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Different MET gene alterations in lung 
adenocarcinoma patients

ABSTRACT
Introduction. In this study, we attempted to detect selected abnormalities in the MET gene using various mo-

lecular techniques.

Material and methods. Twenty-six lung adenocarcinoma patients had a diagnosis of abnormalities in the genes: 

EGFR, ALK, ROS1, MET, and RET. They were diagnosed using various techniques and assessment of PD-L1 ex-

pression using immunohistochemistry. Copy number variation of MET gene was assessed by qPCR and FISH 

techniques, MET exon 14 mutation by RT-PCR method, and MET mRNA expression by the RT-qPCR technique. 

Statistical analyses were performed using Statistica v. 13.1 and MedCalc 15.8.

Results. Most patients (57.7%) had a high MET gene copy number in the qPCR method, which was not confirmed 

by the FISH method. A significant positive correlation (R = +0.573, p = 0.0022) between the MET gene copy 

number assessed with the qPCR method and the relative MET mRNA expression was found.

Conclusions. The positive correlation between the MET mRNA expression and the MET gene copy number in 

the qPCR test indicates that these methods could complement each other. The performance of these two tests 

simultaneously increases the reliability of the MET gene assessment.

Key words: MET gene, adenocarcinoma, lung cancer

Oncol Clin Pract 2022; 18, 3: 139–146

Introduction

The MET gene is a proto-oncogene, and it encodes 
the hepatocyte growth factor receptor (HGFR). The 
binding of its ligand, hepatocyte growth factor, induces 
dimerization and activation of the receptor. This acti-
vates the downstream RAS/ERK/MAPK, PI3K/AKT, 
and Wnt/b-catenin signaling pathways, which play a role 
in cellular survival, embryogenesis, cellular migration, 
invasion, angiogenesis, and the epithelial to mesenchy-
mal transition (EMT) [1].

Abnormalities of the MET gene are one of the most 
frequently identified genetic disorders in neoplastic dis-
eases. Germline mutations in the MET gene have been 

found in hereditary papillary renal carcinoma (HPRC). 
Somatic MET mutations have been observed in sporadic 
papillary renal cell carcinoma, head and neck squamous 
cell carcinoma, and childhood hepatocellular carcinoma. 
Amplification and overexpression of this gene are also 
associated with multiple human cancers. The MET gene 
is altered in 5% of non-small cell lung cancer (NSCLC) 
patients. Alterations in exon 14 of the MET gene are 
detected in 3–4% of lung adenocarcinoma patients. The 
prevalence of de novo MET amplification in NSCLC 
ranges from 1% to 5% of patients, depending on the 
assay and the positivity cut-point used. Several agents 
have been developed to target MET or HGF. They are 
divided into small molecule inhibitors and monoclonal 
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antibodies. Currently, two tyrosine kinase inhibitors 
(TKIs), i.e. tepotinib and capmatinib, have been ap-
proved by the Food and Drug Administration (FDA) 
for the treatment of NSCLC patients with a splice site 
mutation in exon 14 of the MET gene. Response to 
therapy occurs in 46–68% of patients, depending on 
the mutation testing method (liquid biopsy vs. tissue) 
and the treatment line. However, it has also been shown 
that MET inhibitors (crizotinib, cabozantinib, and cap-
matinib) may be effective in NSCLC patients with MET 
gene amplification [2–5].

Splice site mutations in exon 14 of the MET gene are 
currently examined with the next-generation sequencing 
(NGS) technique. In turn, with the use of fluorescence 
in situ hybridization (FISH), the ratio of MET to the 
centromeric portion of chromosome 7 (CEP7) can be 
used to distinguish between chromosome polysomy and 
gene amplification. However, there are other cheaper, 
simpler, and faster methods for the examination of MET 
exon 14 mutations and the MET gene copy number, 
e.g. quantitative PCR (qPCR), including one using re-
verse transcription (RT-qPCR). However, PCR-based 
methods have numerous limitations, for example, low 
sensitivity and specificity. In this study, we attempted 
to detect selected abnormalities in the MET gene using 
various molecular techniques.

Material and methods

Patients

The study group consisted of 26 patients with lung 
adenocarcinoma (median age: 67.2 ± 8.5 years, 8 women, 
18 men) diagnosed and treated in the Department of 
Pneumonology, Oncology, and Allergology from 2014 to 
2019. All enrolled patients had a diagnosis of abnor-
malities in the EGFR gene (real-time PCR method), 
the ALK gene (IHC, FISH, and RT-qPCR methods), 
the ROS1 gene (FISH and RT-qPCR methods), the 
MET gene (FISH, qPCR, RT-qPCR methods), and the 
RET gene (qRT-PCR method), as well as assessment of 
PD-L1 protein expression (IHC method). We enrolled 
one patient with ALK gene rearrangement, one patient 
with RET gene rearrangement, and 6 patients with EGFR 
gene mutations (three with deletions in exon 19 and three 
with substitution Leu858Arg). Seven patients had PD-
L1 expression on ≥ 50% of tumor cells. The ALK-positive 
patient was treated with crizotinib in first-line therapy 
and alectinib in second-line therapy. Three patients 
with EGFR gene mutations received erlotinib, and 
other 3 patients with these mutations were administered 
afatinib. In two patients with progression after erlotinib 
or afatinib, a Thr790Met mutation was detected and osi-
mertinib was administered. Two EGFR-positive patients 

received chemotherapy with cipslatin and pemetrexed. 
Only one patient with PD-L1 expression on ≥ 50% of 
tumor cells was treated with pembrolizumab. The other 
patients received first-line platinum-based chemotherapy 
(13 patients — cisplatin plus pemetrexed, 4 patients 
— cisplatin plus vinorelbine, and one patient — cisplatin 
plus gemcitabine). In second-line therapy applied in 
chemotherapy-resistant patients, atezolizumab was used 
in 9 patients, nivolumab in 2 patients, and docetaxel plus 
nintedanib in one patient. The median overall survival 
of our patients was 48 months (95% CI: 16.3–48.0). The 
demographic and clinical-pathological characteristics of 
the patients are presented in Table 1.

All aspects of the work covered in this manuscript 
were approved by the Ethics Committee of the Medical 
University of Lublin, Poland (No. KE-0254/169/2014).

Table 1. Characteristics of lung adenocarcinoma patients

Characteristics Number  
of patients

Percentage  
of patients

Sex

Female

Male

8

18

31

69

Stage of disease

IIIB

IV

8

18

31

69

Smoking status

Non-smokers

Former smokers

Current smokers

9

11

6

35

42

23

EGFR gene mutations

Deletion in exon 19

Substitution Leu858Arg

6

3

3

23

11.5

11.5

PD-L1 expression on ≥ 50%  
of tumor cells

Yes

No
7

19

27

73

First-line treatment

Chemotherapy (cisplatin plus 
pemetrexed or vinorelbine 
or gemcytabine)

Pembrolizumab

Crizotinib

EGFR TKIs (erlotinib or afatinib)

26

18

 
 
1

1

6

100

69

 
 
4

4

23

Second-line treatment

Chemotherapy (cisplatin plus 
pemetrexed or docetaxel 
plus nintedanib)

Immunotherapy (atezolizumab 
or nivolumab)

Alectinib

Osimertinib

17

3

 
 

11

 
1

2

65

12

 
 

42

 
4

7
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Routine diagnosis of predictive factors in 
adenocarcinoma patients

DNA was isolated from formalin-fixed paraf-
fin-embedded (FFPE) tumor tissues or cytological 
specimens (cell blocks). DNA was extracted using the 
QIAamp DNA FFPE Tissue Kit (CE-IVD marked, 
Qiagen, Germany). Isolation was performed accord-
ing to the manufacturer’s instructions (the same 
isolated DNA was also used for examination of the 
MET gene copy number using the qPCR technique). 
The concentration and quality of isolated DNA 
were estimated by spectrophotometry. Mutations of 
the EGFR gene were identified using the EntroGen 
EGFR Mutations Analysis Kit (CE-IVD marked, 
EntroGen, Woodland Hills, Canada) in the Cobas 
Z 480 real-time PCR system (Roche Diagnostics, 
USA). We examined all the most common mutations 
in exons 18 to 21 [6].

Abnormal ALK protein and PD-L1 protein expres-
sion were examined using an immunohistochemistry 
test. ALK protein IHC staining was conducted on 
the Ventana Benchmark GX platform using CE-IVD 
approved anti-ALK Rabbit Monoclonal Primary An-
tibody (clone D5F3). The OptiView Amplification 
Kit and the OptiView DAB IHC Detection Kit were 
used as detection systems. Rabbit monoclonal nega-
tive control immunoglobulin was used as a negative 
control (Ventana Medical System, Tuscon, USA). 
CE-IVD approved Ventana SP263 antibody was used 
for PD-L1 protein IHC staining. The same equipment 
and detection systems were used for the examina-
tion of ALK expression. Rabbit monoclonal negative 
control immunoglobulin (Ventana Medical System, 
Tucson, AZ, USA) was used as a negative control. The 
slides were assessed by pathologists using an Olympus 
BX41 microscope [7–8].

All positive results of ALK expression obtained in 
IHC staining were re-evaluated with the FISH method 
to visualize the presence of ALK rearrangement using 
the Vysis ALK Break Apart FISH Probe Kit (Abbot 
Molecular, USA) and the paraffin-pretreatment IV 
and Post-Hybridization Wash Buffer Kit (Abbot 
Molecular, USA). In the diagnosis of ROS1 gene rear-
rangement, we used the ZytoLight SPEC ROS1 Du-
alColor Break Apart Probe (ZytoVision, Germany) 
and the Vysis Paraffin Pretreatment and Post-hybridi-
zation Wash Buffer Kit (Abbott, USA). Fluorescence 
signals were assessed using an Axio Scope microscope 
(Zeiss, Germany). Interpretation of FISH results was 
conducted in accordance with the American Food 
and Drug Administration (FDA) and International 
Association for the Study of Lung Cancer (IASLC)  
guidelines [8].

Reverse transcriptase PCR analysis of ALK, ROS1, 
and RET gene rearrangements and MET gene 
skipping mutations

Total RNA was extracted from FFPE tissues with the 
miRNeasy FFPE Kit (Qiagen Inc., Germany) according 
to the manufacturer’s instructions. The RNA concentra-
tion was measured with Qubit 4 fluorometers (Invitro-
gen, Thermo Fisher Scientific, Waltham, USA). RNA 
samples were stored at –80oC until RT-qPCR (reverse 
transcriptase-quantitative PCR) was performed. The 
same isolated RNA was also used for the examination 
of the MET mRNA expression.

To detect ALK, ROS1, and RET gene fusions, as 
well as MET exon 14 skipping mutations, we used the 
Lung Cancer RNA Panel kit (EntroGen, Woodland 
Hills, Canada) according to the manufacturer’s instruc-
tions. There were 8 reactions of twenty microliters in 
the volume of one-step RT-qPCR for one patient. 
Every reaction mixture contained 10 µL of One-Step 
RT-qPCR Reaction Mix, 1 µL of RT Enzyme Mix, 
4 µL of Reaction Detection Primer Mix (one from 
eight), and 5 µL of RNA (concentration 16 ng/µL). The 
RT-qPCR reaction was performed on the Illumina Eco 
real-time PCR platform (Illumina, San Diego, USA) 
in the following conditions: 55oC for 10 minutes, 95oC 
for 1 minute, and next 40 cycles: 95oC for 10 seconds 
and 60oC for 45 seconds. Ct values were obtained, 
and analysis was performed according to the manu-
facturer’s instructions.

MET gene amplification assessment with the FISH 
technique

The MET gene amplification status was assessed 
using the ZytoLight SPEC MET/CEN 7 Dual Color 
Probe (CE, ZytoLight, Germany). The Paraffin-Pre-
treatment and Post-Hybridization Wash Buffer Kit 
(Abbot Molecular, USA) was also used for the pre-stain-
ing procedure. Three to five µm thick paraffin sections 
were cut and mounted on the positively charged glass 
slides. All procedures were carried out according to the 
manufacturer’s procedure.

The SPEC MET/CEN 7 Dual Color Probe is a com-
bination of a probe with an orange fluorochrome direct 
labeled specific for the alpha satellite centromeric region 
of chromosome 7 (D7Z1) and a probe with a green 
fluorochrome direct labeled targeted at the locus in the 
MET gene located at 7q31.2. In a normal interphase nu-
cleus, two orange and two green signals are expected. In 
cells with amplification of the MET gene locus, multiple 
copies of the green signal or green signal clusters will be 
observed. The fluorescence signals were assessed using 
an Axio Scope microscope (Zeiss, Germany).
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We classified the cases into two categories:  MET-pos-
itive (with amplification) and  MET-negative (without 
amplification). The cutoff of the  MET/CEP7 ratio was 
2.0. A sample was considered to have  MET amplifica-
tion if the mean  MET/CEP7 ratio was ≥ 2.0 or if the  
MET/CEP7 ratio was < 2.0, but the  MET-copy number 
was ≥ 5 copies per nucleus or  MET signal clusters were 
seen in more than 10% of tumor cell nuclei. According 
to a different classification,  MET amplification was also 
classified using the low ratio (≥ 1.8 to ≤ 2.2  MET/CEP7), 
intermediate ratio (> 2.2 to < 5  MET/CEP7), and high 
ratio (≥ 5  MET/CEP7) [9–10].

MET gene copy number assessment with the 
qPCR technique

The MET gene copy number was assessed using 
a TaqMan primer set and probe (TaqMan Copy Num-
ber Assays, Hs00305306_cn, Thermo Fisher Scientific, 
Waltham, Massachusetts, USA). RNazeP (TaqMan 
Copy Number Reference Assay, human, RNaseP, 
Thermo Fisher Scientific, Waltham, Massachusetts, 
USA) was used as an internal control. The 10-microlitre 
qPCR reaction mixture contained 5 µL of Genotyping 
Master Mix, 0.5 µL of TaqMan Copy Number Assays or 
TaqMan Copy Number Reference Assay, and 4.5 µL of 
DNA (concentration 5 ng/µL). The real-time PCR was 
performed in Illumina Eco (Illumina Inc., San Diego, 
California, USA). The temperature conditions of qPCR 
were as follows: enzyme activation at 95°C for 10 min-
utes followed by 40 cycles of two-stage PCR at 95°C for 
15 seconds and next at 62°C for 90 seconds. Method 
2-DdCt was used for the calculations. The calibrator, which 
was a mixture of DNA obtained from lymphocytes of 
healthy subjects, was used for the calculations. Accord-
ing to the literature data, we assumed that more than 
3 copies of the MET gene allowed us to find a high copy 
number of this gene.

MET mRNA expression analysis using RT-qPCR 

RNA reverse transcription was performed using the 
High Capacity cDNA Reverse Transcription Kits (Ther-
mo Fisher Scientific, Waltham, Massachusetts, USA) 
according to the manufacturer’s instructions. cDNA was 
stored at –20° C until qPCR was performed.

The expression of MET mRNA (cDNA) was 
assessed using primers and the TaqMan probe kit 
(TaqMan™ Gene Expression Assay Hs01565584_m1, 
Thermo Fisher Scientific, Waltham, Massachusetts, 
USA). GAPDH (Gene Expression Reference Assay 
Hs03929097_g1, Thermo Fisher Scientific, Waltham, 
Massachusetts, USA) was used as an internal control. 
The composition of the reaction mixture (10 µL) was 
as follows: 5 µL of TaqMan Fast Advanced Master Mix 

(Thermo Fisher Scientific, Waltham, Massachusetts, 
USA), 0.5 µL of TaqMan Gene Expression Assay or 
GAPDH reference assay, 3.5 µL of nuclease-free water, 
and 1 µL of cDNA (RT-PCR reaction product). The 
real-time PCR was performed in Illumina Eco (Illumina 
Inc., San Diego, California, USA). The temperature 
conditions of the qPCR reaction were as follows: 50°C 
for 2 minutes (UNG, uracil-N-glycosylase activation), 
95°C for 20 minutes (polymerase activation) followed 
by 40 cycles of two-stage PCR (95°C for 3 seconds 
then 62°C for 45 seconds). Method 2-DCt was used for 
the calculations.

Statistical analysis

The U-Mann Whitney test was used for testing the 
equality of population medians among groups differing 
in clinical and demographic factors. The Spearman test 
was used to calculate the correlation between countable 
variables. Data were expressed as a percentage (for the 
categorized variable), median, and standard deviation 
(for continuous variables). These tests were performed 
with Statistica v. 13.1 (Tibco Software, USA). Survival 
analyses were performed using the Kaplan-Meier esti-
mation method in MedCalc 15.8 (MedCalc Software, 
Ostend, Belgium) with a calculation of the 95% con-
fidence interval (CI). We considered p values below 
0.05 to be statistically significant.

Results

In our patients, we did not find MET exon 14 skip-
ping mutations with the use of the RT-qPCR technique. 
We also did not demonstrate the presence of MET 
gene amplification or chromosome 7 polysomy with 
the FISH technique. The median MET/CEP7 ratio 
was 1.04 with a standard deviation of 0.145, and the 
median number of chromosome 7 was 2.5 ± 0,788. In 
the FISH method, the median MET gene copy number 
was 2.6 ± 0.457. In contrast, the median MET gene copy 
number was 3.43 ± 1.539 in the qPCR study. Fifteen 
patients had more than 3 copies of the MET gene de-
tected by the qPCR technique. According to the criteria 
adopted by other authors, we may conclude that 57.7% 
of the patients had a high MET gene copy number. The 
relative MET mRNA expression was low, and its median 
was 0.01 with a standard deviation of 0.045.

The age (division into two groups according to 
the median), stage of disease (IIIB versus IV), and 
smoking status did not affect the assessed parameters 
(MET/CEP7 ratio, CEP7 number, MET gene copy 
number in the FISH, and qPCR methods, and MET 
mRNA expression). However, the MET/CEP7 ratio 
and MET mRNA expression were slightly higher in 
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Figure 2. Relative MET mRNA expression assessed with the RT-qPCR method depending on the sex of the studied lung 
adenocarcinoma patients

Figure 1. Value of the MET/CEP7 ratio assessed with the FISH technique depending on the sex of the studied lung adenocarcinoma 
patients

the women than in the men (p = 0.054 and p = 0.055, 
respectively, Fig. 1 and 2). Moreover, the MET gene 
copy number in the FISH method was insignificantly 
higher in patients with genetic driver alterations 
(EGFR gene mutations, ALK and RET gene rearrange-
ments) than in patients without these abnormalities 
(p = 0.077, Fig. 3).

We found a significant positive correlation (R = +0.573, 
p = 0.0022) between the MET gene copy number as-

sessed with the qPCR method and the relative MET 
mRNA expression (Fig. 4). We did not detect a cor-
relation between the MET/CEP7 ratio and the MET 
gene copy number assessed with the qPCR method, 
as well as the MET mRNA expression. The MET gene 
copy number in the FISH technique did not significantly 
correlate with the MET gene copy number assessed 
with the qPCR technique and with the relative MET 
mRNA expression.
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Figure 3. MET gene copy number assessed with the FISH method in patients with and without genetic driver alterations (EGFR 
gene mutations, ALK and RET gene rearrangements)

Discussion

Most studies on the CNV of MET gene have been 
conducted in Asian populations. However, two studies 
on Caucasian NSCLC patients need to be mentioned. 
Capuzzo et al. [9], studied the CNV of the MET gene 
using the FISH technique in 435 Italian NSCLC patients, 
and Bubendorf et al. [11] studied abnormalities in the 
MET gene using the silver in situ hybridization (SISH) 
technique in the European population. Capuzzo et al. 
were the first to introduce a MET gene amplification 

evaluation system using the FISH technique. They found 
a high MET gene copy number (mean ≥ 5 copies/cell) 
in 48 cases (11.1%), including 18 cases with true gene 
amplification (4.1%). The high MET gene copy number 
was associated with an advanced stage (p = 0.01), a low 
grade of tumor differentiation (p = 0.016), and ampli-
fication of the EGFR gene in tumor cells (p < 0.0001). 
The authors found no relationship between patients’ sex 
and the MET gene copy number in the cancer cells. No 
patient with an EGFR activating mutation showed a high 
MET gene copy number. MET-positive patients had 

Figure 4. Significant positive correlation between the MET gene copy number assessed with the qPCR method and the relative 
MET mRNA expression in lung adenocarcinoma patients
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shorter survival than MET-negative patients (p = 0.005) 
[9]. These results differ from those presented in our 
study in which we showed that the women and patients 
with genetic driver alterations had a slightly higher MET 
gene copy number than the men and patients without 
other genetic abnormalities. On the other hand, we did 
not find patients with true MET gene amplification with 
an oncogenic character (responsible for tumor growth). 
This is likely to be related to the high percentage of 
patients with other genetic driver alterations included 
in our study. Driver abnormalities do not usually coexist 
in one patient.

Bubendorf et al. published results from the Euro-
pean Thoracic Oncology Platform (ETOP) Lungscape 
Project, which involved 1572 patients with surgically 
resected NSCLC. MET gene amplification was defined 
as a MET/CEP7 ratio ≥ 2 and a high MET gene copy 
number as ≥ 5, as well as high MET protein expression 
in the IHC test as ≥ 2 + intensity in ≥ 50% of tumor 
cells. One hundred and eighty-two patients with MET 
protein expression and without mutations in the EGFR 
and KRAS genes were analyzed for the MET exon 
14 skipping mutation. The high expression of the MET 
protein was significantly associated with the female sex 
and small tumor size. MET amplification occurred in 
4.6% of patients, and a high MET gene copy number was 
detected in 4.1% of patients. The MET gene abnormali-
ties were not significantly associated with the clinical 
and demographic characteristics of the patients. The 
MET exon 14 skipping mutation was detected in 5 of 
the 182 (2.7%) patients, including 4 adenocarcinoma 
patients (4.5%). The authors emphasized that the large 
inter-laboratory variability in the MET status assessment 
highlights the challenge of these analyses in routine 
practice [11].

Dziadziuszko R et al. [12] assessed the MET gene 
copy number using the SISH technique in 140 Polish 
NSCLC patients. The median value of the MET gene 
copy number per cell was 3.12 (from 1.74 to 11.84). 
Three patients (2.1%) showed gene amplification (MET 
gene clusters) and 14 (10%) had tumors with 5 or more 
gene copies per nucleus. There was a significant corre-
lation between the MET copy number and the protein 
expression. The authors found no association between 
the MET gene copy number and the demographic 
or clinical features, including sex (p = 0.54), disease 
stage (p = 0.21), tumor grade (p = 0.86), and histology 
(p = 0.84), or smoking status (p = 0.47). They showed 
no associations between the MET copy number and 
disease-free survival or overall survival. In our study, we 
found that the median MET gene copy number tested 
with the qPCR technique exceeded 3, which is consist-
ent with the observations reported by Dziadziuszko  
et al. [12], who used the FISH technique. It is debatable 
whether 3 or more copies of the gene should be used as 

a cutoff point for recognition of a high MET gene copy 
number in NSCLC patients [12].

In another study on the Polish NSCLC population, 
Kowalczuk et al. [13] used the qPCR technique to study 
the MET gene copy number and mRNA MET expres-
sion. In total, 151 patients with paired surgical samples 
of tumor and tumor-distant normal lung tissues were 
enrolled in the study. A high MET gene copy number 
(more than 3.0 copies per cell) was found in 18.5% of pa-
tients and occurred more frequently in adenocarcinoma 
with an increased EGFR and HER2 gene copy number 
and with EGFR activating mutations (p = 0.051). The 
MET mRNA expression was 1.76-fold higher in the 
tumor compared to unaffected lung tissue, and it was 
associated significantly with the MET gene copy number. 
The results of this study are partially consistent with 
our results [13].

Aguado et al. [14] examined 422 NSCLC patients 
and identified 13 patients (3%) with MET exon 14 muta-
tions and 15 patients (3.5%) with very high MET mRNA 
expression, which was analyzed using the quantitative 
transcript-based hybridization technology. These two 
subgroups of patients were mutually exclusive, displayed 
distinct phenotypes, and did not generally coexist with 
other genetic driver alterations. Ninety-two percent of 
patients with very high MET mRNA expression had 
MET gene amplification detected by FISH and/or NGS. 
However, FISH failed to identify three patients with 
very high MET mRNA expression, among whom one 
received MET tyrosine kinase inhibitors and obtained 
clinical benefit. These results indicated that MET 
mRNA expression assessment could improve the selec-
tion of patients for MET TKIs [14].

Kim JH et al. [15] performed a meta-analysis to 
evaluate the prognostic value of a high MET gene 
copy number in NSCLC patients. From 21 studies, 
7647 patients were included in the pooled analysis of 
hazard ratios for disease-free survival or overall survival. 
Patients with a high MET gene copy number showed 
significantly worse survival than patients with a low MET 
gene copy number. The method used for MET CNV 
analysis included FISH, SISH, bright field in situ hy-
bridization (BISH), and qPCR. The FISH technique was 
mostly used, but various cutoff criteria were adopted. 
A high MET gene copy number occurred in 1–38.9% 
of patients, depending on the technique used and the 
cut-point for positivity. Using the qPCR technique, more 
than 3 MET gene copies were considered a high MET 
gene copy number in most studies. A high MET gene 
copy number was detected in 5.6%, 18%, and 18.5% of 
NSCLC patients. In one study, the cutoff was the mean 
MET gene copy number, which was 1.31. In this study, 
a high MET gene copy number was found in 4.8% of 
patients. Surprisingly, there is a large discrepancy in the 
results and the fact that as many as 57.7% of patients 
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in our study had over 3 MET gene copies detected by 
the qPCR test [15].

Conclusions

Our study has several inherent limitations that 
need to be discussed. The group of adenocarcinoma 
patients was very small. Moreover, the group was het-
erogeneous regarding the occurrence of somatic driver 
alterations. Therefore, we did not detect any rare ab-
normalities in the MET gene. The 3 gene copy number 
cutoff for our qPCR test appears to be understated. This 
produces incorrect high MET gene copy number results 
in several patients. Nevertheless, the agreement of the 
MET mRNA expression and FISH results, as well as the 
positive correlation between the MET mRNA expres-
sion and the MET gene copy number in the qPCT test, 
indicate that these methods could complement each 
other. Performance of these two tests simultaneously 
(e.g. determination of mRNA expression and gene copy 
number) increases the reliability of MET gene assess-
ment. Such a tool allows correct qualification of our 
patients for molecularly targeted therapies.
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The rehabilitation of cancer patients and 
the role of nurses: a scoping review

ABSTRACT 
Introduction. Cancer survivors represent a growing population with very specific physical and psychosocial 

needs. The nurse’s intervention is focused on the management of symptom burden and challenges due to cancer, 

treatment-related morbidities, the maximization of independence, and the improvement of the quality of life of cancer 

patients. The purpose of this scoping review is to identify different specific rehabilitation interventions delivered 

by nurses in response to physical, psychological, and cognitive impairments that may be experienced by cancer 

patients and to understand whether these interventions should be implemented at a specific phase of cancer care.

Methods. A scoping review was performed (Joanna Briggs Institute, 2019) and multiple databases and Google 

Scholar were searched from January 2016 to August 2021. Articles published in English, Spanish or Portuguese, 

which included nurses who provided evidence-based rehabilitation interventions and psychosocial support, patient 

education, and health promotion to adult cancer patients, were considered for inclusion. 

Results. A total of 59 studies were included yielding 3 nurse-led intervention categories: exercise, psychoeduca-

tion, complementary and alternative medicine therapies. Most nurse-led interventions were delivered after cancer 

surgery or during treatment. Outcomes were mostly symptom-focused and frequently included quality of life. Many 

interventions provided beneficial physical and psychological outcomes or showed a positive trend.

Conclusions. Scientific publications concerning nurses as cancer rehabilitation providers still come as a relatively 

new approach. Further research and tailored interventions are needed to help nurses in decision-making and 

evidence-based practice.

Key words: cancer rehabilitation; rehabilitation nursing; oncology nursing; exercise therapy; psychological 

techniques; complementary therapies

Oncol Clin Pract 2022; 18, 3: 147–165

Oncology in Clinical Practice

DOI: 10.5603/OCP.2022.0018

Copyright © 2022 Via Medica

ISSN 2450–1654

e-ISSN 2450–6478

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to 
download articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Received: 28.02.2022 Accepted: 22.03.2022 Early publication date: 19.05.2022

Introduction 

Today, cancer is a major public health problem 
[1] and the second leading cause of death worldwide, 
following cardiovascular diseases [2]. The number 
of new cases is expected to rise from 14 million to 

22 million by 2030; this is about a 70% increase in only 
two decades [3]. Nevertheless, the advances made in 
early diagnosis and medical and surgical care, such 
as targeted therapies and new exacting procedures, 
have led to increased life expectancy following  
cancer [2].
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Cancer treatment requires careful consideration of 
evidence-based options, which can include more than 
one of the most common therapeutic modalities, such as 
surgery, radiotherapy, and systemic therapy [4]. While 
lifesaving, these interventions are often inevitably ag-
gressive and invasive, triggering a variety of symptoms 
that can limit patients’ function and participation [5, 6],  
and significantly impact health-related quality of life 
(QoL). These morbidities may become evident in 
a pre-diagnostic stage or through many years after cancer 
treatment, leading to the necessity for further complex 
physical and psychological demanding treatments [6].  
Several treatment-related morbidities or symptoms are 
amenable to rehabilitation interventions, such as fatigue, 
cognitive impairment, pain, sexual disfunction, balance 
and gait problems, lymphedema, swallowing, and com-
munication difficulties, among others [7]. The variety 
of symptoms that can be addressed may be the reason 
behind the growing interest in this area. 

Rehabilitation is considered an essential health 
service focused on the functioning of individuals with 
a variety of health conditions, not only in disease, but 
during all phases of life-course, and throughout all stages 
of acute, sub-acute, and long-term care [4]. Targeted 
rehabilitation interventions may decrease the incidence 
and/or the severity of upcoming impairments, which 
leads to reduced surgical complications and diminished 
hospitalizations or readmissions [6]. Furthermore, can-
cer rehabilitation is a multidisciplinary and multimodal 
approach that provides assessment, treatment, and sup-
port focusing on individuals’ needs, which consequently 
has the ability to improve physical and psychological 
health outcomes. This enhancement is obtained by re-
ducing disability and by improving the patient’s capacity 
to fully participate in work activities and enjoy leisure 
time, substantially increasing their QoL [4, 6–8]. 

Despite all these benefits, nowadays most delivery 
models of care do not integrate comprehensive cancer 
rehabilitation services into the oncology care continuum 
[8, 9], and when present, rehabilitation services are 
significantly underused in all phases of cancer care [7]. 

A cancer rehabilitation team comprises interdis-
ciplinary providers that must work together to design 
tailored interventions, with the intention of restoring 
function, enhancing participation, and/or preventing 
a later effect of the treatments [7]. This multidisciplinary 
approach to quality care for cancer survivors requires 
competency in assessment, decision-making, coordina-
tion, and communication skills, indispensable in every 
discipline, including nursing [9].

The theoretical framework for this review incorpo-
rates elements of Orem’s Self-care deficit nursing theory 
[10], which is based on the assumption that people with 
knowledge and information are enabled to participate 
in self-care activities that facilitate the management 

of physical and psychological problems, leading to the 
improvement of their health results. Orem’s theory is 
composed of three interconnected theories: (1) the 
theory of self-care, (2) the self-care deficit theory, and 
(3) the theory of nursing systems. The Nursing Process 
presents a system that helps determine self-care deficits 
at any stage of the patient’s life and aids to define their 
roles and the role of nurses involved in meeting self-care 
demands, whether in the maintenance of well-being, 
recuperation of health, prevention of illness, or reha-
bilitation [10]. 

Scientific publications in cancer rehabilitation are 
growing at a faster rate, but the field of nurse-led in-
terventions is still relatively new, and the literature has 
not yet been sufficiently synthesized to assist health 
professionals and researchers in decision-making 
and to provide the best evidence-based practice. We 
conducted a preliminary electronic search for exist-
ing scoping or systematic reviews on the subject in 
the JBI Database of Systematic Reviews and Imple-
mentation Reports, Cochrane Database of Systematic 
Reviews, CINAHL®, and PubMed®, up to August 
2021. The existent summarized evidence regarding 
nurse-led rehabilitation programs, normally only ap-
proaches a specific phase of the cancer care continuum 
(e.g., post-operative period or palliative phase). 

The objective of this review is to map the available 
evidence that identifies different rehabilitation inter-
ventions delivered by nurses in response to physical, 
psychological, and cognitive impairments that may 
be experienced by cancer patients and to understand 
whether these interventions should be implemented at 
a specific phase of cancer care.

Methods

The guidelines of the Joanna Briggs Institute Re-
viewer’s Manual [11] were followed to conduct this 
scoping review. The final report should comprise differ-
ent components and, following this process, a pertinent 
review question was identified: 

“What specific nurse-led rehabilitation care is pro-
vided to cancer patients?”

Inclusion criteria

This review considered studies including nurses 
who specialize in oncology or rehabilitation nursing or 
provided evidence-based rehabilitation interventions 
and psychosocial support, patient/family education, care 
coordination, and health promotion to adult cancer pa-
tients, regardless of diagnosis and across the continuum 
of care. Articles including intervention studies with 
a nurse as the primary investigator were also considered.
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Studies comprising nurse-led interventions with 
a physical component, a psychosocial component, 
and/or a complementary and alternative module (e.g., 
music) were considered. These interventions could be 
provided individually or in group sessions, in person or 
via telephone/internet, and in any setting (e.g., hospital, 
rehabilitation units, home). Eligible studies could com-
prise control groups, that did not receive a nurse-led 
intervention or that underwent standard care, rehabilita-
tion programs with different levels of intensity or length, 
or different delivery settings.

This scoping review included any type of study, 
especially meta-analyses, systematic or integrative re-
views, randomized controlled trials (RCTs) including 
quasi-RCTs, evidence-based clinical practice guidelines, 
and observational, descriptive, or qualitative studies. 

Search strategy

A comprehensive three-step search strategy was 
developed to find both published and unpublished pri-
mary studies and reviews. First, an initial limited search 
of PubMed® and CINHAL® was performed, followed 
by an analysis of words in the title, abstract, and index 
terms used in articles. A second examination using all 
identified keywords and index terms was undertaken 
across all included databases. Thirdly, the reference lists 
of all reports and articles of the studies that have been 
included in this review were searched for further studies. 

Articles published in English, Spanish or Portuguese 
were considered for inclusion. Databases were searched 
from January 2016 to August 2021, due to the scarcity 
of articles regarding rehabilitation interventions pro-
vided by nurses to cancer patients. Databases searched 
included: PubMed®, CINAHL Complete®, SciELO®, 
and BVS. The search for grey literature included Google 
Scholar. 

Study selection 

All results from the searches were uploaded into 
a reference manager database (Mendeley®) and dupli-
cates were removed. Titles and abstracts were indepen-
dently reviewed by two authors and inclusion decisions 
were made by consensus. The full texts were retrieved 
and assessed against the inclusion criteria. 

Data extraction

The data retrieved from the papers were extracted 
by two independent reviewers, using an adapted results 
extraction tool from JBI [11]. The disagreements that 
arose between the reviewers were resolved through 
discussion, or with a third reviewer. The study material 
collected includes standard article information (author, 

year of publication, country), study design, intervention 
details, duration of the intervention, target population, 
sample size, and key findings. 

Presentation of results 

Data analysis using the data collection instrument 
provided an overview of the obtained evidence from the 
conducted research concerning the nurse’s intervention 
in the rehabilitation of cancer patients. Search results 
and article selection were summarized in a flowchart 
adapted from the Preferred Reporting Items for Sys-
tematic reviews and MetaAnalyses (PRISMA) flowchart 
developed by Moher et al. [12].

Results were presented in a visual form with tables, 
and a narrative summary accompanied tabulated re-
sults. The quality and risk of bias evaluations were not 
performed because this study did not aim to provide an 
answer to a specific issue but to provide an overview of 
existing rehabilitation interventions. 

Results

The databases searches yielded a total of 1125 stud-
ies. An additional 3 articles were found through other 
sources. After duplicates were eliminated (n = 21), the 
titles and abstracts of 1107 studies were screened and 
177 were considered for further detailed evaluation. 
A total of 118 full-text articles were eliminated as they 
did not meet the inclusion criteria, yielding a total of 
59 studies for inclusion in the review. A flowchart show-
ing the number of studies considered at each stage is 
presented in detail below (Fig. 1).

Three major nurse-led intervention categories were 
found after a detailed analysis of the studies included 
in this review: exercise (n = 31), psychoeducational 
intervention and/or counseling meetings (n = 22), 
and complementary and alternative medicine (CAM) 
therapies (n = 6).

This study presents interventions for the manage-
ment of cancer-related fatigue (CRF), pain, distress, 
physical impairment, sexual and cognitive function,  
QoL, depression, sleep disturbances, and other symp-
toms and challenges (e.g., work limitations).

As cited previously, the theoretical framework for 
this scoping review incorporates elements of Orem’s 
Self-care deficit nursing theory [10]. One of the three 
interconnected concepts is the theory of nursing systems, 
which is further classified into wholly or partly compen-
satory or supportive-educative. From the analyses of 
the studies, it was clear that the role of nurses in cancer 
rehabilitation is mainly supportive-educative (88.1%) 
and only 11.9% of the nurse intervention was partially 
compensatory for self-care deficits. 
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Most articles were published from 2019 to 
2020 (n = 31; 52.5%), and the studies were carried out 
in the following countries: China (n = 14), the United 
States of America (USA; n = 11), Turkey (n = 7), Bra-
zil, the United Kingdom, Australia, Iran and Denmark 
(n = 3), the Netherlands, Sweden, and Taiwan (n = 2). 

This scoping review comprises studies with a wide 
range of study designs: RCT (n = 19); literature, sys-
tematic or integrative reviews (n = 15); meta-analysis 
(n = 7), pre-to-post design (n = 6), qualitative (n = 5), 
mixed-methods (n = 1), and others.

Most of the articles did not specify cancer location 
or reported mixed cancer diagnosis (n = 19). However, 
some studies were conducted only on women with breast 
cancer (n = 13) or comprised breast cancer among other 
cancer types (n = 4). The remaining analyzed studies 
also included the diagnosis of lung cancer (n = 7), gy-
necological cancer (n = 5), esophageal cancer (n = 3), 
colorectal, prostate cancer, head and neck cancer (n = 2), 
lymphoma, leukemia, and high-grade glioma.

All studies were conducted only in adults who were 
diagnosed with any type and stage of cancer throughout 
the cancer continuum of care. Nurse-led interventions 
were delivered after cancer surgery (n = 16), except in 
two studies, where these interventions were initiated 
in the pre-operative period. Other research, included 
cancer patients undergoing active treatment (n = 16), 
radiation or chemotherapy, or in survivorship (n = 10). 
Many articles did not specify the phase of cancer treat-
ment (n = 16), and only 1 study was conducted on 
patients receiving palliative care exclusively.

The outcomes measured across studies included 
a physical and/or psychosocial component, but the ma-
jority were symptom-focused. The number of outcomes 
evaluated ranged from 1 to 9, with a mean of 3 outcomes 
per study.

It was found that QoL is one of the most highlighted 
outcomes assessed either in the overall analysis of stud-
ies (35.6%) or in the exercise category specifically. CRF 
was the most frequently targeted symptom, arising as 
an outcome assessed in  27.1% of the studies, followed 
by physical functioning (20.3%) and anxiety (16.9%).

Exercise/physical activity 

Exercise interventions delivered by nurses in re-
sponse to problems that may be experienced by cancer 
patients have been analyzed in several studies (Tab. 1). 

Regarding interventions to improve CRF, al Maqbali 
et al. [13] conducted a systematic review including 5 stud-
ies with gynecologic cancer patients, and the evidence 
suggests that exercise results in a significant reduction 
in fatigue despite variations observed between studies 
(intensity, frequency, duration, and length). The cur-
rent literature also recommends physical exercise with 
a multimodal approach, and that includes progressive 
resistance training with adjustable intensities of aero-
bic fitness to address CRF [14], leading to an overall 
improved QoL [15, 16]. A meta-analysis that included 
113 RCTs with exercise, psychological, and exercise 
plus psychological interventions, demonstrated an im-
provement in CRF during and after primary treatment, 

Figure 1. Flowchart of study selection and inclusion process [12]
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Table 1. Nurse-led exercise interventions

Author and 
location

Design Intervention Details Population Findings

Huether et al. [16], 

2016. 

USA

Pre-to-post 
design

Energy Through Motion (ETM): low-to- 
-moderate intensity exercise and/or 
resistance exercise. Regular personal con-
nections. Follow-up phone calls. 

Duration: 3 months

50 adults living 
with/after cancer: 
UC (n = 30) and 
EG (n = 20)

ETM participants reported 
increased activity levels, de-
creased fatigue and an im-
proved QoL

McGowan [14], 
2016

USA

Literature 
review

Physical exercise to address CRF in inpa-
tient setting, with a variety of interven-
tion dimensions (timing, duration) and 
exercise dimensions (frequency, intensity, 
type and time)

Cancer patients 7 articles included. Current 
literature supports NCCN exer-
cise guidelines, a multimodal 
approach and progressive re-
sistance training with varying 
intensities of aerobic fitness

Mustian et al. [17], 
2017

USA

Meta-anal-
ysis

Exercise (aerobic, anaerobic or strength, 
or both), psychological (CBT, psychoedu-
cational or eclectic), the combination of 
exercise and psychological, and pharma-
ceutical interventions.

Mean duration: 14 weeks (range, 1–60)

11 525 unique 
participants: 
women with 
breast cancer 
(46.9%) and pa-
tients with other 
cancer types

113 RCTs included. Exercise, 
psychological, and exercise 
plus psychological interventions 
improved CRF during and after 
primary treatment, but pharma-
ceutical interventions did not

Scott & Posmontier 
[15], 2017

EUA

Integrative 
Review

Exercise interventions: aerobic or resist-
ance exercise, cardiovascular exercise, 
strength training, flexibility exercises, re-
sistive exercise and psychosocial support, 
walking or a combination of cycling, 
resistance or strength training, relaxa-
tion, basic yoga-type cooldown exercises

Cancer patients 
under/after treat-
ment

7 studies were selected. Exercise 
can decrease the effects of CRF, 
leading to an overall improved 
QoL. No negative results on the 
effects of exercise on CRF were 
reported

McDonald et al. 
[20], 2018

USA

Pre-to-post 
design (sin-
gle-group)

6-week home-based personalized be-
havioural PA intervention with fitness 
graded motion exergames (PAfitME): Wii 
Fit exergames. 1h visit from an oncol-
ogy nurse and 10-min weekly calls for 
3 weeks after the 6-week.

Duration: 9 weeks

8 Head and neck 
cancer patients 
after cancer treat-
ment

ADL dependence and CRF were 
significantly reduced. Balance, 
muscle strength, shoulder for-
ward flexion and cardiorespira-
tory fitness improved after the 
6-week intervention

Sweegers et al. [33], 
2018

Netherlands

Systematic 
Review and 
Meta-anal-
ysis

Exercise, characterized by a variety of 
intervention dimensions (timing, dura-
tion and delivery mode) and exercise 
dimensions (frequency, intensity, type 
and time).

Duration: from ≤ 12 weeks to > 24 weeks

Adult cancer pa-
tients 

66 RCTs included. Patients in 
EG had significantly improved 
QoL and Physical Function. Sig-
nificant beneficial effects noted 
for supervised exercise interven-
tions, but not for unsupervised 
approaches. Concerning to 
unsupervised exercise, higher 
weekly energy expenditure 
was more effective than lower 
energy expenditure

Schumacher & McN-
iel [21], 2018

USA

Exploratory 
mixed-meth-
ods study

Exercise rehabilitation — physical and 
psychosocial outcomes of the Livestrong 
at the YMCA program (twice a week, 
75 min): cardiovascular conditioning, 
strength training, balance and flexibility.

Face-to-face interviews (35–40 min)

Duration: 12 weeks

158 cancer 
survivors (physi-
cal outcomes); 
68 participants 
(psychosocial 
outcomes); and 
11 participants 
(interviewed about 
their experience)

Physical measures of strength, 
balance, flexibility and endur-
ance; and psychosocial meas-
ures of anxiety, fatigue, sleep 
disturbance, satisfaction with 
social role and pain interference 
were significantly improved 
post-exercise rehabilitation

→



152

ONCOLOGY IN CLINICAL PRACTICE 2022, Vol. 18, No. 3

Author and 
location

Design Intervention Details Population Findings

Mendes & Barichello 
[22], 2019

Brazil

Integrative 
Review

Non-pharmacological interventions for 
oncological fatigue and/or HRQOL

Patients with di-
gestive neoplasia 
undergoing chem-
otherapy

6 studies were selected. The 
practice of PA was considered 
an effective intervention, but 
no acupuncture, in the manage-
ment of CRF and HRQOL

al Maqbali et al. 
[13], 2019

United Kingdom

Systematic 
review

Exercise interventions to manage CRF, 
(similarity in the exercise modality), 
but the intensity, frequency, duration 
and the length of the exercises varied 
between studies. PA: 30 min for 5 days 
(150 min/week). Intervention starts with 
a counselling session, but the contact 
with participants is variable. 

Duration: from 24 weeks to 12 months

Women with gy-
naecologic cancer

5 studies met the inclusion 
criteria: 3 RCT and 2 single-arm 
trials. Evidence suggest that 
exercise interventions result in 
significant reductions in fatigue, 
but, the current evidence is 
limited

Mardani et al. [27], 
2021

Iran

RCT Exercise booklet and an Exercise pro-
gramme: aerobic (walking, reached 
150 min/week in the last 4 weeks), 
resistant (11 exercises for large muscles, 
gradually reached 12 times in 2 sets in 
the last 2 weeks), flexible (10 exercises for 
the elongation of main muscles and ten-
dons) and pelvic floor muscle exercises.

One session of group exercise and three 
sessions of individual exercise per week.

Duration: 12 weeks

80 Prostate can-
cer survivors: CG 
(n = 40) and EG 
(n = 40)

In the EG statistically significant 
improvements in physical, role, 
emotional, social and sexual 
function were reported. In 
addition, this group reported 
reduced fatigue, insomnia, con-
stipation, diarrhea, and other 
treatment-related symptoms. in 
comparison with before the 
exercise program

Groen et al. [34], 
2018

Canada

Systematic 
Review and 
Meta-anal-
ysis

PA interventions (no more than one 
face-to-face contact): print material, 
print and telephone or text and tel-
ephone, telephone support, web/online 
support, mobile app, smartphone, text 
messaging, telemedicine, Nintendo Wii 
Fit, DVD.

Mean duration 3.5 months (range, 1–24)

5 218 Cancer 
survivors: breast 
cancer survivors 
(45%) and other 
cancer types sur-
vivors 

29 RCTs included. Moder-
ate-to-vigorous physical activ-
ity data from 24 RCTs were 
included in the meta-analysis 
and showed an overall small 
effect, as for steps, supporting 
the interventions. Three of these 
studies used telephone calls and 
the adherence was very high

Zhou et al. [40], 
2020

China

RCT WeChat-based multimodal nursing 
program: physical (e.g., tailored informa-
tion, surgical side upper limb exercise 
training, coping with fatigue and poor 
sleep, pain relieving), psychological (e.g., 
relaxation training, feeling expression, 
counselling) and social rehabilitation 
(e.g., adaptation to patient role, social 
training, role transformation). 

Duration: 6 months

Postoperative 
women with 
breast cancer 
(stage I-III): EG 
(n = 56) and CG 
(n = 55).

Significant improvement in the 
QoL in the EG during early re-
habilitation. Physical well-being 
only exhibited a time-based 
effect; social/family well-being 
and functional well-being had 
group, time, and group-time 
interaction effects; emotion-
al well-being had time and 
group-time interaction effects 

Chang et al. [39], 
2020

Taiwan

RCT Informatics-based exercise and health 
information program: a home-based 
walking exercise program (3-5 days per 
week for 30 min), a nursing education 
program (e-books for diet guidance, re-
habilitation exercises, symptom manage-
ment and psychological adjustments), 
and instruction in use of the health 
informatic system

Duration: 12 weeks

88 Patients who 
had undergone an 
esophagectomy 
for  cancer :  EG 
(n = 44) and CG 
(n = 44).

EG experienced significant im-
provements in nutrition, ex-
ercise capacity and variables 
related to QoL

Table 1 cont. Nurse-led exercise interventions

→



153

Catarina Rodrigues, The rehabilitation of cancer patients

Author and 
location

Design Intervention Details Population Findings

Frensham et al. [37], 
2020

Australia

Quasi-RCT Walking intervention (online): the STRIDE 
website and weekly step goals. All partici-
pants attended 2 baselines workshops and 
were provided with a sealed pedometer 
and with lifestyle information. The EG 
was instructed on how to use the website, 
including how to log steps and report rat-
ings of perceived exertion and daily affect.

Duration: 12 weeks

91 Cancer survi-
vors: EG (n = 46) 
and CG (n = 45)

An increase in steps/day at 
12weeks was observed in both 
groups, with a larger increase 
in the EG, but changes were 
not maintained at follow-up. 
Psychological predictors of 
maintained changes in steps per 
day did not differ between met-
ropolitan and rural participants.

Sotirova et al. [35], 
2021

United Kingdom

Systematic 
review and 
narrative 
synthesis

Internet-based self-management pro-
grammes for post-surgical cancer re-
habilitation: an exercise or PA-based 
self-management intervention and 
a measure of adherence, acceptability 
or user satisfaction.

Adult participants 
after cancer sur-
gery

11 papers included. Interven-
tions had wide variations re-
garding the adherence lev-
els. Increased acceptability and 
user satisfaction were linked to 
interventions which were seen 
as time and cost-efficient. The 
majority contained behaviour 
change components.

Hoffman & Brintnall 
[36], 2017

USA

Qualitative 
study

6-week home-based exercise interven-
tion: self-management of CRF (virtual 
reality using the Nintendo Wii Fit Plus; 
face-to-face contact followed up with 
phone contact; use of informational mo-
tivators)

37 Non-small 
cell lung cancer 
(NSCLC) patients 
after thoracotomy

Postsurgical NSCLC participants 
found this rehabilitative exercise 
intervention acceptable because 
it removed traditional barriers 
to exercise

Nemli [38], 2018

Turkey

Quasi-ex-
perimental 
design

Exercise training, supported with fol-
low-up calls at home (1 day a week): 
moderate intensity PA supported by 
taking a walk in nature (30 min per day). 
A physical exercise guide was given to 
the participants. 

Duration: 12 weeks

62 Postoperative 
women undergo-
ing chemothera-
py: EG (n = 31) 
and CG (n = 31).

The number of “very active” in-
dividuals and the “total PA level” 
increased significantly in the EG, 
but decreased significantly in 
the CG. This increase in the level 
of PA its related to good Qol.

Donmez & Kapucu 
[29], 2017

Turkey

RCT A clinical and home-based nurse-led 
physical activity program (PAP) and 
simple lymphatic drainage (SLD): home 
visits, twice a week (each session last-
ed 1hour).

Duration: 6 weeks

52 breast cancer 
patients: PAP and 
SLD (n = 25) and 
CG (n = 27)

Lymphedema-related symptom 
severity scores (pain, tension, 
heaviness, numbness sensation, 
ADL limitation) have decreased 
significantly in the EG

Temur & Kapucu [30], 
2019

Turkey

RCT Self-Management of Lymphedema 
Program: training and training booklet 
“exercise, massage and prevention 
methods”. Follow-up calls for 6 months 
and through monthly clinical check-ups.

Duration: 6 months

61 breast can-
cer patients: EG 
(n = 30), CG 
(n = 31).

Lymphedema development was 
not observed in the EG, while 
61.2% of the CG developed 
lymphedema. The QoL of the EG 
was higher than that of the CG

Zhou et al. [32], 2019

China

RCT Progressive upper limb exercises and mus-
cle relaxation training (PULE-MRT): before 
surgery in individual or group format, 
and following surgery via one-to-one 
supervision in hospital or home visit-
ing. The exercises were performed in 
a step-by-step modality and the duration 
per session ranged from 10 to 30 min, 
with a frequency of 3 to 6 session per 
day, for PULE. The duration of the MRT 
was 30 min per session, twice per day.

Duration: 
6 months

102 Breast cancer women fol-
lowing surgery: EG (n = 51) and 
CG (n = 51)

All patients in the EG completed 
the exercises and training, with 
100% of compliance and no 
adverse events. PULE-MRT had 
positive effects on improving 
upper limb function and HRQOL

Table 1 cont. Nurse-led exercise interventions
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Author and 
location
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Wang et al. [31], 
2020  
China

RCT Evidence-based nursing (EBN) interven-
tion on upper limb function: pain relief; 
psychological intervention and health 
education; massage and traction of the af-
fected limbs (3 times a day for 10 min each 
time); upper limb rehabilitation exercise 
(3–5 times per day, with a minimum break 
between 2 exercises over 2 h and each 
exercise with a minimum15 min duration).

Duration: 6 months

126 Postoperative 
breast cancer pa-
tients undergoing 
radiotherapy: EG 
(n = 63) and CG 
(n = 63)

EBN can positively influence 
the negative emotional state 
of BC patients, and it is help-
ful in reducing the degree of 
lymph node edema, thereby 
improving the function of the 
shoulder joint, and the upper 
limb function  

Li et al. [28], 2016

China

RCT Home-based, nurse-led health program 
(NHP): physiological rehabilitation; fam-
ily-care team provision; emotion-release 
management (Yoga); informal social 
support system; follow-up monitoring 
(online communication, a telephone 
calls every 2 weeks, a home visit every 
2–3 months); and nursing education. 

Duration: 6 months

226 early-stage 
cervical cancer 
patients: EG 
(n = 119) and CG 
(n = 107)

NHP improves the scores of QoL 
scales, cohesion and adaptabil-
ity subscales, and female sexual 
function index scales (sexual 
function or sexual well-being)

Knoerl et al. [18], 
2020

USA

Review Management of chemotherapy-induced 
peripheral neuropathy (CIPN)-associated 
physical function deficits: pharmacologic 
interventions, exercise interventions (var-
ious exercise types, dosages, durations, 
and delivery settings)

Cancer patients 
with CIPN

Exercise and physical therapy 
may be promising treatments 
(e.g., improving strength and 
balance), but the efficacy and 
optimal dose of such treat-
ments for CIPN are unclear

Metin & Donmez 
[19], 2016  
Turkey

Review Dyspnea management: pharmacological 
interventions (opioids, anticholinergics 
and Beta2-agonists, anxiolytics and diu-
retics); nonpharmacological approaches 
(oxygen, fun, exercise, pulmonary reha-
bilitation, acupuncture, acupressure and 
Cognitive Behavioural Therapy)

Cancer patients 
with dyspnea

Morphine is the most common 
opioid used to relieve dyspnea. 
Benzodiazepines reduced anxi-
ety-induced dyspnea. Acupunc-
ture, acupressure, neuromuscu-
lar electrical stimulation, external 
nasal dilator strips, pulmonary 
rehabilitation, regular exercise 
programs, use of supplemen-
tal oxygen and fun have been 
reported to manage dyspnea. 
Nurse counselling, effective res-
piratory-cough exercises, patient 
education programs, relaxation 
techniques and coping strategies 
also have been effective

Liu et al. [24], 2019  
China

Meta- 
-analysis

Breathing exercises: abdominal breath-
ing, pursed-lip breathing, diaphragmatic 
breathing exercises, thoracic breathing 
tra ining, volume-oriented incentive 
spirometer (diversities in the character-
istics of interventions).

Duration: from 1 week to 12 weeks

870 Lung cancer 
patients

15 RCT were included. Breathing 
exercises had positive effects on 
dyspnea and 6MWD, but not on 
anxiety and depression. In the 
surgery subgroup, these exer-
cises could significantly improve 
dyspnea and 6MWD

Wang et al. [42], 
2019  
China

Meta- 
-analysis

Home-based exercise training (HBET): aero-
bic training, resistance training, or a com-
bination of both, and breathing exercises 
at home and including regular follow-up 
via home visit, telephone or logbook

Duration: from 4 weeks to 16 weeks

453 patients with 
lung cancer

10 articles met the inclusion 
criteria. HBET was found to 
increase 6MWD and improve 
anxiety. No improvements in 
dyspnea, depression or HRQOL 
were observed

Table 1 cont. Nurse-led exercise interventions
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Saetan et al. [23], 
2020 

Thailand

Quasi-experi-
mental study 
(pre-to- 
-post-test)

Respiratory Rehabilitation Program (RRP): 
dyspnea education, breathing exercise, 
using handheld fans, effective coughing, 
respiratory strengthening training and 
follow-up by phone (5–10 min) in the 
third and sixth week. 

Duration: 8 weeks 

28 NSCLC Patients 
(stage 4): EG 
(n = 14) and CG 
(n = 14)

There were significant differ-
ences in the mean score of per-
ceived self-efficacy and dyspnea 
between groups 

Liu et al. [43], 
2021  
China

Non-rand-
omized con-
current-con-
trol study

Early ambulation within 2 h after thora-
coscopic surgery: patients were encour-
aged to walk independently for 5–10 min 
under supervision. On the following 
days: walk in the corridor for 10 min 
at least thrice a day. Patients received 
the standard care as the CG (e.g., 
back-slapping, effective cough and deep 
breathing exercises).

227 Patients with 
lung cancer: OG 
(n = 100) and CG 
(n = 127)

83% of patients were able to 
walk any distance within 2h 
of extubation, and no adverse 
events occurred in patients. The 
length of hospital stay was 
significantly shorter in the OG 
than in the CG

Banda et al. [25], 
2021

Taiwan

Systematic 
review and 
Meta-analysis

Swallowing exercises to improve swal-
lowing function: including jaw, tongue, 
laryngeal and pharyngeal exercises. The 
number of sessions ranged from 2–5 per 
day, with a frequency of 1–15 times per 
day or weekly. The total duration of ex-
ercises ranged from 10 min to 2 hours 
per day.

Duration: from 6 weeks to one year

1100 HNC patients 
undergoing multi-
modal treatment

19 RCTs were included for re-
view. Swallowing exercises had 
a significant small effect on 
swallowing function, a moder-
ate effect on mouth opening 
immediately after interven-
tion and a small effect at the 
6-month follow-up. Non-signif-
icant effects were observed on 
risk of aspiration, performance 
status and all domains of QoL

Zeng et al. [26], 
2021

China

RCT Rehabilitation exercises on swallowing 
function (mouth opening exercises, 
neck massage, oral organ coordination 
training, and direct feeding training); 
oral and pharyngeal nursing (swallowing 
therapeutic apparatus with frequency 
of 30–80 Hz, wave width of 700 ms, 
and current intensity of 0–25mA, for 
30 min/time, once/day, and continued for 
2 weeks); psychological nursing (relieve 
anxiety and fear and give psychologi-
cal comfort)

Duration: during radiotherapy

109 esophageal 
cancer patients 
undergoing ra-
diotherapy: CG 
(n = 45) and EG 
(n = 64)

This intervention can ameliorate 
dysphagia and improve the 
QoL. The incidence of complica-
tions in the EG was lower than 
the ones showed in the CG 

Ann [41], 2016

Australia

Review Managing symptom effects of cerebral 
edema: medication (corticosteroids, 
antiepileptics), rehabilitation, commu-
nication, patient and family education 

P a t i e n t s  w i t h 
high-grade glioma

16 records were selected. While 
medication is the primary man-
agement for symptom clus-
ters, other therapies such as 
rehabilitation are used to aid 
in symptom relief and manage-
ment, improving functionality 
and QoL, and reducing hospital 
admissions. Effective communi-
cation is needed to the patient 
and their family to ease coping 
with symptoms

6MWD — 6-minute walking distance; ADL — activities of daily living; BC — breast cancer; CG — control group; CIPN — chemotherapy induced peripheral  
neuropathy; CRF — cancer-related fatigue; EG — experimental group; HRQoL — health related quality of life; NHP — nurse-led health program;  
NSCLC — non-small cell lung cancer; OG — observational group; PA — physical activity; QoL — quality of life; RRP — respiratory rehabilitation program; 
UC — usual care 

Table 1 cont. Nurse-led exercise interventions
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mainly among patients with breast cancer or breast 
cancer survivors. So, specific intervention modes may 
be more effective for treating CRF at different points 
in the cancer treatment trajectory [17]. 

Other studies in this review showed that exercise 
and physical therapy may be promising treatments for 
the management of chemotherapy-induced peripheral 
neuropathy [18] and that they help with dyspnea [19], 
in addition to fatigue management [20–22].

The respiratory rehabilitation programs provide 
knowledge on dyspnea and are used to prepare patients 
with low to moderate dyspnea to manage this symptom 
[23]. In addition, breathing exercises have positive 
effects not only on dyspnea but also on the 6-minute 
walking distance (6MWD) test [24].

Results from 2 studies on swallowing exercises 
showed that these interventions had effects on swallow-
ing function and on mouth opening in head and neck 
cancer patients [25], and that can ameliorate dysphagia 
in esophageal cancer patients, with improvements in 
QoL [26].

An RCT on using exercise facilities in the com-
munity, which included aerobic, resistant, flexible, and 
pelvic floor muscle interventions, was conducted on 
prostate cancer survivors, to reduce the complications 
after treatment, and statistically significant improve-
ments in sexual function were reported [27]. Similarly, 
home-based physiological rehabilitation along with nurs-
ing education, for postoperative patients with early-stage 
cervical cancer, improved female sexual function or 
sexual well-being [28]. 

Concerning lymphedema of the upper extrem-
ity in breast cancer patients, Dönmez and Kapucu 
[29] found benefits for those who were included in 
a physical activity program and simple lymphatic 
drainage, reducing lymphedema-related symptom 
severity scores. In another study conducted by Temur 
and Kapucu [30] a self-management lymphedema 
program has been effective preventing lymphedema 
development in the intervention group. Two RCTs on 
upper limb exercise following breast cancer surgery 
were conducted aiming to improve function. Results 
showed that an evidence-based nursing intervention 
can reduce the degree of lymph node edema during 
radiotherapy, thus improving upper limb function 
[31]. In addition, progressive upper limb exercises 
and muscle relaxation training had positive effects 
on HRQoL [32].

Other studies focused on physical function and QoL, 
showing a significant beneficial effect with supervised 
exercise interventions. The effects of unsupervised 
exercise interventions on physical function were better 
when prescribed at a higher weekly energy expenditure 
[33]. A systematic review and meta-analysis showed an 
overall small effect of moderate-to-vigorous physical 

activity that employs broad-reach approaches, such as 
for walking steps, supporting these interventions [34]. 

Some studies reported a practice of exercise where 
the patients rely on web/online support and health in-
formation programs, with variations in levels of patient 
adherence. Sotirova et al. [35] developed a systematic 
review and narrative synthesis, in which they concluded 
that increased acceptability and user satisfaction were 
associated with interventions seen as time and cost-ef-
ficient. Exercise training, supported with follow-up calls 
at home was found acceptable because it removed tradi-
tional barriers to exercise [36]. In a walking intervention 
(online) conducted by Frensham et al. [37], there was 
a large increase in steps per day at 12 weeks, but changes 
were not maintained at 3-month follow-up. However, 
exercise interventions supported by internet programs 
or by phone calls also showed improvements in exercise 
capacity, which is related to good QoL [38–40].

A review provided evidence of how rehabilitation 
helps relieve and manage symptoms of cerebral edema in 
patients with high-grade glioma, in addition to medica-
tion, communication strategies, and patient and family 
education, which resulted in improving functionality and 
QoL and reducing hospital admissions [41]. 

Exercise programs were further used for the control 
of anxiety [42], to reduce the length of hospital stay (by 
encouraging early ambulation after surgery) [43], or to 
accept and engage in regular activity [36–38].

The studies included in this review evidenced 
nurse-led exercise programs with some differences 
(content, frequency, duration, intensity, and degree 
of supervision) often coupled with other interven-
tions. Therefore it is difficult to evaluate the benefits of 
exercise alone. However, positive outcomes were linked 
to exercise and included better physical performance, 
symptom management, and, consequently, QoL.

Psychoeducational interventions and/or counseling 
meetings

Most of the studies included in this category (38.1%) 
were face-to-face sessions, followed by both in-person 
and telephone/internet contact (28.6%) with cancer pa-
tients as part of the nurse’s interventions. Only 2 studies, 
with breast cancer patients, used a group intervention 
model. 

The content of nurse-led interventions comprised 
in this category varied across studies and most of them 
incorporated a multifaceted strategy. Some interven-
tions focused on a specific symptom, others on a cluster 
of symptoms, or covered other challenges (e.g., QoL, 
return to work) (Tab. 2).

An RCT performed by Fenlon et al. [44] demon-
strated the effectiveness of cognitive-behavioral therapy 
(CBT) in decreasing hot flushes and night sweats in 
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breast cancer patients. Another study showed that CBT 
and cognitive training had promising results on cogni-
tive dysfunction (e.g., memory efficacy) [45]. Results of 
a behavioral intervention conducted by Hunter et al. [46] 
showed a reduction of anticipatory nausea and vomiting 
during chemotherapy in patients receiving mindfulness 
relaxation or relaxing music. 

Nurses’ interventions in cancer patients can in-
clude psychotherapeutic strategies, such as the hope 
therapy, which seemed promising in producing both 
physical and psychological benefits [47], or the positive 
behavior management model, with a significant impact 
on self-efficacy, hope levels, and QoL scores [48]. An 
RCT conducted by Zhou et al. [49], on cyclic adjustment 
training had positive effects on improving psychological 
resilience. Another study obtained similar results while 
using a hospital-family holistic care intervention based 
on “Timing It Right” [50]. 

Nurses also need training in spiritual care compe-
tencies as evidenced in a study performed by Guo et al. 
[51], where it was observed that patients having lower 
preferences for nurse spiritual therapeutics, often re-
port an imbalance of their body, mind and spirit, and 
may need extra effective measures to promote their 
psychological capital (self-efficacy, optimism, hope, and 
resilience) and QoL.

Individual psychoeducational programs, linked to 
cognitive therapy strategies, showed to be effective in 
reducing psychological symptoms of distress, anxiety, 
and depression, 12 months after diagnosis [52]. Nurses 
can use internet-based learning and self-management 
programs targeting anxiety and depression to provide 
helpful information and as a complement to standard 
care, but only for people with milder problems [53]. 
Another strategy used by Borji et al. [54] was the eye 
movement desensitization and reprocessing technique, 
which had significant results in decreasing patient 
stress. Byun et al. [55] also showed significant changes 
in distress and mood using a crying therapy program in 
breast cancer survivors. 

An individually tailored nursing intervention that 
supports self-management of symptoms using motiva-
tional interviewing significantly reduced overall symp-
tom distress and severity in cancer patients undergoing 
chemotherapy [56]. In an ethnographic study, Cerna et 
al. [57] identified three categories of nursing strategies 
that support self-management in pelvic-cancer reha-
bilitation patients: encouraging self-reflection, tailoring 
solutions together, and keeping patients motivated. 

A nurse-led survivorship model of care may be 
a supportive intervention for lymphoma patients 
who had finished treatment because, as concluded 
by Taylor et al. [58], survivors need individualized 
and tailored support and resources that can promote 
self-management.

Other studies utilized some form of educational 
approach and showed positive effects, for example, the 
educational technology presented by Perdigão et al. [59] 
with validity for health education regarding fatigue. An 
educational respiratory rehabilitation animation showed 
to be effective for promoting training-related knowledge 
and exercise compliance, with lower complications due 
to pulmonary surgery [60]. Similarly, a home-based 
educational program for breathlessness management 
resulted in the improvement of patients’ breathlessness 
and anxiety [61]. In addition, educational and coun-
seling nutritional interventions after esophageal cancer 
surgery empowered patients to develop high levels of 
bodily consciousness and skills in self-management, 
re-embodying eating [62].

Research on fitness to work is needed because 
a study conducted by Zeng et al. [63] showed that breast 
cancer survivors reported higher levels of cognitive 
limitations at work, anxiety, and lower levels of work 
productivity and QoL. So, a rehabilitation nurse should 
ponder strategies to help the patient manage anxiety 
and to best accommodate specific cognitive limitations 
and work tasks. 

Hospital-based rehabilitation counseling programs 
showed positive effects on women surgically treated 
for gynecological cancer, achieving their expected or 
much-higher goals, but some of them needed additional 
support [64]. Similarly, in a nurse-led sexual rehabilita-
tion program conducted by Bakker et al. [65] on gyneco-
logic cancer patients treated with pelvic radiotherapy 
(RT), in-person counseling sessions resulted in sexual 
function improvement. 

Complementary and alternative medicine therapies

Complementary and alternative medicine (CAM) 
can include a variety of medical products and practices 
that are not part of standard medical care. Specifically, 
cancer care CAM comprises the patient’s mind, body, and 
spirit, and includes multidisciplinary approaches (Tab. 3). 

The National Cancer Institute [66] believes that 
evidence-based complementary medicine modalities 
could be included as part of standard cancer treatment 
for all patients during the cancer care continuum. 

Yangöz and Özer [67] found that music had a mod-
erate effect on the intensity of the pain experienced by 
patients with cancer-related pain and that this interven-
tion had no adverse effects. 

Massage therapy at the end of the chemotherapy 
treatment, simultaneously with soothing music, showed 
to be effective in reducing significantly progressive symp-
toms of pain, fatigue, and sleep disorders’ intensity and 
improving sleep quality over time [68]. 

A systematic review performed by Baviera et al. [69] 
assessed the effect of acupuncture on chemotherapy-in-
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Table 2. Nurse-led Psychoeducational interventions and/or counselling meetings

Author and 
location

Design Intervention Details Population Findings

Goldschmidt  
et al. [52], 2017 
Denmark

Randomized 
pilot study

Individually tailored nurse-navigation 
intervention (ITNNI): individual, manu-
al-based counselling based on strategies 
from cognitive therapy and psychoedu-
cation (empathetic listening and dialog, 
collaborative empiricism, assessment 
of needs from patient reported out-
come measures and dialogue with the 
patient, goal-setting, intervention plan 
and debriefing). 1st session conducted 
face-to-face, while the following sessions 
were either face-to-face or by telephone.

Duration: 12 months 

116 Women 
with newly 
diagnosed BC 
(pre-operative): 
OG (n = 66); EG 
(n = 25) and CG 
(n = 25)

This pilot study shows promis-
ing feasibility including high 
participation rate and satisfac-
tion with the ITNNI. No signifi-
cant effects were observed after 
6 months, but results showed 
statistically significant effects on 
distress, anxiety and depression, 
but not on HRQoL, 12 months 
after diagnosis

Coolbrandt et al. 
[56], 2018

Belgium

Quasi-experi-
mental

study

CHEMO-SUPPORT intervention: one 
in-person coaching session at the start of 
treatment, one telephone-based coach-
ing session during the first few days at 
home, patient information brochure and 
an online or on-call nursing service for 
help patients to adequately self-manage 
their symptoms.

Duration: 12 weeks 

143 cancer 
patients start-
ing their first 
chemotherapy 
treatment: CG 
(n = 71) and EG 
(n = 72)

An individually tailored nurs-
ing intervention that supports 
symptom self-management using 
motivational interviewing signifi-
cantly reduces overall symptom 
distress and symptom severity. 
Self-efficacy and outcome expec-
tation were significantly higher in 
the EG. Self-care was statistically 
similar in both groups

Taylor et al. [58], 
2019

Australia

RCT Care After Lymphoma trial: 3 face-to-face 
appointments (60 min) in the nurse-led 
lymphoma survivorship clinic, an individ-
ual Survivorship care plan and treatment 
summary and resource pack.

Duration: 6 months 

60 Lymphoma 
participants 
3 months 
post-treatment 
follow-up: CG 
(n = 30) and EG 
(n = 30) 

Although not statistically sig-
nificant, EG reported less un-
met needs, less distress and 
an increase in empowerment, 
compared with CG. Survivors re-
quire individualized and tailored 
support and resources

Hol et al. [64], 
2019  
Denmark 

Observational 
cohort study 

Hospital-based rehabilitation counselling 
program: 2 face-to face sessions that 
lasted up 1hour (1 and 3 months after 
discharge) and 2 phone calls (1 month 
after each rehabilitation session)

Duration: 5 months

151 women surgi-
cally treated for 
gynaecological 
cancer (endome-
trial, ovarian and 
cervical cancer)

70% of participants at the first 
phone call and 72% at the second 
phone call achieved their goals as 
expected or more or much more 
than expected. Endometrial can-
cer patients more often achieved 
their goals than others

Zhang et al. [50], 
2020

China

RCT Hospital-family holistic care intervention 
based on “Timing It Right”. The phases of 
the disease were adjusted to the following: 
the disease diagnosis phase, the periopera-
tive phase, the discharge preparation phase 
and the adjustment and adaptation phase. 
The interventions were implemented in 
both in-hospital (first two phases) and 
out-of-hospital sites (last three phases).

Duration: 6 months

119 Colorectal 
cancer patients 
with permanent 
colostomy: EG 
(n = 60) and CG 
(n = 59)

After intervention, there were 
significant differences in psy-
chological resilience, self-care 
ability, complications and QoL 
between groups, at different 
observation points

Chan et. [47], 
2019

China

Pre-to-post 
design

Brief Hope Intervention consisted of 
4 one-on-one sessions: 2 face-to-face 
sessions (1 hour) and 2 (30 min) tel-
ephone follow-up sessions in between. 
There were 3 core features in the 
hope therapy: goal thoughts, pathway 
thoughts and agency thoughts

40 rehabilitation 
cancer patients

Participants had significant im-
provement in all aspects of the 
memorial symptom assessment 
scale, but the changes in present 
hope and depression scores 
were insignificant. 

→
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Hao et al. [48], 
2020

China

RCT Positive behaviour management model 
based on cognitive framework: reshape 
the cognitive system (20 min), health-re-
lated cognitive structure (90 min), physi-
cal and mental relaxation cognitive inter-
vention (10 min) and family members’ 
participation in cognitive management 
(30 min). Conducted every day.

Duration: 2 weeks

84 Breast cancer 
patients follow-
ing surgery: EG 
(n = 42) and CG 
(n = 42)

After the intervention, self-ef-
ficacy and hope level of the EG 
were significantly higher than 
those of the CG. Similar results 
were found for the QoL scores 
in all aspects

Hauffman et al. 
[53], 2017

Sweden

RCT Internet-based learning and self-care 
program, that combines information, 
self-care aids and psychosocial support.

Duration: 24 months

39 patients with 
breast, colorec-
tal or prostate 
cancer, reporting 
symptoms of 
anxiety and de-
pression

Participants acknowledged that 
self-management programs tar-
geting anxiety and depression 
should be used only by people 
with milder problems and that 
severe mental health problems 
should be handled face-to-face. 
The use of this program was 
satisfactory

Zhou et al. [49], 
2019

China

RCT Psychological rehabilitation intervention: 
cyclic adjustment training (CAT) delivered 
via a mobile device (comprising 4 steps: 
confront, pre-introspect, adjust and 
re-introspect)

Duration: 12 weeks

132 Post-surgical 
breast cancer 
patients: EG 
(n = 66) and CG 
(n = 66)

The CAT had positive effects on 
improving psychological resil-
ience and reducing the symp-
toms of anxiety and depression

Cerna et al. [57], 
2019  
Sweden

Ethnographic 
study

Three categories of nursing strategies 
that support self-management of radia-
tion-induced bowel and bladder issues: 
encouraging self-reflection, tailoring 
solutions together and keeping patients 
motivated 

Pelvic-cancer re-
habilitation  
patients

Nurses and patients jointly 
make sense of patients’ symp-
toms and they can co-create 
solutions tailored to each 
patient´s individual needs, as 
well as develop routines to keep 
the patient motivated in carry-
ing out the devised solutions 

Zeng et al. [63],

2017

China

Cross-sectional 
study

Assessment of levels of distress (anxiety 
and depression) and cognitive symptoms 
at work 

412 participants: 
breast cancer sur-
vivors (n = 159) 
vs women with 
no cancer (mus-
culoskeletal pain) 
(n = 253)

Higher anxiety and cognitive 
limitations at work were associ-
ated with work limitations and 
QoL in the breast cancer group 
only. Depressive symptoms 
were significantly associated 
with work limitations in the 
non-cancer group

Byun et al. [55], 
2020

Korea

Pre-post-teste 
quasi-experi-
mental design

Crying therapy program comprising 
three-phase: introductory (week 1), 
execution (week 2), and closing phase 
(week 3), each of which lasted 2 hours

Duration: 3 weeks

27 Breast cancer 
survivors

Results showed significant 
changes in distress, mood 
changes, and immunoglobulin 
G and smaller changes in blood 
pressure postintervention. Fa-
tigue and cortisol showed no 
significant changes

Guo et al. [51], 
2021  
China

Cross-sectional 
survey

Spiritual care competencies: preferences 
for nurse spiritual therapeutics (PNST)

208 cancer  
patients

Patients with mild-moderate 
PNST experience lower psycho-
logical capital and QoL than 
patients with high PNST. Psy-
chological capital significantly 
correlates with QoL of cancer 
patients

→
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Von Ah & Crouch 
[45], 2020

USA

Integrative 
review

Cognitive rehabilitation for cognitive 
dysfunction: cognitive behavioural 
therapy (CBT) and cognitive training (CT 
— structured practice on cognitive tasks)

1543 Cancer 
survivors (46% 
breast cancer)

27 manuscripts were identified for 
review. CBT and CT appear feasible 
to deliver, satisfactory to partici-
pants, and have shown promising 
results (e.g., perceived cognitive 
function, memory efficacy)

Fenlon et al. [44], 
2020

United Kingdom

RCT CBT for the alleviation of hot flushes and 
night sweats (HFNS): stress manage-
ment, paced breathing, cognitive and 
behavioural strategies and maintaining 
changes. Intervention arm participants at-
tended weekly group CBT session (90 min)

Duration: 6 weeks (26 weeks after ran-
domization)

130 Breast cancer 
patients: CBT 
group (n = 63) 
and CT (n = 67)

Results showed a 46% reduc-
tion in the mean HFNS problem 
rating score in the CBT arm and 
a 15% reduction in the usual 
care arm. Secondary outcomes 
(frequency of HFNS, sleep, anxi-
ety and depression) improved 
significantly

Borji et al. [54], 
2019

Iran

Semi- 
-experimen-
tal study

Home care using Eye movement desen-
sitization and reprocessing technique 
for decreasing patients’ stress, which 
included 2 sessions (each session lasted 
for 45 to 60 min)

60 Gastroin-
testinal cancer 
patients: EG 
(n = 30) and CG 
(n = 30).

No statistically significant differ-
ence was observed between the 
2 groups before the intervention 
in terms of patients’ perceived 
stress. The efficacy and perceived 
distress of the EG was decreased 
significantly after the intervention

Hunter et al. [46], 
2020

USA

RT Behavioural intervention (20 min): 
mindfulness relaxation (MR — single 
exercise, composed of guided mindful-
ness, imagery, and relaxation practices) or 
relaxing music (RM — recording consisted 
of relaxing music with nature sounds or 
a vocal track), for reduction of anticipa-
tory nausea and vomiting (ANV)

Duration: 4 or 6 course chemotherapy 
protocol 

474 Patients 
undergoing 
chemotherapy 
for solid tumours 
(85% BC): MR 
(n = 160), RM 
(n = 159) or 
standard care 
(n = 155)

Compared to standard care, 
there was reduced anticipa-
tory nausea at the midpoint of 
chemotherapy in those receiving 
MR and RM. There was no differ-
ence between treatment groups 
in ANV at the end of chemo and 
post chemotherapy nausea and 
vomiting at either time point

Bakker et al. [65], 
2017 

Netherlands

Observa-
tional pilot 
study

Nurse-led sexual rehabilitation after RT: 
4 face-to-face counselling sessions at 
1, 2, 3 and 6 months following radio-
therapy (RT) or brachytherapy (BT). Infor-
mation booklet and a vaginal dilator set 
were provided. Couples’ mutual coping 
and support processes were promoted. 

Duration: 12 months

20 gynaecologic 
cancer patients 
treated with com-
bined pelvic RT 
and BT

Sexual function improved be-
tween 1 and 6 months after RT, 
with additional improvement at 
12 months. At 6 months, 88% 
of participants reported using 
dilators at least twice a week, 
and partnered patients gradually 
replaced or supplemented vagi-
nal dilator use by having sexual 
intercourse. Most participants re-
ported the nurses had adequate 
expertise and counselling skills

Missel et al. [62],

2018

Denmark 

Qualita-
tive study 
— phenom-
enological 
approach

Education and counselling nutritional 
intervention: 4 sessions between the 
patient and a nurse. 

Duration: Preoperatively to 2 weeks after 
discharge

10 patients after 
curative surgery 
for esophageal 
cancer

The essence of experiencing 
the education and counselling 
intervention can be structured 
into 3 themes: embodied diso-
rientation; living with increased 
attention to bodily function 
and re-embodying eating. The 
intervention empowered the pa-
tients to regain some control of 
their own bodies in an effort to 
regain agency in their own lives

→
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Li et al. [60], 
2021 China 

RCT The respiratory rehabilitation (RR) anima-
tion was downloaded on an iPad, and 
consisted of 3 sections totalling 31 min: 
6-min animation introduction, a 10-min 
nurse demonstration, and a 15-min 
patient teach back demonstration. It 
was performed twice each day at the 
patient´s bedside.

80 postsurgi-
cal lung cancer 
patients: EG 
(n = 40) and CG 
(n = 40).

Educational animation is effec-
tive for promoting training-re-
lated knowledge and exercise 
compliance with active RR. 
Mean scores of training-related 
knowledge and exercise com-
pliance in the EG were higher 
than those of the CG. Postoper-
ative pulmonary complications 
were lower, and 6MWD was 
longer compared with the CG

Choratas et al. [61], 
2020

Cyprus

Feasibility 
RCT

Home-based educational programme for 
breathlessness management consisted of 
a PowerPoint presentation (with 2 video 
recordings and a practical exercise) and 
implementation of 3 non-pharmaco-
logical interventions: diaphragmatic 
breathing, inspirational muscle training, 
and use of a handheld fan (lasted about 
30-50 min, applied twice to the EG after 
the 1st and 2nd assessment). 

Duration: 4 weeks

19 Lung cancer 
patients and 
19 family car-
egivers (f.c.): EG 
(n = 11+11) and 
CG (n = 8+8)

There was a reported improve-
ment in the EG patients´ 
breathlessness and anxiety 
levels, as well an improvement 
in the anxiety and burden levels 
of their f.c. 

Perdigão et al. [59], 
2019

Brazil

Meth-
odological 
study

Educational technology (ET): “Knowing 
and coping with fatigue” and non-phar-
macological strategies for the manage-
ment of this symptom (physical exercise 
practice, sleep hygiene, energy conserva-
tion and behavioural intervention)

Cancer patients 
undergoing out-
patient chemo-
therapy

The ET presented content and 
appearance validity for health 
education regarding fatigue

6MWD — 6-minute walking distance; BC — breast cancer; BT — brachytherapy; CAT — cyclic adjustment training; CBT — cognitive behavioural therapy; 
CG — control group; CT — Cognitive training; EG — experimental group; ET — educational technology; f.c. — family caregivers; HFNS — hot flushes and 
night sweats; HRQoL — health related quality of life; ITNNI — individually tailored nurse-navigation intervention; NSCLC — non-small cel lung cancer;  
OG — observational group; PNST — preferences for nurse spiritual therapeutics; QoL — quality of life; RR — respiratory rehabilitation; RT — radiotherapy; 
RT — randomized trial

duced peripheral neuropathy symptoms. Despite the 
variety of intervention dimensions, an improvement in 
peripheral neuropathy was observed without any side 
effects. Izgu et al. [70], also showed beneficial effects on 
the prevention of peripheral neuropathic pain in breast 
cancer patients receiving adjuvant paclitaxel, by using 
a classical massage intervention. 

The symptoms of fatigue experienced by patients 
during cancer treatment can be managed at home with 
reflexology or meditative practices [71]. In addition to 
fatigue improvement, reflexology associated with sleep 
hygiene education has proven to be effective in increas-
ing sleep quality [72].

Discussion 

Comprehensive rehabilitation care is needed as 
a standard part of cancer care. According to Alfano and 
Pergolotti [7], its assessment must include a whole-per-

son view of functioning, disability, and health, aiming 
toward improving function in activities and improving 
a patient’s capacity to participate completely in life roles, 
such as work or leisure. 

Nurses are recognized as extremely skilled and 
experienced health professionals who incorporate evi-
dence-based literature into action, improving the quality 
of care and their patients’ outcomes. Three categories 
of nurse-led interventions were identified within this 
scoping review, focused on cancer rehabilitation from 
the diagnosis. 

Conceptual models and theories serve as a guide 
for clinical practice, and this review incorporates ele-
ments of Orem’s Self-care deficit nursing theory [10]. 
Considering the theory of nursing systems, the analyzed 
nurse-led rehabilitation interventions are mainly sup-
portive-educative. In the supportive-educative system, 
the nurse’s role is to encourage and support the person 
as a self-care agent, as the patient tries to achieve all 
stages of self-care [10]. 
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Miladinia et al. 
[68], 2016

Iran

RCT Massage therapy: slow-stroke back mas-
sage (SSBM) 3 times a week for 10 min at 
the end of the chemotherapy treatment. 
An audio CD containing soothing music 
was also used during SSBM intervention.

Duration: 4 weeks

60 patients with 
acute leukaemia 
undergoing 
chemotherapy: 
EG (n = 30) and 
CG (n = 30)

SSBM intervention significantly 
reduced progressive symptoms 
of pain, fatigue and sleep dis-
orders intensity, and improved 
sleep quality over time

Izgu et al. [70], 
2019

Turkey

RCT Classical Massage was applied to the 
patient before each paclitaxel infusion, 
once a week, totally 12 sessions (room 
with a controlled temperature 20-22ºC). 
Massage lasting for 30 min in each ses-
sion: 20 min for the feet and 10 min for 
the hands.

Duration: 16 weeks

Breast cancer 
patients receiving 
adjuvant pacli-
taxel: EG (n = 19) 
and CG (n = 21)

The peripheral neuropathic pain 
was lower in the EG, compared 
to the CG at week 12. Classical 
massage improved the QoL and 
showed beneficial effects on 
the nerve conduction studies 
findings

Zengin & Aylaz 
[72], 2019

Turkey

Pre-to-post 
design

Reflexology (16 sessions of 30 min) and 
sleep hygiene education (3 sessions of 
20 min).

Duration: Reflexology (8 weeks, with 
2 sessions per week) and sleep hygiene 
(3 weeks)

167 adult cancer 
patients undergo-
ing chemothera-
py: EG (n = 84) 
and CG (n = 83)

Patients in the EG reported 
increased sleep quality and 
reduced fatigue

Wyatt et al. [71], 
2021

USA

SMART 
sequential 
multiple as-
signment 
randomized 
trial 

Home-based reflexology and medita-
tive practices: after the first 4 weeks in 
the two intervention groups, patient´s 
response on fatigue was determined. 
Dyads with nonresponding patients 
were randomized for the second time 
to either continue with the same therapy 
for more 4 weeks, or add 4 weeks of 
another therapy.

Duration: 12 weeks

Cancer patients 
and informal 
caregivers (dy-
ads = 347): 
reflexology 
(n = 150), medi-
tative practices 
(n = 150) or con-
trol (n = 47)

Sequences of reflexology and 
meditative practices were not 
different in symptom out-
comes. Participants who used 
reflexology for the full 8 weeks 
had lower summed severity 
index compared to those who 
started with reflexology and 
added meditative practices after 
the first 4 weeks

Baviera et al. [69], 
2019

Brazil

Systematic 
review

Acupuncture characterized by a variety 
of intervention dimensions (type of pro-
tocol, use of medications, time of treat-
ment, and different outcomes measures)

Duration: from only a few weeks to 
14 weeks

Adult cancer 
patients with 
chemotherapy-in-
duced peripheral 
neuropathy symp-
toms

4 cohort studies and 1 quasi-exper-
imental study included. Evidence 
suggested that acupuncture was 
associated with an improvement 
in the peripheral neuropathy, and 
had no side effects

Yangöz & Özer 
[67], 2019

Turkey

Systematic 
review and 
Meta-analysis

Music intervention: passive listening 
method, which ranged from 30 to 60 min 
and 1 to 3 sessions

593 patients with 
cancer-related 
pain (CRP)

6 RCTs included. It was found 
that music interventions had 
a moderate effect on CRP, and 
no adverse events were reported

CG — Control group; CRP — cancer-related pain; EG — experimental group; SSBM — slow-stroke back massage 

Many of the included studies targeted several outcomes, 
to manage cancer-related symptoms or improve QoL. The 
intensity and type of cancer rehabilitation interventions need 
to be personalized to achieve desired outcomes: restoring 
function, improving participation, and/or preventing late 
adverse effects of cancer treatment [7]. 

As stated previously, CRF was the most targeted 
symptom, maybe because it is the most common side 
effect of cancer and its treatments, and it can frequently 
persist for months or years. Research on fatigue in 
cancer patients included mainly self-reports of fatigue, 

with a lack of data exploring biologic or physiologic 
correlates [73], and it is also evident in studies included 
in the review.

Several studies focused on rehabilitation interven-
tions in breast cancer patients and even though they 
contribute to developing rehabilitation knowledge 
and clinical practice, additional research is needed for 
people with other types of cancer, as each diagnosis and 
treatment may create various burdens for the patient. 
Not many articles included patients with hemato-
logic malignancies. In addition, studies with advanced 
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cancer patients in palliative care were scarce in this 
review. According to Lee et al. [74], advanced cancer 
patients hospitalized in hospice palliative care units 
face numerous problems, such as QoL complications 
and limitations in performing daily activities, which 
comprehensive rehabilitation interventions can help 
resolve. So, cancer rehabilitation is crucial at various 
stages for cancer patients, including in the palliative 
care phase.

Some other areas could benefit from further at-
tention, such as nutrition or dysphagia, to identify pa-
tient-specific needs and interventions and to prevent or 
control serious disorders, such as cachexia. In addition, 
it is necessary to gather evidence on the effectiveness of 
interventions to promote patient employment or return 
to work and to improve cognitive functioning. 

In a study conducted by Smith et al. [75], it was con-
cluded that exercise can be a vital aspect of a patient’s 
treatment and survivorship. Even moderate levels of 
supervised exercise can provide beneficial physical and 
psychological outcomes. Thus, incorporating exercise 
into the routine of a person with cancer provides ben-
efits to their QoL and it is important for muscular and 
aerobic fitness, both during and after treatment [76].
Studies included in the review also demonstrated that 
exercise had positive effects, not only on physical func-
tion and QoL but also had psychological benefits. Addi-
tionally, exercise could be effective in the management 
of treatment side effects. Thus, according to Segal et al. 
[77], cancer patients can be allowed to determine the 
kind of exercise that they would prefer to do for aerobic 
and resistance training. Finally, the intensity of the ex-
ercise must be adjusted for each patient, then increased 
slowly in the continuum of treatment, and it should be 
closely monitored by health professionals [78]. 

In addition to exercise, the other two categories 
of intervention also showed positive trends. Most of 
the psychoeducational interventions or counseling 
meetings had promising results. With regard to many 
CAM treatments and their hoped-for benefits, reliable 
scientific evidence is needed in terms of their safety and 
effectiveness. 

Limitations 

Although there are limitations in this scoping re-
view, it does provide a good start for nurses working in 
cancer rehabilitation. In addition, this article provides 
a departure point for researchers who need to study the 
effectiveness of rehabilitation-specific interventions. Sev-
eral problems seen in the cancer care continuum were 
identified, including the survivorship period. Even if the 
results from the studies were variable and showed clini-
cally positive trends, they do not always have a statisti-
cal significance and could not be generalized to larger 

populations. The discrepancies found between different 
results can be attributed to the timing when the inter-
vention was delivered to patients, the duration of the 
intervention or the follow-up, and the focus of each study. 
So, comparisons between studies may be hard. Another 
limitation is that some studies had small samples.

Additional research is needed to develop and vali-
date the effects of cancer rehabilitation interventions 
on patient outcomes, including the efficacy of cancer 
treatments strategies, prevention of their side effects, 
and cancer patients’ reactivation.

Conclusions 

Cancer rehabilitation is becoming more and more 
important in different categories (prevention of late 
effects of treatment, restoring function and enhancing 
participation) to improve the QoL in cancer patients.

 Nurses, as part of the rehabilitation team, play 
an instrumental role in providing the highest level of 
patient-centered care with individualized interventions 
to prevent, manage or alleviate cancer-related symptoms 
or challenges. These rehabilitation providers deliver 
evidence-based direct care, psychological support, can-
cer patient/caregiver education, care coordination, and 
health promotion, across all stages of the disease. 

The main nurse-led interventions in cancer patients 
included both exercise/physical activity and psychoeduca-
tion/counseling sessions. The beneficial effects of these 
interventions were recognized, but this is still insufficient. 
More research is needed to help create more rehabilita-
tion programs for specific cancer stages and diagnoses.
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Cisplatin — properties and clinical 
application

ABSTRACT
Chemotherapy is one of the basic methods of cancer treatment, which uses compounds with a broad spectrum 

of activity. Among the diverse group of cytostatic drugs, platinum derivatives play an important role in cancer 

therapy, including cisplatin. Cisplatin is a first generation platinum drug approved in medicine in the 1980s. The 

mechanism of the anti-tumor activity of cisplatin is based on pro-apoptotic and antiproliferative activity. Cisplatin, 

through the formation of appropriate adducts with DNA, damages the structure of the molecule. Currently, cisplatin 

is used in the treatment of numerous malignant neoplasms. Despite the high therapeutic efficacy, the drug has 

many side effects, which may include, among others: ototoxicity, cardiotoxicity, neurotoxicity, hepatotoxicity and 

nephrotoxicity. A significant problem in cisplatin therapy is also the development of resistance of cancer cells to 

the action of this drug. The mechanism of cell platinum resistance is diverse and depends on many factors. Organ 

toxicity and the development of resistance induced by cisplatin may limit the pharmacological dose of the drug 

and its therapeutic efficacy. Therefore, studies are still being conducted to assess the therapeutic effect of the 

combined interaction of cisplatin with other chemotherapeutic agents and compounds with anticancer potential.

Key words: cancer, chemotherapy, cisplatin, platinum resistance, toxicity, multi-drug therapy
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Introduction

Neoplastic diseases are still a serious health problem 
in the modern world. The main methods of fighting can-
cer are radiation therapy, immunotherapy, and hormone 
therapy. A common and frequently used method in the 
treatment of many types of cancer is chemotherapy, 
which provides the use of drugs with a broad effect. 
Drugs used in cancer chemotherapy constitute a diverse 
group of compounds. They include, among others, 
topoisomerase inhibitors (camptothecin derivatives, 
anthracyclines), microtubule stabilizers (taxanes, vinca 
alkaloids), antimetabolites (gemcitabine, methotrex-
ate, 5-fluorouracil), and alkylating drugs (cyclophos-
phamide, ifosfamide) [1]. Chemotherapeutic agents 
containing metal atoms also play an important role in 

the treatment of cancer. The group of alkylating drugs 
includes platinum compounds, such as cisplatin, carbopl-
atin, and oxaliplatin [1]. Currently, cisplatin is a platinum 
complex widely used in oncological therapy. Despite its 
high efficiency, this compound is highly toxic. Therefore, 
efforts are still made to develop new therapies based on 
using cisplatin in combination with other compounds 
with anti-cancer potential. Multi-drug treatment of 
neoplastic cells may increase therapeutic efficacy.

The issue of the mechanisms of the formation, 
growth, and treatment of neoplastic diseases is still 
discussed in numerous scientific papers. This study aims 
to present the mechanisms of the cellular interaction 
of cisplatin, the development of cellular resistance, the 
range of side effects, and new possibilities for using 
cisplatin in anticancer therapy.
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Cisplatin

Historical overview

Cisplatin [cis-dichlorodiammine platinum (II)] is 
a first-generation platinum drug containing two chloride 
ligands in the cis configuration [2]. This compound was 
synthesized in 1845 by A. Werner, who 48 years later 
described the chemical structure of cisplatin. In the 
1960s, a research team led by B. Rosenberg observed 
that cisplatin is formed as a result of the electrolysis of 
platinum electrodes [3]. By analyzing the effect of the 
electromagnetic field on bacterial cells, Rosenberg and 
his colleagues found that cisplatin inhibits the prolif-
eration of bacterial cells [3, 4]. Therefore, there were 
indications that this compound may show an inhibitory 
effect on other cells, including cancer [3]. The antiprolif-
erative effect of cisplatin on cancer cells was confirmed 
in an experimental mouse model [3, 5], which resulted in 
the implementation of cisplatin in subsequent research 
stages. Based on the results obtained, in 1978 cisplatin 
was approved as an anti-cancer drug [6]. However, stud-
ies were still conducted to assess the effectiveness of this 
drug in various types of cancer cells [7, 8].

Transport and biotransformation

The structure of cisplatin in the blood, due to the 
high concentration of chloride ions (approx. 100 mM), 
shows great stabilization [4]. This compound undergoes 
biological changes only after the drug is absorbed into 
the cell [9]. The process of cisplatin transport into cells 
has not been fully elucidated. Literature data show that 
cisplatin can penetrate the plasma membrane by passive 
diffusion [10, 11]. There are also reports that the partial 
uptake of cisplatin may be mediated by protein trans-
porters [11]. Copper transporters (Ctr1, Ctr2), ATPase 
(ATP7A, ATP7B), organic cation transporters (OCT-2), 
and multidrug and toxin extrusion proteins (MATE 1) 
are probably associated with the transport of cisplatin 
through cytoplasmic membranes [11, 12]. Membrane 
transporters involved in the uptake and accumulation 
of cisplatin in cancer cells are responsible both for the 
effectiveness of the drug and the development of side 
effects [10]. Transport of cisplatin to cells can also take 
place with the participation of the sodium-potassium 
pump (Na+/K+-ATPase) [4].

Cisplatin is hydrolyzed inside the cell [4]. This 
process is regulated by the appropriate concentration 
of chloride ions. The reduced level of Cl- ions in the in-
tracellular environment (approx. 4-12 mM) accelerates 
the hydrolysis of cisplatin [9]. It has been shown that 
the positively charged molecules formed by hydrolysis 
(cis-[Pt(NH3)2Cl2(OH2)]+/cis-[Pt(NH3)2Cl2(OH2)2]

2+) 
are characterized by a higher biological activity than 
the neutral forms of the complex [13]. Therefore, it is 

believed that it is the secondary metabolite of cisplatin 
[cis-diaminadihydroxyplatin (II)] that exhibits strong 
pharmacotherapeutic properties [14]. 

The mechanism of antitumor action

Literature data show that the mechanism of the 
anti-cancer effect of cisplatin is based on the direct effect 
of the drug on the DNA structure. The basis of cisplatin’s 
action is the creation of cross-links in the DNA struc-
ture between platinum (II) and two adjacent guanine 
molecules [15]. According to the literature, the most 
commonly observed is the attachment of cisplatin to the 
N7 atoms of guanine [9]. Presumably, the Pt-N7 guanine 
bonds formed in this way show high stability and thus 
determine the cytotoxic effect of the compound on 
cancer cells [16]. Cisplatin can cross-link with base pairs 
within a single strand or between a DNA double helix, 
resulting in the formation of monoadducts or diadducts 
(double adducts). The type of Pt-DNA adducts formed 
may exert a significant influence on the biological activ-
ity of the drug. It was found that the genotoxic effect of 
cisplatin results from the formation of monoadducts, 
while the formation of double adducts — inside or be-
tween strands — results in the cytotoxic properties of 
the compound [17]. Nevertheless, the resulting adducts 
lead to a disturbance of the spatial structure of DNA, 
which results in inhibition of acid replication and tran-
scription [2, 9, 14, 18]. Under normal conditions, repair 
systems are involved in the repair of DNA damage, 
including Nucleotide Excision Repair excision repair 
(NER), homologous recombination (HR), and mis-
match repair Mismatch Repair System (MMR) [4, 19].  
In neoplastic cells, depending on their sensitivity and 
the concentration of cisplatin used, the mechanisms of 
the repair process are disrupted, which results in the 
induction of apoptotic death signals. Depending on the 
type of DNA damage caused by cisplatin, in tumor cells, 
Ataxia Telangiectasia Rad 3-Related (ATR) and Mito-
gen-Activated Protein Kinases (MAPK) are activated, 
which stimulate p53 proteins in the further pathway  
of the cellular response [20]. Moreover, independent of  
the phosphorylation of the ATR kinases, the action  
of cisplatin triggers the expression of the p73 nuclear 
protein in the cells. The accumulation of p73 is related to 
cisplatin-activated oncogenic tyrosine kinase c-Abl. The 
increased reactivity of the p53 and p73 proteins leads 
to the activation of further mechanisms involved in the 
induction of the apoptosis process [18]. Cisplatin affects 
the internal pathway of apoptotic death by stimulating 
the pro-apoptotic protein Bax, changing the perme-
ability of the mitochondrial membrane, releasing cy-
tochrome c, and activating the caspase cascade [18]. Per-
meabilization of the mitochondrial membrane caused 
by cisplatin may also result from the drug’s influence on 
the production of free oxygen radicals (ROS) [21, 22].  
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The literature shows that cisplatin, depending on its 
concentration, can also induce necrotic cell death [23]. 
Research results indicate that pronecrotic cisplatin con-
centrations first activate the mechanisms of apoptotic 
death, which can be blocked at the level of effector cas-
pases. Inhibition of caspase activity consequently causes 
cell necrosis [23, 24]. Mediators of cisplatin-induced 
necrotic death may also be calpains, TNF-a cytokines, 
and poly (ADP-ribose)-1 (PARP1) polymerase — fac-
tors related to the mechanism of nephrotoxic action of 
the drug [24, 25].

The antitumor properties of cisplatin are also 
demonstrated by its antiproliferative activity. The 
complex has been shown to exert a strong influence on 
the checkpoints of the cell cycle. In response to DNA 
damage, the cell is initially arrested in the S phase. 
However, further action of cisplatin leads to an inhibi-
tion of cyclin Cdc2 A activity, which ultimately results 
in cell division arrest in the G2/M phase [18, 20]. Ataxia 
Telangiectasia Mutated (ATM) kinases, activated by the 
action of cisplatin, are also involved in the inhibition of 
cell division [20].

Mechanisms of cell resistance

The response of cancer cells to the cytostatic drugs 
has a significant impact on the effectiveness of chemo-
therapeutic treatment. In cancer therapy, the develop-
ment of cellular resistance is a frequently observed 
phenomenon [5]. Drug resistance occurs when cancer 
cells fail to undergo apoptosis at a clinically specified 
dose [26]. The platinum resistance that hinders the treat-
ment of neoplasms may have features of both innate and 
acquired resistance [27]. According to the literature, 
the mechanisms involved in platinum resistance vary 
and may be caused by: (1) decreased drug absorption 
resulting in reduced intracellular accumulation, (2) 
increased inactivation of cisplatin, (3) impaired drug 
transport into cells, (4) accelerated removal of the drug 
from cells (efflux), (5) intensified repair of the resulting 
DNA damage, mainly associated with the activation of 
NER repair systems [4, 13, 18, 19, 20, 26]. The disturbed 
signal of apoptotic death also has a significant influ-
ence on the development of cellular resistance. Cancer 
cells with p53 dysfunction acquire resistance through 
disrupted mechanisms of the apoptotic pathway [27]. 
A similar effect is also shown by the overexpression of 
apoptosis inhibitors, e.g. survivin and factor X-linked 
Inhibitor of Apoptosis Protein (XIAP), which increase 
platinum resistance by lowering the activity of caspases 
[26]. Weakened cisplatin transport to neoplastic cells 
during chemotherapeutic treatment may be caused by 
functional changes in plasma membranes and membrane 
transporters [27]. It is believed that overexpression of 
CTR1 transporters increases the sensitivity of cancer 

cells to cisplatin, enhancing its cytotoxic activity [16]. 
Their impaired functioning may, therefore, play an 
important role in the development of cell resistance to 
cisplatin treatment. The protein transporters ATP7A 
and ATP7B are also involved in the formation of cellular 
resistance. Increased ATP7A expression is responsible 
for the decreased effect of cisplatin in cancer cells while 
ATP7B overexpression results in accelerated drug out-
flow from cells [11].

According to the literature, platinum resistance may 
be associated with the overexpression of glutathione 
transferase (GSTs) [28]. The enzyme is associated 
with the drug detoxification process, which leads to 
inactivation of cisplatin and reduced treatment effec-
tiveness [14, 28]. Therefore, the use of GSTs inhibitors 
(e.g. ethacrynic acid) may increase the accumulation 
of cisplatin in platinum-resistant cells and significantly 
improve the therapeutic effect [28]. The intracellular 
concentration of glutathione (GSH) is also associated 
with the platinum resistance mechanism. Until recently, 
the role of GSH in the development of cellular resist-
ance to cisplatin was ambiguous [4]. It is now known 
that high GSH levels may promote cellular resistance 
[29]. Metallothioneins (MT) act in a similar way, and by 
capturing cisplatin, they reduce the sensitivity of cells to 
the drug [14, 30]. The greatest importance in the resist-
ance mechanisms is attributed to the metallothioneins 
MT1 and MT2 [4, 31] although the participation of 
other proteins from the MT group is also possible. As 
reported in the literature, cisplatin binds to cysteine-rich 
proteins, therefore, high concentrations of glutathione 
and metallothioneins in neoplastic cells may favor the 
development of acquired resistance [32]. 

The development of cellular resistance to cisplatin 
may also result from the overexpression of cyclooxy-
genase (COX) [33–35], characteristic of many types of 
malignant tumors, e.g. cancer of the esophagus, blad-
der, cervix and ovary [30]. It was shown that the applied 
COX-2 inhibitors, by inhibiting the expression of the 
anti-apoptotic protein Bcl-2, can effectively increase 
the pharmacological activity of cisplatin [30]. The COX 
inhibitors include e.g. non-steroidal anti-inflammatory 
drugs [36]. Cisplatin conjugates with COX-1, and 
COX-2 inhibitors (e.g. indomethacin and ibuprofen) 
accelerate drug transport into cells, increase cytotoxic 
activity, and inhibit the development of drug resistance 
[33]. It has been observed that celecoxib may also have 
a similar effect in osteosarcoma [36] and ovary cells [35], 
and NS-398 in non-small cell lung cancer [34]. These 
compounds enhance the anti-cancer effect of cisplatin 
and, depending on the PI3K/Akt signaling pathway, 
induce the apoptotic death process [34, 36]. The impor-
tance of COX in reducing drug resistance of cancer cells 
is poorly understood. Currently, the role of COX inhibi-
tors does not affect routine clinical practice. However, 
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the results obtained so far suggest that the use of COX 
inhibitors may become the direction of further research 
as a new strategy in cancer treatment. It is possible that 
the combination of cisplatin with COX inhibitors may 
in the future contribute to the improvement of the ef-
fectiveness of the anti-cancer therapies [37].

In addition to biochemical and molecular factors, 
environmental factors also play an important role in 
the resistance of cancer cells to cisplatin, e.g. pH value. 
Cisplatin activity has been observed to be greatest at 
acidic pH. Increased pH reduces the binding of cisplatin 
with DNA, inhibits the formation of Pt-DNA adducts, 
and thus weakens the pharmacological effect of the drug 
[30]. The mechanisms responsible for the development 
of resistance of cancer cells to cisplatin are diverse [20]. 
This is a key research issue in overcoming platinum 
resistance by cancer cells.

Toxicity

Cisplatin is used in the treatment of various types 
of cancer, including cancer of the head and neck, lung, 
testes, prostate, ovaries, bladder, cervix, esophagus, 
breast, and stomach [12, 38, 39]. The use of cisplatin and 
its effectiveness in cancer therapy may be limited due 
to numerous side effects. The frequency of side effects 
depends on the used cisplatin dose, including the cumula-
tive dose (Tab. 1). Literature data report that some com-
pounds have a protective effect against cisplatin-induced 
toxicity. Currently, these compounds are not routinely 
used in conjunction with anti-cancer therapy. However, 
studies are still being conducted to assess the protective 
potential of some of these compounds, therefore, they 
may find wider applications in the future. 

Ototoxicity
Changes in the hearing system may appear early in 

the treatment with cisplatin [40]. Hearing impairment 
caused by the action of cisplatin depends on the dose 
and duration of drug action, as well as the patient’s age 
[41], and is more often observed in children than adults 
[40, 41]. Ototoxic disorders can manifest as earache 
and tinnitus, leading to partial hearing loss. Initially 
in the high-frequency range of sounds [40], then also 
including lower tones [42], including persistent and 
bilateral ototoxicity [40]. The mechanisms underlying 
the development of cisplatin-induced ototoxicity remain 
unclear. It is assumed that a key role in the pathogenesis 
of ototoxicity may be played by a disturbed antioxidant 
system, development of inflammatory processes, induc-
tion of apoptosis, and cellular autophagy [42]. The use 
of protective agents may limit the ototoxic effects of 
cisplatin [41, 43]. Among them, great hope is raised, by 
N-acetylcysteine, D-methionine, ebselen, amifostine, 
dexamethasone, and flunarizine [43]. In clinical trials, 
the evaluation of the otoprotective effect of sodium 
thiosulfate (Identifier: NCT04541355, Phase II; Iden-
tifier: NCT04262336, Phase I) and N-acetylcysteine 
(Identifier: NCT04291209, Phase I and II; Identifier: 
NCT02094625, Phase I) was implemented.

Cardiotoxicity 
Disorders in the proper functioning of the cardio-

vascular system caused by cisplatin can be diverse and 
include, among others, myocardial fibrosis and inflam-
mation, heart failure, hypertension, arrhythmia [44]. 
There are reports in the literature describing cases in 
which patients developed cardiac dysfunction or even 
myocardial infarction after treatment with cisplatin [45]. 

Table 1. The incidence of cisplatin-induced toxicity

Cisplatin-induced  
toxicity

Frequency of appearance

Ototoxicity Hearing loss: 31% [102]

Hearing impairment: 10–15% [102]

Otological complaints during cisplatin treatment: 24% [103]

Otological complaints following cisplatin treatment: 34% [103]

Cardiotoxicity Bradycardia, tachycardia: often (≥ 1/100 to < 1/10 of patients) [102]

Hypertension, myocardial infarction: rarely (≥ 1/10000 to < 1/1000 of patients) [102]

Neurotoxicity Peripheral neuropathy: often (≥ 1/100 to < 1/10 of patients) [102]

Brain dysfunction: rarely (≥ 1/10000 to < 1/1000 of patients) [102]

Hepatotoxicity Liver dysfunction, elevated levels of aminotransferase: often (≥ 1/100 to < 1/10 of patients) [102]

Reduced albumin levels in the blood: rarely (≥ 1/10000 to < 1/1000 of patients) [102]

Nephrotoxicity Acute kidney injury: very often (≥ 1/10 of patients) [102]

 20–30% [39]

 28–42% [104]

 32% [105] 
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Cisplatin-induced cardiovascular disorders most often 
limit the continuation of chemotherapy [44]. The effect 
of cisplatin on cardiotoxicity remains unclear. Presum-
ably, electrolyte imbalances, including hypomagnesemia 
caused by the action of cisplatin, may play a significant 
role in the development of cardiological changes [45]. 
Early diagnosis of cardiotoxicity can prevent permanent 
complications of the cardiac system [45]. Literature data 
report the cardioprotective effect of some agents against 
cisplatin-induced changes in animals, e.g. ginger [44], 
thymoquinone [46], green tea, vitamin E [47], acetyl 
L-carnitine [48].

Neurotoxicity
The development of the neurotoxic effect of cisplatin 

is determined by the accumulation of the drug in the 
dorsal root ganglia, which may affect the proper func-
tioning of sensory neurons [49] and the development of 
peripheral neuropathy [50]. The changes in the nervous 
system may be permanent and may limit the range of 
therapeutic doses [50, 51]. Often, adverse effects of cis-
platin on the nervous system may not appear until after 
chemotherapy has been completed [50]. The mechanism 
of the neurotoxic effect of cisplatin may be related to 
oxidative damage, mitochondrial dysfunction, inhibition 
of proliferation, and induction of apoptosis of neuronal 
cells [51, 52]. It has been shown that the neuroprotective 
factors in relation to changes induced by cisplatin include, 
inter alia, glutathione and vitamin E [53]. In experimental 
animal models, it has been observed that cisplatin-induced 
neurotoxicity can also be reduced by routin, which, by 
enhancing the antioxidant system, has a protective effect 
on brain tissue [51]. Literature data show that concerning 
cisplatin activity, neuroprotective effects are also shown by 
oxytocin [54], sitagliptin [55], mesna [56], sodium selenite 
[57], and the Ginkgo Biloba extract [52].

Hepatotoxicity
Literature data show that cisplatin causes an increase 

in biochemical indicators and changes in the structure 
of hepatocytes. Cisplatin-induced hepatotoxicity may 
result from increased drug accumulation in liver cells 
[58]. Although the mechanism of the toxic effect of 
cisplatin on the liver has not been fully understood, it 
is assumed that the development of hepatotoxicity is 
a result of increased oxidative stress [58, 59]. It has been 
observed in studies in vitro and in vivo that the hepato-
toxic effect of cisplatin may be enhanced by elevated 
levels of cytochrome P 450 2E1 [59]. Mitochondrial 
disorders, increased lipid peroxidation, abnormal Ca2+ 
homeostasis, and increased expression of the pro-in-
flammatory factor COX-2 are the basic aspects of the 
adverse effect of cisplatin on the liver [58]. According 
to the literature data, the hepatotoxic effect of cisplatin 
can be minimized by using compounds with antioxidant 

activity [60–65] or anti-apoptotic [65]. It has been shown 
that liver damage caused by cisplatin can be alleviated 
by, among others, dexpanthenol [60], hyperin [61], 
licorice extract [62], propofol [63], curcumin, vitamin 
E [64], and vinpocetine [65].

Nephrotoxicity 
The nephrotoxic effect of cisplatin is a significant 

clinical problem. It can develop in approximately 30% 
of patients treated with cisplatin [39, 66]. Most often it 
manifests itself in acute kidney damage. The develop-
ment of nephrotoxicity is closely correlated with the dose 
and frequency of drug administration [39] and thus with 
the degree of cisplatin accumulation in renal tubular 
cells [67]. OCT2 protein transporters play an impor-
tant role in the development of the nephrotoxic effect 
of cisplatin, increasing the drug uptake in kidney cells 
[67]. According to the literature, cisplatin may disturb 
renal vascularization and lead to damage to the proximal 
tubules, mainly due to the induction of oxidative stress 
and overexpression of pro-inflammatory factors [67]. In 
the pathomechanism of renal cell damage, an important 
role is also played by signaling pathways responsible for 
the processes of apoptotic and necrotic death, as well as 
autophagy and the cell cycle [66–68]. Regulation of these 
factors may both limit the nephrotoxicity of cisplatin 
and reduce its therapeutic potential [12]. Therefore, 
the search for new compounds with a protective effect 
against the nephrotoxic effect of cisplatin is still ongoing. 
It has been observed that gelsemin [38], cilastatin [69], 
saponins isolated from the leaves of Panax quinquefolius 
[70], quercetin [68], eriocitrin [71], and mannitol [72], 
among others, may show the nephroprotective effect. 
Phase II and III clinical trials are still ongoing to evaluate 
the protective effects of pantoprazole and rosuvastatin 
against cisplatin-induced nephrotoxicity (Identifier: 
NCT04217512, NCT04817904) [73].

The use of cisplatin in multi-drug therapy

Cisplatin is used both as monotherapy and in combi-
nation therapy. The effectiveness of new cisplatin-based 
treatment regimens is still the subject of numerous clini-
cal trials. These studies aim to compare the therapeutic 
efficacy of cisplatin in multi-drug systems in different 
types of cancer (Tab. 2) [73].

Lung cancer
Cisplatin-based chemotherapy has become a break-

through in the treatment of patients with non-small 
cell lung cancer (NSCLC) and small cell lung cancer 
(SCLC). This chemotherapy is most effective in ad-
juvant and first-line treatment of NSCLC. It is also 
recommended to use two-drug systems with cisplatin 
and third-generation drugs. The standard chemothera-
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Table 2. Sample clinical trials for the assessment of the effects of cisplatin in multi-drug therapy for selected malignant 
neoplasms (current status as of January 2022) [73]

Cancer Combination Therapy Drug (dose) Clinical 
Trials Phase

Clinical 
Trials Identifier

Non-Small Cell 
Lung Cancer 
(NSCLC)

Cisplatin/Camrelizumab/

Paclitaxel 

Cisplatin (75 mg/m2), Camrelizumab (200 mg), 
Paclitaxel (130 mg/m2)

II NCT04338620(R)

Cisplatin/Gemcitabine Cisplatin (60 mg), Gemcitabine (200 mg) I NCT02889666(R)

Cisplatin/Pemetrexed

Cisplatin/Pemetrexed 

Cisplatin/Pemetrexed/Atezoli-
zumab

Cisplatin (75 mg/m2), Pemetrexed (500 mg/m2)

Cisplatin (75 mg/m2), Pemetrexed (500 mg/m2)

Cisplatin (75 mg/m2), Pemetrexed (500 mg/m2), 
Atezolizumab (1200 mg)

III

III

III

NCT02743923(ANR)

NCT02657434(ANR)

NCT02657434(ANR)

Cisplatin/Etoposide

Cisplatin/Etoposide/Apatinib

Cisplatin (80 mg/m2), Etoposide (100 mg/m2)

Cisplatin (80 mg/m2), Etoposide(100 mg/m2)  
Apatinib (250 mg/d)

III

III

NCT02875457(NR)

NCT02875457(NR)

Triple-Negative 
Breast Cancer 
(TNBC)

Nab-paclitaxel/Cisplatin/ 
/Carilizumab

Nab-Paclitaxel (125 mg/m2), Cisplatin (75 mg/m2), 
Carilizumab (200 mg)

II NCT04537286(R)

Gemcitabine/Cisplatin Gemcitabine (1250 mg/m2), Cisplatin (75 mg/m2) II NCT04297267(R)

Eribulin/Cisplatin 

vs. 

Gemcitabine/Cisplatin

Eribulin (1.4 mg/m2), Cisplatin (75 mg/m2)

vs. 

Gemcitabine (1250 mg/m2), Cisplatin (75 mg/m2)

II NCT04517292(NR)

Chidamine/Cisplatin Chidamine (20 mg), Cisplatin (75 mg/m2) II NCT04192903(NR)

Docetaxel/Cisplatin Docetaxel (75 mg/m2), Cisplatin (25 mg/m2) II NCT04664972(R)

Ovarian Cancer Mitomycin C/Cisplatin Mitomycin C (10 mg/m2), Cisplatin (100 mg/m2) Not Applicable NCT04747717(R)

Nab-paclitaxel/ Cisplatin/ 
/Sintilimab

Manganese Chloride/Nab- 
-paclitaxel/Cisplatin/Sintilimab

Nab-paclitaxel (180-220 mg/m2), Cisplatin  
(60-80 mg/m2),Sintilimab (200 mg)

Manganese Chloride (0,4 mg/kg — inhalation), 
Nab-paclitaxel (180-220 mg/m2), Cisplatin  
(60-80 mg/m2), Sintilimab (200 mg)

I/II

I/II

NCT03989336(R)

NCT03989336(R)

Bladder Cancer Radiotherapy/Cisplatin

Radiotherapy/Cisplatin/

Gemcitabine

Radiotherapy (to 63 Gy), Cisplatin (20 mg/m2)

Radiotherapy (to 63 Gy), Cisplatin (20 mg/m2), 
Gemcitabine (25 mg/m2) 

Not Applicable

Not Applicable

NCT01495676(ANR)

NCT01495676(ANR)

Atezolizumab/Gemcitabine/

Cisplatin

Atezolizumab (1200 mg/m2), Gemcitabine 
(1000 mg/m2), Cisplatin (70 mg/m2)

II NCT03093922(ANR)

Etoposide/Cisplatin Etoposide (100 mg/m2), Cisplatin (80 mg/m2) II/III NCT03992911(R)

Pembrolizumab/Cisplatin/

Gemcitabine

Pemrolizumab (200 mg), Cisplatin (35 mg/m2), 
Gemcitabine (1000 mg/m2)

II NCT02690558(ANR)

Cabazitaxel/Cisplatin Cabazitaxel (15 mg/m2), Cisplatin (70 mg/m2) II NCT01616875(ANR)

Head and Neck 
Cancer

Cambrelizumab/Radiotherapy/ 
/Cisplatin

Cambrelizumab, Radiotherapy (66–70 Gy), Cisplatin 
(75–100 mg/m2)

II NCT04405154(NR)

Cambrelizumab/ 
/Cisplatin/Nab-paclitaxel

Cambrelizumab (200 mg), Cisplatin (60 mg/m2), 
Nab-paclitaxel (260 mg/m2)

II NCT04826679(R)

Radiotherapy/Pembrolizumab/ 
/ISA101b/ Cisplatin 

Radiotherapy (70 Gy), Pembrolizumab (200 mg), 
ISA101b, Cisplatin (100 mg/m2)

II NCT04369937(R)

Paclitaxel/Cisplatin

vs.

Docetaxel/Cisplatin

Paclitaxel (260 mg/m2), Cisplatin (75 mg/m2)

vs.

Docetaxel (75 mg/m2), Cisplatin (75 mg/m2)

IV NCT04766827(R)

Prostate  
Cancer

Pembrolizumab/Etoposide/

/Cisplatin

no data I NCT03582475(R)

Testicular  
Cancer

Bleomycin/Etoposide/Cisplatin

vs.

Carboplatin

no data III NCT02341989 (ANR)

Etoposide/Cisplatin/Radiation 
Therapy

Etoposide (100 mg/m2), Cisplatin (20 mg/m2), 
Radiotherapy (2 Gy — 3 weeks later) 

II NCT03937843(R)

(ANR) — active, not recruting; (NR) — not yet recruiting; (R) — recruiting
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peutic treatment regimen for NSCLC includes, inter 
alia, administration of cisplatin in combination with 
paclitaxel. The effective interaction of cisplatin with 
nab-paclitaxel in relation to advanced NSCLC cancer 
was reported by Hattori et al [74] in Phase I and II 
clinical trials. Hayashi et al. [75] suggested the possibil-
ity of concurrent use of cisplatin in combination with 
nab-paclitaxel and radiation therapy for the treatment 
of locally advanced NSCLC. When assessing the ef-
fectiveness of the therapy in Phase I/II clinical trials, 
it was shown that concurrent chemoradiotherapy in 
combination with cisplatin and nab-paclitaxel can be 
a promising method of treatment for NSCLC in patients 
under 75 years of age, with normal renal function [75]. 
There are still ongoing studies evaluating the effective-
ness of cisplatin and paclitaxel with, among others, 
sintilimab (Identifier: NCT04840290), pemetrexed 
and tislelizumab (Identifier: NCT04379635) [73]. An 
alternative in the treatment of lung cancer is also the 
combined action of cisplatin with vinorelbine [76]. In 
contrast, in an experimental animal model, it has been 
shown that cisplatin in combination with erlotinib can 
be effective in inhibiting tumor growth in lung cancer 
[77]. Phase I clinical trials (Identifier: NCT04809103) 
are currently underway to determine the maximum dose 
of tolerated cisplatin administered bronchoscopically 
to the tumor in patients diagnosed with NSCLC [73].

Breast cancer
In the second phase of clinical trials, Rosati et al. 

[78] observed that in patients with metastatic breast 
cancer resistant to anthracyclines, a well-tolerated 
chemotherapy regimen may be a treatment based on 
the combination of cisplatin and paclitaxel. However, it 
has been shown that an adverse reaction resulting from 
the use of this therapy was increased neurotoxicity [78]. 
According to the literature data, the combined effect of 
cisplatin and gemcitabine may also be very effective in 
the treatment of breast cancer [79]. It was found that the 
combination of cisplatin with gemcitabine, despite the 
observed side effects [80], may have a beneficial thera-
peutic effect and constitute an alternative treatment for 
patients with triple-negative metastatic breast cancer 
(TNBC) [79, 80]. Similar conclusions were presented 
after the combined action of cisplatin with nab-paclitaxel 
[81]. High therapeutic activity and a mild toxic profile 
were obtained in Phase II clinical trials (Identifier: 
NCT01928680) as a result of TNBC treatment with cis-
platin and capecitabine, initiated after initial treatment 
with anthracyclines and taxanes [73, 82].

Ovarian cancer
The use of cisplatin in the treatment of ovarian 

cancer has proved to be an important chemotherapy 
strategy. In the treatment of advanced ovarian cancer, 

the treatment regimen based on the use of cisplatin 
with paclitaxel [83] and cisplatin with cyclophosphamide 
[84] was also assessed. Phase III studies conducted by 
Mouratidou et al. [84] suggest a stronger response of 
ovarian cancer cells to cisplatin with paclitaxel therapy 
than to cisplatin with cyclophosphamide although with 
no clear differences in disease progression and survival 
time. In palliative chemotherapy, in the treatment of 
advanced or recurrent ovarian cancer, it has been ob-
served that the combination of cisplatin and topotecan 
may be highly effective. However, this activity was as-
sociated with the unfavorable effect of the complexes on 
hematological indicators [85]. Hoskins et al. [86], in the 
assessment of Phase III clinical trials, did not observe 
significant changes in the pharmacological efficacy 
of the combined effect of cisplatin with topotecan in 
relation to carboplatin and paclitaxel therapy. Reports 
from literature data indicate that the use of cisplatin 
with doxorubicin may be beneficial in the treatment 
of ovarian cancer [87]. Moreover, in women with ad-
vanced and inoperable ovarian cancer, high efficacy was 
observed after combining cisplatin with doxorubicin in 
intraperitoneal negative pressure aerosol chemotherapy 
[87]. Phase II studies have also been implemented to 
evaluate the dosing regimen and pharmacodynamics 
of cisplatin used as intraperitoneal chemoperfusion in 
women with stage III epithelial ovarian cancer (Identi-
fier: NCT02567253) [73].

Bladder cancer
First-line chemotherapy based on cisplatin is one 

of the basic treatments for advanced urothelial tumors 
[88]. In metastatic bladder cancer, standard cancer 
therapy includes methotrexate, vinblastine, doxorubicin, 
and cisplatin (MVAC regimen) [89]. Literature data 
indicate that cisplatin and gemcitabine chemotherapy 
may also have a beneficial effect in the treatment of 
advanced bladder cancer [88]. This therapy is also used 
in neoadjuvant treatment [89]. The use of cisplatin with 
gemcitabine in induction chemotherapy has also been 
suggested in patients with invasive bladder cancer [90, 
91] although the obtained results of Phase III clinical 
trials were inconclusive and called for further analyzes 
[90]. Okabe et al. [89] observed that cisplatin and gem-
citabine cumulative treatment of infiltrating bladder 
cancer shows a therapeutic effect comparable to the 
MVAC regimen. In addition, treatment based on the 
combined effect of cisplatin with atezolizumab and 
pembrolizumab may gain recognition in the treatment 
of advanced and metastatic urothelial neoplasms [73].

Head and neck cancer 
The standard topical treatment for advanced squa-

mous cell neoplasms of the head and neck is cisplatin 
chemotherapy with radiotherapy [92]. Studies determin-
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ing the dosing regimen of cisplatin used concurrently 
with radiotherapy are still ongoing [93, 94]. The efficacy 
of cisplatin in induction chemotherapy in advanced, in-
operable head and neck cancer has also been observed 
in combination with 5-fluorouracil [95], as well as in 
a regimen with fluorouracil and docetaxel [92]. Yokota 
et al. [92] showed that in the treatment of head tumors, 
chemoradiotherapy initiated after previous induction 
chemotherapy with docetaxel, cisplatin, and 5-fluoro-
uracil (cisplatin was given in divided doses) may have 
a beneficial therapeutic effect and low toxicity. Moreo-
ver, Fietkau et al. [96], comparing chemoradiotherapy 
regimens in advanced head and neck cancer in Phase III 
clinical trials, found that a reduced dose of radiotherapy 
with concomitant cisplatin and paclitaxel has a therapeu-
tic effect comparable to standard chemoradiotherapy, 
with cisplatin and fluorouracil.

Prostate and testicular cancer
Literature data indicate that first-line treatment 

of prostate cancer includes docetaxel therapy [97]. In 
Phase II clinical trials, it has been observed that, after 
prior docetaxel treatment, a beneficial therapeutic ef-
fect can be obtained after administration of cisplatin 
with prednisone [98]. Chemotherapy based on the 
combined action of cisplatin with gemcitabine may 
also be effective in the treatment of advanced prostate 
cancer [99]. Cisplatin-based therapy is also the standard 
treatment for testicular cancer. The use of cisplatin in 
the treatment of testicular cancer has contributed to the 
improvement of the therapeutic efficacy and an increase 
in the cure rate since the 1980s [100]. Currently, the  
standard treatment of testicular cancer includes  
the BEP regimen using cisplatin, etoposide, and bleo-
mycin [101]. Phase III clinical trials are also conducted 
to compare the effectiveness of the multi-drug BEP 
regimen and the dose-dense combination chemotherapy 
containing cisplatin, etoposide, bleomycin, paclitaxel, 
oxaliplatin, and ifosfamide in patients with stage II 
or stage III non-seminomatous germ cell (Identifier: 
NCT00104676) [73].    

Summary

The high efficacy of cisplatin in the treatment of 
malignant neoplasms may be limited by developing cel-
lular resistance and numerous side effects. Currently, 
research is being conducted to find and implement new 
therapeutic strategies using cisplatin, also in combination 
with other chemotherapeutic agents and substances with 
potential anti-cancer properties. Perhaps the use of cispl-
atin in new multi-drug therapy regimens will contribute 
to increasing the effectiveness of oncological treatment.
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Evolution of prostate cancer therapy. 
Part 1

ABSTRACT
Prostate cancer is the most common cancer in men. Strategies relying on androgen deprivation have long been 

utilized in it’s treatment. However, the therapy of castration-resistant disease still remains challenging. Therapeu-tic 

options have rapidly evolved during the last decade. New molecules with unprecedented activity, provided sig-

nificant survival benefit in advanced disease. This review presents the key aspects of prostate cancer systemic 

therapy evolution over the last decades. The first part focuses on therapies active in castration-resistant disease. 

Part two reviews data on earlier therapy lines and principles relevant to devising optimal treatment sequence.  

Key words: prostate cancer, castration-resistant, mCRPC, abiraterone, apalutamide, enzalutamide
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Introduction

In 1853, British surgeon John Adams described 
in the Lancet a case of a cirrhotic prostate gland with 
associated pelvic and lumbar lymphadenopathy. This 
case report is cited as the first-ever prostate cancer 
description [1]. Although Adams believed that the de-
scribed disease was very rare, nowadays prostate cancer 
is the most common malignant tumour among men. In 
2018, overall 1.28 million new cases were reported, and 
0.38 million men died from the disease [2]. 

The relation between castration and secondary sexual 
characteristics has been known since antiquity. The scientific 
description of the effect of castration on prostate volume 
in animals was first published by James William White 
in 1893 [3]. In 1935, at intervals of several months, three 
researchers: Ernst Laqueur, Adolf Butenandt and Lavo-
slav Ružička, independently described the chemical structure 
of testosterone, initiating work on its role in mammalian 
physiology. In 1939, Butenandt and Ružička were awarded 
the Nobel Prize for their discovery. In 1941, Charles Hug-
gins and Clarence Hodges jointly described the beneficial 
effects of surgical castration and oestrogen therapy on the 

course of metastatic prostate cancer [4]. Huggins continued 
his research in this area over the years, paving the way to 
modern systemic therapy of this cancer, for which he was 
also awarded the Nobel Prize in 1966. In 1969, Mainwaring 
et al. [5] discovered the androgen receptor (AR), which soon 
led to the description of its first inhibitor — cyproterone.  
In 1971, Andrew Schally described the structure and func-
tion of the gonadotropin-releasing hormone (GnRH) 
and its importance for the regulation of sex hormones [6].  
In 1973–1976, long-acting analogues of this hormone were 
discovered, which were already registered as medicinal prod-
ucts in 1984–1987. During the next decade, further AR an-
tagonists emerged with a more favourable therapeutic index.

The pathogenesis of prostate cancer is inextricably 
linked with AR. The management of pathological hormo-
nal stimulation, as well as the mechanisms of cancer cell 
resistance to ADT, is the key to effective cancer therapy. 
Therapeutic options have therefore evolved from surgical 
through pharmacological castration to pharmaceuticals 
designed to counteract the molecular mechanisms that 
determine the development of castration resistance.

In this two-part review, the authors summarize the 
course of this evolution. They present the results of 
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ground-breaking research and indicate the most impor-
tant, in the authors’ opinion, directions for the further 
development of systemic treatment of patients with pros-
tate cancer. The first part discusses the mechanisms of 
action of key drug classes and the data on their efficacy in 
metastatic, castration-resistant prostate cancer. Systemic 
treatment options in patients with castration-sensitive 
metastatic prostate cancer and patients with non-met-
astatic, castration-resistant cancer are presented in the 
second part, while discussing methods of optimizing 
sequential pharmacotherapy. It is in hope that it will 
allow the reader to better understand the landscape of 
available therapeutic options and the direction in which 
it is evolving, as well as facilitate decision-making in 
clinical practice.

Androgens and prostate cancer

Similarly to healthy prostate acinar and ductal cells, 
prostate cancer cells in untreated patients almost always 
express AR. It is a cytoplasmic protein, coded on the X 
chromosome and composed of several domains, includ-
ing ligand-binding domain (LBD) and DNA binding 
domain (DBD). The inactive AR forms a complex with 
heat shock proteins (HSPs) 40, 70 and 90, which stabilize 
the receptor and prevent its proteolysis. Lipophilic an-
drogens diffuse relatively easily across the cell membrane 
where they bind to the AR. This results in a two-time 
change in the receptor conformation and unbinding of 
HSP. This is followed by AR nuclear translocation medi-
ated by the microtubular cytoskeleton. The AR displaced 
into the nucleus undergo homodimerization catalysed by 
nuclear coactivators, which leads to obtaining transcrip-
tional activity by such a dimer, which in turn stimulates 
numerous genes promoters. AR activity determines the 
activation of several key mechanisms contributing to the 
carcinogenesis of prostate cancer and some other malig-
nancies. This increases the proliferative drive, stimulates 
the secretory function, and neoangiogenesis (Fig. 1).

The androgens production in the male body is 
regulated by the activity of the hypothalamic-pitui-
tary-gonadal (HPG) axis. Pulsatile changes of GnRH 
level in the hypothalamic-pituitary circulation cause 
the secretion of follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH). LH stimulates testosterone 
production by the Leydig cells of the testes, and FSH 
increases the production of plasma androgen binding 
protein (ABP). Androstenedione and dehydroepi-
androsterone (DHEA) produced in adrenal glands, 
accounting for 10% of circulating androgens indicate 
a lower binding affinity for AR than testosterone. Their 
production, however, does not depend on the hormonal 
activity of the gonadal stimulating axis, but takes place 
constitutively, as it were, together with glucocorticoster-

oids synthesis. The androgen with the strongest affinity 
for AR is dihydrotestosterone (DHT), which is formed 
in the tissues: either from testosterone by the action 
of 5a-reductase (5AR) or from DHEA by the action 
of 17-hydroxylase/17.20-lyase (CYP17A1). There are 
two subtypes of the 5AR: the first is less active but is 
commonly present in various androgen-sensitive tissues, 
the second is more active, almost exclusively present in 
the prostate, making this organ extremely sensitive to 
androgen activity [7, 8]. 

The primary therapeutic approach in prostate can-
cer is androgen deprivation, which can be achieved in 
several ways. Bilateral orchiectomy or suppression of 
LH production by the pituitary gland can shut down 
testicular hormone production. Long-acting GnRH 
analogs (leuprorelin, goserelin, triptorelin) disrupt the 
natural rhythmic pattern of pulsatile GnRH secretion. 
In the initial phase, they cause the release of FSH and 
LH from the pituitary gland, which in turn causes an 
increase in testosterone concentration (the so-called 
flare-up phenomenon), but the final outcome is a du-
rable HPG axis blockade. In turn, GnRH antagonists 
(abarelix, degarelix and oral relugolix) immediately 
inhibit the secretion of gonadotropic hormones, 
which prevents the flare-up effect. Other strategies 
of hormone therapy include substances that competi-
tively block AR (bicalutamide, flutamide, nilutamide), 
antagonize its activity (oestrogens), and inhibit the 
conversion of androgens to DHT (finasteride, dutas-
teride, epristeride) (Tab. 1).

Figure 1. Androgen receptor-dependent signalling in 
a castration-sensitive prostate cancer cell; A — androgens; 
AR — androgen receptor
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Castration-resistant prostate cancer

The classic anti-androgen therapies described above 
have been and are successfully used in the treatment 
of patients with advanced prostate cancer. However, it 
should be remembered that in the case of prostate can-
cer, as with any other advanced neoplasms exposed to 
the long-term hormone therapy, there is always a loss of 
sensitivity to previously active hormone therapy. Histori-
cally, this condition was called hormone resistance, but 
today it is already known that at this stage of the disease, 
AR is still active and strongly promotes the progression 
of the neoplastic process. Thus, a more precise term 
has become widespread: castration-resistant prostate 
cancer (CRPC). The definition of castration resistance 
includes the occurrence of PSA increase and/or imaging 
progression during the effective castration confirmed by 
the testosterone level < 50 ng/dL (1.7 nmol/L). Most 
patients suffer from metastatic cancer at the time of 
resistance occurrence, but castration resistance can 
also be determined based on an increased PSA level 
alone without evidence of image progression. To meet 
the non-metastatic CRPC definition adopted by most 
societies, PSA increase must meet 3 conditions simul-
taneously: 1. three consecutive PSA increases separated 
by at least one week; 2. two increased values must be at 

Table 1. Strategies affecting AR-dependent signalling 
pathways

Blocking androgen synthesis in 
the testes

Leuprorelin
Goserelin
Triptorelin
Abarelix
Degarelix
Relugolix

Blocking androgens production in 
the adrenal glands

Glucocorticosteroids
Adrenalectomy

Blocking enzymes responsible 
for androgen synthesis (adrenal, 
paracrine, autocrine) 

Abiraterone Acetate
Ketoconazole
Aminoglutethimide

Blocking androgen conversion Finasteride
Dutasteride
Epristeride

Reversing the androgen effect Oestrogens

Inhibiting the binding of 
androgens to the receptor

Bicalutamide
Flutamide
Nilutamide
Cyproterone Acetate
Spironolactone

Multi-point blocking of androgen 
receptor activity

Enzalutamide
Darolutamide
Apalutamide

Blocking AR translocation Docetaxel
Cabazitaxel

least 50% higher than the nadir; 3. nominal PSA value 
must be > 2 ng/mL.

Knowing the molecular phenomena that determine 
castration resistance it is necessary to understand the 
mechanisms of action of drugs active for CRPC. First, 
as previously mentioned, the adrenal glands consist-
ently produce small amounts of androgens in castrated 
patients. Additionally, in cancer cells or the tumour 
microenvironment, ectopic androgen production 
may occur. Moreover, the AR itself may be ampli-
fied, overexpressed, or activated by first-generation 
anti-androgen drugs. There may also be AR variants 
with increased affinity for the ligand or with constitu-
tive, ligand-independent activity at all, arising from 
mutation or alternative AR DNA splicing. AR activity 
may also increase as a result of receptor phosphoryla-
tion by kinases associated with AR-independent signal 
transduction pathways from membrane receptors or as 
a result of increased expression of nuclear coactivators 
[9] (Fig. 2). 

Therapies effective in overcoming castration resist-
ance include cytotoxic drugs from the taxoid group; 
new generation anti-androgens that prevent the func-
tioning of typical resistance mechanisms (apalutamide, 
darolutamide, enzalutamide, abiraterone acetate); ra-
diopharmaceutical — radium-223; more recently PARP 
inhibitors (PARPi); and finally immunotherapeutics, of 
which, so far, only specific, active immunotherapy based 
on dendritic cells has proven effectiveness.

Chemotherapy

Until the end of the 20th century, no drugs were avail-
able to improve the prognosis of patients with CRPC. 
In the 1990s, strategies for prolonging progression-free 
survival emerged — those were estramustine, mitox-
antrone or inhibition of adrenal androgen production 
with glucocorticosteroids. 

The first drug that significantly improved the prog-
nosis of patients with metastatic CRPC (mCRPC) was 
docetaxel — a synthetic derivative of paclitaxel, obtained 
from the tissues of European yew. Docetaxel was first 
described in the 1980s. Its mechanism of action, as in 
the case of other taxoids, is to stabilize microtubules 
by binding to b-subunit of tubulin [10]. The resulting 
dysfunction of the karyokinetic spindle is considered to 
be the main mechanism of action of taxoids. There are 
also data indicating additional mechanisms: inhibition of 
oncogenic kinases from the BCL family and disruption 
of activated AR nuclear translocation mediated by the 
microtubular cytoskeleton [11]. In 2000–2002, overall 
1,006 men with mCRPC were enrolled in TAX-327 study 
[12, 13]. Patients were randomized in a 1:1:1 ratio to the 
group receiving: mitoxantrone (12 mg/m2 q3w), docetaxel 
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(75 mg/m2 q3w) or docetaxel (30 mg/m2 q1w). All patients 
also received a suppressive dose of prednisone (5 mg 
bid). The high dose docetaxel arm compared with the 
control arm showed a significant reduction in the relative 
risk of death by 21% [hazard ratio (HR) 0.79; 95% con-
fidence interval (CI): 0.67–0.93; p = 0.004] with median 
overall survival (OS) of 19.2 months and 16.3 months, 
respectively. A low dose of weekly docetaxel was not 
associated with a significant prognosis improvement 
(median OS 17.8 months). Both PFS, objective response 
rate (ORR) and quality of life parameters were more fa-
vourable in patients receiving high dose docetaxel. Doc-
etaxel was associated with a higher risk of neutropenia 
(32% vs. 22%), but not with febrile neutropenia or other 
cytopenias. Docetaxel also caused more gastrointestinal 
symptoms as well as neurotoxicity and skin toxicity, 
with a lower risk of hepatotoxicity than mitoxantrone. 
Subgroup analyses showed that patients who benefited 
most from the therapy were asymptomatic or with low 
symptoms intensity [The Functional Assessment of Can-
cer Therapy-Prostate (FACT-P) < 109], with no pain, 
in good performance status (PS) (KPS ≥ 90%), with no 

visceral metastases and high PSA levels ( ≥ 115 ng/mL). It 
can therefore be concluded that docetaxel-based therapy 
is best initiated in the early stages of mCRPC.

Cabazitaxel, first described in 1999, is a taxoid with 
a chemical structure and mechanism of action analo-
gous to docetaxel. It has been designed to bypass the 
typical resistance mechanisms to classic taxanes that 
appear in cancer cells exposed to paclitaxel or docetaxel.  
In particular, cabazitaxel has no affinity for P-glyco-
protein — a protein with transmembrane transporter 
activity — that actively removes xenobiotics (including 
docetaxel) from inside the tumour cell [14]. In 2010, 
the results of a phase III TROPIC study [15] were pub-
lished, which assessed the effectiveness of cabazitaxel in 
mCRPC patients after failure of docetaxel treatment. In 
this study, 755 patients were randomized in a 1:1 ratio to 
either 25 mg/m2 cabazitaxel or 12 mg/m2 mitoxantrone, 
with both arms receiving a suppressive dose of pred-
nisone. The study met its primary endpoint: it showed 
a significant reduction in the relative risk of death by 
30% (HR = 0.70 95% CI: 0.59–0.83; p = 0.0001) with 
a median OS of 15.1 months (cabazitaxel) vs. 12.7 months 

Figure 2. Mechanisms of castration resistance in the prostate cancer cell; A — androgens; AR — androgen receptor; ARV — AR 
variants
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(mitoxantrone). Treatment in the experimental arm was 
clearly more toxic compared to the control arm. Adverse 
reactions were reported in 94% and 88% of patients, re-
spectively, and CTCAE Grade ≥ 3 adverse events (AEs) 
in 82% and 58% patients in cabazitaxel and mitoxantrone 
arm, respectively. 

It was widely believed that the development of new 
antiandrogens (discussed later) would diminish the posi-
tion of cabazitaxel in a multi-step treatment strategy in 
mCRPC patients. It turns out, however, that this drug 
remains effective in subsequent lines of treatment. In 
September 2019, Ronald de Wit et al. [16]  published in 
the NEJM the results of a phase IV CARD study [17], 
including 255 mCRPC patients who failed treatment with 
docetaxel and one of the new antiandrogens (abiraterone 
acetate or enzalutamide) used in any sequence. Patients 
were randomized in a 1:1 ratio to the cabazitaxel arm 
(25 mg/m2 q3w) in combination with prednisone or the 
arm with a new generation of a previously unused hor-
monal drug (enzalutamide 160 mg/day or abiraterone 
acetate 1000 mg/day). The primary endpoint was radio-
logical progression-free survival (rPFS). The secondary 
endpoints included, among others: OS, time to occur-
rence of skeletal events, and quality of life parameters. 

The study met its primary endpoint. The median 
rPFS was 8.0 months for cabazitaxel and 3.7 months for 
the next-generation hormonal drug (HR = 0.54; 95% 
CI: 0.40–0.73; p < 0.001). The benefit of cabazitaxel 
was observed in all subgroups defined in the study, and 
in particular, no dependence of the activity of this drug 
on the previously used hormonal drug (enzalutamide 
vs. abiraterone) was demonstrated. The median OS was 
13.6 months in the cabazitaxel arm and 11.0 months in the 
control arm, which translated into a significant reduction 
in the relative risk of death by 36% (HR = 0.64; 95% 
CI, 0.46–0.89; p < 0.008). After progression, 23.3% of 
patients in the active arm received a previously unused 
new anti-androgen in the subsequent treatment line. 
Cabazitaxel in the subsequent line was received by 
33.3% of patients from the control arm. Of the patients 
with measurable lesions at randomization, an objective 
response was achieved by 37% of patients in the cabazi-
taxel arm and 12% patients in the hormone therapy arm 
(p = 0.004). The toxicity profile was consistent with data 
from previous studies.

Androgen synthesis inhibitors

Research on the pharmacological suppression 
of adrenal androgen production has been continued 
since at least the 1960s when aminoglutethimide was 
discovered — a pleiotropic drug, blocking, inter alia, 
CYP11A1 — the key enzyme for the conversion of 
cholesterol into steroid hormones precursors (Fig. 3).  

Aminoglutethimide effectively blocks the production 
of all steroid hormones, including glucocorticoid and 
mineralocorticoids, which in combination with its ac-
tivity in other metabolic pathways, is responsible for 
its relatively high toxicity. In 2003–2007, ketoconazole 
(an antifungal imidazole derivative) activity was dem-
onstrated in CRPC. This drug inhibits CYP11A1 and 
CYP17A — enzymes that block the conversion of gesta-
gens to androgens. Suboptimal hormonal activity and the 
unfavourable safety profile of ketoconazole prevented 
the widespread use of this drug in clinical practice. 

A milestone in the field of androgen synthesis inhibi-
tion was the introduction of second-generation anti-an-
drogens, the first of which is abiraterone acetate, first 
described in 1995. While still not fully selective, by acting 
mainly by inhibiting CYP17A, it blocks the production 
of androgen precursors with a secondary induction of 
mineralocorticoids overproduction. Abiraterone is also 
a 5AR inhibitor, with glucocorticoid synthesis blocking 
effect, most likely dependent on CYP11B inhibition. 
Thus, during the use of abiraterone, glucocorticosteroids 
supplementation is necessary to prevent acute adrenal 
insufficiency (Fig. 3). 

In the COU-AA-301 study, recruiting in 2008–2009, 
overall 1,195 mCRPC patients after treatment failure 
on docetaxel were randomized in a 2:1 ratio to pred-
nisone treatment (5 mg bid) in combination with abi-
raterone acetate (1000 mg qd) or placebo. In August 
2012, in "The Lancet" journal, Karim Fizazi et al. [18] 
published the final results of the COU-AA-301 study, 
showing a significant improvement in the prognosis of 
patients receiving abiraterone. The use of abiraterone 
reduced the relative risk of death compared to placebo 
by 26% (HR 0.74; 95% CI: 0.64–0.86; p = 0.0001) 
with a median OS of 15.8 vs.11.2 months, respectively. 
Abiraterone benefits were also observed for other 
endpoints. The toxicity profile was favourable, and 
most adverse reactions, including those leading to 
treatment modification or discontinuation, occurred 
at similar rates in both arms. Adverse events more 
commonly observed in the active arm included fluid 
retention, oedema, hypokalaemia and urinary tract 
infections. The risk of hepatotoxicity did not differ 
significantly between the arms.

In 2013, Charles Ryan et al. [19, 20] published in the 
"NEJM" the results of the COU-AA-302 study, which 
investigated the efficacy of abiraterone in a population 
of asymptomatic or oligosymptomatic mCRPC patients 
without prior docetaxel treatment. Between 2009 and 
2010, overall 1,088 patients were randomized to the 
abiraterone plus prednisone arm or the prednisone 
plus placebo arm. The co-primary endpoints were PFS 
and OS. Median OS differed significantly in favour of 
abiraterone: 34.7 months vs. 30.7 months, which trans-
lated into a 19% reduction in the relative risk of death 



182

ONCOLOGY IN CLINICAL PRACTICE 2022, Vol. 18, No. 3

Figure 3. A simplified diagram of steroid hormone synthesis. Abiraterone mechanism of action

(HR = 0.81; 95% CI: 0.70–0.93; p = 0.0033). In the case 
of PFS [21], there was also a significantly higher median 
in the abiraterone arm — 16.5 months vs. 8.2 months 
(HR = 0.53; 95% CI: 0.45–0.61; p = 0.0001). More 
cardiovascular events, hepatotoxicity and hypertension 
were observed in the active arm. 

Since 2012, enzalutamide (described in the next 
chapter) has been introduced in the indications analo-
gous to those for abiraterone acetate. Although there 
is some competition between both medications, some 
researchers saw the potential in their combined use, due 
to the different mechanism of action. 

At the American Society of Clinical Oncology 
(ASCO) 2018 Annual Meeting, Gerhardt Attard et 
al. [22] presented the results of the PLATO study, as-
sessing the effectiveness of abiraterone in overcoming 
resistance to enzalutamide in a population of mCRPC 
patients who had not previously received chemotherapy 
with docetaxel. In the first step of the study, all patients 
received enzalutamide. Patients with primary resistance 
to this drug, as manifested by increased PSA level before 
the 21st week of therapy, were excluded from the study. 
The remaining patients at the time of PSA progression 
passed to stage II and were randomized in a 1:1 ratio 
to abiraterone in combination with enzalutamide or 
placebo. Therapy was continued until radiological pro-
gression or unacceptable toxicity. The primary endpoint 
was PFS. Of the 509 enrolled patients, 251 passed to 
the second stage (the reminded patients experienced 
no progression or did not meet the inclusion criteria). 
Median PFS did not differ significantly between the arms 
and was 5.7 months for the combination vs. 5.6 months 
for abiraterone monotherapy. There were no significant 

differences between other endpoints (including ORR). 
Combination therapy was associated with a higher risk of 
side effects (especially hypertension and hepatotoxicity).

At the ASCO 2019 Annual Meeting, Michael J. 
Morris et al. [23] presented the results of the phase 
III Alliance A031201 study, assessing the value of the 
combination of abiraterone and enzalutamide in the 
first-line mCRPC treatment. Prior treatment at the stage 
of castration sensitivity was allowed, including the early 
use of docetaxel. Patients included in the study were 
randomized in a 1:1 ratio to the combination of enzalu-
tamide and abiraterone (+ prednisone) or enzalutamide 
monotherapy. Androgen deprivation was maintained 
in both groups. The primary endpoint was OS and the 
secondary endpoint was rPFS and biochemical response. 
From January 2014 to August 2016, overall 1,311 men 
were included in the study. There were no significant dif-
ferences in OS: the median OS for the active and control 
arm was 32.7 months and 33.6 months, respectively, with 
combination therapy being more toxic. 

New generation androgen receptor 
inhibitors

Enzalutamide, discovered in 2009, does not show 
partial agonist activity and binds the receptor more 
tightly than 1st generation AR inhibitors, reducing 
receptor affinity not only for its ligands. It also inhibits 
receptor nuclear translocation and the binding of AR 
to dimerization cofactors and DNA. The disadvantage 
of enzalutamide is the ability to penetrate the cen-
tral nervous system and antagonize the receptors for 
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g-aminobutyric acid (GABA) there, which can lead to 
neurological symptoms, in particular seizures. 

In 2012, Howard Scher et al. [24] published in the 
"NEJM" the results of the phase III AFFIRM study, 
which assessed the effectiveness of enzalutamide 
in the treatment of mCRPC patients with imaging 
and/or biochemical progression after docetaxel therapy.  
In 2009–2010, overall 1,199 patients were randomized in 
a 2:1 ratio to treatment with enzalutamide at 160 mg/day 
or placebo. The study was terminated prematurely due 
to meeting its primary (OS) and secondary endpoints in 
the interim analysis. The median OS was 18.4 months 
(enzalutamide) and 13.6 months (placebo), respectively, 
which translated into a 37% reduction in the relative risk 
of death (HR = 0.63; 95% CI: 0.53–0.75; p = 0.001). 
The median rPFS was 8.3 months vs. 2.9 months in the 
experimental and control arm, respectively (HR = 0.25; 
p < 0.001); and radiological objective response rate 
was 29% vs. 4%, respectively. The overall incidence of 
adverse events did not differ significantly between the 
arms, and grade 3–4 toxicities were more frequent in 
the comparator arm. Seizures were observed only in the 
active arm, but only in 5 patients (0.6%).

In 2014, Tomasz Beer et al. [25] published in the 
"NEJM" the results of phase III PREVAIL study, assess-
ing the effectiveness of enzalutamide in the treatment of 
mCRPC patients who had not been previously treated 
with docetaxel. In 2010–2012, overall 1,717 patients were 
randomized to enzalutamide 160 mg/day or placebo 
arm. The co-primary endpoints were PFS and OS. The 
study was terminated prematurely due to the proof of 
the test hypothesis in a stepwise analysis which showed 
an 81% reduction in the risk of disease progression or 
death and a 29% reduction in the risk of death in the 
enzalutamide arm. In the updated analysis presented in 
2017 [26], the median PFS in the enzalutamide or pla-
cebo arms was 20.0 months and 5.4 months, respectively 
(HR = 0.32; 95% CI: 0.28–0.36; p < 0.0001), and median 
OS — 35.3 months and 31.3 months (HR = 0.77 95% 
CI: 0.67–0.88; p = 0.0002). In terms of the remaining 
endpoints, the superiority of the intervention was also 
demonstrated. The toxicity profile was comparable to 
the AFFIRM study, and enzalutamide was more com-
monly associated with fatigue, bone pain and diarrhoea, 
andropause symptoms, hypertension, and falls. Seizures 
were seen in one patient in each arm.

The advantage of enzalutamide over 1st genera-
tion antiandrogens was demonstrated in a randomized 
phase II STRIVE study, published in 2016. In this study, 
396 patients with newly diagnosed CRPC (including 
35% of patients without metastases) were randomized 
to the experimental arm with enzalutamide 160 mg/d 
or control arm with bicalutamide. For the primary 
endpoint (PFS — biochemical or radiological), a signifi-
cant 76% reduction in relative risk was demonstrated, 

with a median PFS of 19.4 months (enzalutamide) 
vs. 5.7 months (bicalutamide) (HR = 0.24, 95% CI: 
0.18–0.32; p = 0.001). For rPFS, a significant reduction 
in the risk of progression or death was also demonstrated 
with HR = 0.32 (95% CI: 0.21–0.50; p = 0.001), and 
a median of 5.7 months (bicalutamide) and not achieved 
in the enzalutamide arm. 

Discovered in 2012, apalutamide is another next- 
-generation anti-androgen with chemical and pharmaco-
logical properties similar to enzalutamide. This drug is 
characterized by a longer half-life, higher affinity for AR 
and lower permeability to CNS. The safety and activity of 
apalutamide were assessed in a phase I/II study (ARN-
509-001) recruiting patients with mCRPC regardless of 
the number of prior systemic treatment lines. The results 
published in 2016 [27] indicated a comparable activity 
of apalutamide to enzalutamide. 

Darolutamide is the newest, registered, second-gen-
eration anti-androgen with mechanisms of action 
analogous to those of apalutamide and enzalutamide. 
In contrast, however, darolutamide has antagonistic ac-
tivity against some AR variants generated by mutations 
in the AR gene, making resistance development more 
difficult. Moreover, darolutamide is characterized by the 
strongest affinity for AR and the lowest CNS penetration 
compared to apalutamide and enzalutamide. The safety 
and activity of darolutamide were assessed in a phase 
I/II study (ARADES) including mCRPC patients in 
all treatment lines. The results of the study published 
in 2017 [28] confirmed that the activity of this drug is 
comparable to that of enzalutamide and apalutamide.

No further studies have been conducted with apalu-
tamide and darolutamide in the treatment of mCRPC. 
Studies assessing the effectiveness of these drugs in 
the earlier stage of the disease will be presented in the 
second part of this review.

Radiopharmaceuticals

In the 1980s, systemic radiopharmaceuticals ex-
panded the treatment armamentarium. Strontium-89, 
samarium-153, rhenium-186 and rhenium-188 emit 
mainly b-radiation with a tissue beam range of about 
3 mm. The last three isotopes are also the source of 
gamma quanta, with an energy order of magnitude 
smaller, but with many times greater beam range. All of 
them have been shown to be effective in the treatment 
of bone metastases in the course of various cancers, but 
the benefit of their use is limited to symptoms alleviation 
(mainly pain intensity), without affecting the progno-
sis. The dose-limiting toxicity of all the above-mentioned 
radiopharmaceuticals is myelosuppression. 

The desired characteristics of the isotope, which is 
to deliver a therapeutic dose of radiation in the area 
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of tumour bone remodelling, were defined relatively 
quickly. The uptake by the skeleton should be selective 
to avoid systemic toxicity and should have an optimal 
half-life: long enough to ensure a practical shelf life for 
the isotope, yet short enough to minimize dose reten-
tion and radiation safety related problems. Additionally, 
radioactive decay of the optimal radioisotope should be 
associated with emission of mainly a and b radiation, 
the low range of which in the tissues allows limiting 
myelotoxicity. Minimizing the emission of g radiation 
significantly reduces the risk of systemic toxicity and 
eliminates problems related to radiological protection of 
people from the patient’s surroundings. a radiation, due 
to the ease of energy transfer to molecules in tissues and 
causing mainly DNA double-stranded breaks (DSBs, 
is also much more effective in inducing cell death. It is 
estimated that already 1–4 “hits” on cellular DNA by 
the a particle are lethal for the cell, while in the case of 
b radiation nearly 1000 “hits” is needed [29].

Radium-223 was discovered in 1905 by Tadeusz 
Godlewski [30], a chemist associated with the Jagiel-
lonian University. However, the anticancer potential 
of this isotope was only noticed at the end of the 20th 
century. All radium isotopes are calcimimetics — their 
electron shell mimics that of the calcium atom. Thus, 
both elements are characterized by a similar distribution 
in the body’s tissues. After intravenous administration, 
radium is deposited primarily in the skeleton, showing 
a particularly high affinity for areas with the intense 
remodelling of the mineral matrix. Radioactive decay 
of radium-223 is associated almost exclusively with the 
emission of a radiation, with a small participation of 
b-decay (Fig. 4). The mechanism of action of the drug 
is primarily based on damaging the cancer cells DNA, 
but there are also data showing that it also modulates 
bone turnover, through toxic effects on osteoblasts and 
osteoclasts [31]. 

In 2013, Christopher Parker et al. [32, 33] published 
in the "NEJM" the results of the phase III ALSYMPCA 
study, which evaluated the effectiveness of radium-223 in 
the treatment of mCRPC patients with at least two 
symptomatic skeletal metastases. Participants could 
not have visceral or nodal metastases greater than 
3 cm. In the case of patients without contraindications 
to the use of docetaxel, prior therapy with this drug was 
necessary. In 2008–2011, the study included 921 pa-
tients who were randomized in a 2:1 ratio to 6 doses of 
radium-223 (50 kBq/kg q4w) or placebo. After disease 

progression, patients in the placebo arm could receive 
radioisotope therapy. The primary endpoint of the 
study was OS and the secondary endpoints were time 
to first symptomatic skeletal-related event (SRE), time 
to PSA progression, and time to alkaline phosphatase 
progression. Radium treatment was associated with 
a significant reduction in the relative risk of death by 
30% compared with placebo, with a median OS of 
14.9 months (Radium-223) and 11.3 months (placebo) 
— HR = 0.70 (95% CI: 0.58–0.83; p = 0.001). The medi-
an time to SRE onset was 15.6 months (Radium-223) and 
9.8 months (placebo); HR = 0.66 (95% CI: 0.52–0.83;  
p = 0.001). Additionally, a significant benefit of the 
use of Radium-223 was demonstrated in relation to the 
risk of PSA progression (HR = 0.64 95% CI: 0.54–0.77; 
p = 0.001) and alkaline phosphatase (HR = 0.17; 95% 
CI: 0.13–0.22; p = 0.001). In a subgroup analysis, the 
number of metastases ≥ 6 and the baseline alkaline 
phosphatase ≥ 200 U/L appeared to identify the pa-
tients who benefited most from the use of radioisotope. 
The incidence of adverse events, including serious and 
fatal ones, was slightly lower in the experimental arm. 
The most common side effects were cytopenia, bone 
pain, fatigue, nausea, and diarrhoea. There were no 
significant differences in the incidence of late compli-
cations in the long-term follow-up population. In 2013, 
Radium-223 was granted FDA and EMA marketing 
authorization for the treatment of docetaxel-resistant 
mCRPC patients. 

There are numerous phase III studies ongoing to 
assess combinations of radium-223 with new anti-an-
drogens, immunotherapy and other drugs. The final 
results of any of them have not been published yet, 
but an interesting observation has been published by 
the team conducting the ERA223 study. This study re-
cruited mCRPC patients with at least two symptomatic 
skeletal metastases. Participants were not allowed to 
have visceral metastases or to receive prior docetaxel, 
radium-223, or abiraterone. All patients enrolled in 
the study received abiraterone in combination with 
prednisone and were randomized in a 1: 1 ratio to the 
Radium-223 arm or placebo. The  study did not meet the 
primary endpoint ( time to SRE). The median time to 
SRE was shorter in the radium-223 arm (22.3 months) 
compared to the placebo arm (26.0 months) — HR 
1.122 (95% CI: 0.917–1.374; p = 0.2636). Secondary 
endpoints also indicated an adverse effect of the com-
bination of radium and abiraterone. Based on retro-
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Figure 4. Radium-223 decay chain. Types of decay above the arrows, half-lives in brackets
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spective analyses, it was hypothesized that the adverse 
therapeutic effect was associated with the lower use 
of bone turnover modulators in the Radium-223 arm 
compared to placebo. However, while pending further 
clarification of this finding, the EMA and the FDA have 
issued warning notices regarding simultaneous use of 
abiraterone and radium-223. 

Immunotherapy 

In the middle of the first decade of the 21st cen-
tury, the American company Dendreon introduced 
a dendritic vaccine — sipuleucel-T. This medicinal 
product consists of autologous peripheral blood mono-
nuclear cells (including dendritic cells) incubated with 
a recombinant antigen resulting from the fusion of the 
prostate acid phosphatase gene with the granulocyte 
colony-stimulating factor (G-CSF) gene. In 2006, Eric 
Small et al. [34] published in the JCO the results of 
phase III D9901 study, which compared sipuleucel-T 
(administered every 2 weeks) with placebo. The study 
recruited patients with asymptomatic mCRPC with 
a baseline Gleason score ≤ 6. The primary endpoint was 
time to progression (TTP) radiological or clinical (pain 
or SRE). Patients who progressed in the placebo arm 
could receive sipuleucel-T. The study did not meet its 
primary endpoint: the HR for progression-free survival 
was 1.45 (95% CI: 0.99–2.11; p = 0.052), with a median 
TTP of 11.7 weeks (vaccine) vs. 10.0 weeks (placebo). 
However, there was a significantly higher risk of death 
in the placebo arm (HR = 1.70 95% CI: 1.13–2.56; 
p = 0.01), with a median OS of 25.9 months (sipuleu-
cel-T) vs. 21.4 months (placebo). The benefit in terms of 
OS was maintained in the multivariate analysis, however, 
the D9901 study was not designed to show a difference 
in overall survival [30]. In another phase III IMPACT 
study, the primary endpoint was OS. In the years 
2003–2007, overall 512 mCRPC patients were enrolled 
in this study, regardless of the initial grade or symptoms 
intensity. Patients were randomized in a 2:1 ratio to ei-
ther the vaccine or placebo arm. In 2010, Philip Kantoff 
et al. [35] published in the NEJM the results indicating 
a significantly higher risk of death in the placebo arm 
(HR = 1.78; 95% CI: 0.61–0.98; p = 0.03) with a median 
OS of 25.8 months (vaccine) vs. 21.7 months (placebo). 
The benefit of immunotherapy was reaffirmed in a mul-
tivariate analysis. Again, no significant differences were 
found in progression-free survival, which, as we know 
today, is typical for drugs stimulating specific, cellular 
antitumor response. 

Although antibodies targeting immune checkpoints 
(CTLA4 as well as PD-1 and PD-L1) have been reg-
istered in over 60 indications since 2011, they have 
not yet been used in prostate cancer. Ipilimumab (an 

anti-CTLA4 antibody) showed promising activity in 
phase II trials, however, in a phase III study, no improve-
ment in the prognosis of mCRPC patients was shown 
[36, 37]. Pembrolizumab, nivolumab (anti-PD-1) and 
atezolizumab (anti-PD-L1) showed varying degrees of 
activity in Phase I and II trials, and all of these ICIs are 
currently being intensively studied in this indication. The 
results of the studies conducted so far favour combina-
tions rather than monotherapy. However, none of the 
phase III studies conducted so far has shown a significant 
improvement in the prognosis of patients after the use 
of immune checkpoint inhibitors. The main reasons 
for this include low tumour immunogenicity and the 
immunosuppressive effect of its stroma.

In November 2019, Emmanuel Antonarakis et al. 
[38] published in the JCO the results of a multi-cohort 
phase II Keynote-199 study. The study recruited mCR-
PC patients who received 2–3 lines of prior systemic 
treatment containing docetaxel and a new generation 
anti-androgen. In 2016–2017, overall 133 patients with 
measurable disease showing PD-L1 expression were in-
cluded in cohort 1, 133 patients with measurable disease 
but no PD-L1 expression to cohort 2, and 59 patients 
with the predominance of bone lesions, regardless of 
PD-L1 expression to cohort 3. All patients received 
pembrolizumab (200 mg IV q3w up to a maximum of 
35 cycles). The primary endpoint was the ORR in co-
horts 1 and 2 (RECIST 1.1). ORR in patients with the 
measurable disease according to RECIST 1.1 criteria 
(cohorts 1 and 2) was 5%, with complete responses in 
two patients in cohort 1. The disease control rate in all 
cohorts according to RECIST 1.1 criteria was 12%, the 
highest (22%) in cohort 3. The biochemical response 
rate (PSA decrease by more than 50%) in the entire 
study population was 6%. Responses were durable: the 
median duration of response in the overall population 
was 16.8 months (the highest in cohort 1 — median not 
reached). Median rPFS was 2.1 months; 2.1 months 
and 3.7 months, and median OS: 9.5 months (95% CI 
6.4–11.9 months); 7.9 months (95% CI 5.9–10.2 months) 
and 14.1 months (95% CI 10.8–17.6 months) in cohorts 
1, 2, and 3, respectively.

Cabozantinib is a pleiotropic multi-kinase inhibitor 
with anti-angiogenic, anti-proliferative and anti-re-
sorptive effects. It seems to be a promising partner for 
immunotherapy because inhibiting TAM, MET and 
AXL kinases improves antigen presentation and T lym-
phocytes in vitro effector functions. It is also known that 
blocking VEGF-dependent neoangiogenesis facilitates 
chemotaxis of lymphocytes and their infiltration of the 
tumour microenvironment [39]. In May 2020, during 
the ASCO virtual congress, Neeraj Agarwal et al. [40] 
presented the results of the multi-centre phase I/II COS-
MIC 021 study, which assessed the activity of atezoli-
zumab (1200 mg IV q3w) combined with cabozantinib 
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(40 mg qd) in treatment of patients with advanced solid 
tumours. The primary endpoint of the study was ORR. 
The presented cohort included 44 mCRPC patients in 
good performance status (ECOG 0-1), with disease 
progression in soft tissues on enzalutamide or abirater-
one. Patients did not previously receive cabozantinib, 
immunotherapy or chemotherapy (except for docetaxel 
used in the stage of castration sensitivity). Most of the 
patients had visceral or extra-regional lymph nodes 
metastases. Half of the patients previously received 
both abiraterone and enzalutamide, and 27% of the 
patients previously received docetaxel. The objective 
response rate in the study population was 32%, includ-
ing 6.8% of complete responses. The disease control 
rate was 80%. The median duration of response was 
8.6 months. The toxicity profile was predictable: 59% 
of patients experienced grade 3 and 4 toxicities, and 9% 
of immuno-related adverse events. The combination is 
currently being evaluated in a phase III study. 

PARP inhibitors

Inactivating mutations in genes with known DNA 
repair function based on homologous recombinational 
repair mechanism (HRR) have long been studied in the 
context of their effect on carcinogenesis. These studies, 
however, were initially limited to cancers characteristic 
for multiple neoplasia syndromes associated with he-
reditary, germinal BRCA1 and BRCA2 genes mutations 
(mainly ovarian and breast cancers). Other neoplasms 
characterized by a high frequency of HRR genes alter-
ations, both germinal and somatic, have been identified 
relatively recently. Up to 10% of prostate cancers are 
associated with an inherited BRCA1 and BRCA2 genes 
mutations, however, the latest studies indicate that the 
percentage of somatic mutations in all HRR genes in 
prostate cancer is much higher — they were identified 
in up to 25% of metastases. The BRCA2 gene mutation 
is an independent, unfavourable prognostic factor in 
patients with prostate cancer, and the prognostic signif-
icance of other HRR defects is not fully known yet [41]. 

Simultaneous impairment of homologous recombi-
nation and DNA single-strand break repair (SSBR) pro-
cesses by base excision repair (BER) leads to progressive 
degradation of DNA and cell death. Stimulation of BER 
mechanisms activity is one of the functions of enzymes 
from the group of poly-ADP-ribose polymerases (PARP). 
Physiologically, PARP binds to a single-stranded DNA 
damage site and mediates subsequent binding of the repair 
enzyme complex. Then, during the repair process itself, 
PARP must unbind from the DNA. PARP inhibitors 
(PARPi) not only impair the recruitment of a free repair 
complex but also stabilize the binding of PARP to DNA. 
Since the stable PARP-DNA complex is an obstacle to 

the DNA polymerase complex, PARP inhibitors not only 
prevent damage repair with the use of the BER mecha-
nism but also prevent replication. In a cell with properly 
functioning other repair mechanisms, such a region will 
be completely excised, and the resulting double-strand 
break will be repaired by synthesizing the missing frag-
ment similar to the same region of the sister chromatid 
(homologous recombination). In HRR defective cells, 
PARPi cause permanent, lethal damage to the genome.

At the ESMO 2018 Annual Meeting, Wassim Abi-
da et al. [42, 43] presented the preliminary results of 
a single-armed phase 2 TRITON-2 study, evaluating 
the activity of PARPi, rucaparib in the treatment of 
patients with multi-line resistant metastatic prostate 
cancer and inactivating BRCA1, BRCA2 or ATM genes 
mutations. The study recruited patients with mCRPC 
who previously received 1 line of docetaxel-based che-
motherapy and 1–2 lines of next-generation anti-andro-
gen therapy. The co-primary endpoints were ORR rate, 
both radiological and PSA. 

Out of 25 patients with BRCA mutations, as many 
as 11 (44%) achieved a partial response, and another 
9 (36%) achieved disease stabilization. In 5 patients 
with the ATM mutation, no objective responses were 
observed, but 4 patients (80%) achieved disease stabi-
lization. The safety profile was predictable and 15.3% 
of patients experienced severe anaemia. The incidence 
of other serious adverse reactions was < 5%. Based 
on the results of the TRITON-2 study FDA granted 
accelerated approval to rucaparib.

In April 2020, Johann de Bono et al. [44] published 
in the "NEJM" the results of the phase III PROFOUND 
study. The study recruited mCRPC patients after failure 
of either abiraterone or enzalutamide-based hormone 
therapy. Previous chemotherapy with docetaxel was 
also allowed. The inclusion criterion was the presence 
in the tumour cells of at least one mutation of the HRR 
genes: BRCA1, BRCA2, ATM, BRIP1, BARD1, CDK12, 
CHEK1, CHEK2, FANCL, PALB2, PPP2R2A, RAD51B, 
RAD51C, RAD51D, RAD54L. HRR genes alterations 
were identified in 778 patients (28% examined), 387 of 
whom met the inclusion criteria. Patients were included 
in two cohorts: A — 245 patients with BRCA1, BRCA2, 
ATM mutations; B — 142 patients with alteration in 
other genes. Patients in both cohorts were randomized in 
a 2:1 ratio to olaparib (300 mg bid) or treatment with a new 
anti-androgen: abiraterone (1000 mg/d) or enzalutamide 
(160 mg/d). The primary endpoint was rPFS in cohort A. 
Secondary endpoints were: OS, radiological, biochemical 
and cytometric response rates (defined as a decrease in 
circulating tumour cells from ≥ 5/7.5 mL to < 5/7.5 mL). 

The study met its primary endpoint. In cohort 
A, median rPFS was significantly different in favour 
of olaparib: 7.4 months vs. 3.6 months (HR = 0.34;  
95% CI, 0.25–0.47; p < 0.001), in the entire study pop-
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ulation the difference in median rPFS was smaller, but 
still significant: 5.8 months vs. 3.5 months, respectively 
(HR = 0.49; 95% CI; 0.38–0.63; p < 0.001). The use 
of olaparib was associated with a significant increase 
in ORR in cohort A: 33% vs. 2% (OR 20.86; 95% CI, 
4.18–379.18; p < 0.001), and in the entire population: 
22% vs. 4% (OR 5.93; 95% CI; 2.01–25.4). In interim 
analysis (for data maturity approximately 40%), me-
dian OS in cohort A was 18.5 months vs. 15.1 months 
(HR = 0.64; 95% CI, 0.43–0.97; p = 0.02), and in 
the entire population 17.5 months vs. 14.3 months 
(HR = 0.67; 95% CI; 0.49–0.93). Significant differences 
in OS were observed even though approximately 80% 
of patients in the control arm received olaparib after 
progression. Adverse events were more frequent in the 
PARP inhibitor arm: grade 1–4 AEs were reported in 
95% and 88% of patients, and grade ≥ 3, in 51% vs. 38% 
patients in the PARPi and placebo arm, respectively. 
The most common AEs in the active treatment arm 
included anaemia, nausea, and fatigue/asthenia, whilst 
in the control arm there was fatigue/asthenia. One side 
effect-related death was noted in each study arm. Based 
on the results of the PROFOUND study, olaparib was 
approved by the FDA and EMA for the treatment of 
mCRPC patients after the failure of modern hormone 
therapy. In the US, the drug is used in patients with 
germinal or somatic mutations in the HRR genes, and 
in Europe only in patients with germinal or somatic 
BRCA1 or BRCA2 genes mutations.

The remaining PARPi: niraparib and talazoparib, 
showed promising activity in the dHRR population in 
phase II studies and are currently being evaluated in 
randomized trials [45].

Summary

Systemic treatment is evolving towards strategies 
that are increasingly selective for tumour tissue and at 
the same time more personalized. A better understand-
ing of the mechanisms responsible for prostate cancer 
carcinogenesis has resulted in an unprecedented rate 
of new therapeutic options emergence in the last two 
decades. The reliability of AR-dependent signalling 
pathways blocking, offered by new molecules, has 
resulted in an extension of the period measured in 
years in which patients can be offered active therapies, 
not adversely affecting the quality of life. Advances in 
nuclear medicine resulted in the development of sensi-
tive radiotracers as well as therapeutic isotopes which 
prolong overall survival. Research on the role of HRR 
allowed patients with other types of cancer to take ad-
vantage of the PARPi activity. 

However, there are still many challenges. The use of 
new generation antiandrogens is associated with a more 

frequent occurrence of cancers completely independent 
of androgen signalling, showing small-cell or neuroendo-
crine features. The incidence of prostate cancer is also 
increasing in relatively young patients who need much 
more aggressive and long-acting therapeutic strate-
gies. The new therapies generate a considerable strain 
on the healthcare system finances. Finally, treatment 
personalization itself contributes to the atomization 
of therapeutic algorithms, makes it difficult to qualify 
patients for clinical trials, forcing an even narrower 
sub-specialization and greater expenditure of time spent 
on lifelong learning. At the beginning of the third dec-
ade of the 21st century, we will have to overcome these 
problems. 
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Effect of ribociclib plus fulvestrant on 
overall survival in the treatment of 
advanced breast cancer — updated 
MONALEESA-3 results

ABSTRACT
The results of the treatment of ER-positive/HER2-negative advanced breast cancer have been improved in the 

last few years due to the use of CDK4/6 inhibitors combined with endocrine therapy. Ribociclib with fulvestrant 

significantly prolonged progression-free survival and overall survival in the phase-III MONALEESA-3 trial. The new-

est update of the trial (after 56.3 months of observation) showed significant improvement in overall survival in the 

experimental arm for more than a year: mOS was 53.7 months in the ribociclib plus fulvestrant arm and 41.5 months 

in the placebo plus fulvestrant arm (risk reduction of 27%). Subgroup analysis confirmed the efficacy of the treat-

ment in both the first and second lines of treatment. The study also showed that adding ribociclib to the endocrine 

treatment prolongs the median time to chemotherapy. No new toxicities were observed in longer observation.

Key words: breast cancer, ribociclib, fulvestrant, CDK4/6 inhibitor
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Introduction

There are many molecular pathways in breast 
cancer cells that could be blocked by targeted drugs, 
for example, cyclin-dependent kinases 4/6 (CDK 4/6) 
inhibitors. The complex interactions between cyclins 
and CDKs control the cell life cycle because these 
enzymes play a regulatory role at all stages of cell di-
vision. The initiation of division depends primarily on 
kinases 4 and 6 (CDK 4 and 6), which are structurally 
related and have similar biological and biochemical 
properties [1]. Changes in the cell cycle are typical of 
malignant neoplasms, including its disruption leading to 
uncontrolled growth. Numerous changes in regulatory 

proteins and disturbances in the regulation of the cyclin 
D1:CDK4/6 axis have been described in breast cancer 
cells [2–4]. Activation of this axis is characteristic of 
luminal breast cancer, in which cells contain more cy-
clin D than in other types of breast cancer [5]. There is 
evidence concerning conduction between ER and cyclin 
D1 (CCND1) pathways in ER-positive breast cancer 
cells [6]. Inhibition of CDKs has become an important 
target of new treatments for breast cancer patients. Ini-
tially, non-specific CDK inhibitors were used; however, 
their value assessed in clinical trials was unsatisfactory 
[7, 8]. Only the use of specific second-generation 
inhibitors targeting CDK4/6 showed very promising 
results. CDK4/6 inhibitors currently available for the 
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treatment of patients with ER+/HER2- breast cancer 
include abemaciclib, palbociclib, and ribociclib.

Ribociclib is a highly selective CDK4/6 inhibitor, 
which in preclinical studies showed high activity in solid 
tumors (including ER+/HER2- advanced breast cancer) 
[9]. In vitro and in vivo studies in humans have shown 
that it is metabolized in the liver (mainly via CYP3A4). 
Ribociclib and its metabolites are mainly excreted in the 
feces and, to a small extent, via the kidneys.

Three phase-III studies were conducted, which 
aimed at confirming the effectiveness of ribociclib in 
the treatment of patients with advanced breast cancer. 
The first was the phase-III MONALEESA-2 study, 
which involved patients with hormone-dependent and 
HER2-negative advanced breast cancer, who did not 
previously receive systemic treatment due to the dis-
ease progression [10]. The study enrolled 668 patients 
randomly assigned to treatment with ribociclib in combi-
nation with letrozole or with letrozole as monotherapy. 
The primary endpoint was progression-free survival, 
which was significantly longer in the ribociclib arm; 
the 18-month PFS rate was 63% [95% CI (confidence 
interval) 54.6–70.3] versus 42.2% with a 95% CI of 
34.8–49.5 in the placebo group, and the median PFS was 
14.7 months (95% CI 13.0–16.5) in the placebo group 
(in experimental group median OS was not reached). 
In the updated analysis, after a median follow-up of 
26.4 months, the median PFS was 25.3 months in the 
experimental arm and 16 months in the control arm, 
which corresponded to a hazard ratio (HR) of 0.568; 
95% CI 0.457–0.704; p = 9.63 × 10–8 [11]. The study 
showed an improvement in overall survival (OS) which 
was a secondary endpoint. During the ESMO (European 
Society for Medical Oncology) Congress 2021, the up-
dated results of the study were presented, which showed 
an extension of OS in the group receiving combination 
treatment; the median was 63.9 months vs. 51.4 months 
(HR 0.76; 95% CI 0.63–0.93; p = 0.004) [12]. It was an 
outstanding observation, showing that patients with ad-
vanced breast cancer could survive for more than 5 years.

On the other hand, the MONALEESA-7 study was 
the first phase-III study with a CDK4/6 inhibitor, re-
cruiting only premenopausal or perimenopausal patients 
[13]. The study included 672 patients who could receive 
hormone therapy or chemotherapy as neo- or adjuvant 
treatment, and one line of chemotherapy for advanced 
disease. Patients received either ribociclib in combina-
tion with tamoxifen or an aromatase inhibitor (letrozole 
or anastrozole) and goserelin, or hormone therapy alone 
in the control arm. The primary endpoint was PFS, 
whose median in the ribociclib arm was 23.8 months 
vs. 13 months for placebo (HR 0.55; 95% CI 0.44–0.69; 
p < 0.0001). The first data on the addition of ribociclib to 
hormone therapy in the MONALEESA-7 study showed 
a significant increase in OS compared to hormone ther-

apy and placebo. The OS rate at 42 months of follow-up 
was 70.2% in the ribociclib group (95% CI 63.5–76.0) 
and 46% (95% CI 32.0–58.9) for placebo (HR 0.71; 95% 
CI 0.54–0.95; p = 0.00973) [14]. The median OS was not 
reached in the ribociclib arm at this time point. Further 
updated results of the MONALEESA-7 study were 
presented at the San Antonio Breast Cancer Symposium 
(SABCS) in December 2020 [15]. After an additional 
mean follow-up of 53.5 months, the median OS in the 
experimental arm was 58.7 months and was more than 
10 months longer than in the placebo arm (48 months; 
HR, 0.76; 95% CI 0.61–0.96).

The MONALEESA-3 study was the third trial in 
which ribociclib was used in the treatment of advanced 
ER+/HER2– breast cancer. This article aims to present 
an overview of this study and its updated results.

MONALEESA-3 study

MONALEESA-3 is a phase-III clinical study investi-
gating the efficacy of ribociclib in combination with ful-
vestrant and including 726 postmenopausal patients. The 
included patients had histopathologically-confirmed, 
generalized, or locally advanced ER+/HER2- breast 
cancer, ineligible for local treatment. The study in-
cluded patients with newly diagnosed advanced ER+/ 
/HER2- breast cancer, with relapse during or at least 
12 months after the completion of neoadjuvant or adju-
vant hormone therapy, and patients previously treated 
with one line of hormone therapy for advanced breast 
cancer16. A summary of indications for prior treatment 
is presented in Table 1.

Other inclusion criteria included the presence of 
measurable lesion according to the Response Evalua-
tion Criteria In Solid Tumors (RECIST 1.1) or at least 
one lytic bone lesion, performance status according 
to Eastern Cooperative Oncology Group scoring sys-

Table 1. Distribution of patients participating in MONALEESA-3 
according to prior treatment for breast cancer

First-line 
treatment

De novo diagnosed advanced breast cancer

Relapse more than 12 months after completion of 
neoadjuvant or adjuvant hormone therapy

Second-line 
treatment

Relapse during neoadjuvant or adjuvant hormone 
therapy or less than 12 months after completion

Progression after a single line of hormone therapy 
for advanced breast cancer without prior neoadju-
vant or adjuvant hormone therapy

Progression after a single line of hormone therapy 
for advanced breast cancer in patients with relapse 
more than 12 months after completion of neoad-
juvant or adjuvant hormone therapy
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Figure 1. Overall survival in general population; CI — confidence interval

tem (ECOG PS) 0 or 1. Patients previously receiving 
chemotherapy for advanced breast cancer, before the 
fulvestrant or CDK4/6 inhibitor, as well as with clinically 
significant arrhythmias and uncontrolled cardiovascular 
diseases, were excluded from the study.

Patients were randomly assigned (2:1) either to 
the experimental arm with ribociclib and fulvestrant 
(484 patients) or the control arm with fulvestrant and 
placebo (242 patients). Patients received 500 mg of 
fulvestrant intramuscularly (day 1 of the 28-day cycle 
and additionally on day 15 of cycle 1) and either pla-
cebo or ribociclib at a dose of 600 mg/day according 
to a 3-weeks-on/1-week-off schedule. The primary 
endpoint of the study was PFS. The median PFS was 
significantly greater in the ribociclib group compared 
to the placebo group: 20.5 months vs. 12.8 months (HR 
0.593; 95% CI 0.480-0.732; P=0.00000041) [16]. The 
obtained results led to very fast approval of ribociclib in 
combination with fulvestrant as the first- and second-line 
treatment of patients with advanced breast cancer. The 
secondary much-awaited endpoint of the study was OS 
because it is not always possible to achieve OS prolon-
gation in oncology even with a significant extension 
of PFS. Additionally, the MONALEESA-3 study also 
assessed: PFS2 (time from the randomization to the 
first documented disease progression during the next 
line of treatment or death from any cause), time to 
chemotherapy use (measured from the randomization 
to receiving the first chemotherapy after completing the 
study treatment), and chemotherapy-free survival (time 
to the first chemotherapy or death). The assumptions of 
the study also included OS subgroups analysis (patients 
receiving first-line and second-line treatment, patients 

with hormone sensitivity and hormone resistance, and 
patients with or without lung and/or liver metastases). 
Median OS and OS duration were estimated using the 
Kaplan-Meier method.

The first results of the MONALEESA-3 study for OS 
were presented at the ESMO Congress 2019 and pub-
lished in full in the New England Journal of Medicine [17]. 
OS was significantly improved in patients receiving ribo-
ciclib in combination with fulvestrant. After 42 months 
of follow-up, an improvement in OS rate was evident in 
patients receiving combination therapy, 57,8% in the 
experimental arm compared to 45.9% in the control arm 
(HR 0.72; 95% CI 0.57–0.92; p = 0.00455). At the time of 
the first survival analysis, the median OS in the ribociclib 
arm was not reached, while it was 40 months in the pla-
cebo arm. The benefit of using ribociclib in combination 
with fulvestrant was demonstrated in both the first- (me-
dian OS for the ribociclib arm not reached, 45.1 months 
in the placebo arm; HR 0.70; 95% CI 0.479–1.021)  
and the second-line treatment (40.2 months for ribociclib 
with fulvestrant vs. 32.5 months for fulvestrant alone; HR 
0.730; 95% CI 0.530–1.004).

The latest update of OS data was made after a me-
dian follow-up of 56.3 months (data cut-off:  30 October 
2020) [18]. More than a year after the previous analysis, 
study treatment was still received by 14% of patients in 
the ribociclib arm and 8.7% of patients in the placebo 
arm, and death occurred in 45.9% and 58.7% of patients, 
respectively. There was a significant increase in median 
OS from 41.5 months in patients receiving placebo plus 
fulvestrant to 53.7 months in the group with ribociclib 
and fulvestrant (HR 0.73; 95% CI 0.59–0.90) (Fig. 1). 
Kaplan-Meier estimates of the 5-year survival rate were 
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Table 2. Overall survival in individual groups of patients in the MONALEESA-3 study

Median overall survival

ribociclib + fulvestrant (months) placebo + fulvestrant (months)

First-line treatment Not reached 51.8

Second-line treatment 39.7 33.7

Patients with lung/liver metastases 46.9 39.4

Patients with hormone resistance 35.6 31.7

Patients with hormone sensitivity 49 41.8

Hormone-naïve patients 59.9 50.9

Figure 2. Overall survival in patients receiving ribociclib in combination with fulvestrant in first-line treatment; CI — confidence 
interval; NR — not reached

46% (95% CI 49–58%) in the experimental arm versus 
31% (95% CI 23–40%) in the control arm.

Overall survival outcomes in individual patient sub-
groups from the most recent analysis are presented in 
Table 2 and Figures 2 and 3.

Combination therapy with ribociclib and fulvestrant 
turned out to be more effective than fulvestrant as mono-
therapy, regardless of treatment line, previous hormone 
therapy, no use of hormonal drugs, as well as hormone 
resistance or hormone sensitivity. Factors that did not af-
fect the efficacy of ribociclib were, among others, patient 
age and the number of metastases (OS prolongation was 
stratified according to under and over 65 years of age and 
fewer and more than three metastases).

In both arms, as many as 80% of patients after 
treatment completion received one or more subsequent 
treatment lines, with the most commonly used hormone 
therapy alone (28% in the ribociclib arm and 21% in the 
placebo arm), and chemotherapy as the second most 
common option (23 and 20%, respectively), followed 

by hormone therapy in combination with a molecularly 
targeted drug. Patients from both groups received the 
CDK4/6 inhibitor after study completion, more than 
twice as often in the control arm (30% vs. 14% in the 
ribociclib arm). Importantly, the time to chemotherapy 
was significantly longer (by almost 20 months) in the 
ribociclib arm (48.1 months) than in the placebo arm 
(28.8 months; HR 0.70; 95% CI 0.57–0.88). Chem-
otherapy-free survival (time to first chemotherapy 
or death) was 32.3 months in the experimental arm 
vs. 22.4 months in the placebo arm (HR 0.70; 95% CI 
0.57–0.88) (Fig. 4). Regarding PFS2, another endpoint 
of the MONALEESA-3 study, the use of fulvestrant with 
ribociclib was also superior, with significant prolonga-
tion in the experimental arm (37.4 months compared to 
28.1 months in the placebo group, HR 0.7069; 95% CI 
0.57–0.84), which is another argument supporting the 
use of combination therapy.

The latest update of the MONALEESA-3 study does 
not provide a detailed discussion of treatment toxicity, 
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Figure 3. Overall survival in patients receiving ribociclib in combination with fulvestrant in second-line treatment; CI — confidence 
interval; NR — not reached

Figure 4. Chemotherapy-free survival; CI — confidence interval

as the extended follow-up did not reveal any additional 
or significant data in terms of side effects. The authors 
only confirm the toxicity profile of ribociclib, with neu-
tropenia as the most common side effect, which occurred 
in grade 3 or 4 in 58.2% of patients (0.8% of patients in 
the placebo arm).

Discussion

The latest update of the MONALEESA-3 study, 
after an exceptionally long follow-up period (median 
56.3 months) confirms the effectiveness of ribociclib 

with fulvestrant, already presented in the previous 
reports [16, 17], in patients with advanced ER-positive 
and HER2-negative breast cancer [18]. OS prolonga-
tion was achieved in patients receiving ribociclib in the 
first- and second-line treatment. The advantage of the 
combination treatment with ribociclib and fulvestrant 
was confirmed in all subgroups (including patients with 
metastases in parenchymal organs, for whom chemo-
therapy is still too often used in clinical practice). Other 
subgroups with prolonged OS included patients with 
hormone resistance and hormone sensitivity, as well as 
elderly patients, who unfortunately commonly receive 
less intensive treatment. It has also been shown that the 
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addition of ribociclib to hormone therapy with fulves-
trant significantly prolongs the time to chemotherapy 
and in practice extends the time to treatment initiation, 
much more often associated with the occurrence of side 
effects and deterioration of the quality of life. In conclu-
sion, the most recent data on treatment with ribociclib 
in combination with fulvestrant, indicating the prolon-
gation of OS by more than one year, may support using 
this treatment regimen in clinical practice in patients 
with advanced ER-positive and HER2-negative breast 
cancer. According to the latest guidelines, a combina-
tion of CDK4/6 inhibitor with hormone therapy is the 
standard of care in the first-line treatment in patients 
with advanced breast cancer and should be used in all 
patients who do not require chemotherapy due to the 
presence of a visceral crisis [19–21].
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Commentary
to Effect of ribociclib plus fulvestrant on overall survival in the treatment of advanced 
breast cancer — updated MONALEESA-3 results

Inhibitors of cyclin-dependent kinases 4/6 (CDK 
4/6) are currently widely used in the treatment of pa-
tients with hormone receptor (HR)-positive, human 
epidermal growth factor receptor 2 (HER2)-negative 
(HR+/HER2−) advanced breast cancer. The biological 
rationale for the benefit of this treatment has been sup-
ported by the results of several randomized controlled 
trials that have consistently shown an improvement 
in progression-free survival (PFS) for the three ap-
proved CDK 4/6 inhibitors (ribociclib, abemaciclib, 
and palbociclib). A benefit has been noticed in first-line 
and second-line treatment, in hormone-sensitive and 
hormone-refractory patients, in combination with an 
aromatase inhibitor (IA) or fulvestrant, and regard-
less of the patients’ menopausal status. Obviously, the 
evaluation of the effect of these drugs on overall survival 
(OS) required a longer follow-up. The results of the 
MONALEESA-2 and MONALEESA-7 studies have 
recently been presented, which confirmed the improving 
OS by using ribociclib in combination with IA.

The design of these studies and the results to date 
supported using CDK 4/6 inhibitors in combination with 
IA in the first-line treatment and with fulvestrant in the 
second-line treatment. It should be noted, however, 
that the linearity of treatment was not always clearly 
defined in the studies; in MONARCH-2, the definition 
of treatment context was associated with sensitivity to 
hormone therapy, and the combination of fulvestrant 
with a CDK 4/6 inhibitor (abemaciclib in this case) was 
also administered in patients with relapse during (neo)

adjuvant treatment or within 12 months of completing 
adjuvant treatment.

The MONALEESA-3 study is the first to investigate 
the combination of the CDK4/6 inhibitor ribociclib in 
combination with fulvestrant in first-line treatment 
[newly diagnosed advanced breast cancer or relapse 
more than 12 months after completion of (neo)adjuvant 
hormone therapy], and in this context, the treatment 
was used in almost half of the study population. It is 
important that the results of the phase-III FALCON 
study, which compared anastrozole with fulvestrant in 
first-line treatment, showed benefits of fulvestrant in 
terms of PFS (median PFS — 16.6 vs. 13.8 months, risk 
reduction by 20%, p = 0.049). This was especially true 
for patients without parenchymal metastases (median 
PFS — 22.3 vs. 13.8 months, risk reduction by 41%) [1].

The optimal timing for fulvestrant use in the 
therapeutic algorithm of patients with advanced HR+/ 
/HER2– breast cancer has not yet been clearly defined. 
Monotherapy with fulvestrant indicates its advantage 
over IA in patients who have not previously received 
hormone therapy due to advanced disease, while the 
combination of fulvestrant with a CDK4/6 inhibitor has 
so far been the preferred treatment option in patients 
after prior IA treatment. This approach is changed by 
the results of the MONALEESA-3 study, which was 
described in detail by Dubiański [2]. After a median 
follow-up of 56.3 months, the previously observed ben-
efit of fulvestrant with ribociclib was confirmed with 
a statistically significant extension of the median OS 
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from 41.5 months in the placebo/fulvestrant group to 
53.7 months in the ribociclib group in the general patient 
population (risk reduction by 27%) [3].

Subgroup analysis showed that the benefit of fulves-
trant in combination with ribociclib was the highest in 
first-line patients. In this subgroup, median OS in the 
experimental arm was still not reached and median OS 
in the control arm was 51.8 months. In the subgroup 
of patients treated in the second line, the benefit of 
fulvestrant in combination with ribociclib is also numeri-
cally significant, but statistically insignificant (median 
— 39.7 vs. 33.7, respectively; risk reduction by 22% with 
a 95% confidence interval of 0.59–1.04).

The combination of fulvestrant with ribociclib is, 
therefore, becoming a valuable treatment option for 
patients not receiving prior hormone therapy due to 
advanced disease. It is also well-tolerated, safe, and 
maintains a good quality of life. However, it is not clear 
whether the use of fulvestrant as a hormonal partner for 
the CDK 4/6 inhibitor is the best option for all patients.

It is worth emphasizing that in recent years, oral 
preparations have been developed that belong to 
the group of selective estrogen receptor degraders 
(SERDs), which includes also fulvestrant. Study re-
sults indicate that they are more active than fulvestrant 
and show activity in patients with hormone resistance 
and the ESR1 mutation [4]. They are currently being 
intensively evaluated in clinical trials in combination 
with CDK4/6 inhibitors and phosphoinositide 3-kinase 

(PI3K) inhibitors. The next steps will be to identify 
non-estrogen receptor biomarkers that determine treat-
ment response.

The introduction of CDK 4/6 inhibitors permanently 
changed the paradigm of treatment of patients with 
advanced HR+/HER2- breast cancer. These drugs 
are well-tolerated, and most side effects are generally 
manageable and resolve after dose reduction.

Real-word evidence observational studies can also 
provide valuable data, which will increase the knowl-
edge regarding the implementation of these drugs in 
everyday practice.
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Targeted therapy for advanced 
cutaneous melanoma

ABSTRACT
Drugs targeting the mitogen-activated protein kinase (MAPK) pathway with BRAF and MEK inhibitors have 

significantly improved survival outcomes of patients with melanoma harboring BRAF V600 mutations. To date, 

three combination targeted therapies have been approved, based on the results of four randomized phase-III 

trials (COMBI-D, COMBI-V, CoBRIM, and COLUMBUS). In these trials, combined BRAF and MEK inhibitors 

demonstrated superiority as compared with BRAF inhibitor monotherapy and showed quite homogeneous 

data in terms of response rate (63%-70%), OS (median > 24 months), and PFS (median values ranging from 

11 to 14 months). Consequently, different toxicity profiles of each combination therapy presently help with the 

decision-making process. Despite these successful results, treatment resistance represents an issue during 

both immunotherapy and targeted therapy, and there is presently no consensus on the therapeutic journey of 

patients with BRAF mutant melanoma to optimize their survival results. Several strategies to further increase 

therapeutic results of targeted therapy have been investigated, by combining and/or sequencing different treat-

ment approaches. In this review, we will present the molecular features of cutaneous melanoma, focusing on 

BRAF mutation, the therapeutic rationale of targeted therapies, their efficacy, and toxicity, and give an overview 

of future perspectives in the treatment of this disease.
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Introduction

Before the advances in the treatment of ad-
vanced/metastatic melanoma [i.e., unresectable stage 
III/stage IV disease according to the American Joint 
Committee on Cancer (AJCC) staging system, 8th edi-
tion], disease outcomes with chemotherapy were very 
poor [1]. Historically, patients with advanced disease 
had median overall survival (OS) of approximately 
7.5 months and a 5-year survival rate of ~6% [1]. Over 
the last decades, two therapeutic strategies have sig-
nificantly improved survival outcomes of patients with 
metastatic melanoma. The first one involves modulating 
the immune system with monoclonal antibodies acting 

as immune-checkpoint inhibitors (ICIs), targeting the 
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), 
or the programmed cell-death 1 (PD-1) [2–4]. The sec-
ond class of drugs targets the mitogen-activated protein 
kinase (MAPK) pathway, which is constitutively active 
in melanomas harboring BRAF V600 mutations [5]. To 
date, targeted therapy with BRAF and MEK inhibitors 
represents the first choice of treatment for most patients 
with BRAF mutant melanoma due to the impressive 
survival results obtained in certain settings (e.g., patients 
with a low tumor burden). Several strategies to further 
increase therapeutic results of targeted therapy have 
been investigated by combining and/or sequencing dif-
ferent treatment approaches. Still, treatment resistance 
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represents an issue during both immunotherapy and 
targeted therapy, and there is presently no consensus on 
the therapeutic journey of patients with BRAF mutant 
melanoma to optimize survival results.

In this review, we will present the molecular features 
of cutaneous melanoma, focusing on BRAF mutation, 
the therapeutic rationale of targeted therapies, their 
efficacy, and toxicity, and give an overview of future 
perspectives in the treatment of this disease.

Molecular features of cutaneous 
melanoma

Based on the pattern of the most prevalent sig-
nificant mutated genes in cutaneous melanoma, the 
Cancer Genome Atlas Network (TCGA) performed 
a multi-platform characterization of 333 cutaneous 
melanomas at the DNA, RNA, and protein levels, 
creating a framework for genomic classification with 
four subtypes: mutant BRAF (with an incidence of 
52%), mutant RAS (28%), mutant NF1 (14%), and 
Triple-wild type [6]. The most common BRAF mutation 
is the V600E, accounting for nearly 90% of mutations, 
while others are far less common (e.g., V600K, V600D) 
[7]. Other common genetic alterations found in cutane-
ous melanoma are NF1 mutations (15%) and activating 
mutations of neuroblastoma RAS (NRAS) (15–30%) 
[6]. The gain-of-function BRAF and NRAS and the 
loss-of-function NF1 mutations all lead to the constitu-
tive activation of downstream RAS/RAF/MEK/ERK 
proteins (i.e. the MAPK pathway), which proteins 
sustain tumor cell proliferation and survival and is a key 
driver in the pathogenesis of melanoma [8]. However, 
despite several efforts, no RAS inhibitors have yet 
demonstrated their efficacy in clinical trials [9]. Com-
binations of BRAF and MEK inhibitors that target the 
MAPK pathway have been developed. Therefore, only 
mutations in the BRAFV600 gene are therapeutically 
relevant, while no other valid druggable targets have 
been identified so far.

Current evidence and future challenges 
of BRAF and MEK inhibitors

Vemurafenib (PLX4032; trade name: Zelboraf®) 
was the first molecule to establish the clinical activity of 
BRAF inhibitors (BRAFi) in BRAF mutant melanoma 
[10]. The BRIM-3 trial was a randomized phase-III 
clinical trial comparing vemurafenib with dacarbazine 
in 675 patients with previously untreated BRAFV600E/K 
mutant metastatic melanoma [11]. The overall response 
rate (ORR) was 48% and 5%, with vemurafenib and 
dacarbazine, respectively [11]. Clinical benefit was seen 

in all enrolled patients, including those with M1c stage 
and/or the elevated baseline lactate dehydrogenase 
(LDH) level. Based on the results of this clinical trial, 
in 2011, vemurafenib was approved by the United States 
(US) Food and Drug Administration (FDA) for the 
treatment of BRAFV600 mutant advanced melanoma 
patients. A recently updated analysis of the BRIM-3 trial 
results showed that Kaplan-Meier estimates of OS rates 
for vemurafenib vs. dacarbazine were 56% vs. 46%, 30% 
vs. 24%, 21% vs. 19%, and 17% vs. 16% at 1, 2, 3 and 
4 years, respectively [12].

Dabrafenib (GSK2118436; trade name: Tafinlar®) 
was the second BRAFi to demonstrate a significantly 
improved progression-free survival (PFS) in com-
parison with conventional cytotoxic chemotherapy 
among patients with BRAFV600E mutant melanoma 
(5.1 vs. 2.7 months for dabrafenib and dacarbazine, re-
spectively) [13]. ORR was 50% and 6% in patients who 
received dabrafenib and dacarbazine, respectively. Dab-
rafenib received US FDA approval for the treatment of 
patients with BRAFV600E mutated melanoma in 2013.

Despite the clinical benefit seen in nearly all patients 
with BRAF mutant melanoma receiving vemurafenib 
or dabrafenib monotherapy, median PFS lasts only six 
months and 90% of patients develop resistance within 
one year from starting treatment [14]. Several acquired 
molecular mechanisms account for this resistance; how-
ever, the most important is the reactivation of the MAPK 
pathway through alternative activation of downstream 
MEK [15, 16]. Dual MAPK pathway inhibition with 
MEK inhibitor (MEKi) plus a BRAFi [17] led to im-
proved efficacy and tolerability of treatment, as reported 
in the results of Phase-III prospective randomized stud-
ies [18–20]. The therapeutic efficacy of the vemurafenib 
and cobimetinib (GDC-0973; trade name: Cotellic®) 
combination was first demonstrated in the BRIM-7, 
open-label, phase-Ib, dose-escalation study [21]. This 
trial enrolled patients with advanced BRAFV600 mutant 
melanoma who had progressed, or not, on vemurafenib. 
Treatment consisted of vemurafenib 720 or 960 mg 
twice a day continuously, and cobimetinib 60, 80, or 
100 mg once daily with different schedules of adminis-
tration (14-days on/14-days off, 21-days on/7-days off, 
or continuous). The ORR was 87% vs. 15%, and PFS 
was 13.7 and 2.8 months, in vemurafenib naive and 
pre-treated patients, respectively. Median OS in BRAFi 
naive population was 31.2 months, and OS at 1, 2, 3, and 
4 years was 82.5%, 63.9%, 39.2, and 35.9%, respectively. 
This study found the safest schedule to be continuous 
vemurafenib 960 mg twice daily, plus cobimetinib 60 mg 
daily 21-days on/7-days off, which then became the ap-
proved regimen for clinical use.

The subsequent CoBRIM study was the clinical 
trial that led to the FDA approval of vemurafenib in 
combination with cobimetinib [18]. In this Phase-III 
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multicenter trial, patients with previously untreated, 
locally advanced stage IIIC or IV BRAFV600 mutant 
melanoma were randomly assigned to receive vemu-
rafenib plus cobimetinib (n = 247) or vemurafenib 
plus placebo (n = 248). The ORR was significantly 
improved with the combination therapy compared to 
BRAFi alone (70% vs. 50%, p < 0.0001). Updated 
results with an extended follow-up showed that at 
a median follow-up of 14.2 months, the median PFS 
was 12.3 for the combination group and 7.2 months for 
the control group (HR for death or disease progression 
0.58, 95% CI 0.46–0.72, p < 0.0001) [22]. Median OS 
for the combination therapy group was 22.3 months 
(95% CI, 20.3–not reached) vs. 17.4 months (95% CI, 
15–19.8) for the monotherapy group (HR 0.70, 95% 
CI 0.55–0.9, p = 0.005). Combined BRAFi + MEKi 
confirmed their superiority regardless of baseline prog-
nostic factors, such as the tumor burden or presence of 
visceral metastases: OS at 1-, 2- and 3-year was 74.5%,  
48.3%, and 37.4%, respectively, in the vemurafenib plus 
cobimetinib group, and 63.8%, 38.0%, and 31.1%, in 
the control group. Survival results were even better in 
the subgroup of patients with normal vs. elevated LDH 
levels. A longer PFS was observed with the combination 
even in patients with BRAF V600K mutant melanoma, 
which is a rare mutation known to confer less sensibility 
to BRAFi (HR 0.27) [22].

The pharmacokinetic activity and safety of com-
bined dabrafenib and trametinib (GSK1120212; trade 
name: Mekinist®) was investigated in an open-label 
study in 85 BRAFV600 mutated metastatic melanoma. 
The same study subsequently randomized 162 patients 
with BRAFV600 mutated metastatic melanoma to receive 
combination therapy with dabrafenib plus trametinib 
or dabrafenib monotherapy [23]. The median PFS was 
9.4 months with the combination vs. 5.8 months with 
monotherapy (HR for progression or death 0.39, 95% 
CI 0.25–0.62, p < 0.001). The phase-III trial COMBI-d 
evaluated 423 patients with advanced/metastatic 
BRAFV600 mutant melanoma, who were randomly as-
signed to receive first-line treatment with dabrafenib and 
trametinib or dabrafenib plus placebo [24]. The ORR 
was higher with the combination therapy (67 vs. 51%, 
p = 0.002). In the updated analysis, the median duration 
of progression-free survival was 11.1 months. The PFS 
rates were 21% at 4, and 19% at 5 years. Patients with 
a normal baseline lactate dehydrogenase level (at or 
below the upper limit of the normal range) had a 5-year 
progression-free survival rate of 25% as compared with 
8% in patients with an elevated lactate dehydrogenase 
level at baseline. In the subgroup of 216 patients with 
normal LDH levels and fewer than three disease sites 
at baseline, the 5-year progression-free survival rate was 
31% [25]. The median OS duration was 25.9 months, 
with OS rates of 37% at 4 years, and 34% at 5 years. Simi-

larly, the 5-year OS rate was higher among the patients 
who had a normal LDH level at baseline than among 
those with an elevated level (43% vs. 16%). The esti-
mated 5-year OS rate was 55% among patients with 
a normal LDH level and fewer than three organ sites 
with metastasis at baseline [25]. Importantly, the combi-
nation of dabrafenib and trametinib seemed to improve 
health-related quality of life compared to dabrafenib 
alone [26].

The efficacy of dabrafenib and trametinib vs. ve-
murafenib alone was evaluated in the phase-III COM-
BI-v trial [27]. ORR was higher in the dabrafenib 
plus trametinib arm compared to vemurafenib alone 
(67 vs. 53%, p < 0.001). Median PFS was significantly 
longer among patients treated with the combina-
tion therapy (12.1 vs. 7.3 months; HR 0.61, 95% CI 
0.51–0.73, p < 0.001); median OS was also improved: 
26.1 months and 17.8 months in the combination and 
monotherapy group, respectively. Consistently, the 
subgroup of patients with normal baseline LDH levels 
demonstrated to gain even more benefit from the com-
bination therapy, with a median PFS? of 17.5 months 
among patients treated with the combination therapy 
(vs. 9.2 months with monotherapy, HR 0.55) while, in 
the subgroup of patients with elevated LDH levels, 
median PFS in the combination therapy arm was 
5.5 months (vs. 4.0 months with monotherapy, HR 0.70). 
In the subgroup of patients with normal LDH levels, 
median OS was 21.5 months with vemurafenib alone 
and median OS was not reached with the combination 
(HR 0.56) [27]. According to the latest update, the 
survival benefit was maintained over time: the 2- and 
3-year analysis showed that 53 and 45% of patients, 
respectively, were still alive in the combination therapy 
group vs. 39 and 31% of patients receiving vemurafenib 
alone [28].

Notably, trametinib was the only MEKi that showed 
clinical activity as monotherapy in BRAF-mutant 
melanoma. Based on the results of a phase-II study 
on BRAFi-naive patients, in which trametinib showed 
significant clinical activity in patients with BRAF-mutant 
melanoma [29], the phase-III METRIC trial compared 
first-line treatment with trametinib vs. conventional 
chemotherapy (dacarbazine or paclitaxel) [30]. Patients 
receiving trametinib demonstrated a higher ORR 
(22 vs. 8%), a longer median PFS (4.8 vs. 1.5 months, 
p < 0.001), and increased 6-month OS (81 vs. 67%, 
HR 0.54, p = 0.01). Based on these results, in 2013, 
trametinib was approved by US FDA for the treatment 
of BRAF V600E/K mutant melanoma patients not previ-
ously exposed to BRAFi.

Recently, a third combination of BRAFi and MEKi 
has been developed and approved. Combined treatment 
with encorafenib (LGX818; trade name: Braftovi®) 
and binimetinib (ARRY-162; trade name: Mektovi®) 
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extended PFS and reduced the risk of death compared 
to vemurafenib monotherapy, based on the results of the 
pivotal two-part, Phase-III randomized COLUMBUS 
trial [20]. In Part 1, BRAFV600E/K mutant metastatic 
melanoma patients (n = 577) were randomly assigned 
(1:1:1) to receive encorafenib 450 mg once daily plus 
binimetinib 45 mg twice daily, or monotherapy with 
standard-dose vemurafenib, or encorafenib 300 mg once 
daily. The primary endpoint was the median PFS of the 
combination versus vemurafenib. At the primary analy-
sis (median follow-up: 16.6 months), median PFS was 
14.9 months in the combination group, and 7.3 months 
in the vemurafenib group (HR 0.54, p < 0.0001). ORR 
was 63% in the combination therapy group, and 40% in 
the vemurafenib group. At a pre-planned OS analysis, 
the median OS with encorafenib plus binimetinib was 
33.6 months, compared with 16.9 months for vemu-
rafenib alone (HR 0.61, p < 0.0001) [31]. Part 2 of 
the COLUMBUS trial was conducted upon request 
of the US FDA, to better understand the contribution 
of binimetinib in the combination therapy, through 
comparison of encorafenib 300 mg once daily plus bini-
metinib 45 mg twice daily vs. encorafenib 300 mg daily 
monotherapy. The second part randomized 344 patients 
in a 3:1 ratio and is currently ongoing. Preliminary re-
sults from a primary analysis of Part 2 showed a longer 
PFS with combination therapy (n = 258 patients) 
compared with the encorafenib monotherapy group 
(i.e. n = 280 patients treated with encorafenib 300 mg 
in COLUMBUS Parts 1 and 2 combined) [32]. Median 
PFS was 12.9 vs. 9.2 months for the combination and the 
monotherapy groups, respectively (HR 0.77, p = 0.029) 
[32]. A five-year update from the Part 1 of the COLUM-
BUS trial was recently presented, confirming a median 
OS of 33.6 months and a 5-year OS rate of 34.7% with 
combination therapy (median follow-up: 70.4 months) 
[33]. The 5-year OS rate among patients who had normal 
LDH at baseline and received combination therapy was 
45.1%. The 5-year PFS rate for combination therapy, 
encorafenib monotherapy, and vemurafenib mono-
therapy was 22.9%, 19.3%, and 10.2%, respectively; 
ORR was 64.1%, 51.5%, and 40.8%; and the median 
duration of response (DOR) was 18.6, 15.5, and 12.3 mo, 
respectively [33].

The four randomized phase-III trials comparing 
the therapeutic efficacy of the combination of BRAFi 
and MEKi vs. BRAFi alone (COMBI-D, COMBI-V, 
CoBRIM, and COLUMBUS) showed quite homoge-
neous data in terms of the response rate (63–70%), 
OS (median > 24 months), and PFS (median values 
ranging from 11 to 14 months). The latter reflects the 
development of resistance mechanisms in the majority 
of patients. From a molecular point of view, the acquired 
resistance is related to a re-activation of the MAPK 
pathway [15–17]. From a clinical point of view, a regres-

sion tree analysis identified three independent favorable 
prognostic factors during treatment with BRAFi plus 
MEKi: pre-treatment LDH levels, presence of < 3 meta-
static sites, and the sum of lesion diameters < 66 mm. 
In the most favorable prognostic group, 3-year PFS was 
42%, suggesting that a low disease burden at baseline 
can be prognostic for a long-term benefit with targeted 
therapies [34, 35].

All studies with BRAFi + MEKi continued treat-
ment until disease progression or the onset of unaccepta-
ble treatment-related toxicities, which is the standard of 
care in clinical practice. Experience deriving from small 
case series in the literature suggests that treatment dis-
continuation, even after the complete response has been 
reached, leads to disease recurrence in 50% to 100% of 
patients [36, 37] and is, therefore, not recommended. 

On the contrary, in presence of oligoprogression, 
targeted therapy can be continued to obtain the best 
therapeutic results. In retrospective series, it has been 
reported that the so-called “treatment beyond progres-
sion” can increase disease control by adding a loco-re-
gional approach and maintaining the targeted therapy. 
In a retrospective analysis of 114 patients enrolled in 
clinical trials, 31% of them progressed in isolated sites 
[38]. Even after adjusting for potential prognostic factors 
at progression, continued BRAFi was associated with 
prolonged OS compared with cessation. In a long-term 
follow-up analysis of patients treated in the phase-I ve-
murafenib trial, the median survival was 26.0 months 
(range, 7.7–56.1) among 20 patients who continued 
vemurafenib after local therapy [39]. Nevertheless, these 
retrospective analyses cannot exclude selection biases 
and different paths of melanoma growth in patients who 
received (or not) treatment beyond progression.  

Table 1 summarizes the outcome and landmark 
analyses of the available doublet combinations. Cur-
rently, the long-term activity and the efficacy of different 
combo-targeted therapies so far reported seem to be 
quite similar. Consequently, different toxicity profiles 
of each combination therapy should drive clinicians in 
routine activity.

Targeted therapy for the treatment of 
brain metastases

The activity of dabrafenib as monotherapy and dab-
rafenib plus trametinib was investigated in melanoma 
patients with brain metastases. Results from the phase 2  
BREAK-MB trial provided evidence that dabrafenib 
monotherapy exhibits clinical activity and a manage-
able safety profile in patients with BRAFV600E/K mutant 
melanoma brain metastases, regardless of previous local 
treatment [40]. The subsequent phase-II COMBI-MB 
trial investigated the combination of dabrafenib and 
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Table 2. Overview and comparison of the major characteristics of clinical trials of combination targeted therapy for 
melanoma

Clinical study 
(reference)

ORR Median 
PFS

Median 
OS

OS (%) ≥ 3 met. 
sites

LDH  
> ULN

I-O post Disconti- 
nuation

1 yr 2 yrs 3 yrs

COBRIM 70% 12.3 22.3 75% 48% – – 46% 18% 16.6%

COMBI-d 68% 11.0 25.1 74% 52% 44% 48% 36% 20% 14%

COMBI-v 67% 12.1 26.1 72% 53% 45% 50% 34% 9% 16%

COLUMBUS 76%
64% BIRC

14.9 33.6 75.5% 57.6% 45% 29% 20% 15%
6% drug 
related

BIRC — Blinded Independent Review Committee; LDH — lactate dehydrogenase; ORR — objective response rate; OS — overall survival; PFS — progression-
free survival; ULN — upper limit of normal

trametinib in four melanoma patient cohorts: (A) 
BRAFV600E, asymptomatic, no prior local brain therapy; 
(B) BRAFV600E, asymptomatic, prior local brain therapy; 
(C) BRAFV600D/K/R, asymptomatic, with or without prior 
local brain therapy; and (D) BRAFV600D/E/K/R, sympto-
matic, with or without prior local brain therapy [41]. 
The primary endpoint was intracranial response rate 
(IRR), and it was met only in cohort A (IRR 58%). 
Intracranial responses were observed also in cohorts B, 
C, and D (IRR 56, 44, and 59%, respectively), but due 
to the small sample sizes of these cohorts, these findings 
should be considered exploratory. The median dura-
tion of response was relatively short, between 4.2 and 
7.2 months [41].

Data from the phase-II trial GEM1802/ EBRAIN-MEL, 
evaluating the combination of encorafenib and bini-
metinib among two different cohorts of patients with 
brain metastases (i.e., patients with symptoms and those 
asymptomatic) showed that this combination provided 
intracranial response rate of 64.3% and 63.6% in the two 
patients cohorts, thus supporting clinical activity of tar-
geted therapy regardless of the presence of symptoms [42].

Safety profile and toxicity of BRAFis and 
MEKis

BRAFis and MEKis display peculiar adverse events 
(AEs), which are similar in the two classes of drugs while 
some are specific to a particular drug. Both on-target 
and off-target AEs have been reported, with on-target 
AEs being related to the paradoxically hyper-activation 
of the MAPK pathway. Most AEs are milder with the 
combination of the two agents, while others exacer-
bate. Since targeted therapy is taken chronically until 
disease progression or unacceptable toxicity, prompt 
identification and treatment of AEs and preservation 
of quality of life (QoL) are important goals in patients’ 
management [43].

The safety profile of BRAFi and MEKi drugs has 
been well characterized both in clinical trials and routine 
clinical practice. The highest rates of AEs seem to occur 
early in treatment and their incidence decreases over 
time [43]. Most AEs are mild [i.e. grade 1–2 accord-
ing to the Common Terminology Criteria for Adverse 
Events (CTCAE) v. 4.03], transient, and easily manage-
able with treatment withdrawal, without requiring dose 
adjustments. In studies with combination treatment, the 
incidence of dose reduction or interruption due to AEs 
range between 11–58% and 46–67%, respectively, while 
the percentage of patients permanently discontinu-
ing treatment due to AEs was 11–14%. Importantly, 
BRAFi- and MEKi-related AEs usually resolve with 
therapy withdrawal and late toxicities are uncommon 
after drug discontinuation [43].

Each combination displays a peculiar profile of AEs, 
though most of them are similar and their prevalence 
varies according to the specific combination. Table 2  
summarizes the incidence of AEs reported in the major 
clinical trials of mono- and combo-targeted therapy. The 
most common AEs during treatment with vemurafenib 
and cobimetinib were gastrointestinal (GI) events (i.e. 
diarrhea, nausea, and vomiting), cutaneous rash, fatigue, 
pyrexia, arthralgia, photosensitivity reactions, increased 
creatinine kinase (CK) levels, and altered liver func-
tion tests (LFT). Some of those AEs had an increased 
incidence in the case of the combination compared with 
BRAFi monotherapy (e.g. GI events, photosensitivity 
reactions, and altered LFTs). Similarly, combination 
therapy was characterized by a higher incidence of 
MEKi-related AEs, such as elevated CK levels and 
ocular events. Ocular toxicity depends on the inflamma-
tory response and breakdown of the blood-retinal bar-
rier brought driven by MAPK pathway inhibition. AEs 
can range from mild visual impairment and decreased 
visual function to more serious uveitis, retinal epithelial 
detachment, and retinal vein occlusion. The latter ef-
fect generally implies the permanent discontinuation of 
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treatment. However, most ocular events are transient 
and self-limiting and either resolve with dose reduc-
tion or temporary drug interruption [44]. Combination 
therapy had a lower incidence of hyperproliferative 
cutaneous lesions, which were commonly observed with 
vemurafenib monotherapy [18, 21–22]. This type of skin 
toxicity, affecting virtually all patients receiving BRAFi 
monotherapy, results from the paradoxical activation 
of the MAPK pathway leading to subsequent keratino-
cyte hyperproliferation and development of cutaneous 
squamous cell carcinoma (SCC), verrucal keratosis, 
and plantar hyperkeratosis [45]. Data from a specific 
analysis of the characteristics and patterns of AEs in the 
coBRIM trial indicate that most treatment-related AEs 
generally occur early in the treatment course, are mild 
to moderate, and are manageable by patient monitoring, 
dose modification, and supportive care [43].

The safety profile of dabrafenib and trametinib was 
evaluated in three clinical trials [19, 24, 27]. The most 
common AEs were pyrexia, chills, fatigue, headache, 
GI events (nausea, diarrhea), arthralgia, cutaneous 
rash, and hypertension. Pyrexia, in particular, was one 
of the leading reasons for dose modification, treatment 
interruption, and permanent withdrawal [24]. Also, 
for dabrafenib and trametinib, MEKi related AEs (i.e. 
peripheral edema, decreased left ventricular ejection 
fraction [LVEF], and acneiform dermatitis) were most 
common with the combination therapy, while hyperpro-
liferative skin lesions were less commonly observed [24].

Data regarding the safety of encorafenib and bini-
metinib suggest that it might overcome other combina-
tion therapies for its tolerability. The most-reported 
AEs in part I of the COLUMBUS trial were GI events, 
fatigue, increased CK, and headache [31]. The incidence 
and severity of pyrexia were much lower than with dab-
rafenib and trametinib. In the COLUMBUS trial, pyrexia 
with encorafenib and binimetinib was low in frequency 
(18%) with few grade 3 events (4%) and resulted in few 
dose modifications or discontinuations. The majority 
of the higher grade of adverse events were associated 
with concurrent infection or progression of the disease. 
Furthermore, photosensitivity was rarely observed.

Data from phase-III trials suggest that most AEs are 
manageable with temporary drug interruption, while only 
intolerable AEs require dose modification and/or discon-
tinuation. Usually, the drug that is most likely associated 
with an AE should be interrupted and/or reduced. To 
optimize clinical response while preserving QoL, early 
detection and management of treatment-related AEs are 
of paramount importance. Reports from case series of 
patients interrupting treatment with BRAFi and MEKi 
because of AEs onset after reaching complete response 
show that almost half of those patients eventually relapse 
[36, 37, 46, 47]. Even if most of these patients seem to 
gain benefit from treatment rechallenge [47, 48], this 

suggests that therapy continuation should be pursued 
whenever possible, even in those patients showing com-
plete response to treatment. Notably, there is strong 
evidence that global health and most functional and 
symptom domain scores improve significantly in favor of 
the combination therapy group compared with BRAFi 
alone [49–51].

Finally, to optimize the efficacy and the different 
spectrum of toxicity with targeted therapy and im-
munotherapy, clinical trials are currently underway 
to elucidate whether sequential and/or interrupting 
administration of BRAFi and MEKi, also in combi-
nation with different treatment approaches (mainly 
immunotherapy), could optimize disease response and 
outcomes (see further section).

Perspectives

The combination of BRAFi and MEKi has revolu-
tionized the treatment of patients with metastatic mela-
noma. However, despite the unquestionable improve-
ment in the response rate and disease control obtained 
with combined targeted therapies, acquired resistance 
eventually develops in more than half of patients after 
approximately 12 months from the beginning of treat-
ment [51]. Significant efforts are ongoing to understand 
how to obtain the best response by combining BRAFi 
and MEKi and how to sequence or combine targeted 
therapy with ICIs. Most importantly, biomarkers and/or 
clinical features should be identified to select patients 
with BRAF mutant disease who can benefit more 
from BRAFi plus MEKi and those who could obtain 
better disease control with a planned sequence or an 
upfront combination of ICIs in association with BRAFi 
and MEKi.

There is plenty of evidence that BRAFi and MEKi 
have immune-modulatory properties [52]. BRAFi can 
downregulate immunosuppressive cytokines, decrease 
the recruitment of regulatory T cells (T regs) and 
myeloid-derived stem cells (MDSCs), and increase 
major histocompatibility complex (MHC) class I and 
antigen expression. Blocking the MAPK pathway in in 
vitro cell lines leads to an increased antigen expression 
and enhanced reactivity to antigen-specific T lympho-
cytes [53]. Although in in vitro experiments, MEKis may 
promote a T cell suppressive microenvironment [54, 55], 
in tumor biopsies from melanoma patients receiving 
BRAFi and MEKi (either alone or in combination), 
there is evidence that blocking two steps in the MAPK 
signaling, the effects are similar on the immunosuppres-
sive microenvironment [55–57].

Despite promising preliminary results, however, 
most clinical trials investigating the combination of ICIs 
with targeted therapy failed to demonstrate a signifi-
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cant improvement in terms of ORR and survival rate 
for the triple combination, at the expense of increased 
toxicity [58, 59]. The only phase-III trial demonstrating 
a superior PFS for the combination of ICIs and targeted 
therapy was the IMspire150. In this randomized trial, 
514 patients with unresectable stage IIIc-IV, BRAFV600  
mutation-positive melanoma were randomly assigned 
1:1 to atezolizumab, vemurafenib, and cobimetinib or 
atezolizumab placebo, vemurafenib, and cobimetinib 
(the control group) [60]. At a median follow-up of 
18.9 months, PFS was significantly prolonged with 
atezolizumab versus control (15.1 vs. 10.6 months; 
p = 0.025). The most common treatment-related AEs 
in the atezolizumab and control groups were increased 
blood CPK (51.3% vs. 44.8%), diarrhoea (42.2% 
vs. 46.6%), rash (40.9%, both groups), arthralgia (39.1% 
vs. 28.1%), pyrexia (38.7% vs. 26.0%), increased alanine 
aminotransferase (33.9% vs. 22.8%), and increased 
lipase (32.2% vs. 27.4%). Overall, 13% of patients in 
the atezolizumab group and 16% in the control group 
stopped study treatment because of adverse events [60].

In the context of combining targeted therapy with 
immunotherapies, phase I and I/II studies are investi-
gating the combination of BRAFi + MEKi with new 
molecules, like heat shock protein 90 inhibitor (Hsp90i) 
(NCT02721459), colony-stimulating factor 1-receptor 
inhibitor (CSF-1Ri) (NCT 03101254), and cytokines 
like IFN and IL-2. Further innovative strategies in-
clude the combination of standard therapies (namely 
BRAFi and chemotherapy) with adoptive cell transfer 
(ACT) and/or tumor-infiltrating lymphocytes (TIL). 
Given that such combinations may not be suitable for 
all patients, in terms of toxicities but also of increased 
costs, clinical trials are investigating the best sequential 
regimens of BRAFi + MEKi and ICIs. The rationale 
behind sequential strategies lies in different kinetics of 
response between combo-targeted therapy and immuno-
therapy. Patients with baseline unfavorable prognostic 
factors (i.e. elevated serum LDH, high tumor burden) 
are less likely to respond to upfront immunotherapy 
but could benefit from immunotherapy once LDH 
levels are normalized and the tumor burden reduced 
with BRAFi + MEKi-based induction treatment. The 
SECOMBIT study, a randomized three-arm phase-II 
study with no formal comparative test (NCT02631447), 
was started to investigate the best sequential strategy of 
treatment for patients with BRAF mutant melanoma. In 
this study, 251 patients were randomized to Arm A (en-
corafenib plus binimetinib until progressive disease, 
followed by ipilimumab and nivolumab until progres-
sive disease), or Arm B (ipilimumab and nivolumab 
until progressive disease, followed by encorafenib 
plus binimetinib until progressive disease), or Arm C 
(encorafenib plus binimetinib for 8 weeks, followed by 
ipilimumab and nivolumab until progressive disease, fol-

lowed by encorafenib plus binimetinib until progressive 
disease) [61]. The study primary endpoint of OS was met 
in each arm; the median OS was not reached in any of 
the treatment arms. The survival rate at 2 and 3 years 
was 65% and 54% in arm A, 73% and 62% in arm B, 
and 69% and 60% in arm C, respectively. Total PFS rate 
at 2 and 3 years was 46% and 41% in arm A, 65% and 
53% in arm B, 57% and 54% in arm C. 

Similarly, the DREAMseq study randomized 
265 patients with treatment-naïve BRAF V600 posi-
tive metastatic melanoma to receive step I treatment 
with nivolumab plus ipilimumab (arm A) or dabrafenib 
plus trametinib (arm B). Upon disease progression, 
patients were enrolled in step II of the trial: patients 
in arm A switched over to dabrafenib plus trametinib, 
while patients in arm B switched to nivolumab plus ip-
ilimumab [62]. At a median follow-up of 27.7 months, 
PFS showed a trend (p = 0.054) favoring patients in arm 
A. As for OS, a 20% difference in survival was observed 
(p = 0.0095) at the 2-year time point (72% and 52% for 
arm A and arm B, respectively) [62]. Even though these 
preliminary data are interesting, results from these two 
studies do not consent to do derive significant recom-
mendations to be used in the clinical practice. 

Another interesting strategy to synergize the effect 
of BRAFi +/- MEKi is represented by inhibition of the 
cyclin-dependent kinase (CDK) 4–6, which is a highly 
dysregulated pathway in melanoma. Evidence from in 
vitro and in vivo studies of the upfront combination of 
the CDK 4/6 inhibitor palbociclib in combination with 
BRAFi and/or MEKi seem to evade cell resistance and 
induce sustained tumor regression [63, 64]. Moreover, 
co-targeting of MEK and CDK 4/6 seems to have thera-
peutic effects in a subset of cutaneous melanoma regard-
less of their mutational status (i.e. NRAS, BRAF mutant, 
as well as wild-type melanomas) [65]. The use of CDK 
4/6 inhibitors in combination with BRAFi and/or MEKi is 
currently under investigation in ongoing clinical trials [66].

Future clinical trials will include a consistent body 
of translational research (baseline tissue and plasma 
samples, with analysis of their dynamic changes during 
treatment) that will help identify which patients are 
more likely to gain long-term benefit from sequential 
or combined targeted and immune therapy.

Conclusions

In the last decade, the medical oncology community 
has witnessed a dramatic paradigm shift in the treat-
ment of metastatic melanoma. Targeted therapy with 
BRAFi and MEKi has provided undoubted therapeutic 
improvement for BRAF mutant disease. However, 
patients’ selection and the onset of acquired resistance 
during treatment are still problematic. One of the most 
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fascinating fields of the investigation remains how to 
integrate immunotherapy with targeted therapies in 
BRAF mutated melanoma patients. There is, indeed, 
strong evidence now supporting the notion that the 
therapeutic efficacy of BRAFi and MEKi relies on 
other factors including the immunomodulation of the 
microenvironment. Nevertheless, several unanswered 
questions remain, mostly regarding potential therapeutic 
combinations and treatment sequencing. Prospective 
clinical trials are needed to identify the best therapeutic 
strategy for the treatment of BRAF mutant melanoma 
and to further improve therapeutic results in this setting. 
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Commentary to 
Targeted therapy for advanced cutaneous melanoma

The review article “Targeted therapy for advanced 
cutaneous melanoma” prepared by an expert team 
from Italy presents in detail current possibilities of 
therapy for patients with advanced melanoma with 
the use of molecular targeted agents. During the last 
decade, the unprecedented development in melanoma 
treatment is mainly related to the introduction of two 
different therapeutic strategies: nonspecific immuno-
therapy using monoclonal antibodies anti-CTLA4 or 
anti-PD1 (immune checkpoint inhibitors) and targeted 
therapy with serine-threonine kinases inhibitors. These 
advances in targeted therapy are related mainly to 
blockade of the signal pathway of mitogen-activated 
protein kinases (MAPK), which is overactivated due 
to mutation in the BRAF gene in approximately 50% 
of melanoma patients [1]. The use of BRAF inhibi-
tor in BRAF-mutated melanoma patients allowed for 
objective responses in about half of patients, which 
was related to improvement in progression-free sur-
vival and overall survival. Further development of 
targeted therapies led to the introduction of the second 
inhibitor of the MAPK pathway — MEK inhibitor. 
This dual blockade was more effective in maintain-
ing a similar safety profile. The development of im-
munotherapy, especially implementation in clinical 
practice a combination of nivolumab and ipilimumab, 
resulted in a scenario in which BRAF/MEK inhibitors 
are usually used after immunotherapy failure [2]. It is 
associated with the mechanism of action of immuno-
therapy enabling, in many patients, long-term disease 
remissions. Nowadays, research focuses on combined 
therapies, i.e. combination of kinase inhibitors with 
immunotherapy and sequential therapy for optimal 
management of patients with BRAF-mutated advanced 

melanoma because therapy with BRAF inhibitors in 
monotherapy or in combination with MEK inhibitors 
increases expression of cancer antigens, lymphocyte T 
CD8+ infiltrates, and PD-L-1 expression [3]. 

The results of recent studies (COMBI-d, COMBI-v, 
coBRIM, and COLUMBUS) showed that in patients 
with metastatic melanomas with BRAF mutation, 
the use of a combination of BRAF and MEK inhibi-
tors (dabrafenib and trametinib or vemurafenib with 
cobimetinib or encorafenib with binimetinib) yields 
better results than monotherapy with no increase in 
toxicity [4–6]. The median overall survival time on 
the combination of both drugs was improved to about 
23–33 months and a median progression-free survival 
to 12–14 months. Better survival is achieved in patients 
with normal LDH activity and serum concentration and 
less than three organs involved in metastases. All these 
two combinations are currently accessible in Poland in 
the Drug Program B.59 in any line of therapy in patients 
with advanced melanoma with confirmed presence of 
BRAFV600 mutation, change of one combination into 
another in case of intolerance, and reintroduction of 
therapy with kinase inhibitors in subsequent lines of 
therapy. The above-mentioned drugs have a beneficial 
influence also in patients with stable and/or asympto-
matic metastases to the brain.

A new option of the molecularly targeted therapy is 
to rechallenge the combined therapy with BRAF and 
MEK inhibitors after this therapy has been stopped due 
to disease progression. A phase-II study revealed that 
restarting therapy with dabrafenib and trametinib re-
sulted in partial remission in eight of 25 patients (32%) 
and stabilization of the disease in another 40% of pa-
tients. The median disease progression-free time after 
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reintroduction reached 4.9 months [7]. The similar are 
results of analysis of data of 116 patients with advanced 
melanoma, who had received therapy with BRAF in-
hibitor, progressed, and received another therapeutic 
modality, and then were restarted on combined therapy 
with BRAF ± MEK inhibitor. The median time of treat-
ment duration was 9.4 and 7.7 months for the primary 
and reused molecularly targeted therapy, respectively. 
After restarting the use of BRAF ± MEK inhibitors 
the response rate was 43%: complete response rate 3%, 
partial response rate 39%, stabilization of the disease 
24%, and progression of the disease 30% (no data 4%). 
The median overall survival time from the restart of the 
therapy reached 9.8 months [8, 9]. 

There is no final data on the optimal sequence of 
immunotherapy and targeted therapy in patients with 
BRAF mutation. The activity of BRAF inhibitor is 
maintained after immunotherapy and of immunother-
apy (anti-PD-L1) after treatment with BRAF inhibitors 
BRAF inhibitors [10]. The results of SECOMBIT and 
DREAMseq trials indicate that the combination of 
nivolumab and ipilimumab gives the best outcomes if 
used as the first-line option in patients with advanced 
BRAF-positive melanoma. There is no definitive data on 
what the preferred therapy is in the case of inoperable or 
metastatic relapse after previous adjuvant therapy [11]. It 
is important to mention, that BRAF + MEK inhibitors 
are a valuable option in adjuvant therapy in stage-III 
melanoma [12]. BRAF + MEK inhibitors give fast 
responses in BRAF-mutated advanced melanomas and 
disease control with a limited duration of responses, which 
is related to the activation of resistance mechanisms. Due 
to these characteristics therapy should be considered as 
a treatment of choice in patients with symptomatic disease 
and/or high tumor mass, but, in the majority of cases, 
the treatment of choice is immunotherapy (preferably 
a combination of anti-PD-1 and anti-CTLA-4) [13, 14].
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