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Abstract

Background: In clinical studies, it has been observed that esophageal cancer (EC) patient prognosis can be very
different even for those patients with tumors of the same TNM stage. Tumor length has been analysed as a
possible independent prognostic factor in many studies, but no unanimous conclusion has been reached.
Therefore, this review used a meta-analysis to evaluate the association between tumor length and prognosis in EC
patients.

Methods: A systematic search for relevant articles was performed in PubMed, Web of Science, and Embase. Hazard
ratios (HRs) and 95% confidence intervals (CIs) were used as effective measures to estimate the correlation between
tumor length and prognosis, including overall survival, disease-free survival, progression-free survival, disease-
specific survival, and cancer-specific survival. STATA 15.0 software was used to perform the meta-analysis and the
data synthesis.

Results: Finally, 41 articles with 28,973 patients were included in our study. The comprehensive statistical results
showed that long tumors are an independent prognostic parameter associated with poor overall survival (OS)
(HR = 1.30; 95% CI: 1.21–1.40, p < .001) and disease-free survival (DFS) (HR = 1.38; 95% CI: 1.18–1.61, p < .001) in EC
patients. Subgroup analyses also suggested a significant correlation between long tumors and poor OS. Sensitivity
analysis and publication bias evaluation confirmed the reliability and stability of the results. Similar results were
obtained in the analyses of progression-free survival (PFS), disease-specific survival (DSS), and cancer-specific survival
(CSS).

Conclusion: The results of this meta-analysis showed that long tumors were related to poor OS, DFS, PFS, DSS and
CSS in EC patients. Tumor length might be an important predictor of prognosis in EC patients, and it can be used
as an independent staging index. Further well-designed and large-scale prospective clinical studies are needed to
confirm these findings.
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Background
Esophageal cancer (EC) is one of the most common and
fatal cancers of the digestive system in the world. In the
United States, more than 18,000 people are diagnosed
with EC every year, and more than 15,000 people die of
EC. Most patients die within 1 year of diagnosis [1]. The
main methods to improve the prognosis of EC are sur-
gery, chemotherapy and radiotherapy [2, 3]. Although
there are established radiotherapy and chemotherapy
regimens, surgical resection is still the only possible cure
for this disease. Complete surgical resection and radical
lymph node dissection can provide accurate pTNM sta-
ging, which has important guiding significance for pre-
dicting prognosis and determining treatment options
after surgery. An effective and reasonable EC staging
system is important for the selection of treatment op-
tions and the prediction of long-term survival [4].
The current classification criteria for EC patients in-

clude histological grading, primary tumor (T), lymph
node metastasis (N), and metastasis (M). Tumor length
was not included as a prognostic indicator [5]. In recent
years, many studies have suggested that tumor length is
an independent prognostic factor. Gaur et al. [6] and
Feng et al. [7] analysed 296 EC patients who underwent
surgical resection and found that tumor length was a
risk factor for long-term survival in both SCC and AC
patients. Shimada et al. [8] and Song et al. [9] retrospect-
ively reviewed 575 patients with EC who underwent
curative resection and found that tumor length had a
similar negative effect on patients with different pTNM
stages. Our early studies showed that tumor length was
an important prognostic factor for OS and cancer-
specific survival (CSS) [10, 11]. However, the prognostic
role of tumor length in EC is still controversial. The re-
sults of Khan et al. [12] indicated that tumor length was
not correlated with prognosis in N0 EC patients. There-
fore, the purpose of this study was to evaluate the prog-
nostic value of tumor length for the survival of EC
patients by performing a meta-analysis.

Methods
Data sources and search strategy
All data included in this study are publicly available in
PubMed, Embase, and Web of Science. Our meta-
analysis was based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2009
guidelines [13]. This systematic review and meta-analysis
has been registered on PROSPERO with registration
number: CRD CRD42018106851. The PubMed, Embase,
and Web of Science databases were searched to identify
relevant articles for analysis from 1994 until December
2019. All keywords were searched through MeSH. The
full text of all included articles must be available, and
the reference lists of each identified publication were

reviewed for potential studies to avoid omission. The
search strategy for PubMed was as follows: (esophageal
carcinoma [Title/Abstract] OR esophageal cancer [Title/
Abstract] OR “EC” [Title/Abstract] OR esophageal
adenocarcinoma [Title/Abstract] OR esophageal malig-
nancy [Title/Abstract] OR esophageal neoplasm [Title/
Abstract]) AND (tumor length [Title/Abstract] OR
tumor size [Title/Abstract]) AND (survival [Title/Ab-
stract] OR prognosis [Title/Abstract] OR prognostic
[Title/Abstract] OR outcome [Title/Abstract]).

Inclusion and exclusion criteria
Articles were included if they met the following criteria:

1. Patients with EC were histopathologically
confirmed, including SCC and AC;

2. Studies explored the relationship between the
tumor length and prognosis of EC;

3. The hazard ratios (HRs) and 95% CIs between
tumor length and survival outcomes were reported.

Articles were excluded if they met the following criteria

1. They were abstracts, case reports, reviews, letters,
or editorials;

2. Studies were not published in English;
3. Studies had overlapping or repeating data;
4. Studies did not present the cut-off value for tumor

length.

Data extraction and quality assessment
Two researchers (ZW and YJ) independently reviewed
articles that met the inclusion criteria. Any disagree-
ments were resolved by discussion or arbitrator (WX).
The HRs and 95% CIs were extracted and pooled ac-
cording to different prognoses (OS or DFS/PFS/DSS/
CSS) to analyse the relationship between tumor length
and prognosis. All HRs were extracted from the multi-
variate analysis. The data were obtained directly from
the included articles or from simple indirect data calcu-
lations [14]. In addition, other parameters were extracted
in a uniform format, including author, year of publica-
tion, patient source, total number of patients, patient
age, follow-up time, treatment strategy, LN metastasis,
histology, tumor location, TNM stage, cut-off value of
tumor length and survival data. The quality of the in-
cluded studies was assessed through the Newcastle-
Ottawa Quality Assessment Scale (NOS), which consists
of 3 parts: selection (0–4 points), comparability (0–2
points), and outcome assessment (0–3 points). The max-
imum score was 9 points, and studies with no less than
6 points were defined as high-quality studies [15].
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Statistical analysis
All statistical analyses were performed using STATA
software version 15.1 (STATA, College Station, TX).
The pooled HRs and 95% CIs were used to assess the
prognostic role of tumor length in EC patients. A pooled
HR > 1 indicated a worse prognosis in EC patients with
long tumors. P < .05 for the Q test or I2 > 50% for the I2

test indicated significant heterogeneity in the literature,
and the random-effects model (DerSimonian-Laird
method) was adopted [16]; otherwise, the fixed-effects
model (Mantel-Haenszel method) was used [17]. Sub-
group analyses were performed based on patient source,
histology, treatment, sample size, median age, cut-off
value, percentage of patients with LN metastasis, per-
centage of patients with TNM stage III/IV classification
and HR analysis method to explore the potential sources
of heterogeneity and assess the stability of our aggre-
gated results. Sensitivity analyses were performed by se-
quentially removing individual studies to test the
robustness of the pooled results of these studies. Publi-
cation bias was assessed by Begg’s funnel plot and
Egger’s linear regression test [18, 19]. The trim-and-fill
method was used to evaluate the impact of publication
bias on the pooled results in the presence of significant
publication bias. P < .05 was considered statistically
significant.

Results
The characteristics of the included studies
Based on the search strategy mentioned above, a total of
1110 articles were searched from PubMed, Embase and
Web of Science. Finally, 41 studies published between
1994 and 2019 with a total of 28,973 patients were in-
cluded in our meta-analysis according to the inclusion
and exclusion criteria [6–10, 20–55]. The specific litera-
ture selection process is shown in Fig. 1.
Table 1 summarizes the characteristics of all the stud-

ies included in this meta-analysis. All of the included
studies were retrospective. Among these studies, 23
studies were from China [7, 9, 10, 30–49], 7 studies were
from the USA [6, 50–55], 7 studies were from Japan [8,
24–29], and 1 study each was from Italy [22], Australia
[20], the Netherlands [21], and Turkey [23]; the partici-
pants in 39 studies were patients with SCC. Three of the
41 studies included patients who received chemoradio-
therapy only [26, 48, 53], and the remaining 38 studies
included patients who underwent surgical resection with
or without chemoradiotherapy. Among the 41 studies,
35 studies reported the relationship between the tumor
length of EC and OS, 10 studies reported disease-free
survival (DFS), 2 reported progression-free survival
(PFS) [48, 53], 1 reported cancer-specific survival (CSS)
[55] and 1 reported disease-specific survival (DSS) [20].
The cut-off value (cm) applied in all studies was between

1.5 and 6. Eighteen studies used a tumor length cut-off
value of ≥5, and 23 studies used a tumor length cut-off
value of < 5. All the tumor length values in the Surg and
Surg2 groups were measured from postoperative patho-
logical specimens, and the data from the chemoradio-
therapy (CRT) group and Surg3 group were measured by
endoscopy or computed tomography (CT) before treat-
ment. The Surg1 group did not clearly describe the tim-
ing of measurement according to the different
treatments. Because of the irregular shapes of the tu-
mors, the actual size of them is difficult to measure.
Most studies only analyzed the relationship between
tumor length and patient prognosis, but did not discuss
the effect of width. So, we default that the length of the
tumor is proportional to its size, and combined the re-
sults of included studies on this basis. Two studies re-
ported only relative risk (RR) data [41, 42], and we used
RR to replace HR when pooling the data.

Tumor length and OS in EC
A total of 35 studies evaluated the relationship between
tumor length and OS in EC, and because of the signifi-
cant heterogeneity among the included studies (I2 =
66.8%; ph < .001), the pooled HR and 95% CI were calcu-
lated by a random-effects model. The pooled HR of
1.301 (95% CI: 1.210–1.399) suggests that long tumors
are associated with poor OS (Fig. 2).

Tumor length and DFS in EC
Ten studies provided the HR and 95% CI of tumor
length in association with DFS. The pooled data showed
that long tumors were associated with poor DFS (HR =
1.378; 95% CI: 1.179–1.609, p < .001). Due to obvious
heterogeneity (I2 = 76.7%, ph < .001), the random-effects
model was used to calculate the pooled HR and its 95%
CI (Fig. 3).

Tumor length and PFS in EC
No significant heterogeneity was found among the stud-
ies that evaluated PFS, so a fixed-effects model was used
to calculate the pooled HR and 95% CI (HR = 1.161; 95%
CI: 1.008–1.337, p < .005). The data suggest that long tu-
mors were associated with shorter PFS.

Tumor length and CSS/DSS in EC
Two studies reported preoperative tumor length and
CSS/DSS data for EC. There was no significant hetero-
geneity (I2 = 0.0%, ph = .551). The pooled HR and 95%
CI (HR = 1.856; 95% CI: 1.173–2.937, p < .001) indicated
that long tumors were also related to poor CSS/DSS.

Subgroup analysis
To analyse the impact of heterogeneity on the results of
this study, we performed subgroup analyses on the
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extracted data. Subgroup analyses by patient source
(China and others), histology (SCC, AC and mixed),
treatment (Surg2 and others), median age (< 60 and ≥
60), cut-off value (< 5 and ≥ 5), sample size (< 200 and ≥
200), percentage of patients with LN metastasis (< 50%
and ≥ 50%), percentage of patients with TNM stage III/
IV classification (< 50% and ≥ 50%) and HR analysis
method (MV and UV) were performed to explore the
potential sources of heterogeneity for the pooled OS re-
sults. Because the cut-off values of tumor length were
different among the included studies, we performed sub-
group analysis according to different cut-off values.

Because 40% of articles chose 5 cm as the cut-off value
for tumor length, we used this cut-off value as the
boundary. For cut-off value ≥5, the pooled HR was 1.259
(95% CI: 1.096–1.446, I2 = 59.4%, ph = .002). For cut-off
value < 5, the pooled HR was 1.322 (95% CI: 1.210–
1.443, I2 = 67.9%, ph < .001). This suggests that we may
be able to define 5 cm as a standard cut-off value and
recommend it to other researchers to reduce heterogen-
eity between different studies. The results of subgroup
analyses showed that the different classification methods
had no obvious influence on HR (Table 2). In almost all
subgroups, long tumors were significantly related to

Fig. 1 Flow chart of the literature selection process
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poor OS, which showed that our pooled HR result for
OS was stable and reliable. Considering the limited re-
search on tumor length and DFS, PFS, DSS, and CSS, no
other subgroup analysis was performed.

Sensitivity analyses
After omitting each individual study for the sensitivity
analysis, the results showed that when excluding any
study, the pooled HRs did not change substantially, indi-
cating that our results were stable (Figs. 4, 5).

Publication bias
Publication bias was evaluated by Begg’s funnel plot and
Egger’s linear regression test. Considering the limited
number of studies on the relationship between tumor
length and DFS, PFS, DSS or CSS, we analysed the pub-
lication bias of tumor length and OS (Pr > |z| =0.127 for
Begg’s test and p < .01 for Egger’s test) (Fig. 6). There-
fore, we conducted a further trim-and-fill analysis
(Fig. 7). The adjusted result (HR = 1.195, 95% CI: 1.111–
1.284) was similar to our previous pooled result. This

Fig. 2 Meta-analysis of the relationship between tumor length and OS in EC patients. EC = esophageal cancer, OS = overall survival
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result showed that despite the presence of publication
bias, it did not substantially affect the results of our
study.

Discussion
EC is one of the most lethal malignant tumors in the
world, with a 5-year survival rate of less than approxi-
mately 20% [1]. With the development of clinical treat-
ment technology, many comprehensive treatment
methods, including surgery, chemotherapy and radio-
therapy, have been used in EC patients. Combined with
the extensive development of minimally invasive
McKeown esophagectomy (MIE-McKeown), we can ob-
tain accurate pTNM staging information for each EC pa-
tient and use the system to guide the choice of further
treatment and the prediction of long-term survival [4].
These assessments are based on the latest American
Joint Committee on Cancer staging system for EC [5].
However, it is not difficult to find a significant difference
in the prognosis of EC patients with similar TNM stages.
Song et al. [9] found that even for EC patients with

similar TNM stages, tumor length is still an independent
factor for prognosis. In previous studies, many efforts
have been made to find new clinicopathological factors
to predict the prognosis of EC patients [56, 57].
Therefore, we conducted this meta-analysis to assess

the prognostic significance of tumor length in EC pa-
tients. Tumor size has been used in staging assessment
systems for lung and thyroid cancers [58, 59]. Many
studies have been conducted on the relationship be-
tween tumor length and prognosis in other tumors [60,
61]. Our team published the protocol of this meta-
analysis in September 2018 [62]. Later, Yang et al. [63]
performed a meta-analysis of the relationship between
prognosis and tumor length in patients undergoing rad-
ical resection of EC. On the basis of expanding the scope
of the literature included, we excluded some literature
with repeated data and included literature on the prog-
nosis and tumor length of EC patients with non-surgical
treatment. At the same time, the sample size and patho-
logical types were expanded, and the guiding value of
tumor length for the choice of treatment in different

Fig. 3 Forest plot to evaluate the prognostic significance of tumor length for the DFS of EC patients. HR = hazard ratio, DFS = disease-free
survival, EC = esophageal cancer
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stages was discussed. In fact, in the American Joint
Committee on Cancer (AJCC) TNM staging system in
1983, tumor length was used as an indicator to evaluate
T staging [64, 65]. Although it was replaced in the 1987
version by depth of invasion of the esophageal wall,
tumor length is still considered by many researchers to
be a factor related to the extent of the peripheral inva-
sion of the tumor. Our overall pooled results demon-
strated that long tumors had a negative effect on OS,
DFS, PFS, CSS and DSS in EC patients. Moreover, our
subgroup analysis and sensitivity analysis results showed

that our pooled HRs were stable and reliable. However,
in the US category, the pooled HR was 1.457 (95% CI:
0.851–2.495, I2 = 84.10%, ph < .001) [6, 50–55]. This re-
sult suggests that the tumor length of EC has different
effects on OS in different races and regions. In the
adenocarcinoma group and the mixed group, the pooled
HRs were 1.616 (95% CI: 0.950–2.748, I2 = 67.90%, ph <
.05) [6, 22, 52] and 1.128 (95% CI: 0.895–1.421, I2 =
78.50%, ph < .01) [21, 44, 50, 54, 55]. This finding sug-
gests that the prognostic significance of tumor length
may be limited for other non-squamous carcinomas of

Table 2 Subgroup analyses reflecting the association between tumor length and OS in EC patients

Random-effects model Fixed-effects model

Subgroup No. of studies HR (95% CI) P HR (95% CI) P I2 (%) Ph

Overall 35 1.301 (1.210–1.399) <.001 1.151 (1.117–1.185) <.001 66.8% <.001

Patient source

China 23 1.290 (1.191–1.397) <.001 1.155 (1.117–1.195) <.001 64.6% <.001

Japan 6 1.540 (1.108–2.142) .010 1.446 (1.174–1.781) <.001 47.0% .093

US 5 1.457 (0.851–2.495) .170 1.288 (1.046–1.586) .017 84.1% <.001

The Netherlands 1 1.080 (1.008–1.157) .029 1.080 (1.008–1.157) .029 – –

Italy 1 1.258 (0.890–1.778) .193 1.283 (1.001–1.644) .049 – –

Histology

SCC 28 1.332 (1.227–1.445) <.001 1.163 (1.125–1.203) <.001 64.0% <.001

AC 3 1.616 (0.950–2.748) .077 1.469 (1.103–1.957) .009 67.9% .044

Mixed 5 1.128 (0.895–1.421) .307 1.095 (1.029–1.166) .004 78.5% .001

Treatment

Surg2 24 1.311 (1.207–1.423) <.001 1.127 (1.091–1.165) <.001 67.3% <.001

Others 11 1.270 (1.066–1.514) .007 1.250 (1.170–1.336) <.001 59.5% .006

Sample size

≤ 200 16 1.458 (1.245–1.707) <.001 1.163 (1.098–1.233) <.001 56.3% .003

> 200 19 1.264 (1.157–1.380) <.001 1.146 (1.108–1.186) <.001 73.3% <.001

Median age

< 60 9 1.422 (1.228–1.647) <.001 1.124 (1.071–1.179) <.001 74.5% <.001

≥ 60 14 1.281 (1.132–1.450) <.001 1.133 (1.083–1.185) <.001 67.5% <.001

Cut-off value

< 5 cm 21 1.322 (1.210–1.443) <.001 1.123 (1.086–1.162) <.001 67.9% <.001

≥ 5 cm 14 1.259 (1.096–1.446) .001 1.241 (1.169–1.317) <.001 59.4% .002

LN metastasis (% of total)

< 50% 13 1.351 (1.189–1.537) <.001 1.106 (1.061–1.153) <.001 73.9% <.001

≥ 50% 18 1.281 (1.162–1.413) <.001 1.194 (1.144–1.246) <.001 62.3% <.001

TNM stage III/IV (% of total)

< 50% 12 1.441 (1.240–1.676) <.001 1.377 (1.245–1.524) <.001 44.5% .062

≥ 50% 14 1.243 (1.088–1.421) .001 1.190 (1.134–1.249) <.001 69.5% <.001

HR estimate

UV 16 1.676 (1.469–1.914) <.001 1.218 (1.180–1.256) <.001 91.3% <.001

MV 35 1.301 (1.210–1.399) <.001 1.151 (1.117–1.185) <.001 66.8% <.001

HR hazard ratio, CI confidence interval, Ph P value of Q test for heterogeneity test, SCC squamous cell carcinoma, AC adenocarcinoma; UVA univariate analysis,
MVA multivariate analysis, LN lymph node, Surg2 Surg±Adj CRT
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the esophagus. From the results of the literature we in-
cluded, the research on the prognosis and tumor length
of advanced EC patients treated with non-surgical treat-
ment is actually very limited. This may be because ad-
vanced patients cannot obtain direct pathological
specimens through surgery, and the obstruction symp-
toms of advanced patients are often very severe, so the

endoscopic measurement of tumors is also very difficult.
We found that two of the three articles in which patients
were only treated with CRT suggested that there was no
significant correlation between tumor length and prog-
nosis [26, 48]. In studies of CRT only, the included pa-
tients had a later TNM stage; for advanced patients, the
systemic progression of the disease is rapid, and OS is

Fig. 4 Sensitivity analysis of tumor length and OS in EC patients. EC = esophageal cancer, OS = overall survival

Fig. 5 Sensitivity analysis of tumor length and DFS in EC patients. EC = esophageal cancer, DFS = disease-free survival
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poor, so the effect of tumor length on prognosis may
also be limited. This point of view can be corroborated
in studies with > 60% TNM stage III and IV EC. The
pooled HR was 1.371 (95% CI: 0.968–1.941, I2 = 81.1%,
ph < .001) [8, 25–27, 33, 50]. Based on the above find-
ings, we believe that tumor length may be of greater
value in the prognosis of SCC and early EC. We may re-
gard tumor length as an independent factor to evaluate
prognosis and as a further subdivision standard only for

early EC patients so that more individualized treatment
measures that patients can benefit from can be selected.
Yamamoto et al. [29] considered that whether the length
of the tumor is less than 5 cm and the circumferential
spread is less than two-thirds can be used as the criteria
for endoscopic resection of mucosal carcinoma; more-
over, whether neoadjuvant therapy can cause some pa-
tients to be reconsidered for included based on this
standard also reflects the importance of tumor length as

Fig. 6 Begg’s test funnel plot of the publication bias of tumor length and OS. OS = overall survival

Fig. 7 Funnel plot after using the trim-and-fill method to adjust for OS. OS = overall survival
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a selection index. For the choice of surgical method, in
addition to the location of the tumor, the length of the
tumor is also of great significance. For some patients
with tumors longer than 5 cm, even if the location is
lower, McKeown surgery may be needed to ensure R0
resection rather than Ivor Lewis surgery. However, how
can the tumor length be systematically taken as the
standard to further subdivide EC patients with different
stages and pathological types? Further detailed, large
sample size case-control studies or large data sets may
be needed.
There were several limitations in this meta-analysis

that need to be addressed. First, our study only included
research published in English, which may cause publica-
tion bias in this study. Second, the number of articles
describing tumor length and DSS/PFS/DSS/CSS was in-
sufficient, and the reference value was limited. Third,
there were no corresponding data to analyse the rela-
tionship between tumor length and prognosis in differ-
ent tumor locations. More importantly, there were many
confounding factors, such as different resources of pa-
tients, pathological types, treatment strategies, durations
of follow-up, sample sizes, proportions of lymph node
metastasis, TNM stages and cut-off values of tumor
length, which will increase the heterogeneity of this
study. Although we conducted subgroup analyses and
sensitivity analyses on the extracted data, these analyses
could not fully explain the heterogeneity. Significant het-
erogeneity may affect the reference value of the meta-
analysis results. We also assessed Begg’s funnel plot and
performed Egger’s test to evaluate publication bias, and
the results indicated that 12 articles on the relationship
between tumor length and OS in EC have not been pub-
lished. Though we adjusted the pooled result with the
trim-and-fill method, the existence of significant publi-
cation bias suggests that we may have deficiencies in the
selection and inclusion of literature. All of these limita-
tions may hinder the application of the results in clinical
work. More studies and larger sample size meta-analyses
are needed to correct these limitations and improve the
accuracy of the results.

Conclusion
The tumor length of EC is widely measured in clinical
work, but it is not often used as an indicator to evaluate
prognosis and select treatment. Our results show that
long tumors are related to poor survival outcomes in EC
and can be considered an effective prognostic factor.
This index can be used for the risk stratification of pa-
tients and is a promising prognostic index for clinical
decision-making regarding EC treatment, especially for
early-stage patients. However, due to the limitations
listed above and the lack of more detailed case-control

studies, more well-designed and large-scale studies are
needed to confirm this conclusion in the future.
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