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ABSTRACT
Objective P- cadherin can act both as a 

tumour suppressor and an oncogene. The 

clinical prognostic value of P- cadherin 

overexpression in breast cancer (BC) remains 

unclear. We conducted a study- level meta- 

analysis to determine whether P- cadherin 

expression can help predict prognosis in BC.

Methods A systematic literature search was 

performed to review eligible studies and 

clarify the relationship between P- cadherin 

overexpression and overall survival (OS), 

disease- free survival (DFS), pathological 

features, molecular subtypes and molecular 

phenotypes in BC.

Results Thirty- one studies including 

12 332 patients were included. P- cadherin 

overexpression was correlated with significantly 

worse OS (HR=1.77, p<0.00001) and DFS 

(HR=1.96, p<0.00001) than P- cadherin- 

negative. P- cadherin overexpression could 

lead to high histological grade (OR=3.33, 

p<0.00001) and lymph node metastasis 

(OR=1.62, p<0.00001). Moreover, P- cadherin 

overexpression was associated with low odds 

of the luminal A subtype and high odds of the 

human epidermal growth factor receptor-2 

(HER2)- positive and triple- negative subtypes. 

P- cadherin expression led to low expression 

of oestrogen and progesterone receptor 

(OR=0.37 and OR=0.36, respectively, both 

p<0.00001) and high expression of HER2 

(OR=2.31, p<0.00001), Ki-67 (OR=2.79, 

p<0.00001), epidermal growth factor receptor 

(OR=5.85, p<0.00001) and cytokeratin 5/6 

(OR=6.79, p<0.00001).

Conclusions P- cadherin was found to be 

associated with invasiveness and metastasis. 

P- cadherin expression can probably be a 

useful biomarker for predicting poor survival 

and may act as an independent prognostic 

predictor.

INTRODUCTION
Breast cancer (BC) is a heteroge-
neous disease with high morbidity and 
mortality.1 2 Different disease stages, 
molecular subtyping and histological 
features underlie different biological 
characteristics and prognoses. BC is clas-
sified into hormone receptor- positive 
(oestrogen receptor (ER)+/progesterone 
receptor (PR)+), human epidermal 
growth factor receptor-2- overexpressing 
(HER2(+)) and triple- negative breast 
cancer (TNBC).3 Many prognostic indica-
tors such as pathological grade, histolog-
ical type, and HER2, ER, PR and Ki-67 
status have been examined.4 5 However, 
these markers cannot accurately and reli-
ably predict the prognosis of BC alone. 
Furthermore, there are no adequate 
molecular markers for predicting TNBC 
or inflammatory BC (IBC). Superior prog-
nostic factors that can be evaluated in the 
primary tumour are necessary, and such 
biomarkers may also be novel therapeutic 
targets.

Recent studies have found that P- cad-
herin is differentially expressed in 
hormone receptor- positive BC, basal- like 
BC and HER2(+) BC. It can be regarded 
as an additional immunohistochem-
ical marker of BC.6 The cadherin family 
includes epithelial (E), neural (N), retinal 
(R) and placental (P) cadherins,7 which 
mediate calcium- dependent cell–cell adhe-
sion. However, their expressions have 
different implications. E- cadherin and 
P- cadherin play important roles in main-
taining the structural integrity of epithe-
lial tissues.8 However, the expression of 
P- cadherin is different from that of E- cad-
herin, although they share 67% homology 
and are both extremely important for the 
maintenance of cell shape and polarity.9 
P- cadherin is expressed in the placental 
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tissue, and in adults it is present only in the basal layers 
of stratified epithelia and is confined to the myoepithe-
lial layer of the human mammary gland.10 It has not 
been fully examined at the molecular level.11

P- cadherin can act as a tumour suppressor or an 
oncogene.12 In BC, P- cadherin overexpression was 

reported to be correlated with increased tumour 
cell motility and invasiveness.13 There is a direct 
link between P- cadherin expression and the lack of 
ER- alpha signalling in BC cells, suggesting a role of 
P- cadherin in invasion.14 However, P- cadherin expres-
sion is crucial for the maintenance of normal breast 
epithelial architecture.15 Furthermore, the migration 
of mammary myoepithelial cells is compromised in 
the absence of P- cadherin.16 Recently, the expression 
of P- cadherin was found to be lower in normal breast 
tissue than in ductal carcinoma in situ and IBC, and 
the expression of P- cadherin was found to be higher 
in ER- positive and node- negative cancer and lower in 
node- positive cancer.17 18 Therefore, P- cadherin is an 
important biomarker of BC. However, its prognostic 
significance in relation to clinicopathological charac-
teristics of BC has not been clearly established. Here, 
we conducted a systematic review and meta- analysis to 
determine whether P- cadherin expression can predict 
BC prognosis. For this study- level meta- analysis, the 
sample variance information was collected to analyse 
the correlation between P- cadherin expression and 
overall survival (OS), disease- free survival (DFS), 
histological grade, lymph node metastasis, tumour- 
node- metastasis (TNM) stage, molecular subtype and 
molecular phenotype, and was used to compute the 
variance of the estimated effect.

Figure 1 Flow diagram of the literature search process. BC, 
breast cancer.

Figure 2 Forest plot of HR of overall survival (A) and disease- free survival (B) in random and fixed effect models. High P- cadherin 
expression was associated with poor overall survival and disease- free survival in the random model. Some heterogeneity was 
detected. The same result was reached in the sensitivity analysis using a fixed effect model.
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METHODS
Identification of eligible studies
The PubMed, EMBASE and Chinese National Knowl-
edge Infrastructure (CNKI) databases were searched 
without language limitations. We included studies 
published from January 1997 to August 2019. The 
protocol for this study has been published in Medicine 
and has been registered in the PROSPERO network 
(International Prospective Register of Systematic 
Reviews; registration number: CRD42019119880).19 
The search terms are described in the protocol. The 
strategy used both MeSH terms and free- text words to 
increase sensitivity.

Additionally, printed journals and relevant text-
books were manually searched in the libraries of the 
Beijing University of Chinese Medicine, Peking Union 
Medical College and Guang’anmen Hospital, and 
specialised experts in particular fields were consulted 
for the necessary supplements.

Inclusion criteria were as follows: (1) female patients 
with a histological diagnosis of BC; (2) P- cadherin 
protein in the primary tumour tissues was assessed 
immunohistochemically; and (3) at least one of the 
following was reported: OS, molecular subtype, TNM 
clinical stage, lymph node metastasis, bad pathology 

grade, haematogenous metastasis or depth of tumour 
invasion.

Exclusion criteria were as follows: (1) reviews and 
single case reports; (2) studies referring to P- cadherin 
but not to human cancer; and (3) lack of outcome vari-
ables and clinicopathological features between P- cad-
herin and human cancer.

Data extraction and management
Three independent reviewers (RQ, SC and JJ) extracted 
data from eligible studies using a standardised collec-
tion form. We recorded the details of eligible studies, 
including first author, patient characteristics, publica-
tion year, pathology, P- cadherin assay methods, total 
cases, clinicopathological features and outcomes. If 
there were discrepancies between the reviewers, a final 
consensus was reached after a discussion with XZ. 
The HR was extracted directly if it was reported in the 
article or it was estimated using Kaplan- Meier survival 
curves and 5- year survival outcome events.20

Methodological assessment
Methodological assessment of eligible studies was 
conducted using a quality scale for biological prognostic 
factors (online supplementary file 1).21 Two specialists 

Table 1 Meta- analysis of the clinical and pathological features of patients with breast cancer

Clinical and pathological features Studies (n) Patients (n) Model Pooled OR (95% CI) P value

Heterogeneity

I2 (%) P value

Histological grade 3 13 1896 Random 3.40 (2.62 to 4.43) <0.00001 66 <0.00001
T3/4 7 349 Random 0.95 (0.71 to 1.28) 0.75 3 0.40
Lymph node metastasis 14 1837 Random 1.55 (1.11 to 2.16) 0.01 78 <0.00001
Clinical stage III/IV 3 100 Fixed 1.26 (0.80 to 1.97) 0.31 74 0.02

Figure 3 Forest plot of the clinical and pathological features of patients with breast cancer in random and fixed effect models. (A) 
P- cadherin expression was associated with poor pathological differentiation in patients with breast cancer. (B) P- cadherin expression 
was significantly associated with lymph node metastasis. (C,D) There were no significant differences in P- cadherin expression based 
on tumour size or tumour- node- metastasis clinical stage in both fixed and random effect models.
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(QG and BH) who are experienced in clinical and basic 
experiments rated the studies. Disagreements between 
the two reviewers were discussed with JL, and a final 
consensus was reached.

Statistical analysis
Statistical analyses were performed using Review Manager 
(RevMan) V.5.3.5 software (Cochrane Community, 
London, UK) and STATA V.14 software. Dichotomous 
data of the clinical pathological features were pooled using 
OR with 95% CI. HR was pooled as inverse variance data 
with 95% CI. P<0.05 was considered statistically signifi-
cant. An observed HR or OR >1 implied worse prognosis 

for the group that was P- cadherin- positive and was consid-
ered statistically significant if the 95% CI did not overlap 
1. The heterogeneity of the included studies was evalu-
ated using the χ2 and I2 tests, and p<0.10 or I2 >50% was 
defined to indicate heterogeneity. The fixed effect model 
was used for pooling homogeneous data, and the random 
effect model was used for heterogeneous data. Publication 
bias and meta- regression were evaluated using the Egger’s 
test (STATA V.14), with p<0.05 indicating significant bias 
and a contribution of heterogeneity. Sensitivity analysis 
was performed by reanalysing the data using different 
statistical approaches.

Table 2 Meta- analysis of patients with breast cancer based on molecular subtype

Molecular subtype Studies (n) Patients (n) Model Pooled OR (95% CI) P value

Heterogeneity

I2 (%) P value

Luminal A 7 2562 Random 0.19 (0.11 to 0.33) <0.00001 88 <0.00001
Luminal B 7 1226 0.76 (0.56 to 1.02) 0.06 42 0.11
HER2(+) 9 529 3.71 (2.22 to 6.19) <0.00001 81 <0.00001
Triple- negative or basal- like type 10 1115 4.66 (3.33 to 6.52) <0.00001 63 0.004
HER2, human epidermal growth factor receptor-2.

Figure 4 Forest plot of patients with breast cancer based on molecular subtype in random and fixed effect models. (A) P- cadherin 
expression was associated with lower odds of the luminal A subtype. (B) P- cadherin expression was not significantly associated with 
the luminal B subtype. (C,D) High P- cadherin increased the odds of the HER2(+) and TNBC/basal- like subtypes in both fixed and 
random effect models. HER2, human epidermal growth factor receptor-2; TNBC, triple- negative breast cancer.
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Table 3 GRADE summary of findings
HR for OS and DFS

Outcomes

Illustrative comparative risks* (95% CI)

Relative effect
(95% CI)

Participants, n
(studies)

Quality of evidence
(GRADE) Comments

Assumed risk Corresponding risk

Control HR

OS: histopathology and follow- 
up visit.
Scale from 0 to 10.
Follow- up: 10 years.

The mean OS ranged across 
control groups from
10 years.

The mean OS in the 
intervention groups was
1.77 SD higher
(1.4 to 2.23 higher).

6878
(18 studies)

⊕⊕⊕⊕
High†‡

DFS: histopathology and follow- 
up visit.
Scale from 0 to 10.
Follow- up: 10 years.

The mean DFS ranged 
across control groups from
10 years.

The mean DFS in the 
intervention groups was
1.82 SD higher
(1.56 to 2.13 higher).

2137
(11 studies)

⊕⊕⊕⊕
High†‡

Clinical pathological information

Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)

Participants, n
(studies)

Quality of evidence
(GRADE)

Comments

Assumed risk Corresponding risk

Control Clinical pathological 
information

Histological grade 3: 
histopathology files and patient 
information

Study population OR 3.51
(3.05 to 4.04)

4631
(17 studies)

⊕⊕⊕⊝
Moderate†305 per 1000 606 per 1000

(572 to 639)

Moderate

287 per 1000 586 per 1000
(551 to 619)

High T - T3/4: histopathology 
files and patient information

Study population OR 0.95
(0.71 to 1.26)

2398
(7 studies)

⊕⊕⊝⊝
Low132 per 1000 126 per 1000

(97 to 160)

Moderate

120 per 1000 115 per 1000
(88 to 147)

Lymph node metastasis: 
histopathology files and patient 
information

Study population OR 1.48
(1.29 to 1.7)

3954
(14 studies)

⊕⊕⊕⊝
Moderate†424 per 1000 522 per 1000

(487 to 556)

Moderate

418 per 1000 515 per 1000
(481 to 550)

Clinical stage III/IV: 
histopathology files and patient 
information

Study population OR 1.26
(0.8 to 1.97)

405
(3 studies)

⊕⊕⊝⊝
Low226 per 1000 269 per 1000

(189 to 365)

Moderate

221 per 1000 263 per 1000
(185 to 359)

Molecular subtype

Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)

Participants, n
(studies)

Quality of evidence
(GRADE)

Comments

Assumed risk Corresponding risk

Control Molecular subtype

Luminal A: histopathology files 
and patient information

Study population OR 0.3
(0.26 to 0.34)

5873
(7 studies)

⊕⊕⊕⊝
Moderate§526 per 1000 250 per 1000

(224 to 274)

Moderate

597 per 1000 308 per 1000
(278 to 335)

Luminal B: histopathology files 
and patient information

Study population OR 0.7
(0.6 to 0.81)

5877
(7 studies)

⊕⊕⊕⊝
Moderate§226 per 1000 169 per 1000

(149 to 191)

Moderate

175 per 1000 129 per 1000
(113 to 147)

HER2(+) subtypes: 
histopathology files and patient 
information

Study population OR 3.01
(2.51 to 3.61)

6094
(9 studies)

⊕⊕⊕⊝
Moderate†58 per 1000 157 per 1000

(134 to 182)

Moderate

79 per 1000 205 per 1000
(177 to 236)

Continued
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HR for OS and DFS

Outcomes

Illustrative comparative risks* (95% CI)

Relative effect
(95% CI)

Participants, n
(studies)

Quality of evidence
(GRADE) Comments

Assumed risk Corresponding risk

Control HR

Triple- negative or basal- like type: 
histopathology files and patient 
information

Study population OR 4.97
(4.31 to 5.72)

7555
(10 studies)

⊕⊕⊕⊝
Moderate†71 per 1000 276 per 1000

(249 to 305)

Moderate

85 per 1000 316 per 1000
(286 to 347)

Molecular phenotype

Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)

Participants, n
(studies)

Quality of evidence
(GRADE)

Comments

Assumed risk Corresponding risk

Control Molecular phenotype

ER- positive: histopathology files Study population OR 0.28
(0.25 to 0.31)

7640
(15 studies)

⊕⊕⊕⊝
Moderate§720 per 1000 419 per 1000

(391 to 444)

Moderate

714 per 1000 411 per 1000
(384 to 436)

PR- positive: histopathology files Study population OR 0.39
(0.35 to 0.44)

6930
(11 studies)

⊕⊕⊕⊝
Moderate§453 per 1000 244 per 1000

(225 to 267)

Moderate

585 per 1000 355 per 1000
(330 to 383)

HER2- positive: histopathology 
files

Study population OR 2.47
(1.93 to 3.16)

7169
(12 studies)

⊕⊕⊕⊝
Moderate†116 per 1000 245 per 1000

(203 to 294)

Moderate

155 per 1000 312 per 1000
(261 to 367)

Ki-67- positive: histopathology 
files

Study population OR 2.52
(2.24 to 2.83)

5422
(6 studies)

⊕⊕⊕⊝
Moderate†327 per 1000 550 per 1000

(521 to 579)

Moderate

329 per 1000 553 per 1000
(523 to 581)

EGFR- positive: histopathology 
files

Study population OR 5.85
(4.46 to 7.68)

5600
(4 studies)

⊕⊕⊕⊕
High¶21 per 1000 114 per 1000

(89 to 144)

Moderate

21 per 1000 111 per 1000
(87 to 141)

Cytokeratin 5/6 positive: 
histopathology files

Study population OR 7.51
(6.08 to 9.28)

5863
(6 studies)

⊕⊕⊕⊕
High¶39 per 1000 235 per 1000

(199 to 275)

Moderate

89 per 1000 423 per 1000
(373 to 476)

GRADE Working Group grades of evidence: High quality: further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: further research is likely to have an important 
impact on our confidence in the estimate of effect and may change the estimate. Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is 
likely to change the estimate. Very low quality: we are very uncertain about the estimate. GRADE, Grading of Recommendations Assessment, Development and Evaluation.

⊕ Upgrade 1 level. ⊝ Downgrade 1 level.

*The basis for the assumed risk (eg, the median control group risk across studies) is provided. The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group and the 
relative effect of the intervention (and its 95% CI).

†RR >2 based on consistent evidence from at least two studies with no plausible confounders.

‡Immunohistochemical staining was used to evaluate P- cadherin expression in all the included studies. A possible bias of 1 is associated with different cut- off values of P- cadherin staining in tumour cells. 
For most studies, P- cadherin staining of 5% or more tumour cells was considered to be positive tumour expression. However, for some studies which had a greater weight among all included studies, P- 
cadherin staining of 50% or more tumour cells was considered as positive tumour expression. We observed that when the cut- off value was higher (＞10%), the HR value of OS and DFS were lower, which 
could affect the outcome. The confidence is still large in this effect and may lead to upgrading by one level.

§RR <0.5 based on consistent evidence from at least two studies with no plausible confounders.

¶RR >5.0 based on direct evidence with no major threats to validity.

DFS, disease- free survival; EGFR, epidermal growth factor receptor; ER, oestrogen receptor; HER2, human epidermal growth factor receptor-2; OS, overall survival; PR, progesterone receptor.

Table 3 Continued
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RESULTS
Included studies and characteristics
The initial search strategy identified 93 studies, of 
which 21 were excluded for the following reasons: 
review, in vivo experiment, in vitro experiment 
and non- human research. Another 20 studies were 
excluded because they did not refer to the relation-
ship between P- cadherin and BC, and 20 studies were 
excluded because they lacked relevant outcome vari-
ables and clinical pathological features associating 
P- cadherin and human BC (figure 1).

Finally, 31 studies with 12 332 patients were included 
(online supplementary table 1 in online supplementary 
file 2). Methodological assessment of eligible studies 
was conducted, as described in online supplementary 
table 2 in online supplementary file 2.

P-cadherin expression is associated with adverse prognosis
Eighteen studies reported the relationship between OS 
and P- cadherin expression. High P- cadherin expres-
sion was associated with worse OS (HR=1.77, 95% CI 
1.40 to 2.23, random); however, significant heteroge-
neity was detected (I2=75%, p<0.00001). The same 
result was achieved in the sensitivity analysis using a 
fixed effect model (HR=1.43, 95% CI 1.29 to 1.57) 
(figure 2).

The HRs of P- cadherin expression for OS were 
compared. Each individual study is represented by a 
red square, and the pooled data sets are indicated by a 
diamond, representing the 95% CI of each study. An 
HR >1 implies worse survival. The size of each study 
represents the weighting factor (1/SE) assigned to it.

P-cadherin expression indicates poor DFS
Eleven studies were found on the DFS of patients with 
cancer with P- cadherin expression. P- cadherin expres-
sion was associated with shorter DFS (HR=1.96, 
95% CI 1.49 to 2.57, p<0.00001, I2=63%, random), 
but some heterogeneity was detected (I2=63%, 
p=0.002). The same result was reached in the sensi-
tivity analysis using a fixed effect model (HR=1.82, 
95% CI 1.56 to 2.13) (figure 2).

The HRs of P- cadherin expression for DFS were 
compared. Each individual study is represented by a 
red square, and the pooled data sets are indicated by 
a diamond, representing the 95% CI of each study. 
An HR >1 implies worse DFS. The size of each study 
represents the weighting factor (1/SE) assigned to it.

P-cadherin expression leads to high histological grade and 
lymph node metastasis
The prognostic significance of P- cadherin expression 
in histological grade 3 tumours was evaluated in 13 
studies with 1896 patients. P- cadherin expression was 
associated with lower pathological differentiation in 
patients with BC (OR=3.40, 95% CI 2.62 to 4.43, 
p<0.00001, I2=66%, random). In 14 studies with 
1837 patients, P- cadherin expression was significantly 

associated with lymph node metastasis (OR=1.55, 
95% CI 1.11 to 2.16, p<0.00001, I2=78%, random). 
Significant heterogeneity was detected in these anal-
yses, but the sensitivity analysis showed that the 
OR was not influenced by using different statistical 
approaches (OR=3.51, 95% CI 3.05 to 4.04, fixed; 
OR=1.48, 95% CI 1.29 to 1.70, fixed, respectively). 
There were no significant differences in P- cadherin 
expression based on tumour size or TNM clinical stage 
in both fixed and random effect models (table 1 and 
figure 3).

P-cadherin expression differs based on BC subtype

Seven studies with 3788 patients evaluated the asso-
ciation between P- cadherin expression and luminal 
A/B subtypes. P- cadherin expression was associated 
with lower odds of the luminal A subtype (OR=0.19, 
95% CI 0.11 to 0.33, p<0.00001, I2=88%, random), 
with significant heterogeneity. There was a discrep-
ancy between the fixed effect and random effect 
models in the evaluation between P- cadherin and the 
luminal B subtype. Because significant heterogeneity 
was detected, the random effect model was used, 
and results showed that P- cadherin expression was 
not significantly associated with luminal B subtype 
(OR=0.76, 95% CI 0.56 to 1.02, p=0.06, I2=42%, 
random) (table 2 and figure 4).

Nine studies with 529 patients evaluated the relation-
ship between P- cadherin and the HER2(+) subtype. 
Furthermore, 10 studies with 1115 patients evaluated 
the association between P- cadherin and TNBC/basal- 
like BC (table 2). Although significant heterogeneity 
was detected, the results showed that high P- cadherin 
increased the odds of the HER2(+) and TNBC/basal- 
like subtypes in both fixed and random effect models 
(table 2 and figure 4).

Relationship of P-cadherin expression with the expression 
of other BC markers

As shown in table 3, P- cadherin expression was 
significantly associated with low expression of ER 
and PR (OR=0.33, 95% CI 0.21 to 0.52, p<0.0001, 
I2=92%, random; OR=0.33, 95% CI 0.22 to 0.49, 
p<0.00001, I2=87%, random, respectively) and high 
expression of HER2 (OR=2.47, 95% CI 1.93 to 3.16, 
p<0.00001, I2=51%, random), Ki-67 (OR=2.65, 
95% CI 1.94 to 3.62, p<0.00001, I2=66%, random), 
epidermal growth factor receptor (EGFR) (OR=6.04, 
95% CI 4.05 to 9.03, p<0.00001, I2=45%, random) 
and cytokeratin (CK) 5/6 (OR=6.79, 95% CI 6.53 
to 10.20, p<0.00001, I2=68%, random). Because 
significant heterogeneity was detected in the ER, PR, 
HER2, Ki-67 and CK5/6 evaluations, the random 
effect results were adopted, and the same results 
were achieved using a fixed effect model (table 4 and 
figure 5).
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Subgroup analyses
Because heterogeneity was observed, subgroup anal-
yses were performed based on publication date, region, 
sample size, cut- off value, survival analysis, follow- up 
time and quality score (table 5).

We assessed the impact of P- cadherin expression on 
OS in four regions—Asia (HR=2.06, 95% CI 1.57 to 
2.70, p<0.00001, I2=0%, fixed), Europe (HR=1.92, 
95% CI 1.48 to 2.49, p<0.00001, I2=42%, random), 
North America (HR=2.60, 95% CI 0.86 to 7.84, 

p=0.09, I2=90%, random) and South America 
(HR=1.43, 95% CI 1.29 to 1.57, p<0.00001, 
I2=21%, fixed)—and detected significant heteroge-
neity in North American patients.

We observed a significant association between high 
expression of P- cadherin and good OS regardless of 
the publication date (before 2010: HR=1.87, 95% CI 
1.20 to 2.92, p=0.006, I2=67%, random; after 
2010: HR=1.53, 95% CI 1.21 to 1.94, p=0.0004, 

Table 4 Relationship of P- cadherin expression to the expression of other tumour markers in patients with breast cancer

Molecular phenotype Studies (n) Patients (n) Model Pooled OR (95% CI) P value

Heterogeneity

I2 (%) P value

ER- positive 15 4690 Random 0.33 (0.21 to 0.52) <0.0001 92 <0.00001
PR- positive 11 2666 Random 0.33 (0.22 to 0.49) <0.00001 87 <0.00001
HER2- positive 12 1092 Random 2.47 (1.93 to 3.16) <0.00001 51 0.02
Ki-67- positive 6 2170 Random 2.65 (1.94 to 3.62) <0.00001 66 0.01
EGFR- positive 4 397 Random 6.04 (4.05 to 9.03) <0.00001 45 0.14
CK5/6- positive 6 699 Random 6.79 (4.53 to 10.20) <0.00001 68 0.008
CK, cytokeratin; EGFR, epidermal growth factor receptor; ER, oestrogen receptor; HER2, human epidermal growth factor receptor-2; PR, progesterone 
receptor.

Figure 5 Forest plot of P- cadherin expression to the expression of other tumour markers in patients with breast cancer in the 
random effect model. P- cadherin expression was significantly associated with low expression of (A) oestrogen receptor and (B) 
progesterone receptor. P- cadherin expression was significantly associated with high expression of (C) human epidermal growth factor 
receptor-2, (D) Ki-67, (E) epidermal growth factor receptor and (F) cytokeratin 5/6.
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I2=68%, random), sample size (>300: HR=1.57, 
95% CI 1.10 to 2.24, p=0.01, I2=80%, random; 
<300: HR=1.90, 95% CI 1.35 to 2.66, p=0.0002, 
I2=74%, random), cut- off value (HR=1.77, 95% CI 
1.40 to 2.23, p<0.00001, I2=75%, random), 
survival analysis (univariate: HR=1.78, 95% CI 1.24 
to 2.54, p=0.002, I2=73%, random; multivariate: 
HR=1.78, 95% CI 1.25 to 2.52, p=0.001, I2=78%, 
random), follow- up time (5 years: HR=2.33, 95% CI 
1.14 to 4.75, p=0.02, I2=70%, random; 10 years: 
HR=1.69, 95% CI 1.32 to 2.16, p<0. 75%, random) 
and quality score (>72: HR=1.77, 95% CI 1.32 to 
2.37, p=0.0002, I2=71%, random; <72: HR=1.80, 
95% CI 1.15 to 2.81, p=0.01, I2=81%, random). 
Because significant heterogeneity was detected among 
these subgroups, we adopted the results of the random 
effect model (table 5 and figure 6).

Publication bias
The possibility of publication bias was evaluated using 
Egger’s test (online supplementary file 3). The Egger’s 
test suggested that publication bias may have had a 
significant influence on the results of the HR for OS 
(p=0.018) but not on DFS (p=0.254).

The Egger’s test is based on a linear regression of 
the standard normal deviate against its precision. In 
our analysis, we used the inverse of the SE as an inde-
pendent variable and the standardised estimate of the 

size effect (log HR on its SE) as a dependent variable. 
The estimate of the effect is considered biased if the 
intercept is significantly different from zero.

DISCUSSION
P- cadherin is a transmembrane glycoprotein involved 
in calcium- dependent cell–cell adhesion and a potential 
therapeutic target in cancer.22 First, P- cadherin expres-
sion is crucial for the maintenance of normal breast 
epithelial architecture.23 Overexpression of P- cadherin 
may predict adverse effect on survival prognosis. The 
invasive nature of P- cadherin was confirmed in vitro, 
which makes P- cadherin a possible therapeutic target 
for BC.14 Actually, several highly selective human 
monoclonal antibodies against P- cadherin have shown 
significant antitumour and antimetastatic activities in 
distinct P- cadherin- overexpressing tumour model.24 
Some explorations to select P- cadherin as a target 
are also underway. For example, a CD3- bispecific 
molecule targeting P- cadherin causes T cell- mediated 
regression of established solid tumours in vivo.25 It is 
generally believed that P- cadherin is important in the 
prognosis and treatment of BC. Many studies have 
assessed the relationship between P- cadherin levels 
and prognosis in BC; however, no consensus has been 
reached. We conducted a systematic and comprehen-
sive meta- analysis to assess this relationship. This 
study also provided effective indicators for the clinical 

Table 5 Subgroup meta- analysis for OS

OS subgroup Studies (n)

Pooled HR (95% CI)

Meta- regression p value

Heterogeneity

Fixed Random I2 (%) P value

Year 0.43
Before 2010 7 2.08 (1.62 to 2.66) 1.87 (1.20 to 2.92) 67 0.006
After 2010 10 1.30 (1.17 to 1.44) 1.53 (1.21 to 1.94) 68 0.0009
Region 0.004 (<0.00001)
Asia 3 2.06 (1.57 to 2.70) 2.06 (1.57 to 2.70) 0 0.38
Europe 10 1.92 (1.59 to 2.31) 1.92 (1.48 to 2.49) 42 0.08
North America 3 1.22 (1.05 to 1.42) 2.60 (0.86 to 7.84) 90 <0.00001
South America 2 1.43 (1.29 to 1.57) 0.99 (0.71 to 1.38) 21 0.26
Sample size 0.45
More than 300 5 1.33 (1.17 to 1.51) 1.57 (1.10 to 2.24) 80 0.0005
Less than 300 13 1.57 (1.35 to 1.83) 1.90 (1.35 to 2.66) 74 <0.00001
Cut- off 0.005 (<0.0001)
>10% 12 1.74 (1.52 to 2.00) 2.12 (1.56 to 2.88) 76 <0.00001
Other value 6 1.16 (1.01 to 1.33) 1.21 (0.96 to 1.54) 28 0.23
Survival analysis >0.99
Univariate 9 1.56 (1.34 to 1.82) 1.78 (1.24 to 2.54) 73 0.00002
Multivariate 9 1.35 (1.19 to 1.53) 1.78 (1.25 to 2.52) 78 <0.0001
Follow- up time 0.4
5 years 3 2.16 (1.47 to 3.16) 2.33 (1.14 to 4.75) 70 0.04
10 years 15 1.39 (1.25 to 1.53) 1.69 (1.32 to 2.16) 75 <0.0001
Quality score 0.94
>72 10 1.42 (1.26 to 1.60) 1.77 (1.32 to 2.37) 71 0.0003
<72 8 1.44 (1.29 to 1.70) 1.80 (1.15 to 2.81) 81 <0.00001
OS, overall survival.
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treatment of BC and useful information for clinical 
decision- making.

We performed this meta- analysis to assess whether 
P- cadherin expression affects prognosis in patients 
with BC. Overexpression of P- cadherin was observed 
in 38.18% of 12 332 patients. There was a significant 
correlation between P- cadherin expression and worse 
OS and DFS, indicating that P- cadherin overexpres-
sion is deleterious for patients with BC. This result is 
consistent with Peralta Soler et al’s26 finding, which 
showed that the expression of P- cadherin in breast 
carcinoma is associated with shorter survival of BC, so 
it was considered as a prognostic predictor. However, 
the results of different clinical studies are inconsistent. 
Carvalho et al27 found that P- cadherin was not associ-
ated with worse prognosis for stage IIA patients. Our 
results provide a conclusion as to whether P- cadherin 
can be used as a prognostic factor for BC and then 
guide clinical practice. A recently published system-
atic review which included 11 studies supports this 
finding.28 It was found that the overexpression of 
P- cadherin is linked with adverse prognosis of BC, 
even though the prognosis of survival was not affected 

by the subtype of BC. Different subtypes of BC are 
treated differently; thus, the prognosis of P- cadherin 
in various subtypes of BC may not be easy to evaluate. 
Therefore, the correlation between P- cadherin and 
histopathological information that can determine the 
degree of malignancy needs to be analysed.

The expression of P- cadherin could lead to bad 
pathological differentiation and lymph node metastasis 
in patients with BC. Several studies have described the 
relationship between P- cadherin and mortality risk in 
patients with BC. Rakha et al29 indicated that a high 
grade of BC was associated with P- cadherin expres-
sion. Besides, P- cadherin expression was correlated 
with various molecular subtypes in this review. Based 
on these results, correlation analysis of P- cadherin was 
carried out for molecular subtype markers such as ER, 
PR, HER2 and Ki-67. P- cadherin has been found to 
be a marker for different types of BC. Matos et al30 
indicated that P- cadherin can be used as a marker 
for basal- like BC, and another study indicated that 
P- cadherin is probably one of the most useful adjunct 
markers to distinguish basal- like ductal carcinomas 
in situ.31 In the analysis of P- cadherin and molecular 

Figure 6 Forest plot of subgroup of overall survival in random and fixed effect models. A significant association was observed 
between high expression of P- cadherin and good overall survival regardless of publication date, sample size, cut- off value, survival 
analysis, follow- up time and quality score. Because significant heterogeneity was detected, the results of the random effect model 
were adopted.
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subtypes, high expression of P- cadherin was negatively 
associated with the luminal A subtype and positively 
associated with the HER2(+) and TNBC subtypes. 
The luminal A and B subtypes have the best prognosis 
among the molecular subtypes.32 However, P- cadherin 
expression was not significantly associated with the 
luminal B subtype. We analysed markers that affect 
molecular typing and reflect BC cell proliferation. We 
found that P- cadherin expression led to low expres-
sion of ER and PR and high expression of Ki-67. This 
also explains why there is no significant correlation 
between P- cadherin expression and the luminal B 
subtype. P- cadherin expression was also found to be 
associated with high expression of HER2, EGFR and 
CK5/6. Turashvili et al33 also demonstrated that P- cad-
herin expression was positively associated with Ki-67, 
EGFR and HER2 expression. Sousa et al34 found that 
P- cadherin expression has higher sensitivity for TNBC 
and is more reliable than the classic standard pair 
CK5/EGFR. Arnes et al35 also found that P- cadherin 
is a biomarker for basal- like BC or TNBC and has a 
significant association with BRCA1 mutation. Tsang et 
al36 demonstrated that P- cadherin was associated with 
basal features and did not show a significant negative 
association with the luminal B subtype; thus, it was 
not recognised as a good marker for identifying TNBC 
alone. The result of this systematic review proves 
that P- cadherin is an indicator of significantly worse 
survival and high invasiveness. In addition, P- cadherin 
is a favourable factor for the expression of HER2 and 
Ki-67, and it expressed lower when ER or PR positive. 
This also supports the adverse prognosis of P- cadherin.

Considering the various quality and heterogeneity of 
included studies, we also considered the influence of 
different regions, research age and follow- up time on 
the analysis of each study. A meta- regression analysis 
found that the cut- off value had a significant associa-
tion with the interstudy heterogeneity, indicating that 
the cut- off value might account for part of the inter-
study heterogeneity. Subgroup analysis could not be 
performed to explore this as a source of heterogeneity 
because the studies used the same antibody. The molec-
ular mechanism might also contribute to the heteroge-
neity. P- cadherin expression is affected by p120ctn, a 
cell adhesion protein belonging to the cadherin/catenin 
family.37 Several reports have indicated that p120ctn 
can associate with all the classic cadherin subtypes 
and is involved in the regulation of cell migration and 
adhesion.38 An in vitro experiment showed that cell 
motility induced by increased P- cadherin expression 
was due to the activation of Rac1 and Cdc42 through 
the accumulation of p120ctn in the cytoplasm.13 39 This 
mechanism might also be applicable to BC; however, 
few studies have assessed p120ctn in BC. In addition, 
regional differences may also cause interstudy hetero-
geneity. In the subgroup analysis of the OS, significant 
heterogeneity among North American patients was 
observed. One possible reason may be the different 

cut- off values of P- cadherin staining in tumour cells. 
For two studies, P- cadherin staining of 10% of the 
tumour cells was considered to be positive expres-
sion. However, for one study, P- cadherin staining of 
50% or more of the tumour cells was considered to be 
positive expression; this study included 1000 people, 
the largest weighting. Besides, P- cadherin expression 
of BC in different races may contribute to significant 
heterogeneity. Studies have shown that African–Amer-
ican women are more likely to have triple- negative or 
basal- like breast BC.40 Finally, 31 studies met all the 
inclusion criteria.41 42 43 44 45 46 47 48 49 The character-
istics of nine of these studies are only shown in online 
supplemental file 2- Table 1. For our study, P- cadherin 
expression increased the odds of the triple- negative/
basal- like type in both fixed and random effect models. 
Thus, race might be one of the reasons for the hetero-
geneity in North American patients.

There are some limitations to this study. First, bias 
was unavoidable for the clinical evidence because the 
relevant data were extracted from non- randomised 
controlled trials. Second, there were no uniform scoring 
criteria to define high P- cadherin expression. Third, 
because not all databases were searched, some publica-
tion/language bias may be present. Finally, differences 
in clinical characteristics such as age, weight, height 
and treatment in each study will obviously lead to bias. 
Further investigations should determine whether these 
factors influence the results of the meta- analysis.

In conclusion, our meta- analysis suggests that over-
expression of P- cadherin is not only significantly asso-
ciated with worse OS and DFS in BC but also with 
clinicopathological features, including high histolog-
ical grade, lymph node metastasis, molecular subtype 
and molecular phenotype. Overexpression of P- cad-
herin can probably act as a useful biomarker for 
predicting adverse effect on survival and P- cadherin 
can be an independent prognostic predictor. Hope-
fully, this finding may provide effective indicators for 
the clinical treatment of BC.

The PRISMA checklist for systematic reviews and 
meta- analyses has been provided in online supplemen-
tary file 4.
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S1 file. Quality scale for biological prognostic factors 

(Quoted from “Steels E, Paesmans M, Berghmans T, Branle F, Lemaitre F, Mascaux C, et al. Role 

of p53 as a prognostic factor for survival in lung cancer: a systematic review of the literature with 

a meta-analysis. European Respiratory Journal. 2001;18(4):705-719.”) 

 

Except when specified, the attributed value per item is 2 points if it is clearly defined 
in the article, 1 point if its description is incomplete or unclear and 0 point if it is not 

defined or is inadequate. 
 

Scientific design 

1. Study objective definition. 
2. Study design: prospective (2 points); retro-spective or retrolective (1 point); not 

defined (0 point). 

3. Outcome definition. 
4. Statistical considerations: fully reported with a preliminary assessment of the 

patient/sample number to be included and/or analysed (2 points); patient/sample 

number to be included and/or analysed justified by the number of studied variables 

(minimum 10 patients per variable) (1 point); not defined (0 point). 
5. Statistical methods and tests description.  

 

Laboratory methodology 

1. Blinding in the biological assays performance: double-blind (2 points); 

simple-blind (1 point); unblinded or not defined (0 point). 
2. Tested factor description: DNA (types of exons analysed), messenger RNA 

(complete or partial with description of the primers used), protein (nuclear, 

cytoplasmic or extracted from cellular components), antibodies (type of tissue or 

liquid sampled). 

3. Tissue sample conservation: either fresh tissue or conservation requiring freezing at 

≤-80°C in presence of an anti-RNAase for RNA or freezing at ≤-20°C for DNA, 

protein and serum, or fixation in formol, alcohol or paraffin. 
4. Description of the revelation test procedure of the biological factor: PCR with 

mention of primers, polymerase type, general reaction conditions (concentration of 

the various reagents, cycle number, duration and temperature of the various steps); 

DNA-sequencing with the method used, the electrophoresis characteristics (gel 

composition, duration, temperature and generator voltage) and revelation procedure; 

reverse transcription (RT) with the transcriptase-reverse type and general conditions 

of incubation (reagent concentration, temperature and duration); SSCP with the gel 

composition (acrylamide percentage, glycerol content), other electrophoresis 

characteristics (duration, temperature and generator voltage), coloration method (the 

SSCP must be followed by the abnormally migrated fragments sequencing if there is 

no negative internal control); DGGE with gel composition and gel composition 

gradient, other electrophoresis characteristics (duration, temperature and generator 

voltage) and coloration method (the DGGE must be followed by the abnormally 
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migrated fragments sequencing if there is no negative internal control); restricted 

fragment length polymorphism (RFLP) with the restriction enzyme type, temperature 

and incubation time, electrophoresis characteristics (gel composition, duration, 

temperature and generator voltage), coloration method (the RFLP must be followed 

by the abnormally migrated fragments sequencing if there is no negative internal 

control); IHC with the first antibody type and clone identification, second antibody 

type, reaction characteristics (antibodies concentration, duration and temperature of 

incubation), colouration method (peroxydase, alkaline phosphatase or chromogenic 

method), epitope unmasking method in case of fixed tissue, endogenous peroxidase 

activity inhibition method if the colouration method requires peroxydase; ELISA with 

the type of antibodies/antigens used, general reaction conditions (reagents 

concentration, temperature, duration), unspecific sites blockage (type of serum used), 

colouration and reading methods (fluorometry, spectrophotometry, etc.); Western blot 

with types of antibodies/antigens used, gel composition, other electrophoresis 

characteristics (duration, temperature, generator voltage), colouration method; 

immunoblot with the type of antibodies/antigens used, the type of membrane, other 

electrophoresis characteristics (duration, temperature, generator voltage), colouration 

method.  

5. Description of the negative and positive control procedures.  

6. Test reproducibility control: between investigators centres if the study is 

multicentric, or inside the centre if it is unicentric. 

7. Definition of the level of positivity of the test (only evaluated in case of IHC): 

validated (2 points); arbitrary (1 point); not described (0 point). 

 

Generalizability 

1. Patient selection criteria, including histological type, disease stage and treatment.  

2. Patients’ characteristics, including histology type, disease stage and treatment. 

3. Initial workup. 

4. Treatment description. 

5. Source of samples. 

6. Number of unassessable samples with exclusion causes. 

 

Results analysis 

1. Follow-up description, including the number of events. 

2. Survival analysis according to the biological marker. 

3. Univariate analysis of the prognostic factors for survival: report of the relative risk 

with the confidence interval (2 points); results without evaluation of the relative risk 

and its confidence interval (1 point); not reported or inadequate (0 point). 

4. Multivariate analysis of the prognostic factors for survival: report of the relative 

risk with the confidence interval (2 points); results without evaluation of the relative 

risk and its confidence interval (1 point); not reported or inadequate (0 point). 
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OS 

Tests for Publication Bias 

 

Begg's Test 

  

  adj. Kendall's Score (P-Q) =       3 

          Std. Dev. of Score =   26.40  

           Number of Studies =      18 

                          z  =    0.11 

                    Pr > |z| =   0.910 

                          z  =    0.08 (continuity corrected) 

                    Pr > |z| =   0.940 (continuity corrected) 

 

Egger's test 

------------------------------------------------------------------------------ 

     Std_Eff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

       slope |   .0017503   .1591362     0.01   0.991    -.3356034    .3391039 

        bias |   1.987355   .7531708     2.64   0.018      .390704    3.584005 

Begg's funnel plot with pseudo 95% confidence limits
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DFS 

Tests for Publication Bias 

 

Begg's Test 

  

  adj. Kendall's Score (P-Q) =      15 

          Std. Dev. of Score =   12.85  

           Number of Studies =      11 

                          z  =    1.17 

                    Pr > |z| =   0.243 

                          z  =    1.09 (continuity corrected) 

                    Pr > |z| =   0.276 (continuity corrected) 

 

Egger's test 

------------------------------------------------------------------------------ 

     Std_Eff |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

       slope |   .1467773   .3926984     0.37   0.717    -.7415683    1.035123 

        bias |   1.829507   1.500376     1.22   0.254     -1.56458    5.223593 

Begg's funnel plot with pseudo 95% confidence limits
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page 4 
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