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Abstract
Background: The molecular classification of breast cancer is based on four parameters: HER2, Ki-67, Estrogen Receptors (ER) 
and Progesterone Receptors (PR). 

Methods: We retrospectively reviewed a series of 1351 cases of infiltrating breast carcinomas in female patients diagnosed in 
the Pathology Department of Ibn Rochd University Hospital, Casablanca, Morocco, from 1st January 2013 to 30 March 2017. 
These biomarkers status was assessed by immunohistochemistry and HER2 scores 2+ were subsequently assessed by in situ 
hybridization. We established a molecular classification of the carcinomas and we developed a correlation profile between HER2 
status and various parameters. We carried out a bivariate analysis between HER2 overexpression and SBR grade as well, in order 
to evaluate the degree of correlation between SBR grade and HER2 overexpression.

Results: Based on this study performed on a Moroccan population, we showed that HER2 molecular subgroup represents 11% 
of the four molecular groups and is correlated to a higher SBR grade and lymph node invasion. Close examination of the HER2 
receptor reveals that it is the most overexpressed of all (35%). The average age of patients who overexpress it is 47.36 years, and 
women over 35 years of age are the most affected (89.86%). It is highly related to grade II (52.7%), then to grade III (44.59%), 
and to the presence of vascular emboli (56.75%). The bivariate study between the overexpression of HER2 and the severity of the 
SBR grade showed a very significant association. HER2 is correlated to SBR grade with a correlation coefficient of (Kendall tau 
= 0.48). It is also highly and positively correlated with the Ki67 marker (Kendall tau = 0.74). While overexpression of HER2 is 
negatively correlated with hormonal receptors (RE (Kendall tau = -0.16) and RP (Kendall tau = -0.04)).

Conclusions: As expected, we found that HER2-amplified breast tumors are characterized by an increased proliferation rates, 
high histologic and nuclear grades, low ER and PR levels and a strong correlation between the overexpression of HER2, and SBR 
grades II or III. This is, to our knowledge, the first statistical study of the kind in Morocco and North Africa. 
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Background
Breast cancer represents the first female cancer in terms of 

frequency, making it a public health problem in the four corners 
of the globe as well as in Morocco where breast cancer holds the 
first place with a standardized incidence of 30 per 100,000 women 

per year [1]. It represents 36.1% of all female cancers [1]. As for 
the regional scale, the Cancer Registry of the Greater Casablanca 
estimates the incidence of breast cancer at 35.8% with a peak 
recorded for the 55-59 age group (2008-2012) [2].

HER2 is a proto-oncogene located on chromosome 17q21 
encoding for a member of the Epidermal Growth Factor (EGF) 
receptor family of receptor tyrosine kinases. HER2 gene can 
undergo various types of alterations in breast cancer, such as 
gene amplifications that result in the overexpression of the HER2 
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receptor, or point mutations resulting in constitutive activation of 
the receptor [3]. HER2 gene is amplified in 15% to 25% of cases 
of breast cancers (Figure1) [4]. 

Figure 1: Immunolabeling with anti-HER2 (Hercep Test Dako, manual 
technique), Magnification x 10.

HER2-amplified breast cancer is characterized by an 
increased proliferation rates (Figure 2), high histologic and nuclear 
grades, low Estrogen Receptors (ER) and Progesterone Receptors 
(PR) levels, increased rates of aneuploidy, relative resistance to 
endocrine therapy and a remarkable response to HER2-targeted 
therapy [5] (Figure1,2).

Figure 2: Transduction pathways regulated by the four HER family 
members.

We analyzed in this study the pathologic features of the HER2 
molecular subgroup in a Moroccan population on one hand and on 
the other hand, the pathologic features of tumors overexpressing 
HER2 receptor in this same population. 

Material and Methods
We retrospectively reviewed a series of 1351 cases of 

infiltrating breast carcinomas in female patients diagnosed in 
the Pathology Department of Ibn Rochd University Hospital, 
Casablanca, Morocco, from 1st January 2013 to 30 March 2017. 
We studied conventional histopathology parameters as well as ER 

and PR status, Ki-67 and HER2 status. ER, PR and Ki-67 (MIB1) 
status was assessed by immunohistochemistry using Dako Link 48 
Autostainer using the EP1 clone for ER and the PgR636 clone for 
PR. HER2 status was assessed by immunohistochemistry, either 
manual by using the Hercep Test kit or automated by Ventana 
Benchmark using 4B5 clone. HER2 scores 2+ were subsequently 
assessed by in situ hybridization. 

We established a molecular classification of the carcinomas 
based primarily on the expression of the above-mentioned 
markers. We developed a correlation profile between HER2 status 
and various parameters, such as mean age, tumor size, SBR grade, 
absence or presence of vascular emboli and lymph node status and 
we carried out a bivariate analysis between HER2 status and SBR 
grade in order to evaluate the degree of correlation between SBR 
grade and HER2 status.

Statistical Analysis
Biostatistics treatment was developed by R for Biostatistics 

using the packages Hmisc, Gplots and Corrplot. The tests used are 
Chi-square test and Kendall test. P-values   <0.05 were considered 
as statistically significant.

Results
Out of 1351 cases of infiltrating breast carcinomas, HER2 

were overexpressed in 479 cases (35%). ER and PR were positive 
respectively in 1029 cases (76%) and 952 cases (70.5%). Based 
on the expression of the RE, RP, Ki-67 and HER2, 48% of the 
tumors can be classified as Luminal A, 24% as Luminal B / HER2 
positive, 9% as Luminal B / HER2 negative, 11% as HER2 and 8% 
as triple negative tumors. 

The average age of the patients is 50.4 ± 11.5 years with 
extremes ranging from 17 to 97 years. The most affected age 
group is between 40 and 50 years old. Women over 35 years are 
much more affected (92.37%). The average tumor size (recorded 
in 836 patients) is 3.64 cm ± 3.2 cm with 64% of cases having 
a size greater than 2 cm (T2 and T3 stages). Nodal invasion is 
determined only for 320 patients of whom 66.25% are positive. 
The presence of vascular emboli is determined positive only in 516 
patients. Tumors of SBR II grade are the most abundant (49.59%), 
while grade I and grade III tumors are less frequent (24.94% and 
25.46% respectively). 

Regarding HER2 molecular subgroup, the average age of 
patients is 47.36 ± 11.28 years with extremes ranging from 24 
to 86 years. The most affected age group is 40 to 50 years. The 
mean tumor size is estimated at 3.4 cm with 81.75% of cases with 
a size greater than 2 cm. Node invasion status is available only 
for 32 patients, of which 91% are positive. SBR grade II tumors 
were the most frequent (52.70%), followed by grade III tumors 
(44.59%), while grade I tumors (2.70%) were the least frequent. 
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The presence of vascular emboli was determined positive in 84 
patients (Table 1).

Characteristics HER2  

Total number / 
percentage 148 30.89%

Mean age (years) 47,36 ± 11,28

Mean tumor size(cm) 3,43 ± 3,6

Grade I 4 2,7%

Grade II 78 52,7%

Grade III 66 44,59%

Presence of vascular 
emboli 84 56,75%

Table 1: HER2 molecular subtype and Clinical-pathological 
characteristics.

Correlation between molecular classification and clinical-
pathological data

There was no significant difference between the age averages 
of the patients whose tumors belonged to the different molecular 
classes. The tumor size does not show a significant difference 
depending on the molecular classes. By correlating the molecular 
type of the HER2 positive tumors with the histological grade, it is 
noted that the HER2 group is more associated with grade II and III 
than with grade I. Similarly, vascular emboli are present in 57% of 
HER2 molecular subtype (Table 1).

Bivariate study between the level of expression HER2 
and the grade SBR

In order to characterize more precisely the relationship 
between HER2 status and the grade of cancer in our population, 
we carried out a bivariate analysis by studying the variables taken 
in couples. This study was carried out by the R for Biostatistics 
software, which made it possible to obtain the data corresponding 
to the theoretical situation and the situation observed. In the 
theoretical situation, based on the numbers corresponding to the 
status of HER2 and SBR grades, a theoretical number corresponding 
to the different combinations of biomarkers / grades in the case of 
independence (Figure 3a). In the observed situation, data collected 
from patient records are shown on contingency tables showing the 
actual combinations (Figure 3b).

Figure 3: Graphical representation of the theoretical (a) and observed 
(b) population of the SBR grade as a function of the HER2 score with 
revelation of the difference (c) between theoretical / observed situation.

A bivariate study between the level of expression of HER2 
and the grade SBR makes it possible to determine the degree of 
association between these two parameters. The comparison between 
the theoretical situation (Figure 3a) and the observed situation 
(Figure 3b) shows that there is a significant difference between 
HER2 / SBR score associations. Indeed, we note that the numbers 
corresponding to the cases with a HER2 0+ score associated with 
grade I, a HER2 score 1+, 2+ and 3+ associated with grade II, an 
associated HER2 3+ score to grade III, are much greater than those 
obtained in the theoretical situation. On the other hand, there is a 
decrease in the class of cases with a score of 0+ associated with 
grades II and III, as well as classes with HER2 scores 1+, 2+, 3+ 
associated with grade I (Figure 3).

Figure 3c illustrates the difference between the theoretical 
situation and the observed situation and confirms the results 
observed previously in (Figure 3b). The Chi-2 test allowed us 
to determine that, in our population, the association between the 
HER2 status and the SBR grade is extremely significant.

As shown in figure 4, HER2 overexpression is positively 
correlated with the SBR grade (Kendall Tau = 0.48), while it is 
highly and positively correlated with Ki-67 index (Kendall Tau 
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= 0.74). HER2 overexpression is negatively correlated with 
hormonal receptors (RE and RP). All correlations are highly 
significant (p-value < .000000), except that between HER2 and RP 
whose p-value is equal to 0.18, which we have considered as an 
artifact (Figure 4).

Figure 4: Correlogram between different variables.
*Value> 0: positive correlation. Value <0: negative 

correlation. The intensity of the color is proportional to the 
correlation coefficients. (Kendall Correlation Test) 

Discussion 
HER2 is an important member of a complex signaling network 

and when gene amplified, it results in overexpressing HER2 protein, 
and therefore, results in an aggressive molecular subtype of breast 
cancer, the HER2 subtype. It is particularly characterized by an 
intense proliferation rate, while ER and PR are expressed at low levels.

In this study, we analyzed various parameters concerning 
1351 patients with infiltrating breast carcinoma. The HER 
2-molecular subtype represented 11% of our patients while luminal 
A represented 48%, luminal B 33 %, and triple negative 8%. The 
percentage of HER2 molecular group reported in the literature 
is variable ranging from 7% [6] to 20% [7], however it seems 
to globally account for 15% to 20% and be less prevalent than 
Luminal A and B subgroups [8].

The average age of patients was 47.36 years in our population. 
Women under the age of 35 were rarely affected, with a frequency 
of 10.14%. However, as reported in the literature there was no 
association with age for HER 2-molecular subgroup [9]. The average 
tumor size was 3.4 cm. 81.75% of tumors measured more than 2 cm. 
The tumor sizes found in our population was close to those found in 
other studies performed in developing countries [10,11] and were 
higher than those reported in developed countries [12-14]. (Table 2)

Study Number 
of cases

% of HER2 
molecular 
subgroup

Tumor size Tumor grade Lymph node status

   <2 2<<5 >5cm I II III Positive Négative

Ontilio et al. (2009) [14] 1134 7,5% 47,1% 40% 8.20% 34.10% 43.50% 22.40% 41,2% 51,8%

Blows et al. United-States 
(2010) [13] 10159 6% 43% 50% 7% 2% 23% 73% 58% 42%

Belhadj Algérie (2016) 
[11] 829 13.46% NA NA NA 10% 12.10% 16.40% 12.80% 13.60%

Chahbouni Morocco 
(2017) [10] 390 10,0% 9% 47% 44% 9,8% 56,1% 34,1% 86.70% 13.30%

Our study 1351 11% 36% 64%  2.70% 52.70% 44.59% 91% NA

Table 2: Overall distribution of Her2 molecular subtype in different populations including our study.

Most mammary tumors are thus discovered late in developing countries, whereas they are diagnosed earlier in developed countries 
where mammography screening is part of the national health policy. In terms of pathologic features, HER2 molecular subgroup seems 
to be associated with high SBR grade, lymph node and vascular invasions and thus carry a poor prognosis [10,11,13,15]. Similarly, to 
other studies, HER2 molecular group breast tumors in our study were moderately to poorly differentiated, they were more often grade 
II and III (97.29%) according to modified SBR than grade I (2.70%) (Table 2). 
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HER2 molecular group is frequently associated to lymph 
node invasion. In our population, the percentage of women with 
lymph node invasion represented 91%, it was higher compared to 
other studies, however the lymph node status couldn’t be assessed 
for most cases because we have chosen to include also biopsies 
and not only surgical specimens (Table 2). 

In our study we also analyzed the characteristics of breast 
tumors overexpressing HER2 protein. We first noticed that the 
rate of HER2 overexpressing tumors is high in our series (35.4%) 
compared to the literature (Table 3). We have hypothesized that 
this may partly due to the fact that HER2-positive patients of the 
Greater Casablanca metropolitan area are referred to our institution 
for treatment and HER2 status is systematically reassessed in 
our laboratory upon treatment initiation, with blocks of patients 
diagnosed outside our institution collected and reprocesses for 
HER2 in our laboratory. This may account in a bias resulting in 
higher positivity rates of HER2.

Study Number of 
cases

% of HER2 
overexpressing tumors

Ontilio et al. (2009) [14] 1134 17,7

Hoff et al. (2002) [21] 388 14, 2

Kim et al. (2008) [22] 338 26,3

Our study 1351 35

Table 3: Percentage of tumors overexpressing HER2 in different studies.

We also found that HER2 overexpression is inversely 
correlated with the expression of RE and RP receptors. HER2 is 
correlated to RE at a rate of -0.16 and with RP at a rate of -0.04 and 
is significant. This is consistent with the results of another study 
performed by Yadi, et al [16].

HER2 overexpressing tumors have been reported to be 
highly proliferative, and to have a high histological and nuclear 
grade [17,18]. This was consistent with our findings. In terms 
of the statistical relationship that may exist between HER2 and 
the SBR grade, the association was highly significant (P-value 
<0.00000). In other words, the higher the SBR grade is, the more 
likely HER2 is positive.

A correlation between HER2 receptor’s expression and Ki-
67 showed that it is highly significant. The correlation coefficient 
between these two parameters is 0.74 in our study. A significant 
relationship was found between Ki-67 and SBR grade, since 
high-grade tumors have high Ki-67 index and are therefore more 
invasive than other grades. These results converge with other 

studies [19,20]. The Ki-67 / HER2 correlation can therefore explain 
the poor prognosis and the high SBR grade generally associated 
with HER2. A high Ki-67 index gives the tumor an important 
proliferative capacity resulting in a higher aggressiveness.

The strong correlation between the overexpression of HER2, 
and SBR grades II or III was also found in other studies: Field as 
and al, Paik S and al., and Jacquemier and al. They established 
the relationship between the expression of HER-2 and the poor 
prognosis of breast cancer, overall survival. In addition, the 
expression of this protein has been linked to resistance to hormone 
therapy such as Tamoxifen. These studies, as well as ours, have 
shown that these tumors are also associated with high rates of 
lymph nodal invasion, vascular emboli and the rate of distant 
metastasis. In contrast, hormone receptors expression is rather a 
good prognostic parameter since their correlation with Ki67 and 
the SBR grade were found to be significantly negative, therefore 
statistically related to a lower grade.

Conclusion
The molecular classification of breast cancer is important 

for the management of patients with breast cancer, with a more 
personalized approach taking into account all the histological and 
clinical factors specific to the patient. Molecular classification has 
an important prognostic value as well as a predictive value for the 
therapeutic strategy, which allow the choice of more appropriate 
and more effective treatments depending on the gene or protein 
profile of the tumors. To our knowledge, this is the first statistical 
study of the kind in Morocco and North Africa. It has shed the 
light on some specificities of breast cancer in our country. To go 
further in the understanding of the dynamics of molecular breast 
cancer mechanisms in Morocco, it would be pertinent to suggest a 
prospective multicenter study in order to determine the molecular 
profile or even the genetic signatures of a population and to 
evaluate their long-term impact on the patient’s prognosis, their 
overall survival and their response to the different therapies.

References
The Foundation Lalla Salma Cancer prevention and treatment, DETEC-1. 
TION GUIDE of EARLY breast and cervical CANCER, EDITION 2011. 

CANCER REGISTER of Greater Casablanca Region for 2008 - 2012 2. 
Edition 2016

ERBB2 Erb-B2 Receptor Tyrosine Kinase 2 [3. Homo sapiens (Human)] 
- Gene - NCBI. 

Nassar A, Khoor A, Radhakrishnan R, Radhakrishnan A, et al. (2014) 4. 
Correlation of HER2 overexpression with gene amplification and its 
relation to chromosome 17 aneuploidy: a 5-year experience with inva-
sive ductal and lobular carcinomas. International journal of clinical and 
experimental pathology 7: p.6254.

Gutierrez C, Schiff R (2011) HER2: biology, detection, and clinical im-5. 
plications. Archives of pathology & laboratory medicine 135: 55-62.

http://www.contrelecancer.ma/site_media/uploaded_files/Guide_de_detection_pre%C3%BCcoce_des_cancers_du_sein_et_du_col_de_lute%C3%BCrus.pdf
http://www.contrelecancer.ma/site_media/uploaded_files/Guide_de_detection_pre%C3%BCcoce_des_cancers_du_sein_et_du_col_de_lute%C3%BCrus.pdf
https://www.ncbi.nlm.nih.gov/gene?Db=gene&Cmd=DetailsSearch&Term=2064
https://www.ncbi.nlm.nih.gov/gene?Db=gene&Cmd=DetailsSearch&Term=2064
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4203248/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4203248/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4203248/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4203248/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4203248/
https://www.ncbi.nlm.nih.gov/pubmed/21204711
https://www.ncbi.nlm.nih.gov/pubmed/21204711


Citation: Akhouayri L, Regragui M, Karkouri M (2018) HER2 Breast Cancer Group in Morocco. A Pathological and Statistical Study. J Oncol Res Ther: JONT-149. 
DOI: 10.29011/2574-710X. 000049

6 Volume 2018; Issue 02

J Oncol Res Ther, an open access journal
ISSN: 2574-710X

Kurebayashi J, Moriya T, Ishida T, Hirakawa H, Kurosumi M, et al. 6. 
(2007) The prevalence of intrinsic subtypes and prognosis in breast 
cancer patients of different races. The Breast 16: 72-77.

Cherbal F, Gaceb H, Mehemmai C, Saiah I, Bakour R, et al. (2015) Dis-7. 
tribution of molecular breast cancer subtypes among Algerian women 
and correlation with clinical and tumor characteristics: A population-
based study. Breast disease 35: 95-102.

Yersal, Ozlem, Sabri Barutca (2014) Biological subtypes of breast can-8. 
cer: Prognostic and therapeutic implications. World journal of clinical 
oncology 53: 412. 

O’Brien, Katie M., et al. (2010) Intrinsic breast tumor subtypes, race, 9. 
and long-term survival in the Carolina Breast Cancer Study.” Clinical 
Cancer Research 16: 6100-6110.

Chahbouni S, Chbani L, Elfatimi H, Amarti A, Hammas N (2017) Clini-10. 
copathologic Features and Molecular Subtypes of BreastT Cancer in 
390 Patientsin Fez-Meknes Region- Morocco. Journal of Medical and 
Surgical Research 392- 396.

Belhadj A, Addou-Klouche L, Benyelles, Bendaoud A, Ziane I, Zakmout 11. 
B, et al. (2015) Epidemiological Study And Molecular Breast Cancer 
Subtypes Distribution Among West Algerian Patients.

Cheang MC, Chia SK, Voduc D, Gao D, Leung S, et al. (2009) Ki67 12. 
index, HER2 status, and prognosis of patients with luminal B breast 
cancer. JNCI: Journal of the National Cancer Institute 101: 736-750.

Blows FM, Driver KE, Schmidt MK, Broeks A, Van Leeuwen FE, et al. 13. 
(2010) Subtyping of breast cancer by immunohistochemistry to inves-
tigate a relationship between subtype and short and long term sur-
vival: a collaborative analysis of data for 10,159 cases from 12 stud-
ies. PLoS medicine 7: e1000279.

Onitilo AA, Engel JM, Greenlee RT, Mukesh BN (2009) Breast can-14. 
cer subtypes based on ER/PR and Her2 expression: comparison of 
clinicopathologic features and survival. Clinical medicine & research 7: 
4-13.

Dai X, Li T, Bai Z, Yang Y, Liu X, et al. (2015) Breast cancer intrinsic 15. 
subtype classification, clinical use and future trends. American journal 
of cancer research 5: 2929.

Ayadi L, Khabir A, Amouri H, Karray S, Dammak A, et al. (2008) Corre-16. 
lation of HER-2 over-expression with clinico-pathological parameters 
in Tunisian breast carcinoma. World journal of surgical oncology 6: 112.

Tsutsui S, Ohno S, Murakami S, Kataoka A, Kinoshita J et al. (2003) 17. 
Prognostic significance of the coexpression of p53 protein and c-erbB2 
in breast cancer. The American journal of surgery 185: 165-167.

Yersal O, Barutca S (2014) Biological subtypes of breast cancer: Prognos-18. 
tic and therapeutic implications. World journal of clinical oncology 5: 412.

Kim HW, Lee HM, Hwang SH, Ahn SG, Lee KA. et al. (2014) Patterns 19. 
and biologic features of p53 mutation types in Korean breast cancer 
patients. Journal of breast cancer 17: 1-7.

Clark GM, Osborne CK, McGuire WL (1984) Correlations between es-20. 
trogen receptor, progesterone receptor, and patient characteristics in 
human breast cancer. Journal of Clinical Oncology 2: 1102-1109.

Hoff ER, Tubbs RR, Myles JL, Procop GW (2002) HER2/neu amplifi-21. 
cation in breast cancer: stratification by tumor type and grade. Ameri-
can journal of clinical pathology 117: 916-921.

Kim YS, Won YS, Park KS, Song BJ, Kim JS, et al. (2008) Prognostic 22. 
significance of HER2 gene amplification according to stage of breast 
cancer. Journal of Korean medical science 23: 414-420.

https://www.ncbi.nlm.nih.gov/pubmed/17714947
https://www.ncbi.nlm.nih.gov/pubmed/17714947
https://www.ncbi.nlm.nih.gov/pubmed/17714947
https://www.ncbi.nlm.nih.gov/pubmed/25736840
https://www.ncbi.nlm.nih.gov/pubmed/25736840
https://www.ncbi.nlm.nih.gov/pubmed/25736840
https://www.ncbi.nlm.nih.gov/pubmed/25736840
https://www.ncbi.nlm.nih.gov/pubmed/25114856
https://www.ncbi.nlm.nih.gov/pubmed/25114856
https://www.ncbi.nlm.nih.gov/pubmed/25114856
https://www.ncbi.nlm.nih.gov/pubmed/21169259
https://www.ncbi.nlm.nih.gov/pubmed/21169259
https://www.ncbi.nlm.nih.gov/pubmed/21169259
http://revues.imist.ma/index.php?journal=JMSR&page=article&op=view&path%5B%5D=9407
http://revues.imist.ma/index.php?journal=JMSR&page=article&op=view&path%5B%5D=9407
http://revues.imist.ma/index.php?journal=JMSR&page=article&op=view&path%5B%5D=9407
http://revues.imist.ma/index.php?journal=JMSR&page=article&op=view&path%5B%5D=9407
https://www.researchgate.net/publication/289512701_Epidemiological_study_and_molecular_breast_cancer_subtypes_distribution_among_west_Algerian_patients
https://www.researchgate.net/publication/289512701_Epidemiological_study_and_molecular_breast_cancer_subtypes_distribution_among_west_Algerian_patients
https://www.researchgate.net/publication/289512701_Epidemiological_study_and_molecular_breast_cancer_subtypes_distribution_among_west_Algerian_patients
https://www.ncbi.nlm.nih.gov/pubmed/19436038
https://www.ncbi.nlm.nih.gov/pubmed/19436038
https://www.ncbi.nlm.nih.gov/pubmed/19436038
http://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000279
http://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000279
http://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000279
http://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000279
http://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000279
https://www.ncbi.nlm.nih.gov/pubmed/19574486
https://www.ncbi.nlm.nih.gov/pubmed/19574486
https://www.ncbi.nlm.nih.gov/pubmed/19574486
https://www.ncbi.nlm.nih.gov/pubmed/19574486
https://www.ncbi.nlm.nih.gov/pubmed/26693050
https://www.ncbi.nlm.nih.gov/pubmed/26693050
https://www.ncbi.nlm.nih.gov/pubmed/26693050
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2577672/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2577672/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2577672/
http://www.americanjournalofsurgery.com/article/S0002-9610(02)01203-5/abstract
http://www.americanjournalofsurgery.com/article/S0002-9610(02)01203-5/abstract
http://www.americanjournalofsurgery.com/article/S0002-9610(02)01203-5/abstract
https://www.ncbi.nlm.nih.gov/pubmed/25114856
https://www.ncbi.nlm.nih.gov/pubmed/25114856
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3988337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3988337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3988337/
https://www.ncbi.nlm.nih.gov/pubmed/6491696
https://www.ncbi.nlm.nih.gov/pubmed/6491696
https://www.ncbi.nlm.nih.gov/pubmed/6491696
https://watermark.silverchair.com/ajcpath117-0916.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAbQwggGwBgkqhkiG9w0BBwagggGhMIIBnQIBADCCAZYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMESAdikVEkdNYIso_AgEQgIIBZ4b0XT6UZfWOyCwzwtjfYcFJ50msPX2wMCW-YPGYvn-Mj3ZYGyfryCFLvf9MBTl1aF4MgwGJlw7Ska-nGivuGhfx0lqB-N5vFDeYZdi-HfD0-LTLqx5cd8IltgwCoQNONDGsMrfRdYcerEU2OYsJeSQGnZ7GbdGWVZV3d_Wp33QdqQ6CqsAOUIfNI-El4eIx5sw0EY5CyClkWxe2-rpk7ZQRgMv4dpf20vrBMhvzYf83bAK8-Peet1gqqMcPabR5dPJdqMGY3J0w9OXziWPKErayTgFp7EuE6goYialpIfk1Q2BMojK3fWuHe-aVSUK_rTs1DCCLlFtPAkugyfwrFCNTqzQ15CEEFXUsIAthDHgMSRKMSPv1Lhy4DhdKm-hhzdwWIMKAzCbzSP2O2ND6RfdkCWGch2y4pqqghF64G_e004tuiNpWp9Pnm0yTWHRDn6-jp1DCBAACAwT7XN0kH5QEYboaRvdU
https://watermark.silverchair.com/ajcpath117-0916.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAbQwggGwBgkqhkiG9w0BBwagggGhMIIBnQIBADCCAZYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMESAdikVEkdNYIso_AgEQgIIBZ4b0XT6UZfWOyCwzwtjfYcFJ50msPX2wMCW-YPGYvn-Mj3ZYGyfryCFLvf9MBTl1aF4MgwGJlw7Ska-nGivuGhfx0lqB-N5vFDeYZdi-HfD0-LTLqx5cd8IltgwCoQNONDGsMrfRdYcerEU2OYsJeSQGnZ7GbdGWVZV3d_Wp33QdqQ6CqsAOUIfNI-El4eIx5sw0EY5CyClkWxe2-rpk7ZQRgMv4dpf20vrBMhvzYf83bAK8-Peet1gqqMcPabR5dPJdqMGY3J0w9OXziWPKErayTgFp7EuE6goYialpIfk1Q2BMojK3fWuHe-aVSUK_rTs1DCCLlFtPAkugyfwrFCNTqzQ15CEEFXUsIAthDHgMSRKMSPv1Lhy4DhdKm-hhzdwWIMKAzCbzSP2O2ND6RfdkCWGch2y4pqqghF64G_e004tuiNpWp9Pnm0yTWHRDn6-jp1DCBAACAwT7XN0kH5QEYboaRvdU
https://watermark.silverchair.com/ajcpath117-0916.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAbQwggGwBgkqhkiG9w0BBwagggGhMIIBnQIBADCCAZYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMESAdikVEkdNYIso_AgEQgIIBZ4b0XT6UZfWOyCwzwtjfYcFJ50msPX2wMCW-YPGYvn-Mj3ZYGyfryCFLvf9MBTl1aF4MgwGJlw7Ska-nGivuGhfx0lqB-N5vFDeYZdi-HfD0-LTLqx5cd8IltgwCoQNONDGsMrfRdYcerEU2OYsJeSQGnZ7GbdGWVZV3d_Wp33QdqQ6CqsAOUIfNI-El4eIx5sw0EY5CyClkWxe2-rpk7ZQRgMv4dpf20vrBMhvzYf83bAK8-Peet1gqqMcPabR5dPJdqMGY3J0w9OXziWPKErayTgFp7EuE6goYialpIfk1Q2BMojK3fWuHe-aVSUK_rTs1DCCLlFtPAkugyfwrFCNTqzQ15CEEFXUsIAthDHgMSRKMSPv1Lhy4DhdKm-hhzdwWIMKAzCbzSP2O2ND6RfdkCWGch2y4pqqghF64G_e004tuiNpWp9Pnm0yTWHRDn6-jp1DCBAACAwT7XN0kH5QEYboaRvdU
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526508/

