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Vinorelbine plus platinum compared 
to vinorelbine plus capecitabine in 
treatment of patients with metastatic 
triple negative breast cancer previously 
treated with anthracycline and taxane: 
a prospective randomized study

ABSTRACT
Introduction. This study aims to investigate the efficacy and tolerability of the vinorelbine-based combination 

chemotherapy with either cisplatin or capecitabine in metastatic triple-negative breast cancer (mTNBC) pretreated 

with anthracycline and taxane.

Material and methods. This is an open-labeled randomized prospective single-institute study, that included all patients 

who received chemotherapy for mTNBC in the period between 1st of July 2016 and 30th of June 2017 and were 

pretreated with anthracycline and taxane. Patients were randomized to either vinorelbine 25 mg/m2 i.v. on days  

1 and 8 plus oral capecitabine 1000 mg/m2 twice daily, on days 1–14 (NX); or vinorelbine 25 mg/m2 i.v.  

on days 1 and 8 plus cisplatin 75 mg/m2 (NP), every 21 days. The primary endpoint was time to progression 

(TTP), whereas the secondary endpoints were objective response rate (ORR), safety, and overall survival (OS).

Results. Median TTP was 9.9 months with NP vs. 8 months with NX, (p = 0.22). ORR was 40% with NP vs. 36% 

with NX, (p = 0.77). Median OS was 13 months with NP vs. 13.2 months with NX (p = 0.599). Both regimens 

demonstrated similar rates of grade ≥ 3 vomiting and neutropenia. A higher incidence of thrombocytopenia, tin-

nitus, and kidney function alteration were reported with NP. A higher incidence of anorexia, diarrhea, mucositis, 

and hand-foot syndrome were reported with NX.

Conclusions. Vinorelbine-based combination chemotherapy regimens with either cisplatin or capecitabine are 

active in the treatment of mTNBC pretreated with anthracycline and taxane with manageable toxicity profiles. Both 

regimens have comparable TTP, ORR, OS, and safety profiles.
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Introduction

According to the clinical classification, triple-negative 
breast cancer (TNBC) is defined by negative estrogen 
receptor (ER), progesterone receptor (PR), and human 

epidermal growth factor receptor-2 (HER-2) [1]. Metastatic 
triple-negative breast cancer (mTNBC) exhibits more het-
erogeneity and genetic complexity as compared to early dis-
ease [2]. Patients with mTNBC have poor clinical outcomes 
and a high incidence of visceral and brain metastases [3–5]. 
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Despite efforts to classify TNBC and dynamic bio-
marker development, only PD-L1 is applied in clinical 
practice as a validated biomarker for response to im-
mune checkpoint inhibitor anti-PDL-1 atezolizumab 
plus nab-paclitaxel in tumors expressing PD- L1 ≥ 1 [6, 7]  
and anti-PD-1 pembrolizumab plus chemotherapy 
(nab-paclitaxel, paclitaxel, or gemcitabine-carboplatin) 
in tumors with combined positive score ≥ 10 [8, 9]. Also, 
germline breast cancer susceptibility gene (gBRCA) 
mutations in HER-2 negative metastatic breast cancer 
are targets for Poly [adenosine diphosphate (ADP)-
Ribose] Polymerase 1 inhibitor (PARPis) olaparib [10], 
and talazoparib [11], and most patients are treated with 
chemotherapy [12]. Combination chemotherapy could be 
preferred in cases of imminent organ failure mTNBC [13].

Antibody-drug conjugate (ADC) sacituzumab govite-
can that directs the active metabolite of irinotecan to cells 
expressing trophoblast cell surface antigen 2 (Trop-2),  
which is highly expressed in TNBC, has led to an im-
provement in outcomes in mTNBC patients who have 
received two or more prior systemic therapies and at 
least one of them for metastatic disease with manageable 
safety profile [14, 15]. The classification of HER-2 nega-
tivity expression including IHC 0 and HER2-low IHC 
1+ or IHC2+ with ISH negative, make tumors with 
HER2-low attractive targets for the newer generation 
of HER-2 directed ADC trastuzumab deruxtecan with 
improved outcomes [16]. Also, the clinical benefit of 
sacituzumab govitecan in mTNBC patients was consist-
ent, regardless of their HER2 status [17].

The effect of re-challenge with anthracyclines 
and taxane in mTNBC might be limited due to drug re-
sistance, as most patients have been treated with them be-
fore as part of neoadjuvant/adjuvant chemotherapy [18].  
Vinorelbine is a mitotic spindle poison with no cross- 
-resistance to anthracyclines and taxanes [19, 20] and is 
recommended as a sequential single agent in metastatic 
breast cancer (mBC) [13]. It has single-agent activity 
with an objective response rate (ORR) ranging from 
25% to 45% in heavily pretreated mBC patients [21].

The rationale for including platinum agents is support-
ed by the fact that: 1) most breast cancers, in the setting of 
germline BRCA1 mutation, are triple negative; 2) some 
TNBC have some BRCA characteristics resulting in faulty 
DNA repair pathways; 3) platinum-based chemotherapy is 
associated with progression-free survival (PFS) benefit in 
patients with MBC and gBRCA mutation [22, 23].

The rationale for including the anti-metabolite 
capecitabine is supported by its tolerability, clinical 
benefit, and superiority when tested, as first-line chemo-
therapy of mBC, in patients pretreated with anthracy-
cline and taxane [24].

Our study aimed to investigate the efficacy and tol-
erability of the vinorelbine-based combination chemo-
therapy with either cisplatin or capecitabine in mTNBC 
patients previously treated with anthracycline and taxane. 

Material and methods

Female patients aged > 18 years with histologically 
confirmed mTNBC (defined by lack of ER, PR, HER2- 
-neu on biopsies of the primary and confirmed by a biopsy 
of the metastatic site), previously treated with anthracy-
clines and taxane in a neo/adjuvant setting were eligible 
for inclusion in this open-labeled prospective randomized 
single-institute study. Prior chemotherapy or taxane 
re-challenge in the metastatic setting was permitted. The 
present study has included all eligible patients who re-
ceived chemotherapy for mTNBC in the period from 1st 
of July 2016 to 30th of June 2017. Other inclusion criteria 
included adequate organ function, measurable disease 
by Response Evaluation Criteria in Solid Tumors ver-
sion 1.1 (RECIST v1.1) [25], and performance status of 
2 or better on the Eastern Cooperative Oncology Group 
(ECOG) scale. Patients with brain metastasis, or with 
non-measurable disease were excluded. Patients aged 
65 years or over were excluded because it is the chrono-
logical age that needs geriatric assessment [26].

Patients were randomized using permuted blocks to 
receive a combination of vinorelbine 25 mg/m2 on days 
1 and 8 and oral capecitabine 1000 mg/m2 twice daily on 
days 1–14 every 21 days (NX regimen) or vinorelbine 
25 mg/m2 on day 1 and 8 and cisplatin 75 mg/m2 on day 
1 every 21 days (NP regimen) for up to 6 cycles, until 
progression or unacceptable toxicity. 

Tumor response was assessed clinically every cycle, 
and computed tomography (CT) scans were required every 
two months. X-ray, bone scan, magnetic resonance imag-
ining (MRI), and biopsy were required when indicated.   

The primary endpoint was time to progression 
(TTP), whereas the secondary endpoints were objec-
tive response rate, safety, and overall survival (OS). 
Time to progression is the period from the first day of 
treatment to progression. The objective response rate 
was calculated as the number of patients with the best 
overall response of confirmed complete response (CR) 
or partial response (PR) according to RECIST v1.1.  
divided by the total number of patients in the group. 
Patients were evaluated for adverse events throughout 
the treatment period and were graded using NCI Common 
Terminology Criteria for Adverse Events v.4.03 [27].

Results

Patient characteristics

By June 30, 2017, fifty female patients with mTNBC 
had been enrolled, randomized, and treated. Thirty- 
-seven patients received vinorelbine combination 
first-line chemotherapy of mTNBC, while 13 patients re-
ceived vinorelbine combination second-line chemothera-
py of mTNBC after progression on paclitaxel-carboplatin 
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Table 1. Patients baseline characteristics in both arms — vinorelbine plus capecitabine (NX) regimen and vinorelbine 
plus cisplatin (NP) regimen

Patients characteristics NX (n = 25) NP (n = 25) p
Age 
	 Mean ± SD
	 Median (range)

47.8 ± 8.7
50 (30–62)

50 ± 9.4
49 (30–64)

0.41

Age Groups
	 ≤ 45
	 >45

10 (40%)
15 (60%)

8 (32%)
17 (68%)

0.76

Menopausal status
	 Pre
	 Post

14 (56%)
11 (44%)

12 (48%)
13 (52%)

0.77

Type of initial surgery
	 MRM
	 BCS

18 (72%)
7 (28%)

20 (80%)
5 (20%)

0.50

Histological subtype
	 IDC
	 Others*

24 (96%)
1 (4%)

22 (88%)
3 (12%)

0.28

T-stage at primary diagnosis
	 T0
	 T1
	 T2
	 T3
	 T4

1 (4%)
3 (12%)
18 (72)
2 (8%)
1 (4%)

0
3 (12%)
19 (76%)
3 (12%)

0

0.62

N-stage at primary diagnosis
	 N0
	 N1
	 N2
	 N3

7 (28%)
2 (8%)

11 (44%)
5 (20%)

7 (28%)
8 (32%)
5 (20%)
5 (20%)

0.11

AJCC TNM at primary diagnosis
	 IA
	 IIA
	 IIB
	 IIIA
	 IIIB
	 IIIC

0
6 (24%)
2 (8%)

10 (40%)
1 (4%)
5 (20%)

1 (4%)
8 (32%)
6 (24%)
5 (20%)

0
5 (20%)

0.22

Prior local recurrence 7 (32%) 7 (32%) 1
Prior regimen for MBC
	 0
	 1

18 (72%)
7 (28%)

19 (76%)
6 (24%)

0.75

Number of metastatic sites 
	 1
	 2
	 ≥ 3

5 (20%)
15 (60%)
5 (20%)

8 (32%)
14 (56%)
3 (12%)

0.542

Type of metastasis 
	 Visceral 
	 Non-visceral
	 Both

10 (40%)
4 (16%)
11 (44%)

12 (48%)
4 (16%)
9 (36%)

0.83

Site of disease (multiple sites are possible)
	 Lung
	 Liver
	 Lymph nodes
	 Chest wall
	 Pleural 
	 Bone

14 (56%)
13 (52%)
10 (40%)
7 (28%)
4 (16%)
7 (24%)

17 (68%)
11 (44%)
6 (24%)
5 (20%)
3 (12%)
6 (24%)

0.382
0.571
0.225
0.758
0.666
0.747

*Others included metaplastic, medullary, and adenoid cystic carcinoma; AJCC TNM — American Joint Committee On Cancer; BCS — breast conserving surgery; 
IDC — invasive ductal carcinoma; M — metastasis; MRM — modified radical surgery; MBC — metastatic breast cancer; N — node; SD — standard deviation

(6 patients), paclitaxel weekly (5 patients), and gem-
citabine-carboplatin (2 patients). The median age of 
the total population was 49.5 years (range 30–64 years). 
HER-2 negative expressions including IHC 0 and HER2-

-low (IHC 1+ or IHC2+ with ISH negative), were equal  
in both treatment arms, and accounted for 72%, and 28% 
in each group, respectively. Table 1 illustrates patient 
characteristics in both groups.
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Figure 1. Time to progression of the total population

Safety 

Twenty-five patients received a total of 131 NX cy-
cles (range 2–6 cycles). Vinorelbine doses were delayed 
in 19 patients during their course of treatment due to 
neutropenia. Amongst them, 11 patients (44%) received 
granulocyte colony-stimulating factor (G-CSF) second-
ary prophylaxis due to grade 3 (< 1000–500/mm3) or 
4 (< 500/mm3) neutropenia. Vinorelbine doses were 
reduced by 25% in 5 patients (20%) due to persistent 
grade 3 neutropenia after G-CSF secondary prophylaxis.

Capecitabine doses were interrupted in 10 patients 
(40%) during their course of treatment and continued at 
75 % of the initial starting dose due to either grade 2 or 
3 non-hematological toxicity (vomiting, hyperbilirubine-
mia, increased creatinine, hand food syndrome, neutro-
penia, oral mucositis, and diarrhea) using NCI Common 
Terminology Criteria for Adverse Events v.4.03 [27].

Twenty-five patients received a total of 133 NP cycles 
(range 2–6 cycles). Vinorelbine doses were delayed in 
22 patients during their course of treatment due to 
neutropenia. Amongst them, 13 patients (52%) received 
G-CSF secondary prophylaxis due to grade 3 or 4 neu-
tropenia. Vinorelbine doses were reduced by 25% in 
3 patients (12%) due to persistent grade 3 neutropenia 
after G-CSF secondary prophylaxis. The dose of cispl-
atin was reduced by 25% in 12 patients (48%) if serum 
creatinine was between 1.5 to 2 mg/dL but creatinine 
clearance was ≥ 50 mL/min. Cisplatin was stopped in one 
patient because creatinine clearance was < 50 mL/min.

Time to progression

The median TTP of 50 patients who received vinorel-
bine-based therapy was 8.7 months (95% CI 5.5–11.8), 
and TPP at 1 year was 41% (Fig. 1).
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Figure 2. Time to progression of vinorelbine plus capecitabine (NX) 
regimen compared with vinorelbine plus cisplatin (NP) regimen

The median TTP of the NP group was numeri-
cally higher than in the NX group; however, it was not 
statistically significant [9.9 months (95% CI 6.4–13.3) 
vs. 8 months (95% CI 5–10.7)], respectively. TTP at 
1 year was 56% and 52% for the NP and NX regimens, 
respectively (p = 0.22) (Fig. 2).

Objective response rate

For the total population, the ORR was 38%, includ-
ing 1 CR and 18 PR. The ORR was 40 % with the NP 
regimen included (1 CR and 9 PR,) and 36% with 
the NX regimen included (9 PR) (p = 0.77). 

Overall survival

Median OS of 50 patients who received vinorel-
bine-based therapy was 13 months (95% CI 12–14), 
and OS at 1 year was 57%. (Fig. 3). 

Median OS was similar in both groups, 13 months 
(95% CI, 11.6–14.4) vs. 13.2 months (95% CI 9.5–16.8). 
OS at 1 year was 62% and 56% for the NP and NX 
regimens, respectively (p = 0.599) (Fig. 4).

Toxicity 

The most predominant grade 1 or 2 adverse events 
(AEs) reported were hematological (anemia 62% 
vs. 76%, neutropenia 48% vs. 48%, and thrombocy-
topenia 40% vs. 68% in the NX and NP regimens, 
respectively), gastrointestinal (anorexia 72% vs. 76%, 
nausea/vomiting 62% vs. 60%, diarrhea 48% vs. 32%, 
oral mucositis 48% vs. 24%, elevated bilirubin 20% 
vs. 16%, elevated transaminases 24% vs. 8%, in the NX 
and NP regimens, respectively). Other grades 1 or 2 AEs 
were peripheral neuropathy 80% vs. 68%, creatinine 
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Figure. 4. Overall survival of vinorelbine plus capecitabine (NX) 
regimen compared with vinorelbine plus cisplatin (NP) regimen

Table 2. The highest grade (G) the of most common adverse event reported at any time 

Adverse event* NX (n = 25) NP (n = 25)

G1 [%] G2 [%] G3 [%] G4 [%] G1 [%] G2 [%] G3 [%] G4 [%]

N/V 8 54 28 4 24 36 32 4

Diarrhea 24 24 – – 28 4 4 –

Oral mucositis 28 20 – – 8 16 – –

Neutropenia 16 32 40 4 12 36 40 12

Anemia 20 42 16 – 28 48 12 –

Thrombocytopenia 28 12 12 – 48 20 4 –

Neuropathy 48 32 4 – 40 28 12 –

Anorexia 28 44 4 – 40 36 – –

Creatinine increased 48 8 – – 48 – 4 –

Hypocalcemia 28 4 – – 24 16 4 –

Hypercalcemia 12 4 – – 4 4 – –

Elevated transaminases 24 – – – 8 – – –

Elevated bilirubin 16 4 16 –

Hand foot syndrome 24 8 – – – –

Extravasation – 12 – – – 16 – –

Tinnitus 8 32

A. Fibrillation – 4 – – – – – –

Decreased EF – 4 – – – – – –

*NCI Common Terminology Criteria for Adverse Event version 4.03 was utilized; A. fibrillation — atrial fibrillation; EF — ejection fraction; NP — vinorelbine 
plus cisplatin; NX — vinorelbine plus capecitabine; N/V — nausea/vomiting;

increase from baseline 56% vs. 48%, hypocalcemia 32% 
vs. 40%, tinnitus 8% vs. 32%, and hand-foot syndrome 
32% vs. 0%, in the NX and NP regimens, respectively 
(Tab. 2).

Higher incidences of thrombocytopenia, anemia, 
hypocalcemia, and tinnitus were reported in the NP 
compared to the NX arm. 

A higher incidence of any grade of diarrhea, oral mu-
cositis, hand-foot syndrome, and elevation of transami-
nases was reported in the NX regimen in comparison 
to the NP regimen.

Grade 3/4 AE reported in > 20% of patients were nau-
sea/vomiting and neutropenia, which were not statistically 
significantly different between the two regimens (Tab. 3).
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Table 3. Grade (G) 3/4 adverse events reported in > 20% of patients

Adverse event* NX (n = 25) NP (n = 25) p

Nausea/vomiting 8 (32%) 9 (36%) 0.76

Neutropenia G3 11 (44%) 13 (52%) 0.57

Neutropenia G4 1 (4%) 3 (12%) 0.28

*NCI Common Terminology Criteria for Adverse Event version 4.03 was utilized; NP — vinorelbine plus cisplatin; NX — vinorelbine plus capecitabine

Other grades 3 AE reported in < 20% of patients were 
anemia (16% vs. 12%), thrombocytopenia (12% vs. 4%),  
neuropathy (4% vs.12%), anorexia (4% vs. 0%), diar-
rhea (0% vs. 4%), hypocalcemia (0% vs. 4%) and creati-
nine increase (0% vs. 4%), in the NX and NP regimens, 
respectively.

Discussion   

In the current study, the median TTP was 
1.9 months longer in the vinorelbine-cisplatin (NP) 
group (9.9 months) compared to 8 months in the vi-
norelbine-capecitabine (NX) group; but the difference 
was not statistically significant (p = 0.22). ORR was 
numerically higher with NP 40% vs. 36% with NX 
(p = 0.77) but not statistically significant. Median 
OS was similar in both groups, 13 vs. 13.2 months, 
and OS at 1 year was 62% and 56% for the NP 
regimen and NX regimen, respectively (p = 0.599), 
compared to OS reported by Du et al. [28] in 
a retrospective analysis of 48 mTNBC patients who 
received NP vs. NX and were pretreated with an-
thracyclines and taxanes (PFS = 5.3 vs. 3.0 months; 
p = 0.023), (ORR = 33.8% vs. 7.7%; p = 0.029), 
and (OS = 27.7 vs. 14.8 months; p = 0.077). Our 
observed TTP rate was higher than that reported by 
Hu et al. [29]  for gemcitabine — cisplatin vs. gemcit-
abine-paclitaxel (PFS = 7.73 vs. 6.47 months). 

Key grade > 3 AEs were mainly vomiting and neu-
tropenia, other grade 3 AEs reported were neuropathy, 
anemia, thrombocytopenia, and diarrhea. All these 
grade 3 AEs were manageable, no treatment-related 
death and no neutropenic fever were reported. Only 
2 patients required unplanned hospitalization. One be-
cause of grade 4 vomiting and grade 3 diarrhea in the NX 
arm, and the other one because of grade 3 hypocalcemia 
in the NP arm. However, some patients required a 25% 
reduction in vinorelbine dose because of persistent 
grade 3 or 4 neutropenia after G-CSF prophylaxis which 
were numerically higher in NX than NP arm. Moreover, 
about one-fourth of patients required a 25% dose 
reduction in cisplatin dose due to an increase in creati-
nine 1.5–2 mg/dL. Only one patient stopped cisplatin 
because of creatinine clearance < 50 mg. Capecitabine 
was interrupted in 40% of patients due to grade 2 or 

3 non-hematological AEs, mostly vomiting, diarrhea, 
and oral mucositis.

Nevertheless, dose reduction limited toxicity, 
and patients on both regimes in our study benefited from 
the alleviation of symptoms associated with mTNBC, 
such as dyspnea, pain, chest wall masses, and compres-
sion symptoms. This highlights the advantage of both 
treatment regimens and their potential, especially when 
they are used to achieve a rapid response, for example, 
in the setting of a visceral crisis and imminent organ 
failure. In our study, vomiting and neutropenia in both 
arms, diarrhea, loss of appetite and hand-foot syndrome 
in the NX arm, and drowsiness, thrombocytopenia 
and kidney function alteration in the NP arm were all 
manageable. 

A limitation of our study is the small study group 
and its single-center  character. Also, at the time when 
the study began in 2016, performing germinal BRCA 
mutation testing and PD-L1 assay was not often required 
to make treatment decisions. Another limitation of 
our study is the absence of analysis of patient-reported 
quality of life using a highly validated cancer-specific in-
strument.

Conclusions

Vinorelbine-based combination chemotherapy 
regimens with either cisplatin or capecitabine are 
active in the treatment of mTNBC pretreated with 
anthracycline and taxane with manageable toxicity 
profiles. Both regimens have comparable TTP, ORR, 
OS, and safety profiles.
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Evaluation of the Timed Up and Go test 
for screening vulnerability and frailty  
in older cancer patients

ABSTRACT
Introduction. The need for comprehensive geriatric assessment (CGA) in older adults with cancer is increasing, 

which makes it necessary to have a screening instrument to identify those who would benefit from this evalua-

tion. This study aimed to investigate diagnostic performance of the Timed Up and Go test (TUG) for identifying 

vulnerable or frail older adults with cancer who might benefit from CGA.

Material and methods. This observational and retrospective study took place at the geriatric center of Almenara 

Hospital in Lima, Peru We extracted CGA reports from electronic medical records of outpatients and inpatients 

aged 60 years and older with cancer, who were evaluated between November 2022 and July 2023. Patients were 

classified based on SIOG-2 (International Society of Geriatric Oncology) criteria as fit, vulnerable, or frail, based on 

scales including Activities of Daily Living (ADL), Instrumental ADL, Mini-Nutritional Assessment (MNA), Mini-Mental 

State Exam (MMSE), Geriatric Depression Scale, and Cumulative Illness Rating Scale-Geriatrics (CIRS-G).  For 

the study, two groups were formed: fit patients and non-fit patients (vulnerable plus frail). We estimated sensitivity, 

specificity, and positive predictive values of the TUG test. The accuracy of the TUG test was analyzed using the 

area under the receiver operating characteristic curve (AUC).

Results. Among the 283 included patients, 154 were men (54.4%) and 129 women (45.6%), and the mean age 

was 76.8 ± 15.8 years. The most common neoplasms were colorectal (19.4%), stomach (15.2%), prostate (9.9%), 

and bile duct cancers (8.1%). The percentage of fit and non-fit patients was 21.9% and 78.1%, respectively. When 

the TUG test was equal to or greater than 15.5 seconds, sensitivity, specificity, positive predictive value, and AUC 

were 68.5% (95% CI 61.9–74.5), 88.5% (77.8–95.3), 95.6% (91.1–98.2), and 84.8% (0.80–0.90), respectively.

Conclusions. A TUG test result equal to or greater than 15.5 seconds demonstrated good screening properties 

for identifying older cancer patients who were vulnerable or frail and could benefit from CGA.

Keywords: timed up and go test, frailty, cancer, geriatric oncology, comprehensive geriatric assessment
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Introduction

Comprehensive geriatric assessment (CGA) is 
a multi-dimensional, multi-disciplinary diagnostic 
and therapeutic process that aims to identify medi-
cal, mental, and functional problems in frail older 

people. The goal is to develop a coordinated and 
integrated treatment plan and follow-up [1]. In 
older cancer patients, CGA is crucial for guiding 
therapeutic interventions and avoiding over- or 
under-treatment, especially in patients identified as 
vulnerable or frail [2–4].
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One of the challenges of conducting a CGA is the 
time it takes. In older cancer patients, this procedure 
can range from 30 to 80 minutes, depending on the 
components and tools used [5–7]. Although simplified 
10-minute versions of the CGA have been developed 
[8], the greatest benefits are observed in cancer patients 
classified as vulnerable or frail. For fit patients, espe-
cially in areas with a shortage of geriatric specialists or 
high workloads, this procedure may not be necessary [9].

A two-step frailty assessment strategy in older cancer 
patients involves using a screening instrument to pre-
vent unnecessary CGA in fit patients. The second step 
is to perform a CGA in the selected vulnerable or frail 
patients [10]. This strategy can also facilitate referrals 
to centers with greater expertise in CGA, particularly in 
low-income countries. A recent systematic study investi-
gated validated instruments to identify older cancer pa-
tients who may benefit from CGA [11]. The study found 
that two instruments, the Vulnerable Elders Survey 
(VES-13) [12] and the G8 geriatric screening tool [13], 
had the most evidence for usefulness. However, most of 
these studies did not report on the time required to ad-
minister each tool [11]. Additionally, a modified G8 has 
recently been released [14]. Another study using the net 
benefit approach found that both G8 and the modified 
G8 failed to demonstrate clinical value in prescreening 
for frailty across various tumor types, disease stages, 
and age groups [10].

The Timed Up and Go (TUG) test is used to meas-
ure functional mobility of older adults and assess their 
risk of falls [15]. It has also been studied in a group of 
older cancer patients, showing a predictive capacity for 
the risk of early death in onco-geriatric patients receiv-
ing chemotherapy [16]. The TUG test can predict the 
risk of postoperative complications [17] and increased 
5-year mortality in older adults undergoing surgery for 
solid tumors [18]. However, the TUG has not been 
studied in relation to its ability to identify older adults 
with cancer who are vulnerable or frail. Therefore, this 
study aimed to investigate the diagnostic performance 
of the TUG in identifying vulnerable or frail older adults 
with cancer who might benefit from CGA.

Material and methods

Setting

An observational and retrospective study was con-
ducted study was conducted at the Geriatric Department 
of the ESSALUD Almenara Hospital, a tertiary care 
hospital in Lima, Peru. We reviewed CGA reports 
stored in the electronic medical records of hospitalized 
or outpatient adult patients aged ≥ 60 years with a pre-
vious cancer diagnosis, who had been evaluated between 
November 2022 and July 2023. The study followed the 

Standards for Reporting Diagnostic Accuracy Studies 
(STARD) recommendations [19].

Comprehensive geriatric assessment

Comprehensive geriatric assessment was performed 
by two trained geriatricians, who assessed the following 
domains: function and mobility, nutritional status, cog-
nition, mood, social environment, and comorbidities. Six 
CGA indicators were selected: functional impairment 
(Activities of Daily Living score, ADL ≤ 5/6) [20]; cog-
nitive impairment: Mini-Mental State Examination 
(MMSE, Spanish version) score < 24/30 [21]; malnu-
trition defined as one or more of the following French 
National Authority for Health criteria: at least 10% 
weight loss in 6 months or 5% in 1 month, and/or body 
mass index less than 21 kg/m2, and/or Mini-Nutritional 
Assessment (MNA-SF) score less than 12/14, and/or se-
rum albumin level less than 35 g/L [22]; inadequate social  
environment defined as a score ≥ 10 on the Gijon 
social family assessment scale (Spanish version) [23]; 
verification of the diagnosis of depression in the medi-
cal history and use of antidepressants or depression diag-
nosed by a semi-structured interview to identify criteria 
for a major depressive episode from the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV) [24];  
and the number of severe (grade 3–4) comorbidities 
as assessed by the Cumulative Illness Rating Scale for 
Geriatrics (CIRS-G 0, 1, ≥ 2) [25]. Data was also col-
lected on tumor site, metastatic status, age, sex, and 
in/outpatient status at the time of the CGA.

Timed Up and Go

The TUG test assesses the time a patient needs to 
get up from a chair, walk 3 meters, turn around, walk 
back, and sit down again [15]. This is measured in sec-
onds with a handheld stopwatch. Two measurements 
were taken, and the average of these measurements was 
used in the study. The cut-off points for impaired TUG 
scores in older patients varied between 10 to 20 seconds 
[26]. The TUG test is an integral component of the CGA 
procedure in our center. Consequently, the results are 
routinely documented. However, it is important to note 
that the TUG test was not performed in patients who 
were unable to walk due to various reasons, such as be-
ing bedridden, dizziness, or knee pain, among others.

Vulnerability and frailty criteria

We used the frailty criteria of the International 
Society of Geriatric Oncology (SIOG-2) [27]. A patient 
is considered frail when they meet one of the following 
criteria: the presence of CIRS-G ≥ 1 grade 4 comorbidity, 
or ≥ 2 grade 3 comorbidities, or IADL score ≥ 7 of 8, or 
MMSE score < 24 of 30, or malnutrition (MNA-SF ≤ 7), 
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or ADL score ≤ 3 of 6. A patient is called vulnerable 
when they meet the following criteria: number of severe 
(grade 4) comorbidities = 0 (assessed by the CIRS-G), 
and IADL score > 7 of 8, and MMSE ≥ 24 of 30, and 
1 grade 3 comorbidity, or ≥ 1 grade 2 comorbidity, or 
at risk for malnutrition (MNA-SF < 12), or ADL score 
4 or 5 of 6, or depression. Finally, a patient is consid-
ered fit when they score > 14 of 17 on the G8 scale. 
For this study, patients were assigned into two groups: 
fit vs. non-fit (vulnerable plus frail).

Statistical analysis

In the descriptive analysis, measures of central ten-
dency, dispersion, and absolute and relative frequen-
cies were used. Categorical variables were described as  
counts and percentages, and quantitative variables  
as means [standard deviation (SD)] or medians (range) 
depending on distribution. The performance of the TUG 
test was evaluated using sensitivity, specificity, receiver 
operating curve (ROC), and area under the ROC curve 
(AUC). Confidence intervals (95% CI) were reported. 
For sensitivity and specificity analysis, patients who did 
not undergo the test due to being bedridden or wheel-
chair-bound were timed with the maximum TUG time 
detected in the study.

Ethical approval

This study was approved by the Research Ethics 
Committee of Almenara Hospital in Lima, Peru (ap-
proval number 80-CIEI-OIyD-GRPA-ESSALUD-2023, 
March 27, 2023). Necessary strategies were implemented 
to maintain confidentiality of patient information.

Results

A total of 283 patients were included in the study, 
with 54.4% of them being hospitalized at the time of the 
CGA. The mean age was 76.8 ± 15.8 years, and the sam-
ple comprised 154 men (54.4%) and 129 women (45.6%). 
The prevalence of malnutrition, depression, and cognitive 
disorders was 71.7%, 27.2%, and 39.8%, respectively. 
Furthermore, 51.6% of the patients had severe comor-
bidities (grade 3–4 CIRS-G), and 46.0% had functional 
impairment (Katz < 5/6). The ten most frequent types 
of tumors were colorectal (19.4%), stomach (15.2%), 
prostate (9.9%), bile ducts (8.1%), hematologic malig-
nancy (lymphoma, leukemia) (8.1%), breast (4.6%), lung 
(4.6%), liver (4.2%), skin (4.2%), and pancreas (3.9%). 
The frequency of patients with metastases and those with 
two tumors of different origin were 26.9% and 6.4%, re-
spectively (Tab. 1). According to the SIOG-2 classifica-
tion, the prevalence of fit, vulnerable, and frail patients 
was 21.9%, 50.9%, and 21.2%, respectively.

Regarding the performance of the screening tool, 
the prevalence of fit and non-fit patients was 21.9% 
and 78.1%, respectively. When the TUG test results 
were equal to or greater than 15.5 seconds, sensitivity, 
specificity, positive predictive value, and AUC were 
68.5% (95% CI 61.9–74.5), 88.5% (77.8–95.3), 95.6% 
(91.1–98.2), and 84.8% (0.80–0.90), respectively (Fig. 1). 
When the TUG analysis was conducted with 217 patients 
(excluding 66 of 283 who were unable to walk during 
the examination), the optimal cut-off point remained 
at 15.5 seconds. Sensitivity, specificity, positive predic-
tive value, and area under the curve (AUC) were as 
follows: 55.1% (47.0–63.1), 88.5% (77.8–95.3), 92.5% 
(84.8–94.5), and 0.72 (0.66–0.77), respectively.

Discussion 

Our study demonstrated that the TUG test, with 
an optimum cut-off value of 15.5 seconds, could serve 
as a valuable screening tool to identify vulnerable or 
frail older adults with cancer who could benefit from 
a CGA.

To our knowledge, this study is the first to use the 
TUG test as a screening tool before CGA in cancer 
patients, but it can be compared with other studies 
that used similar strategies. For example, gait speed 
(GS) measures the time needed for older patients 
to walk a certain distance at their usual speed [28]. 
Pamoukdjian et al. [29] assessed the diagnostic perfor-
mance of GS for assessing vulnerability in older cancer 
patients and found that a GS < 1 m/s had sensitivity of 
79.4%, specificity of 64.7%, and AUC of 82.0% (74.0– 
–90.0%) [29]. However, GS faces challenges in clini-
cal practice due to the lack of a standardized protocol 
and variations in measurement methods (e.g. distance 
walked, starting and deceleration procedures, timing, 
and type of testing surface) [30]. In contrast, the TUG 
test is a more internationally standardized option.

The G8 index and its modified version have also 
been used as screening instruments in older cancer 
patients. The G8 index showed sensitivity ranging from 
76.5% to 87.2% and specificity from 17% to 65% in dif-
ferent studies [13, 14, 31], while the modified version 
had sensitivity from 89.2% to 89.3% and specificity from 
64.7% to 79.0% [14, 29]. Additionally, the VES-13, used 
for the same purpose, showed sensitivity ranging from 
39.0% to 67.8% and specificity from 64.4% to 84.4%  
[31, 32]. The mean time to complete the G8 or VES-13 is 
approximately five minutes [31].

Previous evidence supports the usefulness of the 
TUG test in older cancer patients, as it has been cor-
related with survival, treatment-related complications, 
cognitive function, global health decline, disability in 
activities of daily living, and sarcopenia in various stud-
ies [26, 33–35].
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Table 1. Patient characteristics

Variable Total patients  
(n = 283)

Fit  
(n = 61) (21.6%)

Non-fit (vulnerable+ 
frail*) n = 222 (78.5%)

  n % n % n %

Sex            

	 Male 154 54.4% 40 65.6% 114 51.4%

	 Female 129 45.6% 21 34.4% 108 48.7%

Indicators            

	 Inadequate social environment 13 4.6% 2 3.3% 11 5.0%

	 Malnutrition 203 71.7% 6 9.8% 197 88.7%

	 Depression (DSM IV criteria) 77 27.2% 1 1.6% 76 34.2%

	 Cognitive impairment (MMSE < 24/30) 112 39.6% 0   112 50.5%

No. of severe comorbidities (grade 3–4 CIRS-G)

	 0 137 48.4% 61 100.0% 76 34.2%

	 1 120 42.4% 0   120 54.1%

	 ≥ 2 26 9.2% 0   26 11.7%

Functional impairment (Katz;  
ADL score < 5 of 6)

130 45.9% 0   130 58.6%

Outpatient at time of CGA 129 45.6% 28 45.9% 101 45.5%

Tumor site            

	 Colorectal 55 19.4% 8 13.1% 47 21.2%

	 Stomach 43 15.2% 5 8.2% 38 17.1%

	 Prostate 28 9.9% 8 13.1% 20 9.0%

	 Bile ducts 23 8.1% 7 11.5% 16 7.2%

	 Hematologic malignancy  
	 (lymphoma, leukemia)

23 8.1% 5 8.2% 18 8.1%

	 Breast 13 4.6% 5 8.2% 8 3.6%

	 Lung 13 4.6% 3 4.9% 10 4.5%

	 Liver 12 4.2% 5 8.2% 7 3.2%

	 Skin 12 4.2% 4 6.6% 8 3.6%

	 Pancreas 11 3.9% 3 4.9% 8 3.6%

	 Kidney 10 3.5% 2 3.3% 8 3.6%

	 Head and neck 7 2.5% 2 3.3% 5 2.3%

	 Brain 6 2.1% 0   6 2.7%

	 Endometrium 3 1.1% 0   3 1.4%

	 Bladder 3 1.1% 0   3 1.4%

	 Ovary 2 0.7% 1 1.6% 1 0.5%

	 Other/unknown primary sites 19 6.70% 3 4.9% 16 7.2%

	 Two tumor sites 18 6.36% 3 4.9% 15 6.8%

	 Metastatic status 76 26.86% 10 16.4% 66 29.7%

*Classification of the International Society of Geriatric Oncology (SIOG-2); CGA — comprehensive geriatric assessment; CIRS-G — Cumulative Illness Rating 
Scale-Geriatrics; DSM-IV — Diagnostic and Statistical Manual of Mental Disorders; MMSE — Mini-Mental State Exam
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However, our study has some limitations. The cri-
teria used to select fit and non-fit patients (vulnerable 
plus frail) and evaluate TUG’s performance were based 
on SIOG-2 criteria [27, 36], whereas studies evaluating 
G8 and VES-13 used different cut-off points for each 
CGA scale [13]. Additionally, our study was conducted 
in a group of patients with a high prevalence of frailty, 
and further research is needed in patients with a lower 
prevalence of frailty. This is because diagnostic test 
studies in high-prevalence disease groups may lead to 
variations in predictive values, increasing the positive 
predictive value. In addition, the cut-off of > 15.5 is 
internally valid to our sample and not necessarily ex-
ternally generalizable, further research is needed in 
different settings before an international TUG cut-off 
value can be recommended. 

Conclusions

In conclusion, the TUG test with a cut-off of > 15.5 sec-
onds showed promising sensitivity, specificity, positive 
predictive value, and AUC in identifying older adult 
cancer patients who may require CGA. This test could 
be beneficial, especially in hospitals with high demand 
for geriatric evaluation or a limited number of specialists.
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Pan-TRK immunohistochemistry as a tool 
in the screening for NTRK gene fusions  
in cancer patients

ABSTRACT
Therapy with TRK inhibitors is a tumor-agnostic treatment directed against specific molecular changes rather than 

cancer type. NTRK fusions are rare in most prevalent cancers, accounting for less than 0.5% of cases. However, 

there is a group of rare cancers in which NTRK fusion is more prevalent. These include secretory carcinoma of 

the breast and salivary gland, childhood sarcomas, such as infantile fibrosarcoma, and cellular and mixed con-

genital mesoblastic nephroblastoma. The most common rearrangement pertains to NTRK3 and the most common 

fusion gene is ETV6. Identifying patients with NTRK gene fusions who would likely benefit from targeted therapy 

with TRK inhibitors requires practical diagnostic tools and an appropriate management strategy of diagnostic 

trajectory. The fusions can be detected by molecular biology techniques or pan-TRK immunohistochemistry. The 

latter detects NTRK1/2/3 gene fusions independently of the resulting fusion gene but does not determine which of 

them has been rearranged or what the fusion partner is. The sensitivity and specificity of the method reach 97% 

and 100%, respectively. Other advantages include the relatively low cost, short duration of examination, and broad 

accessibility of immunohistochemistry laboratories. These characteristics make this method a useful screening 

tool for detecting patients with NTRK gene fusions.

Keywords: NTRK genes, TRK inhibitors, diagnostic methods; immunohistochemistry
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Cancers with NTRK gene fusions as 
a therapeutic target for TRK inhibitors

In recent years, apart from the methods used so far 
in the treatment of oncological patients, such as surgical 
treatment or radio- and chemotherapy, an increasing 
role is played by targeted therapy, including “tumor-ag-
nostic” therapy, directed at specific molecular changes 
and not cancer type [1, 2]. Tropomyosin receptor kinase 
(TRK) inhibitors are examples of such therapies [3, 4].

Neurotrophic TRKs are transmembrane tyrosine 
kinases that are essential for regulating nerve cell 
growth, proliferation, and differentiation. These 
include three groups of proteins: TRKA, TRKB, 

and TRKC, encoded by NTRK1, NTRK2, and NTRK3, 
respectively [5]. The NTRK genes can be rearranged 
during carcinogenesis. The NTRK fusion combines 
sequences coding for TRK proteins with sequences 
of other genes, leading to new active protein produc-
tion [6]. In tumors with NTRK gene fusion, constitu-
tive (ligand-independent) activation of intracellular 
biological pathways leads to a signaling cascade that 
controls cell cycle progression, proliferation, apoptosis, 
and/or survival of cancer cells [7, 8].

Tropomyosin receptor kinase inhibitors can be used 
in patients with confirmed NTRK gene rearrangement, 
regardless of cancer type [3, 5]. Clinical trials with 
a TRK inhibitor, entrectinib, have shown effectiveness 
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in treating diverse types of cancer, both locally advanced 
and generalized [9]. 

Cancers with NTRK gene fusions are rare, regardless 
of age group, and account for up to 0.3% of all malig-
nancies [10]. NTRK gene fusions have been described in 
over 40 types of solid tumors [11], including pulmonary, 
colorectal, breast, and thyroid cancers; melanoma; 
glioblastoma; and several sarcomas [7, 12]. In addition, 
some rare tumors have a remarkably high incidence of 
NTRK fusions (> 90%). In adults, these tumors include 
secretory breast and salivary gland cancer, whereas, in 
children, they include infantile fibrosarcoma, secretory 
cancer of the salivary gland, and cellular and mixed 
congenital mesoblastic nephroblastoma [13, 14].

NTRK fusion detection methods

The infrequent occurrence of tumors with NTRK 
gene fusion requires practical diagnostic tools and ap-
propriate diagnostic strategies [6, 7]. These fusions can 
be detected by immunohistochemistry (IHC), fluores-
cence in situ hybridization (FISH), reverse transcriptase 
polymerase chain reaction (RT-PCR), and next-gener-
ation sequencing (NGS) [7, 14]. These methods have 
different sensitivities, specificities, strengths, and limita-
tions (Tab. 1).

Using pan-TRK IHC, NTRK1/2/3 gene fusions are 
detected independently of the resulting fusion genes.  
However, it is not possible to determine the fusion 
partner or the rearranged NTRK gene. The sensitivity 
of the method varies between 75% and 97%, and speci-
ficity ranges from 92% to 100%. The advantages of 
the pan-TRK IHC technique include the relatively low 
cost of the test, short execution time, and availability 
of IHC laboratories. Due to the above qualities, this 
technique can be used to screen patients for NTRK 
fusion [6, 15]. 

Fluorescence in situ hybridization is a widely used 
diagnostic method that allows for the detection of 
chromosomal rearrangements. Fusion probes detect 
a specific type of fusion gene, such as ETV6-NTRK3, 
or break-apart probes that detect breaks such as those 
in NTRK3. However, FISH cannot determine whether 

the resulting fusion gene encodes a productive in-frame 
chimeric transcript or not. The recommendations for 
detecting the ETV6-NTRK3 fusion gene are the same 
as the general principles of the FISH method for detect-
ing fusion genes. They include counting the fluorescent 
signals in at least 50 randomly selected, non-overlapping 
tumor cell nuclei by at least two experienced special-
ists. The usefulness of FISH in cancer screening for 
NTRK fusions is limited because of the variety of fu-
sion partners and the ability to evaluate only one gene 
rearrangement at a time. This method may help detect 
the ETV6-NTRK3 fusion gene in tumors where this 
gene is present in most cases, such as secretory breast 
and salivary gland cancers [6, 7].

RNA NGS allows the detection of fusion genes that 
are transcribed. The main limitation of this method is 
the instability of the RNA material, especially in ar-
chival paraffin blocks. Evaluating the quality of RNA 
is critical for distinguishing possible false-negative 
results. According to the literature, only approximately 
55% of archival samples meet the quality control re-
quirements before sequencing, and the probability of 
quality control failure increases with the age of the ana-
lyzed material [7, 16].

Targeted DNA NGS tests consisting of panels of 
selected genes are increasingly being used, including 
those detecting NTRK1, NTRK2, and NTRK3 fu-
sions. Although the DNA NGS method successfully de-
tects gene rearrangements, not all NTRK fusions can be 
detected using targeted assays. NTRK2 and NTRK3 are 
particularly problematic, as they have large intronic 
regions [6]. Moreover, many NTRK fusions detected 
by DNA-based sequencing are of unknown functional 
significance and require confirmation by other assays 
such as RNA sequencing or IHC [6, 7].

Performance and interpretation  
of the pan-TRK IHC test 

The IHC test aims to detect tumors with NTRK fu-
sions, which will be subjected to further molecular analy-
sis, usually using the DNA NGS technique. Therefore, 
special attention should be paid to pre-analytical factors 

Table 1. Methods for detecting NTRK gene fusions in tumors

Sensitivity Specificity Detection of all 
fusions

Detection of fusion 
partners

Detection of protein 
expression

IHC Relatively high* Relatively high* Yes No Yes

FISH High High One per probe One per probe No

RNA NGS High High Yes Yes Yes

DNA NGS Moderate High Yes Yes No

*Depending on tumor morphology; FISH — fluorescence in situ hybridization; IHC — immunohistochemistry; NGS — next-generation sequencing
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and the assay process to minimize false-negative rates 
[17]. Proper conduct of the respective phases of the study 
affects the credibility of the results.

The first step is to select the optimal material for test-
ing. IHC should be performed using histopathological 
samples that were fixed in 10% buffered formalin. The 
fixation time depends on the size of the tested sample 
and is 6–48 hours for small materials and 24–72 hours 
for larger materials. 

Among the available antibodies, the most frequently 
used and best-characterized clone is EPR17341 [7, 15]. 
This antibody detects the C-terminal region of TRK 
proteins A, B, and C, which are conserved in both 
the wild-type and fusion proteins. Although the expres-
sion of the wild-type TRK protein in most solid tumors 
is minimal and rare, the pan-TRK IHC assay does not 
distinguish between wild-type and fusion proteins. IHC 
determination should be performed following the stain-
ing protocol provided by the manufacturer [18]. In 
addition, negative and positive control stains should be 
performed each time to minimize the incidence of false 
positive and false negative results. A negative control is 
performed using rabbit monoclonal antibodies. A posi-
tive control is performed using a normal human ap-
pendix. The nerves and ganglion cells in the wall show 
a positive reaction in the pan-TRK IHC test, whereas 
other structures are not stained. Performing an external 
positive control allows for verification of the correctness 
of the IHC staining process, but it does not constitute 
control of the pre-analytical stage. Therefore, during 
the assessment of pan-TRK IHC preparations, attention 
should be paid to whether any neural structures would 
constitute an internal positive control [6, 14]. 

The pan-TRK IHC color reaction is highly variable 
and can be nuclear, perinuclear/nuclear membrane, 
cytoplasmic, cellular membrane, or a combination of 
these. In addition, the staining intensity varies from weak 
to strong. Any of the above types of staining, stronger 
than that in the background and present in at least 
1% of tumor cells, is interpreted as a positive reaction  
[14, 15, 19]. The percentage of stained cells and the in-
tensity of staining is higher at the periphery of the speci-
men and lower in the central part. This type of staining 
is related to pre-analytical factors such as material fixa-
tion. Therefore, pan-TRK IHC tests are best performed 
with a small amount of material, such as a core needle 
biopsy, rather than with postoperative material [14]. 
The most common type of staining observed is the cy-
toplasmic reaction, which is the most common source 
of false-positive results compared to other types of ex-
pression. Moreover, false-positive pan-TRK IHC results 
are more common in tumors with muscular and nervous 
differentiation (leiomyosarcoma, glioma, and neuro-
blastoma) [7, 14]. In addition, there is a link between 
the type of color reaction and the occurrence of a specific 

fusion gene. Positive nuclear staining is often associated 
with ETV6-NTRK3 and EML4-NTRK3 fusions, nuclear 
membrane staining with LMNA-NTRK1 fusions, and cell 
membrane staining with TPM3-NTRK1 and TRAF- 
-NTRK2 fusions [15].

As mentioned above, the sensitivity of the pan-TRK 
IHC test has been reported to be between 75% and 97%. 
Discrepancies in the obtained results may result from dif-
ferent study populations (cancer types and fusion genes 
present in them) and pre-analytical procedures. The 
false-negative rate was higher for NTRK3 gene fu-
sions (21–27%) than for NTRK1 and NTRK2 fusions  
(< 10%) [13].

NTRK gene fusion tumors in the context 
of pan-TRK IHC results 

Common neoplasms with the rare occurrence of 
NTRK gene fusions 

This group of cancers includes colorectal, pulmo-
nary, and breast cancers, where NTRK gene fusions 
occur in fewer than 1% of cases [14]. Within the gastro-
intestinal tract, NTRK fusions have also been detected 
in cancers of the pancreas, biliary tract, liver, appendix, 
and gallbladder (20). The most commonly described 
fusion genes include TPM3-NTRK1, LMNA-NTRK1, 
TPR-NTRK1, and ETV6-NTRK3 [15, 20]. In wild-type 
BRAF/RAS and high-grade microsatellite instability 
(MSI), an increase in NTRK fusions to approximately 
5% has been observed [14]. In pan-TRK IHC, these 
tumors are usually characterized by strong cytoplasmic 
staining, which may be accompanied by perinuclear 
staining (LMNA fusion partner) or membrane staining 
(TPM3 fusion partner) [15].

In non-small cell lung cancer (NSCLC), mainly glan-
dular NSCLC, NTRK gene rearrangements have been 
detected (most commonly NTRK1). The prevalence of 
such detected fusions is less than 1% [8]. In pan-TRK 
IHC, strong nuclear and cytoplasmic staining is usually 
observed [14].

In adult thyroid cancers, NTRK gene fusions occur in 
2–4% of cases, both in well-differentiated, poorly differ-
entiated, and undifferentiated cancers. In the pediatric 
group, NTRK fusions are more common in papillary thy-
roid carcinoma (8–15%) [21, 22]. The most common fu-
sion gene is ETV6-NTRK3. A positive granular cytoplas-
mic reaction is observed in pan-TRK IHC (Fig. 1A, B).  
The sensitivity of this method in thyroid cancers is low, 
and the rate of false-negative results varies between 
25% and 50% and is more common in the case of 
NTRK3 fusions [13].

Rare tumors with a low prevalence of NTRK gene re-
arrangements include glioblastoma multiforme [15, 23],  
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Figure 1. A. Papillary thyroid carcinoma, follicular variant with a confirmed VIM-NTRK3 fusion gene, HE 200×; B. Papillary thyroid 
carcinoma, follicular variant with a confirmed VIM-NTRK3 fusion gene; Pan-TRK IHC 200×, with perinuclear and cytoplasmic 
staining of weak and medium intensity; C. Secretory carcinoma of the salivary gland with the detected ETV6-NTRK3 fusion 
gene, HE 200×; D. Secretory carcinoma of the salivary gland with the detected ETV6-NTRK3 fusion gene; Pan-TRK IHC 200×, 
with a strong nuclear and cytoplasmic staining with a weak staining intensity; E. Spindle cell sarcoma of the cervix with 
a confirmed EML4-NTRK3 fusion gene, HE 200×; F. Spindle cell sarcoma of the cervix with a confirmed EML4-NTRK3 fusion 
gene; Pan-TRK IHC 200×, a strong cytoplasmic reaction is visible in the tumor cells, no color reaction in the overlying epithelium 
and the subepithelial layer

A B

C D

E F

a malignant brain tumor with poor prognosis. In 
the case of this cancer, an effective anti-TRK-targeted 
therapy would be beneficial. The identification of rare 
glioblastomas with NTRK rearrangements requires 
reliable diagnostic tests. However, the pan-TRK IHC 
test is of limited use as a screening method in this group 
of cancers because of the high rate of false-positive 
results [23].

Rare tumors with a very high prevalence  
of NTRK gene fusions 

This group of tumors includes cancers such as 
breast secretory carcinoma and salivary gland secre-
tory carcinoma, as well as sarcomas, including infantile 

fibrosarcoma, cellular and mixed congenital mesoblastic 
nephroblastoma [14], and the recently described group 
of low-grade spindle cell sarcomas with NTRK gene 
rearrangements [24, 25].

Secretory carcinoma accounts for fewer than 0.05% 
of all infiltrating breast cancers and occurs mainly in 
adult women. In most cases, it is a triple-negative tumor 
or a tumor with low estrogen and progesterone recep-
tor expression [26]. ETV6-NTRK3 fusion occurs in over 
90% of cases [27, 28]. Pan-TRK IHC is positive in 96% 
of cases. It is usually characterized by a strong nuclear 
reaction, and rarely by a nuclear-cytoplasmic reaction 
of varying intensity. NTRK gene rearrangements may 
also occur in approximately 10% of non-secretory 
breast cancers, most often NTRK1 with various fusion 
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partners [29]. The occurrence of NTRK fusions in both 
secretory and non-secretory breast cancers supports 
the rationale for performing the pan-TRK IHC test as 
a screening method to detect patients for treatment with 
TRK inhibitors [30].       

Secretory carcinoma with a morphology similar to 
that of the breast may develop in the salivary glands, 
most often in the parotid gland, usually in adults [31, 32]. 
In nearly 100% of cases, it is characterized by ETV6 gene 
rearrangements, with NTRK3 being the fusion partner in 
90% of the cases [31]. On pan-TRK IHC, strong nuclear 
expression is seen, usually accompanied by low-intensity 
positive cytoplasmic staining (Fig. 1C, D). The pan-TRK 
IHC method is characterized by high sensitivity (91%) 
and specificity (nearly 100%) for the detection of 
secretory carcinoma of the salivary gland with ETV6-
-NTRK3 fusion [33, 34]. In some cases, the nuclear 
reaction may be weakly intense or occur only focally, 
making the IHC test challenging. In addition, only 
cytoplasmic or membrane expression may be present 
in non-secretory salivary carcinomas [35]. A particular 
group is adenoid cystic carcinoma, in which a positive 
pan-TRK IHC test result is found in nearly 40% of cases 
(strong cytoplasmic staining), which does not correlate 
with the presence of NTRK gene fusions [36].

Sarcomas with widespread occurrence of NTRK gene 
fusions primarily include childhood cancer. Infantile 
fibrosarcoma is a fibroblastic tumor that typically affects 
superficial and deep soft tissues of the limbs, trunk, head, 
and neck. Analogous tumors in the kidney are termed 
cellular and mixed congenital mesoblastic nephro-
mas. These cancers usually develop during the first year 
of life [37]. Approximately 90% of cases are characterized 
by the ETV6-NTRK3 gene fusion [38]. Other less com-
mon molecular changes include EML4-NTRK3 fusions 
or NTRK1 and NTRK2 gene rearrangements [16, 38].  
Another group of spindle cell sarcomas with NTRK 
gene rearrangement is a newly described group of rare 
sarcomas with immunohistochemical co-expression of 
S100 and CD34 in the absence of SOX10 expression. 
This new category includes tumors previously described 
as lipofibromatosis-like neural and peripheral nerve 
sheath tumors. Most of these tumors develop super-
ficially or deep within the extremities or trunk during 
the first two decades of life [38, 39]. In this group of sar-
comas, NTRK1 fusions with various partners such as TPR 
and TPM3 are the most common [25]. In the described 
sarcomas, pan-TRK IHC reaction is positive in most 
cases (> 90%). In infantile fibrosarcomas, it is a strong 
nuclear reaction, whereas in neural tumors, similar 
to lipofibromatosis, it is usually a perinuclear and/or 
cytoplasmic reaction. In spindle cell sarcomas without 
NTRK fusion, pan-TRK IHC may only be positive in 
approximately 8% of the cases. The pan-TRK IHC test 
is characterized by high sensitivity in detecting childhood 

sarcomas with NTRK gene fusions and can be used as 
a screening method to qualify patients for therapy with 
TRK inhibitors [24].  

A newly described adult sarcoma with an NTRK 
rearrangement is a cervical spindle cell sarcoma. 
It usually occurs in pre-menopausal women. The 
co-expression of S100 and CD34 characterizes the tu-
mor cells. Desmin, estrogen receptor (ER), and pro-
gesterone receptor (PGR) are not expressed [40]. 
NTRK1 and NTRK3 rearrangements with different 
fusion partners occur in this group of sarcomas. Fusion 
genes described so far include but are not lim-
ited to TPM3-NTRK1, LMNA-NTRK1, TPR-NTRK1, 
SPECC1L-NTRK3, and RBPMS-NTRK3 [40–42]. 
In pan-TRK IHC, TRK expression was observed in 
tumor cells in all cases (100%). The type of staining 
(cytoplasmic, perinuclear, or nuclear) may be associ-
ated with the formation of the fusion gene (Fig. 1E, F).  
It should be emphasized that in a low percentage of 
leiomyosarcomas (approximately 5%), in which there is  
no NTRK gene fusion, a positive pan-TRK IHC test 
is observed [40].

Tumors expressing pan-TRK IHC without  
NTRK gene fusions

A group of cancers is pan-TRK-positive IHC 
without NTRK gene fusion. Other specific molecular 
changes may characterize these tumors. Within the head 
and neck, this group of tumors includes bi-phenotypic 
sarcomas of the nose and paranasal sinuses (BSNS). The 
tumor comprises spindle-shaped cells that co-express 
S100 and SMA but do not express SOX10 [43]. Bi-
phenotypic sarcomas of the nose and paranasal sinuses 
with non-specific pan-TRK IHC expression have been 
reported [44]. A characteristic feature of BSNS is rear-
rangement of the PAX3 gene with the MAML3 fusion 
gene [45]. Because of the microscopic image, S100 ex-
pression, and the possibility of a positive pan-TRK IHC 
result, it is necessary to differentiate this tumor from 
spindle-cell sarcomas with NTRK fusion. Other tumors 
in this area with frequent positive pan-TRK IHC without 
NTRK rearrangements are olfactory neuroblastoma, 
childhood small-round-cell tumors, such as Ewing’s 
sarcoma [14, 46], adenoid cystic carcinoma of the salivary 
gland, and leiomyosarcoma.

Conclusions

Identifying cancer patients with NTRK gene fusions 
who could benefit from targeted therapy using TRK 
inhibitors requires adequate diagnostic tools. These 
tumors are diverse and rare. On the one hand, there 
is a group of rare cancers with widespread occurrence 
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of NTRK gene fusions, and on the other hand, there is 
a group of common cancers in which such molecular 
changes occur very rarely. 

The pan-TRK method is characterized by high sen-
sitivity and specificity, which may vary depending on 
the type of cancer. The ability to correctly interpret the re-
sults of the pan-TRK IHC test in correlation with the  
type of cancer is crucial in detecting cancer patients with 
NTRK gene fusions. 

The pan-TRK IHC test can be used as a screening 
method because of its low cost, short execution time, 
and widespread use of IHC techniques. Pan-TRK 
IHC-positive tumors should be further investigated by 
molecular biology techniques to confirm the existence 
of NTRK fusions definitively.
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ABSTRACT
Imbalances of serum potassium levels are common complications in patients receiving systemic antineoplastic 

therapy. These conditions can provoke further complications such as cardiac arrhythmia and paralysis due to 

the significant role of potassium in muscle physiology. Many cytotoxic drugs and novel targeted therapy agents 

have been found to induce hypokalemia and occasionally hyperkalemia. Therefore, they should be administered 

carefully and a broad understanding of the topic is necessary for medical oncologists. To this end, the present 

narrative review explores the pathophysiology of potassium disorders induced by systemic therapy and points 

out some therapeutic strategies for reversing them.
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Introduction 

Electrolyte disorders are one of the most serious and, 
in some cases, life-threatening medical conditions world-
wide [1]. Specifically, imbalances of serum potassium (K+) 
levels, namely hyperkalemia and hypokalemia, are known 
to induce several serious conditions [2]. Normal serum 
potassium levels in adults range from 3.5 to 5.2 mmol/L, 
and any values out of this range are considered a patholog-
ical condition [1, 2]. Both hyperkalemia and hypokalemia, 
due to the significant role of potassium ions in muscular 
physiology, can lead to cardiac arrhythmia, muscle 
weakness, cramps, and even paralysis [3]. Their onset is 
usually sudden and can cause cardiac arrhythmia quickly, 
and thus they should be diagnosed and treated urgently. 

Electrolyte imbalances are prevalent in patients 
receiving systemic cancer therapy, especially in those 
receiving cytotoxic drugs [4]. Although these imbalances 

may seldom be caused by paraneoplastic syndromes, 
in most cases, they are due to the effects of anticancer 
drugs on the cells, kidneys, and homeostasis mechanisms 
[5]. With potassium imbalances being one of the most 
serious categories of electrolyte disorders, the present 
narrative review aims to explore all the underlying 
mechanisms through which anticancer drugs induce 
these imbalances and present all current therapeutic 
strategies for reversing them. 

Hypokalemia induced by systemic 
therapy

Hypokalemia is defined as a serum potassium level 
of less than 3.5 mmol/L, and in cases where the level is 
less than 2.5 mmol/L, the hypokalemia is categorized 
as severe [2, 6]. 
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Figure 1. Mechanisms of hypokalemia induction by systemic 
therapy

 Pathophysiology

There are several mechanisms through which anti-
cancer drugs can induce low potassium levels. Firstly, 
chemotherapy and some targeted therapy drugs are 
known to bear a risk of inducing emesis and diarrhea as 
major side effects [7]. Consistent vomiting and diarrheal 
excretions can cause excessive potassium loss through 
the lost body fluids [8]. Moreover, many antineoplastic 
agents are known to induce magnesium deficiency by 
binding to proteins in the nephron and decreasing 
magnesium reabsorption [9]. Magnesium deficiency, in 
turn, can lead to hypokalemia since a decrease in intra-
cellular magnesium concentration causes inactivation of 
the renal outer medullary potassium channel (ROMK) 
and thus decreases potassium reabsorption in the thick 
ascending loop of Henle [10]. 

At the same time, many chemotherapeutic agents 
are known to be nephrotoxic, and, therefore, they lead 
to acute or even chronic kidney failure and injury as well 
as tubular necrosis due to cytotoxicity [11, 12]. It is worth 
noting that approximately 80% of patients undergoing 
systemic cancer therapy receive nephrotoxic agents in 
their therapeutic regimens [12]. During the polyuric 
phase of acute tubular necrosis, there is a great loss of 
potassium through the kidneys, and hence hypokalemia 
is a common complication [13]. 

It is also worth mentioning that antineoplastic agents 
have the potential to cause inflammation and necrosis 
in the intestinal epithelium [14]. In this manner, they 
can lead to reduced potassium absorption in the small 
intestine and thus hypokalemia [15]. Figure 1 summa-
rizes the mechanisms through which anticancer agents 
can trigger the development of hypokalemia. 

Specific antineoplastic agents have been shown 
to be related to the development of hypokalemia. 
Platinum-based antineoplastic drugs, namely cisplatin, 
carboplatin, and oxaliplatin are known to induce sev-
eral electrolyte disorders including hypokalemia [16]. 
Cisplatin can cause hypomagnesemia by interfering 
with magnesium reabsorption in the loop of Henle 
and the distal tube of the nephron [17, 18]. It has been 
indicated that carboplatin and oxaliplatin can also 
induce hypomagnesemia, but to a lesser extent [18]. In 
turn, magnesium deficiency can lead to significantly de-
creased renal potassium reabsorption and hypokalemia 
[10, 16]. Moreover, unlike carboplatin and oxaliplatin, 
which have a great affinity for plasma proteins, cisplatin 
circulates freely in the plasma and is filtered to a great 
extent in the kidneys, and its cytotoxic nature can in-
duce nephrotoxicity and, in some cases, acute tubular 
necrosis, hence leading to hypokalemia [19–21]. It is 
also worth mentioning that all platinum-based agents 
can trigger intestinal inflammation, and subsequently 
induce hypokalemia [22]. 

Antimetabolites have also been found to be associ-
ated with plunges in serum potassium levels. Indeed, 
the dihydrofolate reductase inhibitor methotrexate, 
which is included in many chemotherapy regimens, 
is known to increase the risk of acute kidney injury 
and thus that of hypokalemia [23]. Furthermore, the an-
timetabolite azacytidine is known to induce renal tubular 
dysfunction in many patients and, therefore, reduce 
tubular potassium reabsorption [24]. It should also be 
noted that the drug ifosfamide, which can act both as an 
alkylating agent and as an antimetabolite is associated 
with the development of Fanconi syndrome, which can 
cause both tubular dysfunction and hypokalemia [25].

At the same time, novel targeted therapy agents, 
which act as monoclonal antibodies, can also induce 
hypokalemia through the previously mentioned 
mechanisms. Specifically, the anti-epidermal growth 
factor receptor (anti-EGFR) antibodies cetuximab 
and panitumumab have been shown to be related to 
the development of magnesium deficiency and thereby 
lower serum potassium [26]. In fact, a meta-analysis 
published in 2010 indicated that the incidence of se-
vere hypokalemia in patients receiving cetuximab in 
their therapeutic regimen is approximately twofold 
compared to patients receiving regimens without ce-
tuximab [27]. Moreover, the monoclonal antibodies 
trastuzumab and pertuzumab are known to be diar-
rheagenic and hence increase the risk of developing 
hypokalemia [28]. It is worth noting that other drugs, 
such as irinotecan and immune checkpoint inhibitors, 
are known to induce chronic and severe diarrhea, hence 
increasing the possibility of developing hypokalemia 
[29]. Table 1 [17–19, 22–26, 28] summarizes all antineo-
plastic drugs known to increase the risk of hypokalemia, 
alongside the mechanism through which they induce 
the condition.

Anticancer 
agents 

Vomiting and diarrhea 

Magnesium 
de�ciency 

Intestinal 
in�ammation 

Nephrotoxicity 
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Management 

After evaluation of biochemical blood test results, 
given that magnesium deficiency is identified simulta-
neously with hypokalemia, initially magnesium levels 
must be restored using oral or intravenous magnesium 
administration according to the standard operating 
procedures of the particular healthcare center [30]. 
Potassium replacement therapy should certainly be 
undertaken to restore serum potassium levels. Therapy 
may include oral or intravenous administration of potas-
sium [31]. Hospitalization is not needed in cases of mild 
hypokalemia, where cardiac arrhythmias are not present 
[32]. In cases of severe hypokalemia or where the patient 
is unable to receive oral doses due to excessive vomiting, 
intravenous administration should be considered [33]. 
Also, it is worth mentioning that 0.9% normal saline is 
preferred over 5% dextrose as a solvent for intravenous 
therapy, as a 5% dextrose solution may induce absorp-
tion of potassium ions into the intracellular fluid [31, 34].

Hyperkalemia induced by systemic therapy 

Hyperkalemia is defined as a serum potassium level 
of more than 5.2 mmol/L, and in cases where the level is 
more than 6.5 mmol/L, the hyperkalemia is categorized 
as severe [2, 35]. 

Pathophysiology

Hyperkalemia is an occasional complication in 
patients undergoing systemic therapy, mainly due to 
two reasons: tumor lysis syndrome and chronic kidney 
disease (CKD) [5]. The tumor lysis syndrome occurs 
mainly in patients with hematological malignancies 
or sometimes in patients with very large solid tumors, 
undergoing systemic therapy [36]. The latter syndrome 
occurs when destroyed cancerous cells release their 
contents into the bloodstream and since potassium 
concentrations are relatively high in the intracellular 
fluid, hyperkalemia is often induced [36, 37]. It is 
worth mentioning that the use of the targeted therapy 

drugs venetoclax, obinutuzumab, dinaciclib, and alvo-
cidib and the use of chimeric antigen receptor T-cells 
(CAR-Ts) have been found to be associated with a high 
incidence rate of tumor lysis syndrome [38]. 

On the other hand, CKD can seldom occur as 
a long-term complication of anticancer systemic therapy 
[39]. In such cases, due to improper kidney function, 
plasma potassium excretion rates are decreased, leading 
to the occurrence of hyperkalemia [40]. CKD can occur 
in all patients receiving nephrotoxic chemotherapy, such 
as cisplatin and ifosfamide, over a long time [41]. 

Management 

Generally, according to experts, initial management 
of hyperkalemia includes 10 mL intravenous adminis-
tration of 10% calcium gluconate solution, followed by 
the simultaneous administration of 50 mL dextrose with 
10 units of insulin and a final administration of nebulized 
salbutamol [42]. In the case of mild hyperkalemia where 
cardiac rhythm changes are not present, hospitalization 
is not usually required and a regimen of oral sodium 
polystyrene sulfonate alongside a salbutamol inhaler 
can be administered in an outpatient setting [42, 43]. 
For cases of severe hyperkalemia or when cardiac ar-
rhythmias are present, hospitalization and the admin-
istration of calcium gluconate are deemed necessary 
[44]. In cases when kidney failure is not suspected, 
the administration of loop diuretics is not recommended 
[45, 46]. Otherwise, loop diuretics, such as furosemide, 
may be administered to reverse the hyperkalemia 
and hypervolemia induced by CKD, after consultation 
with a nephrologist [46]. Occasionally, hemodialysis 
may be required in patients presenting severe chronic 
hyperkalemia due to CKD [47]. 

Conclusions 

As seen in this review, potassium imbalances are 
common complications in patients receiving systemic 
anticancer therapy, and due to the life-threatening 

Table 1. Anticancer agents inducing hypokalemia

Anticancer agent(s) Mechanisms of hypokalemia induction References

Cisplatin Development of hypomagnesemia, nephrotoxicity, and decreased intestinal K+ 
reabsorption

[17, 19, 22]

Carboplatin and oxaliplatin Development of hypomagnesemia and decreased intestinal K+ reabsorption [18, 22]

Methotrexate Nephrotoxicity (acute kidney injury) [23]

Azacitidine Nephrotoxicity (renal tubular dysfunction) [24]

Ifosfamide Fanconi syndrome (renal tubular dysfunction) [25]

Cetuximab and panitumumab Development of hypomagnesemia [26]

Trastuzumab and pertuzumab Induction of diarrhea [28]

K+ — potassium
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nature of these conditions, they should be diagnosed 
and treated immediately. Overall, it is of paramount 
significance for medical oncologists to have a broad un-
derstanding of these mechanisms and underlying causes 
of the disorders, to choose an appropriate therapeutic 
strategy and to take preventive measures for patients 
receiving certain antineoplastic drugs. 
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Convolutional neural networks in 
auto-segmentation of nasopharyngeal 
carcinoma tumor — a systematic review 
and meta-analysis

ABSTRACT
Introduction. Segmentation is one of the main stages of the treatment planning system (TPS), especially in 

nasopharyngeal carcinoma (NPC), because it is very heterogeneous and penetrates the skull bone tissue. An 

automated method to reduce the workload and human error caused by the lack of expertise and perspective 

would be very helpful. This meta-analysis evaluated the ability of convolutional neural networks (CNNs) to plan 

auto-segmentation computed tomography (CT) and magnetic resonance imaging (MRI) modalities. 

Material and methods. Articles published in PubMed, Scholar, and Cochrane databases were examined. The 

risk of bias was evaluated by the QUADAS-2 tool. The dice similarity coefficient (DSC) as the effect size and 

standard error (SE) as the precision index were analyzed by random effects. To calculate the degree of hetero-

geneity and its agent, we used (I2 and τ
2) and meta-regression analysis (p < 0.05). A funnel plot was used to 

check for publication bias.

Results. In general, eight studies on CT and 12 on MRI modalities were selected from 3601 studies. The hetero-

geneity based on (I2 and τ
2) and DSC values (with a 95% confidence interval) for CT and MRI modalities were 

88.7% (τ2 = 0.011), 0.67 (0.62–0.72), and 81.42% (τ2 =0.01), 0.76 (0.72–0.80), respectively.

Conclusions. CNNs’ ability to segment both CT and MRI modalities is at a medium level, and its improvement 

can make it more suitable for clinical use.

Keywords: convolutional neural network, computed tomography, magnetic resonance imaging, nasopharyngeal 

carcinoma, segmentation
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Introduction

Nasopharyngeal carcinoma (NPC) is the most com-
mon type of otolaryngological cancer that grows on the 
walls of the nasopharyngeal cavity. It has a heterogene-
ous distribution in different geographical regions, with 
the highest prevalence observed in Southeast Asia and 

moderate prevalence in South Asia and North Africa [1].  
As the tumor grows and its grade increases to T4, it 
gradually spreads to the skeletal structure of the skull, 
even to the intracranial area [2]. 

The location of the tumor in the head and neck 
region, surrounding vital organs, and high sensitivity 
to radiation are reasons for choosing radiotherapy as 
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the best treatment method [3]. The most important 
step in the treatment planning system (TPS), which is 
performed by an experienced radiation oncology spe-
cialist, is contouring of the tumor tissue (PTV) and the 
organs at risk (OARs) before starting the treatment, 
which can involve two imaging modalities: computed 
tomography (CT), magnetic resonance imaging (MRI), 
or both of them [4]. 

Magnetic resonance imaging can provide the best soft 
tissue contrast for NPC, and it is a painless and non-inva-
sive method that does not require ionizing radiation, which 
makes it possible to repeat it to take different sequences 
(such as T1W, T2W, and T1C). It can also show the shape 
and location of the lesion well [5]. Because of NPC loca-
tion, its spread to bone tissues, and the advantage of CT 
images, including the quality  of imaging with better con-
trast in bony areas and high speed, CT is the best choice. 
In addition, CT scans take less time than MRI and are 
cost-effective and available. Centers may use either of these 
two modalities according to the patient’s condition [6, 7].

Image segmentation is a time-consuming person- 
-dependent task that requires the rendering skill of the 
oncologist; therefore, its correct execution creates a large 
workload, and the smallest error in segmentation affects 
the treatment plan [8]. In addition, segmentation of NPC 
tumors is more difficult due to their greater diversity and 
heterogeneous intensity compared to other tumors. One 
of the other challenges and problems of NPC segmenta-
tion is its metamorphic form, and each stage of treatment 
may require re-segmentation. For this reason, an auto-
matic and accurate method to implement segmentation 
would be of great help [2, 9].

Among alternative methods that have been tested 
in recent years is the use of artificial intelligence for the 
automatic and accurate implementation of all TPS parts 
in various tumors [10]. In recent studies, Convolutional 
Neural Networks (CNNs) are evaluated rapidly in image 
auto-segmentation [11–13]. Therefore, in this study, we 
decided to comprehensively analyze the available lit-
erature on CNN ability to automatically perform NPC 
tumor segmentation in CT and MRI modalities.

Material and methods 

We launched a comprehensive and systematic 
search of reliable sources to learn whether CNNs 
have sufficient ability to perform accurate segmenta-
tion. The study was registered at the beginning of its 
conceptualization in PROSPERO, the international 
open-access Prospective Register of Systematic Reviews 
(CRD42022379228). 

Search strategy

We searched electronic databases, including 
MEDLINE (through PubMed) and Cochrane Library. 
In addition, a Google Scholar search of gray literature 
and publications in the arXiv database was conducted. 
There were no limitations regarding study language. 
Considering that the investigation of CNNs does not 
have a long history and has been evaluated only in recent 
years, no time limit was set for the search (in the year 
2022). The terms used for the search strategy included 
(“Nasopharyngeal carcinoma”) AND (“Segmentation” 
OR “U-Net” OR “U-Res-Net” OR “Res-UNet”) AND 
(“Computed tomography” OR “CT” OR “Magnetic res-
onance imaging” OR “MRI”). PubMed was searched us-
ing the restriction of placing the [Title/Abstract] fields in 
all terms, and no field restriction was placed in Scholar. 

After searching, Endnote software was used to col-
lect articles. First, duplicate articles were excluded from 
the study. The screening of the studies was carried out in 
three steps: title, abstract, and full text. The search and 
screening of articles were performed by two research-
ers. Our assessment overlapped in 95% of cases, and in 
the remaining cases, we resolved differences of opinion 
based on the eligibility criteria.

Study exclusion criteria

All the selected studies investigated the power of all 
CNNs in relation to the NPC tumor segment, and the ex-
amination of OAR segments was excluded from the study. 
In terms of the investigated indicators, studies that reported 
the dice similarity coefficient (DSC) index were included. 
Studies in which the size of the network training samples 
was under 15 and studies that combined positron emis-
sion tomography (PET) images with CT and MRI were 
excluded from this analysis. All study reviews, case reports, 
editorials, and letters were excluded from the study.

Data extraction

The results were classified into two subgroups: CT and 
MRI modalities. The data extracted from the studies includ-
ed the name of the first author, country and year of publi-
cation, network architecture, sample size and classification 
for training, external validation and testing, tumor staging, 
epochs number, learning rate, batch size, type of datasets, 
network dimension, CT contrast type, MRI sequence, fea-
ture extraction software, and processor characterization. 

Furthermore, the indices of network performance 
included the DSC index and Hausdorff distance (HD) 
extracted from the studies. Meta-analysis results were 
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reported using the 2020-PRISMA criteria, and the study 
protocol was written accordingly (Supplementary Tab. S1).

Quality assessment (risk of bias)

The Quality Assessment of Diagnostic Accuracy 
Studies-2 (QUADAS-2) tool was used to evaluate the 
quality of m eta-analyses and the risk of bias. This tool 
evaluates the quality of diagnostic studies and includes 
four key domains: (1) patient selection random sampling, 
(2) index test (assessment blinded for and independent 
of reference test), (3) reference standard (valid reference 
test, assessment independent of index test), and (4) flow 
and timing (sufficient time between index and reference, 
all data points included in the analysis). The set of ques-
tions for each domain had answers on three scores in-
cluding “yes-(1) score”, “no-(0) score”, and “unclear-(0) 
score”. This step was implemented by two persons.

Statistical analysis

Stata software (version 17.0; College Station, TX 
77845, US) was used to perform all statistical calcula-
tions. Excel software (Microsoft 2016) was used to extract 
primary information from the articles and perform some 

basic calculations. One of the most important indices 
for evaluating CNN segmentation results is the DSC 
index, which is used as effect size. The heterogeneity 
studies were calculated by a random effect model, I2, τ2,  
and a level higher than 0.7 (I2 > 0) was considered an in-
dicator of heterogeneity. To predict and investigate the 
effect of a variable on the obvious change in the results, 
the regression method was used, and the existence of pos-
sible publication bias was evaluated using a funnel plot.

Results

Study selection

Among the 3625 studies that were obtained by 
searching PubMed, Scholar, and Cochrane databases, 
20 studies met eligibility criteria. A flow diagram of the 
study selection process is shown in Figure 1.

Study characteristics and quality assessment

The reviewed studies on both modalities were con-
ducted in China in the years 2018–2022. Different CNNs 
included 2D–2.5D-3D UNet [14–26], modified UNet 

The number of articles found (n = 3625) 
— PubMed (n = 70) 
— Google scholar (n = 3550) 
— Cochrone (n = 5) 

The number articles after removing 
duplicate articles (n = 2362) 

Screening by articles title (n = 67) 

Screening by articles full text (n=25) 

Final articles included 
(Qualitative evaluation) (n = 20) 
CT scan (n = 8) 
MRI scan (n =12) 

Non-eligibility articles (n = 5)

Removing irrelevent articles (n = 3532)
— other cancers 
— other networks 
— other imaging protocols
— non-orginal articles   

Duplicate articles (n = 1263) �
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Figure 1. PRISMA flow diagram for study selection; CT — computed tomography; MRI — magnetic resonance imaging 
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Figure 2. Quality assessment of the studies. Part (A) is related to the quality assessment of computed tomography (CT) studies 
and part (B) is related to magnetic resonance imaging (MRI) studies

[17], 3D Res-UNet [17, 27, 28], modified 3D Res-UNet 
[14, 17], a mix of 2D and 3D Res-UNet [29, 30], 3D 
VNet [15], 3D SI-UNet [18], 3D Nested UNet [14, 19, 
31], 3D AttR2-UNet [14, 21, 31], 3D LW-UNet [32], 
and 3D DE-UNet [33].

Magnetic resonance imagining modality studies used 
hospital data [21–24, 26, 28, 29, 31–35], and CT studies 
often used the 2019 MICCAI StructSeg data [14, 15, 
17, 19] and hospital data [16, 18, 27, 30]. Two articles 
were conference papers [22, 30], and one was from the 
arXiv database [26].

In studies where CT images were analyzed, types of 
considered images were included without contrast (CT), 
and with contrast (CE-CT). Also, MRI images were 
the collection of different sequences of T1-Weighted 
(T1W), T2-Weighted (T2W), T1-Contrast (T1C), and 
multi-sequence (MS). In most studies of both modali-
ties, full details of the task were not given; however, the 
epoch size was between 40 and 600, batch size was 1–8, 
and the learning rate was 0.01–0.001.

Result of risk of bias evaluation

The quality of the articles in the CT and MRI modal-
ity groups was evaluated using the QUADAS-2 tool, as 
presented in Figure 2. 

Result of meta-analysis

The descriptive characteristics and some perfor-
mance results of NPC segmentation studies on CT scan 
MRI modalities are listed in Tables 1 [15–19, 27, 30, 36] 
and 2 [21–24, 26, 28, 29, 31–33, 35, 37], respectively. 

NPC CT scan segmentation evaluation 

Meta-analysis results of NPC segmentation studies 
of CT scan modality are presented as a forest plot in 
Figure 3. The pooled DSC was 0.67 (CI 95%, 0.62 to 
0.72; I2 = 88.07%, t2 = 0.011) (p = 0.00) for CT scan 
segmentation. 
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Figure 3. Forest plot of computed tomography (CT) modality segmentation studies. The pooled-dice similarity coefficient (DSC) 
value [calculated with the 95% confidence interval (CI) with range for each study is reported]. Studies are sorted by year, and 
all Network type values are indicated (Net: Network type).
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NPC MRI scan segmentation 

The meta-analyses result of NPC segmentation on 
the MRI modality showed that the pooled DSC was 
0.76 (95% CI 0.72 to 0.80; I2= 81.42%) (p = 0.01), and 
its forest plot is presented in Figure 4. 

Subgroup analysis 

The type of networks and their dimensions were 
evaluated in the following subgroups:

	— CT scan: based on the number of network types, 
subgroups were divided into 12 categories. The 
number of six Network types was reported with-
out a meta-analysis evaluation (including one 
study). The DSC index for 2.5D UNet, 2D UNet, 
3D UNet, 2D P-UNet, 3D P-UNet, 3D AttR2-
UNet, 3D Nested UNet, 3D Res-UNet, 3D P-Res-
UNet, 3D ResSE-UNet, 3D SI-UNet, and 3D 
VNet was 0.62 (0.49 to 0.76), 0.67 (95% CI 0.50 to 
0.83; I2 = 84.52%), 0.62 (0.95% CI 0.46 to 0.79; 
I2 = 95.64%), 0.61 (95% CI 0.48 to 0.73), 0.68 (0.95% 
CI 0.53 to 0.83; I2 = 74.68%), 0.74 (0.68 to 0.79), 

0.64 (0.95% CI 0.25 to 1.02; I2 = 41.30%), 0.67 (95% 
CI 0.53 to 0.81; I2 =74.63%), 0.70 (95% CI 0.59 to 
0.81; I2 = 74.68%), 0.79 (0.70 to 0.88), 0.74 (0.67  
to 0.81), and 0.61(0.48 to 0.75), respectively.
Furthermore, the pooled DSC values for Network 
dimensions including 2D, 2.5D, and 3D were 
0.65 (95% CI 0.54 to 0.76; I2 = 75.96%), 0.62 (0.49 to 
0.76), and 0.68 (95% CI 0.62 to 0.74; I2 = 89.20%), 
respectively;

	— MRI scan: in this modality, network types were di-
vided into ten categories (10 network types) which 
nine categories were reported without a meta-analy-
sis evaluation (including one study). The DSC index 
on 2D UNet, 3D UNet, 2D AttR2-UNet, 3D AttR2-
UNet, 2D Nested-UNet, 2D SE-UNet, 2D+3D Res-
UNet, 3D Res-UNet, 3D DE-UNet, and 3D LW-
UNet was 0.64 (0.57 to 0.72), 0.76 (95% CI 0.68 to 0.84; 
I2 = 87.20%), 0.78 (0.70 to0.87), 0.81 (0.77 to 0.86), 
0.79 (0.71 to 0.87), 0.79 (0.70 to 0.87), 0.79 (0.67 to 
0.91), 0.79 (0.77 to 0.81), 0.66 (0.52 to 0.80), and 
0.81 (0.73 to 0.89), respectively. 
The pooled DSC analysis for the subgroups of 

Network Dimensions including 2D, 2D + 3D, and 
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Figure 4. Forest plot of magnetic resonance imagining modality segmentation studies. The pooled dice similarity coefficient 
(DSC) value (calculated with a 95% confidence interval) with range for each study is reported. Studies are sorted by year, and 
all Network type values are indicated (Net: Network type)
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Figure 5. Funnel plot on computed tomography (A) and magnetic resonance imagining (B) modalities for evaluation of publication 
bias. The dice similarity coefficient (DSC) index was calculated as the effect size [95% confidence interval (CI)]

3D achieved 0.75 (95% CI 0.68 to 0.82; I2 = 67.92%), 
0.79 (0.67 to 0.91) and 0.77 (95% CI 0.71 to 0.82; 
I2 = 86.87%), respectively. 

Evaluation of possible causes of heterogeneity 

In regression evaluation, coefficients of variables 
caused heterogeneity for CT studies based on the train-
ing number, external validation, and epoch number, 

which were (0.00073, p = 0.014), (–0.13648, p = 0.008), 
(–0.00109, p = 0.041), respectively, and for MRI studies 
based on batch size (–0.02199, p = 0.010).

Publication bias

We used a funnel plot to evaluate the publication 
bias in the studies that evaluated CNNs in image seg-
mentation of both CT and MRI modalities (Fig. 5).
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Discussion

The automatic system for the segmentation of 
heterogeneous NPC tumors is very valuable because 
it reduces the workload and speeds up diagnosis and 
treatment. It is necessary to know how successful deep 
learning networks have been so far, thus the results of 
this study will be very helpful in decision-making. The 
DSC index value was selected as the effect size param-
eter, and a meta-analysis was performed along with SE.

Convolutional neural networks as a subgroup of deep 
learning were initially tested as 2D in 2018 for CT scans 
and then in 2019 for MRI. After introducing innovative 
3D networks, more studies have been devoted to these 
networks (Tab. 1, 2). However, 3D networks require 
a higher volume of calculations and more complex 
hardware for processing [39]. Recently, the expansion 
of network layers to improve network performance has 
been considered. AttR2-UNet and Nested-UNet are 
examples of such networks [40, 41].

Overall, considering the classification of the DSC 
index into three levels: good (0.8 ≤ DSC ≤ 1), medium 
(0.6 ≤ DSC < 0.8), and poor (0 ≤ DSC < 0.6)] [38], both 
MRI image (0.76) and CT image (0.67) segmentation 
networks achieved medium results, while MRI studies 
obtained better results than NPC CT image segmenta-
tion studies. However, due to the different characteris-
tics of the networks and the heterogeneous distribution 
of the studies in the two categories, it is not possible to 
draw definitive conclusions in this regard. The includ-
ed studies were performed in the past five years, which 
indicates that this field is very new and will gain more 
success with further investigations.

In addition, the pooled DSC of both CT and MRI 
modalities for different dimensions of networks (2D– 
–2.5D–3D), reported almost similar values  (~0.02 dif-
ference). In detail, the highest value of the DSC index for 
CT and MRI modalities was observed in 3D-ResSe-UNet 
(0.79), AttR2-UNet, and LW-UNet (0.81), respectively.

The limitation of analysis based on the results of the 
evaluated networks was the difference in details and per-
formance of networks, such as the used loss function and 
epoch number even in similar networks. In addition, there 
was heterogeneity regarding the training of the networks 
using CT (with and without contrast) and MRI in differ-
ent sequences. Due to the dependence of deep learning 
on the dataset, the heterogeneous distribution of patients, 
and the small number of patients in some geographical 
areas, may have affected the results of studies. Almost 
half of the CT scan segmentation studies used the same 
dataset presented in the 2019 MICCAI StructSeg, which 
reduces the impact of data type on the results and makes 

their comparison more valid. What is characteristic of 
these studies is that external validation was not performed 
in more than half of both modalities. Overall, we were 
able to reduce the heterogeneity analysis of the dimen-
sions and type of the network subgroups.

Notably, all eligible studies were conducted in China, 
and on the other hand, the highest prevalence of NPC 
cancer was reported in China (~80%) [42]. Probably, 
the number of appropriate datasets, compared to other 
countries, and prioritizing this cancer in research facili-
tated the implementation of studies.

Since it is not easy to determine the margin of small 
tumors in magnetic resonance (MR) images, it may af-
fect the ability of the network [43]. Therefore, more em-
powerment of networks to segmentation of MR images 
should be given more attention in future studies. Due 
to the impossibility of using contrast agents for patients 
with renal failure and the possibility of long-term com-
plications [44], using images with contrast is likely to be 
used less in the future, thus it is better to enable networks 
to use non-contrast images. 

Conclusions

The medium capability level of CNNs was observed 
in both CT and MRI modalities, while this capability 
was better in MRI segmentation. By improving CNNs, 
their clinical application can be made more practical.
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Table S1. PRISIMA 2020 checklist (based on: Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: 
an updated guideline for reporting systematic reviews. BMJ. 2021; 372: n71)
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filters and limits used
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process
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worked independently, and if applicable, details of automation tools used in the process

N/R
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automation tools used in the process
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studies
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Registration and 
protocol
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prepared
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Competing interests 26 Declare any competing interests of review authors Page 16, P7

Availability of data, 
code, and other 
materials
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N/R
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an updated guideline for reporting systematic reviews. BMJ. 2021; 372: n71)
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Ripretinib in the treatment of patients  
with advanced gastrointestinal stromal 
tumors (GIST)

ABSTRACT
Gastrointestinal stromal tumors (GISTs) are relatively rare in the population (0.4 to 2 cases per 100 000 per year) 

and account for approximately 1–2% of gastrointestinal cancers. According to the latest 2020 World Health 

Organization (WHO) classification of sarcomas, all GISTs are malignant, regardless of their size or mitotic index. In 

the systemic treatment of GIST, KIT tyrosine kinase receptor and platelet-derived growth factor receptor (PDGFRA) 

inhibitors, such as imatinib, sunitinib, or regorafenib, are used. The effectiveness of imatinib is significantly reduced 

in the case of secondary mutations in the KIT gene. The latest drug from the group of KIT inhibitors, ripretinib, was  

the first to show efficacy against most mutations associated with resistance, as well as in wild-type GIST, in which 

mutations in KIT and PDGFRA are not found. Analysis of the INVICTUS study showed a beneficial effect of ripretinib 

at the recommended dose of 150 mg/day on progression-free survival (PFS) in patients with advanced or meta-

static GIST previously treated with at least three other inhibitors. However, the preliminary results of the phase III 

INTRIGUE study did not show an improvement in PFS in patients receiving ripretinib compared to sunitinib in the 

second-line therapy of GIST patients. Ripretinib has a favorable and acceptable safety profile and is recommended 

for treating patients with advanced GIST in the fourth line of treatment. In this article, we summarize the most es-

sential data on the efficacy and safety of ripretinib in treating GIST patients and the recommendations for its use.
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Introduction

Gastrointestinal stromal tumors (GISTs) are among 
the most common mesenchymal tumors developing  
in the digestive tract [1, 2]. Compared to other tumors in  
this localization, they are very rare. The incidence is 
estimated as from 0.4 to 2 cases per 100 000 people per 
year, 1–2% of all gastrointestinal cancers [3]. They can 
develop at any age, with the peak incidence at 65 years 
of age and similar frequency in women and men [4, 5].  
The most common primary location of GIST is the 

stomach (60–65%) and the small intestine (20–25%); 
to a lesser extent, the large intestine (6%), esophagus 
(0.7%), and other locations (5.5%) [4, 6, 7]. Symptoms 
of gastrointestinal stromal tumors are not specific and 
depend on the tumor’s location, stage of advancement, 
and its size. The most common symptoms are chronic 
bleeding from the gastrointestinal tract, anemia, bloat-
ing, abdominal pain, and an early feeling of satiety [8]. 

Gastrointestinal stromal tumors is most often 
caused by an activating somatic mutation in the genes 
of the tyrosine kinase receptor (KIT) (Tab. 1) or the 
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platelet-derived growth factor alpha (PDGFRA) genes, 
which leads to disruption of the process of replacing 
old cells with new ones and causes their excessive pro-
liferation and formation of a neoplastic lesion [9]. KIT, 
PDGFRA, and PDGFRB belong to the same family 
of type III tyrosine kinase receptors, and their muta-
tions are mutually exclusive [7, 10, 11]. Both KIT and 
PDGFRA are structurally and functionally homolo-
gous. Both consist of an extracellular domain, a trans-
membrane domain, a transmembrane fragment, and 
a cytoplasmic kinase domain. For KIT, the stem cell 
factor (SCF) is the activating ligand, while for PDGFRA, 
it is the platelet-derived growth factor (PDGFA) [2]. 

Gastrointestinal stromal tumors probably originate from 
precursors of Cajal cells that express KIT (CD117) and 
are located in the muscular layer of the gastrointesti-
nal tract and are responsible for intestinal peristaltic 
movement [9].

In most cases (85%), the mutation associated 
with GIST is known [2]. The ratio of the frequency of 
key mutations, along with their typical location and 
characteristics, is presented in Table 1 [7, 12]. From 
70 to 80% of patients have activating mutations in the 
KIT proto-oncogene (CD117), leading to constitutive 
activation of KIT, with the largest number (60–70%) 
of mutations affecting the paramembrane domain 

Table 1. Molecular classification of gastrointestinal stromal tumors (GISTs) 

Mutation Estimated 
frequency [%]

Most common  
location

Characteristics

KIT-mutated (approximately 80%)

Exon 9 (or exon 8) 5–10 Small intestine, 
stomach, colon, 
rectum 

Lower sensitivity to imatinib at a dose of 400 mg/d.
Sensitivity to sunitinib, regorafenib, avapritinib, 
ripretinib

Exon 11
(deletions, including del. 557-
558, missense mutations, 
insertions, other)

60–70 Stomach, small 
intestine, colon, 
rectum

Responds best to imatinib; sensitive to sunitinib, 
regorafenib, avapritinib, ripretinib.
Present in familial GISTs

Exon 13
(K542E)

< 1 Clinical response to imatinib only in some 
patients. Less sensitive to sunitinib. Sensitive to 
regorafenib, avapritinib, ripretinib.
Present in familial GISTs

Exon 17
(D820Y, N822K, Y823D)

1 Not sensitive to imatinib. Sensitive to avapritinib 
and ripretinib, some to sunitinib and regorafenib.
Present in familial GISTs

PDGFRA-mutated (approximately 15%)

Exon 12 (e.g. V561D) < 1 Stomach Observed response to imatinib except — D842V 
mutation (insensitive). D842V mutation highly 
sensitive to avapritinib

Exon 14 (N659K) < 1

Exon 18 (e.g. D842V) 10–15

KIT and PDGFRA wild-type, SDH-competent

NF1 mutation 1–2 Small intestine Indolent course, associated with type 
I neurofibromatosis.
Possibly insensitive to available KIT inhibitors

BRAF mutation < 1 Small intestine, 
stomach 

Possibly insensitive to available KIT 
inhibitors. Ripretinib inhibits BRAF in vitro

HRAS, NRAS, or KRAS mutation Very rare Unknown Insensitive to KIT inhibitors

Translocations (fusions of 
FGFR1, NTRK3 RTK, or other)

Very rare Small intestine, colon, 
rectum 

Insensitive to KIT inhibitors. Sensitive to NTRK 
inhibitors (for NTRK rearrangements)

KIT and PDGFRA wild-type, SDH-deficient

SDHA, SDHB, SDHC, or SDHD 
mutation (including Carney- 
-Stratakis Syndrome)

Approximately 3 Stomach, small 
intesitne (less often)

Epithelial cells. Common in pediatric and young 
adult GISTs. Often metastases to lymph nodes, 
indolent course. Insensitive to imatinib, better 
response to sunitinibLack of SDHB expression 

(including Carney’s triad)
< 1 Stomach
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encoded by exon 11 [13], followed by the extracellular 
domain encoded by exon 9 (7–10%) [14]. Exon 11 mu-
tations are most often deletions in the reading frame, 
insertions, substitutions, missense mutations, or their 
combinations [7, 15]. The kinase domain of KIT with 
exon 9 mutation is essentially the same as in wild-type 
KIT, which is essential in sensitivity to inhibition [7]. 
Mutations in exon 13 within the activation loop and 
exon 17 are sporadic. These mutations occur in tumors 
arising in the small and large intestines, rarely observed 
in gastric GISTs, and their gene expression profile dif-
fers from tumors with the KIT exon 11 mutation [16]. 
Mutations associated with KIT lead to the arrest of 
intracellular pathways, i.e., MAPK (RAF, MEK, and 
MAPK), PI3K-AKT, and STAT3, which regulate gene 
expression, cell division, differentiation, motility, and 
apoptosis [7, 17].

Further 10–15% of GIST cases involve mutations in 
the PDGFRA gene [18]. From 10 to 15% of patients with 
no detectable KIT or PDGFRA mutations are classified 
as “wild-type” GIST [18]. Most new cases of GIST are 
spontaneous, and only 5% are associated with genetic 
syndromes such as neurofibromatosis type 1 (NF1), 
succinate dehydrogenase (SDH) enzyme deficiency; 
Carney’s triad, primary familial GIST syndrome; and 
Carney-Stratakis syndrome [19].

The most effective and, indeed, the only method 
that can ensure a complete cure of primary and local-
ized GISTs is surgical resection of the tumor [20]. In the 
case of inoperable tumors, neoadjuvant treatment with 
imatinib can reduce the tumor mass [11, 21]. 

Imatinib is also used as an adjuvant treatment in 
patients after complete resection of the primary GIST 
with a high risk of recurrence [22–24]. It is not used 
for wild-type or PDGFRA-D842V mutant GISTs or for 
NF1-associated GISTs without SDH expression, as well 
as for BRAF mutations or NTRK rearrangements [5].

In the case of unresectable and metastatic GISTs, 
systemic treatment with kinase inhibitors is the stand-
ard. In the first-line treatment, international guidelines 
recommend the use of imatinib, which, after observation 
for more than 4 years, showed an approximately 4-fold 
increase (from 12–15 months to approximately 5 years) 
in median overall survival (mOS) in the group of patients 
with advanced GIST. Imatinib therapy for inoperable 
or metastatic GISTs rarely gives a complete response 
— it is found only in about 5–7% of patients [11]. About 
half are partial remissions, and in 36%, the disease is 
stabilized. From 10 to 15% of cases, correctly qualified 
for treatment (GIST CD117+), are characterized by 
primary and early resistance to treatment observed dur-
ing the first 6 months of treatment [25]. On the other 

hand, in about 40–50% of patients, secondary resistance 
and disease progression are observed within 2–3 years 
of imatinib treatment [11, 26]. Imatinib is most effective 
in treating GIST with primary mutations, including KIT 
mutations within exon 11 (intracellular paramembrane 
domain) (Fig. 1). In the case of the presence of KIT 
exon 9 mutations, which are less sensitive to imatinib, 
according to the meta-analysis of the studies EORTC 
62005 and SWOG S0033/CALGB 15105, a higher start-
ing dose of imatinib (800 mg/day) should be used as 
opposed to the standard dose of 400 mg/day [11, 27]. 
The second line of treatment is sunitinib [median pro-
gression-free survival (PFS) 6–8 months] [11], and the 
third line is regorafenib (median PFS 4.4–4.8 months) 
[28], which are also KIT inhibitors [29]. 

For the PDGFRA-D842V mutation, insensitive to 
imatinib regardless of the dose, treatment with avapritin-
ib is indicated [30], which in the phase I NAVIGATOR 
clinical trial achieved a response rate of 91%, with me-
dian PFS (mPFS) of 34 months and an estimated 3-year 
overall survival (OS) rate of 71% [31].

Disease progression during treatment with kinase 
inhibitors is most often due to new secondary muta-
tions in KIT or PDGFRA, which are located mainly in 
the KIT ATP binding domain (exons 13 and 14) or the 
activation loop (exons 17 and 18) and, in the case of 
PDGFRA, in the ATP binding domain (exons 13, 14, 
15) [32]. Recent studies show that ripretinib is advan-
tageous in treating secondary mutations, as it inhibits 
other kinases, such as PDGFRB, TIE2, VEGFR2, and 
BRAF in vitro (Fig. 1) [33–35].

Mechanism of action, pharmacokinetics, 
and pharmacodynamics of ripretinib

Ripretinib is a new inhibitor of tyrosine kinases, 
particularly KIT kinase, which has found its application 
in treating unresectable and resistant forms of GISTs 
[33, 36]. Unlike its predecessors — imatinib, sunitinib, 
and regorafenib — it has the broadest spectrum of ac-
tivity [35]. Ripretinib, as the first of the KIT inhibitors, 
is applicable in inhibiting all tested KIT and PDGFRA 
mutations, except for the D842V mutation, but also 
in wild-type GISTs. It inhibits other kinases such as 
PDGFRB, TIE2, VEGFR2, and BRAF in vitro [33–35].

All three currently used KIT inhibitors — imatinib, 
sunitinib, and regorafenib — bind to the inactive con-
formation of KIT or PDGFRA; therefore, they are clas-
sified as type II inhibitors [35, 37]. On the other hand, 
ripretinib, which belongs to the same group, exhibits 
exceptional activity in active KIT structures, which was 
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Figure 1. Comparison of the activities of kinase inhibitors used in the treatment of gastrointestinal stromal tumor (GIST) in relation 
to the most common primary and secondary mutations found in GISTs; AV — avapritinib; IM — imatinib; RE — regorafenib; 
RI — ripretinib; SU — sunitinib
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previously attributed only to type I inhibitors [35]. For 
this reason, ripretinib can inhibit not only primary but 
also secondary mutations [35, 38]. Its innovative mecha-
nism of action is based on the inhibition of two domains 
related to exon 11 and exon 9, regardless of the type of 
mutation, primary or secondary [39]. 

Ripretinib has a dual-pronged effect. It is an antago-
nist because it blocks the phosphorylation of the switch 
and the activation loop, preventing the transformation 
of KIT into the active form. At the same time, it plays 
a stabilizing role [34, 36]. In in vitro studies, ripretinib 
potently inhibited further tumor cell proliferation and 
KIT phosphorylation and induced apoptosis in all cell 
lines harboring mutations in KIT (exons 9, 11, 13, 14, 17, 
18) and PDGFRA (exons 12, 14, 18). Therefore, it has 
a beneficial effect in the treatment of other myelopro-
liferative diseases, e.g., in mast cell leukemia (MCL) or 
systemic mastocytosis (SM), where KIT mutations can 
be detected in over 90% of cases [35, 40].

Preclinical studies aimed at determining ripretinib 
safety profile were conducted on research groups 
of mice [35], rats, and dogs. Common side effects 
observed in all groups included skin changes, hyper-
pigmentation, and an increase in the activity of liver 
enzymes [41]. In addition, vomiting and abnormal 
stools were observed in the group of tested dogs [41]. 
Studies in pregnant rats and rabbits have shown that 
ripretinib can be teratogenic and cause fetal harm 
or complete pregnancy loss. On this basis, women of 
childbearing age and their partners should use effec-
tive contraception during treatment with ripretinib 

and one week after its completion [42]. The effect of 
ripretinib on oral contraceptives has not been stud-
ied [35, 41]. 

Ripetinib is metabolized in hepatocytes by CYP3A, 
while excretion is renal. Co-administration of ripretinib 
with CYP3A inhibitors (ketoconazole, erythromycin, 
clarithromycin, itraconazole, ritonavir, posaconazole, 
voriconazole, and grapefruit juice) potentiates its ef-
fects and increases the risk of adverse reactions. At the 
same time, using ripretinib with strong CYP3A induc-
ers reduces its anticancer effect [34]. Mild or moderate 
renal or hepatic impairment is not an indication for 
dose reduction [41]. In the INVICTUS study, of the 
85 patients who received 150 mg daily ripretinib, 24% 
were aged 65–74, and only 9% were aged ≥ 75. This 
group was too small to determine significant clinical 
differences in the effect of the same dose in different 
age groups [42]. 

The half-life for ripretinib is four hours, and for 
its equally active metabolite DP-5439, 15.6 hours [34]. 
Ripretinib and DP-5439 are highly bound to plasma 
proteins (both human serum albumin (99.8% and 
99.7%, respectively) and a-1-acid glycoprotein (99.4% 
and > 99.8%) [34], which is a contraindication to its use 
in patients with extreme renal or hepatic insufficiency. 
The elimination half-life of ripretinib and DP-5439 is 
14.8 and 17.8 hours, respectively [34]. So far, studies on 
the presence of ripretinib in breast milk have not been 
conducted [42]. Due to the long half-life of ripretinib 
and its metabolites, breastfeeding is not recommended 
during and up to one week after treatment [43].
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Efficacy of ripretinib in clinical trials

Phase I/II trials

The first open-label multicenter phase I clinical trial 
of ripretinib was conducted in 2015–2019 [44]. Two hun-
dred fifty-eight adult patients were enrolled, including 
184 patients with advanced GIST who were intolerant 
or had progressed to more than one line of systemic 
therapy. The main objective was to evaluate the safety, 
dose-limiting toxicity (DLT), maximum tolerated dose 
(MTD), and initial anticancer activity [44].

Patients in the dose escalation phase (n = 68) re-
ceived ripretinib 20–200 mg twice daily or 100–250 mg 
once daily in repeated 28-day cycles until disease pro-
gression, unacceptable toxicity, or withdrawal of con-
sent. Three dose-limiting adverse events were reported 
during the study — an asymptomatic grade 3 increase in 
lipase that occurred with 100 mg twice daily and 200 mg 
twice daily and an asymptomatic increase in creatine 
phosphokinase grade 4 with 150 mg once daily. An MTD 
could not be established, and the final determination of 
the recommended phase 2 dose (RP2D) of 150 mg/day 
was based on analysis of the safety profile, pharmacoki-
netics, and pharmacodynamics [44].

The study showed that ripretinib showed beneficial 
results already in earlier lines of treatment. For sec-
ond-line patients, median PFS was 10.7 months [95% 
confidence interval (CI) 5.5–13.8]; in the third-line 
— 8.3 months (95% CI 5.5–11.1) and 5.5 months (95% CI  
3.6–6.2) in the fourth and subsequent lines. The objec-
tive response rate (ORR) was 19.4%, 14.3%, and 7.2%, 
respectively [44].

The results of this study contributed to initiation 
of further studies on ripretinib in the treatment of ad-
vanced GISTs, including a phase III study (INVICTUS 
study, NCT03353753) and a study comparing ripretinib 
with sunitinib in the second-line treatment (INTRIGUE 
study, NCT03673501).

Phase III INVICTUS trial 

The randomized phase III INVICTUS trial 
(NCT03353753) was a double-blind placebo-controlled 
trial [33]. The study aimed to test the efficacy and safety 
of ripretinib as a fourth-line therapy in GIST. The study 
enrolled 129 adult participants diagnosed with advanced 
GIST who were intolerant to or had failed prior treat-
ment with at least three lines of anticancer therapy (in-
cluding imatinib, sunitinib, and regorafenib).

Patients were randomized into two groups in 
a 2:1 ratio to receive either ripretinib (n = 85) or placebo 

(n = 44). Patients took 150 mg of ripretinib daily, and 
in case of adverse reactions, the dose was reduced to 
100 mg and 50 mg. In patients with disease progression, 
the dose was escalated to 300 mg/day [42]. It has been 
shown that the use of ripretinib at a dose of 150 mg/day 
may correlate with the occurrence of cardiac dysfunc-
tion; therefore, it was recommended to assess ejection 
fraction before starting treatment and to monitor it 
during treatment [33].

The primary endpoint was PFS, and the secondary 
was ORR and OS. Median PFS in the blinded central as-
sessment was 6.3 months (95% CI 4.6–8.1) for ripretinib 
versus 1.0 months (95% CI 0.9–1.7) for placebo [hazard 
ratio (HR) = 0.16; 95% CI 0.10–0.2] [33, 45]. For com-
parison, median PFS in clinical trials for sunitinib in the 
second line was 5.6 months, and for regorafenib in the 
third line — 4.8 months [28, 46]. Objective responses 
were found in 9.4% of patients treated with ripretinib. 
Long-term data from the INVICTUS study demon-
strated that ripretinib showed a clinical improvement in 
overall survival (OS) from 6.3 months (95% CI 4.1–10.0) 
to 18.2 months (95% CI 13.1–30.7) (HR = 0.41; 95% 
CI 0.26–0.65) [45]. 

Interesting data are provided by the analysis of 
29 patients receiving placebo who subsequently received 
ripretinib after progression. Clinical benefit in this group 
was already observed after one month of treatment, and 
two patients had a partial response to treatment. Median 
PFS in this group was 4.6 months [95% CI 1.8–not 
reached (NE)]. Median OS, calculated from the start 
of the study, was 11.6 months in the cross-over group 
(95% CI 6.3–NE) [47].

When assessing the impact of ripretinib on quality 
of life (QoL), the INVICTUS study (NCT03353753) 
showed that patients in the drug group rated their quality 
of life higher than patients in the placebo group. Self-
assessment of health status using the VAS EQ-5D-5L 
questionnaire in patients receiving ripretinib showed 
an increasing trend, while it decreased in the placebo 
group [48]. Patients treated with ripretinib assessed their 
physical functioning as improving, while patients from 
the placebo group reported its deterioration [48, 49]. In 
summary, patients receiving ripretinib showed a statisti-
cally significant improvement in general health and QoL 
compared to patients receiving placebo, which showed 
that ripretinib, apart from favorable PFS and OS, also 
showed a favorable safety profile [48].

The risk of bias in the study was assessed as low. The 
study’s limitations include the randomization process, as 
a result of which the compared groups were heterogene-
ous regarding age. In the placebo group, the percentage 
of patients aged ≥ 65 years was 50% while in the study 
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group, it was 33%. Patients aged ≥ 75 years also prevailed 
in the group treated with a placebo (22.7%) compared 
to the group treated with ripretinib (9.4%) [50].

Phase III INTRIGUE trial

The randomized multicenter open-label phase III 
trial INTRIGUE was completed in March 2022 [51]. 
The study aimed to compare the efficacy and safety 
profile of ripretinib with sunitinib in the second line of 
treatment in patients with advanced GISTs with disease 
progression on imatinib treatment. The study included 
453 patients aged ≥ 18 years, assigned into two groups 
in a 1:1 ratio — 226 in the ripretinib group and 227 in 
the sunitinib group [52].

Inclusion criteria included confirmed KIT/PDGFRA 
mutation, disease progression or insensitivity to imatin-
ib, and ECOG performance status ≤ 2. Ripretinib was 
used at a dose of 150 mg/day for 42 days, and sunitinib 
at 60 mg/day according to the schedule of 4 weeks of 
treatment and two weeks off [52].

The primary endpoint was PFS studied in two inten-
tion-to-treat (ITT) populations: patients with KIT exon 
11 mutations and the entire study population. Secondary 
endpoints included ORR, OS, safety, and QoL.

Median PFS for ripretinib and sunitinib in the KIT 
exon 11 mutation group was 8.3 and 7.0 months, respec-
tively (HR = 0.88; 95% CI 0.66–1.16; p = 0.36) and in 
the overall population 8.0 and 8.3 months, respectively 
(HR = 1.05; 95% CI 0.82–1.33; p = 0.72), which showed 
no benefit of ripretinib over sunitinib [51]. The ORR 
was higher for ripretinib than sunitinib in the KIT exon 
11 ITT population (23.9% vs. 14.6%, p = 0.03) and 
the overall group (21.7% vs. 17.6%, p = 0.27). When 
comparing the safety profiles, ripretinib was associated 
with fewer grade 3-4 adverse events (41.3% vs. 65.6%, 
p < 0.0001) and better patient-reported tolerance [51].

The results showed that ripretinib was not superior 
to sunitinib in terms of PFS. However, it showed a more 
favorable safety profile and a higher response rate than 
sunitinib. The study’s authors emphasize that a longer 
follow-up is indicated to make an adequate comparison 
of OS because median OS has not yet been reached [51].

An exploratory analysis of the effect of mutations 
found in circulating DNA (ctDNA) on treatment out-
comes was also performed. Patients with exon 11 muta-
tions in addition to exon 17 or 18 KIT mutations had long-
er PFS (14.2 vs. 1.5 months), OS (NE vs. 17.5 months), and 
higher ORR (44.4% vs. 0%) for ripretinib than sunitinib, 
while sunitinib was superior in PFS (4.0 vs. 15.0 months), 
OS (24.5 vs. NE month), and ORR (9.5% vs. 15.0%) for 
mutations in KIT exon 13 or 14 [53].

A QoL assessment using the European Organization 
for Research and Treatment of Cancer (EORTC) quality 
of life questionnaire QLQ-C30 showed that patients on 
sunitinib experienced greater impairment than patients  
on ripretinib (C7 D29: −22.7 vs. −8.7). In patients treated 
with sunitinib, side effects intensified with each subse-
quent day of the cycle, while in the case of ripretinib, side 
effects did not show cyclical variability [51]. The impact of 
skin lesions on patients’ quality of life as measured by the 
Dermatology Life Quality Index was significantly lower for 
ripretinib than for sunitinib (C7 D29: 14.3% vs. 26.0%) [51].

Adverse events

Patients (n = 450) treated with ripretinib had similar 
drug-related adverse events in phase I–II and phase III 
studies. Most were grade 1 or 2 [33, 44, 51] (Tab. 2). The 
most common adverse event was alopecia (Tab. 2), which  
occurred in 62% of patients in the phase I–II study 
and 49% and 64.1% in the two phase III studies. Other 
common (> 20%) adverse events were fatigue, myalgia, 
constipation, nausea, palmar-plantar erythrodysesthesia 
syndrome, anorexia, and diarrhea.

In grades 3 and 4, most adverse events were associ-
ated with increased blood pressure (5.6% in phase I–II, 
4%, and 8.5% in phase III studies) and increased lipase 
(17.6% in phase I–II and 5% in phase III of the study). 
Equally common (> 2%) were abdominal pain, fatigue, 
anemia, and hypophosphatemia [33, 44, 51].

A total of 20 (4.4%) patients discontinued treatment 
due to drug-related adverse events [33, 44, 51], namely: 
5.6% in phase I–II, 5% in phase III INVICTUS, and 3.6% 
in the phase III INTRIGUE trial. One treatment-related 
death was reported in the phase III INVICTUS study 
(cause unknown; death during sleep) [33].

Different groups of patients, pharmacokinetics, and 
pharmacodynamics of individual KIT inhibitors prevent 
absolute comparison of their safety profile; however, 
it allows for visualing the type and frequency of their 
occurrence (Tab. 3 [28, 33, 52, 54–57]). When using 
ripretinib, the most common side effect is alopecia, for 
regorafenib and sunitinib — hand-foot syndrome, and 
for imatinib — edema [26, 33, 46, 58]. Moreover, it has 
been shown that sunitinib can cause leukopenia, neutro-
penia, lymphopenia, and thrombocytopenia [46, 58]. The 
majority of adverse events for all KIT inhibitors were in 
Grades 1–2 [28, 58]. In the INTRIGUE study comparing 
the safety profile of ripretinib to sunitinib in the second 
line of treatment, ripretinib was associated with fewer 
grade 3–4 adverse events (41.3% vs. 65.6 for sunitinib) 
and better self-measured tolerability outcomes [51]. 
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Table 2. Comparison of the incidence of adverse events with ripretinib (150 mg) in clinical trials [33, 44, 51]

Adverse events Phase I–II trials [44] 
(n = 142) 
No. (%)

Phase III INVICTUS 
trial [33] 
(n = 85), 
No. (%)

Phase III INTRIGUE 
trial [51] 
(n = 223) 
No. (%)

Overall 
n = 450 
No. (%)

Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4 

Alopecia 88 (62.0) – 42 (49.0) – 143 (64.1) – 273 (60,7) –

Fatigue 74 (52.1) 4 (2.8) 20.0 (24) 2 (2.0) 84 (37.3) 7 (3.1) 178 (39.6) 13 (2.9)

Myalgia  69 (48.6) 0 23 (27.0) 1 (1.0) 81 (36.3) 4 (1.8) 173 (38.4) 5 (1.1)

Nausea 63 (44.4) 2 (1.4) 21 (25.1) 1 (1.0) 53 (23.8) 2 (0.9) 137 (30.4) 5 (1.1)

Hand-foot syndrome 61 (43.0) 1 (0.7) 18 (21.0) – 59 (26.5) 3 (1.3) 138 (30.7) 4 (0.9)

Constipation 56 (39.4) 0 13 (15.0) 0 78 (35.0) 1 (0.4) 147 (32.7) 1 (0.2)

Lack of appetite 46 (32.4) 2 (1.4) 12 (14.0) 1 (1.0) 60 (26.9) 2 (0.9) 118 (26.2) 5 (1.1)

Diarrhea 44 (31.0) 3 (2.1) 17 (20.0) 1 (1.0) 42 (18.8) 2 (0.9) 103 (22.9) 6 (1.3)

Stomach pain  29 (20.4) 13 (9.2) – – 58 (26.0) 6 (2.7) 84 (18.7) 19 (4.2)

Muscle cramps  42 (29.6) 0 10 (12.0) – – – 52 (11.6) –

Lipase elevation  14 (9.9) 25 (17.6) 4 (5.0) 4 (5.0) – – 18 (4) 29 (6.4)

Body weight loss  39 (27.5) 0 13 (15.0) – – – 52 (11.6) –

Vomiting  37 (26.1) 1 (0.7) – – – – 37 (8.2) 1 (0.2)

Headache 36 (25.4) 1 (0.7) – – – – 36 (8) 1 (0.2)

Arthritis  32 (22.5) 0 10 (12.0) – – – 42 (9.3) –

Dry skin  32 (22.5) 0 – – – – 32 (7.1) –

Hypertension 24 (16.9) 8 (5.6) 4 (5.0) 3 (4.0) 59 (26.5) 19 (8.5) 87 (19.3) 30 (6.7)

Anemia 19 (13.4) 10 (7.0) 2 (2.0) 1 (1.0) – – 21 (4.7) 11 (2.4)

Back pain  27 (19.0) 2 (1.4) – – – – 27 (6) 2 (0.4)

Dyspnea 25 (17.6) 3 (2.1) – – – – 25 (5.6) 3 (0.7)

Cough 25 (17.6) 0 – – – – 25 (5.6) –

Vertigo  25 (17.6) 0 – – – – 25 (5.6) –

Hypophosphatemia 17 (12.0) 7 (4.9) 3 (4.0) 2 (2.0) – – 20 (4.4) 9 (2)

Rash 23 (16.2) 0 – – – – 23 (5.1) –

Real-world evidence

The results of the INVICTUS study are confirmed by 
data from clinical pratice. Administration of ripretinib 
to 22 patients from Taiwan and Hong Kong diagnosed 
with advanced unresectable or metastatic GIST showed 
efficacy similar to that obtained in the INVICTUS study. 
The final survival analysis included 20 patients treated 
with ripretinib at 150 mg daily [59]. The observation 
period was one year, and the median observation period 
after treatment with ripretinib was 10.4 months [59]. 
Median PFS was 6.1 months, and median OS was not 
reached [59]. The safety profile of ripretinib was com-
parable to the INVICTUS study, and the most common 

adverse event reported by patients was alopecia, which 
was observed in 55% of patients [59]. The study also 
showed that an albumin level below 3.5 was an independ-
ent adverse prognostic factor for PFS [59].

Similar results were also obtained in a single-arm phase 
II study (NCT04282980) in the Chinese population. The 
final analysis included 38 patients diagnosed with advanced 
GIST who underwent therapy with at least three kinase in-
hibitors [60]. Median PFS was 7.2 months (90% CI 2.9–7.3), 
and the ORR was 18.4% (95% CI 7.7–34.3) [60]. The ma-
jority of adverse events that occurred in 37 (94.9%) patients 
were Grade 1-2, reflecting the well-tolerated treatment in 
the INVICTUS study. The most common side effect was 
alopecia, which occurred in 17 patients (43.6%) [60].
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Table 3. Comparison of the incidence of the most common adverse reactions by KIT inhibitor in phase III clinical 
trials [28, 33, 52, 54–57]

Adverse 
event 

Imatinib 400 mg 
n = 428 [54, 55] 

No. (%)

Imatinib 800 mg 
n = 472 [56]

Sunitinib 
n = 228 [57] 

No. (%) 

Regorafenib 
n = 132 [28] 

No. (%)

Ripretinib 
n = 308 [33, 52] 

No. (%)

Overall Grade 
3–4

Overall Grade 
3–4

Overall Grade 
3–4

Overall Grade 
3–4

Overall Grade 
3–4

Hand–foot 
syndrome 

– – – – 24 (10.5) 8 (3.5) 56 (42.42) 20 (15.2) 77 (25.0) 3 (1.0)

Edema 274 (64.0) 7 (1.6) 412 (87.3) 43 (9.1) – – – – – –

Nausea 156 (36.4) 9 (2.1) 286 (60.6) 15 (3.2) 63 (27.6) 3 (1.3) 16 (12.1) 1 (0.8) 75 (24.4) 3 (1.0)

Diarrhea 151 (35.3) 12 (2.8) 268 (56.8) 25 (5.3) 77 (33.8) 8 (3.5) 40 (30.3) 5 (3.8) 60 (19.5) 3 (1.0)

Myalgia  – – – – – – 14 (10.6) 1 (0.8) 105 (34.1) 5 (1.6)

Fatigue 178 (41.6) 8 (1.9) 374 (79.2) 51 (10.8) 85 (37.3) 18 (7.9) 39 (29.6) 2 (1.5) 106 (34.4) 9 (2.9)

Dermatitis, 
rash 

101 (23.6) 11 (2.6) 220 (46.6) 25 (5.3) 36 (15.8) 2 (0.9) 18 (13.6) 2 (1.5) – –

Stomach pain  109 (25.5) 14 (3.3) – – – – – – – –

Alopecia – – – – – – 24 (18.2) 2 (1.5) 185 (60.1) –

Hypertension – – – – 27 (11.8) 9 (3.9) 49 (37.1) 23 (17.4) 66 (21.4) 22 (7.1)

Stomatitis  – – – – 36 (15.8) 1 (0.4) 38 (28.8) 2 (1.5) – –

Skin 
discoloration 

– – – – 62 (27.2) 0 (0.0) – – – –

Constipation – – 87 (18.4) 7 (1.5) – – – – 91 (29.5) 1 (0.3)

Lack of 
appetite 

– – – – 46 (20.2) 0 (0.0) – – 73 (23.7) 3 (1.0)

Vomiting 78 (18.22) 8 (1.9) 180 (38.1) 13 (2.8) 39 (17.1) 1 (0.4) – – – –

Anemia – – 461 (97.7) 79 (16.7) 133 (58.3) 9 (3.9) – – – –

Fever – – 81 (17.2) 6 (1.3) – – – – – –

In both studies, in case of disease progression, pa-
tients had the option of increasing the dose of ripretinib 
to 300 mg daily [59, 60].

In a retrospective study conducted in Great Britain 
on a group of 45 patients, after 21.5 months of obser-
vation, ripretinib at a dose of 150 mg/day achieved 
mPFS of 7.4 months (95% CI 5.6–10.0) [61]. In the case  
of 23 patients with disease progression after receiv-
ing the 300 mg dose, mPFS was further 5.9 months  
(95% CI 3.5–9.2) [61]. Overall, PFS and OS were 
12.2 (95% CI 7.9–17.6) and 14.0 (95% CI 9.9–NA) 
months, respectively. There was no relationship be-
tween the number of previous lines of treatment and 
survival after ripretinib initiation. Primary mutation in 
KIT exon 11 was associated with a better prognosis [61].

Ripretinib in clinical practice guidelines

According to the latest Polish [Polish Society 
of Clinical Oncology (PTOK)] and international 
[European Society for Medical Oncology (ESMO), 
European Reference Network on Rare Adult Cancers 
(EURACAN), European Reference Network on 
GENetic TUmour RIsk Syndromes (GENTURIS), 
National Comprehensive Cancer Network (NCCN) 
2022] guidelines, the standard in the treatment of ad-
vanced, inoperable, or metastatic GIST is the inclusion 
of KIT inhibitors. In the case of imatinib-sensitive GISTs, 
it is the first line of treatment at a dose of 400 mg/day. If 
KIT exon 9 mutation is present, an increased dose of ima-
tinib of 800 mg/day can be considered, according to the 
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Figure 2. Treatment algorithm in advanced or metastatic gastrointestinal stromal tumors (GISTs) [5, 11]

scheme presented in Figure 2 [5, 11]. In patients with the  
PDGFRA D842V mutation, neoadjuvant treatment with 
avapritinib achieves a favorable result [5]. In the case of 
further progression of inoperable lesions, the remaining 
KIT inhibitors: sunitinib, regorafenib, and ripretinib, 
are recommended in the appropriate order, according 
to the scheme presented in Figure 2 [5].

According to the latest Polish and international 
guidelines (ESMO 2022 and NCCN 2022), ripretinib 
is the preferred option for fourth-line treatment in 
patients with inoperable, progressive, or metastatic 
GIST after treatment with imatinib, sunitinib, and re-
gorafenib at a dose of 150 mg/day [5]. The guidelines 
also include increasing the dose of ripretinib to 150 mg 
twice daily as an option for patients whose disease has 
progressed while taking the drug at a dose of 150 mg/day 
[62, 63]. Further clinical trials are needed to confirm 
the efficacy of ripretinib in the treatment of GIST with 
PDGFRA D842V mutations. In the case of progression 
of GIST with the PDGFRA D842V mutation after the 
use of avapritinib or dasatinib, the guidelines allow  

the use of ripretinib at a dose of 150 mg/day as an op-
tion that may show a positive treatment effect [35]. It is 
also possible to consider increasing the dose to 150 mg 
twice daily [62].

Practical recommendations

Ripretinib is an oral-only drug. It should be taken at 
the same time every day, with or without food [5]. The 
tablets should not be divided, crushed, or chewed [41, 
42]. The standard dose is 150 mg/day, as three 50 mg 
tablets taken together [5]. The recommended dose in 
patients with severe renal impairment has not been 
established, and clinical data on the use of ripretinib at 
creatinine clearance (CLcr) < 30 mL/min are limited 
[41]. Mild hepatic impairment is not an indication for 
dose modification. In patients with moderate or severe 
hepatic impairment, the overall effectiveness of treat-
ment should be closely monitored; the recommended 
dose in this case is not known [41].



Emilia Babula et al., Ripretinib in GIST

49

Table 4. Summary of clinical trial results with ripretinib in patients with advanced gastrointestinal stromal tumor 
(GIST) [33, 44, 51]

Phase I–II trial [44] 
(n = 142)

Phase III INVICTUS 
trial [33] 
(n = 85)

Phase III INTRIGUE trial [51]  
(n = 223)

Line of therapy 2 3 4 4 2

Mutations All patients All patients All patients KIT exon 11

Median PFS 
[months] (95% CI)

10.7 (5.5–13.8) 8.3 (5.5–11.1) 5.5 (3.6–6.2) 6.3 (4.6–8.1) 8.0 (0.82–1.33) 8.3 (0.66–1.16)

Median OS 
[months] (95% CI)

Not reached 18.2 (13.1-30.7) Not reached

ORR [%] (95% CI) 19.4 (7.5–37.5) 14.3 (4.0–32.7) 7.2 (2.7–15.1) 9.4 (4.2–17.7) 21.7 23.9 (17.6–31.2)

CI — confidence interval; ORR — objective response rate; OS — overall survival; PFS — progression-free survival 

Clinical trials have shown no clinically significant 
differences between elderly patients (> 65 years) and 
younger patients (age ≥ 18 years to ≤ 65). The drug’s 
safety profile in children has not been studied [42].

Contraindications to the use of ripretinib include 
hypersensitivity to the active substance or any of the 
excipients listed in the list of excipients, i.e., crospovi-
done (E1202), hypromellose acetate succinate, lactose 
monohydrate, magnesium stearate (E470b), microcrys-
talline cellulose (E460), silica, colloidal hydrate (E551) 
[5, 41, 42]. 

Conclusions

The identification of activating mutations in the 
KIT gene and the confirmation of the effectiveness of  
imatinib, which was initially used in the treatment  
of chronic myeloid leukemias, was a breakthrough in 
the treatment of GISTs. However, longer-term fol-
low-up showed the presence of primary or secondary 
resistance to imatinib treatment and, thus, the need 
for new therapeutic options. In the following years, 
sunitinib, sorafenib, and regorafenib were added to the 
standard set of drugs for GIST patients, and the latest 
molecule that is used in this indication is ripretinib. 
The studies conducted so far indicate the activity of 
this drug in a particular group of patients, and it al-
lows them to achieve median PFS of over 6 months 
in the 4th line of treatment and over 8 months in the 
second line of treatment (Tab. 4 [33, 44, 51]). The 
higher efficacy of ripretinib compared to sunitinib 
in the second line of treatment has not been demon-
strated; therefore, according to the national and inter-
national guidelines, it can be used only in the fourth 
line after prior treatment with imatinib, sunitinib, 
and regorafenib. Treatment tolerance is satisfactory  

and allows for maintaining a good quality of life. 
Further studies and analyses are underway to iden-
tify the subgroups of patients in whom the drug is 
most effective.
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Tracheal cancers

ABSTRACT
Primary tracheal tumors are very rare and the literature on this subject is limited. Due to their rarity and diversity, 

the provision of patient care in terms of optimal management poses a considerable challenge. There are no un-

equivocal guidelines concerning the treatment in patients with local or distant disease. The most common types of 

primary tracheal tumors are squamous cell carcinoma and adenoid cystic carcinoma. Squamous cell carcinoma 

of the trachea is 2–4 times more common in men than in women and develops primarily in the sixth and seventh 

decades of life. It is strongly associated with tobacco smoking. Adenoid cystic carcinoma of the trachea occurs 

with similar frequency in men and women, and is most common in the fourth and fifth decades of life. The etiol-

ogy of this type is unknown, however it is not associated with tobacco smoking. Adenoid cystic carcinoma is 

characterized by submucosal and perineural spread. Treatment of patients with primary tracheal tumors requires 

a multidisciplinary approach. Optimal treatment of localized tumors is based on surgery or radiotherapy. If distant 

metastases are present the therapeutic palliative methods are: chemotherapy, palliative radiotherapy or palliative 

surgery. The prognosis of patients with primary tracheal tumors is determined by several factors. Histological 

diagnosis of adenoid cystic carcinoma, good performance status, and complete resection have been identified 

as favorable prognostic factors. Despite intensive treatment, the 5-year survival rate for primary tracheal tumors 

is not satisfactory.

Keywords: tracheal tumors, tracheal cancers, adenoid cystic carcinoma of the trachea, squamous cell carcinoma 

of the trachea, treatment
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2004, SCC was the dominant histological type (44.8%), 
followed by ACC (16.3%), unspecified or undifferenti-
ated carcinoma (12.8%), small cell carcinoma (9.7%), 
adenocarcinoma (5.9%), large cell carcinoma (3.8%), 
and sarcoma (3.8%) [3].

Squamous cell carcinoma

Macroscopically, SCC typically appears as multiple 
and often ulcerating lesions growing into the lumen of 
the trachea. These lesions vary in the degree of cellular 
differentiation and may or may not exhibit keratinization 
[4]. Histologically, SCC of the lung and trachea are iden-
tical [5]. The tumor can affect any part of the trachea, 
and in one-third of patients at the time of diagnosis, 

Epidemiology

Primary tracheal tumors are rare. They account 
for 0.2% of all respiratory tract cancers and 0.02% 
to 0.04% of all malignant tumors [1]. The annual 
incidence is approximately 0.1 cases per 100,000 in-
dividuals. About 90% of primary tracheal tumors in 
adults are malignant. In comparison, malignant tumors 
account for 10–30% of cases in children [1]. Squamous 
cell carcinoma (SCC) and adenoid cystic carcinoma 
(ACC) both represent over two-thirds of primary tra-
cheal tumors in adults [2]. In a large epidemiological 
study on primary tracheal tumors using data from 
the SEER (Surveillance, Epidemiology, and End 
Results) database, among 578 cases from 1973 to 
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there are metastatic lesions in the mediastinum or lungs 
[2]. It occurs 2 to 4 times more frequently in men than 
in women, primarily in the 6th and 7th decades of life  
[2, 5–7]. The etiopathogenesis is closely linked to to-
bacco smoking [5, 6]. In 30–40% of cases, SCC coexists 
with a metachronous or synchronous second primary 
tobacco-related tumor in the oral part of the throat, 
larynx, or lungs [2, 5].

Adenoid cystic carcinoma

Adenoid cystic carcinoma of the trachea is most 
commonly observed in the 4th and 5th decades of life 
[5–7]. It occurs 2 to 4 times more frequently in men 
than in women, primarily in the 6th and 7th decades of life  
[2, 5–7]. The etiology of the tumor is unknown, and unlike 
SCC, it is not associated with tobacco smoking [5, 6, 8].

This tumor originates from small salivary and se-
rous glands present in the submucosal membrane of 
the trachea, and the morphological picture of ACC 
corresponds to primary salivary gland tumors [9]. 
Macroscopically, ACC often grows as an exophytic 
tumor, leading to the narrowing of the tracheal lumen 
[2]. The morphological picture is characteristic, with 
two types of cells: ductal cells with scant cytoplasm 
and hyperchromatic angular nuclei that stain positive 
for cytokeratin (CK7) and flattened myoepithelial 
cells that stain positive for myoepithelial markers (p63, 
SMA, calponin). The biphasic appearance highlighted 
by immunohistochemistry is crucial for differential 
diagnosis. Cells form cribriform, tubular, and solid 
patterns [10]. The percentage of solid areas determines 
the degree of histological differentiation. In cases of 
uncertainty, immunohistochemical staining with MYB 
antibody can be performed — a positive result indicates 
the MYB gene translocation characteristic of ACC, 
which can be confirmed by fluorescence in situ hybrid-
ization (FISH) [11, 12]. Submucosal and perineural 
spread characterize ACC [13]. At the time of diagnosis, 
regional lymph node metastases or distant metastases 
are present in only about 10% of patients [2]. Although 
the growth rate of ACC is often slow, in some cases, it 
may present a more aggressive course with a tendency 
for local invasion and metastasis. Furthermore, even 
after a very long disease-free period, local or systemic 
recurrences can occur [2, 5].

Other histological types

Primary tracheal tumors other than ACC and SCC 
are rare and histologically diverse. They are not easily 
classified and are usually reported together with ACC 
and SCC [3, 5, 14, 15]. In one of a few studies focusing on 
other histological types of tracheal tumors, 33 different 
histological diagnoses were made among 90 patients [16]. 

Diagnoses were divided into 5 groups, including benign 
tumors, carcinoids, other salivary gland-type tumors (in-
cluding mucoepidermoid carcinoma; MEC), sarcomas, 
and non-squamous cell carcinomas. Malignant tracheal 
tumors were diagnosed in 62% of patients. The diagnoses 
involved 54 men and 36 women with an average age of 
43 years (range 4–81 years). In another study, 23 dif-
ferent histological types of malignant tracheal tumors 
were presented with an analysis of the age at which peak 
incidence occurs among selected types [7]. In yet another 
study, among other malignant tracheal tumors, carci-
noids, lymphomas, melanomas, MEC, non-squamous 
cell carcinomas, and sarcomas were distinguished [5].

Clinical presentation

Clinical symptoms of tracheal tumors can result 
from airway obstruction (shortness of breath, wheez-
ing, stridor), irritation and ulceration of the mucous 
membrane (cough, hemoptysis), or direct invasion of 
neighboring structures (nerve paralysis, dysphagia). The 
disease is often diagnosed late due to the large func-
tional reserves of the tracheal lumen. Initial symptoms 
only appear when the tracheal lumen is narrowed by 
50–75%. Exertional dyspnea occurs when the tracheal 
lumen narrows to 8 mm (resting dyspnea at 5 mm) 
[2, 5]. The presented symptoms are nonspecific and can 
lead to a misdiagnosis of asthma, chronic obstructive 
pulmonary disease, or bronchitis. The most common 
symptom of tracheal SCC is hemoptysis. The occur-
rence of hemoptysis usually leads to early diagnosis of 
the tumor. However, hemoptysis is present in fewer 
than 25% of patients at early stage of the disease. The 
absence of symptoms often leads to a delay in diagnosis, 
sometimes by several months [2]. The development of 
hoarseness and dyspnea typically indicates advanced 
disease. Wheezing and stridor are the most common 
symptoms in the case of ACC. 

Diagnosis

Conventional chest X-ray only detects abnormali-
ties in 18–28% of patients, and it is not recommended 
for the diagnosis of tracheal tumors [9]. The standard 
imaging method for evaluating tracheal tumors and as-
sessing their extent, including the involvement of adja-
cent and distant structures, is computed tomography 
(CT). Magnetic resonance imaging (MRI) may have 
an advantage in the case of ACC [2]. Most SCCs show 
high fluorodeoxyglucose uptake in positron emission 
tomography-computed tomography (PET-CT), but 
ACC exhibits variable uptake depending on the degree 
of differentiation [17].
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Diagnosis is based primarily on bronchoscopic 
examination, which allows for precise localization of 
the lesion, assessment of the extent of the disease, 
and the collection of tissue samples for pathological 
examination [18].

Staging

Tracheal tumors, due to their rarity, are not in-
cluded in the TNM classification system for malignant 
tumors. There are only proposals for classification, 
which have not been prospectively confirmed, describing 
the anatomical extent of the disease [2, 6, 14, 19–21]. 
Assessing the anatomical extent of the lesions can help 
decide on the choice and feasibility of a particular treat-
ment method and may have prognostic value. In a study 
published in 2022, a collection of publications proposing 
a method for determining the stage of primary tracheal 
cancer was presented, and attempts were made to ex-
amine the prognostic significance of TNM in patients 
with primary tracheal tumors [22].

Treatment 

Radical surgical treatment

Radical surgical treatment, if the extent of the dis-
ease allows, is the treatment of choice. The type of 
surgery depends on the location and size of the primary 
tumor as well as the involvement of adjacent struc-
tures [2]. Tracheal tumors are considered resectable 
if the affected tracheal segment can be safely removed 
and reconstructed with a primary anastomosis. This 
depends not only on the extent of the disease but also 
on the patient’s age, body mass, neck mobility, and co-
morbidities [5]. Older patients with limited neck mobility 
may not be candidates for resections longer than 2–4 cm, 
while in younger and taller individuals, over 6 cm of 
the trachea can be removed [5, 23]. This assessment also 
depends on the operator’s experience. Nowadays, pre-
cise preoperative planning and improved reconstruction 
techniques allow for the safe removal of even more than 
50% of the tracheal length in selected cases [6]. Routine 
extensive lymphadenectomy is not recommended due to 
the risk of compromising blood flow to the remaining 
part of the trachea and hindered anastomotic healing 
[2, 5, 23]. Removal of clearly enlarged and altered lymph 
nodes is only recommended [24]. 

Tracheal SCC resection aims to achieve microscopi-
cally radical excision (R0) while preserving good postop-
erative function. This is achieved in approximately two-
thirds of surgeries in large centers [25]. Intraoperative 
histological analysis using frozen section evaluation 

helps determine margin status and potentially increases 
the scope of the operation unless safe reconstruction 
limits have been reached, and additional resection is 
ruled out [5]. Non-radical resection is more common in 
ACC due to its characteristic growth pattern. This tumor 
spreads submucosally and along the course of nerve 
trunks beyond the visible tumor boundaries. Positive 
surgical margins are found in 40–50% of patients un-
dergoing resection for ACC [25]. Most patients, after 
non-radical resections, receive adjuvant radiotherapy 
[5, 25].

Palliative surgical treatment

Palliative surgical treatment aims to restore the  
lumen of the narrowed part of the airways when radical 
treatment is not possible or serves as a bridge to radical tre- 
atment in patients with severe symptoms caused by 
airway obstruction. Restoration of the airway can be 
achieved through various endoscopic techniques, includ-
ing mechanical endoscopic dilation, laser vaporization, 
electrocoagulation, cryotherapy, photodynamic therapy, 
or argon coagulation [2, 26]. In most cases, these meth-
ods provide improvement but often require repeated 
procedures and do not guarantee a permanent effect. 
In non-operative cases, airway patency improvement 
can be achieved using stents. Satisfactory palliative 
results can be achieved in 80–90% of properly selected 
patients [2]. However, literature reports indicate that 
despite efforts to improve the material used to create 
a functional scaffold, the limitation of the method is 
granulation within the tracheal lumen caused by the for-
eign body, which can lead to an increase in the length 
of the constriction. Other drawbacks include stent 
migration and the esophageal and vascular fistulas [5]. 
Self-expandable metal stents can be used in patients 
with an expected survival of 3–6 months [5]. They are 
not suitable for non-operative patients diagnosed with 
ACC. In these patients, long-term survival is observed 
despite advanced disease. Some authors prefer silicone 
stents in such cases. However, both techniques should 
be reserved for patients for whom future surgery is not 
planned [26].

Postoperative radiotherapy

The discussion regarding the use of adjuvant radio-
therapy (RT) remains inconclusive. Postoperative RT is 
often used despite limited evidence of its effectiveness in 
all patients [7]. Treatment begins when the surgical anas-
tomosis is fully healed. The effect of tracheal wall tension 
may persist for some time, and treatment typically starts 
around 2 months after surgery or later in cases where 
there are significant concerns about the risk of anasto-
motic leakage [5]. The standard total dose in adjuvant 
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treatment is 54–60 Gy in conventional fractionation (2 Gy 
per fraction) [2, 5]. In cases with larger residual tumor 
masses, the dose may be increased to 68–70 Gy (2 Gy 
per fraction) [2]. Postoperative RT planning should be 
based on the preoperative CT scan [27]. Patients who 
have undergone limited resection due to the length of 
the involved trachea and reconstructive possibilities are 
eligible for treatment [5]. In most studies, adjuvant RT is 
also recommended for microscopically incomplete resec-
tions although this is not based on prospective random-
ized studies. Fifty-nine percent of ACC patients treated 
at the Massachusetts General Hospital had “positive” 
surgical margins, compared to 18% of SCC patients [5]. 
Other factors considered in adjuvant RT include local 
tumor advancement, invasion beyond the lymph node 
capsule, and perineural or vascular invasion. In a retro-
spective “matched-pair” analysis conducted by Xie et al. 
[28] based on the SEER database, an attempt was made 
to determine the impact of RT on improving outcomes in 
patients with malignant primary tracheal tumors. Patients 
who received RT were matched to patients with similar de-
mographic characteristics, tumor histology, disease extent, 
and surgical resection. RT improved survival, especially 
in patients diagnosed with SCC (p < 0.0001) and regional 
disease (p = 0.030). In a study by Wen et al. [21] based on 
data from 405 patients from the SEER database, nomo-
grams predicting overall survival (OS) were created. Using 
the propensity score matching method, the authors found 
a favorable effect of adjuvant RT only in cases of SCC. 
It should be noted that the nomograms did not include 
surgical margin status. In their discussion, the authors 
pointed out the lack of this information in the SEER 
database. On the other hand, a retrospective analysis of 
patients treated at the MD Anderson Cancer Center did 
not show a statistically significant OS improvement after 
adjuvant RT [6].

In the case of tracheal ACC, therapeutic decisions 
are complicated by additional factors. This tumor ex-
hibits low radiation sensitivity, but its specific growth 
pattern often results in “positive” margins. Additionally, 
late local recurrences of ACC are observed even after 
radical resections [29]. Available literature data are 
inconclusive — some centers recommend postoperative 
RT for all patients, while others use radiation therapy 
in cases with “positive” surgical margins or do not 
recommend adjuvant RT due to its lack of impact on 
overall survival [29].

The decision about postoperative RT should be 
made individually in each case. 

Radical radiotherapy

The standard of care for patients with tracheal tumors 
should involve radical resection, which is applied to fewer 
than 25% of patients eligible for radical treatment [30]. 
For the remaining patients, radical radiotherapy is 

considered an alternative therapeutic option [31]. 
Indications for RT include locoregional disease, where 
radical surgical treatment is not feasible [25]. Radical 
RT is also used in patients who do not qualify for re-
section due to non-oncologic reasons or do not consent 
to surgery. Patients in good overall condition after 
a thorough assessment of the tumor extent are eligible 
for radiation therapy. The required dose to achieve 
local control is 70 Gy (35 fractions over 7 weeks) [5, 25].  
RT should be planned using conformal techniques, 
preferably with intensity-modulated radiation therapy 
(IMRT) [27]. However, there are limited data on mod-
ern RT methods using precise radiation techniques, 
such as image-guided radiation therapy (IGRT) 
and IMRT, as well as proton therapy or carbon ion 
(C12) radiation [25, 32].

Intraluminal brachytherapy (8–15 Gy) has shown 
an impact on improving local tumor control when com-
bined with external beam RT (60–68 Gy) in the radical 
intraluminal treatment [2]. Further research is needed 
to determine the maximum and optimal intraluminal 
brachytherapy dose as a method to increase the total 
dose in combination with external beam RT [2].

Palliative radiotherapy

Palliative radiation therapy is used to relieve symp-
toms caused by local tumor growth in patients who are 
not eligible for radical treatment. The most common in-
dications include hemoptysis, pain, dyspnea, and cough. 
A good palliative effect can be achieved in 75% of treat-
ed patients. In the group treated with palliative intent 
at the Bydgoszcz Oncology Center, an improvement in 
presented symptoms was observed, which correlated 
with an objective response in the irradiated tumor area. 
The average response time was 12.5 months [33].

Radiochemotherapy

The combined radiochemotherapy (RCTH) approach 
is an established method for the radical treatment of 
many locally advanced cancers. The biological basis for 
combining both methods lies in increasing the effective-
ness of local and regional cures while reducing the risk of 
distant metastases. Radiochemotherapy is also used as 
part of organ-sparing procedures (as an alternative to very 
extensive surgical procedures). Concurrent RCTH with 
cisplatin is the treatment of choice for patients with locally 
advanced head and neck cancers. Concurrent and sequen-
tial RCTH has been shown to be superior to standalone 
RT in the treatment of locally advanced lung cancers 
and is the standard of care in such cases. Data regarding 
the combination of chemotherapy (CTH) and RT for 
tracheal tumors are very limited. There are only individual 
case reports and retrospective studies involving very small 
groups of patients. Published studies have used RCTH 
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in both concurrent and sequential forms. Most studies 
focus on concurrent treatment, which includes CTH 
using carboplatin (AUC 2) and paclitaxel (50 mg/m2) 
administered weekly, combined with conventional 
fractionated conformal RT to a total dose of 60–66 Gy 
[31, 34–36]. Other centers prefer cisplatin (80 mg/m2 on 
days 1 and 28) with vinorelbine (12.5 mg/m2 on days 1, 
8, and 15) with concurrent RT with a dose of 60 Gy, fol-
lowed by an additional 2 cycles of CTH [25]. Sequential 
treatment CTH regimens include carboplatin (AUC 
5) and paclitaxel (175 mg/m2) given every 21 days or 
the PELF regimen consisting of cisplatin, etoposide, 
leucovorin, and fluorouracil. In the PELF regimen, 
2 cycles of induction CTH are administered, followed 
by 2 additional cycles with RT at a dose of 60 Gy in 
30 fractions [31, 37]. Toxicity most commonly involves 
acute esophageal reactions.

Systemic treatment

The clinical course of ACC is characterized by 
relatively slow growth, and regional lymph node metas-
tases are rare. In the early years of observation, local 
treatment is highly effective (with 5-year disease-free 
survival rates ranging from 50% to 75%). However, 
in subsequent years of observation, there is an in-
creased number of patients with local recurrences or 
distant metastases. Approximately 10–15% of patients 
remain disease-free after 15 years of follow-up [38]. 
Distant metastases most commonly occur in the lungs 
[10, 39]. Patients with lung metastases tend to have 
a better prognosis than those with metastases in other 
organs [38]. Lung metastases typically grow expan-
sively and often remain asymptomatic for many years 
[40]. Among a large group of patients (62) treated at 
the Mayo Clinic between 1972 and 2002, distant me-
tastases were observed in 40.5% of cases [10]. Fifteen 
patients with ACC had distant metastases primarily to 
the lungs, brain, chest wall, and liver [10]. Advanced 
disease at diagnosis is described very rarely. In another 
study, non-operable patients accounted for 23% (8), 
with only 3 having stage IV disease at the outset [41]. 
In two other studies, patients at clinical stage IV at 
the time of diagnosis accounted for 8.3% (1) and 10% 
(3), respectively [11, 40]. Adenoid cystic carcinoma 
has limited chemosensitivity. There are limited data in 
the literature regarding systemic treatment for tumors 
located in the trachea. In the study mentioned above, 
attempts were made to use CTH in patients with stage 
IV disease [41]. The first patient received a regimen of 
gemcitabine and cisplatin, but the disease progressed 
due to the enlargement of the primary lesion and me-
diastinal lymph nodes after two cycles of treatment. 
The second patient received vinorelbine and cisplatin, 
which reduced symptoms and stabilized the disease on 
imaging studies. In patients who experienced disease 

progression during the observation period, only one 
showed a response to treatment with paclitaxel and cis-
platin [41]. Another study described the effectiveness 
of combining carboplatin and paclitaxel, as well as one 
case of the effectiveness of uracil-tegafur and cisplatin in 
combination with RT [29, 34]. In two of the largest studies 
that evaluated systemic treatment in patients with ACC 
of the head and neck region, the limited role of CTH was 
confirmed, with a low frequency and short duration of 
responses. In patients with unresectable recurrences or 
ACC metastases, CTH may only be considered in the case 
of rapid progression; in patients with clinical symptoms, 
it can be considered after ruling out the possibility of us-
ing local treatment methods (palliative RT, resection of 
a single metastatic lesion). Monotherapy is preferred for 
its lower toxicity in the event of a decision to administer 
chemotherapy. Drugs that have shown objective respons-
es include mitoxantrone, vinorelbine, and epirubicin 
[38, 42]. For head and neck ACC, research is ongoing 
into the use of systemic and targeted therapies [43–47]. 
New molecularly targeted drugs are being evaluated. In 
one study, whole-genome sequencing was used to better 
understand the genetic changes underlying metastatic 
ACC and identify potential therapeutic targets [43]. The 
analysis was based on material from five patients with 
ACC (including 2 cases of ACC originating in the tra-
chea). The analysis revealed a small number of muta-
tions, consistent with findings from other studies. Each 
patient had potential therapeutic targets identified. 
Based on the results, three patients received dedicated 
molecularly targeted treatment in phase I and II clinical 
trials. Two of them achieved disease stabilization. The 
identification of molecular targets in ACC may lead to 
potentially effective systemic treatment.

There are no established systemic treatment regi-
mens for advanced SCC of the trachea. Only individual 
case reports, mainly concerning combination therapy, 
are available. In daily practice, regimens adapted from 
the treatment of squamous cell carcinomas of the head 
and neck, and lung are most commonly used. The 
most frequently cited combinations in the literature 
include platinum-based chemotherapy with paclitaxel 
or vinorelbine [25, 31, 35]. In one available case report, 
RT was combined with systemic treatment consisting 
of fluorouracil, leucovorin, oxaliplatin, and cetuximab, 
achieving complete regression [48]. 

Immune checkpoint blockade has become a thera-
peutic option for many patients with cancer. Immune 
checkpoint inhibitors have demonstrated effectiveness 
in some cancer types. The greater efficacy of immuno-
therapy refers to tobacco-related cancers, which may 
be related to the high number of somatic mutations 
observed in cancer cells, potentially carrying a high 
mutational load [49]. Tracheal SCC appears to be closely 
associated with tobacco smoking, in contrast to ACC. 
In one study, a retrospective review of medical records of 
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23 patients with primary tracheal tumors was conducted. 
Available paraffin blocks were immunohistochemically 
assessed to determine the expression of programmed 
death-ligand 1 (PD-L1). Among the cases identified 
were 14 (61%) ACC cases and 4 (17%) SCC cases.  
PD-L1 expression was observed in 3 (75%) SCC  
cases, while it was not observed in ACC cases. PD-L1 ex-
pression was significantly higher in SCC tumors than in 
salivary-type tumors (p = 0.001) [50]. Two case reports 
regarded immunotherapy for tracheal SCC. In the first 
case, recurrent tracheal SCC with PD-L1 expression 
of 95% was treated with pembrolizumab (200 mg 
every 3 weeks) for 11 months. Complete remission 
was achieved in the third month of treatment, with no 
treatment-related toxicities observed [51]. Another 
case involved treatment with nivolumab (3 mg/kg every 
2 weeks). A follow-up bronchoscopy after 7 months of 
treatment showed complete regression. The patient 
experienced a significant improvement in overall con-
dition, reduced dyspnea, and resolution of dysphagia. 
The patient reported only mild fatigue throughout 
the treatment period.

Summary

Primary tracheal tumors constitute a rare and rela-
tively poorly understood group of cancers. Due to their 
rarity, diverse morphology, and clinical presentation, 
it is challenging to accurately predict the course of 
the disease. Current literature mainly consists of ret-
rospective analyses and case series. However, in recent 
years, several larger studies and reviews have expanded 
our knowledge in this area. Over the past decade, there 
have been six original studies based on large population 
databases [3, 21, 24, 28, 52, 53] and ten studies that 
mostly obtained data from single institutions. These 
studies predominantly focused on the diagnosis of ACC 
in the Asian population and included patient groups 
ranging from 10 to 88 [11, 15, 32, 39–41, 54–57]. In 
2019, the first systematic review was published, involving 
342 articles and 733 patients with tracheal tumors [7]. In 
addition to case reports, five Polish original studies from 
2022, 2016, 2010, 1998, and 1990 included patient groups 
of 89, 58, 50, 23, and 15, respectively [15, 20, 22, 33, 58]. 

Evaluating and comparing these results is chal-
lenging due to the rarity and diversity of tracheal 
tumors. Furthermore, there is a lack of clear criteria 
for classifying tumors as originating primarily in the tra-
chea, especially in the case of SCC (primary or second-
ary to previously diagnosed head and neck or lung 
cancer). Adenoid cystic carcinoma is predominantly 
located in the trachea, likely due to the distribution of  
glandular cells in the bronchial tree (the presence 
of glandular cells decreases in the bronchial tree as 

the bronchi branch). The incidence of ACC arising in 
peripheral lung is very low [29]. Squamous cell carci-
noma and other histological types are more challenging 
to diagnose, and careful comparison of radiological 
documentation with pathological reports is necessary 
to differentiate between metastatic and primary tra-
cheal involvement. Additionally, some patients may 
present with 2 or 3 tobacco-related tumors. Clear 
treatment guidelines for primary tracheal tumors are 
still lacking. Prognosis for these tumors may depend 
on several factors. Positive prognostic factors include 
a histological diagnosis of ACC [3, 6, 14–16, 19–21, 33, 
59–63], good overall patient condition [15, 20, 64–66], 
and radical surgical treatment [6, 7, 10, 14, 20, 40, 59, 
62, 67]. Authors have also highlighted the significance 
of tumor stage and sex [22, 68]. 

Despite aggressive treatment approaches, reported 
5-year survival rates are disappointing. Squamous cell 
carcinoma of the trachea, in particular, exhibits a very 
poor prognosis, with average survival rates of around 
6 months and 5-year survival rates of approximately 
10% [3, 14–16, 20, 62, 63]. However, some studies 
reported 5-year survival rates as high as 39% and 47% 
[59, 60]. In contrast, ACC generally has a much better 
prognosis, with 5-year survival rates ranging from 40.2% 
to 89.4% and 10-year rates between 29% and 62.3% 
[3, 15, 19–21, 59–61]. A meta-analysis confirmed sig-
nificantly better survival for ACC compared to SCC 
(165 months vs. 14 months, respectively; p < 0.001) 
[7]. Despite ongoing improvements in RT and surgical 
techniques, there has been no significant breakthrough 
in improving the survival of patients with primary 
tracheal tumors. Given the rarity and complexity of 
this disease, patients should be treated in highly spe-
cialized centers experienced in managing these rare 
tumors. Collaboration within multidisciplinary teams, 
including surgical oncologists, clinical oncologists, radia-
tion therapists, pathologists, and radiologists, is crucial. 
Additionally, efforts should be made to include patients 
with primary tracheal tumors in multicenter clinical tri-
als, as their results may form the basis for developing 
standardized care protocols.
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Pulmonary tuberculosis as a differential 
diagnosis of a pulmonary nodule:  
the great masquerader

ABSTRACT
Tuberculosis is known as one of “the great masqueraders” due to unusual and nonspecific symptoms it presents, 

which causes a challenge in diagnosis. There are rare radiological pulmonary patterns described in some case 

reports such as lung mass and bilateral pulmonary nodules similar to primary lung cancer or pulmonary metastases.

We present a case of a 42-year-old man who was admitted to the emergency room due to pain and increased 

testicular volume. His chest tomography revealed a right lung mass and bilateral pulmonary nodules with a dif-

fuse distribution. Therefore, based on clinical and radiological results, we suspected malignancy. His testicular 

fluid drainage resulted in a positive Ziehl Neelsen staining. The patient received anti-tuberculosis treatment for  

1 month showing clinical and tomographic improvement.

Pulmonary tuberculosis can present unusual radiological patterns. Therefore, we suggest that it should be 

considered in the differential diagnosis of patients with clinical and radiological characteristics of metastatic or 

primary lung disease. Diagnosis should be aided by invasive interventions.

Keywords: lung mass, male genital tuberculosis, mimics, pulmonary nodule, pulmonary tuberculosis 
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Introduction

Tuberculosis (TB) is a public health problem. The 
World Health Organization (WHO) reported that in 
2018 around 10 million people became ill with TB and 
1.2 million died, making TB the main cause of death by 
infection in the world [1]. In Peru, 42 940 TB cases were 
reported in 2019, which ranked TB eleventh among the 
causes of death in the general population [2]. Pulmonary 
TB (PTB) represents 70% of TB cases, from where it 
can spread to any other organ, with extrapulmonary 
form reported in 18% of cases. Genital TB is rare, 
and testicular TB is even rarer, comprising only 3% of 
genital TB [3, 4].

Pulmonary presentations of TB can be easily diag-
nosed, but sometimes they have unusual presentations. 
PTB is known as “a great masquerader” that causes dif-

ficulties in diagnosis. The radiological manifestations 
of PTB are well-known and documented; however, 
it can have atypical radiological patterns that can be 
confused with lung malignancies in 3.5% to 4.5% of 
cases [5].

We present a case of a patient with clinical and 
radiological evidence suggesting metastatic lung cancer 
and with the final diagnosis of pulmonary and testicular 
tuberculosis.

Case report

A 42-year-old male patient, with no pathological his-
tory of interest, was admitted to the Emergency Room 
of the “Dos de Mayo” National Hospital for worsening 
testicular pain, increased volume in the right testicle, 

https://orcid.org/0000-0002-3233-9426
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and weight loss. He was previously treated in a primary 
care center where levofloxacin was administered without 
achieving improvement. 

The vital functions on admission were a heart rate 
of 78 beats per minute, respiratory rate of 20 breaths 
per minute, oxygen saturation of 92% (FiO2 21%), and 
temperature of 37°C. The clinical examination found 
abolished vesicular murmur in the lower third of the 
right hemithorax, and, there was a  palpable hard mass 
in the right testicle without signs of inflammation. The 
rest of the evaluation was normal. 

Blood parameters showed normal white blood cell  
count (7080 cells/cm3), mild anemia (hemoglobin of  
9.50 mg/dL), normal serum creatinine levels (0.90 mg/dL),  
D-dimer of 11.28 mg/dL, lactate dehydrogenase (LDH)  
of 270 U/L, Alpha-fetoprotein level was 2.31 IU/mL 
and beta HCG was less than 2.30 mIU/mL. He tested 
negative for SARS-CoV-2, human immunodeficiency 
virus (HIV), and other tumor markers. Ultrasonog-
raphy revealed the presence of a solid heterogeneous 
tumor measuring approximately 42 × 35 × 35 mm 
and signs of infiltration of the regional peritesticular 

layers, extending to the subcutaneous plane of the 
scrotum. A Doppler study showed little internal flow. 
Other findings included small cysts measuring less 
than 5 mm in both epididymis.

Chest computed tomography showed a defined mass 
with heterogeneous density, pleural effusion, multiple 
nodules in the right lung, a slight left pleural effusion, 
and nodules in the left lung as well (Fig. 1). During 
hospitalization, diagnostic thoracentesis was performed 
that evidenced a predominantly mononuclear exudate, 
LDH of 320 U/L, adenosine deaminase (ADA) value 
was 59.47 U/L, and cell block preparation and Pap smear 
were both negative for neoplasia.

Additionally, testicular fluid drainage was performed, 
obtaining a positive Ziehl Neelsen staining (pauci-
bacillary tuberculosis), for which an anti-tuberculosis 
treatment regime with first-line drugs was started with 
isoniazid (H) 300 mg/d, rifampicin (R) 600 mg/d, etham-
butol (E) 1200 mg/d, and pyrazinamide (Z) 1500 mg/d.  
Afterward, the patient was discharged. After one month 
of treatment, he was reevaluated and showed clinical 
and tomographic improvement (Fig. 2).

A B

Figure  2A–B. Chest computed tomography performed after one month of treatment. Pictures A and B showing sections 
equivalent to Figure 1, where improvement of the lesions is observed

Figure 1. A. Chest computed tomography showing multiple bilateral diffuse pulmonary nodules; B. Lung mass with irregular 
borders in S6 and adjacent pleural effusion, in addition to the presence of nodules

A B
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Discussion

The clinical presentation of pulmonary tuberculosis 
is easy to diagnose; however, its radiological presenta-
tion often simulates other diseases. In this situation, it 
is necessary to consider other diagnoses and perform 
invasive procedures to confirm a diagnosis.

The PTB symptoms are often nonspecific, or patients 
can be asymptomatic in up to 5% of cases. Moreover, 
symptoms such as cough, hemoptysis, and weight loss 
can resemble the symptoms of lung cancer [6]. 

In the presented case, the patient did not report 
any respiratory symptoms, only weight loss and in-
creased volume at the right scrotal area, which at first 
supported the diagnosis of malignancy. Isolated cases 
of testicular tuberculosis have been reported, whose 
most frequent presentation is painless scrotal edema, 
with or without discharge, and the palpation of a hard 
mass that can be often confused with testicular can-
cer. Thus, finding a hard testicular mass in patients 
over 60 years can arise testicular cancer suspicion. 
Nevertheless, in patients between 20 and 40 years of 
age, testicular tuberculosis as a differential diagnosis 
should be considered [7, 8].

The common radiological manifestations of PTB 
are well described in the literature; however, there are 
unusual patterns that can delay diagnosis and treatment. 
In areas where tuberculosis is endemic, we suggest that 
it should be considered in the differential diagnosis of 
malignancy [4]. Unusual manifestations of PTB occur 
in up to 6% of cases,  and they are characterized by the 
presence of a solitary nodule that simulates lung cancer 
[5]. This is called pseudotumoral pulmonary tuberculosis 
because a small proportion of benign lung masses may 
present spiculated margins, while about 20% of primary 
lung cancers can show well-defined margins. In some 
cases, the diagnosis was based on a therapeutic test 
showing a spectacular tomographic improvement after 
receiving anti-tuberculosis treatment [5, 9].

There is a variety of causes associated with bilateral 
pulmonary nodules, the most frequent being metastatic, 
as reported in a review in patients aged from 30 to 55 
years, where 67% of the pulmonary nodules were metas-
tases frequently secondary to testicular carcinoma [10]. 
However, another reported unusual PTB manifestation 
is the presence of multiple bilateral nodules. Despite 
suggested parameters to differentiate multiple pulmo-
nary nodules related to TB from metastatic ones, they 
are not definitive [11–13]. In those cases, pulmonary 
tuberculosis should be considered in the differential 
diagnosis of multiple pulmonary nodules, which makes 
performing invasive interventions necessary. 

Another tomographic finding described in this case 
was the presence of pleural effusion. This entity can 
be seen in 15% of patients with neoplastic diseases 

and 40% of cases of extrapulmonary TB. Malignancy 
and tuberculosis are the two main causes of exudative 
pleural effusion, representing approximately 50% of all 
exudates [14]. Both entities have similar biochemical 
profiles, and it can be difficult to distinguish between 
them. It has been mentioned that a high level of ADA in 
the pleural fluid can be useful for differential diagnosis, 
with sensitivity of 92% and specificity of 90% for tuber-
culous pleurisy. By contrast, elevated levels of LDH in 
the pleural fluid of over 722 U/L are more common for 
malignant etiology [15]. In the reported case, there were 
elevated levels of ADA concordant with TB, whereas 
LDH levels were not as high as described in the cases 
of neoplastic etiology; thus, these results supported the 
diagnosis of pleural tuberculosis.

Conclusions

Pulmonary tuberculosis is one of “the great masquer-
aders”, and it can present unusual radiological patterns. 
We suggest that it should be considered in the differen-
tial diagnosis of patients with clinical and radiological 
suspicion of metastatic or primary lung neoplasia and 
that diagnosis should be assisted by invasive procedures. 
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A rare case report on bilateral scrotal 
lipoma — the largest tumor in Vietnam

ABSTRACT 
Scrotal lipoma is benign and still, one of the rarest cancers, with very few cases previously reported in the world. 

The exact pathogenesis of lipomas remains unknown. Scrotal lipomas can be classified into three categories 

based on their origins: scrotal lipoma, spermatic cord and tunica vaginalis tumor, and primary scrotal lipoma. The 

disease may be misdiagnosed or diagnosed inaccurately. We present a case of a 46-year-old male with a giant 

bilateral scrotal lipoma presenting as scrotal swelling and discomfort, which was first diagnosed as an inguinal 

hernia. Computed tomography, ultrasound, and fine needle aspiration were performed and aroused a suspicion 

of lipoma. An operation was performed, and the tumor was completely excised and histologically confirmed as 

a lipoma. To our knowledge, this is the largest scrotal tumor reported in Vietnam, which led to not only diagnostic 

but also treatment challenges. Therefore, it is significant to report similar cases that can help clinicians diagnose 

and handle such tumors in a timely manner.
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Introduction

Lipomas are one of the most common benign mesen-
chymal tumors, and they vary in size. When the diameter 
of a lipoma is at least 10 cm, it is considered a giant 
lipoma [1]. A giant scrotal lipoma is a rare manifesta-
tion so making a correct diagnosis is challenging [2, 3].  
Radiological examination has an important role in 
preoperative diagnosis and surgical planning [4]. 
Surgical resection is the best treatment of scrotal lipoma 
and postoperative pathologic diagnosis is necessary [5, 6].  
Here, we report a rare case of a 46-year-old male patient 
with a giant lipoma in the bilateral scrotum measuring 
30 × 10 cm.

Case presentation

A 46-year-old male presented with a rapid scro-
tal enlargement over a period of 3 months. Earlier, 
the patient’s clinical presentation appeared to a bilateral 
inguinal hernia. At that time, he refused any treatment. 
However, in the following 3 months, both sides of his 
scrotum rapidly enlarged. The patient reported no 
associated symptoms. He had no history of surgery, 
scrotal trauma, tuberculosis, or other relevant diseases 
and denied any family history.

On examination, double 30 × 10 cm, slightly move-
able, solid masses were palpated in the scrotum. They 
were painless, lobulated, and had no skin changes or 
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Figure 1. Clinical aspect, ultrasound and computed tomography (CT) images of the tumor; A. Visible scrotal mass;  
B. Ultrasonography showed a slightly higher echogenic mass; C. CT scan revealed multilobulated fatty mass in the scrotum

A C

B

A B

The multilobulated fatty lipomas that squeezed the bilat-
eral testes and spermatic cord were isolated and excised 
(Fig. 2B). Excess skin was removed. Wounds were closed 
in layers with 2.0 vicryl sutures, and skin was closed with 
3.0 vicryl sutures. The patient recovered well without 
complications and was discharged from the hospital 
one week later.

The postoperative excised mass was sent for test-
ing. Macroscopic examination reported two light yel-
low defined tumors with slight fibrous capsules. The 
measurements were 33 × 12 × 4 cm and 9 × 28 × 4 cm 
and weighed 2300 g (Fig. 3A). Microscopically, the tu-
mor was composed of matured adipocytes of typically 
uniform size arranged in lobules separated by fibrous 

Figure 2. Scrotal exposure and operative picture; A. Longitudinal incision on the right hemiscrotum; B. Multilobulated fatty 
lipomas that squeezed the testis; black arrow — right testis

negative light transmission test. No testes and spermatic 
cords were palpated (Fig. 1A).

Complete blood count (CBC), human chorionic gon-
adotropin (HCG), and alpha-fetoprotein were normal. 
A scrotal ultrasound examination revealed a giant ex-
tra-testicular homogenous echotexture of fat (Fig. 1B).  
Computed tomography showed a multilobulated fatty 
mass in the scrotum suggestive of a lipoma (Fig. 1C).  
A fine needle aspiration (FNA) was performed 
and showed mature adipocytes.

The patient was counseled and subsequently un-
derwent open lipoma excision under endotracheal 
anesthesia. Longitudinal incisions on the right and left 
hemiscrotum were made to expose the tumors (Fig. 2A).  
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Figure 4. CDK4 immunohistochemistry staining. CDK4 is 
positive in the majority of lipomas

Figure 3. Pathological examination; A. Macroscopic examination; B. Matured adipocytes arranged in lobules surrounded by 
fibrous membranes (HE-stained section); C. Matured adipocytes

membranes (Fig. 3B, 3C). Based on pathologic and im-
munohistochemistry results, the tumor was diagnosed 
as a giant bilateral scrotal lipoma (Fig. 4).

Discussion

Lipomas are mesenchymal tumors that are com-
posed of fat tissue [7]. They are typically painless, mo-
bile, and palpable under the skin. They can arise in any 
part of the body, but the scrotum is still a rare location, 
especially a giant scrotal lipoma. The exact pathogen-
esis of lipoma remains unknown. Nonetheless, trauma 
and cytogenetic mutations have been hypothesized as 
causes [7–9]. Approximately, 55–75% of solitary lipomas 
have cytogenetic abnormalities involving HMGA2 gene 
rearrangements [10].

Diagnosis of scrotal lipoma can be difficult because 
of similar clinical presentations with such conditions 
as hydrocele, varicocele, or inguinoscrotal hernia [11]. 
Liposarcoma should be considered in patients with 
rapidly growing or giant tumors [12]. A giant lipoma is 
defined as a lesion that measures at least 10 cm in one 
dimension or weighs a minimum of 1000 g [1]. Early 
diagnosis and treatment can significantly improve 
the prognosis.

Histopathology is the gold standard for diagnosing 
lipoma, and consequently excised mass should be well 
examined by a pathologist. Lipomas are composed of 
adipose and are surrounded by a thin, fibrous capsule 
that is not attached to the underlying muscle fascia [7]. 
In their atypical form, they present a diagnostic chal-
lenge. Genetic testing to rule out liposarcoma after 
tumor resection should be performed. Surgical excision 
has been the mainstay treatment for scrotal lipoma. 
However, reduction surgery may be chosen in difficult 
cases or to alleviate the patient’s symptoms. Guidelines 
do not recommend prolonged follow-up given the rarity 

of the disease [13]. However, long-term follow-up is 
necessary in the case of reductive surgery or suspicion 
that a lipoma can recur.

The scrotal lipoma in our patient extended superi-
orly into the inguinal canal, inferiorly to the perineum 
and external anal sphincter muscle, so a long longitudi-
nal incision was made to expose the tumor better. The 
tumor grew rapidly (over 30 cm in 3 months), so lipo-
sarcoma was suspected. Postoperatively, a pathologic 
examination revealed a typical lipoma. The patient was 
discharged one week after the operation and followed 
up in an outpatient clinic.

Conclusions

Scrotal lipoma is uncommon, and it may look like 
an inguinal hernia. Whenever lipoma is diagnosed, 
entry excision should be performed and sent for 

A B C
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histopathological examination to rule out atypical fea-
tures or malignancy. Lipoma patients can relapse even 
after several years.
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Do solitary pancreatic metastases  
of renal-cell carcinoma indicate an 
indolent disease with a strong indication 
for aggressive local treatment? A case 
report with literature review 

ABSTRACT
 Renal-cell carcinoma (RCC) most often metastasizes to the lungs, liver, and brain. Metastases of RCC to 

the pancreas are very rare. In the last decade, only a few cases of metachronous metastasis of kidney cancer 

to the pancreas have been reported in the literature. This article presents a case report of a 75-year-old female 

patient with a 16-year history of treatment of clear-cell carcinoma of the kidney, in whom pancreatic metastases 

were detected twice. Renal-cell carcinoma may have an indolent course with late relapse or may show dissemina-

tion. It is important to establish new recommendations for long-term follow-up in patients after radical treatment.
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Introduction

Renal-cell cancer of clear-cell phenotype (RCC), 
in the majority of patients (98%), accounts for 3.8% 
and 2.3% of malignant neoplasms in males and females, 
respectively. Over the last two decades, there has been 
a 2% yearly increase in the incidence of RCC [1]. 
Before the advent of antiangiogenic targeted therapies, 
median survival of metastatic RCC (mRCC) patients 
was approximately 10 months. Due to the availability 
of new generations of antiangiogenic agents and im-
mune checkpoint inhibitors, median overall survival 
(OS) approaches 47 months [2]. According to the cur-
rent guidelines, not all RCC patients diagnosed with 
distant metastases require immediate initiation of 
systemic treatment and may undergo long-term active 

surveillance. Additionally, in the case of asymptomatic, 
oligometastatic disease, local therapeutic approaches 
(metastasectomy or stereotactic radiotherapy) represent 
the treatment of choice [3, 4]. Some authors emphasize 
that complete resection of metastases in mRCC patients 
in combination with targeted therapy is correlated with 
longer OS compared to targeted therapy alone [5].

The most common sites of RCC’s distant metastases 
(lungs, bones, liver, and brain) [6] are typical for the ma-
jority of other solid tumors. However, one of the unique 
metastatic sites of RCC is the pancreas. Pancreatic me-
tastases are rare and can be detected in approximately 
5% of mRCC patients at the time of systemic treatment 
initiation [7]. Compared to secondary deposits located 
in the liver or lungs that are amenable to local treat-
ment, pancreatic metastases represent a significant 
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clinical challenge for surgeons and radiation oncolo-
gists. Therefore, data on the clinical outcome of local 
treatment of pancreatic oligometastases in RCC patients 
is relatively scarce, with a few retrospective reports but 
without prospective studies.

Renal cancer recurrences after radical treatment 
may be late. The same is true for pancreatic metasta-
ses. Antonelli et al. reported on metachronous metas-
tases to the pancreas that occurred 8–73 months after 
radical nephrectomy [8]. It should be emphasized that 
pancreatic metastases of renal cancer are most often 
oligometastatic. Therefore, aggressive surgery seems to 
be the best option to maximize the chance of a cure. The 
time of follow-up in RCC patients after initial surgery 
of primary tumor is a subject of controversy. According 
to some researchers, follow-up for over 5 years is inef-
fective, but on the other hand, the risk of late relapse 
of RCC may justify long-term follow-up. Therefore, 
in RCC patients, the benefits of long-term follow-up 
must be carefully balanced against the financial costs, 
exposure to radiation and contrast agents, and the psy-
chological stress associated with awaiting results of 
follow-up tests. 

Case report

A 59-year-old female patient with hypertension 
and mixed hyperlipidemia underwent a right nephrec-
tomy in June 2006. The pathological report indicated 
Fuhrman II clear-cell RCC at stage T1aNxM0 [accord-
ing to the 2002 Tumor, Node, Metastasis (TNM) clas-
sification]. Seven years later (August 2013), a CT scan 
showed a suspicious pancreatic lesion. A subsequent 
PET-CT scan confirmed the presence of a potentially 
metastatic lesion (20 × 18 mm) located in a distant 
part of the pancreas. Pancreatic tail resection with 
splenectomy was performed and histopathological 
examination revealed RCC metastasis. The patient 
was left in follow-up without any additional treatment. 
After another seven years (March 2020), a follow-up 
CT revealed a new solitary lesion (22 mm) located 
within the head of the pancreas, which again raised 
suspicion of RCC metastasis. The lesion was assumed 
resectable, and in April 2020, the patient underwent 
pancreatoduodenectomy. Histopathological examina-
tion confirmed radical resection of an RCC metastatic 
lesion (PAX8+ and CaIX+) not presenting signs of 
vascular invasion or lymph node metastases. The 
patient recovered quickly but required initiation of 
insulin therapy due to iatrogenic diabetes. One year 
later (August 2021), a follow-up CT revealed a solitary, 
ambiguous 3 mm lesion in segment 3 of the right lung 
and a subsequent CT (February 2022) detected three 
additional, ambiguous, small (3 mm) lesions in segments 

3 and 9 of the right lung. All pulmonary lesions were 
considered too small for PET/CT verification. Due to 
the asymptomatic nature of the lesions, and slow dy-
namics, the patient was qualified for continuous active 
observation. Two months later (April 2022), the patient 
underwent an emergency appendectomy due to intes-
tinal obstruction. The pathological report indicated 
adenocarcinoma G2 of the appendix (CK7+; CK20+; 
CDX2+; CL19+; AMACR+ pT4a L1V1 PnI1 R1). 
Genomic analysis of tumor samples revealed no KRAS, 
NRAS, BRAF mutations, or microsatellite instable 
(MSI). Subsequent colonoscopy revealed only a hyper-
plastic polyp but no other signs of active cancer. On 
a follow-up CT scan (June 2022), lung lesions remained 
stable, and no other signs indicating dissemination 
were detected. In July 2022, the patient underwent  
a planned right hemicolectomy that revealed lymph node 
metastases of colon adenocarcinoma (3 out of 12 nodes 
involved). The patient underwent adjuvant chemo-
therapy in the form of XELOX regimen (6 months). 
Follow-up PET/CT performed after chemotherapy 
(April 2023) confirmed no evidence of dissemination. 
The patient (ECOG = 0) remains in follow-up, has re-
covered from surgery and chemotherapy sequelae, and is 
asymptomatic except for iatrogenic diabetes requiring 
insulin treatment. 

Discussion and conclusions

The course of renal-cell carcinoma is generally un-
predictable. Although 85% of recurrences occur within 
3 years after resection [9, 10], the disease may sometimes 
recur even decades after primary treatment [8, 11]. In 
the case of our patient, distant relapse in the form of 
pancreatic metastasis occurred 7 years after primary 
surgical treatment.

The late occurrence of RCC metastases is 
a well-known and favorable prognostic factor [9, 12]. 
The pancreas generally represents a rare location of neo-
plastic dissemination, but up to 5% of pancreatic tumors 
turn out to be metastatic. The majority of metastatic 
lesions within the pancreas originate from RCC [9, 10, 
13]. In approximately 30% of patients with pancreatic 
RCC metastases, dissemination is multifocal; however, 
it is resectable in 80% of cases [13]. The high affinity of 
RCC cells to the pancreatic parenchyma is confirmed 
by reports of late metastases, which reappeared only in 
the residual pancreas [10, 14].

In our patient, the first metastatic lesion in the tail 
of the pancreas appeared 7 years after radical nephrec-
tomy. Partial pancreatic resection was performed to 
minimize the adverse effects of pancreatomy, such as 
secondary diabetes and other metabolic or digestive dis-
orders. The decision to perform pancreatic conserving 
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surgery benefited the patient since she remained in 
remission for the next 7 years, with good quality of life 
and no treatment sequelae. 

Studies suggest that in the case of isolated pancre-
atic metastases, the most appropriate approach is local 
treatment (partial resection or complete pancreatoduo-
denectomy), which offers a chance for long-term overall 
survival or even a cure with 5-year OS ranging from 29 to 
35% [7, 9, 14]. Although no randomized studies have 
been conducted to support the role of metastasectomy 
in treating oligometastatic RCC, observational studies 
strongly support this approach. The prognosis of patients 
after resection of isolated pancreatic RCC metastases 
is relatively good with the 5-year survival rates ranging 
from 43% to 75%, while in non-resected patients the  
3- and 5-year survival rates are 21% and 0%, respectively 
[14]. The most important prognostic factor in the case of 
our patient was the radical resection of the oligometa-
static disease because it significantly deferred the need 
for initiation of systemic treatment which up to now 
(17 years after primary surgery) has not been started 
yet. Current Polish guidelines on the treatment of RCC 
strongly recommend consideration of local treatment 
in oligometastatic patients and active surveillance in 
non-resectable mRCC patients not requiring immediate 
initiation of systemic treatment.

Optimal local treatment of our patient with pancre-
atic RCC metastases and withholding systemic palliative 
therapy have not impacted negatively her survival or qual-
ity of life. Moreover, a wise therapeutic decision allowed 
the patient to remain treatment-free and to undergo radi-
cal therapy for colon cancer, which required two surgical 
approaches and adjuvant chemotherapy. Such a complex 
therapy for another primary cancer would be impossible 
if the patient were treated simultaneously with palliative 
systemic treatment for RCC.
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Low-grade serous ovarian cancer  
with BRAFV600E mutation treated  
with metronomic chemotherapy  
— a case report and literature review 

ABSTRACT
Introduction. Ovarian cancer (OC) is the leading cause of cancer death worldwide. In Poland, it is the fourth leading 

cause of death from neoplasms in women. OC is a heterogeneous disease with low-grade cases characterized 

by a better prognosis, but poor chemosensitivity. Metronomic chemotherapy (MC) may be a beneficial approach.

Case presentation. We present a patient with low-grade serous ovarian cancer (LGSOC) with long-term disease 

control achieved with MC despite being resistant to standard-dose chemotherapy with paclitaxel and carbopl-

atin. Overall survival (OS) of the patient was 65 months. MC was administered most of the time. The patient was 

treated with two metronomic regimens: topotecan plus cyclophosphamide and vinorelbine plus methotrexate, 

both in combination with hormone therapy. The cancer was found to harbor the BRAFV600E mutation (v-raf murine 

sarcoma viral oncogene homolog B1, a valine-to-glutamic acid substitution at position 600), but that did not 

impact the treatment.

Conclusions. LGSOC has distinct features from high-grade serous ovarian cancer (HGSOC). MC may be 

a valuable option in LGSOC despite being understudied. The BRAFV600E mutation occurs in 2–33% of low-grade 

serous ovarian tumors. It is a more common finding in LGSOC than in HGSOC. BRAF inhibition in OC may be 

a new therapeutic option. Some BRAF inhibitors have already been registered for solid tumors with this mutation.
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low-grade serous ovarian cancer, methotrexate, metronomic chemotherapy, topotecan, vinorelbine 
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Introduction

Ovarian cancer (OC) accounted for 313 959 new 
cases and 207 252 deaths worldwide in 2020 [1]. In 
Poland, the standardized incidence rate is 15 cases per 
100 000 inhabitants, making OC the fifth most com-
mon cancer in Polish women [2]. The death rate has 

been declining in European countries [3]. In Polish 
women, OC is the fourth leading cause of cancer-related 
deaths [2]. OC is a very heterogeneous neoplasm [4]. 
Low-grade serous ovarian cancer (LGSOC) constitutes 
approximately 6% of ovarian neoplasms [5, 6] and has 
different biological characteristics [4], which results in 
distinct clinical management [7].
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Metronomic chemotherapy (MC) is an anticancer 
treatment based on the administration of cytotoxic 
agents more frequently and in lower doses compared 
to standard chemotherapy dosing. Metronomic ad-
ministration uses different mechanisms of long-known 
chemotherapeutics. It is characterized by less toxicity 
than standard chemotherapy regimens. It is an option 
for patients with frailty syndrome and others who would 
not tolerate higher-dose chemotherapy [8, 9]. MC is 
especially useful in indolent cancers [10], including 
some cases of OC.

This case report presents a patient with LGSOC 
who was successfully treated with MC for several years.

Case report

A 57-year-old female was diagnosed with a border-
line tumor (BT) of the left ovary in November 2005. Her 
family history was non-significant for cancer, and ger-
mline BRCA (breast cancer) mutations were excluded. 
The patient underwent hysterectomy and bilateral ad-
nexectomy. No additional treatments were administered 
at that time.

The patient remained disease-free for a decade. 
In July 2016, cancer recurred in the pelvis and abdo-
men. The International Federation of Gynecology 
and Obstetrics (FIGO) system stage IV was established. 
The patient underwent an operation, during which 
cytoreduction was performed. The surgery was not 
radical due to massive dissemination. Postoperative 
histopathological examination revealed LGSOC. The 
histopathological samples from primary surgery were 
inaccessible; therefore, it was not possible to verify, 
considering the new criteria, whether the cancer initially 
diagnosed was, in fact, LGSOC.

In August 2016, adjuvant chemotherapy based on 
paclitaxel and carboplatin was initiated; chemotherapy 
was administered at three-week intervals. After 5 cycles, 
disease progression was diagnosed due to the appear-
ance of a lesion in the vaginal fornix. In December 2016, 
hormone therapy (HT) with tamoxifen was started, but 
at that time the status of hormone receptors (HRs) was 
not determined.

In February 2017, symptoms of intermittent gas-
trointestinal obstruction developed due to infiltration 
of the intestinal loop by newly discovered epigastric 
implants. The level of CA-125 (cancer antigen 125) 
also increased. It was decided to discontinue tamox-
ifen and start next-line chemotherapy. Considering 
the patient’s good general condition and lack of cancer 
symptoms, it was decided, in consultation with the pa-
tient, to use MC instead of standard-dose chemotherapy. 
In the opinion of the attending physician, the selected 
therapeutic option was optimal to achieve disease con-
trol and maintain the patient’s high quality of life (QoL).

From February 2017 to June 2018, the patient was 
treated with oral topotecan in a metronomic manner 
(1 mg per day for three days and one day off) and cy-
clophosphamide (50 mg per day). From July 2017, due 
to episodes of neutropenia, the dose of topotecan was 
reduced (1 mg every other day). During further treat-
ment, the dose of topotecan had to be increased again 
due to the increase in CA-125 (1 mg per day for two days 
and one day off), but it resulted in recurring episodes 
of leukopenia. The patient reported general weakness 
and abdominal pain during therapy. The overall toler-
ance to treatment was good. Radiological evaluation 
after 3 months of MC showed stable disease.

In May 2018, the status of HRs was determined in 
the second surgical sample. The expression of the estro-
gen receptor (ER) was 90%, and there was no expression 
of the progesterone or androgen receptors. Tamoxifen 
was added to the treatment due to the positive ER 
status, but increasing CA-125 levels were found, and it 
was replaced with letrozole. This combination of MC 
and HT was maintained until February 2019.

In February 2019, due to cancer progression, topote-
can and cyclophosphamide were replaced with another 
metronomic combination: vinorelbine (50 mg three 
times a week) and methotrexate (5 mg twice a week). 
Letrozole was discontinued. Side effects included pain 
in the abdomen and spine, especially on days of metho-
trexate administration. In January 2020, tamoxifen was 
reintroduced. The patient remained in triple treatment 
(vinorelbine, methotrexate, tamoxifen) until October 
2020. In October 2020, tamoxifen was replaced again 
with letrozole due to biochemical (CA-125) progression.

In December 2020, the patient participated in mo-
lecular screening as part of the RAGNAR clinical trial, 
evaluating erdafitinib therapy in advanced solid tumors 
with the activating mutation of the presence of the FGFR 
(fibroblast growth factor receptor) (NCT04083976). The 
patient was diagnosed with the BRAFV600E mutation, 
which made her ineligible for this clinical trial.

In April 2021, a decision was made to discontinue 
vinorelbine, methotrexate, and letrozole due to evident 
clinical, biochemical, and imaging progression as well as 
the lack of perspective for further benefit from this treat-
ment. Pegylated liposomal doxorubicin administered at 
2-week intervals was introduced. In June 2021 the regi-
men was intensified by adding oral cyclophosphamide 
daily. This treatment was terminated in August 2021 due 
to progression and poor tolerance. Carboplatin and pa-
clitaxel administered at weekly intervals were introduced 
and maintained for 8 weeks. Meanwhile, an immuno-
histochemical test was also performed using available 
paraffin blocks from the second surgery: cancer cells ex-
pressed WT1 (Wilms tumor 1) and PAX8 (paired box 8),  
and the status of HER2 (human epidermal growth factor 
receptor 2) was negative (1+). The proliferative activity 
of Ki67 was 12%.
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At the turn of October and November 2021, the pa-
tient suffered from COVID-19 pneumonitis and was, 
therefore, hospitalized in the infectious diseases ward. 
The SARS-CoV-2 infection was complicated by bacte-
rial superinfection. Due to poor general condition, 
the patient was disqualified from anticancer treatment 
and refused further diagnostic and therapeutic pro-
cedures, except for analgesic treatment. The patient 
died in the second half of December 2021 at the age 
of 72, having lived 65 months since the diagnosis of 
metastatic cancer.

Discussion

This case report is notable for OS of the patient who 
was treated most of the time with MC. The patient lived 
for 65 months after the diagnosis of metastatic OC al-
though survival from the first diagnosis was much longer.

There is controversy surrounding the natural history 
of low-grade and borderline ovarian tumors. Some au-
thors believe that LGSOC is mainly a recurrent BT [7]. 
The presented case seems to follow this pattern although 
it must be noted that initial pathological samples were 
not available for re-verification after recurrence.

The patient’s cancer had indolent biology, which 
partially explains long OS [11]. In the article by Gockley 
et al. [12], median OS for patients with low-grade stage 
IV OC was 55.2 months. In a study by di Lorenzo et al. 
[13], median OS of patients with low-grade OC who 
received suboptimal cytoreduction was 35.2 months, 
and the article by Grabowski et al. [14] reported OS of 
35.0 months.

At the time of recurrence, the patient underwent cy-
toreductive surgery, followed by adjuvant chemotherapy 
with paclitaxel and carboplatin. This treatment is consid-
ered standard in this clinical setting [15–17]. However, 
the patient experienced progression on the first-line 
regimen. Primary platinum resistance is a recognized 
negative prognostic factor [18].

High chemoresistance is typical for tumors with 
a low histopathological grade [19]. In slow-proliferating 
tumors, cell division occurs less frequently than in 
tumors with a high proliferation rate. Chemotherapy 
administered according to the maximum-tolerated-dose 
paradigm targets mainly cells that are actively dividing 
and not cells in the G0 phase. This makes slow-prolifer-
ating tumors less susceptible to chemotherapy. The use 
of cytotoxic agents in maximal doses at longer intervals 
between treatment cycles allows for the regeneration of 
healthy body cells. In slow-proliferating cancers, the con-
tinuous use of lower doses of cytotoxic agents seems to 
be a more reasonable approach because it inhibits cell 
division as soon as it occurs [20].

In the case of the presented patient, MC was chosen 
as an appropriate treatment option for low-grade cancer. 
MC is defined as the continuous administration of cyto-
toxic agents in low doses. It differs in effect from stand-
ard chemotherapy regimens, in which maximal doses of 
drugs are used in a short period followed by a break to 
allow regeneration. Long-term disease control remains 
a priority in MC [21], while standard chemotherapy in-
tends to obtain an objective response. This divergence in 
objectives is particularly visible in advanced OC, where 
MC is administered without interruptions, and standard 
chemotherapy after achieving remission is discontinued 
until the next recurrence. In highly differentiated OC, 
it seems more beneficial to use the cytostatic effect of 
the metronomic approach than the cytotoxic effect of the  
maximum dose approach [22]. In addition, antiangio-
genic properties as well as immune system stimulation 
and impact on tumor microenvironment are also empha-
sized in MC [23]. Given all the potential advantages of 
MC, there is surprisingly little scientific research on this 
topic. The available evidence comes mainly from obser-
vational studies and the experience of individual cancer 
centers. The optimal drug combinations for MC remain 
largely unknown [24], and prospective randomized tri-
als comparing MC with standard chemotherapy in OC 
are lacking.

The described patient received topotecan and cy-
clophosphamide as the first metronomic regimen. The 
only work that addresses this combination is a retro-
spective analysis by Wysocki et al. [25]. In that study, 
the objective response rate (ORR) was 27.2%, 
and the disease control rate (DCR) was 86.3%. Median 
progression-free survival (PFS) at 3, 6, and 12 months 
was 57.2%, 26.7%, and 11.3%, respectively, which is 
comparable to the results achieved by classical frac-
tionation of topotecan. The biochemical response to 
MC was shown to be the most important predictor of 
improved PFS. The combination of topotecan and cy-
clophosphamide was well tolerated. No patient was 
forced to discontinue treatment due to toxicity. The 
most common adverse reaction was anemia. In addition 
to myelotoxicity, hepatic and renal damage (mainly 
low-grade) was also observed in patients [25]. The 
presented patient received daily oral topotecan, which 
is less toxic than when administered intravenously in 
cycles lasting several weeks despite the similar overall 
dose [26, 27].

As a second regimen of MC, the patient received 
methotrexate and vinorelbine; drugs with a different 
mechanism of action from topotecan and cyclophos-
phamide administered previously. There are no reports 
in the literature on the combined use of methotrexate 
and vinorelbine as MC in OC. However, both drugs are 
used in a metronomic manner.
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Methotrexate has been reported in combination with 
cyclophosphamide as maintenance MC in advanced OC 
after achieving a complete response on a platinum-pa-
clitaxel regimen. Compared to the untreated control 
group, patients receiving this maintenance MC benefit-
ted from 2.5 months longer PFS [28]. The combination 
of methotrexate and cyclophosphamide as MC has 
also been described in several other cancers, including 
advanced breast cancer. The study by Lu et al. showed 
an ORR of 3.8%, but a DCR of 41.4% [29], which illus-
trates the mentioned-above clinical effect of MC, which 
is prioritizing disease control over eradication [30, 31].

In the literature, metronomic dosing vinorelbine 
is used most often in the treatment of non-small-cell 
lung cancer (NSCLC) and advanced breast cancer. As 
a drug that inhibits formation of microtubules and, at 
higher concentrations, also damages them, vinorelbine 
inhibits the transport of the ER complex and thus has 
the potential to be effective in ER-expressing OC, as 
in the described patient. Metronomic vinorelbine was 
compared in a phase II randomized trial with the best 
supportive care in patients with advanced NSCLC. The 
vinorelbine group had a significantly lower median 
progression follow-up rate (p = 0.049) and 1.5 month 
longer PFS. OS, ORR, and QoL were not significantly 
different between the two groups. The high percentage 
(25%) of discontinuation of treatment due to toxic-
ity (mainly neutropenia) was surprising to researchers 
[32]. A 2020 meta-analysis evaluating metronomically 
administered vinorelbine in stage IIIB/IV NSCLC can-
cer showed an ORR and a DCR of 12% and 48%, 
respectively. Median PFS was 3.46 months and OS was 
8.22 months. The most common serious adverse reac-
tion was neutropenia. The conclusions emphasized that 
MC is a convenient and cost-effective form of treatment 
suitable for elderly patients with frailty syndrome [33].

Hormone therapy is not as effective in OC as in 
“classical” hormone-sensitive neoplasms, such as breast 
or prostate cancers. The literature indicates that the ex-
pression of female HRs in OC is a predictive factor for 
HT. It should be noted that LGSOC mostly has a high 
expression of HRs [34]. Randomized trials, which evalu-
ated HT in OC as an alternative to chemotherapy or as 
a maintenance treatment, have not been positive so far 
[16]. Letrozole is currently being studied in low-grade 
ovarian tumors (NCT05601700). Combining HT with 
MC is justified because both forms of treatment have 
cytostatic properties, leading to a synergistic effect [35].

The BRAF mutation plays an important role in 
the carcinogenesis of melanoma, colorectal cancer, 
NSCLC, and other tumors [36]. The BRAF gene is a pro-
to-oncogene that encodes a serine-threonine kinase that 
transmits a signal from the growth factor receptors. The 
activating mutation in this gene is responsible for strong 
stimulation of the mitogen-activated protein kinase 
(MAPK) pathway. This results in increased proliferation 

and angiogenesis, which are key elements of carcino-
genesis. The reported frequency of BRAF mutations 
is highest in melanoma (50% of cases) with a much 
lower incidence in other malignancies, where it typi-
cally coexists with different driver alterations [37, 38].  
The mutation rate in LGSOC varies from 2% to 33% 
[39]. The literature emphasizes that mutations in 
the MAPK pathway are rarer than in high-grade serous 
ovarian cancer [40]. Sometimes, paradoxically, it is 
also associated with a positive prognosis. In LGSOC, 
mutation has been shown to be associated with early 
disease diagnosis, no need for chemotherapy treatment, 
and longer OS [40]. Inhibition of BRAF in low-grade 
OC has been investigated in several trials. In cohort H 
of the NCI-MATCH study, sixteen different tumor types 
harboring the BRAFV600E mutation were treated with 
a combination of dabrafenib and trametinib. LGSOC 
was one of the most common histology types (5 cases). 
Four patients achieved a partial response, and one pa-
tient had stable disease [41]. ROAR was a similar study 
but did not include low-grade serous ovarian tumors 
[42]. The TAPUR study analyzed six patients with OC 
treated with a combination of vemurafenib and co-
bimetinib. Three had an objective response, and one 
had a complete response [43]. In June 2022, the Food 
and Drug Administration approved the combination of 
dabrafenib and trametinib for solid tumors with BRAF 
mutations based on the NCI-MATCH [41] and ROAR 
[42] studies. This means that if the patient was alive 
today, she could potentially be treated with dabrafenib 
and trametinib as tissue-agnostic targeted therapy.

Conclusions

The patient presented achieved satisfactory OS de-
spite platinum resistance. Her 65-month OS exceeded 
OS medians in LGSOC reported in the literature. MC 
has promising activity and a manageable toxicity profile. 
It works well in slowly proliferating and relatively chem-
oresistant tumors, including LGSOC. MC has a syner-
gistic effect with HT. Both methods could be combined. 
Metronomic regimens deserve evaluation in prospective 
trials. Currently, there is little high-quality evidence 
about MC. BRAFV600E constitutes a new molecular tar-
get in OC, especially in low-grade tumors. Some BRAF 
inhibitors have already been available as tumor-agnostic 
therapy. They potentially will support chemotherapy, 
including MC.
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In the article “Trastuzumab deruxtecan in the treatment of adult patients with HER2-positive breast cancer” (Kufel-Grabowska J. Oncol 
Clin Pract 2023; 19: 377–381) in page 380:

text provided should be

Currently, the DESTINY-Breast09 study is ongoing, with pre-
viously untreated patients with advanced HER2-positive breast 
cancer randomly assigned to 3 arms: docetaxel in combination 
with pertuzumab and trastuzumab, T-DXd in combination with 
pertuzumab, and T-DXd.

The DESTINY-Breast09 study, which enrolled patients with 
advanced HER2-positive previously untreated breast cancer, is 
currently ongoing.

Online version at: https://journals.viamedica.pl/oncology_in_clinical_practice/article/view/97612 is correct.
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