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Abstract

Fitouri Asma1,2, Charfi Lamia1,2, Sahraoui Ghada1,2, Slimane Maher1,2, Boujelbene 
Nadia1,2, Mrad Karima1,2, Doghri Raoudha1,2

Background: Uterine carcinosarcomas (UCS) are characterized by the association of carcinomatous and sarcomatous components. 
The objective of our work was to determine the histopronostic factors, overall survival (OS) and recurrence-free survival (RFS) in 
UCS.

Methods: Our study was retrospective including 52 cases of UCS collected at the pathology department of the Salah Azaiez 
Institute in Tunis over a period of 19 years. 

Results: The median age was 62 years. Treatment was surgical in all cases. The tumor had a median size of 70 mm. The 
predominant carcinomatous component was endometrioid (50%). The predominant sarcomatous component was heterologous 
(56%) often rhabdomyoblastic (42%). These two components were frequently intertwined (94%). The infiltrative mode, myometrial 
invasion>50% and vascular emboli were found, respectively, in 63%, 56% and 65% of cases. The stages III-IV were the most 
represented (62%). Adjuvant treatment was performed in 60%. A recurrence was noted in 46% of cases: It was biphasic (50%), 
carcinomatous (33%) and sarcomatous (17%). The median OS was 29 months and OS at five years was 33%. The median RFS was 24 
months and RFS at five years was 37%. The prognostic factors influencing OS and RFS in univariate analysis were: size, myometrial 
invasion, vascular emboli, rhabdomyoblastic differentiation and type of infiltration. 

Conclusions: It is important to type and characterize the two carcinomatous and sarcomatous components of UCS in order to 
define subgroups of patients.
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Introduction
Uterine carcinosarcomas (UCS) or malignant mixed Müllerian 

tumors (MMMT) are rare biphasic tumours, representing less than 
5% of malignant tumours of the uterus [1]. They are characterized 
by the association of carcinomatous and sarcomatous component 
[2], the nature and proportion of which vary from case to case [3]. 
The origin of these UCS is debated with two main hypotheses: 
On the one hand, that of a totipotent stem cell which would 
differentiate in the epithelial and connective direction, the most 
probable hypothesis and on the other hand the coexistence of 
two different and independent cellular contingents [4,5].  

UCS remain aggressive tumours with an unfavourable 
prognosis associated with heavy mortality, even at an early stage 
with an overall survival rate at five years, not exceeding 50% [6-
8].

Several prognostic factors have been studied with often 
contradictory results. In addition to the tumour stage, the 
histological characteristics of the carcinomatous and sarcomatous 
components would play a role in tumour progression and patient 
survival, suggesting their importance also in guiding management 
decisions. Thus, the identification of the histopronostic factors in 
this group of tumours would make it possible to define subgroups 
of patients and to propose an adequate treatment.
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The aim of this study is to determine histological prognostic 
factors in UCS and to specify overall survival (OS) and recurrence-
free survival (RFS) according to these different prognostic factors 
through a retrospective study of 52 patients.
Materials and Methods

We conducted a retrospective study on a series of patients 
with UCS whose diagnosis was confirmed on the operative 
specimen.

All cases were collected in the anatomy and pathological 
cytology department of the Salah Azaiez Institute in Tunisia 
(ISA), over a period of 19 years, from January 2000 to December 
2018. 

We included in our study all patients who presented with 
a primary UCS on a surgical specimen. These patients were 
operated in the surgical department of ISA and treated in the 
oncology department of ISA.
The following patients were not included in this study: 

Patients whose file was not found, empty or incomplete and 
patients who were treated for cervical or ovarian carcinosarcoma 
extended to the endometrium.

Patients who received neoadjuvant therapy were excluded 
from the study.

Electronic medical records and pathology reports were 
reviewed to analyze clinical parameters (age, adjuvant treatment, 
recurrence and sites of recurrence), pathologic variables (gross 
appearance, tumour size, depth of myometrial invasion, 
lymphovascular invasion, metastasis, International Federation of 
Gynecology and Obstetrics (FIGO) stage and histologic component 
on primary site, metastasis and recurrence), and survival data 
(vital status, recurrence-free survival (RFS) and overall survival 
(OS)). Representative hematoxylin and eosin–stained whole-
tissue sections of each tumour were reviewed by two gynecologic 
pathologists over a multiheaded microscope to confirm the 
diagnosis as per World Health Organization criteria and to define 
features to be studied. The average number of hematoxylin and 
eosin–stained slides reviewed per case was 13 (range, 4–35). 
Tumours were designated as UCS if they had both malignant 
epithelial and mesenchymal components. Morphologic features 
reviewed included the histologic type and grade of carcinomatous 
and sarcomatous components, percentage of each component, 
presence of homologous versus heterologous elements, pattern 
of collision between both components, pattern of myometrial 
invasion (mode of infiltration) and tumour necrosis. All cases 
were restaged using the 2015 FIGO staging system [9]. It was 
used based on pathological data and extension assessment. 
FIGO clinical stages I to II were considered as early stage whereas 
FIGO clinical stages III to IV tumours were defined as advanced 
stage. 

For the histological type of the carcinomatous component: 
we studied the presence or absence of serous carcinoma, 
endometrioid carcinoma, clear cell carcinoma and 
undifferentiated carcinoma. The FIGO grading system was used 
for endometrioid carcinomas [2]; serous, clear cell, and tumours 
containing any clear cell or serous component were classified as 
grade 3 tumours. Sarcomatous components were homologous 
(endometrial stromal sarcoma, leiomyosarcoma, fibrosarcoma, or 
undifferentiated sarcoma) or heterologous (rhabdomyosarcoma, 
osteosarcoma, chondrosarcoma, and liposarcoma). The 

proportion of carcinomatous and sarcomatous components was 
evaluated and recorded. The presence of a sarcoma component 
comprising ≥50% of the tumour volume within the primary tumour 
site was defined as sarcoma-dominant. The pattern of collision 
between epithelial and mesenchymal elements were classified as 
juxtaposed when a clear demarcation of both components was 
present and intertwined when they merged with each other.

The pattern of myometrial invasion or the mode of infiltration 
was classified as invasion with either destructive or pushing 
borders. Histologic component (carcinomatous and sarcomatous) 
at recurrent/metastatic sites as well as within lymphovascular 
spaces was evaluated when slides were available. Long-term 
follow-up data were censored at the date of last contact. RFS was 
calculated from date of diagnosis until date of recurrence, death 
or last follow-up. OS was calculated from the date of diagnosis 
until death or date of last follow-up. Statistical analyses were 
conducted using Kaplan-Meier analysis and the Log-Rank test in 
univariate analysis for the search for prognostic factors of survival 
(The test was considered significant if the p-value was less than 
or equal to 0.05). Statistical analysis was performed by SPSS 23 
software.
Results
Clinicopathologic Features

A total of 52 cases with confirmed diagnosis of UCS were included 
in our study. The demographics and clinicopathologic features of 
patients and their tumours were detailed in Table 1.

Parameters N (%)
Age at diagnosis (years)
≤60 20 (38%)
>60 32 (62%)
Tumour size (cm)
<5 10 (19%)
≥5 42 (81%)
Tumour necrosis
Absent 7 (13%)
Present 45 (87%)

Percentage of sarcomatous component

<50% 22 (42%)
≥50% 30 (58%)

Histologic subtype of carcinomatous component

Endometrioid 26 (50%)
Serous 9 (17%)
Mixed 16 (31%)
Undifferentiated 1 (2%)

Grade of carcinomatous component

Low grade (grade2) 7 (13%)
High grade (grade3) 45 (87 %)
Sarcomatous component

Table 1: Demographics and clinicopathologic characteristics of 
patients with uterine carcinosarcomas
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Homologous 23 (44%)
Heterologous 29 (56%)
Rhabdomyoblastic differentiation
Present 22 (42%)
Absent 30 (58%)
Pattern of collision
intertwined 49 (94%)
Juxtaposed 3 (6%)
Mode of infiltration
Infiltrative 33 (63%)
Pushing 19 (37%)
Myometrium invasion
< 50% 23 (44%)
≥ 50% 29 (56%)
Lymphovascular invasion 
Present 34 (65%)
Absent 18 (35%)
FIGO stage
I-II 20 (38%)
III-IV 32 (62%)
Recurrence
Yes 24 (46%)
No 28 (54%)
Adjuvant external radiotherapy
Yes 20 (38%)
No 32 (62%)
Adjuvant brachytherapy 
Yes 16 (31%)
No 36 (69%)
Adjuvant chemotherapy
Yes 16 (31%)
No 36 (69%)

Abbreviation: FIGO indicates International Federation of 
Gynecology and Obstetric

The median age at diagnosis was 68 years (range, 29–85 
years). Older women (>60 years) were more commonly affected 
(62% vs. 38%). The age group [60; 70] years was the most 
frequently reached corresponding to 44% of our population. 
The median tumour size at the time of surgical resection was 
7.0 cm (range, 2–19 cm) with 81% (n=42/52) measuring ≥5 cm in 
greatest dimension. The macroscopic study revealed: a polypoid 
gross appearance in 29 cases (56%) and ulcerative-budding in 23 
cases (44%). The colour was variable whitish, yellowish or greyish. 
Tumour necrosis was present in 45 patients (87%).

The microscopic study revealed that the carcinomatous and 
sarcomatous components represented 2% to 98% of the tumour 
surface. These UCS were classified as predominantly sarcomatous 
in 58% of cases and predominantly carcinomatous in 42% of 
cases. 

Concerning the carcinomatous component: the endometrioid 
type was predominant (50%) followed by the mixed type (31%), 
the serous type (Figure 1) (17%) and undifferentiated carcinoma 
(2%). Clear cell carcinoma has never been seen on its own. 
These carcinomas were in most cases of high grade (87%). The 
remaining cases corresponded to FIGO grade 2 endometrioid 
carcinoma (13%).  

The sarcomatous component was homologous in 44% 
cases and heterologous in 56% of cases. Rhabdomyoblastic 
differentiation (Figure 2) was the most represented (42%), 
followed by chondroblastic (27%), osteoblastic (6%) and 
lipoblastic (4%) differentiations. These heterologous elements 
were mixed in 11 cases (21%). All sarcomatous elements were 
histologically high grade.

Figure 1: Serous carcinoma

Figure 2: Rhabdomyosarcomatous differentiation.

These two components were intertwined in 94% of cases. The 
mode of infiltration was infiltrative in 63% of cases. Myometrial 
invasion exceeded 50% in 56% of cases.

Histologically, we noted an extension of the UCS to : cervical 
stroma in 34 patients (65%); vagina in three patients (6%); 
parameters in three patients (6%); uterine serosa in 15 patients 
(29%); adnexa in 12 patients (23%); lymph nodes in 14 patients 
(27%) with an inguinal site in one case, appendix in two patients 
(4%) (association with the rectum in one case) and the small 
bowel and sigmoid loop in one patient (2%); peritoneum in nine 
patients (17%); gall bladder in one patient (2%) and spleen and 
liver in one patient (2%).

For the 41 patients (79%) presenting an extension to another 
site and for which we have histological proof: the sarcomatous 
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component was in the minority for 26 cases (63%) and 
predominant for 15 cases (37%). 

Lymphovascular invasion was identified in 34 cases (65%). In 
the majority of cases: 24 (71%), the vascular emboli were of the 
carcinomatous type.

Some patients presented with a metastasis on the extension 
workup (imagery) but without histological proof. This extension 
assessment was useful for the staging of FIGO.

The tumours were classified into FIGO stage: IA in 10 cases 
(19%), IB in one case (2%), II in nine cases (17%), IIIA in four cases 
(8%), IIIB in three cases (6%), IIIC1 in six cases (12%), IIIC2 in five 
cases (10%), IVA in one case (2%) and IVB in 13 cases (25%). 

The follow-up period was between 0 and 147 months. During 
the follow-up interval, 24 (46%) patients experienced tumour 
recurrence. This recurrence was locoregional in seven cases 
(13%), metastatic in three cases (6%) and locoregional and 
metastatic in 14 cases (27%). 

Locoregional recurrence was: pelvic without precise 
localization in 10 cases (19%) and pelvic and latero-aortic lymph 
nodes in one case (2%). It was vaginal in six cases (12%), colic in 
three cases (6%), rectal in two cases (4%) and on bladder in one 
case (2%). Metastatic recurrence was pulmonary in eight cases 
(15%), peritoneal in seven cases (13%), hepatic in six cases (12%) 
and splenic in one case (2%). Of the patients who developed 
recurrence, data regarding the histologic component at recurrence 
sites was available on six patients (12%) only. Two patients (4%) 
had pure carcinomatous components upon recurrence, one (2%) 
had only sarcomatous elements and three (6%) demonstrated 
both. There wasn’t any pathological difference between initial 
extension lesions and recurrent lesions.
Treatment Characteristics

All patients underwent total hysterectomy and bilateral 
salpingo-oopherectomy was performed in 50 patients (96%). We 
noted the preservation of one uterine adnexa for one patient and 
two adnexae for the other patient. Lymph node dissection was 
performed in 39 cases (75%).

Adjuvant treatment was performed in 31 cases (60%). 
Twenty patients (38%) received adjuvant external radiotherapy. 
Sixteen patients (31%) received adjuvant brachytherapy. Sixteen 
patients (31%) received adjuvant chemotherapy. Seven patients 
(13%) received both chemotherapy and radiotherapy (external 
radiotherapy and/or brachytherapy).

The molecules used in chemotherapy were: Carboplatin / 
Taxol in seven cases (13%), Adriamycin / Cisplatin / Ifosfamide 
in four cases (8%), Adriamycin / Ifosfamide in three cases (6%), 
Taxol / Ifosfamide in two cases (4%) and Cisplatin alone in one 
case (2%).

The treatment of locoregional and metastatic tumor 
recurrence was based on surgery, radiotherapy, chemotherapy 
or palliative. This treatment was surgical in three cases (6%), 
radiotherapy-based in two cases (4%), chemotherapy-based for 
seven cases (13%) and palliative for 12 cases (23%).
Clinical Outcomes and Survival Analysis

In our study, the median RFS was 24 months and the RFS at 
five years was 37%.

The median OS was 29 months and the OS at five years was 
33%.

The univariate analysis allowed to identify as histoprognostic 
factors directly influencing RFS and OS (Table 2 and 3) were: 
tumour size, depth of myometrial invasion, lymphovascular 
invasion, rhabdomyoblastic differentiation and mode of 
infiltration.

   Parameter 12 months 36 months 60 months P 
Age at diagnosis (years)  

≤ 60 71% 63% 63% 0.3115
> 60 57% 37% 25%  

Tumour size (cm)  
< 5 89% 89% 89% 0.0082
≥ 5 52% 31% 24%  

Depth of myometrial invasion (%)  
< 50 79% 72% 72% 0.0038
≥ 50 44% 21% 10%  

Lymphovascular invasion  
Negative 87% 67% 67% 0.0095
Positive 45% 32% 24%  

Figo stage  
I-II 62% 52% 52% 0.4084
III-IV 60% 40% 30%  
Percentage of sarcomatous component in primary site
< 50% 59% 38% 38% 0.7081≥ 50% 62% 50% 33%

Serous carcinoma in primary site        
Presence 45% 37% 19% 0.1935
Absence 69% 49% 49%  

Grade of carcinomatous component  
Low grade 60% 60% 60% 0.4092
High grade 59% 39% 32%  

Sarcomatous component  
Homologous 68% 53% 36% 0.2545
Heterologous 53% 35% 35%  

Rhabdomyoblastic differentiation  
Absence 71% 53% 43% 0.05
Presence 45% 30% 30%  

Chondroid differentiation  
Absence 67% 50% 42% 0.4692
Presence 48% 38% 38%  

 Tumour necrosis  
Absence 86% 68% 68% 0.127
Presence 54% 38% 32%  

Mode of infiltration  
Pushing 86% 86% 86% 0.0007
Infiltrative 48% 25% 17%  

Pattern of collision  
Juxtaposed 50% 50% 50% 0.5964
intertwined 60% 43% 36%  
Percentage of sarcomatous component in secondary 

site  

< 50% 55% 32% 21% 0.4625
≥ 50% 62% 50% 50%  

Percentage of sarcomatous component in vascular 
emboli  

< 50% 54% 36% 24% 0.7672
≥ 50% 29% 29% 29%  

Table 2: Univariate analyses for the correlation of clinicopathologic 
parameters with recurrence-free survival.

Discussion
UCS or malignant mixed Müllerian tumors (MMMT) are rare 

tumours that represent less than 5% of endometrial cancers 
[1,2]. 

These cancers are aggressive with a poor prognosis 
whose OS at five years varies between studies from 31 to 52% 
[6,10] and the median OS varies from 16 to 29 months [3]. 
The five-year recurrence rate ranges from 39% to 71% [10] with a 
médian time to récurrences of 11 to 25 months [3,10].

Abbreviation: FIGO indicates International Federation of 
Gynecology and Obstetrics
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The median age of patients with UCS ranges from 65 to 68 
years [3,10]. Most studies consider age to be a prognostic factor 
independent of other clinico-pathological factors. In fact, in the 
multicentre study by Matsuo et al [11] comprising 906 cases, age is 
significantly correlated with OS and RFS with a negative influence 
(≥60 years). On the other hand, for Iwasa et al, the prognosis is 
worse for patients aged less than 65 years [12] with an overall 
five-year survival of 12.9% versus 59.6% for those whose age > 
65 years. Other series [13] do not report a correlation between 
age, OS and RFS. In our study, we did not find any correlation.

Table 3: Univariate analyses for the correlation of clinicopathologic 
parameters with recurrence-free survival.

   Parameter 12 months 36 months 60 months P 
Age at diagnosis (years)        

≤ 60 64% 52% 52% 0.6203
> 60 70% 41% 20%  

Tumour size (cm)        
< 5 90% 90% 90% 0.0078
≥ 5 60% 31% 21%  

Depth of myometrial invasion (%)        
< 50 86% 66% 66% 0.0061
≥ 50 53% 28% 9%  

Lymphovascular invasion        
Negative 88% 70% 70% 0.0131
Positive 56% 32% 19%  

Figo stage        
I-II 72% 59% 59% 0.1665
III-IV 63% 36% 21%  
Percentage of sarcomatous component in primary site      

< 50% 85% 39% 39% 0.6699
≥ 50% 62% 50% 25%  

Serous carcinoma in primary site        
Presence 61% 30% 15% 0.2645
Absence 70% 53% 44%  

Grade of carcinomatous component        
Low grade 50% 50% 50% 0.5546
High grade 68% 41% 28%  

Sarcomatous component        
Homologous 78% 66% 44% 0.0343
Heterologous 58% 30% 24%  

Rhabdomyoblastic differentiation        
Absence 75% 59% 47% 0.0193
Presence 56% 27% 18%  

Chondroid differentiation        
Absence 72% 50% 42% 0.2096
Presence 57% 39% 29%  

Tumour necrosis        
Absence 100% 75% 75% 0.033
Presence 69% 37% 27%  

Mode of infiltration        
Pushing 76% 68% 68% 0.0495
Infiltrative 73% 32% 16%  

Pattern of collision  
Juxtaposed 100% 100% 100% 0.2037
intertwined 72% 42% 30%  

Percentage of sarcomatous component in secondary 
site  

< 50% 78% 32% 16% 0.2304
≥ 50% 73% 57% 57%  

Percentage of sarcomatous component in vascular 
emboli  

< 50% 64% 33% 16% 0.9863
≥ 50% 42% 42% 42%  

The tumour size is often large, exceeding 50 mm [3,6,14]. In 
the literature [3,11], tumour size is correlated with OS and RFS. 
This is concordant with our results.

The dominant role of the carcinomatous contingent in the 
tumour progression is widely accepted. Carcinoma is considered 
by most authors to be the progenitor or "parent" tumour of UCS 
and is called "the driving force" [5]. Thus, UCS are considered 
by many pathologists to be metaplastic carcinomas [15]. The 
sarcomatous contingent derives from the carcinoma by epithelial-
mesenchymal transition phenomena [5]. 

The proportion of sarcomatous differentiation required to label 
a tumour as a UCS ranges from 2% [16] to 25% [17]. Some authors 
even propose a minimum size of 1 mm of the sarcomatous focus 
to switch the diagnosis of carcinoma to UCS. In our opinion, there 
is no threshold value because the assessment is often arbitrary. 
In our series, the proportion of each component varied between 
2% and 98%. The sarcomatous component was predominant in 
58% of cases. The prognostic significance of the carcinomatous 
and sarcomatous components of UCS has been debated for 
decades. While several studies report that the carcinomatous 
components alone predict outcomes, others demonstrate that, 
on the contrary, the sarcomatous components have an impact on 
the prognosis. The more aggressive nature of UCS compared to 
high-grade endometrial carcinomas (serous, clear cell and grade 
3 endometrioid) is established by numerous studies arguing that 
the sarcomatous component is a histological marker of increased 
aggressiveness [18].

UCS were considered uterine sarcomas while their prognosis 
depends mainly on their carcinomatous component [15]. On the 
other hand, a predominantly sarcomatous differentiation can 
suggest a more aggressive behaviour and a poor prognosis [16,19-
22]. Some studies also suggest that these largely sarcomatous 
tumours tend to be associated with pure sarcomatous 
metastases, which spread preferentially hematogenously to 
distant sites, without peritoneal spread [16,19-21]. The study by 
Abdulfatah et al [3] as well as that by Matsuo et al [11] show that 
the predominance of the sarcomatous component influences OS 
and RFS, in univariate and multivariate analysis.

In our study, the predominant sarcomatous component at the 
primary site did not influence OS or RFS.

According to Soslow [23], the most common components are 
serous carcinoma, endometrioid (grade 2 or 3), or ambiguous 
carcinoma. Endometrioid carcinoma grade 1 and classically 
defined clear cell carcinoma are present only exceptionally. 

In our study, endometrioid carcinomas (grade 2 or 3) were the 
most frequent (50%).

George et al show that the prognosis is correlated with the 
type and degree of differentiation of the epithelial component of 
UCS [18].

Indeed, the prognosis of UCS with serous carcinoma or 
clear cell carcinoma is worse than those where the epithelial 
component is endometrioid even grade 3. Moreover, for other 
authors, the prognosis is similar regardless of the histological 
type of the associated high-grade carcinomatous component [24-
26].

It is clearly recognized that the presence of a serous-like 
carcinoma component in at least 5-10% of the tumour leads to 
a serous carcinoma-like prognosis [27,28]. These tumours are 
more likely to cause poor survival, peritoneal metastasis and 
recurrence [23]. Likewise, the presence of a clear cell component 
is associated with a high rate of metastasis [4].

In the study by Abdulfatah et al [3], for the histological type 
of the carcinomatous component, univariate analysis shows that 
the presence of a serous component influences OS.

In our study, the histologic type of the carcinoma component 
did not influence OS or RFS.

World Health Organization 2020 defines the sarcomatous 
component as a high-grade malignant component [2] and it can 
be homologous or heterologous.
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The homologous sarcomatous component is present in 
50% of cases. It is formed, in most cases, of spindle-shaped 
(fibrosarcoma) or pleomorphic (malignant fibrous histiocytoma) 
cells. It rarely resembles leiomyosarcoma or endometrial stromal 
sarcoma [14,19]. 

Heterologous sarcoma is identified in 50% of cases 
[2,29]. It is easily recognizable under microscopy and the 
immunohistochemical study has little room. Rhabdomyosarcoma 
and chondrosarcoma are the most frequently encountered types 
[14,19,30]. Lipoblastic, osteosarcomatous and neuroectodermal 
differentiation may be observed more rarely [3,31]. 
Rhabdomyosarcoma is identified by the presence of round or 
elongated cells with an eosinophilic fibrillar cytoplasm and an 
eccentric nucleus. Striated rhabdomyoblasts may appear. 

Mixed heterologous differentiation is noted in 23% of cases 
[3].

Studies by the institutes of pathology of the armed forces in 
1960 [32,33] emphasize the importance of the type of sarcoma 
and the prognostic significance of distinguishing tumours with 
homologous elements from those with heterologous elements. 
Homologous UCS confined to the uterine corpus would have 
the same evolutionary characteristics as high-grade endometrial 
carcinomas lacking sarcomatous components [23]. Tumours 
with heterologous sarcoma behave more aggressively [32,33]. 
Likewise, in the gynecologic oncology group study of 301 UCS 
cases [34], the presence of heterologous sarcomatous elements 
are important independent prognostic factors of tumour 
recurrence. In the study by Abdulfatah et al [3], the presence of 
rhabdomyoblastic differentiation is a factor of poor prognosis 
correlated, in univariate and multivariate analysis, with OS less 
than 3 years [3]. This differentiation was also correlated with bad 
RFS in the study by Matsuo [11]. The study by Silverberg et al 
[19] showed that the presence of chondroblast differentiation is 
relatively favorable. However, in the study by Barwick and Livolsi 
[30], the presence of chondroid differentiation is associated 
with a poor prognosis. In our study the rhabdomyoblastic 
differentiation was a factor of poor prognosis influencing OS and 
RFS in univariate analysis.

For other authors, the histological characteristics of the 
stromal component, including the presence or absence of 
heterologous elements play no prognostic role [12,21]. 

Myometrial infiltration is an important prognostic factor for all 
histologic types of endometrial cancer. UCS are invasive tumours, 
infiltrating more than 50% of the myometrium in almost 50% 
of cases [3]. Silverberg et al [19], through a study of 203 cases, 
show that myometrial invasion is a predictor of extra-uterine 
extension. When it is greater than 50% of the myometrium, it 
significantly alters OS and RFS [3]. Our results correlate with the 
depth of invasion in univariate analysis. 

In endometrial cancers, the infiltrative growth pattern is a 
diffusely infiltrating growth pattern characterized by irregularly 
distributed glands, masses, cords, tumour cells and randomly 
infiltrating the myometrium. In contrast, the expansive growth 
model is one in which the invasive tumour has a lobulated 
appearance with “pushing” type edges. 

In the series by Scholten et al [35], the mode of infiltration 
correlates with the depth of invasion. However, according to 
Abdulfatah et al [3], the mode of infiltration influences neither 
OS nor RFS.

In our study, the mode of infiltration influenced OS and 
RFS in univariate analysis. The infiltrative mode was the worst 
prognosis.

The presence of vascular emboli correlates with a poor 
prognosis, regardless of the histologic subtype. Histopathological 
examination of tumour emboli in lymphovascular spaces 
also provides strong evidence for the dominant role of the 
carcinomatous component. Studies show that these elements 
always include carcinoma (with or without sarcomatous 
differentiation), and that pure sarcoma in lymphovascular spaces 
as in metastatic locations is rare [19,20].

In our study, there was no correlation between type of emboli 
and prognosis. 

Some studies show that for extra-uterine metastases, the 
epithelial component is predominant, more rarely biphasic or pure 
sarcomatous. The carcinomatous component is mainly a provider 
of metastases and the sarcomatous component has only a minor 
role [20]. The predominance of carcinoma at the secondary site 
reinforces the hypothesis that UCS are rather particular forms of 
metaplastic carcinoma [5]. Nevertheless, George et al [21] report, 
in a series of 47 UCS, that 62% of metastases are biphasic, 20% 
pure sarcomatous and 18% pure carcinomatous.

In our study, the carcinomatous component was the 
predominant component in the secondary locations even though 
these UCS were predominantly sarcomatous in the primary 
site.

The FIGO stage at time of diagnosis is the most important 
prognostic factor. In the largest multicenter study by Matsuo et al 
[11] involving 906 cases, advanced stage is negatively correlated 
with OS and RFS. Similarly, in the multicenter study by Abdulfatah 
et al [3], the advanced stages (III-IV) negatively influence OS and 
RFS. 

In our series, we grouped together patients with advanced 
stage III-IV (62%) and early stage I-II (38%). We did not find 
any correlation between FIGO stage, OS and RFS. This could be 
explained by the heterogeneity and the small size of our cohort, 
responsible for a low statistical power.

In the event of recurrence, the prognosis is poor. 
Optimal cytoreductive surgery for the advanced stages (III 

and IV) remains a fundamental objective in uterine localization, 
which is shown by the study of Tanner in 2011 [36]. In the 
event of stage III CSU (ovarian or lymph node involvement), 
hysterectomy with bilateral adnexectomy remains the standard 
procedure associated with the removal of any metastatic sites 
and lymphadenectomy. In the event of stage IV CSU (bladder, 
rectal, peritoneal involvement, distant metastases), surgery 
is discussed; nevertheless, hysterectomy with first bilateral 
adnexectomy seems indicated when technically feasible. When 
there is rectosigmoid extension without extra pelvic and / or 
metastatic localization, resection of the rectosigmoid hinge may 
be indicated [36].

Surgical treatment should be discussed for each case in a 
multidisciplinary committee.

The main objective of monitoring patients treated for UCS 
is to facilitate the early detection of recurrence and to improve 
survival, as local recurrences are mostly curable. 

Recurrences are mostly of the carcinomatous type, more rarely 
biphasic and exceptionally pure sarcomatous (3,20). In our work, 
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six patients (12%) had a histological analysis of the recurrence: it 
was biphasic in three cases (6%), pure carcinomatous in two cases 
(4%) and pure sarcomatous in one case (2%).
 Conclusion

It is important to type and characterize the two carcinomatous 
and sarcomatous components of UCS in order to define subgroups 
of patients with different prognosis and to offer them a more 
suitable treatment. 

The limitations of our study were the retrospective nature and 
the limited number of patients. The retrospective nature did not 
allow optimal control of the data collected. However, most of the 
series published in the literature were retrospective. Finally, the 
limited number of patients encourages multicenter studies on 
this pathology.
Conflicts of Interest Statement

The authors declare no competing interests.
Authors’ contributions

Acquisition of data: A. Fitouri and L.Charfi 
Analysis and/or interpretation of data: A. Fitouri, L.Charfi, 

M.Slimane and K.Mrad
Drafting the manuscript: A.Fitouri, G.Sahraoui and K.Mrad.
 Revising the manuscript critically for important intellectual 

content: L.Charfi, G.Sahraoui, R.Doghri, N. Boujelbene and 
K.Mrad. 

All authors read and approved the final version of this 
manuscript.

References:
1.	 Cantrell LA, Blank SV, Duska LR. Uterine carcinosarcoma: 

A review of the literature. Gynecologic Oncology. juin 
2015;137(3):581‑8.

2.	 The WHO Classification of Tumours Editorial Board. Female 
Genital Tumours. 5th edition. Lyon : IARC ; 2020.

3.	 Abdulfatah E, Lordello L, Khurram M, Van de Vijver K, Alosh 
B, Bandyopadhyay S, et al. Predictive Histologic Factors in 
Carcinosarcomas of the Uterus: A Multi-institutional Study. 
International Journal of Gynecological Pathology. mai 
2019;38(3):205‑15.

4.	 Kurman RJ, Hedrick Ellenson L, Ronnett BM. Blaustein’s 
Pathology of the Female Genital Tract. 7th edition. 
Switzerland : Springer;2019.

5.	 Stewart CJR, McCluggage WG. Epithelial-mesenchymal 
transition in carcinomas of the female genital tract. 
Histopathology. janv 2013;62(1):31‑43.

6.	 Nordal RR, Kristensen GB, Stenwig AE, Nesland JM, Pettersen 
EO, Trope CG. An Evaluation of Prognostic Factors in 
Uterine Carcinosarcoma. Gynecologic Oncology. 1 déc 
1997;67(3):316‑21.

7.	 Wolfson AH, Brady MF, Rocereto T, Mannel RS, Lee Y-C, 
Futoran RJ, et al. A gynecologic oncology group randomized 
phase III trial of whole abdominal irradiation (WAI) vs. 
cisplatin-ifosfamide and mesna (CIM) as post-surgical therapy 
in stage I-IV carcinosarcoma (CS) of the uterus. Gynecol 
Oncol. nov 2007;107(2):177‑85. 

8.	 Menczer J, Levy T, Piura B, Chetrit A, Altaras M, Meirovitz 
M, et al. A comparison between different postoperative 
treatment modalities of uterine carcinosarcoma. Gynecol 
Oncol. avr 2005;97(1):166‑70. 

9.	 Krishnamurti U, Movahedi Lankarani S, Birdsong GG. 
Protocol for the examination of specimens from patients 
with carcinoma and carcinosarcoma of the endometrium [En 
ligne]. College of American Pathologists 

10.	 Zwahlen DR, Schick U, Bolukbasi Y, Thariat J, Abdah-Bortnyak 
R, Kuten A, et al. Outcome and Predictive Factors in Uterine 
Carcinosarcoma Using Postoperative Radiotherapy: A Rare 
Cancer Network Study. Rare Tumors. 28 juin 2016;8(2):42‑8. 

11.	 Matsuo K, Ross MS, Machida H, Blake EA, Roman LD. Trends 
of uterine carcinosarcoma in the United States. J Gynecol 
Oncol. 2018;29(2):e22. 

12.	 Iwasa Y, Haga H, Konishi I, Kobashi Y, Higuchi K, Katsuyama 
E, et al. Prognostic factors in uterine carcinosarcoma: 
a clinicopathologic study of 25 patients. Cancer. 1 févr 
1998;82(3):512‑9. 

13.	 Schweizer W, Demopoulos R, Beller U, Dubin N. Prognostic 
factors for malignant mixed müllerian tumors of the uterus. 
Int J Gynecol Pathol. 1990;9(2):129‑36. 

14.	 Ferguson SE, Tornos C, Hummer A, Barakat RR, Soslow RA. 
Prognostic features of surgical stage I uterine carcinosarcoma. 
Am J Surg Pathol. nov 2007;31(11):1653‑61. 

15.	 Murali R, Davidson B, Fadare O, Carlson JA, Crum CP, Gilks CB, 
et al. High-grade Endometrial Carcinomas: Morphologic and 
Immunohistochemical Features, Diagnostic Challenges and 
Recommendations. International Journal of Gynecological 
Pathology. janv 2019;38:S40‑63. 

16.	 Macasaet MA, Waxman M, Fruchter RG, Boyce J, Hong P, 
Nicastri AD, et al. Prognostic factors in malignant mesodermal 
(mullerian) mixed tumors of the uterus. Gynecol Oncol. janv 
1985;20(1):32‑42. 

17.	 Ambros RA, Sherman ME, Zahn CM, Bitterman P, Kurman 
RJ. Endometrial intraepithelial carcinoma: a distinctive 
lesion specifically associated with tumors displaying serous 
differentiation. Hum Pathol. nov 1995;26(11):1260‑7. 

18.	 George E, Lillemoe TJ, Twiggs LB, Perrone T. Malignant mixed 
müllerian tumor versus high-grade endometrial carcinoma 
and aggressive variants of endometrial carcinoma: a 
comparative analysis of survival. Int J Gynecol Pathol. janv 
1995;14(1):39‑44. 

19.	 Silverberg SG, Major FJ, Blessing JA, Fetter B, Askin FB, Liao 
S-Y, et al. Carcinosarcoma (Malignant Mixed Mesodermal 
Tumor) of the Uterus: A Gynecologic Oncology Group 
Pathologic Study of 203 Cases. International Journal of 
Gynecological Pathology. janv 1990;9(1):1–19. 

20.	 Sreenan JJ, Hart WR. Carcinosarcomas of the female genital 
tract. A pathologic study of 29 metastatic tumors: further 
evidence for the dominant role of the epithelial component 
and the conversion theory of histogenesis. Am J Surg Pathol. 
juin 1995;19(6):666‑74. 

21.	 George E, Manivel JC, Dehner LP, Wick MR. Malignant 
mixed müllerian tumors: an immunohistochemical study 
of 47 cases, with histogenetic considerations and clinical 
correlation. Hum Pathol. mars 1991;22(3):215‑23. 

https://pubmed.ncbi.nlm.nih.gov/25805398/
https://pubmed.ncbi.nlm.nih.gov/25805398/
https://pubmed.ncbi.nlm.nih.gov/25805398/
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Female-Genital-Tumours-2020
https://publications.iarc.fr/Book-And-Report-Series/Who-Classification-Of-Tumours/Female-Genital-Tumours-2020
https://pubmed.ncbi.nlm.nih.gov/30958427/
https://pubmed.ncbi.nlm.nih.gov/30958427/
https://pubmed.ncbi.nlm.nih.gov/30958427/
https://pubmed.ncbi.nlm.nih.gov/30958427/
https://pubmed.ncbi.nlm.nih.gov/30958427/
https://www.springer.com/gp/book/9783319463339
https://www.springer.com/gp/book/9783319463339
https://www.springer.com/gp/book/9783319463339
https://pubmed.ncbi.nlm.nih.gov/23240668/
https://pubmed.ncbi.nlm.nih.gov/23240668/
https://pubmed.ncbi.nlm.nih.gov/23240668/
https://pubmed.ncbi.nlm.nih.gov/9441781/
https://pubmed.ncbi.nlm.nih.gov/9441781/
https://pubmed.ncbi.nlm.nih.gov/9441781/
https://pubmed.ncbi.nlm.nih.gov/9441781/
https://pubmed.ncbi.nlm.nih.gov/17822748/
https://pubmed.ncbi.nlm.nih.gov/17822748/
https://pubmed.ncbi.nlm.nih.gov/17822748/
https://pubmed.ncbi.nlm.nih.gov/17822748/
https://pubmed.ncbi.nlm.nih.gov/17822748/
https://pubmed.ncbi.nlm.nih.gov/17822748/
https://pubmed.ncbi.nlm.nih.gov/15790453/
https://pubmed.ncbi.nlm.nih.gov/15790453/
https://pubmed.ncbi.nlm.nih.gov/15790453/
https://pubmed.ncbi.nlm.nih.gov/15790453/
C://Users/User/AppData/Local/Temp/cp-femalereproductive-endometrium-18protocol-4100.pdf
C://Users/User/AppData/Local/Temp/cp-femalereproductive-endometrium-18protocol-4100.pdf
C://Users/User/AppData/Local/Temp/cp-femalereproductive-endometrium-18protocol-4100.pdf
C://Users/User/AppData/Local/Temp/cp-femalereproductive-endometrium-18protocol-4100.pdf
https://pubmed.ncbi.nlm.nih.gov/27441069/
https://pubmed.ncbi.nlm.nih.gov/27441069/
https://pubmed.ncbi.nlm.nih.gov/27441069/
https://pubmed.ncbi.nlm.nih.gov/27441069/
https://pubmed.ncbi.nlm.nih.gov/29400015/
https://pubmed.ncbi.nlm.nih.gov/29400015/
https://pubmed.ncbi.nlm.nih.gov/29400015/
https://pubmed.ncbi.nlm.nih.gov/9452269/
https://pubmed.ncbi.nlm.nih.gov/9452269/
https://pubmed.ncbi.nlm.nih.gov/9452269/
https://pubmed.ncbi.nlm.nih.gov/9452269/
https://journals.lww.com/intjgynpathology/Abstract/1990/04000/Prognostic_Factors_for_Malignant_Mixed_Mullerian.4.aspx
https://journals.lww.com/intjgynpathology/Abstract/1990/04000/Prognostic_Factors_for_Malignant_Mixed_Mullerian.4.aspx
https://journals.lww.com/intjgynpathology/Abstract/1990/04000/Prognostic_Factors_for_Malignant_Mixed_Mullerian.4.aspx
https://pubmed.ncbi.nlm.nih.gov/18059221/
https://pubmed.ncbi.nlm.nih.gov/18059221/
https://pubmed.ncbi.nlm.nih.gov/18059221/
https://pubmed.ncbi.nlm.nih.gov/30550483/
https://pubmed.ncbi.nlm.nih.gov/30550483/
https://pubmed.ncbi.nlm.nih.gov/30550483/
https://pubmed.ncbi.nlm.nih.gov/30550483/
https://pubmed.ncbi.nlm.nih.gov/30550483/
https://www.gynecologiconcology-online.net/article/0090-8258(85)90122-2/pdf
https://www.gynecologiconcology-online.net/article/0090-8258(85)90122-2/pdf
https://www.gynecologiconcology-online.net/article/0090-8258(85)90122-2/pdf
https://www.gynecologiconcology-online.net/article/0090-8258(85)90122-2/pdf
https://pubmed.ncbi.nlm.nih.gov/7590702/
https://pubmed.ncbi.nlm.nih.gov/7590702/
https://pubmed.ncbi.nlm.nih.gov/7590702/
https://pubmed.ncbi.nlm.nih.gov/7590702/
https://pubmed.ncbi.nlm.nih.gov/7883424/
https://pubmed.ncbi.nlm.nih.gov/7883424/
https://pubmed.ncbi.nlm.nih.gov/7883424/
https://pubmed.ncbi.nlm.nih.gov/7883424/
https://pubmed.ncbi.nlm.nih.gov/7883424/
https://pubmed.ncbi.nlm.nih.gov/2152890/
https://pubmed.ncbi.nlm.nih.gov/2152890/
https://pubmed.ncbi.nlm.nih.gov/2152890/
https://pubmed.ncbi.nlm.nih.gov/2152890/
https://pubmed.ncbi.nlm.nih.gov/2152890/
https://pubmed.ncbi.nlm.nih.gov/7755153/
https://pubmed.ncbi.nlm.nih.gov/7755153/
https://pubmed.ncbi.nlm.nih.gov/7755153/
https://pubmed.ncbi.nlm.nih.gov/7755153/
https://pubmed.ncbi.nlm.nih.gov/7755153/
https://pubmed.ncbi.nlm.nih.gov/1706302/
https://pubmed.ncbi.nlm.nih.gov/1706302/
https://pubmed.ncbi.nlm.nih.gov/1706302/
https://pubmed.ncbi.nlm.nih.gov/1706302/


mpog-202109001 

MedPress Journal of Gynecology and ObstetricsAsma F

MedPress Publications LLC

22.	 Ozguroglu M, Bilici A, Ilvan S, Turna H, Atalay B, Mandel N, 
et al. Determining predominating histologic component in 
malignant mixed müllerian tumors: is it worth it? International 
Journal of Gynecological Cancer. 2008;18(4):809‑12. 

23.	 Soslow RA. High-grade endometrial carcinomas - strategies 
for typing. Histopathology. janv 2013;62(1):89‑110. 

24.	 Ayeni TA, Bakkum-Gamez JN, Mariani A, McGree ME, Weaver 
AL, Haddock MG, et al. Comparative outcomes assessment 
of uterine grade 3 endometrioid, serous, and clear cell 
carcinomas. Gynecol Oncol. juin 2013;129(3):478‑85. 

25.	 Soslow RA, Bissonnette JP, Wilton A, Ferguson SE, Alektiar KM, 
Duska LR, et al. Clinicopathologic analysis of 187 high-grade 
endometrial carcinomas of different histologic subtypes: 
similar outcomes belie distinctive biologic differences. Am J 
Surg Pathol. juill 2007;31(7):979‑87. 

26.	 Voss MA, Ganesan R, Ludeman L, McCarthy K, Gornall 
R, Schaller G, et al. Should grade 3 endometrioid 
endometrial carcinoma be considered a type 2 cancer-a 
clinical and pathological evaluation. Gynecol Oncol. janv 
2012;124(1):15‑20. 

27.	 Sherman ME, Bitterman P, Rosenshein NB, Delgado G, 
Kurman RJ. Uterine serous carcinoma. A morphologically 
diverse neoplasm with unifying clinicopathologic features. 
Am J Surg Pathol. juin 1992;16(6):600‑10. 

28.	 Quddus MR, Sung CJ, Zhang C, Lawrence WD. Minor serous 
and clear cell components adversely affect prognosis in « 
“mixed-type” » endometrial carcinomas: a clinicopathologic 
study of 36 stage-I cases. Reprod Sci. juill 2010;17(7):673‑8. 

29.	 Haines M, Taylor CW, Fox H, Wells M. Haines & Taylor 
obstetrical and gynaecological pathology. Edinburgh: 
Churchill Livingstone; 2003. 

30.	 Barwick KW, LiVolsi VA. Malignant mixed müllerian tumors of 
the uterus: A clinicopathologic assessment of 34 cases. The 
American Journal of Surgical Pathology. avr 1979;3(2):125–
135. 

31.	 Euscher ED, Deavers MT, Lopez-Terrada D, Lazar AJ, Silva 
EG, Malpica A. Uterine tumors with neuroectodermal 
differentiation: a series of 17 cases and review of the 
literature. Am J Surg Pathol. févr 2008;32(2):219‑28. 

32.	 Norris HJ, Taylor HB. Mesenchymal tumors of the uterus: 
III. A clinical and pathologic study of 31 carcinosarcomas. 
Cancer. 1966;19(10):1459‑65. 

33.	 Norris HJ, Roth E, Taylor HB. Mesenchymal tumors of 
the uterus. II. A clinical and pathologic study of 31 mixed 
mesodermal tumors. Obstet Gynecol. juill 1966;28(1):57‑63. 

34.	 Major FJ, Blessing JA, Silverberg SG, Morrow CP, Creasman 
WT, Currie JL, et al. Prognostic factors in early-stage uterine 
sarcoma. A Gynecologic Oncology Group study. Cancer. 15 
févr 1993;71(4 Suppl):1702‑9. 

35.	 Scholten AN, Smit VTHBM, Beerman H, Putten WLJ van, 
Creutzberg CL. Prognostic significance and interobserver 
variability of histologic grading systems for endometrial 
carcinoma. Cancer. 2004;100(4):764‑72. 

36.	 Tanner EJ, Leitao MM, Garg K, Chi DS, Sonoda Y, Gardner GJ, 
et al. The role of cytoreductive surgery for newly diagnosed 
advanced-stage uterine carcinosarcoma. Gynecol Oncol. 
2011;123(3):548‑52.

Citation: Asma F, Lamia C, Ghada S, Maher S, Nadia B et al.; Carcinosarcomas Of The Uterine Corpus: Histopronostic Factors and 
Survival. medp J obstet gynaecol. 2021; 1(1): mpog-202109001.

https://pubmed.ncbi.nlm.nih.gov/17892455/
https://pubmed.ncbi.nlm.nih.gov/17892455/
https://pubmed.ncbi.nlm.nih.gov/17892455/
https://pubmed.ncbi.nlm.nih.gov/17892455/
https://pubmed.ncbi.nlm.nih.gov/23240672/
https://pubmed.ncbi.nlm.nih.gov/23240672/
https://pubmed.ncbi.nlm.nih.gov/23535279/
https://pubmed.ncbi.nlm.nih.gov/23535279/
https://pubmed.ncbi.nlm.nih.gov/23535279/
https://pubmed.ncbi.nlm.nih.gov/23535279/
https://pubmed.ncbi.nlm.nih.gov/17592263/
https://pubmed.ncbi.nlm.nih.gov/17592263/
https://pubmed.ncbi.nlm.nih.gov/17592263/
https://pubmed.ncbi.nlm.nih.gov/17592263/
https://pubmed.ncbi.nlm.nih.gov/17592263/
https://pubmed.ncbi.nlm.nih.gov/21864888/
https://pubmed.ncbi.nlm.nih.gov/21864888/
https://pubmed.ncbi.nlm.nih.gov/21864888/
https://pubmed.ncbi.nlm.nih.gov/21864888/
https://pubmed.ncbi.nlm.nih.gov/21864888/
https://pubmed.ncbi.nlm.nih.gov/1599038/
https://pubmed.ncbi.nlm.nih.gov/1599038/
https://pubmed.ncbi.nlm.nih.gov/1599038/
https://pubmed.ncbi.nlm.nih.gov/1599038/
https://pubmed.ncbi.nlm.nih.gov/20393071/
https://pubmed.ncbi.nlm.nih.gov/20393071/
https://pubmed.ncbi.nlm.nih.gov/20393071/
https://pubmed.ncbi.nlm.nih.gov/20393071/
https://www.worldcat.org/title/haines-taylor-obstetrical-and-gynaecological-pathology/oclc/51215375
https://www.worldcat.org/title/haines-taylor-obstetrical-and-gynaecological-pathology/oclc/51215375
https://www.worldcat.org/title/haines-taylor-obstetrical-and-gynaecological-pathology/oclc/51215375
https://pubmed.ncbi.nlm.nih.gov/231382/
https://pubmed.ncbi.nlm.nih.gov/231382/
https://pubmed.ncbi.nlm.nih.gov/231382/
https://pubmed.ncbi.nlm.nih.gov/231382/
https://pubmed.ncbi.nlm.nih.gov/18223324/
https://pubmed.ncbi.nlm.nih.gov/18223324/
https://pubmed.ncbi.nlm.nih.gov/18223324/
https://pubmed.ncbi.nlm.nih.gov/18223324/
https://pubmed.ncbi.nlm.nih.gov/5964814/
https://pubmed.ncbi.nlm.nih.gov/5964814/
https://pubmed.ncbi.nlm.nih.gov/5964814/
https://pubmed.ncbi.nlm.nih.gov/5940456/
https://pubmed.ncbi.nlm.nih.gov/5940456/
https://pubmed.ncbi.nlm.nih.gov/5940456/
https://pubmed.ncbi.nlm.nih.gov/8381710/
https://pubmed.ncbi.nlm.nih.gov/8381710/
https://pubmed.ncbi.nlm.nih.gov/8381710/
https://pubmed.ncbi.nlm.nih.gov/8381710/
https://pubmed.ncbi.nlm.nih.gov/14770433/
https://pubmed.ncbi.nlm.nih.gov/14770433/
https://pubmed.ncbi.nlm.nih.gov/14770433/
https://pubmed.ncbi.nlm.nih.gov/14770433/
https://pubmed.ncbi.nlm.nih.gov/21945551/
https://pubmed.ncbi.nlm.nih.gov/21945551/
https://pubmed.ncbi.nlm.nih.gov/21945551/
https://pubmed.ncbi.nlm.nih.gov/21945551/

	Abstract

