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ABSTRACT  

 

Invasive breast cancer is the most common malignancy in women. Its most common 

site of metastasis is represented by the lymph nodes of axilla, and the sentinel lymph 

node (SLN) is the first station of nodal metastasis. Axillary SLN biopsy accurately 

predicts axillary lymph node status and has been accepted as standard of care for 

nodal staging in breast cancer. To date, the morphologic aspects of SLN metastasis 

have not been considered by the oncologic staging system. Extranodal extension 

(ENE) of nodal metastasis, defined as extension of neoplastic cells through the nodal 

capsule into the peri-nodal adipose tissue, has recently emerged as an important 

prognostic factor in several types of malignancies. It has also been considered as a 

possible predictor of non-sentinel node tumor burden in SLN-positive breast cancer 

patients. We sought out to clarify the prognostic role of ENE in SLN-positive breast 

cancer patients in terms of overall and disease-free survival by conducting a 

systematic review and meta-analysis. Among 172 screened articles, 5 were eligible 

for the meta-analysis; they globally include 624 patients (163 ENE+ and 461 ENE-) 

with a median follow-up of 58 months. ENE was associated with a higher risk of both 

mortality (RR= 2.51; 95% CI: 1.66-3.79, p<0.0001, I2=0%) and recurrence of disease 

(RR=2.07, 95%CI: 1.38-3.10, p<0.0001, I2=0%). These findings recommend the 

consideration of ENE from the gross sampling to the histopathological evaluation, in 

perspectives to be validated and included in the oncologic staging. 
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INTRODUCTION 

 

Invasive breast cancer is the most common malignancy in women, representing 23% 

of all cancers in woman globally and 27% in affluent countries. It is more than twice 

as common as cancer at any other site [1]. The most common site of metastasis of 

breast cancer is represented by the lymph nodes of axilla, and the sentinel lymph node 

(SLN) is the first station of nodal metastasis [1-3].  

Axillary SLN biopsy was introduced in the management of patients affected by T1 

and T2 breast cancer and has become the standard care for these patients, being an 

accurate method in predicting other axillary lymph nodes status [2-3]. The probability 

of non-SLN metastases in patients with SLN free of metastases is less than 5%. For 

this reason, such patients can safely avoid axillary lymph node dissection and the 

associated morbidity [2-6]. Patients with positive SLN were traditionally treated with 

axillary lymph node dissection [5-6]. However, about 40-60% of these patients have 

no other metastatic axillary lymph nodes, suggesting that even this group is 

heterogeneous.  

Several factors have been studied as potential predictors of the status of axillary 

lymph nodes in patients with positive SLN, and some of them have not demonstrated 

a prognostic value. For example, the presence of isolated tumor cells in the SLN does 

not adversely impact disease free- and overall-survival, and, according to the Tumor, 

Nodes, Metastasis (TNM) staging system, isolated tumor cells are designated and 

treated as pN0(i+) [7]. At the same time, extranodal extension (ENE) has recently 

emerged as an important prognostic factor in several types of malignancies [8-11]. It 

is the extension of neoplastic cells through the nodal capsule into the peri-nodal 
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adipose tissue (Figure 1). In positive SLN, ENE has been indicated as a possible 

predictor of non-SLN tumor burden in breast cancer, but it is yet unclear if ENE in 

SLN has a significant prognostic impact [12]. 

In order to study in depth the prognostic role of ENE in positive SLN of breast cancer 

patients, we conducted a systematic review and meta-analysis of all the studies that 

have investigated the most important prognostic indicators, including overall survival 

(OS), disease-free survival (DFS) and cancer-specific survival, in patients with 

(ENE+) versus without (ENE-) ENE in SLN. 
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MATERIALS AND METHODS 

 

This systematic review adhered to the MOOSE guidelines [13] and PRISMA 

statement [14], following a predetermined but unpublished protocol.   

  

Inclusion and exclusion criteria 

Studies were considered eligible for inclusion if they satisfy the following criteria: 1) 

diagnosis of breast cancer, 2) prospective, observational cohort studies, 3) contained a 

comparison of prognostic factors between ENE+ vs. ENE- for SLN, 4) contained data 

about mortality or recurrence of disease, 5) were published in a peer review journal or 

published abstract. Exclusion criteria were: 1) no presence of cancer, 2) no data about 

prognostic parameters in the title/abstract, 3) comparison between ENE+ vs. no lymph 

nodes metastases (N0), 4) diagnosis of non-epithelial malignancies (i.e.: lymphomas), 

5) ENE+ for lymph nodes other than SLN, and 6) in vitro or animal studies. We 

considered articles written in any language.  

 

Data sources and literature search strategy 

Two investigators (C.L., N.V.) independently searched PubMed and SCOPUS until 

09/30/2015. The search terms used in PubMed included combinations of the 

following keywords: (extracapsular OR pericapsular OR extranodal OR perilymphatic 

OR perinodal OR “extra capsular” OR “peri-capsular” OR “extra nodal” OR “peri 

lymphatic” OR “peri nodal” OR “extra-capsular” OR “peri-capsular” OR “extra-

nodal” OR “peri-lymphatic” OR “peri-nodal”) AND (sentinel) AND (mortality OR 

mortalities OR fatality OR fatalities OR death* OR survival OR recurrence OR 
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prognosis OR "hazard ratio" OR HR OR "relative risk" OR RR OR prognosis OR 

progression). A similar search was conducted in SCOPUS. We considered also the 

reference lists of all included articles. 

 

Study selection  

Following the searches as outlined above, after removal of duplicates, two reviewers 

(A.N.. and M.S.) screened independently titles and abstracts of all potentially eligible 

articles. The two authors applied the criteria of eligibility, considered the full texts 

and a final list of included articles was reached through consensus with a third 

independent author (N.V.).  

 

Data extraction  

Two authors were involved in the data extraction from a predetermined Excel 

database.  Particularly, one author (A.N.) extracted data from the included articles and 

a second independent author (C.L.) validated the data. For each article, we extracted 

information about authors, year of publication, country, exclusion criteria, tumor size 

and grading, age, ENE definition, and duration of mean follow-up. In case of missing 

data, authors were contacted at least 4 times in one month by e-mail. 

 

Outcomes 

The main outcomes were number of deaths independent from all the causes (all-cause 

mortality), number of deaths due to cancer (cancer-specific mortality), and number of 

recurrences (disease free survival) during follow-up period by ENE status. 

 

Assessment of study quality  
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The Newcastle-Ottawa Scale (NOS) [15] was used to evaluate study quality. The 

NOS provides an assessment of the methodological quality of non-randomized trials 

and its content validity and reliability have already been established [13]. Included 

studies are judged on 8 items across three key areas: selection of the participants, 

comparability of the participants, and outcomes. One author (C.L.) completed the 

NOS and each study receives an overall score for methodological quality of up to 9 

points.  

 

Data synthesis and statistical analysis  

All analyses were conducted using Comprehensive Meta-Analysis (CMA) 3.  

In our primary analyses, pooled risk ratios (RRs) and 95% CIs of all-cause mortality 

and recurrences of disease between ENE+ vs. ENE- were calculated using 

DerSimonian-Laird random-effects models [16]. Since data about hazard ratios (HRs) 

adjusted for the maximum number of covariates were available only for two studies, 

we summarized these findings descriptively.   

Heterogeneity across studies was assessed by the I2 metric and chi square statistics 

[17]. Since no outcome from the meta-analysis was heterogeneous, (i.e. I2>50% 

and/or a p-value <0.05 [15]), no meta-regression analysis was performed.  

Finally, we investigated publication bias for our primary meta-analysis with a visual 

inspection of funnel plots and with the Begg-Mazumdar Kendall's tau [18] and Egger 

bias test [19].  
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RESULTS 

 

Search Results 

Altogether, 172 non-duplicated articles were identified through the literature search. 

After excluding 160 articles based on title/abstract review, 12 articles were retrieved 

for full text review and, following the application of the inclusion criteria (exclusion 

of 7 studies: doubled cohort = 1 study, no data on SLN = 3 studies, reviews = 2 

studies, no control group = 1 study), 5 unique articles resulted as eligible for this 

meta-analysis [20-24] (Supplementary Figure 1).  

 

Study and Patient Characteristics 

The studies were conducted in Europe (2 studies) [21,24], Asia (2 studies) [22,23] and 

North America (1 study) [20]. Altogether, 624 patients (163 ENE+ and 461 ENE-) 

were followed-up for a median of 58 months (range: 20-73). The median NOS score 

was 6 points (range: 5-9) (Supplementary Tables 1-2).  

All studies (except one) defined ENE using a classical definition, i.e. as the presence 

of full-thickness lymph node capsular invasion or with the extension of tumor cells 

into peri-nodal adipose tissue. Only one study [23] reported salient demographic data 

by ENE status limiting the applicability to these findings to other studies.  

 

Risk Ratios on Overall survival and Disease-Free Survival 

Pooling data from 4 studies reporting data on overall survival [20,21,23,24], 22.5% 

with ENE+ for sentinel lymph node were dead vs. 9.6% with ENE-, leading to a 

significant increased risk of mortality (RR= 2.51; 95% CI: 1.66-3.79, p<0.0001, 

I2=0%) (Table 1; Figure 2A). ENE+ was further associated to a significant higher 
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risk of recurrence of disease (5 studies) [20-24]; RR=2.07, 95%CI: 1.38-3.10, 

p<0.0001, I2=0%) (Table 1; Figure 2B).  

For both outcomes, publication bias was unlikely as indicated by the Egger’s test 

(bias=1.47; p=0.33) and Begg–Mazumdar test (Kendall’s tau = 0.17, p =0.73).  

No studies reported data on cancer-specific mortality. 

 

Descriptive findings  

Two studies [20,23] also reported results of analyses regarding the association 

between ENE and prognostic factors by ENE status, adjusted for potential 

confounders (Supplementary Table 3). Regarding OS, taking in account 5 possible 

confounders, Choi et al. [20] reported an increased risk of mortality for those having 

ENE+ at the baseline (OR=8.16, 95%CI: 1.72-38.67), while Shigematsu et al. [23] 

reported a HR of 3.70 (95%CI: 1.08-12.72) considering 9 possible confounders. 

Similar findings emerged for DFS, since Choi et al. [20] reported an OR of 5.48 

(95%CI: 1.23-24.45, p=0.03) for those ENE+ and Shigematsu et al. [23] a HR of 4.50 

(95%CI: 1.77-11.47). Due to intrinsic diversities in such indexes (OR is not 

comparable to HR), a meta-analysis summarizing them was not possible. 
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DISCUSSION 

 

In this study we analyzed 5 observational studies involving 624 SLN positive breast 

cancer patients. Of them, 163 presented extra-nodal extension, while 461 showed only 

intra-nodal metastasis. Our findings demonstrate that ENE was associated with a 

higher risk of mortality (RR= 2.51; 95% CI: 1.66-3.79, p<0.0001, I2=0%) and 

recurrence of disease (RR=2.07, 95%CI: 1.38-3.10, p<0.0001, I2=0%).  Both of the 

analyses were homogenous and without any evidence of publication bias. 

Previous studies have clearly demonstrated that ENE in axillary SLN metastasis is an 

important predictor of non-sentinel lymph node tumor burden. Cserni in 2001 and 

Stitzenberg et al. in 2003 found that ENE of the SLN metastasis is a strong predictor 

of non-SLN involvement also in multivariate analysis, and that in such cases 

completion of axillary lymph nodes dissection may be important [25,26]. These 

results were further corroborated with a meta-analysis by van la Parra et al. [12]. In 

this meta-analysis 8 factors including ENE in the SLN were identified as predictive of 

non-SLN tumor burden. With the size of SLN metastasis (>2 mm vs. ≤2 mm), ENE 

emerged as one of the most clinically relevant indexes to predict further non-SLN 

metastasis [12]. Despite a well-defined role of ENE in the SLN metastasis in the 

prediction of non-SLN involvement, its role as a prognostic factor in terms of overall 

mortality has not been established until now. Our findings show that the presence of 

ENE in SLN is strongly associated with a poor prognosis in terms of overall survival 

and disease free survival. Although there were not a sufficient number of studies 

reporting the HR, adjusted for potential confounders, to perform a meta-analysis, the 

present findings based on RR appear sufficiently robust to generate the hypothesis of 

a significant prognostic role of ENE in SLN positive breast cancer. 
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There are some important implications that can be derived from this study. The first 

regards the need of a standard definition of ENE, since this parameter, should be 

considered by future staging systems and also be reported in the final pathology 

report. Four out of 5 studies assessed ENE classically, i.e. as the extension of 

metastatic cells through the nodal capsule into the perinodal adipose tissue 

[20,21,23,24]. The study by Fujii et al. [22] considered ENE as the extra-capsular 

growth of tumor cells, the invasion of perinodal fat or the extranodal location of 

tumor cells, extending in this way the classic definition. Using this definition, also 

free tumor deposits in the adipose tissue surrounding the SLN could be included in 

our meta-analysis, introducing a possible bias. However, this study represents a minor 

proportion (7.4%) of the total number of ENE+ patients to significantly affect our 

findings, and as discussed before no heterogeneity was present. 

This point further reiterates the importance of adopting a standard definition of ENE. 

We suggest define as true ENE the one that is demonstrated histologically and 

characterized by a structural rupture of the lymph node capsule by the metastasis. 

Neoplastic emboli as well as free tumor cell deposits in adipose tissue and metastasis 

in the marginal sinus should not be considered as true ENE. Notably, the presence of 

tumor cells in the adipose tissue is recognized as associated to a poor prognosis in 

colorectal cancer. In this type of cancer, this parameter has been recognized by the 

TNM staging system designing for it a specific subcategory of N group, named N1c 

[7,9]. Furthermore, ENE has also been taken into account in the last staging systems 

of squamous cell carcinoma of the vulva, playing an important, adverse prognostic 

role [11]. In the 5th edition of the American Joint Committee on Cancer (AJCC) 

Cancer Staging Manual, ENE was considered also for breast cancer, in a specific 

subcategory, named pN1biii, but this was removed from the 6th edition of the same 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

13 

 

staging system [27,28]. It is possible that some evidences against its usefulness in the 

staging system and also problems in the standardization of ENE definition, with a 

difficult inter-observer agreement, affected the consideration of its prognostic 

importance. However, on the basis of the present results, we suggest to reconsider the 

possible prognostic role of ENE, also in perspectives to be validated by future clinical 

trials. 

Recently, the Z0011 trial demonstrated no difference in loco-regional recurrence and 

overall survival in breast cancer patients with a positive SLN randomized to axillary 

lymph node dissection or no further surgery, changing the surgical management of T1 

and T2 breast cancer patients with metastatic involvement of the axilla limited to the 

SLN [29]. However, it is important recognizing patients who meet the Z0011 strict 

criteria of inclusion but at the same time have a certain high-risk characteristics, as for 

example the presence of ENE. The incidence of ENE in SLN ranges from 24% to 

40% [20,26,30]. Due to its high incidence, due to its association with non-SLN 

metastasis, as even highlighted by Cserni and Stitzenberg et al. in a multivariate 

analysis [25,26], and by van la Parra et al. in a meta-analsysis [12], and also due to the 

results of this meta-analysis, it seems advisable to offer completion of the axillary 

lymph node dissection, rather than not.   

When considering the therapeutic in other cancer types (e.g. pancreatic ductal 

adenocarcinoma), ENE+ patients seem to benefit from adjuvant chemo-radiation, but 

not from chemotherapy alone [8,31]. This aspect should be further addressed by 

future studies, and could address peculiar therapeutic approaches if confirmed also for 

breast cancers as well. Noticeably, even after the Z0011 trial, some radiation 

oncologists still recommend additional radiation fields in selected cases such as ENE+ 

in SLN [20,32]. 
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Whilst the results of this meta-analysis are clear and reliable, we have also to consider 

some limitations of our paper. The first is the small number of studies; however, the 

significant number of patients presented in these studies (mean number: 125 

patients/study) as well as their high NOS quality index and the absence of a high 

heterogeneity of the results ensure a certain grade of reliability. Furthermore, data 

about other co-morbidities (like cardio-vascular diseases) were not reported by the 

primary studies, but it’s known that they play an important role in the prognosis also 

of patients with cancer. Moreover, it lacks a comprehensive landscape of the clinical 

data of the patients, since only one study [23] reported this kind of information (tumor 

size, nodal status, tumor grading) by ENE status, limiting general considerations 

about these topics. Therefore, future research should try and disentangle the role of 

co-morbidities on the observed results and should report more complete clinical data. 

Another limitation of this meta-analysis derived from the lack of data from 

multivariate analyses: only two studies [20,23] presented data from multivariate 

models, both significant, but not comparable with a meta-analysis (odds ratios in a 

study [20] vs hazard ratios in the other [23]). Future studies should consider also this 

important point, reporting data on ENE from multivariate analysis. 

Concluding, the present data indicate that ENE in SLN positive breast cancer seems 

to be strongly associated with a poorer prognosis in breast cancer. Its consideration 

becomes thus essential from the gross sampling to the histopathological evaluation 

and the oncologic staging. In spite of the recently developed techniques (e.g. DNA 

sequencing) which allow integrating the pathological report with a complete 

molecular characterization of the tumor in the so called “next-generation 

histopathological analysis” [33,34], all the prognostic roles of the pure morphologic 

features and of the histologic aspects, including ENE, should be clarified. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

15 

 

ACKNOWLEDGMENTS 

 

This work was supported by Trentino Biomolecular Oncologic Network – TreBioNet: 

“Fondazione Cassa di Risparmio di Trento e Rovereto”. Emilio Bria receives supports 

from the “Associazione Italiana per la Ricerca sul Cancro” (AIRC – My First AIRC 

Grant n. 14282).  

 

 

ROLE OF THE FUNDING SOURCE 

 

The funding source has not influenced the study design, the collection, analysis and 

interpretation of data, the writing of the manuscript and the decision to submit and 

where submit the manuscript for publication. 

 

 

CONFLICT OF INTEREST STATEMENT 

 

The Authors declare no conflict of interests. 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

16 

 

REFERENCES 

 

[1] Lakhani SR, Ellis IO, Schnitt SJ, Tan PH, van de Vjver MJ. WHO classification 

of tumours of the breast. 4th ed. Lyon: International Agency for Research on Cancer; 

2012. 

[2] Giuliano AE, Kirgan DM, Guenther JM, Morton DL. Lymphatic mapping and 

sentinel lymphadenectomy for breast cancer. Ann Surg 1994;220:391-401. 

[3] Veronesi U, Paganelli G, Viale G, et al. Sentinel lymph node biopsy and axillary 

dissection in breast cancer: results in a large series. J Natl Cancer Inst 1999;91:368-

73. 

[4] Veronesi U, Paganelli G, Galimberti V, et al. Sentinel node biopsy can avoid 

axillary dissection in breast cancer patients with clinically negative lymph-nodes. 

Lancet 1997;349:1864-7. 

[5] Veronesi U, Paganelli G, Viale G, et al. A randomized comparison of sentinel-

node biopsy with routine axillary dissection in breast cancer. N Engl J Med 

200;349:546-53. 

[6] Veronesi U, Paganelli G, Viale G, et al. Sentinel-lymph-node biopsy as a staging 

procedure in breast cancer: update of a randomised controlled study. Lancet Oncol 

2006;7:983-90. 

[7] Edge SB, Byrd DR, Compton CC, et al. AJCC Cancer Staging Manual. 7th ed. 

New York: Springer-Verlag; 2010. 

[8] Luchini C, Veronese N, Pea A, et al. Extra-nodal extension in N1-adenocarcinoma 

of pancreas and papilla of Vater: a systematic review and meta-analysis of its 

prognostic significance. Eur J Gastroenterol Hepatol 2016;28:205-9. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

17 

 

[9] Veronese N, Nottegar A, Pea A, et al. Prognostic impact and implications of extra-

capsular lymph node involvement in colorectal cancer: a systematic review with 

meta-analysis. Ann Oncol 2016;27:42-8. 

[10] Veronese N, Luchini C, Nottegar A, et al. Prognostic impact and implications of 

extra-nodal extension in lymph-node positive thyroid cancers: a systematic review 

and meta-analysis. J Surg Oncol 2015;112:828-33. 

[11] Luchini C, Nottegar A, Solmi M, et al. Prognostic implications of extra-nodal 

extension in node-positive squamous cell carcinoma of the vulva: a systematic review 

and meta-analysis. Surg Oncol. 2015 September 14; [Epub ahead of print]. 

[12] van la Parra RF, Peer PG, Ernst MF, Bosscha K. Meta-analysis of predictive 

factors for non-sentinel lymph nodes metastases in breast cancer patients with a 

positive SLN. Eur J Surg Oncol 2011;37:290-9. 

[13] Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in 

epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in 

Epidemiology (MOOSE) group. JAMA 2000;283:2008-12. 

[14] Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting 

systematic reviews and meta-analyses of studies that evaluate healthcare 

interventions: explanation and elaboration. BMJ 2009;339: b2700. 

[15] Wells GA, Shea B, O'Connell D, et al.  The Newcastle-Ottawa Scale (NOS) for 

assessing the quality of nonrandomised studies in meta-analyses. Availbale at: 

http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm. Accessed on: 

10/13/2015. 

[16] DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 

1986;7:177-88. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

18 

 

[17] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat 

Med 2002;21:1539-58. 

[18] Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for 

publication bias. Biometrics 1994;50:1088-101. 

[19] Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by a 

simple, graphical test. BMJ 1997;315:629-34.  

[20] Choi AH, Blount S, Perez MN, et al. Size of Extranodal Extension on Sentinel 

Lymph Node Dissection in the American College of Surgeons Oncology Group 

Z0011 Trial Era. JAMA Surg 2015;150:1141-8. 

[21] Eryilmaz MA, Muslumanoglu M, Ozmen V, Igci A, Koc M. Breast conserving 

surgery in patients with multifocal/multicentric breast cancer. J BUON 2011;16:450-

3. 

[22] Fujii T, Yajima R, Yamaguchi S, et al. Extracapsular invasion of sentinel lymph 

nodes is not associated with disease recurrence in breast cancer. Int Surg 

2014;99:305-8. 

[23] Shigematsu H, Taguchi K, Koui H, Ohno S. Clinical significance of 

extracapsular invasion at sentinel lymph nodes in breast cancer patients with sentinel 

lymph node involvement.  Ann Surg Oncol 2015;22:2365-71. 

[24] Verheuvel NC, van den Hoven I, Ooms HW, Voogd AC, Roumen RM. The role 

of ultrasound-guided lymph node biopsy in axillary staging of invasive breast cancer 

in the post-ACOSOG Z0011 trial era. Ann Surg Oncol 2015;22:409-15. 

[25] Cserni G. Sentinel lymph-node biopsy-based prediction of further breast cancer 

metastases in the axilla. Eur J Surg Oncol 2001;27:532-8. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

19 

 

[26] Stitzenberg KB, Meyer AA, Stern SL, et al. Extracapsular extension of the 

sentinel lymph node metastasis: a predictor of nonsentinel node tumor burden. Ann 

Surg 2003;237:607-13. 

[27] Flaming ID, Cooper JS, Henson DE, et al. AJCC Cancer Staging Manual. 5th ed. 

Philadelphia: Lippincott Raven Publishers;1997. 

[28] Singletary, SE; Connolly JL. Breast cancer staging: working with the sixth 

edition of the AJCC cancer staging manual. CA Cancer J Clin 2006;56:37-47. 

[29] Giuliano AE, Hunt KK, Ballman KV, et al. Axillary dissection vs no axillary 

dissection in women with invasive breast cancer and sentinel node metastasis: a 

randomized clinical trial. JAMA  2011;305:569-75. 

[30] Changsri C, Prakash S, Sandweiss L, Bose S. Prediction of additional axillary 

metastasis of breast cancer following sentinel lymph node surgery. Breast J 

2004;10:392-7. 

[31] Sergeant G, Ectors N, Fieuws S, et al. Prognostic relevance of extracapsular 

lymph node involvement in pancreatic ductal adenocarcinoma. Ann Surg Oncol 

2009;16:3070-79. 

[32] Haffty BG, Hunt KK, Harris JR, Buchholz TA. Positive sentinel nodes without 

axillary dissection: implications for the radiation oncologist. J Clin Oncol 

2011;29:4479-81. 

[33] Luchini C, Capelli P, Fassan M, et al. Next generation histopathologic diagnosis: 

a lesson from a hepatic carcinosarcoma. J Clin Oncol 2014;32:e63-6. 

[34] Luchini C, Veronese N, Solmi M, et al. Prognostic role and implications of 

mutation status of tumor suppressor gene ARID1A in cancer: a systematic review and 

meta-analysis. Oncotarget 2015;6:39088-97. 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
FIGURE CAPTIONS 

 

Figure 1. A classical example of extra-nodal extension of nodal metastasis is here shown. The 
metastatic tumor is a breast carcinoma of non-special type. Note the rupture of nodal capsule and 
the invasion by the metastatic cells of the peri-nodal adipose tissue. (Original magnification: 4x 
lymph node, 10x detail in the box). 

Figure 2. Forrest plots for Relative Risk for Overall Survival (A) and Disease-Free Survival (B) 
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Table 1. Pooled risk ratio estimates for overall and disease free survival according to presence or not of extra-nodal extension.  

 

 
 

  
Abbreviations: ENE: extra-nodal extension. *Events stand for death for overall survival and relapse for disease-free survival. 

 

Parameter 
N 

Studies 

N of 
Events* 

in 
ENE+ 

N of 
 ENE+ 

N of 
Events* 
in ENE- 

N of 
ENE- 

Risk Ratio 
(95% CI) 

P-
Value Heterogeneity 

Overall survival 4 34 151 41 423 
2.51  

(1.66-3.79) <0.0001 Tau² = 0.00; Chi² = 0.45, df =3 (P=0.93); I² = 0% 

Disease free survival 5 36 163 51 461 
2.07  

(1.38-3.10) <0.0001 Tau² = 0.00; Chi² = 1.87, df = 4 (P =0.76); I² = 0% 
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