
Carcinoma ex pleomorphic adenoma (CXPA) has been considered an interesting model 
of carcinogenesis, presenting various histological subtypes and invasiveness phase. The 
objective was to determine the proliferative index of CXPA and comparing to pleomorphic 
adenoma (PA). Thirty six cases of CXPA (36 PA) and 22 areas of PA in CXPA (residual PA) 
were studied by Ki-67 expression. All CXPA cases were classified according to invasiveness 
phase (intracapsular, minimally and frankly invasive) and histopathological subtypes. Data 
was statistically analyzed by Wilcoxon, Mann-Whitney and Kruskal-Wallis tests. CXPA 
included 5 intracapsular, 9 minimally invasive and 22 frankly invasive cases. Fifteen cases 
corresponded to salivary duct carcinoma, 7 to adenocarcinoma NOS, 7 myoepithelial, 
5 epithelial-myoepithelial, one case of squamous cell and one case of sarcomatoid 
carcinoma. The Ki-67 index of PA and residual PA were significantly lower than CXPA. 
Intracapsular and minimally invasive showed smaller proliferative index than frankly 
invasive. Considering the subtypes of CXPA, there was not a statistic difference among 
them. Ki-67 is a useful marker in the differential diagnosis of PA and CXPA, even when 
in the early invasive phase. 
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Introduction
Carcinoma ex-pleomorphic adenoma (CXPA) is a 

rare malignant tumor that affects the salivary glands, 
corresponding to 3.6% of all salivary neoplasms and 11.7% 
of all salivary malignancies. It originates from a previous 
PA, usually in the 6th and 7th decades of life, as a slow 
painless growing mass (1). CXPA is classified according to 
the extension of the invasion beyond the capsule of the 
previous PA as: intracapsular, minimally invasive and frankly 
invasive, with the latter showing a worse prognosis (1,2). 
This tumor has been considered an interesting model of 
carcinogenesis, presenting various histological subtypes 
and invasiveness phase 2.

Ki-67 is the most used proliferative marker, and it 
has been helpful for diagnosis, and determination of 
aggressiveness and prognosis of many cancers (3-11). In 
CXPA, Ki-67 index can provide more objective criteria to 
distinguish atypical cells without malignant potential 
from the carcinomatous foci. A proliferative index has 
not yet been evaluated in the different phases of tumor 
carcinogenesis neither among the different histological 
subtypes of CXPA. 

The aim of this study is to analyze the Ki-67 index in 
a group of CXPA (classified according to the invasiveness 
phase and according to the histological subtype) and a 
group of PA. 

Material and Methods
Thirty-six cases of CXPA, 36 of PA (control PA), and 

22 areas of PA in CXPA (residual PA) were studied over a 
22-year period (January 1990 to December 2012) were 
retrieved from the archives of Pathology Department 
from the College of Medical Sciences from UNICAMP - 
University of Campinas. The original hematoxylin-eosin 
(H&E) stained slides were reviewed by 2 oral pathologists 
and the diagnoses of all cases were confirmed following 
the World Health Organization’s 2005 Histological Typing 
of Salivary Gland Tumors guidelines (1). All cases of CXPA 
were classified according to invasiveness (intracapsular, 
minimally and frankly invasive phase) and histological 
subtype. Proliferative index was determined by Ki-67 and 
the data was statistically analyzed by Wilcoxon, Mann-
Whitney and Kruskal-Wallis tests. Probability values <0.05 
were considered significant. Ki-67 expression was detected 
by immunohistochemistry, using the clone MIB-1 (1:500 
dilution) as the primary antibody (Immunotech, Marseille, 
France). Positive control was used. EnVision plus (K4001; 
DakoCytomation, Kyoto, Japan) was used as the detection 
system, and DAB (Sigma-Aldrich-Merck, KGaA, Darmstadt, 
Germany) as chromogen. Quantitation was made with the 
help of the IMAGELAB-2000® program (Softium, São Paulo, 
SP, Brazil), counting at least 1,000 cells of each case studied 
and the areas with highest Ki-67 uptake were selected. Cells 
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were considered positive when the nuclei were brown-
stained. The study was carried out in accordance with 
the ethical guidelines of Piracicaba Dental School – FOP/
UNICAMP (Process number CEP/FOP 002/2011).

Results
The PA group included 12 men and 24 women, with an 

average of 37.1 years old, with 66.1% of the cases involving 
the parotid gland, followed by the minor salivary gland 
(22.2%) and submandibular gland (16.6%). Twenty-two 
areas de PA in CXPA (residual) were studied. 

The proportion of man and women in the CXPA group 
was similar to the PA group, with an average of 57.5 years. 
Seventy five percent of the cases occurred in the parotid 
gland, 13.9% in submandibular gland, and 11.1% in minor 
salivary gland. According to the invasiveness 5 out of 36 
were classified as intracapsular (no capsule invasion) (Fig. 1), 
9 out of 36 were classified as minimally invasive (<1.5mm) 

(Fig. 2), and 22 out of 36 as frankly invasive (>1.5 mm) (Fig. 
3). Salivary duct carcinoma was the most common subtype 
(15 cases, 41.7%), followed by adenocarcinoma NOS (7 
cases, 19.4%), myoepithelial carcinoma (7 cases, 19.4%), 
epithelial-myoepithelial carcinoma (5 cases, 13.9%) and 
one case of squamous cell carcinoma (2.8%) and one case 
of sarcomatoid carcinoma (2.8%).

Ki-67 index for PA, for residual areas of PA in CXPA and 
for CXPA were 6.7%, 6.9%, and 49.3%, respectively. The 
comparison between control PA and CXPA, and between 
residual PA and CXPA was considered statistically significant 
(Table 1). The analysis between residual PA areas and 
malignant regions of CXPA was statistically significant 
in higher degree cases (salivary duct carcinoma and 
adenocarcinoma NOS) (Table 2). There were no statistical 
differences among the histological subtypes of CXPA 
(Table 2). Higher values were found in sarcomatoid and 
squamous carcinomas, but they corresponded only to 1 

Figure 1. Intracapsular salivary duct carcinoma. A: Nests of malignant cells contained by the fibrous capsule (HE, 10×). B: Small nest of carcinomatous 
ductal epithelium with moderate cellular and nuclear pleomorphism. Note that the carcinoma arises in a residual pleomorphic adenoma (HE, 40×). 
C: Ki-67 nuclear expression in the nests of malignant cells and the benign cells (residual pleomorphic adenoma) with low positivity (HE, 10×). D: 
Feature cells with greater detail (HE, 20×).
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case each (Table 2). 
According to invasiveness of CXPA, the values of Ki-

67 index were higher in frankly and minimally invasive 
carcinomas compared to intracapsular, but it was not 
statistically significant (p=0.077) as shown on Table 3. The 
values were statistically significant when the residual PA 
and CXPA were compared in all the phases of invasiveness 
(Table 3).

Discussion
Carcinoma ex-pleomorphic adenoma is rare, presenting 

various subtypes and phases of invasiveness, leading to 
different biological behavior and prognosis. The concept of 
in-situ or intracapsular carcinoma in CXPA was introduced 
by LiVolsi and Perzin in 1977 (12). Tortoledo et al. (1984) 
(13) confirmed the significance of the prognosis of 
neoplastic extension beyond the capsule of CXPA using 
objective measurements. However regional metastatic 
dissemination from intracapsular CXPA and deaths from 

minimally invasive CXPA were reported (14-16). It is well 
knowed that frankly invasive cases have a worse prognosis.

Diagnosis of early CXPA can be challenging, as the 
atypical cellular features and the area involved can be 
minimal and criteria to help the diagnosis have not yet 
been fully established (17). Hypercellularity, capsule 
invasion, hyalinization, necrosis, cellular and nuclear 
atypia, and mitosis may be important features that could 
indicate an increased risk to malignant change (18,19). 
Because of difficulties in the diagnosis and to better 
understand malignant progression of CXPA, molecular and 
immunohistochemical studies have been performed. The 
p53 and c-erB-2 proteins seem to be involved in the early 
phases of malignant transformation of PA, and therefore 
they can be potentially useful for the diagnosis (20).

Ki-67 is a reliable marker of cellular proliferation, 
which is the hallmark of malignant transformation and 
progression. In fact, various authors used Ki-67 to better 
understand the biology of CXPA and its value as a prognostic 

Figure 2. Minimally invasive myoepithelial carcinoma. A: Myoepithelial carcinoma in a nodular pattern of growth showing cord of myoepithelial cells 
extending to adjacent tissue (HE, 10×). B: Greater detail of invasion of malignant cells (HE, 20×). C: Proliferation of myoepithelial carcinoma arising 
in residual pleomorphic adenoma (HE 20×). D: Positive Ki-67 expression in malignant area and negativity in benign area (HE, 20×). 
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Figure 3. Frankly invasive sarcomatoid carcinoma. A: Residual pleomorphic adenoma showing an admixture of epithelial, myoepithelial and stroma 
components (HE, 10×). B: Transition area between benign and malignant region (HE, 20×). C: Ki-67 expression in transition area showing beginning 
of positivity (HE, 20×). D: Proliferation of malignant epithelial cord and fusiform mesenchymal cells. Note that the carcinomatous and sarcomatous 
components are intermixed (HE, 10×). E: Cellular and nuclear pleomophism, hyperchromatism and invasive growth were observed in both components 
(HE, 20×). F: Ki-67 expression in malignant and benign areas. Observe the positivity in carcinomatous and sarcomatous elements (HE, 20×).

marker (9,17,21). In addition, Ki-67 index can be considered 
a useful tool in distinguishing PA from CXPA, because Ki-67 
index in CXPA is significantly higher in the carcinomatous 
areas (20). Our findings confirmed these observations, 

showing that CXPA presents a higher proliferative index 
than the PA and than the residual PA in CXPA. On the 
other hand, there was no statistically significant difference 
between PA and residual PA. 
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Table 1-Ki-67 index (%) in PA, areas of residual PA in CXPA and CXPA group.

Cases N Min Max Mean ± SD Control PA x Residual PA Control PA x CXPA Residual PA x CXPA

Control PA 36 1.6 11.5 6.7 ± 2.5

Residual PA 22 0.6 30.2 6.9 ± 8.2 p=0.278* p=0.000* p=0.000**

CXPA 36 11.6 86.2 49.3 ± 21.7

*Mann-Whitney test; **Wilcoxon test.

Table 2. Ki-67 mean index according to histopathological subtypes comparing residual PA and CXPA, and among all CXPA cases.

Histopathological subtypes
CXPA Residual PA Wilcoxon test Kruskal- Wallis test

N Mean ± SD (%) N Mean ± SD (%) CXPA and Residual PA All cases of CXPA

Adenocarcinoma NOS 7 59.3 ± 22.6 5 6.7 ± 10.1 p=0.043

p=0.294

Salivary duct carcinoma 15 42.7 ± 18.8 8 4.1 ± 4.1 p=0.012

Epithelial-myoepithelial carcinoma 5 44.3 ± 20.0 4 10.2 ± 13.4 p=0.068

Myoepithelial carcinoma 7 48.6 ± 24.8 4 11.1 ± 6.8 p=0.068

Sarcomatoid carcinoma 1 75.4* 0 0 0

Squamous cell carcinoma 1 81.1* 0 0 0

N=Number; SD=Standard deviation; *Absolute number.

Table 3. Ki-67 mean index according to degree of invasiveness comparing residual PA in CXPA, and among all CXPA cases.

Invasiveness
CXPA Kruskal Wallis Residual PA Mann-Whitney

N Mean ± SD (%) All cases of CXPA N Mean ±  SD (%) CXPA and residual PA

Intracapsular 5 29.7 ± 23.2

p=0.077

4 3.6 ± 1.0 p=0.016

Minimally invasive 9 52.3 ± 19.3 8 7.8 ± 8.2 p<0.001

Frankly invasive 22 52.4 ± 20.7 9 4.9 ± 6.3 p<0.001

The proliferative index showed no significant 
differences among the histological subtypes of CXPA, but 
in our series we had only intermediate and high-grade 
tumors. In fact sarcomatoid and squamous cell carcinoma 
showed very high values (75.4% and 81.1% of positive cells, 
respectively), but we had only one case each, precluding 
a definitive conclusion. When the progression from 
residual PA to CXAP among the different histopathological 
subtypes is evaluated, the duct salivary carcinoma and 
adenocarcinoma NOS are statically significant and the 
other subtypes (epithelial-myoepithelial carcinoma 
and myoepithelial carcinoma) present strong tendency 
for significance. Katori et al. (2007) (22) also found a 
significant increase of the Ki-67 index in CXPA, especially 
in adenocarcinoma NOS. However, there are controversies 
regarding to aggressiveness of each histopathological 
subtype (16).

In short Ki-67 seems to be useful to help to detect 

initial areas with malignant transformation, it does not 
help to better characterize the histological subtypes. It 
is recommended to classify the histological subtypes by 
morphology. As that PA undergoes malignant change, 
the Ki-67 index increases. The aggressiveness is better 
evaluated by histological invasiveness of the capsule and 
adjacent tissues. 

Frankly invasive CXPA showed a proliferative index 
higher than those in intracapsular and minimally invasive 
phases, but it was not statistically significant. Significance 
was observed when intracapsular and frankly invasive 
phases were analyzed showing that the minimally 
invasive phase is an intermediate stage and should be 
morphologically recognized.

In conclusion, proliferative index determined by Ki-67 is 
an useful for differential diagnosis of PA and CXPA, even in 
the early invasive phase, as the values in the carcinomatous 
areas are higher than in PA. 
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Resumo

Carcinoma ex adenoma pleomorfo (CXAP) tem sido considerado um 
interessante modelo de carcinogênese, apresentando vários subtipos 
histológicos e fases de invasividade. Determinar o índice proliferativo de 
CXAP e compará-lo ao adenoma pleomorfo (AP). e seis casos de CXAP, 
36 AP, e 22 áreas de AP em CXAP (AP residual) foram estudadas através 
da expressão de Ki-67. Todos os casos de CXAP foram classificados 
de acordo com a fase de invasividade (intracapsular, minimamente 
invasivo e francamente invasivo) e de acordo com os diversos subtipos 
histopatológicos. Os dados foram estatisticamente analisados através dos 
testes Wilcoxon, Mann-Whitney e Kruskal-Wallis. O grupo de CXAP era 
formado por 5 intracapsulares, 9 minimamente invasivos e 22 francamente 
invasivos. Quinze casos corresponderam a carcinoma de ducto salivar, 7 a 
adenocarcinoma nos, 7 a carcinoma mioepitelial, 5 a carcinoma epitelial-
mioepitelial, 1 a carcinoma epidermoide e 1 a carcinoma sarcomatóide. 
Os índices de Ki-67 de AP e AP residual foram significativamente menores 
que o encontrado em CXAP. Os casos intracapsulares e minimamente 
invasivos mostraram índices proliferativos menores que os francamente 
invasivos. Considerando os subtipos histológicos de CXAP, não houve 
diferença estatística entre eles. Ki-67 é um marcador útil no diagnóstico 
diferencial de AP e CXAP, mesmo quando o carcinoma está em fase 
precoce de invasividade. 
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