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Purpose: Telomerase activation, a critical step in cancer progression, occurs in approximately 95% of breast cancer cases. Telomerase 
is an attractive therapeutic target for breast cancer owing to its unique expression pattern. GV1001, a telomerase-derived peptide, is 
loaded onto human leukocyte antigen (HLA) class II antigen-presenting cells and binds to CD4+ T cell activating immune responses. 
This study aimed to evaluate the effectiveness and safety of co-administration of GV1001 and cytotoxic chemotherapy in patients with 
heavily-treated metastatic breast cancer.
Patients and methods: We analyzed 63 patients with breast cancer who received both GV1001 and cytotoxic chemotherapy. The 
GV 1001 administration methods involves 0.56 mg intradermal injection three times during the first week, one time at weeks 2, 3, 4, 
and 6, and then once every 28 days. The primary endpoint of this study was quality of life according to EORTC QLO-C30 and EQ-5D, 
while the secondary endpoint was the antitumor response according to RECIST 1.1, progression-free survival, overall survival, and 
toxicity profile.
Results: In 34 patients with HR+ breast cancer evaluable for tumor response, the disease control rate (DCR) and overall response rate 
(ORR) were 58.8% and 26.4%, respectively. The DCR and ORR were 66.6% and 28.5% in 21 patients with HER-2+ and 50% and 
25% in patients with triple-negative breast cancer (TNBC), respectively. The median progression free survival was 10.4, 8.7, and 5.6 
months in HR+, HER-2+, TNBC, respectively. The overall survival was 19.7, 13.2, and 9.4 months for patients with HR+, HER-2+, 
and TNBC, respectively. Most patients had an improved quality of life with statistically significant differences in some variables. The 
patients in this study experienced no additional toxicities other than the cytotoxic chemotherapy-associated side effects.
Conclusion: GV1001 is a relatively safe anticancer vaccine for patients with heavily-treated breast cancer and can to improve the 
quality of life.
Keywords: telomerase, GV1001, quality of life, safety, breast cancer

Introduction
Telomerase, an enzyme that exists in the human body, is not well expressed in normal cells; however, it is overexpressed 
in most cancer cells. Tumor cells protect the telomere that exists at the end of the DNA so that they do not undergo 
apoptosis due to aging and divide beyond the normal cell division frequency, extending the lifespan of the cell.1 

Tertomotide is a telomerase-based peptide that kills cancer cells via the autoimmune system and has been developed 
to treat patients with cancer. It is an immune treatment approach that allows immune cells (T cells) to be recognized as 
antigens by screening 16 peptides that make up the telomerase, and then translocate to the cancerous region where the 
telomerase is active to kill cancer cells.2 Tertomotide (code name GV1001) has the advantage of being a cancer vaccine 
that can be applied to the treatment strategies of various cancers with telomerase overexpression.3 GV1001 is 
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a telomerase-targeting peptide vaccine composed of 16 amino acids derived from the activated part of the human 
telomerase reverse transcriptase catalytic subunit (hTERT, 611–626, EARPALLTSRLRFIPK).4 When antigen-presenting 
cells (APCs) recognize a peptide, it is taken up and processed. The APC presents the processed peptide to the T cell with 
HLA combined with the peptide, and in turn activates the T cell. Combined with MHC class II, the peptide induces both 
CD4+ and CD8+ responses, enhances the immune response, and reduces the risk of immune avoidance.5 An activated 
T cell kills encountered cancer cells presenting the same telomerase peptide/HLA complex. Since hTERT is expressed in 
most cancer types, it is often selected as the target antigen of cancer vaccination; hence, hTERT-targeted vaccines could 
be used in general. Recently, it was reported that inoculation with the telomerase-derived peptide GV 1001 induced 
telomerase-specific CD4+ and CD8+ T cell responses in hTERT-transfected dendritic cells,6 leading to therapeutic effects 
in patients with metastatic pancreatic cancer and non-small cell lung cancer.7,8 Other studies have reported that GV1001 
has a direct antitumor effect because it is a cell-penetrating peptide.9 To date, GV1001 is undergoing clinical trials for 
solid cancers, such as pancreatic cancer, hepatocellular carcinoma, prostate cancer, non-small cell lung cancer, and 
malignant melanoma, which reported well-tolerated or mild adverse events only.10–14

However, the treatment effect of solid cancers is limited when using a cancer vaccine alone;15 therefore, it is 
necessary to combine it with other treatments to improve disease prognosis. Recent studies have focused on combining 
hTERT targeting approaches with other treatments. Several studies have demonstrated the synergistic effects of 
telomerase inhibitors along with NK cell-based therapy, paclitaxel, and arsenic trioxide.16–18

In this study, we aimed to determine whether the antitumor response and quality of life were improved by 
administering GV1001 to patients with breast cancer who were undergoing treatment or could not proceed with 
aggressive treatment.

Methods
Patients and Study Design
Between May 2018 and December 2020, 63 patients with breast cancer who underwent multiple chemotherapies were 
enrolled in this study. The types of clinicopathology varied, including hormone-positive, human epidermal growth factor 
receptor (HER)-2, and triple-negative breast cancer (TNBC). The inclusion criteria were: (1) histologically confirmed 
breast cancer; (2) non-resectable metastatic disease (The American Joint Committee On Cancer staging 8th edition, stage 
IV); (3) measurable tumor lesions; (4) age between 18 and 80 years; (5) Eastern Cooperative Oncology Group (ECOG) 
performance status 0–2; and (6) adequate hematological, renal, and hepatic function. The exclusion criteria were: (1) 
clinically confirmed brain metastases; (2) severe cardiac disease; (3) severe active infections; and (4) need for admin
istering immunosuppressive medication. No screening for brain metastases was performed. Prior to participation in the 
study, patients had to undergo investigations regarding past medical history, physical examination, and blood tests, 
including WBC with differential, hemoglobin, platelet counts, electrolytes, liver function tests, standard urine analysis, 
serum tumor marker (CA 15–3), and chest computed tomography (CT) or PET-CT scan. All patients provided written 
consent before enrollment in the study. This study was approved by the Institutional Review Board of Konyang 
University Hospital and complied with the ethical guidelines for good clinical practice and provisions of the Helsinki 
Declaration and local law.

Vaccination Schedule and Treatment
The GV1001 vaccine was supplied as a freeze-dried peptide in sterile vials. GV1001 was manufactured by Samsung 
Pharm Co., Ltd., South Korea and supplied by Gemvax & Kael Co., Ltd. GV1001 was administered as 0.56 mg 
intradermal injection three times a week for the first week and then once a week for weeks 2, 3, 4, and 6. 
Afterwards, the injection was administered once every 28 days for six months. A total of 12 doses were 
administered in one cycle. Each patient underwent chemotherapy and did not discontinue the treatment during 
GV1001 administration.
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Clinical Evaluation
Tumor response was evaluated using CT at 8-week intervals and classified according to the Response Evaluation Criteria 
in Solid Tumors 1.1 (RECIST 1.1).

In RECIST 1.1, complete response (CR) is defined as the disappearance of all target lesions, partial response (PR) is 
defined as more than 30% reduction from the baseline sum of diameters, progressive disease (PD) is defined as more than 
20% increase than the smallest sum of diameters in the study, and stable disease (SD) is defined as the state of neither 
having sufficient shrinkage to qualify for PR nor a sufficient increase to qualify for PD. Physical examination, blood 
screening, and ADR assessment of adverse drug reactions were performed during each visit. Adverse events were graded 
according to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.03 and were considered 
treatment-related if they were possibly drug-related or suspected.

Quality of Life (QOL) Measurement
The QOL after GV1001 administration was assessed using the European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire (EORTC QLQ-C30) and EuroQol-5D-3L questionnaire (EQ-5D-3L). EORTC 
QLQ-C30 is a system for evaluating the QoL of patients with cancer and consists of 30 questions. The tool comprises 
three subcategories: a Global Health Status/QoL scale, functional scales, and symptom scales. The functional scales 
include 15 items on physical, role, cognitive, emotional, and social functioning. The symptom scale includes 13 items, 
namely fatigue, nausea/vomiting, pain, dyspnea, appetite loss, constipation, diarrhea, and financial difficulties. Each item 
was evaluated on a four-point Likert scale, with the exception of the Global Health Status/QoL scale, which was 
evaluated on a seven-point scale. A higher Global Health Status/QoL scale or functional scale score indicates a better 
quality of life. In contrast, the higher symptom scales indicate more severe symptoms.

The EQ-5D descriptive system is a preference-based Health-Related Quality of Life (HRQL) measurement with one 
question for each of the five dimensions: mobility, self-management, routine activities, pain/inconvenience, and anxiety/ 
depression. Each patient chooses the statement in each dimension that best describes their health condition on the day of 
examination. Their responses are coded as numbers (1, 2, or 3) corresponding to the respective level of severity: 1 
indicates no problems, 2 indicates some problems, and 3 indicates extreme problems. Patients who completed the 
EORTC QLQ-C30 and EQ-5D-3L questionnaires two times before and after 12 doses of GV 1001 injection were 
included in this study.

Statistical Analysis
Kaplan–Meier analysis was used to analyze progression-free survival (PFS) and overall survival (OS). A P-value less 
than 0.05 was considered statistically significant. The general characteristics of the participants were expressed as 
frequency and percentage. Student’s t-test for paired samples was used to compare between the values at baseline and 
those at different monitoring times during treatment. Two sample Student’s t-test for independent samples was used to 
compare the mean scores before and after treatment. SPSS software program (Version 27.0; SPSS, Chicago, IL, USA) 
was used for statistical analysis. Stuart Maxwell test was performed to verify the relationship between the participants’ 
mobility, self care, usual activity, pain/discomfort, and anxiety/depression by R software program (version 4.3.1).19

Ethical Approval
GV1001 treatment was approved by the KFDA and Konyang University Hospital Review Committee. Informed consent 
was obtained from all the enrolled patients. The study was conducted in compliance with the World Medical Association 
Declaration of Helsinki.

Results
Patient Characteristics
Between May 2018 and December 2020, 63 patients with advanced-stage IV breast cancer were assigned GV 1001. 
Baseline patient demographics and disease characteristics are shown in Table 1. The median age was 56 years (range, 34– 
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81 years), and 60% of the patients had an ECOG performance status of 0–1. In terms of receptor subtypes, 34 patients 
(54%) were estrogen receptor (ER)-positive, 21 (33%) were human epidermal growth factor receptor-2 (HER-2)-positive, 
and 8 (12%) had triple-negative breast cancer (TNBC). Visceral, bone, and brain metastases were observed in 54 (85%), 
9 (14%), and 5 patients (8%), respectively. Patients received a median of five (range, 1–9) prior lines of chemotherapy for 
metastatic breast cancer. A total of 35 patients (55%) were treated with three or more lines of cytotoxic chemotherapy, 
excluding adjuvant chemotherapy. All patients had previously received anthracycline or taxane treatment and 38 (60%) 
were treated with eribulin. A total of 39 patients (62%) were treated with only one cycle of GV 1001 and 24 patients 
(38%) were treated more than two cycles of GV 1001.

Tumor Response
The treatment responses according to the RECIST 1.1 criteria are shown in Table 2, where CR was observed in one 
(1.5%) patient in the HER-2 positive group. In the subgroup analysis, PR was observed in nine (26.4%), five (23.8%), 
and two (25%) patients with hormone receptor (HR)-positive, HER-2 positive, and TNBC, respectively. The objective 
response rates (ORR) was 26.4%, 28.5%, and 25% in patients with HR positive, HER-2 positive, and TNBC, 

Table 1 Baseline Characteristics of the Patients

Variable Number = 63 (%)

Median age 56.4 years (34–81)
Median lines of standard therapy 5 lines (3–8)

ECOG

PS 0–1 38 (60.3)
PS ≥ 2 25 (39.6)

Receptor type

TNBC 8 (12.6)
HER-2+ 21 (33.3)

HR+/HER-2- 34 (53.9)
Previous chemotherapy

Anthracycline 54 (85.7)

Taxane 51 (80.9)
Gemcitabine 42 (66.6)

Capecitabine 50 (79.3)

Eribulin 38 (60.3)
Platinum 46 (73.0)

Hormone therapy 32 (50.7)

HER-2 inhibitor 18 (28.5)
Others 15 (23.8)

Number of prior chemotherapy

1 line 5 (7.9)
2 lines 7 (11.1)

3 lines 16 (25.3)

≥ 4 lines 35 (55.5)
Median (range) 5 (1–9)

GV1001 (1 cycle =12 injections)

≤1 cycle 39 (61.9)
≥2 cycles 24 (38.0)

Sites of metastasis

Visceral 54 (85.7)
Bone only 9 (14.2)

Brain 5 (7.9)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ER, 
estrogen receptor; PR, progesterone receptor; PS, performance status.
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respectively. The disease control response (DCR) was 58.8%, 66.6%, and 50% in patients with HR positive, HER-2 
positive, and TNBC, respectively. Based on investigator assessment, the median PFS was 10.4, 8.7, and 5.6 months in the 
patients with HR positive, HER-2 positive, and TNBC, respectively (Figure 1). The OS was 19.7, 13.2, and 9.4 months in 
the patients with HR positive, HER-2 positive, and TNBC, respectively (Figure 2).

Toxicity
Combination therapy with cytotoxic chemotherapy and GV1001 was well tolerated. Twenty seven patients developed 
transient severe neutropenia (CTCAE grade ≥ 3) and 23 patients had severe thrombocytopenia (CTCAE grade ≥ 3), 
which was considered to be related to cytotoxic chemotherapy. No other grade 3/4 toxicities were associated with 
treatment. In most patients, grade 1–2 side effects were recorded, which were most commonly nausea, vomiting, muscle 
pain, dizziness, or local skin reactions at the GV1001 injection site. Urticaria (grade ≤2) was observed in 6 patients. 
However, there was no evidence of long-term toxicity in the patients with extended survival despite administering 
repeated GV1001 booster vaccinations (Table 3).

Table 2 Treatment Efficacy (N=63, %)

Tumor Response HR Positive  
N=34 (%)

HER-2 Positive  
N=21 (%)

TNBC  
N=8 (%)

Complete response 0 (0) 1 (4.7) 0 (0)

Partial response 9 (26.4) 5 (23.8) 2 (25.0)

Stable disease 11 (32.3) 7 (33.3) 2 (25.0)
Progressive disease 13 (38.2) 8 (38.0) 4 (50.0)

Not evaluable 1 (2.9) 0 (0) 0

Overall response rate 26.4% 28.5% 25.0%
Disease control rate 58.8% 66.6% 50.0%

Median PFS months (95% CI) 18.1 (11.2–26.3) 16.8 (8.3–24.7) 5.6 (2.1–10.1)
Median OS months (95% CI) 19.7 (9.3–24.3) 13.2 (9.1–18.5) 13.4 (6.3–15.7)

Figure 1 Kaplan–Meier analysis and subgroup analysis of progression-free survival. The median progression-free survival was 10.4 months in the hormone-positive group, 
8.7 months in the HER-2 positive group, and 5.6 months in the triple negative breast cancer group.
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Quality of Life (QOL)
EORTC QLQ-C30
Global health status: The overall health condition and quality of life experienced by the patients after receiving the GV 
1001 treatment showed a significant increase compared to those in the pre-treatment condition (p < 0.05).

Figure 2 Kaplan–Meier analysis and subgroup analysis of overall survival. The median overall survival was 19.7 months in the hormone positive group, 13.2 months in the 
HER-2 positive group, and 9.4 months in the triple breast cancer negative group.

Table 3 Frequency of Adverse Events

Scale/Items Any Grade  
No. of Pts (%)

Grade 3  
No. of Pts (%)

Grade 4  
No. of Pts (%)

Neutropenia 49 (77.7) 19 (30.1) 8 (12.6)
Anemia 46 (73.0) 7 (11.1) –

Thrombocytopenia 41 (65.0) 16 (25.3) 7 (11.1)

Injection site reaction 11 (17.4) – –
Urticaria 15 (23.8) 3 (4.7) –

Fatigue 46 (73.0) 14 (22.2) –

Peripheral neuropathy 35 (55.5) 12 (19.0) 4 (6.3)
Myalgia 23 (36.5) 9 (14.2) –

Nausea/Vomiting 47 (74.6) 17 (26.9) –

Diarrhea 20 (31.7) 11 (17.4) –
Constipation 34 (53.9) 8 (12.6) –

Stomatitis 41 (65.0) 15 (23.8) 6 (9.5)

Hand-foot 21 (33.3) 7 (11.1) –
Cough 32 (50.7) 8 (12.6) –

Dizziness 36 (57.1) 5 (7.9) –

Elevated liver enzyme 17 (26.9) 6 (9.5) –
Renal insufficiency 19 (30.1) 5 (7.9) –

Alopecia 22 (34.9) 2 (3.1) –
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● Functional scale: The difference in QLQ-C30 evaluation before and after GV 1001 treatment was verified. After 
treatment, the physical (P <0.05) and emotional (P <0.05) functions were evaluated as higher than their values 
before treatment in the functional area, while the role and social functions did not show any significance.

● Symptom scale/Items: In three and six single symptoms, fatigue (P <0.05) was evaluated to be significantly lower 
after GV1001 injection than that before treatment. Other symptoms tended to show improvements; however, this 
was not statistically significant (Table 4, Figure 3).

EQ-5D-3L
Mobility: Mobility showed an overall improvement after treatment, especially in the no-problem question. However, the 
difference was not statistically significant.

● Self-care: After GV1001 treatment, the number of patients who reported no problems increased. The patients with 
self-care enabled showed a statistically significant decrease (P <0.05).

● Usual activity: The number of patients who checked for “no problem” showed a significant increase, while the 
number of patients who checked the “enable” showed a significant decrease (P <0.05).

Pain/discomfort: Patients who complained of severe pain showed a decreased pain. However, the number of patients who 
checked “some problems” increased which could be attributed to a decrease in the number of patients complaining of 
severe pain.

Anxiety/Depression: Patients complaining of anxiety generally showed a decrease in number, and patients who reported 
“no problem” showed an increase in number which could be attributed to improvement in the patient’s general condition 
(Table 5).

Discussion
This study presents the findings of a retrospective study on a novel peptide-based cancer vaccine for advanced breast 
cancer. Our data showed that vaccination with GV1001 was well tolerated and increased physical performance was 

Table 4 Quality of Life Score Derived from EORTC QLQ-C30 Questionnaire After 
GV1001 Treatment

Scale/Items No of Items Baseline  
Mean (SD)

On Treatment  
Mean (SD)

P-value

Functional scale
Physical 5 (1–5) 44.8 (±13.1) 58.2 (±13.8) < 0.05

Role 2 (6–7) 47.4 (±16.3) 48.2 (±14.3) NS

Emotional 4 (21–24) 43.2 (±13.6) 52.9 (±12.9) < 0.05
Cognitive 2 (20,25) 45.9 (±15.4) 50.2 (±14.8) NS

Social 2 (26,27) 50.6 (±18.5) 49.5 (±19.3) NS

Global health status/QOL 2 (29,30) 56.22 (±16.32) 64.17 (±18.7243) <0.05

Symptom scale
Fatigue 3 (10,12,18) 40.2 (±9.6) 31.9 (±13.7) <0.05

Nausea and vomit 2 (14,15) 30.6 (±7.2) 29.8 (±8.0) NS

Pain 2 (9,19) 39.5 (±8.6) 39.3 (±10.9) NS
Dyspnea 1 (8) 28.7 (±5.4) 25.3 (±9.7) NS

Sleep disturbance 1 (11) 39.1 (±11.9) 37.1 (±12.4) NS

Appetite 1 (13) 43.1 (±17.6) 42.8 (±17.2) NS
Constipation 1 (16) 34.5 (±12.6) 33.1 (±11.4) NS

Diarrhea 1 (17) 39.8 (±14.3) 40.2 (±13.6) NS
Financial impact 1 (28) 37.5 (±11.3) 37.5 (±14.2) NS
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correlated with an improved quality of life. GV1001 vaccine improved the symptoms of the disease, such as dyspnea, 
insomnia, loss of appetite, constipation, and diarrhea. The cytotoxic chemotherapy-related side effects were similar to 
those reported in other studies, and there was no overlapping toxicity due to GV1001 treatment. Tissue-resident dendritic 
cells at the vaccination site present GV1001 peptides to naïve T cells in the lymph nodes. The dendritic cells expressing 
GV1001 cross-bind to CD4+T helper 1 (Th1) cells and CD8+ T cells, allowing CD4+ T cells to directly stimulate CD8+T 
cells through IL-2 secretion with the co-stimulation of APCs.20 The GV1001 specific T cells leave the lymph nodes, enter 
the systemic circulation, and translocate to the tumor microenvironment.21 Tumor cells presenting hTERT to MHC Class 
II can be killed either directly through cytokine secretion by CD8+ cells or indirectly through macrophage activation.22,23 

Dissolved tumor cells release hTERT or neoantigens, which are phagocytized by APCs and presented again to T cells, 
leading to the extension of the immune response through epitope dissolution and expansion. Eventually, hTERT, which is 

Figure 3 Changes from baseline of EORTC QLQ-C30. A higher score represents a higher level of functioning (Physical, Role, Emotion, Cognitive, Social), higher level of 
quality of life (Global health Status), and greater severity of symptoms (fatigue, nausea and vomiting, pain, dyspnea, sleep disturbance, loss of appetite, constipation, diarrhea, 
financial impact). Significance was set at a P-value <0.05.
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expressed during tumor development, can be a target antigen that can activate the CD4+Th1 response, regardless of the 
rapidly evolving genetic composition of the tumor.24,25 Activated CD4+Th1 cells enhance the immune response through 
the release of inflammatory cytokines such as interleukin (IL)-2 or IL-10. Important characteristics of CD4 + T cells in 
cancer cell death include effective antigen presentation by APC, activation and proliferation of CD 8+ T cells, homing of 
T cells into the tumor environment, and formation of memory T cells.26–28

Choi et al revealed that GV1001 downregulates the expression of enolase 1-induced pro-inflammatory cytokines. 
When enolase 1 was stimulated, p38 mitogen-activated protein kinase (MAPK) and NF-κB were activated, but they were 
successfully suppressed when treated with GV1001. Accordingly, GV1001 may be an effective anti-inflammatory 
peptide that decreases the production of pro-inflammatory cytokines through the suppression of p38 MAPK and NF- 
κB activation. In addition, administration of GV1001 reduced the expression of pro-inflammatory cytokines, such as 
tumor necrosis factor (TNF)-α, IL-1β, and IL-6, in peripheral blood mononuclear cells.29 Moreover, Ko et al reported that 
the downregulation of p38 MAPK and ERK-signaling by GV1001 reduced the production of lipopolysaccharide (LPS)- 
induced inflammatory mediators IL-6 and TNF-α on dental pulp cells without significant cytotoxicity. Furthermore, high- 
dose GV1001 treatment markedly inhibited the phosphorylation of the MAPKs, ERK and p38, in LPS-stimulated dental 
pulp cells. These findings provide mechanistic insights into the anti-inflammatory actions of the GV1001 peptide in LPS- 
stimulated pulpitis without significantly affecting cell viability.30 Park et al showed that H2O2 significantly reduced the 
viability of neural stem cells and that GV1001 has antioxidant effects against H2O2. Finally, they confirmed the 
antioxidant effects of GV1001 on intracellular signaling proteins in neural stem cells injured by oxidative stress.31 

These anti-inflammatory and anti-oxidant effects can help improve the QOL of patients by suppressing the inflammatory 
reactions caused by tumors and reducing the secretion of cytotoxic cytokines.

Telomeres are expressed in more than 90% of breast cancer cells, but are not expressed in most normal cells; 
therefore, they can be diagnostic and treatment targets. High telomerase activity in breast cancer is associated with 

Table 5 Quality of Life Score Derived from EQ-5D Questionnaire After GV1001 
Treatment

Scale/Items No of 
Items

Baseline  
No (%)

On Treatment  
No (%)

Chi-Square 
(P-value)

Mobility Some 

problem

22 (34) 26 (41) 5 (0.082)

No problem 34 (53) 31 (49)

Unable 7 (11) 6 (9)

Self-Care Some 

problem

19 (30) 22 (35) 9 (0.011)

No problem 31 (49) 34 (53)

Unable 13 (20) 7 (11)

Usual Activity Some 

problem

18 (28) 25 (392) 12.44 (0.001)

No problem 29 (46) 29 (46)

Unable 16 (25) 9 (14)

Pain / Discomfort Some 

problem

11 (17) 14 (223) 5.42 (0.066)

No problem 39 (62) 44 (69)

Unable 13 (20) 5 (8)

Anxiety / Depression Some 

problem

17 (27) 19 (30) 5 (0.082)

No problem 38 (60) 40 (63)
Unable 8 (12) 4 (6)
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genetic abnormalities at the 3q (gain), 8q (gain), and 17p (deletion) sites. Genetic abnormalities that are commonly 
observed in breast cancer, such as hTR (3q), c-myc (8q), and p53 (17p), are associated with the regulation of 
telomerase.32 Yashima et al revealed that the average telomerase level gradually increased according to the severity of 
histopathological changes, with 14% in benign breast disease, 92% in cancer-site lesions, and 94% in invasive breast 
cancer.33 Hoos et al showed a close connection between telomerase activity and breast cancer stage.34 A significant 
association has also been observed between telomerase-positive infiltrating breast cancer and lymphatic invasion, a basic 
stage of breast cancer metastasis and predictor of survival, rendering telomerase as a useful prognostic indicator.35 Clark 
et al reported in a study examining patients with lymph node-positive breast cancer that the increased telomerase activity 
is associated with decreased disease-free survival.36 While most progress in understanding the role of telomerase in 
breast cancer has been achieved in diagnosis, there is an increasing number of studies examining its role in the treatment 
of breast cancer using telomerase inhibitors. Breast cancer cells with short telomeres are the most affected cells by 
telomere inhibitors, whereas normal stem cells with long telomeres are relatively resistant.37 The effectiveness of 
telomerase inhibitors depends on the initial telomere length and rate of cell division; thus, observing changes in tumor 
size can occur within several weeks to months.38 Telomerase is broken down by proteasomes to form hTERT-derived 
peptides that are presented as antigens on the surface of cancer cells.39 This can induce antitumor reactions through 
CD4+ or CD8+ cytotoxic T lymphocytes activated by GV1001.4 Therefore, combining telomere inhibitors with current 
therapies to reduce the tumor burden may provide a better treatment outcome in terms of preventing breast cancer and its 
recurrence. This study has limitations with respect to statistical significance because there was no control group and the 
number of patients was small. However, to the best of our knowledge, this is the first study to analyze the clinical 
significance of patients who received both cytotoxic chemotherapy and GV1001 immunotherapy for breast cancer.

Conclusion
Although the number of patients included in this study was small, these data showed that tumor-specific immune 
responses to hTERT peptides can be induced in patients with breast cancer. The immunologic response rate was 
considerable compared to that in previous GV1001 trials without concomitant chemotherapy, although low toxicity 
was retained. The study findings warrant further studies on GV1001 combined with chemotherapy. Moreover, it supports 
the general concept that combining cancer vaccination with a telomerase inhibitor (GV1001) and current chemotherapies 
to reduce tumor burden may thus provide a better regimen to target breast cancer and prevent recurrence. Therefore, 
a future prospective research study needs to compare between a group of patients who only received standard 
chemotherapy and other patients who received both standard chemotherapy and GV1001 immunotherapy for breast 
cancer. Based on the findings of this study and that of other studies on immune responses and clinical efficacy, measures 
should be taken to increase the magnitude and duration of the immune response to GV1001.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable 
request.
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