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ABSTRACT
Adenoic cystic carcinoma (SACC, ACC) in the head and neck area, occurring in small and large salivary glands 

are relatively rare tumors, usually undergoing slow progression. ACC is characterized by a different clinical course 

compared to other cancers, with a long latency period, a tendency to form late, initially asymptomatic metastases 

and a small percentage of responses to systemic treatment. This article presents current recommendations for 

diagnostic procedures and treatment possibilities. 
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Introduction

Adenoid cystic carcinomas (ACC) in the head and 
neck area, occurring in small and large salivary glands 
(salivary adenoid cystic carcinoma [SACC]), comprise 
a relatively rare form of cancers, usually of slow pro-
gression. This type of cancer was described for the first 
time by Billorth in 1859 as a “cylindroma”, due to the 
formation of specific structures resembling cylindro-
matosis. ACCs are characterised by a different clinical 
course compared to other cancers, with a long latency 
period, a tendency to form late, initially asymptomatic 
metastases, and a low response rate to systemic treat-
ment [1, 2].

Epidemiology

ACCs account for about 1% of all malignant neo-
plasms of the head and neck region and 10% of all sali-
vary gland tumours. ACCs develop more often in small 
than in large salivary glands. Locations outside the large 
salivary glands include the salivary glands of the tongue, 
paranasal sinuses, the palate, nasopharynx, or lacrimal 
glands. Adenoid cystic carcinomas extremely rarely de-
velop in the secretory glands such as the bronchial tree, 
oesophagus, mammary glands, lungs, prostate, cervix, 
or Bartholin’s glands [2–9]. ACCs in head and neck 
organs can occur at any age. Some authors indicate that 
in patients before 40 years of age and over 60 years of 
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age there are higher relapse rates. Many authors report 
that ACCs are more often diagnosed in women than in 
men. According to Dillon, this ratio is 60:40 and may be 
associated with more favourable prognosis in women, 
although this is not confirmed by the results of some 
other studies [1, 3, 9–11].

Pathomorphological characteristics

Originally, ACCs were called “cylindroma” due to 
their characteristic pathomorphological picture, con-
sisting of cylindrical epithelial cells with the presence of 
hyaline stroma. ACC cell nuclei are hyperchromatic and 
contain a small amount of transparent or eosinophilic 
cytoplasm [1, 3, 4, 12, 13].

In the electron microscope image, two-phase dif-
ferentiation of elements is visible in immunohisto-
chemical studies — both myoepithelial and glandular 
secretory, with the former being dominant. Malignant 
cells can also produce glandular-like structures based 
on the glycosaminoglycan matrix and basement mem-
brane elements.

Based on pathomorphological examination, three 
subtypes of cancer are distinguished: cribriform (most 
common), tubular, and solid (most clinically aggres-
sive). Five-year and 15-year survival rates in patients 
with high- and medium-differentiated forms of ACC 
(pathomorphologically corresponding to cribriform and 
tubular types) are approx. 90% and 40%, respectively.

In the cribriform subtype islands of basaloid cells 
are visible, surrounded by cystic structures of varying 
sizes, similar in structure to “Swiss cheese” [14]. The 
tubular subtype has a cytological appearance similar 
to that of the cribriform subtype, but the tumour cells 
are located in nests surrounded by a variable amount 
of eosinophilic, often hyaline stroma. The cells of 
solid ACC are characterised by a cluster of basaloid 
cells without tubules or pseudocystic structures. The 
solid type is often diagnosed in advanced stage with 
the presence of distant metastases [3, 14, 15]. ACCs 
indicate a high tendency to spread along nerve struc-
tures [3, 14]. Myoepithelial tumour cells surrounding 
pseudocysts show a positive response for smooth muscle 
actin, S100, vimentin, and smooth muscle myosin heavy 
chains, as well as a strong reaction for c-KIT (CD117) 
and MYB tyrosine kinase receptors, regardless of the 
degree of malignancy. It is believed that the expression 
of c-KIT and vascular endothelial growth factor recep-
tors (VEGFR) may correlate with an aggressive course 
of the cancer and unfavourable prognosis. It cannot 
be excluded that the interaction between Beclin-1 and 
p53 and Bcl-2 may play a role in the pathogenesis of can-
cer and that P53 expression is particularly pronounced 
during disease progression [3, 4, 6, 12, 16–18].

Molecular disorders

Many researchers point to the inability to perform 
detailed analyses of ACC pathogenesis mechanisms due 
to the lack of verified cell lines. However, the available 
results of tests using primitive xenografts provide some 
interesting observations [3, 18]. Analysis of tumour 
RNA using microarrays revealed that the expression 
of genes responsible for myoepithelial ACC differen-
tiation is associated with the presence of transcription 
factor SOX4 [3, 19]. Under physiological conditions, 
SOX4 regulates embryonic development and probably 
oncogenesis. Overexpression of casein kinase 1 (CK1), 
epsilon, and frizzled-7 is also observed, which may 
induce the Wnt/b-catenin signalling pathway and thus 
carcinogenesis. Expression of C-kit protein was also 
demonstrated in most ACC cells that correlated with 
the degree of cell proliferation [3, 20].

There was no correlation between bcl-2 protein ex-
pression, c-erbB-2 overexpression, transforming growth 
factor-alpha, epidermal growth factor receptor, and 
oestrogen and progesterone receptors and the degree of 
cancer differentiation and clinical progression [22–26]. 
A significant percentage of ACC patients have been 
found to have androgen receptor expression, which may 
be an important pathological marker of the disease [14].

The assessment of risk factors for overall survival 
(OS) and disease-free survival (DFS) in ACC indicates 
that one of them is perineural infiltration [9, 22]. There 
are few studies available explaining the pathomechanism 
of the molecular causes of this phenomenon. Some of 
them confirmed in vitro that the adhesion molecule of 
nerve cell is a basement membrane glycoprotein in ACC 
cell lines, and ACC cells stain evenly positively for the 
nerve cell adhesion molecule regardless of the degree of 
invasion. Kowalski demonstrated the expression of cyto-
plasmic protein BDNF (brain-derived neurotrophic fac-
tor) in ACC cells regardless of the degree of histological 
malignancy or perineural invasion. BDNF belongs to the 
neurotrophin family. These proteins have trophic func-
tions and affect the proliferation, migration, differentia-
tion, and integrity of many types of neurons. Neurons 
transport BDNF retrograde (target towards neuron) and 
anterograde (neuron to target), providing complex inter-
actions between neurons and target tissues. The effect 
of BDNF on perineural invasion is attributed to the fact 
that indirect transport of BDNF protein from peripheral 
nerves is ultimately taken up by the target tissue, in this 
case ACC cells. An alternative hypothesis is that ACC 
may have a reverse function and spontaneously produce 
BDNF, creating a concentration gradient reached by 
peripheral nerves. The latter hypothesis undermines the 
findings to date that peripheral nerves are static entities 
actively infiltrated by cancer cells, which may be specific 
for ACC cells [22, 27, 28].
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ACC is characterised by the presence of numer-
ous somatic genetic mutations and characteristic 
chromosomal mutual translocations. One of the most 
important seems to be the translocation between chro-
mosomes 6q and 9p ([6; 9] [q22–23; p23–24]), which is 
quite characteristic for this cancer and occurs in about 
86% of patients. Persson was the first to demonstrate 
that this rearrangement results in the combination of 
MYB oncogene and nuclear transcription factor I/B 
(NFIB), which may result in the activation of MYB 
targets, affecting apoptosis, cell cycle control, and cell 
proliferation [3, 29–31]. Another significant demon-
strated translocation was t (11; 19) causing the fusion 
of CTRC/MAML2 genes. It has specific implications 
because clinical observations indicate that tumours in 
which fusions occur are less aggressive than those with-
out fusion. Numerous studies are currently underway 
using new therapeutic targets, such as transcription 
factors and cancer fusion proteins [14, 32].

Distant metastases

A characteristic feature of ACC is not only slow local 
progression, but also relatively rare regional lymph node 
involvement. It is believed that a significant percentage 
of local recurrences and distant metastases seen after 
local treatment are associated with perineural infiltra-
tion, which results in a lack of microscopic radicality of 
surgery and a tendency to form haematopoietic metas-
tases, even at early stages [9, 10, 15, 32, 33].

Adenoid cystic carcinomas have a long latency of dis-
tant metastases (up to 15 years), and the main metastatic 
sites are lungs and bones. In observation of 467 patients 
treated between 1963 and 2009, Gao reported distant 
metastases in 45 patients (31.0%); 20% of them had 
early disease progression and no local recurrence. The 
incidence of metastases has been shown to be dependent 
on the histopathological subtype and is 47.7%, 29.9%, 
and 27.3% in solid, cribriform, and tubular subtypes, 
respectively (16–35% on average) [34]. Other risk fac-
tors associated with unfavourable survival prognosis 
include the stage at diagnosis, advanced age, and lack 
of radical resection [4].

Due to the specific clinical course, particularly 
long-term follow-up is recommended in patients with 
solid subtype ACC, a significant proportion of whom 
have distant metastases. In 20-year follow-up, at inter-
vals of 5, 10, 15, and 20 years, the overall survival rate 
in patients with distant metastases is 69.1%, 45.7%, 
26.5%, and 14.3%, respectively, and in metastatic pa-
tients 85.6%, 67.4%, 57.6%, and 50.4%, respectively. 
More than half of patients with distant metastases have 
been shown to die within 10 years, and more than half 
without metastases survive for 20 years after diagnosis 

of ACC [34]. In a study by Sung, the median survival of 
ACC patients with distant metastases was 38 months 
(1–149 months), and in studies by Matsuba and Gao, 
48 months and 36 months, respectively [34–36].

The Monterio study found that distant metastases 
were most often diagnosed in lungs (78.6%) as well as 
in liver and bones (21%), and less frequently in kidneys 
and brain (approx. 3.5%). It was observed that patients 
with limited lung metastases had a better prognosis 
compared to other patients with metastases [4].

Radical treatment

Surgery is the treatment of choice in the early stages 
of ACC. Indications for adjuvant radiotherapy include 
a narrow or positive surgical margin without the possibil-
ity of radicalisation, lymph node involvement, significant 
local advancement, or perineural infiltration. Although 
no prospective clinical trials have been carried out so 
far, the results of retrospective analyses indicate that 
patients benefit from such a procedure. For example, 
the results of a study by the Dutch Head and Neck 
Oncology Cooperative Group showed a lower rate of 
local recurrence after adjuvant radiotherapy [14]. British 
experience, based on the analysis of 50 cases of patients 
with salivary gland cancers, also confirmed a high rate 
of local cure, reaching 96% with adjuvant radiotherapy 
after surgical treatment with facial nerve sparing. In the 
Miglanico retrospective study, the percentage of cases 
without recurrence in the five-year follow-up in patients 
treated with adjuvant radiation was 78% compared to 
44% after surgery alone [40]. In another historical study, 
Simpson reported that in patients either receiving adju-
vant radiation therapy or undergoing surgery alone the 
10-year local cure rate was 83% and 25%, respectively 
[3, 41]. Mendenhall et al. reported local cure rates for 
radiotherapy alone and surgery with complementary 
radiotherapy of 56%, 94% and 43%, 91%, respectively, 
and overall control rates of 77% and 69%, respectively. 
The five- and 10-year distant metastases-free survival 
rates were 80% and 73%, respectively. The five- and 
10-year OS rates were: 57% and 42% for radiotherapy 
alone; 77% and 55% for surgery with complementary 
radiotherapy; and 68% and 49% for the whole observa-
tion. Tumour size (p = 0.0043) and clinical perineural 
invasion (p = 0.0011) were the most important factors 
affecting OS in multivariate analysis [42].

In the case of significant local advancement exclud-
ing the use of surgery, radiotherapy is the treatment of 
choice. In many clinical situations, radiation is a pal-
liative method of treatment reducing cancer-related 
symptoms [14].

Treatment with radiotherapy using fast neutrons 
produced interesting results in patients with ACC.  
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In theory, this method has higher biological efficiency 
compared to conventional radiotherapy with photons or 
electrons. In a small, phase III study the local cure rate 
was 56% after neutron treatment and 17% after photon 
irradiation (p = 0.009) [14, 43].

Unfortunately, neutron radiation therapy is as-
sociated with more frequent late complications and 
a higher incidence of distant metastases, although the 
latter may be the result of longer survival. The results 
of subsequent studies confirm these reports. Currently, 
radiation therapy using neutrons is not recommended 
in ACC [14, 42, 43].

There are scarce data regarding the effectiveness 
of radiochemotherapy, both as independent treat-
ment and as complementary treatment after surgery. 
Among others, this results from the limited activity of 
cisplatin, which is the most commonly used cytostatic in 
combination with radiation therapy in ACC patients. In 
a retrospective study evaluating the effectiveness of 
chemoradiotherapy (RADPLAT) with intra-arterial 
cisplatin administration, Samant noticed a therapeutic 
response in 14/16 patients (seven complete and seven 
partial responses). The overall percentage of responses, 
relapses, and local cures during the five-year follow-up 
was 87%, 39%, and 61%, respectively. Progression was 
found in eight patients, including eight in the form of 
distant metastases and three in the form of local recur-
rence [44].

Due to the limited population of patients undergoing 
chemoradiotherapy using intravenous or intra-arterial 
cisplatin, data on the effectiveness of this method should 
be interpreted with caution, especially those regarding the 
control of distant metastases due to the specific kinetics of 
ACC cell growth and the long latency period of symptoms 
observed in this cancer. Nevertheless, it cannot be ruled 
out that this may be an effective therapeutic method for 
specific patient populations [43, 44]. There is currently 
a clinical trial ongoing dedicated to assessing the efficacy 
of complementary combined therapy compared to radio-
therapy alone in patients with high-risk salivary gland 
cancer after surgery (RTOG 1008 — A Randomized 
Phase II/III Study of Adjuvant Concurrent Radiation 
and Chemotherapy Versus Radiation Alone in Resected 
High-Risk Malignant Salivary Gland Tumors) https://
clinicaltrials.gov/ct2/show/NCT01220583 [45]. It cannot 
be ruled out that the results of this study will greatly con-
tribute to establishing the standard of adjuvant treatment 
in patients with ACC.

Chemotherapy

The effectiveness of standard chemotherapy in 
patients with ACC is limited, among others due to the 
slow proliferation of cancer cells. Many analyses assess-
ing the activity of classic chemotherapy indicate its low 

effectiveness [46–48]. The subject of several studies has 
been a chemotherapy regimen combining anthracyclines 
with platinum derivatives (cyclophosphamide, doxoru-
bicin, and cisplatin) [46, 49]. There was no significant 
advantage of the triple-drug scheme over monotherapy, 
but it should be noted that so far no large, prospective 
studies with random patient selection comparing multi- 
and single-drug regimens have been conducted [46].  
In 2016, a summary of research conducted in the years 
2001–2015 on the use of chemotherapy in salivary 
gland tumours, including ACC, adenocarcinoma not 
otherwise specified (NOS), and mucoepidermoid car-
cinoma (MEC), was published. This is one of the few 
large studies concerning the use of chemotherapy in 
patients with ACC [46]. It has been shown that in most 
studies, cisplatin or carboplatin was used in multi-drug 
regimens. Nearly 50% of analyses were dedicated to 
ACC. It was emphasised that the results of four studies 
may indicate the potential effectiveness of multi-drug 
regimens containing platinum derivatives. Airoldi in 
a small, randomised study reported higher therapeu-
tic response rates in patients treated with cisplatin 
and vinorelbine compared to vinorelbine alone (44% 
and 20%, respectively). The objective response rate 
(ORR) as well as OS showed a trend towards statistical 
significance in favour of the combination arm [50]. In 
another analysis presented in this publication, regarding 
chemotherapy consisting of cisplatin and mitoxantrone, 
the objective response rate was 14% and median OS was 
27 months [51]. In the analysis by the National Cancer 
Institute of Canada Clinical Trials Group, in patients 
with advanced salivary gland cancers, including ACC, 
treated with cisplatin and gemcitabine the objective 
responses rate was 24%. Four out of eight patients 
with adenocarcinoma had a partial response, and in 
one case it was complete response [52, 53]. The results 
regarding three-drug regimen published by Ross (cispl-
atin/carboplatin, epirubicin and 5-flurouracil) in eight 
ACC patients demonstrated low efficacy, and objective 
response was reported in a single case. However, the 
author emphasised the potential benefits in terms of 
median survival of 27 months. It should be critically 
noted that the naturally slow cancer course could have 
had a paramount influence on survival [53, 54].

The reports regarding efficacy of single-agent 
chemotherapy are also limited. In 2006, the results of 
the Eastern Cooperative Oncology Group study using 
paclitaxel showed 18% responses, but only for patients 
with adenocarcinoma or MEC (29% adenocarcinoma 
and 21% MEC); no objective responses were observed 
in patients with ACC. Overall survival was comparable 
for all subtypes, which only confirmed other observa-
tions that the use of systemic therapy does not translate 
into an increase in overall survival benefit in metastatic 
salivary gland cancer [46, 55]. No benefit was seen in 
a study with gemcitabine in patients with ACC.

https://clinicaltrials.gov/ct2/show/NCT01220583 %5b45
https://clinicaltrials.gov/ct2/show/NCT01220583 %5b45
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Based on current knowledge, it is advisable to 
recommend individual consideration of indications to 
chemotherapy, taking into account the naturally slow 
course of ACC in many cases. In asymptomatic patients, 
the implementation of chemotherapy should be deferred 
until the onset of symptoms or dynamic tumour progres-
sion. There are no reliable data showing the potential 
for any chemotherapy regimen to affect the survival in 
ACC patients.

Targeted therapy

The lack of satisfactory efficacy of standard 
chemotherapy, as well as the use of modern molecu-
lar diagnostic techniques, contributed to an increase 
in experience with the use of molecularly targeted 
treatment in ACC patients. The premise for the use 
of this type of therapy is the presence of numerous 
molecular abnormalities that are potential therapeutic 
goals. A theoretically attractive target appeared to be 
C-KIT overexpression occurring in a high percentage of 
ACC cells (65% to 90%) [3, 14, 46, 53]. Unfortunately, 
the results of studies using imatinib were unsatisfactory 
and only two of 42 patients in four phase II studies ob-
tained objective responses. The addition of cisplatin did 
not increase the number of therapeutic responses. It 
cannot be excluded that the underlying phenomenon 
is the lack of molecular activity of C-KIT receptors, 
despite the overexpression. There was also no evidence 
of mutations in exon 9 or 11 of C-KIT gene in ACC 
cells, which were found in gastrointestinal stromal 
tumours [46, 56–59].

Attempts have also been made to use monoclonal 
antibodies and tyrosine kinase inhibitors such as cetuxi-
mab, gefitinib, and lapatinib [46, 60–62, 64–66]. There 
were no objective therapeutic responses after gefitinib 
or lapatinib use, but 79% of patients treated with lapa-
tinib had disease stabilization, which in 36% lasted for 
six months or longer [64]. On the other hand, in a study 
with cetuximab and cisplatin the percentage of complete 
responses in patients with positive EGFR receptor was 
22% (in 2/9 patients), and the proportion of partial 
responses was also 22% (2/9 patients) [57]. In patients 
with distant metastases, partial responses were recorded 
in 42% of patients (5/9 patients). Compared to gefitinib 
and lapatinib, cetuximab appears to be more effective, 
although the small number of treated patients requires 
caution in these types of claims [46, 64].

Multi-kinase inhibitors such as dovitinib, axitinib, 
sunitinib, sorafenib, and regorafenib have also been 
the subject of many studies. There were no complete 
responses in the study with sunitinib. Three further stud-
ies showed a partial response rate of approximately 10% 
[2/19 patients, 10.5% for dovitinib, 3/33 patients, 9% 
for axitinib and 2/19 patients (10.5%) in the sorafenib 

group] [59]. Sorafenib was evaluated in two studies 
— one limited to ACC patients and one in a mixed popu-
lation. Thomson reported 11% of total responses and 
a median OS of 19.6 months in ACC patients. Similarly, 
Locati et al. reported an overall response rate of 16% 
with a difference observed in ACC patients compared 
to others (11 vs. 22%) [46].

During the American Society of Clinical Oncology 
(ASCO) Annual Meeting in 2018 the results of two 
phase II studies assessing the efficacy of another tyrosine 
kinase inhibitor — lenvatinib — with selective kinase 
inhibitory activity for VEGFR1–3, FGR 1–4, and PDGF 
in recurrent/metastatic ACC were presented.

Tchekmdyian showed that 15.6% of patients 
achieved partial remission, disease stabilisation was 
achieved in 75%, and the progression-free survival was 
16.4 months. [67] In contrast, Locati showed a total 
percentage of partial and total responses of 27% [68].

Despite the presence a significant percentage of 
the mutation covering the FGF-PI3K-AKT pathway in 
the molecular analysis of ACC cells, no patients were 
found to benefit from treatment with the AKT inhibitor  
MK-2206 and the mTOR inhibitor everolimus [46]. 
Similarly, nelfinavir, a proteasome inhibitor that proved 
effective in inhibiting AKT, did not affect the objective 
responses in patients with ACC [46]. It cannot be ex-
cluded that the reason for this phenomenon is the lack 
of specific genetic changes on this pathway being the 
therapeutic target in each cell line.

There was no benefit from the use of vorinostat, 
a histone deacetylase inhibitor (response rate approx. 
3%), although theoretically ACC should have abnor-
malities in epigenetic regulation [46].

Particularly promising results were related to treat-
ment with an eribulin inhibitor with an objective partial 
response rate of 10% [46, 65]. It seems that the use of 
eribulin inhibitors in patients with advanced or meta-
static ACC will be a very promising direction for further 
research. Other potential targets of the experiment are 
fusion transcripts, such as ETV6-NTRK3 [43, 46, 64, 
65], which characterise some malignant tumours of the 
salivary glands and are likely to be further targets for 
specific inhibitors (NCT02576431).

Current reports from prospective clinical trials indi-
cating increasingly long disease control in ACC provide 
the basis for the further search for effective molecularly 
targeted therapies. This seems to be the most effective 
direction for clinical experience.

Hormonal therapy

Although no prospective studies have been con-
ducted to assess the efficacy of hormone therapy in 
ACC patients to date, the presence of androgen receptor 
expression may be a potential therapeutic target.
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Data from a retrospective study using bicalutamide 
and triptorelin show a therapeutic response of 65% [46]. 
In the Locati et al. analysis, the percentage of complete 
responses was 20% [43, 44, 46]. Second-line hormone 
therapy with abiraterone, a CYP17 inhibitor, has also 
been shown to be effective after first-line androgen 
deprivation failure [46]. Currently, EORTC is conduct-
ing a randomised, multicentre phase II study in Europe 
to assess the effectiveness of androgen deprivation in 
salivary gland cancer with positive androgen receptor 
expression (NCT01969578) [45].

Immunotherapy

Immunotherapy is one of the most promising 
trends in the development of systemic treatment in 
oncology. Clinical trials are also being carried out to 
assess the effectiveness of immunotherapy in patients 
with ACC. Previous preclinical experience suggests 
that programmed death ligand-1 (PD-L1) expression 
is associated with unfavourable disease-free survival 
and possibly with overall survival [56]. The preliminary 
data of the phase 1b KEYNOTE-028 study presented at 
ASCO 2016, which concerned patients with non-ACC, 
showed disease stabilisation in 12 patients (46%) and 
a time to progression of 20.7 months. In ACC patients, 
anti-cancer vaccines and adoptive immunotherapy using 
lymphopine-activated cells (LAKs) and cytokines were 
tested in a small number of clinical studies [59].

An in vitro study of immunotherapy on ACC cell line 
by a Chinese group of researchers confirmed that LAK 
cells showed cytotoxicity to ACC cells. The authors also 
concluded that both TNF-a and IFN-g may enhance 
this cytotoxic process. It was previously reported that 
these cytokines induced differentiation and apopto-
sis. CTLA4 and PD-L1 receptors are other therapeutic 
targets that are under investigation, but available data 
are limited. It is necessary to conduct clinical trials 
dedicated exclusively to ACC [59].

Summary

Surgery combined with radiotherapy remains the 
standard radical treatment of ACC patients. The 
unsolved problem is still the management of distant 
metastases or inoperable relapses, which is associated 
with ACC resistance to conventional systemic treatment. 
The application of modern methods of molecular and 
genomic diagnostics and molecularly targeted therapy to 
clinical practice has significantly increased the percent-
age of total cures and has prolonged the survival in pa-
tients with cancer. The results of clinical trials obtained 
so far allow us to believe that also in the case of such 

a distinctive cancer as ACC it will be possible to obtain 
satisfactory clinical responses that will translate into the 
extension of overall survival in advanced stages. The 
most promising direction of research seems to be the 
analysis of the effectiveness of eribulin, an inhibitor of 
dynamic microtubule instability in ACC. Preliminary 
results are very encouraging.

Another attractive research direction is the use 
of immunotherapy in ACC. Due to the rarity of the 
cancer and its different biology, it is most justified that 
this group of patients should be treated in reference 
centres with access to the experimental base, including 
diagnostic laboratories using high-tech molecular and 
genomic techniques. Patients with advanced forms of 
ACC should have an opportunity to participate in clini-
cal trials. In the case of heterogeneous cancers such as 
ACC, the “unisize” approach must be avoided. When 
selecting a therapy, one should be guided by stage, 
performance status, the presence of comorbidities, and, 
above all, the patient’s preferences regarding optimal 
management. In classic advanced ACC forms of slow 
course, especially in cribriform and tubular subtypes, 
observation may be considered.

Adenoid cystic carcinomas are still a challenge for 
the oncologist. They require experience and a multi-
disciplinary approach to the patient. Despite the ap-
plication of innovative diagnostic methods to clinical 
practice and progress in treatment, ACC still remains 
a complex problem for the diagnostician and therapist, 
often called the “paradox” of oncology. It is hoped 
that interdisciplinary cooperation using translational 
medicine will change the face of this rare and still 
mysterious disease.
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ABSTRACT 
Haematological toxicity of chemotherapy is a very important problem in oncology. The introduction of granulocyte 

colony-stimulating factor (G-CSF) into clinical practice is one of the most important breakthrough moments in 

supportive care. The use of G-CSF allows to reduce the risk of febrile neutropenia and maintain the intensity of 

oncological treatment, so increases not only the safety, but also the effectiveness of cancer therapy. The application 

of biosimilars, including biosimilar filgrastim and pegfilgrastim, was another important step that made it possible 

to increase access to modern biological medicines. 
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Introduction

Haematological toxicity remains one of the most 
common side-effects of chemotherapy. Neutropaenic 
fever as a potentially fatal complication is still a very sig-
nificant problem in cancer patients. The introduction of 
filgrastim into clinical practice (followed by long-acting 
granulocyte colony-stimulating factors [G-CSFs]) was 
one of the most important breakthroughs in oncological 
supportive care and gave oncologists a tool with which 
to use systemic treatment safely and more effectively. 
The introduction of biosimilars, including bioequivalent 
filgrastim and pegfilgrastim, was another important 
step that increased the availability of modern biologi-
cal drugs. 

G-CSF in the prevention of neutropaenic 
fever

Granulocyte colony-stimulating factor (G-CSF) is 
a natural cytokine that stimulates haematopoietic pro-
genitor cells, leading to increased production and release 
of neutrophils from the bone marrow and prolonging 
their survival. The history of clinical studies assessing 
the activity and safety of filgrastim in cancer patients 
receiving chemotherapy dates back to 1988 [1]. The 
main indication for the use of G-CSF preparations is 
prevention of neutropaenic fever. It is recommended 
that G-CSF be used for primary prevention in situations 
where the risk of neutropaenic fever is 20% or higher. 
This recommendation appears in both national (Polish  

https://orcid.org/0000-0002-4442-9832
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Society of Clinical Oncology [2]) and international 
guidelines, including ESMO (European Society of Medi-
cal Oncology [3]), ASCO (American Society of Clinical 
Oncology [4]), and NCCN (National Comprehensive 
Cancer Network) [5]. The basic determinant of risk level 
is the chemotherapy regimen used. When chemotherapy 
regimens with a 10–20% risk of neutropaenic fever are 
used, G-CSF in primary prevention may be considered 
in the presence of other factors predisposing to this 
complication, which are:

—— age ≥ 65 years;
—— advanced cancer;
—— an earlier episode of neutropaenic fever;
—— impaired general condition (ECOG ≥ 2);
—— impaired nutritional status (albumin < 35 g/L);
—— concomitant diseases (the risk increases with the 
number of diseases), in particular cardiovascu-
lar diseases;

—— response to treatment (the highest risk in patients 
who did not experience disease remission, the lowest 
risk if complete response is achieved);

—— inflammation of mucous membranes (mucositis) lin-
ing the mouth and/or gastrointestinal tract (severity 
and duration of mucositis impact the risk).
Secondary prophylaxis (after a previous episode 

of neutropaenic fever) includes the prevention of sub-
sequent episodes as well as a reduction in the time of 
neutropaenia, which may affect the delay of subsequent 
chemotherapy cycles. Secondary prophylaxis should be 
considered, especially if delayed systemic treatment 
or dose reduction might have a significant impact on 
the effectiveness of treatment. This situation primar-
ily concerns radical treatment, where maintaining the 
right dose intensity can affect the probability of cure. 
Obviously, this does not exclude the use of G-CSF in 
secondary prevention in patients undergoing palliative 
treatment. Each decision should be individualised and 
analysed in the context of a specific clinical situation.

There are a number of clinical studies and several 
meta-analyses as well as systematic reviews summaris-
ing the benefits of using G-CSF in the prevention of 
neutropaenic fever. The meta-analysis by Kuderer et al. 
summarised the results of 17 randomised clinical trials 
(including one assessing the effectiveness of pegylated 
form), which involved in total 3493 patients. The analysis 
showed a significant reduction in the risk of neutropae-
nic fever (RR 0.538, 95% CI 0.430–0.673), infection-re-
lated mortality (RR 0.552, 95% CI 0.338–0.902), and 
early mortality for any reason during chemotherapy 
(RR 0.599, 95% CI 0.433–0.830). In the group of pa-
tients receiving prophylactic G-CSF, it was possible to 
maintain the assumed dose intensity on average 95.1% 
(range 71.0–95.0%), while among patients receiving 
placebo it was 86.7% (91.0–99.0%). This difference was 
statistically significant (p < 0.001) [6].

Another meta-analysis published in 2005 by Clark 
et al. Included 13 studies (1569 patients). It showed 
shortening of hospitalisation among patients receiving 
primary G-CSF prophylaxis (HR 0.63, 95% CI 0.49–0.82, 
p = 0.0006) and shortening of the time to return neutro-
phil levels to their baseline (HR 0.32, 95% CI 0.23–0.46, 
p < 0.0001). There was a boundary statistical signifi-
cance regarding risk reduction of infection-related death 
(OR 0.51, 95% CI 0.26–1.00, p = 0.05) and a statistically 
insignificant reduction in overall mortality (OR 0.68, 
95% CI 0.43–1.08, p = 0.1) [7].

Long-acting G-CSFs

Given the short half-life of filgrastim and the asso-
ciated necessity of daily administration, attempts have 
been made to chemically modify the molecule to extend 
the elimination time. 

Pegfilgrastim is a modified filgrastim molecule. The 
modification involves the binding of polyethylene glycol 
(PEG) to the filgrastim molecule at the N-terminus of 
the polypeptide chain. Modification of the molecule 
does not affect the interaction with G-CSF receptor 
and the biological function of the drug. Considering 
the size of the PEG component (approx. 20 kDa), 
the drug is practically not subject to renal clearance. 
Elimination is mainly based on neutrophil clearance 
(it involves internalising the drug after binding to the 
G-CSF receptor) [8]. This mechanism is specifically 
self-regulated; the serum concentration of the drug 
decreases more slowly during the nadir, while the elimi-
nation of the drug is accelerated during the period of 
increase in neutrophil levels. The bioavailability of the 
drug is 60–70%. After subcutaneous administration, it 
is slowly absorbed, and the maximum drug concentra-
tion occurs after 1–2 days. Due to the half-life (approx. 
15–80 hours vs. 110 minutes for filgrastim), a single drug 
administration does not have to be repeated in the fol-
lowing days and constitutes full treatment for one cycle 
of chemotherapy.

Pegfilgrastim was registered by the FDA (Food and 
Drug Administration) and EMA (European Medicines 
Agency) in 2002. The drug was the subject of two pivotal 
phase III studies in which the effectiveness of a single 
dose of pegfilgrastim was compared with repeated daily 
administration of filgrastim. In the first study, a group of 
310 breast cancer patients receiving chemotherapy based 
on doxorubicin and docetaxel were analysed. There were 
no significant differences in reducing the duration of 
neutropaenia (1.7 days for pegfilgrastim and 1.8 days 
for filgrastim), while the incidence of neutropaenic fe-
ver was lower in the pegfilgrastim group (9% and 18%, 
respectively) [9]. In the second of these studies, a group 
of 157 patients receiving a similar chemotherapy regi-
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men (doxorubicin with docetaxel) was analysed. Similar 
duration of grade 4 neutropaenia was observed in both 
arms (1.8 and 1.6 days), while the incidence of febrile 
neutropaenia was 13% and 20%, respectively [10]. In 
a study by Vogel et al. the effectiveness of pegfilgrastim 
prophylaxis was compared with placebo in a group of 
928 patients treated with docetaxel alone. The drug was 
significantly more effective in the analysis of endpoints 
such as the frequency of neutropaenic fever (1% vs. 17%, 
p < 0.001), the frequency of hospitalisations associ-
ated with neutropaenic fever (1% vs. 14%, p < 0.001), 
and the use of intravenous antibiotics (2% vs. 10%, 
p < 0.001) [11]. 

Another long-acting form of G-CSF (registered in the 
European Union but not in the US) is lipegfilgrastim, in 
which the filgrastim molecule undergoes modification 
involving binding to methoxypolyethylene glycol via a car-
bohydrate linker (glycopegylated form of filgrastim). The 
effectiveness of lipegfilgrastim was assessed in two pivotal 
phase III studies. In the first study (XM22-03) the drug 
was used in the prophylaxis of neutropaenia in 202 breast 
cancer patients undergoing chemotherapy with doxorubi-
cin and docetaxel. There were no significant differences in 
the incidence of severe neutropaenia (ANC < 0.5 × 109/L) 
and the duration of neutropaenia both in the first and sub-
sequent treatment cycles [12]. Another study (XM22-04) 
compared the effectiveness of prophylactic lipegfilgrastim 
with placebo. The study included 375 patients with non-
small cell lung cancer receiving chemotherapy according 
to the EP regimen. The primary endpoint, a statistically 
significant reduction in the frequency of neutropaenic fe-
ver after the first cycle of chemotherapy, was not achieved. 
The study, however, showed greater effectiveness of the 
drug in reducing the duration of deep neutropaenia and 
the depth of nadir [13].

Comparison of effectiveness between 
short- and long-acting drugs

A number of studies have been published comparing 
the efficacy of short- and long-acting G-CSF prepara-
tions. Available data are conflicting; although some 
results indicate higher effectiveness of pegfilgrastim, 
others do not confirm this observation. A meta-analysis 
by Pinto et al. was aimed at a comparison of the effec-
tiveness of a single dose of pegfilgrastim with the daily 
dosage of filgrastim (the number of filgrastim doses per 
chemotherapy cycle was 10–14). Five clinical trials were 
included in the analysis, in which 617 patients participat-
ed. Analysis showed a higher efficacy of pegfilgrastim 
in the prevention of neutropaenic fever (RR 0.64, 95% 
CI 0.43–0.97) [14]. Another meta-analysis (Cooper et 
al.) showed similar results; it evaluated the effectiveness 
of G-CSFs in patients undergoing chemotherapy for 

solid and haematological cancers. In total, 20 studies 
comparing the effectiveness of primary prevention with 
a lack of prevention were included in this meta-analysis 
(n = 4710). The meta-analysis showed a statistically 
significant 49% reduction (95% CI 0.41–0.62) of the 
relative risk of neutropaenic fever, with relative risk 
0.57 (0.48–0.69) for filgrastim and 0.30 for pegfilgrastim 
(0.14–0.65). In some studies (5) included in the analysis, 
the effectiveness of pegfilgrastim and filgrastim was 
compared, which in a combined analysis led to a sta-
tistically significant difference in favour of its long-act-
ing form (HR 0.66, 95% CI 0.44–0.98) [15]. In turn, 
a meta-analysis by Cornes et al. showed no significant 
difference in preventing febrile neutropaenia between 
long- and short-acting drugs (although numerically it 
was a small difference in favour of long-acting mole-
cules [RR 0.86, 95% CI 0.68–1.10]), while it indicated 
an advantage of long-acting drugs both in preventing 
the reduction of cytotoxic drug dosage (RR 0.69, 95% 
CI 0.57–0.83) as well as delays in their administration 
(RR 0.70, 95% CI 0.62–0.79) [16]. It is difficult to say 
unequivocally whether these differences are due to the 
actual higher efficacy of long-acting forms of G-CSF or 
rather to the use of an overly low total dose of short-act-
ing drugs (it is estimated that a single administration of 
pegfilgrastim 6 mg is equivalent to 11 administrations of 
filgrastim [17, 18]).The latter scenario seems more likely.

Adverse events

The most common side effects related to the use of 
filgrastim (including long-acting forms) are transient 
flu-like symptoms (osteoarticular and muscle pain, 
occurrence of low-grade fever, less often fever). These 
symptoms are usually mild to moderate and resolve 
without intervention. They can be relieved with the 
use of painkillers and anti-inflammatory drugs. In the 
meta-analysis by Kuderer et al. the aforementioned 
symptoms were reported in 10.4% of patients in the 
control group (receiving placebo) and in 19.6% of pa-
tients in the group receiving G-CSF (RR 4.023, 95% CI 
2.156–7.52) [6]. In turn, one of the parameters assessed 
in the previously mentioned meta-analysis by Pinto et al. 
was the difference in the frequency of flu-like symptoms 
among patients receiving short- and long-acting forms of 
G-CSF. This analysis showed no statistically significant 
differences between pegfilgrastim and filgrastim with re-
spect to this parameter (RR 0.95, 95% CI 0.76–1.19) [14]. 

Secondary cancers

There are reports indicating a relationship between 
the use of G-CSF and an increased risk of secondary 
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cancers: acute myeloid leukaemia (AML) or myelo-
dysplastic syndrome (MDS). A meta-analysis by Lyman 
et al. in 2018 included 68 clinical trials comparing the 
effects of using filgrastim with no G-CSF supportive 
treatment. An increased risk of secondary cancers 
(AML, MDS) was shown in patients receiving G-CSF 
(RR 1.85, 95% CI 1.19–2.88). However, the use of 
G-CSF translated into an extension of overall survival 
for the entire analysed population (RR 0.92, 95% CI 
0.90–0.95). An even greater benefit was found in the 
group of patients receiving dose-dense regimens (RR 
0.86, 95% CI 0.80–0.92) [19]. The authors highlighted 
that the risk of secondary cancer induced by cytostatics 
exceeds the values found for G-CSF, and the potential 
risk is balanced by improved survival (probably resulting 
from maintaining higher intensity of cytostatics doses 
among patients receiving G-CSF). 

Biosimilars

G-CSF preparations belong to the group of biolog-
ical drugs (biopharmaceuticals) manufactured with the 
use of biotechnology. The main difference between bio-
pharmaceuticals and “classic” drugs is the way they are 
produced. Biopharmaceuticals are most often macro-
molecular proteins of high complexity and complicated 
spatial structure. They are produced in bioreactors by 
genetically modified organisms or cell lines, e.g. Esche-
richia coli (like G-CSF), yeast Saccharomyces cerevisea, 
or modified mammalian cell lines (e.g. Chinese hamster 
ovary [CHO] cells).

As in the case of small molecules, the expiry of the 
patent protection for innovative biotechnological drugs 
gives the possibility to market of their counterparts 
— biosimilars. With respect to classic small molecule 
drugs that are products of chemical synthesis, the 
situation is definitely easier because the generic drugs 
are the molecules with identical structure and proper-
ties. Considering the production method, the situation 
is much more complicated for biopharmaceuticals and 
biosimilars. Therefore, the registration requirements 
set by authorities for manufacturers of biosimilars are 
more complex than for generic medicines. 

The first biosimilar preparations of filgrastim (bioequiv-
alent to the reference drug Neupogen®) were registered 
by the European Medicines Agency in 2008 and found 
a permanent place in everyday clinical practice. There are 
currently seven biosimilar filgrastim preparations registered 
in Europe(Accofil®, Filgrastim Hexal®, Grastofil®, Nives-
tim®, Ratiograstim®, Tevagrastim®, and Zarzio®).

A completely new phenomenon is the appearance 
of biosimilar preparations of pegfilgrastim (the original 
drug Neulasta®). The first drugs were registered in Eu-
rope in September 2018. Currently, six drugs from this 
group are registered (Fulphila®, Grasustek®, Pelgraz®, 

Pelmeg®, Udenyca®, and Ziextenzo®). Some of these 
drugs were registered on the basis of studies involving 
healthy volunteers. However, there are four phase III 
studies assessing the efficacy and safety (bioequivalence) 
of pegfilgrastim biosimilars in the population of patients 
treated with cytostatics due to breast cancer. 

The biosimilar drug MYL-1401H (Fulphila®) was 
evaluated in a phase III study of breast cancer patients 
receiving combination chemotherapy (docetaxel, 
doxorubicin, and cyclophosphamide) in the first-line 
treatment. Patients were randomly assigned in a 2:1 ra-
tio to study arms (MYL-1401H vs. the reference drug 
Neulasta®). There were no significant differences in 
the primary endpoint (mean duration of neutropae-
nia < 0.5 × 109/L after the first chemotherapy cycle), 
which was 1.2 days (± 0.93) and 1.2 days (± 1.10), 
respectively. The analysis of secondary endpoints (in-
cluding the frequency of adverse events) also showed 
bioequivalence of both drugs [20].

The bioequivalence of Grasustek® (RGB-02) was 
evaluated in a randomised, double-blind phase III 
study in a group of 239 breast cancer patients receiving 
chemotherapy based on doxorubicin and docetaxel. 
The efficacy of the study drug was compared with the 
reference drug (Neulasta®), and patients were assigned 
to both arms in a 1:1 ratio. There were no differences in 
the primary endpoint, which was the duration of neu-
tropaenia < 0.5 × 109/L after the first treatment cycle 
(1.7 vs. 1.6 days). Similarly, no statistically significant 
differences were found in the secondary endpoints (e.g. 
duration of neutropaenia after subsequent treatment 
cycles and frequency of neutropaenic fever) [21].

Ziextenzo® (LA-EP2006) was evaluated in two 
phase III studies: PROTECT-1 and PROTECT-2 [22, 
23]. Both studies showed bioequivalence to the refer-
ence drug (Neulasta®). Furthermore, Blackwell et al. 
published a pooled analysis of both studies confirming 
the conclusions of each of them. Both studies included 
624 breast cancer patients receiving neoadjuvant or 
adjuvant chemotherapy according to the TAC regimen 
(docetaxel, doxorubicin, and cyclophosphamide). Pa-
tients were randomised in a 1:1 ratio. Regarding the pri-
mary endpoint (duration of neutropaenia < 0.5 × 109/L 
after the first treatment cycle), there were no significant 
differences between the two drugs (1.05 ± 1.055 days 
for LA-EP2006 and 1.01 ± 0.958 days for Neulasta®). 
Bioequivalence was also demonstrated in the analysis of 
secondary endpoints (regarding both efficacy and safety 
in the first and subsequent chemotherapy cycles) [24].

Conclusions

The use of G-CSF allows the reduction of the risk 
of neutropaenic fever, as well as maintenance of the 
intensity of treatment by sustaining scheduled chemo-
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therapy, which directly affects not only the safety but 
also the effectiveness of cancer therapy. The high cost 
of biopharmaceuticals has become one of the drivers of 
the biosimilar drug industry. As in the case of “classic” 
drugs, where the introduction of generic preparations 
has reduced their prices, biosimilars have decreased the 
cost of cancer treatment using biopharmaceuticals. As 
a result, it has increased the availability of modern 
biological medicines obtained thanks to innovative tech-
nologies.
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ABSTRACT
Progress in the field of pharmacy, closely related with the mutual stimulation of natural sciences and new technolo-

gies available to researchers, has been so rapid over the last few decades that it has begun to cause problems at 

the level of definitions and classifications. This phenomenon refers also to the term of biologics or, more widely, 

to biopharmaceuticals (in Polish terminology). The first associations with the above terms lead our thoughts to 

recombinant proteins, such as insulin used in the treatment of diabetes or monoclonal antibodies with wide, in 

terms of therapeutic areas, applications. It is generally believed that the above category of drugs is not associated 

with preparations invented long before the discovery of nucleic acids, let alone before the invention of an ordinary 

bulb. Importantly, the connotation of the term biopharmaceuticals is undergoing a very rapid reconstruction before 

our eyes, and the set of referents is expanding with newer, previously unknown types of therapies. Technological 

progress is one of the driving forces of these changes. Unmet medical needs, including the ones in the area of 

oncology, constitute another driving force. 
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A brief history of biopharmaceuticals

In the broadest sense, the history of biopharma-
ceuticals, although uncaptured and unclassified as part 
of meta-science for many years, begins as early as the 
second half of the 18th century. Its beginning is synony-
mous with the bold achievements of Edward Jenner, 
an English physician, who believed in underestimated 
folk wisdom, according to which the history of cowpox 
(a contagious viral disease of domestic cattle and pigs) 
gave immunity to smallpox. Thus, Jenner used material 
from people infected with animal smallpox to develop 
the first effective vaccine against deadly smallpox [1]. 
As a matter of fact, there are reports indicating that the 
first vaccination was made by a farmer named Jesty, 
22 years before Jenner himself. However, it was Jenner 
who is, due to his striving for the spread of his discovery 
and his approach based on a scientific method, widely 
recognised as the inventor and precursor of the applica-
tion of products of biological origin [2].

Another great breakthrough occurred in the 1940s 
when the development of technology was driven by 
the world-engaging war. The needs of the front and 
the necessity to gain an advantage on it involved huge 
investments in research based on the observations of 
Alexander Fleming. Although he discovered bacteri-
cidal mould as early as in 1928, the interest in his work 
first by Ernst Chain and Howard Florey, and later also 
by Norman Heatley, an English biochemist, came in 
the late 1930s [3]. After presenting the research re-
sults of the team of these scientists at the University of 
Oxford, American pharmaceutical companies became 
interested in penicillin. However, after internal evalu-
ation, none of these companies continued studying the 
issue. It is only the interest from the American War 
Production Board that changed the course of history. 
Contracts for mutual exchange of information between 
Merck, Squibb, Pfizer, Midwest, Abbott Laboratories, 
Upjohn, Parke, and Davis were signed. The method of 
production in milk cans was replaced by a large-scale 
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manufacturing process based on a highly effective 
fungal strain selected during the development. By the 
end of 1944, penicillin demonstrated its usefulness in 
military use, and in March 1945 it entered the domestic 
and foreign markets [4].

The beginning of the rapid development of biologi-
cal therapies is, however, associated with a completely 
different therapeutic area than infectious diseases. It 
refers to the application of insulin in the therapy of 
diabetes. Scientific intuition led researchers to discover 
insulin from the second half of the 19th century, when 
Paul Langerhans characterised a group of pancreatic 
cells of distinct structure as compared to the remaining 
ones. This group was later named the islets of Langer-
hans, in honour of its discoverer, by Gustaw Laguesse, 
a French pathologist [5]. Edward Albert Sharpey-Schäfe, 
an English physiologist, observed afterwards that they 
produced a substance capable of lowering blood sugar 
levels. Consequently, in line with the emerging termi-
nology, he used the name applied in 1909 by Jean de 
Meyer and introduced the term of insulin to medicine 
(Latin: Insula — island). The newly discovered molecule 
began to gain medical and commercial significance 
only as a result of the work of scientists from Toronto: 
Frederick Banting, Charles Best, and James Collip. 
They developed a method of insulin extraction from the 
pancreas of animals based on optimised alcohol concen-
tration. Even before clinical trials were completed, Eli 
Lilly’s production facilities started to manufacture the 
protein, and then to introduce the innovative therapy 
to the pharmaceutical market in 1922 and revolutionise 
the approach to diabetes treatment. In the subsequent 
decades, it was possible to sequence and synthesise in-
sulin, which, combined with the discoveries attributed to 
Watson and Crick, caused another revolution at the end 
of the 1970s. In 1978, the company Genentech, originat-
ing in California, a pioneer in the field of pharmaceutical 
biotechnology, in cooperation with the City of Hope 
National Medical Centre, developed the first insulin 
using recombinant DNA technology. Thanks to this, as 
early as in 1982, the above-mentioned Eli Lilly, as a li-
censee, implemented the first recombinant drug called 
Humulin, produced in a bacterial expression system, 
opening a new era in the development of pharmacy [6].

The era of DNA recombination 

Almost immediately after insulin, recombinant 
human growth hormone (Protropin; 1985) and inter-
feron-alpha variants (Roferon A, Intron A; 1986) were 
introduced. Production of recombinant vaccines was 
started as well (Recombivax; 1985). The 1980s and 
1990s were the times of the so-called first-generation 
biopharmaceuticals — recombinant proteins identi-

cal in structure to native human proteins, mainly 
hormones, cytokines, enzymes, growth factors, and 
blood coagulation factors. In the second half of the 
1990s, excluding several previous cases, the so-called 
second-generation biopharmaceuticals entered the 
market, i.e. molecules with a modified sequence, ex-
changed sugar residues, surface modified molecules 
through a covalent bond with polyethylene glycol, and 
so-called fusion proteins, being the combination of two 
or more sequences. The objective of the above vari-
ations was to improve efficiency, reduce the number 
of side effects, and achieve better pharmacokinetic 
parameters. Exemplary molecules are fast-acting (Hu-
malog; 1996) and long-acting (Lantus; 2000) types of 
insulin, and pegylated interferons alpha (Peg-Intron; 
2000 and Pegasys; 2002). The instances of even more 
technologically complex solutions include etanercept, 
i.e. the fusion of the crystallisable fragment (Fc) of 
the IgG1 antibody (immunoglobulin) with fragments 
of the tumour necrosis factor (TNF) receptor (Enbrel; 
1998) and the fusion of diphtheria toxin with interleu-
kin-2 (IL-2) (Ontak; 1999) [7].

Initially, prokaryotic expression systems based 
mainly on E. coli strains were used to produce bio
pharmaceuticals based on recombinant DNA tech-
nologies. They enabled, in a relatively inexpensive way, 
the acquisition of so-called high-density cell cultures, 
from which, after disintegration of bacterial cells, most 
often using chromatographic techniques, the target 
therapeutic proteins were purified. Although the  
E. coli system has been successfully applied to pro-
duce numerous molecules to this day, over the years, 
with the increase in complexity of the drug structure 
(molecular weight, post-translational modifications, 
complex fusions) and attempts to eliminate the prob-
lem of immunogenicity, more demanding methods in 
the form of the eukaryotic expression systems have 
started to be used. These were strains of S. cerevisiae 
(e.g. lutropin — Luveris), BHK cell lines, i.e. Baby 
Hamster Kidney (e.g. blood coagulation factor VIII 
— Kogenate), and, above all, CHO cell lines, i.e. Chi-
nese Hamster Ovary, which is of utmost significance 
for development of antibody production methods 
(few examples of mAbs molecules are based on the 
hybridoma system). 

Thus, progress in molecular biology and biotech-
nology generated over 200 biologics by 2015. Their 
sales reached an incredible value of 196 billion USD 
in 2015, which accounted for 29% of the market for 
all drugs. This value exceeded the estimates of market 
analysts — in the report ‘Global Protein Therapeutics 
Market Forecast to 2015’ published in 2012 by RNCOS, 
it was estimated that the biopharmaceuticals market 
would reach 143 billion USD in 2015 [8]. Kelly Scientific 
Research estimates from 2015 point to further increases 
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— the value of the biological drug market is expected 
to reach 463 billion USD in 2021, accounting for 32% 
of the entire drug market (Fig. 1) [9]. Importantly, at 
the end of 2015, over 900 new biopharmaceuticals in 
the form of protein molecules and antibodies, cellular 
therapies, as well as gene and antisense therapies were 
under development. Over 5000 subsequent projects 
were subject to early laboratory evaluations at that 
time. It cannot be disputed that the discussed field is 
still developing very rapidly. However, biologics have 
already found their application in many therapeutic 
areas and individual indications, including the following: 
diabetes, neutropaenia, thrombocytopaenia, anaemia, 
hepatitis, growth deficiency, myocardial infarction and 
heart failure, strokes, and a number of autoimmune 
diseases. Their application in cancer treatment is also 
growing (Fig. 2). 

Figure 1. Value of the market of biologics in particular regions (based on [9])

Definition of biopharmaceuticals 
as well as benefits and problems 
associated with their use

According to the FDA, biopharmaceuticals (biolo
gics, biopharmaceuticals, biological medical products) 
are products generated by and isolated from living or-
ganisms. They can be of natural origin (human, animal, 
or microorganism) or produced with the application 
of biotechnological methods. They include the follow-
ing: vaccines, blood components, tissues, cells, gene 
therapies, and therapeutic proteins (including anti-
bodies). They can have a structure based on proteins 
and peptides, sugars, nucleic acids, or their complexes 
or combinations. They can also be living structures, 
such as tissues and cells. Due to the development of 
the technology of producing recombinant molecules 
over the past 30 years, the definition has been reduced 
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to therapeutic recombinant proteins and monoclonal 
antibodies. From the point of view of both the system 
and the physician, as well as the patient, these solutions 
are not free from defects. The complicated manufactur-
ing process affects both the cost of drug development 
and the treatment itself. According to data provided by 
Kelly Scientific Research, in 2015 the average cost of the 
treatment of a patient with biologics was 20–55 times 
higher than the cost of treatment based on so-called 
conventional therapy (small chemical molecules) [9]. 
In addition, biopharmaceuticals, due to lower stability 
than conventional medicines, usually require compliance 
with more stringent storage procedures and preparation 
for administration to the patient. Hospitalisation and 
observation are more frequently required. However, 
their market success is not unfounded. In many cases, 
as a rule, when the molecular target of the drug is 
a structure that does not require penetration through 
the cell membrane (most often the surface receptor or 
its soluble ligand), biologics are the best tool to achieve 
this goal by eliminating the non-specific interactions that 
can cause a whole range of adverse effects. These are, 
by definition, targeted drugs. What is more, due to their 
natural structure, despite a longer, usually favourable 
half-life period associated with molecular weight, they 
are degraded and eliminated from the body without 
the risk of accumulation and long-term deposition in 
the body’s tissues. Also, they do not penetrate the nor-
mal blood-brain barrier. However, the latest scientific 
knowledge and technology that allows the manipulation 
of sugar residues in the production process, enable the 
development of the molecules burdened with the prob-
lem of immunogenicity to a significantly lesser extent. 

Cytokines and immunotoxins

The first biopharmaceuticals used in oncology were 
the above-mentioned recombinant variants of alpha 
interferons. Roferon A and Intron A have been applied 
in the treatment of specific leukaemias, lymphomas, 
sarcomas, melanomas, and kidney tumours. By the end 
of the 1990s, interferons and erythropoietins consti-
tuted the largest share of the recombinant drug market. 
However, over the years, as existing therapies were 
improved and new therapies were introduced, particu-
larly in well-developed countries, it was not possible to 
maintain this dominance. As interferons are a group of 
proteins from the cytokine family involved in numerous 
processes related to the activation of elements of the 
immune system, their application is associated with an 
average number of side effects that are very burdensome 
for the patient. Thus, despite high dynamics of the entire 
market and the fact that the market value of interfer-
ons alone increased (from 5.7 billion USD in 2002 to 

8.6 billion USD in 2009), their total share in the market 
of biologics is systematically falling. In 2002, it was over 
17% [11], in 2009 only 7% [8], and in 2015 less than 5% 
[10]. These calculations should also take into account 
the fact that they apply to all interferons (including beta 
and gamma) and the fact that more than half of the 
sales of alpha interferons is associated with treatment 
of viral infections (mainly hepatitis and AIDS). In terms 
of these indications, subsequent generations of alpha 
interferons, such as Peg-Intron and Pegasys (pegylated 
forms of alpha interferons) were developed.

Another example of cytokines in oncological 
therapy, developed in the 1990s and approved for the 
first time in 1992, is interleukin-2. A molecule called 
aldesleukin has found application in the treatment of 
metastatic kidney cancer and melanoma [12]. Recombi-
nant IL-2 also became part of the structure of a product 
called Ontak (Denileukin Diftitox) constituting the 
recombinant fusion of a cytokine with the diphtheria 
toxin-related  domain approved by the FDA in 1999 in 
the treatment of primary cutaneous lymphomas [13]. 
The same product was withdrawn by the FDA in 2014.

In the context of attempts to implement the concept 
as closely as possible to the ideal of targeted therapy, on 
the wave of achievements in the area of so-called small 
molecules and development of Gleevec, subsequent 
research projects were less frequently directed towards 
non-specific immunotherapy. From the perspective of 
today’s researchers, this approach was relatively brutal. 
The subsequent programs required both completely dif-
ferent molecular goals and ways of their accomplishment. 

Cluster of differentiation 

Rituximab was the first representative of the new 
direction. As part of the mechanism of action of this 
molecule, the idea of targeting is implemented by us-
ing a cluster of differentiation antigens and hits the 
CD20 present on B lymphocytes. Hence, next to au-
toimmune diseases, the huge potential of rituximab is 
noticed in the treatment of non-Hodgkin’s lymphoma 
and lymphocytic leukaemia. What is very important is 
that structurally this molecule is a monoclonal antibody 
capable of inducing antibody-dependent cell cytotoxic-
ity (ADCC), due to the presence of the crystallisable 
fragment (Fc domain) [14]. According to IgeaHub 
estimates for 2018, the total annual sales value of rituxi-
mab (Rituxan and Mabther) was to be about 8.1 billion 
USD. In 2017, under the name of Biogen and Genen-
tech, Rituxan Hycela with recombinant hyaluronidase 
enabling rapid subcutaneous administration, reached 
the market.

At the same time as the first rituximab was under 
development, cluster of differentiation met with inter-
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est from other groups active in the drug discovery field. 
CD52 was applied as a molecular target for the drug 
Campath (alemtuzumab) used to treat B-CLL (B-cell 
chronic lymphocytic leukaemia). It was launched on 
the market in 2001 [15]. The next examples, however, 
represent an even higher level of structural engineering. 
Catumaxomab (Removab), in addition to the CD3 an-
tigen present on T-lymphocytes, binds the EpCAM 
(epithelial cell adhesion molecule) protein — a mo-
lecular target present on the cell surface of many types 
of neoplasms. Catumaxomab is a trifunctional antibody 
for which each of the antigen binding fragments (Fab) 
have an affinity for a different molecular target [16]. 
Blinatumomab (Blincyto) constitutes an even more 
unusual construction. This molecule is a representative 
of Bi-specific T-cell engagers (BiTE) antibodies and 
consists of two single-chain variable fragments (scFv) of 
antibodies linked by a peptide linker. This molecule does 
not have a crystallisable fragment (Fc) of the antibody. 
One of the variable fragments is responsible for binding 
of the CD19 antigen that is subject to expression on the 
surface of B lymphocytes in acute lymphoblastic leukae-
mia, and the other for recruitment of T-lymphocytes by 
direct interaction with the CD3 antigen [17]. An inter-
esting example of attempts to increase the potential of 
antibodies targeting cell differentiation antigens is the 
product Adcetris (brentuximab vedotin) manufactured 
by Seattle Genetics. This drug belongs to the group of 
ADCs (antibody drug conjugates). It is a monoclonal 
antibody directed against CD30 (an antigen present on 
Hodgkin lymphoma cells, cutaneous T-cell lymphoma, 
and anaplastic lymphoma) conjugated by maleimide 
with monomethylated auristatin E [18].

Growth factors

Almost in parallel with the concept of molecules 
targeting clusters of differentiation, attention was paid to 
the possibility of using monoclonal antibody technology 
against a completely different group of molecular targets, 
elements of the growth factor signalling pathways avail-
able outside the cell receptors or their ligands. As signal 
transmitters, these pathways constitute an important 
stimulus in the emergence and progression of numer-
ous neoplastic diseases. The flagship example of a drug 
developed in accordance with this concept is Herceptin 
(trastuzumab) used for 20 years for breast cancer with 
expression of the gene encoding HER2 (human epider-
mal growth factor receptor 2). It is a murine humanised 
antibody directed against HER2 — one of the receptors 
of the EGFR family (epidermal growth factor receptor). 
In 2013, a bioconjugate that was structurally based on 
Herceptin, in which the crystallisable fragment (Fc) of 
the same antibody was combined with thiol groups with 

a small molecule inhibitor of the mitotic cell division, 
mertansine, was launched on the market. The new ADC 
is available under the trade name Kadcyla. The activity 
of the next molecule, which can be used in combination 
with trastuzumab in breast cancer, is directed to the same 
HER2 receptor, but to a different epitope. Pertuzumab 
(Perjeta), first introduced in 2013, blocks a fragment 
of the HER2 receptor responsible for interaction and 
dimerisation with HER3, therefore  preventing the for-
mation of the most active form of the complex capable of 
transmitting the pro-survival signal [19]. Other instances 
of exploration of the EGF family of ligand pathways are 
cetuximab (Erbitux) and panitumumab (Vectibix). Both 
molecules are anti-EGFR monoclonal antibodies. The 
first is a chimeric molecule; the other one is fully human. 
They are applied in metastatic colorectal cancer with 
overproduction of EGFR and KRAS wild type. 

An example of implementation of the slightly differ-
ent strategy for monoclonal antibodies is bevacizumab 
(Avastin) developed by a team from Napoleon Ferrara. 
For many years, it was one of the blockbusters among 
drugs in general. In addition to broad indications in on-
cology, it is applicable in ophthalmology, in age-related 
macular degeneration (AMD). Unlike the previously 
indicated examples, Avastin, according to the postulated 
mechanism of action, does not target growth factor re-
ceptors, but rather their ligands — specifically, vascular 
endothelial growth factor A (VEGF-A). It was marketed 
in 2004 as the first angiogenesis inhibitor. It was approved 
in the treatment of rectal and colorectal cancer, non-small 
cell lung cancer (NSCLC), kidney cancer, glioblastoma 
multiforme, and breast cancer. It was withdrawn from 
the last indication by the FDA in 2010 [20]. Another 
example of the molecule targeting the VEGF pathway 
is ramucirumab (Cyramza), a fully human anti-KDR 
(kinase insert domain receptor) antibody. This quite new 
angiogenesis inhibitor was approved for the treatment of 
some gastrointestinal cancers and NSCLC in 2014.

Significantly, two angiogenesis inhibitors applied in 
oncology have registered indications for treatment of 
age-related macular degeneration (wet AMD). Bevaci-
zumab and Ziv-Aflibercept (Zaltrap) are present on the 
market in this way. The second one on the ophthalmic 
drug market is known as Eylea. It is a fusion protein 
consisting of the IgG1 Fc domain combined with two 
soluble receptor fragments. It is a VEGF-Trap type 
construction, additionally capable of interacting with 
PGF (placental growth factor). In oncology, Zaltrap is 
applied to treat metastatic colorectal cancer [21].

Immune checkpoints

A completely new, ground-breaking, and currently 
intensively explored strategy in oncology is the applica-
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Figure 3. Biologics among the 10 drugs with the highest forecast sales value in 2019 (based on [25])

tion of immune checkpoint inhibitors for therapy. It is 
thanks to them that the neoplasm, in the development 
process, creates an immunosuppressive environment 
around itself in which the immune system becomes inac-
tive towards it. Therefore, blocking the checkpoints by 
turning off receptors or ligands that negatively regulate 
immune cell function should, by definition, make the 
neoplasm visible and vulnerable again [22].

Ipilimumab (Yervoy), which constitutes an antibody 
directed against CTLA-4 (CD152; cytotoxic T-lym-
phocyte-associated protein 4), a protein present on the 
surface of T-lymphocytes, which have been activated by 
contact with an antigen, is the first recombinant molecule 
approved in 2011, striking a completely new type of mo-
lecular target. Ipilimumab, by blocking CTLA-4, prevents 
the lymphocytes from transmitting a negative feedback 
signal by APC (antigen presenting cells), due to which 
neoplastic cells are not recognised as their own. Thus, 
lymphocyte deactivation does not occur. Ipilimumab is 
approved in the treatment of inoperable melanoma and 
kidney cancer [23].

PD-1 (programmed cell death protein 1) signal in-
hibitors function on the basis of a simpler mechanism. 
Nivolumab (Opdivo), pembrolizumab (Keytruda) and 
cemiplimab (Libtayo) are directed at the PD-1 receptor, 
present on the surface of the activated lymphocytes. This 
receptor is responsible for negative regulation of the im-
mune response. Inactivation of the receptor by antibod-
ies prevents recognition of the neoplastic cells as their 
own, by blocking the interaction with the PD-L1 ligand 
present on them [24]. By the time cemiplimab was ap-
proved in 2018, the other two molecules had already 
broadened their indications and were intensively con-
quering the market. As estimated by Evaluate, Keytruda, 
and Opdivo, sales are expected to reach 9.17 billion 
USD and 7.8 billion USD, respectively, in 2019 (Fig. 3).

The most intuitive approach in the group of check-
point inhibitors, based on targeting the neoplasm itself, 
and not directly the cells of the immune system of the 

patient, is represented by atezolizumab (Tecentriq), 
durvalumab (Imfinzi), and avelumab (Bavencio). These 
particles are targeted at PD-L1. They prevent its interac-
tion with PD-1 and CD80.

Thus, in just a few years, the market for immune 
checkpoint inhibitors filled with as many as seven mol-
ecules. Subsequent players are forced to make difficult 
business decisions related to the selection of indica-
tions. It should be noted that PD-1 and CTLA-4 are 
not the only molecular targets under this approach to 
treatment of neoplasms. May the next molecules based 
on LAG-3, TIM-3, B7-H3/4, and BTLA signalling con-
stitute another breakthrough.

Table 1 shows selected representatives of various 
classes of oncological biologics. Figure 4 presents on-
cological biologics with the highest sales value in 2017.

CAR-T and the future of oncological 
treatment

In 2017, the FDA issued a approval in B lympho-
blastic leukaemia derived from B lymphocytes for the 
first Novartis (Kymriah) therapy based on CAR-T 
technology. As part of the treatment, the patient’s 
T-lymphocytes are collected and genetically modi-
fied so that additional receptors (Chimeric antigen 
receptors) appear on their surface, in this particular 
case directed at CD19. Afterwards, the cells return 
to the patient. In the Evaluate’s 2018 report on the 
list of the most promising research programs, two 
further CAR-T projects in the Celgene pipeline in the 
third phase of clinical development are mentioned: 
bb2121 (anti-BCMA) and JCAR017 (anti-CD19). 
There are many more similar programs in preclinical 
development, and the interest in CAR technology is 
growing [25].

We are certainly at a very interesting point in the 
history of oncological biologics. The achievements of 
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Table 1. Selected representatives of specific classes of biologics for cancer treatment in chronological order. Source: 
Authors’ own compilation

First 
approval

Molecule Trade 
name

Structure Molecular 
objective

Company

1986 IFN alfa 2a Roferon A Rh-interferon alfa 2a IFN-alfa receptor Roche

1986 IFN alfa 2b Intron A Rh-interferon alfa 2b IFN-alfa receptor MSD

1992 Aldesleukin Proleukin rIL-2 IL-2 receptor Chiron/Novartis

1994 Filgrastim Neupogen rhG-CSF G-CSF receptor Roche

1997 Rituximab Rituxan mAb CD20 Roche

1998 Trastuzumab Herceptin mAb HER2 Roche

1998 Thyreotropin alfa Thyrogen rhTSH alfa TSH receptor Genzyme

1999 Denileukin diftitox Ontak rIL-2-diptheria toxin IL-2 receptor, EF-2 Eisai

2001 Alemtuzumab Campath mAb CD52 Bayer

2002 Peg-filgrastim Neulasta PEG-rhG-CSF G-CSF receptor Amgen

2004 Bevacizumab Avastin mAb VEGF-A Roche

2004 Cetuximab Erbitux mAb EGFR Merck

2006 Panitumumab Vectibix mAb EGFR Amgen

2009 Catumaxomab Removab mAb CD3, EpCAM Fresenius

2011 Ipilimumab Yervoy mAb CTLA-4 Bristol-Myers Squibb

2011 Brentuximab vedotin Adcetris ADC CD30 Seattle Genetics

2012 Ziv-aflibercept Zaltrap Fc(IgG1)-VEGF-Trap VEGF-A, VEGF-B, PGF Sanofi

2013 Pertuzumab Perjeta mAb HER2 Roche

2013 Trastuzumab emtansine Kadcyla ADC HER2 Roche

2014 Nivolumab Opdivo mAb PD-1 Bristol-Myers Squibb

2014 Pembrolizumab Keytruda mAb PD-1 MSD

2014 Ramucirumab Cyramza mAb VEGFR2 Lilly

2014 Blinatumomab Blincyto BiTE CD19, CD3 Amgen

2016 Atezolizumab Tecentriq mAb PD-L1 Roche

2017 Durvalumab Imfinzi mAb PD-L1 AstraZeneca

2017 Rituximab hyaluronidaze Rituxan Hycela mAb + rh– 
hyaluronidase

CD20 Biogen/Genentech

2017 Avelumab Bavencio mAb PD-L1 Pfizer/Merck

2018 Cemiplimab Libtayo mAb PD-1 Regeneron/Sanofi
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scientist in recent years have given birth to new drug 
delivery technologies and have pointed to completely 
new, previously underestimated or unknown molecular 
targets. Improvement as part of the development of the 
so-called ‘biobetters’ will also apply to already tested 
drugs. From the point of view of the cost of therapy 
and availability for the patient, approvals of biosimilar 
drugs should be important. Unfortunately, in oncol-
ogy, only three molecules have appeared on the Euro-
pean market: trastuzumab (Ontruzant) from Samsung  
Bioepis, rituximab (Rixathon) from Sandoz, and rituxi-
mab (Truxima) from Celltrion. Thus, the market is still 
within a very narrow group of manufacturers who care 
about their interests.
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Diagnosis and treatment of malignant 
PEComa tumours 

ABSTRACT 
PEComa (PEC tumours; perivascular epithelioid cell tumours) is a family of rare tumours of mesenchymal origin, 

consisting of epithelial perivascular cells expressing melanocytic and myioid markers. This group includes benign 

tumours — such as angiomyolipoma (AML) of the kidney, and poorly differentiated malignant PEComa tumours with 

potential for an aggressive clinical course, which is the main focus of this review. PEComas are most often diagnosed 

in middle-aged women as extensive tumours located in the abdominal cavity or pelvis, manifesting as pain and 

complaints related to pressure on nearby organs. PEComa tumours should be differentiated from gastrointestinal 

stromal tumours (GIST), leiomyosarcoma, melanoma metastasis, chromophobic renal cell carcinoma, clear cell 

sarcoma, and other clear cell component tumours. Somatic inactivating mutations within the TSC1/TSC2 genes, 

resulting in excessive activation of the mTORC1 complex, are characteristic for this group of tumour. Recently, 

a separate PEComa subgroup has been distinguished, characterised by the presence of the TFE3 gene fusion, 

which also causes increased activity of the mTOR signalling pathway. Negative prognostic factors that indicate 

an increased risk of PEComa malignant biology are most often: tumour size > 5 cm, increased cytological and 

nuclear atypia, infiltration of surrounding tissues and blood vessels, presence of necrosis, and high mitotic activity. 

Radical resection remains the primary treatment method for PEComas because these tumours are characterised by 

high resistance to radiation and chemotherapy. In the case of locally advanced or metastatic disease, only single 

reports of short-term responses to palliative chemotherapy containing doxorubicin, gemcitabine, or ifosfamide are 

available in the literature. There are an increasing number of reports, in the form of several case reports and a few 

retrospective analyses, about the potential effectiveness of using mTOR inhibitors in unresectable cases. These 

drugs result in a reduction in primary tumour size and metastasis, as well as symptom relief, with controllable side 

effects. Unfortunately, case reports of complete resistance to mTOR inhibitor therapy are also available.
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Introduction

PEComa (PEC tumours; perivascular epithelioid cell 
tumours) is a family of rare tumours of mesenchymal 
origin composed of perivascular epithelioid cells (PEC) 
[1]. This group includes angiomyolipomas (AML), 
clear-cell sugar tumours (CCST) — pulmonary and 
extrapulmonary (PEST, primary extrapulmonary sugar 
tumour), lymphangioleiomyomatosis (LAM), clear-cell 

myomelanocytic tumours (CCMMT), and primary cu-
taneous PEComas (CCCMT, cutaneous clear cell myo
melanocytic tumours). PEComa NOS (not otherwise 
specified) is a joint term for a broad group of tumours 
with perivascular epithelioid differentiation, not qualify-
ing for the remaining subgroups of the PEComa family 
(AML, LAM, CCST, CCMMT). According to the WHO 
classification, in the PECOma NOS both benign PEC
oma NOS as well as clinically challenging tumours with 
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a higher degree of malignancy are included (malignant 
PEComa NOS). A malignant PEComa encountered by 
clinical oncologists in their practice is abdominopelvic 
perivascular epithelioid cell sarcoma — the so-called 
malignant PEComa [2, 3]. In the largest analysis per-
formed so far encompassing 234 PEComa NOS cases 
described in the literature, epithelioid AML subtypes 
occurring outside the kidneys were also qualified [3]. 
In a collective analysis of 100 cases of PEComa-NOS, 
38 cases were locally advanced with an infiltration of 
surrounding organs, and four patients developed metas-
tases — these patients were qualified into the malignant 
PEComa group (Figure 1) [4]. Altogether fewer than 
100 cases of malignant PEComa have been described in 
the literature [3, 5], and 13 of them concerned changes 
within bones [6].

Epidemiology

The age of the patients at the time of PEComa diag
nosis is most commonly in the range of 38.9–56 years 
[7, 8], but PEComa cases in children have also been 
described [9, 10]. All reviews indicate more common 
PEComa occurrence in women (54–86.9% of cases) [11, 
12], also after exclusion of sex-specific locations from 
the analysis [3].

Anatomical location

Among the most common locations for PEComa 
development are the uterus, skin, the liver, and the 
colon [3, 13]. Moreover, large malignant PEComas are 
diagnosed especially in the extraperitoneal space [14]. 
Many anatomical locations have been described for 
PEComas. In a  large analysis 24 pancreatic PEComa 
cases were presented, of which half were localised in the 
head of the pancreas [12] and numerous PEComas of the 
digestive tract [11, 15], including the stomach [16], the 
ileus [17] and the colon [18]. Moreover, single cases in 
various locations have been described: the greater omen-
tum [19], the gall bladder [20], the common bile duct 
[21], the breast [22], the thigh bone [6], rib [23], skull 
base [24], heart [25], pericardium [26], the prostate [27, 
28], ovary [29], nasal cavity [30], throat [31], eye socket 
[10], urinary bladder [32], lung [33], and the groin [34]. 

Diagnosis

PEComa is quite often (approx. 20% of the cases) 
diagnosed by chance in an imaging examination per-
formed for other indications [12]. The symptomatic 
form, most commonly locally advanced, manifests by 
pain and discomfort in the area of the tumour and by 

weight loss [12, 35], and in the case of PEComa locali
sed in the uterus by a bloody discharge [36]. A biopsy is 
required for the diagnosis. 

Metastases are most commonly described in the 
lungs — cases of pneumothorax caused by tumour 
infiltration [37], and in the liver and bones. Metastases 
to the extraperitoneal space have also been described 
as well as the central nervous system, ovary, adrenal 
glands, peritoneum, intestinal wall, skin, stomach, 
and lymph nodes [3, 4, 35, 37, 38]. For this reason, the 
diagnosis of malignant PEComa requires a  complete 
evaluation of the staging as in the case of other sarcomas 
[39]. Dissemination in patients with primary tumours 
in the pelvis or lower limb first takes place to the lung 
(90%); 77.8% of tumours encompassing the kidneys 
and the mesentery first metastasise to the liver, and in 
turn tumours in the adrenal glands and extraperitoneal 
tissues initially give metastases to the peritoneum and 
lungs [40]. As metastases often occur after many years 
and predictive markers for their development are not 
known, patients after PEComa resection, especially of 
tumours > 8 cm, require observation for many years 
after surgical treatment [4]. Metastases in patients with 
PEComa can develop even up to 10 years after resection 
of the primary tumour [41].  

Pathomorphology

PEC (perivascular epithelioid cells) do not have 
a corresponding normal cell type and simultaneously 
express differentiation markers for muscle cells and 
melanocytes. PEComas are composed of epithelioid 
and spindle-shaped cells with a light and eosinophilic 
cytoplasm with a  sporadic presence of granulari-
ties. Cell nuclei are small and cylindrical; the nucleolus 
is rarely visible. The cells form nests or bands, often 
radially surrounding blood vessels [42]. In PEComa 
cells from the colon obtained by thin needle biopsy 
the presence of eosinophilic cytoplasmic inclusions 
has been described [43]. Elongated fusiform cells in 
PEComas are characterised by distinct fibres specific 
for smooth muscle, while the epithelioid component 
in general does not contain a  large amount of such 
fibres. A PEComa may thus be composed of fusiform 
cells with elongated nuclei and thus present a myoid 
phenotype, or it may contain cells with a clearly eo-
sinophilic cytoplasm and a  more visible epithelioid 
phenotype; both these types of cells occur next to each 
other in the tumour (Fig. 1) [4].

In immunohistochemical staining typically co-ex-
pression of melanocytic markers is observed:

—— HMB-45 in 92–100% [36, 44, 45];
—— Melan A/Mart1 in 23–88% [36, 46];
—— transcriptional factor MITF; nuclear expression in 
50–92% [36, 44];
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Molecular signaling pathways

Malignant perivascular epithelioid cell tumours; 
Malignant PEComa

Figure 1. Malignant tumors of the PEComa family. A. As per definition, malignant PEComas is characterized by infiltrative growth type 
(HE, 40×); B. In addition, they PEComas characterized by high grade cytological atypia (HE, 400×); C. Tumor cells express HMB-45, which, 
together with SMA and Cathepsin K, are typical immunohistochemical markers (600×); D. Malignant PEComa with the presence of 
cells with pale and granular abundant cytoplasm (HE, 400×); E. Strong expression of Cathepsin K (200×); F. Strong nuclear expression 
of TFE3 (200×) — rearrangement of the TFE3 gene confirmed by fluorescence in situ hybridization and next generation sequencing

—— S100; rare nuclear and cytoplasmic expression in 
8–33% [44, 46];
and smooth muscle: 

—— desmin 36–100% [36, 44];
—— smooth muscle actin (SMA) 59–93% [4, 44, 46]; 
—— caldesmon 75–92% [36, 45].

Among additional PEComa markers cathepsin K  
is mentioned; its expression was observed in all analysed 
cases [45, 47], and transcriptional factor TFE3 (tran-
scription factor binding to IGHM enhancer 3) was 
observed in 29–38% of cases regardless of the rear-
rangement of the TFE3 gene [36, 44]. PNL2 has been 
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proposed as a  new marker with high sensitivity and 
specificity in the differentiation of PEComa and AML 
(expression described in 89% of cases) from other neo-
plasms derived from kidneys, which do not express this 
marker [48]. In immunohistochemical analysis PEComas 
also stain positive for vimentin, CD-31, and CD-34 and 
are negative for CgA (chromogranin A), Syn (synap-
tophysin), CK (creatine kinase), CD117, CD10, AFP 
(alpha-fetoprotein), and EMA (epithelial membrane 
antigen). There are single reports about positive results 
of staining for progesterone receptor [49]. Cytoplasmic 
expression of CD10, a marker used in differential diag-
nosis of renal cell carcinoma metastases to the skin, has 
also been detected in skin PEComas [50]. In four cases of 
malignant-PEComa-NOS formed in the colon, the thigh, 
elbow, and bladder a strong nuclear overexpression of 
cyclin D1 was observed [51].

Macroscopically PEComa tumours are pink, yel-
low-brown, or white in cross section, with a differenti-
ated consistency. In about 20% of cases, bleeding into 
the tumour or the presence of necrosis are observed 
[45]. The tumour capsule, typical for sarcomas, is 
absent, but the tumours are described as well limited 
from surrounding tissue [11, 35]. PEComa tumours are 
characterised by a rich vascularisation from branching 
capillaries to thicker arterioles, often with a hyalinised 
wall [42]. In 13–19% of PEComa cases an increased 
hyalinisation of the stroma is observed and the lack of 
the rich vascularisation typical for classical cases; this 

variant has been described as the sclerosing variant 
[36, 46]. Malignant PEComa is characterised by a high 
degree of histological malignancy, high cellularity, a high 
mitotic index (> 1/50 HPF), the presence of necrosis, 
and the possibility of infiltration of surrounding tissues 
and blood and lymphatic vessels [44]. 

The basic pathological differential diagnosis for 
PEComa NOS (summarised in Table 1) encompasses: 
gastrointestinal stromal tumours (GIST), melanoma, 
renal cell, and adrenocortical carcinoma, especially the 
chromophobic type, clear cell sarcoma of tendon and 
aponeurosis — melanoma of the soft parts (CCS), alve-
olar soft part sarcoma (ASPS) [8, 52], paraganglioma, 
angiomyolipoma, and also gynaecological tumours such 
as endometrial stromal sarcoma with clear cell features 
or uterine tumour resembling sex cord tumour and other 
tumours with a clear cell component [4]. It is also im-
portant to distinguish them from tumours derived from 
smooth muscle (epithelioid leiomyosarcoma — LMS 
and epithelioid leiomyoma). 

The diffuse and multimarker expression of proteins 
of melanocytic differentiation, which does not occur in 
other sarcomas, is highly indicative for the diagnosis of 
PEComas. Focal or weakly positive results of staining do 
not justify a PEComa diagnosis. Diagnosis of an angio-
myolipoma can be excluded if neither lipid elements nor 
a biphasic cell population are present. However, PEC
oma and a monophasic epithelioid angiomyolipoma are 
probably very close diagnoses. An endometrial stromal 

Table 1. Pathological differential diagnosis of PEComa NOS

Unit Morphology Immunohistochemical markers Other characteristic 
properties HMB-45, 

Melan A
CD117 S100 CD10 SMA TFE3

PEComa Perivascular proliferation of 
epithelioid and fusiform cells with 
light eosinophilic cytoplasm with 
granularities, nucleoli are visible 

+ ± ± ± + ±

GIST Epithelioid and fusiform cells 
with light eosinophilic cytoplasm 
without granularities

– + 
(together 

with CD34)

– – – – c-kit and PDGFA 
mutations

Melanoma Cells of different shapes.  
No clear nucleoli

+ – + – – – BRAF mutations in 
approx. 50% of patients

Chromo-
phobic RCC

Richly vascularised; epithelioid 
cells

– + – + – –

CCS Nests of spherical or epithelioid 
cells, giant multinuclear cells 
present

+ – + – – – Gene fusions: t(2:22)
(q34;q12)(EWS-CREB11) 
t(12;22)(q13;q13)(EWS-
-ATF1)

ASPS Cytoplasmic granularities,  
no epithelioid cells

– – – – ± + Translocations t(X; 17)

LMS Epithelioid and fusiform cells – ± ± + + –

ASPS — alveolar soft part sarcoma; CCS — clear cell sarcoma; GIST — gastrointestinal stromal tumour; RCC — renal cell carcinoma; SMA — smooth muscle actin
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sarcoma can be excluded due to the presence of a clear 
perivascular distribution of tumour cells and a diffuse, 
and not focal, positive staining HMB-45. PEComa 
can be distinguished from paraganglioma because the 
former is negative for staining for chromogranin A, syn-
aptophysin, and protein S100, and the latter more com-
monly grows in the form of organoids. The expression of 
melanocyte markers (HMB-45 and MART-1/Melan-A) 
and the lack of immunoreactivity to cytokeratins and 
renal cell carcinoma counter a diagnosis of cancer and 
help to recognise a PEComa [51].

Genetics

In approx. 80% of PEComa cases deletions and/or loss 
of heterozygosity (LOH) are observed in the 16p13.3 re-
gion, at locus TSC2, leading to the loss of tuberin activity 
[7, 53]. Sporadically LOH is observed in the 9q34 region, 
locus TSC1, encoding hamartin [54]. Both proteins parti
cipate in forming a complex with GTPase activity, acting 
as an inhibitor of the mTOR (mTOR/S6K1/4E-BP1) 
signal pathway. Activation of the mTOR pathway leads 
to increased proliferation of cells and their differentiation 
into myocytes. The loss of the function of tuberin and/or 
hamartin leads to an excessive activity of the mTOR 
serine/threonine kinase, which is a target for the use of 
mTOR inhibitors in the therapy of patients with advanced 
PEComa [55]. These perturbations are often accompa-
nied by mutations of the TP53 gene, which is described in 
63% of the cases in which this was analysed [7].

In spite of the frequent presence of TSC2 somatic 
mutations, the occurrence of PEComa NOS/malignant 
PEComa is less tightly connected to tuberous sclerosis 
— a genetic syndrome caused by a germ-line mutation 
inactivating the TSC1 or TSC2 genes — in comparison 
to the remaining tumours from this family, e.g. LAM 
or AML. In the literature tuberous sclerosis occurred 
only among 0–6.25% of patients with PEComa [36, 44].

In recent years, taking into consideration molecular 
investigations, a second form of PEComa, characterised 
by rearrangements of the TFE3 gene (Xp11.23) has been 
distinguished [7]. TFE3 rearrangements were described 
earlier in renal cell carcinoma [56] and are also chara
cteristic for alveolar soft part sarcoma [57]. Its product 
is a transcription factor of the MiTF/TFE family regu-
lating the expression of genes dependent on the signal 
pathway of transforming growth factor b (TGF-b) [58]. 
Moreover, TFE3 takes part in the regulation of cellular 
metabolism via stimulation of lysosome formation and 
modification of the response to oxidative stress and 
increasing autophagy processes, resulting in activation 
of the mTORC1 signal pathway [59, 60]. For PEComa 
SFPQ/PSF-TFE3 and DVL2-TFE3 fusions have been 
described [7, 61]. 

TSC2 mutations and TFE3 gene rearrangements 
are mutually exclusive [7]. PEComa with a TFE3 gene 
rearrangement has been described as differing in mor-
phology, with a preponderance of epithelioid cells with 
a vesicular architecture and the lack of fusiform cells and 
no characteristic vascularisation. Lack of expression of 
smooth muscle actin (SMA) and desmin have also been 
observed [62]. However, the analysis only encompassed 
four cases, and in the literature there is also a case of 
a PEComa with a TFE3 gene fusion with morphological 
properties typical for the classical form [42]. 

Among rare gene rearrangements described in 
PEComas are two cases of RAD51B fusions with 
RRAGB/OPHN1 in a uterine PEComa and two cases 
of HTR4-ST3GAL1 and RASSF1-PDZRN3 fusions [7]. 
One case of malignant PEComa has been described in 
which next generation sequencing indicated a nonsense 
mutation (E1413*) in the ATRX gene (alpha thalassae-
mia-mental retardation, X linked) as the only genetic 
perturbation [63]. The loss of ATRX protein expres-
sion had been observed earlier in poorly differentiated 
soft tissue sarcomas [64] and was correlated with the 
phenomenon of alternative telomere elongation in 
leiomyosarcoma [65].

Treatment of locally advanced and 
metastatic disease 

Radical resection is the mainstay of PEComa treat-
ment because these tumours are characterised by resis-
tance to chemotherapy and radiotherapy [3, 66]. In the 
described cases also the mastectomy of metastatic foci 
(lung, kidney, liver) permitted long-term control of the 
disease [4]. Because of the overarching importance of 
surgical treatment in order to obtain long-term survival, 
patients with initially recognised advanced disease have 
unfavourable prognoses because so far the importance 
and/or significance of adjuvant or neoadjuvant chemo-
therapeutic treatment has not been proven and it is cur-
rently not recommended, with the exception of clinical 
research protocols and application in reference centres 
[67]. A response to neoadjuvant stereotactic radiothera-
py (SBRT; eight fractions of 7.5 Gy each) has also been 
observed in the case of a non-resectable liver PEComa. 
A decrease in the tumour size enabled radical resection, 
and the patient was disease-free after 21 months [68]. 
Chemotherapy has also been described as strongly de-
creasing the vascularisation but not the tumour size for 
PEComa (ifosfamide + vincristine + dactinomycin), 
which gives less blood loss during subsequent resection 
[51]. Three-component chemotherapy (epirubicin with 
cisplatin and ifosfamide) applied as a neoadjuvant al-
lowed a decrease of tumour mass and resectability of 
a mass in the pelvis [69]. 



27

Aleksandra Sobiborowicz et al., Diagnosis and treatment of malignant PEComa tumours 

Classical palliative chemotherapy yields few ob-
jective responses, although the use of Adriamycin in 
monotherapy has been described, as well as high dose 
ifosfamide, gemcitabine with docetaxel, and dacarbazine 
[67]. In a retrospective analysis of 53 patients with locally 
advanced or metastatic PEComa, the objective response 
rate (ORR) to chemotherapy based on gemcitabine or 
anthracyclines was only obtained in a small percentage 
of the patients (respectively, ORR = 20% and 13%), and 
progression-free survival (PFS) was: 3.4 and 3.2 months 
[70]. Moreover, only single cases of a  response to 
doxorubicin and ifosfamide treatment were observed, 
e.g. a nine-month stabilisation of the disease obtained 
in a patient with a colon PEComa with metastases to 
the liver and a  response in the form of a diminished 
mass of an upper limb PEComa by 80% after six cycles 
(PR, partial response) [71, 72]. Partial responses (PR) 
were also noted for dacarbazine treatment, complete 
responses (CR) for vincristine, and progression when 
imatinib treatment was used [51].

Because of frequent genetic perturbations causing an 
increase in the activity of the mTOR signalling pathway, 
similarly as in other subgroups of this family of tumours, 
long-term response to treatment with mTOR inhibitors 
is observed [73]. Benson et al. (from the Royal Marsden 
Hospital) published a retrospective analysis of mTOR 
inhibitors in the treatment of advanced PEComas with 
metastases for 10 cases (eight women, two men, median 
age 47.5 years). Nine patients received sirolimus (me
dian dose 4 mg/d p.o.) and one temsirolimus, at a dose 
of 25 mg/week intravenously. The reaction was evaluated 
according RECIST in 7/10 patients, PR was observed in 
50% of cases, SD in 10%, and PD in 10%. In the three 
remaining patients, rapid progression took place in the 

first days of the treatment. Among the nine patients 
receiving sirolimus, the drug dose was decreased in five, 
and in four the treatment was intermittently stopped 
because of undesirable effects. Treatment was stopped 
in seven patients, in six of them because of disease pro-
gression. The one-year survival rate was 78.8%, and the 
survival time median was 2.4 years, with median obser-
vation time of 1.9 years [74]. In a retrospective analysis, 
application of mTOR inhibitors in patients with locally 
advanced or metastatic PEComa was demonstrated 
(ORR: 41%, PFS: 9 months), compared to classical 
chemotherapy based on gemcitabine or anthracyclines 
(ORR: 20% and 13%, PFS: 3.4 and 3.2 months) [70]. 
In another analysis encompassing five patients with 
PEComa metastases in the digestive tract, treated with 
sirolimus or everolimus, a clinical response was obtained 
in four (observation period 1 to 47 months), and in 
one patient progression and death occurred 23 months 
after diagnosis [11]. The remaining data about the use 
of mTOR inhibitors in this group of patients are from 
descriptions of cases. A 20-month disease stabilisation 
(SD) was observed in a  patient with a  disseminated 
form of kidney PEComa treated with sirolimus [75]. The 
therapy was complicated by strong undesirable effects 
during the first month of treatment, linked to the level 
of the drug in the blood of 156.8 ng/ml; this disappeared 
during five weeks after adjusting the dose. A pancreatic 
PEComa has been described in which resection was not 
performed and therapy with sirolimus was introduced, 
obtaining a partial response, which was maintained for 
42 months [76]. A case of a patient with an advanced 
colon PEComa with metastases to the liver is known 
— after radical resection he received sirolimus as an 
adjuvant. In spite of treatment, local relapse occurred 

Figure 2. CT scan of PEComa — large pelvic and intraperitoneal tumours
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along with new liver metastases [72]. A  36-month 
stabilisation of the disease has also been described in 
a patient with kidney PEComa with metastases to the 
lung as a  response to everolimus [77]. Italiano et al. 
described a response to temsirolimus treatment in a pa-
tient after resection of a uterine PEComa with a single 
lung metastasis. A decrease in tumour size by 35% was 
observed with a  subsequent lobectomy. The patient 
remained disease free for nine months after the surgery 
with continued temsirolimus therapy [78]. 

In spite of promising responses, cases of resistance 
to mTOR inhibitors have also been described in com-
bination with resistance to chemotherapy or without it. 
Machado et al. described a case of resistance to both 
Adriamycin and ifosfamide in high doses as well as 
temsirolimus (SD for a period of five months), leading 
to the patient’s death 30 months after the diagnosis 
[67]. As markers of expected response to sirolimus and 
everolimus, the following are indicated: the presence 
of TSC1/TSC2 gene mutations and overexpression of 
ribosomal protein pS6-S235/236 [67]. Single cases of 
the use of this group of drugs in patients with PEComas 
described in the literature are summarised in Table 2. 

Regarding new drugs, recently a case of a one-year 
disease stabilisation in response to pazopanib combined 
with nivolumab has been described in an advanced 
PEComa of the lower limb with metastases to bones 
and lungs [63]. Potential benefits of using angiogenesis 
inhibitors in patients with advanced PEComa have been 
described, but only a very small percentage of objective 
responses have been achieved, mainly in the form of dis-
ease stabilisation: ORR = 8.3%, PFS = 5.4 months [70].

Survival — prognostic factors for 
PEComa-NOS

Among PEComa-NOS tumours, both clinically 
benign tumours as well as rapidly progressing tumours 
with disease dissemination are observed. Folpe et al. 
proposed the division of PEComas into three catego-
ries of risk: benign tumours, tumours with an uncertain 
malignancy potential, and malignant tumours, on the 

Table 3. Classification of PEComa NOS after [44]

Tumour size greater than 5 cm Benign 
< 2 high risk characteristics and size < 5 cm

High degree of histological malignancy  
and high cellularity

Uncertain malignancy potential
Size > 5 cm and no other high-risk characteristics OR nuclear 
pleomorphism/multinuclear giant cells

High mitotic index (> 1/50 HPF) Malignant
2 or more high-risk characteristicsPresence of necrosis

Infiltration of blood vessels

basis of the presence of the high-risk characteristics 
presented in Table 3 [44]. 

The prognostic suitability of the above-mentioned 
criteria was evaluated in a large review, encompassing 
234 PEComa NOS cases available in the literature [3].  
Among tumours classified as benign according to the 
Folpe criteria no relapses of the disease were observed. 
However, among cases in which a  relapse did occur, 
tumours classified as malignant constituted 81.6% 
(median time to relapse 23 months). In about 30% of 
all cases the tumours were malignant (local relapse 
or disease dissemination took place), and tumours 
evaluated as malignant according to Folpe consti-
tuted 51% of these tumours [3]. 10.6% of cases led 
to death because of the disease, and seven of them 
were diagnosed at the moment of dissemination or 
in a non-resectable stage, and in 13 relapse occurred 
after resection [3]. In the same paper a significant cor-
relation was demonstrated between tumour size over 
5 cm (p = 0.04, RR = 6.16, 95% Cl: 1.04–117.4), a high 
mitotic index (> 1/50 HPS) (p < 0.01, RR = 6.96, 95% 
Cl: 2.2–26.7), low degree of cellular differentiation 
— Grade 3 (p = 0.03, RR = 3.35, 95% Cl: 1.17–9.42), 
and a higher risk of PEComa relapse after resection [3]. 
The primary location in skin was linked to a lower risk 
of local relapse after resection. In 20 of the described 
cases not one relapsed (p = 0.002, RR = 6.2 × 10–7, 
95% Cl: not calculable), whereas relapse occurred in 
11.1% of cases located in the liver and in 33.3% of cases 
concerning extraperitoneal space [3]. 

In another analysis concerning PEComas localised 
in female sex organs, the following were among factors 
significantly correlated with a risk of recurrence or me-
tastases: size greater than 5 cm (p = 0.0048), presence 
of necrosis (p = 0.0014), infiltration of lymph vessels 
(p = 0.0006), pronounced nuclear atypia (p = 0.0192), 
and mitotic activity > 1/50 HPF (p = 0.011) [36]. In 
an investigation focused on digestive tract PEComas, 
there were distant metastases in 37% of patients, and 
a higher risk of their occurrence was correlated with the 
following: pronounced nuclear atypia (p = 0.0033), dis-
seminated pleomorphism (p = 0.02), and the presence 
of ≥ 2 mitoses/10 HPF (p = 0.0002) [11]. In another 
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analysis concerning digestive tract PEComa, local re-
lapse did not occur, and the presence of distant metas-
tases after resection was observed in 37.1% of patients, 
with a median of time to occurrence of metastases of 
six months [35]. 

In an analysis encompassing PEComas localised 
in female sex organs, 66% of cases were treated by 
surgery alone, and the average OS after resection was 
24.8 months. The age of the patient was a  negative 
OS predictor. In patients with disseminated disease 
treated by surgery with adjuvant chemotherapy or 
radiotherapy the average OS was 17.8 months, and in 
those treated only systemically or by radiotherapy it was 
20.7 months. Patients with initial disseminated disease 
had a shorter OS regardless of the selected treatment 
method [35].

Summary 

Malignant PEComa tumours are most frequently 
diagnosed in middle-aged women as extensive tumours 
localised in the abdominal cavity or pelvis, presenting as 
pain from the tumour progression and problems linked to 
pressure on surrounding organs. These tumours, because 
of expression of melanocyte and myoid markers and the 
presence of poorly differentiated epithelioid cells, should 
be differentiated from stromal neoplasms of the digestive 
tract, leiomyosarcoma, melanoma metastases, chro-
mophobic type of renal cell carcinoma, clear cell sarcoma, 
and other neoplasms with a clear cell component. Somatic 
inactivating mutations within the TSC1/TSC2 genes and 
fusions of the TFE3 gene resulting in excessive activation 
of the mTORC1 complex are characteristic for these 
tumours. Among negative prognostic factors indicating 
an increased risk of malignant PEComa biology the most 
commonly included are: tumour size > 5 cm, pronounced 
cytological and nuclear atypia, infiltration of surrounding 
tissues and blood vessels, the presence of necrosis and 
high mitotic activity. Radical resection remains the main 
method of PEComa treatment because these tumours 
show a high resistance to radiotherapy and chemotherapy. 
There are increasing numbers of reports about the poten-
tial effectiveness of using mTOR inhibitors in non-resect-
able cases. These drugs cause a decrease in the size of the 
primary tumours and metastases and a decrease in the 
ailments, and the undesirable actions can be controlled. 
Unfortunately, cases have also been described of complete 
resistance to treatment with mTOR inhibitors.
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Symptoms of nervous system damage 
in a patient undergoing anti-PD1 
immunotherapy

ABSTRACT
Symptoms of nervous system damage during immunotherapy with anti-PD1 antibodies occur in approximately 

6% of patients. The most commonly reported neurological adverse reactions are Guillain-Barre syndrome, poly-

neuropathy, demyelinating diseases, myasthenia gravis, and encephalitis.

In the presented patient with disseminated skin melanoma, after four administrations of nivolumab, paraesthesia 

hindering walking and weakness of the lower limbs appeared. Based on Doppler ultrasound, venous thrombosis 

was excluded. Computed tomography of the head did not show metastases or signs of intracranial ischaemia or 

bleeding. The patient was consulted neurologically several times. Steroid therapy, gabapentin, duloxetine, and 

painkillers were used. Despite the temporary improvement due to implemented treatment, the patient died. No 

definitive diagnosis could be made, but the symptoms suggest Guillain-Barre syndrome.
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Introduction

Immunotherapy with checkpoint inhibitors is 
a valuable treatment for various cancers. With the more 
frequent use of this group of drugs, the frequency of 
observed side effects also increases. They result from 
excessive stimulation of the immune system. The most 
common symptoms affect the skin, digestive system, 
endocrine organs, and lungs. Neurological disorders and 
myocarditis are less commonly diagnosed [1]. Nervous 
system side effects affect approximately 6% of patients 
treated with anti-PD1 antibodies. The most commonly 
described are: Guillain-Barre syndrome, polyneuropa-
thy, demyelinating diseases, myasthenia gravis, and 
encephalitis. Symptoms usually appear between 6 and 
13 weeks of treatment [2]. The following is a description 
of a skin melanoma patient who experienced neurotoxic-
ity symptoms during nivolumab treatment.

Case report

In May 2018, a 68-year-old patient diagnosed with 
melanoma of the chest skin with metastases to the right 
axillar and lung lymph nodes, without a mutation in the 
BRAF V600 codon, began treatment with nivolumab 
at the Chemotherapy Clinic in Lodz. The patient was 
in a good general condition, did not report any com-
plaints, and denied any comorbidities. The physical 
examination revealed a 7-cm ulcerative skin tumour of 
the sternal area.

In July, after four antibody administrations, the 
patient reported paraesthesia in the lower extremities 
not responding to painkillers, and weakness in the right 
lower limb, which hindered walking. In laboratory tests 
and ultrasound Doppler of the lower limbs performed 
at that time, no abnormalities could be found that could 
explain the reported symptoms. Due to the severity of 
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the symptoms, nivolumab treatment was discontinued 
and steroid therapy with prednisone 1 mg/kg was started, 
resulting in temporary improvement.

In August, the patient reported worsening of pain. 
Computed tomography of the head excluded metastases 
to the central nervous system, ischaemic stroke, and 
bleeding were. To assess the effectiveness of treatment, 
computed tomography of the chest, abdomen, and pelvis 
was performed, which showed the progression of the 
disease in the lungs and lymph nodes; the picture of the 
remaining organs remained normal. The patient was 
consulted neurologically, but apart from a slight paresis 
of the right lower limb, no abnormalities were found. Ac-
cording to the neurologist’s recommendations, magnetic 
resonance imaging of the lumbosacral spine was planned 
and gabapentin and duloxetine were added. The pred-
nisone dose was also increased to 2 mg/kg. The drugs 
used once again allowed for a short-term improvement.

The ailments intensified again in September 
2018. The man could barely get up from a chair. In ad-
dition, paraesthesia occurred in the upper limbs. The 
patient was referred to the neurological ward in which 
he died on October 1, 2018.

Discussion

Guillain-Barré syndrome is an acquired periph-
eral nerve disease of autoimmune aetiology. The main 
symptoms are paraesthesia and progressive paresis with 
abolition or weakness of deep reflexes. These ailments 
are usually of an ascending nature and are characterised 
by rapid growth over several days or weeks. The diag-

nosis is based on the clinical picture and abnormalities 
in EMG (slowdown in conduction in the peripheral 
nerves) and cerebrospinal fluid test results (character-
istic increase in protein concentration with normal cell 
number). Clinical signs usually precede the changes 
seen in EMG. In severe cases, with possible biting and 
swallowing disorders as well as respiratory and circula-
tory abnormalities, the treatment consists of securing 
basic life functions. Other patients use plasmapheresis 
or intravenous immunoglobulin preparations [3]. In the 
case of idiopathic Guillain-Barré syndrome, the use of 
glucocorticosteroids is not recommended; however, 
1–2 mg/kg of prednisone is indicated in Guillain-Barré 
syndrome caused by anti-PD1 antibodies [2].

The wide spectrum of side effects of immunotherapy 
is a challenge for clinicians. In this patient, the symptoms 
were differentiated from a neurological disease not re-
lated to cancer and treatment, paraneoplastic syndrome, 
venous thrombosis, stroke, and disease progression in 
the form of central nervous system metastases. Despite 
the neurological consultation, no diagnosis could be 
established. As recommended, steroid therapy was used. 
These symptoms suggest Guillain-Barré syndrome.
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Breast implant-associated anaplastic 
large cell lymphoma (BIA-ALCL)

ABSTRACT
Breast implant-associated anaplastic large cell lymphoma (BIA-ALCL) has recently been recognised, and so far 

approximately 200 cases have been described worldwide. From a histopathological and molecular perspective, 

it does not differ from classical breast anaplastic large cell lymphoma without ALK kinase expression. However, 

it has a different clinical course and prognosis, with a five-year survival rate about 92% as compared to 20–50% 

in patients with the classic form. A 60-year-old female patient had undergone bilateral mastectomy at the age 

of 45 years due to fibrocystic mastopathy and frequent breast cancer in her family history. Her implants were 

changed twice due to rupture. In 2018 the patient noticed a growing swelling of the right breast and fluid ac-

cumulation in the implant pouch; in September 2018 both implants were removed together, with the pouch also 

thoroughly removed during the procedure, and other PolyTech implants were inserted. Histological examination 

revealed the following: breast implant-associated anaplastic large cell lymphoma, immunophenotype: CD30+, 

ALK–, CD68, PGM–, CKAE1/AE3–, Ki 67 in 90% of cell nuclei. The patient was in very good general condition and 

without abnormalities in haematological tests. In PET-CT with 18F-FDG (13/12/2018), areas of slightly increased 

18F-FDG activity were found in the vicinity of the implants on the right side (SUV max = 1.9) and on the left side 

(SUV max = 2.3), in addition to left axillary lymph node 12 × 7 × 8 mm (SUV max = 2.0). The patient did not 

decide to go ahead with the proposed removal of the implants, and a suspicious node was taken for examina-

tion — no cancer architecture was found. A control PET-CT test was performed after four months, the result of 

which was comparable to the previous one. The patient is under observation.
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Introduction

Due to the constantly increasing number of breast 
reconstructions after mastectomy for breast cancer or 
other reasons, more and more is being said about the 
complications of such a procedure. At this point, breast 
implant-associated anaplastic large cell lymphoma 
should be remembered. The number of women in whom 
this malignancy could develop is small. Nevertheless, 
due to the lack of the possibility to identify women at 
highest risk, it should be considered as a potential danger 
for all women with implants. In the US breast anaplastic 
large cell lymphoma (ALCL) develops in about three 
out of 100 million women without implants. According 
to FDA representatives, as many as 60 cases of ALCL 

have been identified among women with implants, with 
their global population estimated at 5–10 million [1].

Breast implant-associated anaplastic large cell lym-
phoma (BIA-ALCL) was described only recently. The 
first patient with BIA-ALCA was described in the US 
in 1997 [2]. In 2011, the US Food and Drug Adminis-
tration officially issued a warning that breast implants 
increase the risk of developing ALCL [3]. To date, 
around 200 cases have been described worldwide [1].  
BIA-ALCL belongs to the group of non-Hodgkin’s 
lymphomas (NHLs), which account for only 0.01–0.5% 
of all malignant breast cancers [5]. Primary NHL of the 
breast includes primarily B-cell lymphomas, such as 
diffuse large B-cell lymphoma (DLBCL) or extra-nodal 
marginal zone lymphoma (MZL) [6]. T-cell lymphomas, 
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which include BIA ALCL, represent only about 10% of 
primary NHL of the breast, and ALCL alone accounts 
for about 3% of all NHL of the breast [7].

From a histopathological and molecular perspective, 
it does not differ from classical breast anaplastic large 
cell lymphoma without ALK kinase expression. Howev-
er, it has a different clinical course and prognosis, with 
a five-year survival rate of about 92% as compared to 
20–50% in patients with the classic form [8].

The disease is not associated with implants from 
a particular manufacturer or the type of implant fill-
ing: silicone or saline. BIA ALCL only accompanies 
implants with a textured surface. This could be related 
to a more intense productive as well as inflammatory 
reaction than with implants with a smooth surface, but 
the aetiopathogenesis of the disease has not yet been 
clarified [9]. It is also possible that the cause of the 
inflammatory reaction and clonal T lymphocyte expan-
sion is the silicone itself or other substances used in the 
production of the outer shell of the breast implant, e.g. 
diaminotoluene [7]. Recently, it has been postulated 
that textured implants act only a passive potentiating 
factor, and the real aetiological factor of BIA ALCL is 
the bacterial biofilm around the implant. This biofilm 
is not detectable by traditional microbiological culture. 
Texturing of implant surface increases the area on which 
a biofilm layer can form, which is responsible for the  
T lymphocyte activation and productive reactions,  
e.g. capsular contracture [1, 10].

The incidence does not seem to depend on the time 
elapsed since the implant placement — in the analysed 
cases it ranged from four months up to 25 years (me-
dian 9.3 years) [11] and the average age of patients at 
the time of diagnosis was about 50 years [12]. The risk 
of generalised dissemination probably does not depend 
on the time interval between the onset of symptoms 
and treatment introduction; in the collected cases this 
time ranged from a  month to two years [11]. Over 
80% of patients were diagnosed in stage I according to 
Ann Arbor classification [1, 13]. The main reason for 
patients reporting to a physician was breast swelling, 
with moderate discomfort, without obvious pain. The 
cause of the symptoms is the formation of a  seroma 
— accumulation of serous exudate under the fibrous 
capsule of the implant [9]. The volume of seroma var-
ied between 200 and 1000 mL [1, 8, 14]. Occasionally 
(nine cases) the originally detected lesion was a nodule 
within the implant’s fibrous capsule, which was always 
accompanied by exudate. In a few cases (six patients), 
the primary lymphoma tumour was accidentally detected 
during revision of an implant pouch [1]. The diameter 
of the nodules ranged from 4 mm to 10 cm (mean 
4.4 cm) [1]. In individual cases, BIA ALCL manifested 
as breast ulceration (three cases) or local lymphadeno
pathy (three cases), which further led to the detection 

of a primary lesion in the implant’s fibrous capsule [11]. 
During further diagnostics, the tumour cells were found 
simultaneously in the serous exudate and the implant’s 
fibrous capsule, resulting in the cultures being negative 
in all cases.

The clinical stage of the disease in the documented 
cases varies greatly — from only single lymphoma cells 
in the aspirate of serous exudate without any tissue 
involvement in five patients to the rapid progression 
of disseminated, refractory disease, being fatal in 9 out 
of 10 described patients [15]. In most cases the lesions 
did not exceed the implant’s fibrous capsule, ad in eight 
patients local metastases to axillary and mediastinal 
lymph nodes occurred [11]. One patient had central 
facial palsy in the course of lymphoma infiltration 
of the central nervous system [1]. General symptoms 
specific to lymphomas such as night sweats, fatigue, 
and weight loss occurred only in five patients [11]. 
Some speculations were raised about the relationship 
between aggressive disease course and manifestation 
of a primary lesion in the form of a nodule [1]. They 
were not unequivocally confirmed; in Brody’s study only 
in four out of nine patients who died was the primary 
lesion a palpable breast mass [11], while in Laurent’s 
publication, the presence of a palpable nodule was as-
sociated with a two-year survival rate of 52.5% vs. 100% 
in the group of patients with seroma as the only clinical 
manifestation [1].

The clinical picture is characteristic. With this in 
mind, BIA ALCL should be excluded mainly in patients 
with silicone breast implants, who report to the physician 
for breast swelling/late seroma (more than one year 
after implant placement) with no signs of infection or 
inflammatory exudate despite resolution of inflamma-
tion symptoms. Patients with capsular contracture or 
palpable masses within the implant’s fibrous capsule 
also require increased vigilance [1]. There are no clearly 
established diagnostics. The material, without fixation, 
should be sent to a histopathological laboratory, where 
the diagnosis can be made mainly on the basis of immu-
nohistochemical tests — the presence of CD30 marker 
and lack of ALK kinase expression are decisive [1]. To 
exclude lymphoma dissemination, computed tomogra-
phy of the chest, abdomen, and pelvis is recommended. 
In high-risk cases, PET-CT with glucose should be 
performed [1].

Consensus on treatment has also not been reached 
yet. The disease is most often confined to the implant’s 
fibrous capsule, and in such cases it seems sufficient to 
remove the implants along with the fibrous capsules and 
close follow-up [13]. Monitoring should be carried out 
every six months for five years by performing a breast 
ultrasound at least every two years [1]. Sentinel node 
biopsy is not recommended because the implant capsule 
is drained through several groups of regional lymph 
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nodes without a constant lymph flow pattern; however, 
axillary lymph nodes are most often involved in cases of 
dissemination to regional lymph nodes [16]. In the more 
advanced stages, complementary chemo- and radiother-
apy, and even bone marrow transplantation, could be 
considered. The most commonly used chemotherapy 
protocol includes cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (CHOP), but radical surgical 
resection remains crucial [16].

Case report

A  60-year-old female patient had undergone 
bilateral mastectomy at the age of 45 years due to 
fibrocystic mastopathy and frequent breast cancers in 
her family history. Implants were changed twice due 
to rupture. In 2004, textured implants were inserted in 
these places. Due to rupture of the left prosthesis in 
2007, both were replaced with new ones. In 2018 the 
patient reported to the operating surgeon due to 
growing swelling of the right breast and fluid accumu-
lation in the implant pouch. In September 2018 both 
implants were removed, together with the pouch, 
and other PolyTech implants were inserted, in which 
the micro-polyurethane surface minimises the risk of 
capsular contracture. 

Histological examination: breast implant associated 
anaplastic large cell lymphoma, immunophenotype: 
CD30+, ALK–, CD68, PGM–, CKAE1/AE3–, Ki 67 in 
90% of cell nuclei. 

The patient, in very good general condition, has 
undergone haematological examination, including bone 
marrow trepanobiopsy and no abnormalities were found. 
In PET-CT with 18F-FDG (13/12/2018), areas of slightly 
increased 18F-FDG activity were found in the vicinity of 
the implants on the right side (SUV max = 1.9) and on 
the left side (SUV max = 2.3), in addition left axillary 
lymph node 12 × 7 × 8 mm (SUV max = 2.0). 

In this case, implant removal is recommended as 
a treatment method.

However, the patient did not agree to such a solu-
tion, so only the lymph nodes suspected in PET-CT were 
taken for histological examination; five reactive lymph 
nodes were prepared with features of fat loss, sinus 
histiocytosis, and single polynuclear cells of “around 
the foreign body” type. There are no explicit features 
of atypical hyperplasia. Immunohistochemical reactions: 
CD20 (+++) in lymphatic follicle, blcl2 (+) in mantle 
cells, and Ki 67 (+) 70% in secondary lymphatic folli-
cle. The microscopic image and immunohistochemical 
profile do not allow the diagnosis of lymphoma.

A  control PET-CT test was performed after four 
months, the result of which was comparable to the pre-
vious one. The patient is under observation.

Discussion

Considering the increasing use of breast implants in 
women treated for breast cancer, and for other reasons, 
the risk of anaplastic large cell lymphoma associated 
with such implants should be highlighted. This should 
not limit the use of this type of surgery, but it certainly 
requires that the patient be informed about the possibil-
ity of such a complication, and informed consent should 
be obtained for this type of surgery.

BIA ALCL is rare, and accurate assessment of the 
scale of the problem and epidemiological surveillance is 
difficult due to low awareness of this issue among phy-
sicians.

Because the current incidence is probably underesti-
mated, a uniform international reporting system should 
be developed.

Physicians monitoring patients after breast implants 
should be reminded to maintain high oncological alert-
ness in case of late seroma or productive lesions around 
the breast implant. Treatment should be carried out by 
multispecialist teams, including haematologists.
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