material from two independent phase III clinical trials that the poor survival of patients with mucinous OeAC can
be improved by neoadjuvant chemotherapy. Future studies are warranted to identify potential
underlying biological, biochemical or pharmacokinetic interactions between extracellular
mucin and chemotherapy.
ª 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction
Adenocarcinoma where more than 50% of the tumour
area consists of extracellular mucin is a relatively rare
subtype of adenocarcinomas in the gastrointestinal (GI)
tract and usually classified as mucinous adenocarcinoma.
Most studies about the clinical impact of mucinous
adenocarcinoma in the GI tract investigated patients
with colorectal cancer (CRC). CRC patients with
mucinous adenocarcinoma were more often diagnosed
with advanced disease stage [1], and rectal cancer patients
with mucinous adenocarcinoma seemed to have a poorer
prognosis after neoadjuvant chemoradiotherapy [2e8].
A recent study using Surveillance, Epidemiology, and
End Results (SEER) data reported that gastric cancer
patients with early or localised ‘mucinous’ adenocarcinoma have a similar survival when treated with surgery
or chemotherapy [9]. Unfortunately, in this study, signet
ring cell cancer with intracellular mucin and adenocarcinomas with extracellular mucin were analysed together
as ‘mucinous’ adenocarcinoma [9].
There are currently very few studies on the incidence,
survival and potential response to cytotoxic chemotherapy of oesophageal adenocarcinoma (OeAC) patients with mucinous adenocarcinoma (OeACmucin).
This could be related to lack of awareness of this
particular adenocarcinoma subtype in OeAC patients
amongst pathologists and clinicians, potentially because
the most recent World Health Organisation (WHO)
classification of digestive tumours (5th ed, 2019) does
not recommend the classification of OeAC into different
histological subtypes [10]. Furthermore, whilst oesophageal cancer treatment guidelines distinguish between
squamous cell carcinoma and adenocarcinoma, there
are currently no treatment recommendations for
different adenocarcinoma subtypes most likely due to
lack of evidence [11].

Two studies investigated the relationship between
OeACmucin and neoadjuvant therapy [12,13]. Chirieac
et al. [12] suggested a favourable survival after preoperative chemoradiotherapy in ‘mucinous’ OeAC
compared with conventional adenocarcinoma. Unfortunately, patients with adenocarcinoma containing
extracellular mucin and patients with signet ring cell
cancer with intracellular mucin were combined for analyses; thus, the relationship between ‘true’ OeACmucin
and neoadjuvant therapy remained unclear. No firm
conclusions about the prognostic significance of
OeACmucin can be drawn from the second study by
Hornick et al. [13] because of the very small sample size
(n Z 40).
We hypothesised (1) that patients with OeACmucin
have a poorer survival compared with OeACnon-mucin
when treated by surgery alone and (2) that neoadjuvant
chemotherapy cannot improve the survival of patients
with OeACmucin.
The aim of the present study was to analyse the
relationship between histological phenotype (mucinous
adenocarcinoma versus non-mucinous adenocarcinomas) in the resection specimen, survival and treatment first in OeAC patients from the OE02 trial (test
cohort) and validate findings in OeAC patients from the
OE05 trial (validation cohort).
2. Methods
The study was approved by the South East Research
Ethics Committee, London, UK, REC reference: 07/
H1102/111.
2.1. OE02 trial patients (test cohort)
In the OE02 trial, 802 patients with localised oesophageal cancer were randomly allocated to receive two

142

D.H.W. Liu et al. / European Journal of Cancer 170 (2022) 140e148

cycles of cisplatin and 5-fluorouracil (5-FU) chemotherapy followed by surgery (experimental arm, CSpatients) or surgery alone (control arm, S-patients)
[14,15]. This trial was the first to demonstrate the benefit
of neoadjuvant chemotherapy in oesophageal cancer
patients changing clinical practice. In total, 345 CSpatients and 398 S-patients had surgery. Haematoxylin/Eosin (HE) stained slides and paraffin blocks from
resection specimens were collected retrospectively. Patients with complete pathological response of the primary tumour or with squamous cell cancer were
excluded from the present study. Slides from 187 CSpatients and 185 S-patients were available for analyses
(consort diagram, see Supplement Figure 1). Overall,
50% of the OE02 trial patients with adenocarcinoma
who had a resection were included in the present study.
Clinicopathological data such as histological tumour
type, grade of tumour differentiation, tumour regression
grade (TRG; Mandard classification), depth of invasion
((y)pT) and lymph node (LN) status ((y)pN) were
established during central histopathology review or
extracted from the original reports (tumour size, tumour
location, number of LNs with metastases and resection
margin status) and classified according to UICC TNM
6th edition [16]. Resection margin status was classified
according to the definition provided by the Royal College of Pathologists (R1 is defined as tumour within
1 mm) [17]. Clinical outcome data were extracted from
the UK MRC OE02 clinical trial database.
The clinicopathological data from the study cohort
were compared with the whole cohort of OE02 trial patients who had a resection to confirm the representativeness of the patient subset included in the present study.
2.2. OE05 trial patients (validation cohort)
The OE05 trial was the successor of the OE02 trial
recruiting 897 patients with resectable oesophageal or
junctional adenocarcinoma who were randomly allocated to receive two cycles of cisplatin and 5-FU
chemotherapy followed by surgery (OE02-style treatment [control arm]) or four cycles of epirubicin,
cisplatin, capecitabine (ECX) chemotherapy followed by
surgery (experimental arm) [18]. There was no significant difference in survival between the two treatment
arms, see publication of the clinical results [18]. In total,
751 (84%) patients had surgery. HE slides and paraffin
blocks from the resection specimen were collected partly
retrospectively, partly prospectively. Patients with
complete pathological response of the primary tumour
were excluded from the present study. Slides from 683
patients were available for analyses (consort diagram,
see Supplement Figure 1). Overall, 91% of the OE05
trial patients with adenocarcinoma who had a resection
were included in the present study.
Clinicopathological data such as grade of tumour
differentiation, depth of invasion (ypT) and LN status

(ypN) were extracted from the UK MRC OE05 clinical
trial database and classified according to UICC TNM
6th edition [16]. Resection margin status was classified
according to the definition provided by the Royal College of Pathologists (R1 is defined as tumour within
1 mm) [17]. TRG (Mandard classification) was established during central histopathology review. Clinical
outcome data were extracted from the UK MRC OE05
clinical trial database.
The clinicopathological data from the study cohort
were compared with the OE05 trial patients who had a
resection to confirm the representativeness of the subset
included in the present study.
2.3. Study design
HE stained slides were scanned at 40 magnification
(Aperio XT Scanner; Aperio Technologies, Vista, CA,
USA). All slides from the test cohort (OE02 trial) and the
validation cohort (OE05 trial) were reviewed by at least
two independent observers blinded to any treatment information. The histological phenotype of the primary
tumour was classified as either OeACmucin (more than
50% of the tumour area consisted of extracellular mucin,
see WHO classification [10]) or OeACnon-mucin. In case of
disagreement between observers, the final decision was
made by a third independent observer. Three adenocarcinomas with neuroendocrine differentiation from the
OE05 trial were included in the OeACnon-mucin group.
2.4. Statistical analyses
As the tumour in the resection specimen was used to
determine the histological phenotype, patients with
complete pathological response of the primary tumour
were excluded from the study. The relationship between
histological phenotype (OeACmucin versus OeACnonmucin), clinicopathological data, overall survival (OS)
and treatment (surgery alone versus neoadjuvant
chemotherapy followed by surgery) was analysed. From
each trial, the clinicopathological characteristics (sex,
depth of invasion ((y)pT), LN status ((y)pN), TRG
(Mandard classification) and resection margin status
(R)) were summarised and compared between patients
with OeACmucin or OeACnon-mucin (Table 1) using the
chi-squared
test
for
binary
variables
and
ManneWhitney U-test for ordinal variables. Data were
analysed per trial arm in the test cohort (OE02 trial) and
validation cohort (OE05 trial).
For survival analyses, follow-up time was calculated
from the date of randomisation. KaplaneMeier plots
were used to compare OS of patients with OeACmucin
versus OeACnon-mucin. Formal comparisons were carried
out using log-rank tests and hazard ratios (HRs)
calculated from unadjusted Cox proportional hazards
models. The assumption of proportional hazards was
tested for each Cox model using the numerical methods

Table 1
Clinicopathological characteristics of the study cohorts stratified by mucinous phenotype.

Total
n

%

OE05 trial
Neoadjuvant chemotherapy #plus surgery

Neoadjuvant 5-FU/cisplatin plus surgery
OeACnon-mucin

OeACmucin

n

n

%

5
4

3.7
13.8

%

Sex
Male
135 82.3 130
96.3
Female 29
17.7 25
86.2
Tumour regression grade (Mandard)
2
N/A
3
4
5
Depth of invasion ((y)pT)*
T1
12
7.3
11
91.7
T2
20
12.2 19
95.0
T3
129 78.7 122
94.6
T4
3
1.8
3
100
Lymph node status ((y)pN)*
N0
41
25.0 40
97.6
N1
123 75.0 115
93.5
Resection margin status
R0
97
65.1 94
96.9
R1
52
34.9 47
90.4

P value

OeACnon-mucin

OeACmucin

n

Total
%

n

%

n

%

148
19

88.6
11.4

136
16

91.9
84.2

12
3

8.1
15.8

5
22
66
74

2.9
12.9
38.6
43.3

5
19
58
70

100
86.4
87.9
94.6

0
3
8
4

0
13.6
12.1
5.4

15
19
129
4

9.0
11.4
77.3
2.4

15
18
116
3

100
94.7
89.9
75.0

0
1
13
1

0
5.3
10.1
25.0

63
104

37.7
62.3

60
92

95.2
88.5

3
12

4.8
11.5

102
51

66.8
33.3

97
41

95.1
80.4

5
10

4.9
19.6

P value

Total

OeACnon-mucin

OeACmucin

n

%

n

%

n

%

569
64

89.9
10.1

512
60

90.0
93.8

57
4

10.0
6.2

23
79
356
171

3.7
12.6
56.6
27.2

16
61
326
165

69.6
77.2
91.6
96.5

7
18
30
6

30.4
22.8
8.4
3.5

65
113
431
22

10.3
17.9
68.3
3.5

59
102
391
19

90.8
90.3
90.7
86.4

6
11
40
3

9.2
9.7
9.3
13.6

204
428

32.3
67.7

189
382

92.6
89.3

15
46

7.4
10.7

405
217

65.1
34.9

367
195

90.6
89.9

38
22

9.4
10.1

0.270

0.030

0.333

<0.001

0.215

0.731
1
1
7
0

8.3
5.0
5.4
0

1
8

2.4
6.5

3
5

3.1
9.6

0.097

0.322

0.855

0.138

0.092

P value

0.177

0.953

0.004

D.H.W. Liu et al. / European Journal of Cancer 170 (2022) 140e148

OE02 trial
Surgery alone

OeACmucin, mucinous adenocarcinoma (more than 50% of the tumour consists of extracellular mucin); OeACnon-mucin, all other adenocarcinomas.
#
Two cycles of cisplatin and 5-fluorouracil or four cycles of epirubicin, cisplatin, capecitabine chemotherapy.
* TNM classification 6th edition.
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as described by Lin et al. [19] with piecewise analyses
carried out for any curves that failed to satisfy the
assumption (see OE05 trial results). Statistical analyses
were conducted using SAS version 9.4. P values <0.05
were considered significant.
3. Results
3.1. Test cohort (OE02 trial)
Primary tumour slides were analysed from 372 resections (185 S-patients and 187 CS-patients). The median (range) age of the patients was 64 years (30e79
years) in S-patients and 62 years (30e83 years) in CSpatients. The median (range) follow-up time was 5.7
years (0.3e11.6 years).
Clinicopathological characteristics and survival of
patients in the present study were similar to those of all
OE02 trial patients with adenocarcinoma who had a
resection (Supplement Table 1 and Supplement Fig. 2).
Twenty-four (7%) adenocarcinomas were classified
as OeACmucin. Typical examples of mucinous
adenocarcinoma are shown in Fig. 1. The frequency
of OeACmucin was similar between treatment arms (9
[6%] and 15 [9%] in S- and CS-patients, respectively).
3.2.1. Relationship between mucinous phenotype and
clinicopathological characteristics
In S-patients, OeACmucin was seen more frequently in
females (4% male versus 14% female, P Z 0.030).

Overall, 66% CS-patients with OeACmucin had a positive
resection margin compared with 30% CS-patients with
OeACnon-mucin (P Z 0.004). No other significant relationships were found between mucinous phenotype and
clinicopathological variables (see Table 1).
3.2.2. Relationship between mucinous phenotype and
overall survival
S-patients with OeACmucin had poorer 5-year OS
compared with S-patients with OeACnon-mucin (HR:
2.222, 95% confidence interval [CI]: 1.082e4.562,
P Z 0.0252; Fig. 2A). There was no difference in 5-year
OS comparing CS-patients with OeACmucin versus CSpatients with OeACnon-mucin (HR: 0.870, 95% CI:
0.468e1.619, P Z 0.6602; Fig. 2B).
3.3. Validation cohort (OE05 trial)
Primary tumour slides were analysed from 683 resections (353 cisplatin/5-FU [CF] and 330 ECX-treated
patients). The median (range) age of patients was 62
years (30e83 years). The median follow-up time was 6.3
years (0.4e11.4 years).
The clinicopathological characteristics and survival
of patients included in the present study were similar
to those of all OE05 trial patients with adenocarcinoma who had a resection (Supplement Table 1 and
Supplement Fig. 2).
Sixty-one (10%) adenocarcinomas were classified as
OeACmucin. The frequency of OeACmucin was similar
between treatment arms (37 [11%] in CF and 24 [8%] in
ECX group).

Fig. 1. Typical examples of oesophageal mucinous adenocarcinoma (haematoxylin/eosin staining). (A) Groups or nests of tumour cells
free floating in extracellular mucin (arrow). (B) Longer strands of tumour cells floating in extracellular mucin (arrow). (C) Individual
tumour cells with a signet ring cell appearance floating in extracellular mucin (inset). Note although there are signet ring cells present in the
extracellular mucin, this type of adenocarcinoma should not be classified as a signet ring cell carcinoma.
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Fig. 2. KaplaneMeier plots showing 5-year overall survival stratifying patients by histological phenotype in the OE02 trial cohort. (A)
OE02 trial patients treated by surgery only. Patients with mucinous adenocarcinoma have significantly poorer survival compared with
those with other phenotypes (P Z 0.0252). (B) OE02 trial patients treated by neoadjuvant chemotherapy plus surgery. There is no survival
difference between patients with mucinous adenocarcinoma and those with other phenotypes (P Z 0.6602).

3.3.1. Relationship between mucinous phenotype and
clinicopathological characteristics
Patients with OeACmucin showed more frequently a
better primary tumour regression than OeACnon-mucin
(P < 0.001; see Table 1). No other significant relationships were found between mucinous phenotype and
clinicopathological variables (see Table 1).
3.3.2. Relationship between mucinous phenotype and
overall survival
Patients with OeACmucin had a similar 5-year OS
compared with patients with OeACnon-mucin (HR: 0.785,
95% CI: 0.550e1.121, P Z 0.1807; Fig. 3A). However,
visual inspection of the survival curves suggested that
the relationship between mucinous phenotype and survival differs before and after a follow-up time of
approximately 1.5 years. As the KaplaneMeier analysis
failed the assumption of proportional hazards, a piecewise analysis was carried out. This analysis confirmed
that after 1.5 years of follow-up, the survival of patients
with OeACmucin is better compared with patients with
OeACnon-mucin (before 1.5 years HR: 0.624, 95% CI:
0.385e1.012; after 1.5 years HR 0.526, 95% CI
0.300e0.922). There was no significant difference in 5year OS comparing patients with OeACmucin versus
patients with OeACnon-mucin within treatment arms
(Fig. 3B and C).
4. Discussion
Adenocarcinoma where more than 50% of the tumour
consists of extracellular mucin is a relatively rare subtype
of adenocarcinomas in the gastrointestinal tract and is
usually classified as ‘mucinous’ adenocarcinoma.
Mucinous adenocarcinoma needs to be distinguished
from signet ring cell adenocarcinoma with intracellularly

localised mucin. The literature on the incidence, survival
and potential response to cytotoxic chemotherapy of
oesophageal cancer (OeAC) patients with mucinous
adenocarcinoma (OeACmucin) is currently very limited.
Based on clinical experience, we hypothesised that patients with OeACmucin do not benefit from neoadjuvant
chemotherapy. We classified the histological phenotype in
resection specimens from a test cohort (OE02 trial patients
with OeAC treated either with surgery alone or neoadjuvant chemotherapy followed by surgery [14]) and
confirmed that OeACmucin is also rare in OeAC with a
similar frequency as reported in gastric and colorectal
adenocarcinoma (CRC) [20,21]. In the test cohort, patients
with OeACmucin had poorer survival compared with patients with OeACnon-mucin when treated by surgery alone.
In contrast to our hypothesis, neoadjuvant treatment with
cisplatin/5-FU improved OS of patients with OeACmucin
up to the level of OeAC patients with OeACnon-mucin. We
validated this finding in a second independent validation
cohort (OE05 trial [18]) and could confirm that OS was
similar between patients with OeACmucin and those with
OeACnon-mucin. There was a suggestion in the validation
cohort that survival of patients with OeACmucin might
even be better after 1.5 years of follow-up. However, this
finding needs to be viewed with some caution, as there is
currently no obvious explanation for the change in survival at the 1.5 years timepoint.
To the best of our knowledge, there are no previous
studies investigating the effect of neoadjuvant chemotherapy in OeAC patients stratifying patients by this
specific adenocarcinoma subtype where more than 50%
of the tumour consists of extracellular mucin.
In contrast to our findings in neoadjuvant chemotherapyetreated OeACmucin, the survival of patients
with mucinous colorectal adenocarcinoma seemed to be
poorer after neoadjuvant treatment [2e8]. However,
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Fig. 3. KaplaneMeier plots showing 5-year overall survival stratifying patients by histological phenotype in the OE05 trial cohort. (A) All
OE05 trial patients treated with neoadjuvant chemotherapy plus surgery. Comparing survival between patients with mucinous adenocarcinoma and those with other phenotypes over the whole time period shows no significant survival difference (HR: 0.785, 95% CI:
0.550e1.121, P Z 0.1807). (B) OE05 trial patients treated with neoadjuvant cisplatin/5-FU chemotherapy plus surgery. Comparing
survival between patients with mucinous adenocarcinoma and those with other phenotypes over the whole time period shows no significant survival difference (HR: 0.768, 95% CI: 0.485e1.217, P Z 0.2587). (C) OE05 trial patients treated with neoadjuvant epirubicin/
cisplatin/capecitabine chemotherapy plus surgery. Comparing survival between patients with mucinous adenocarcinoma and those with
other phenotypes over the whole time period shows no significant survival difference (HR: 0.804, 95% CI: 0.457e1.413, P Z 0.4469).

these findings are not directly comparable, as CRC patients were treated with adjuvant chemotherapy and
neoadjuvant treatment for rectal cancers consisted of a
combination of radiotherapy and chemotherapy.
For CRC, it has been proposed that differences in
gene expression and metabolism between colorectal
adenocarcinoma with and without extracellular mucin
may explain the chemotherapy resistance in adenocarcinoma with extracellular mucin [22,23]. Another study
suggested that specific mucins may play a role in the
ability of tumour cells to escape the effect of systemic
therapy [2]. Whether similar or different mechanisms
may be involved in the beneficial neoadjuvant chemotherapy effect in oesophageal mucinous adenocarcinoma is currently unknown.
Our study has some limitations. Although we studied
two large cohorts of OeAC using material from two
phase III randomised trials in a test-validation cohort

approach, the still relatively low number of patients with
OeACmucin did not allow subgroup analyses to better
understand the findings. Whilst, at least in part, the
material was collected prospectively, the present study
was a post-hoc retrospective study. Because of small
numbers, we also decided to exclude all complete responders, which might have influenced our results. The
histological phenotypes were classified on postchemotherapy resection specimens as the assessment of
whether a tumour consists of more than 50% extracellular mucin may be difficult if not impossible on diagnostic (pre-treatment) endoscopic biopsies. Although we
did not classify matched diagnostic biopsies in the present study, a relatively high concordance between
mucinous phenotype in the preoperative biopsies and
the resection specimens has been suggested by other
investigators [12]. It is difficult to compare our results
with any of the very few published OeAC studies as
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investigators seem to classify all adenocarcinomas with
mucin irrespective of whether the mucin is located
intracellularly or extracellularly as ‘mucinous adenocarcinoma’. Based on our results, strict adherence to the
WHO classification of mucinous adenocarcinoma is
recommended to increase the evidence base.
In summary, mucinous adenocarcinoma is a relatively
rare subtype of oesophageal adenocarcinoma, which has
not attracted much clinical attention to date. The poor
survival of patients with locally advanced, resectable
oesophageal adenocarcinoma with extracellular mucin
(mucinous adenocarcinoma) can be improved by cytotoxic
neoadjuvant chemotherapy before surgery. However,
whether the beneficial effect of neoadjuvant chemotherapy
is related to potential biological, biochemical, and pharmacokinetic interactions of the extracellular mucin with
the chemotherapy is currently unclear and warrants
further studies.
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