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Abstract

Background and Aims: Nonsmall cell lung cancer accounts for over 85% of lung

cancer incidences worldwide, and often has a poor prognosis. Proteasome inhibitors,

such as bortezomib, have previously demonstrated evidence in preclinical and

clinical models in the treatment of NSCLC both alone and as part of chemo-

therapeutic regimens.

Methods: Five databases were searched from inception to February 2023 to identify

published clinical trial data and ongoing clinical trials on the use of proteasome

inhibitors in treatment of NSCLC with a comprehensive search strategy.

Results: This review examines the clinical evidence from 21 completed and

published phase I and II trials studying the use of bortezomib monotherapy and

combination therapy in the treatment of NSCLC. Bortezomib/docetaxel combination

resulted in longer median time‐to‐progression (TTP), median duration of response,

median duration of disease control and median progression‐free survival (PFS)

than bortezomib monotherapy, with concurrent administration having greater

6‐month PFS and median overall survival (OS) than sequential administration.

Bortezomib/vorinostat with chemotherapy was well tolerated and effective.

Bortezomib/gemcitabine/carboplatin, bortezomib/bevacizumab/carboplatin and

bortezomib/paclitaxel/carboplatin combinations showed promising results and were

of further investigational value.

Conclusion: Bortezomib showed some clinical promise in combination therapy but

not monotherapy. It also demonstrated a manageable side effect profile. Combina-

tion regimens are of further investigation value in Phase II trials.
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1 | INTRODUCTION

Lung cancer is a leading cause of cancer‐related deaths, and second

most common cancer in men and women globally.1 Smoking, radon,

asbestos exposure, and other occupational carcinogens have been

identified as risk factors.2 Amongst lung cancers, nonsmall cell lung

cancer (NSCLC) accounts for over 85% of the lung cancer incidences

worldwide.3 Overall, lung cancer and its treatment, such as systemic

chemotherapy and surgery, are also associated with significant

morbidity,4–8 highlighting the importance of advances in its treat-

ment. Further histological subdivisions include adenocarcinoma,

squamous cell carcinoma, mixed, and sarcomatoid carcinoma.3

Common genetic mutations suspected of being responsible for

tumor initiation include Epidermal Growth Factor Receptor (EGFR),

Kirsten Rat Sarcoma (KRAS), and Anaplastic Lymphoma Kinase (ALK)

mutation.9

1.1 | Current treatment modalities for NSCLC

The American Society of Clinical Oncology recommends for stage IV

NSCLC, with a PS of 0 or 1, a regimen of a platinum (cisplatin or

carboplatin) plus paclitaxel, gemcitabine, docetaxel, vinorelbine,

irinotecan, or pemetrexed, in combination with resection surgery,

radiation and targeted therapy. However, the recommended regimen

is dependent on the biomarkers and driver mutations present, as

specified by the National Comprehensive Cancer Network guidelines

for Non‐Small Cell Lung Carcinoma (Version 1.2023).10

The prognosis of patients with NSCLC remains poor, with 5‐year

survival rates as low as 15%.9 This can potentially be attributed to the

late diagnosis of most NSCLC patients due to the lack of prominent

clinical symptoms and comprehensive screening programs. Advance-

ments in molecular diagnosis techniques enable early diagnosis and

treatment, improving the prognosis.11

1.2 | Mechanism of action of proteasome
inhibitors

The ubiquitin‐proteasome pathway is critical for cell survival and

proliferation and is an attractive therapy target.11,12 Proteasome

functions as the final degradative enzyme in IkB/NF‐kB, p53, p21,

and p27 catabolic pathways.13 Bortezomib (VELCADE®), is a 26S

competitive proteasome inhibitor. 26S proteasome consists of the

20S core component and 19S regulatory component. Its activity is

characterized by Chymotrypsin‐like Activity, Trypsin‐like Activity,

PHGH‐like activity, and Caspase‐like activity.14,15 Bortezomib's

antineoplastic effect involves inhibition of cell growth and survival

pathways, proapoptotic activity, gene inhibition of angiogenesis,

adhesion, and migration related proteins.16,17 Inhibition of the NF‐kB

pathway, whose dysregulation is often associated with increased

antiapoptotic protein expression and contributes to standard therapy

resistance in NSCLC as well as cyclin‐dependent kinase inhibitors

p21‐p27 stabilization, are common modes of action.13,15 Inhibition of

the NF‐kB pathway is achieved by preventing the degradation of IkB,

in turn inhibiting the NF‐kB pathway activation crucial for anti-

apoptotic cell pathways.18 Bortezomib causes a reduction in Bcl‐2

levels, which overexpression is associated with poorer outcomes in

NSCLC patients.13 Bortezomib has also been touted to increase

cancer cell sensitization to other drugs. Thus, several trials

investigated the effect of bortezomib in combination with existing

chemotherapeutic agents.

2 | METHODS

This systematic review on the use of proteasome inhibitors in the

treatment of NSCLC was reported according to PRISMA guidelines.19

2.1 | Study selection

Comprehensive searches of multiple databases, MEDLINE via

PubMed, EMBASE, and CENTRAL were searched for published data

on clinical trials. Searches were performed using terms “proteasome

inhibitors,” “lung cancer,” “non‐small cell lung cancer,” “bortezomib,”

“carfilzomib,” “marizomib,” “oprozomib,” “ixazomib” and variations

of the terms in combination from inception to February 2023.

To identify unpublished evidence, clinical trials database

ClinicalTrials.gov and preprint server medRxiv.org were searched

with the same strategy. The search strategy for EMBASE is reported

in Supporting Information: Table 1.

The following eligibility criteria was used to assess each full text

report for inclusion in our review. We included any peer‐reviewed

publications of clinical trials involving the use of proteasome

inhibitors in patients with NSCLC. Studies of any phase were

included. Outcomes of interest included measures of efficacy such

as overall response rate, overall survival, progression‐free survival,

and safety data including the incidence and severity of adverse

events.

2.2 | Data extraction, organization, and analysis

Extraction was performed by two of four reviewers independently

with quality checking performed at the end of the extraction phase.

Subject matter information included the aims of study, country of

study, number of patients in each arm and the demographics and

characteristics of cancer patients, such as type and stage of cancer.

Outcome‐related information included the type of outcome,

duration of follow‐up or time period in which the outcome occurred,

number of events and any analysis of the data reported by the

included publications. We extracted and reported measures of effect

such as absolute risk or risk ratios, confidence intervals, and p values

of all outcomes of interest; overall response rate, overall survival,

progression‐free survival, and safety data. For studies that reported
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adverse events, the method of assessing severity was extracted. All

studies were analyzed using the synthesis without meta‐analysis

approach. Trials were grouped according to the chemotherapeutic

regimen used, namely, proteasome inhibitor monotherapy or combi-

nation therapy. Results were further synthesized depending on the

combination drugs and regimen used to elucidate regimens which

may afford greater efficacy.

2.3 | Quality assessment and risk of bias

To assess methodological quality and the risk of bias of included

studies, the Joanna Briggs Institute Critical appraisal checklists for

randomized‐controlled trials and quasi‐experimental studies were

used. These checklists evaluate domains related to the risk of bias

including treatment allocation, blinding of participants, assessors, and

the clinical trial team, comparability of characteristics in the

intervention and control arms, reliability of outcome assessment,

appropriateness of statistical analysis, and dropouts. This appraisal

was performed by two reviewers independently, with discrepancies

resolved by the independent verdict of a senior reviewer. All results

are reported in Supporting Information: Tables 2 and 3.

2.4 | Ethical approval

No ethical approval was required for this study. No patients nor

members of the public were involved in the design nor conduct of

this study.

3 | RESULTS

From 3344 unique records, 25 reports of 21 studies meeting our

inclusion criteria were analyzed in this review. The study selection

process is detailed in the PRISMA flowchart (Figure 1).

3.1 | Bortezomib monotherapy

Key characteristics of trials examining bortezomib as monotherapy

are outlined in Table 1.

3.1.1 | Investigation of bortezomib monotherapy in
KRASG12D mutant NSCLC patients

NCT01833143:

This study investigated the usage of bortezomib in patients with

KRASG12D mutant NSCLC. While the drug was mostly inactive,

rapid clinical improvement, and substantial disease regression along

with complete recovery was observed in patients with invasive

mucinous adenocarcinoma. The overall response rate (ORR) was 6%,

median PFS was 1.4 months, partial response was seen in one patient

and stable disease in five others, and overall survival (OS) was 13.4

months.20

3.1.2 | Investigating bortezomib monotherapy as a
frontline regime in advanced NSCLC

NCT00508625:

This study investigated bortezomib monotherapy in patients

with advanced NSCLC. However, unsatisfactory efficacy results

and significant toxicity levels led to premature trial closure. Out

of the 17 assessable patients studied, the nonprogression rate

after 6 weeks of bortezomib monotherapy was 59%. Ten patients

experienced stable disease. No toxic deaths were recorded and

no objective response was observed. The median OS rate and

progression free survival (PFS) was 9.8 months and 2.4 months

respectively.21

NCT00200382:

This study had similar objectives to NCT00508625, and had

supporting results. With no objective clinical response recorded, the

lack of efficacy prompted premature investigation closure.22

The rapid growth rate and division rate seemed to confer NSCLC

resistance against bortezomib. Incomplete proteasome inhibition

could also explain the limited efficacy. The clinical outcomes of this

investigation were comparable to the effects of bortezomib mono-

therapy evaluated in other studies involving second‐line NSCLC

patients, with a median TTP of 1.3 months and 1.5 months,

respectively.22

3.2 | Bortezomib dual therapies

Key characteristics of trials examining bortezomib as part of dual

therapy are outlined in Tables 2 and 3.

3.2.1 | Comparison of docetaxel/bortezomib
combination therapy with existing treatment regimens

NCT00118183:

Lilenbaum and colleagues compared docetaxel/cetuximab com-

bination therapy against docetaxel/bortezomib therapy in patients

with a PS of two. Docetaxel/cetuximab had a median PFS of 3.4

months, a 6‐month PFS of 27.8%, and a median survival of 5.0

months. In comparison, the docetaxel/bortezomib arm had a median

PFS of 1.9 months, a 6‐month PFS of 13.8%, and a median survival of

3.9 months.28

Lara and colleagues:

This phase 1 clinical trial investigated the dose‐limiting toxicity

(DLT) and maximum tolerated dose (MTD) of the docetaxel/

bortezomib combination therapy in patients with NSCLC. The MTD

was identified as 1.0/75mg/m2 of bortezomib/docetaxel.15
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3.3 | Comparison of sequential administration of
docetaxel and bortezomib with concurrent
administration in its use as a combination therapy

NCT00362882:

The study compared the effects of sequential administration of

docetaxel followed by bortezomib against concurrent administration.

The concurrent treatment arm reported a longer OS (13.3 months)

compared to the sequential arm (7.8 months) and other previous

studies. Several reasons for this higher OS were proposed, with

random chance being the most likely. Other explanations include

variations in biomolecular markers between the two groups and the

fact that a greater percentage of patients had undergone EGFR

inhibitor treatment in the concurrent treatment arm. p53 status was

identified as a potential biomarker, with p53 null tumors having

possibly gained increased resistance to docetaxel as a result of

bortezomib action, improving OS. The PFS of the concurrent arm was

also higher at 30% compared to 17% in the sequential arm.29

F IGURE 1 PRISMA flowchart.
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3.4 | Comparing the use of bortezomib
monotherapy with bortezomib/docetaxel
combination therapy

Fanucchi et al.23:

This study compared bortezomib/docetaxel combination therapy

against bortezomib monotherapy as second‐line therapy in relapsed

NSCLC patients.

The bortezomib/docetaxel dual therapy reported higher values

for median TTP (4.0 vs. 1.4 months), median duration of response

(11.3 vs. 3.8 months), median duration of disease control (5.7 vs. 4.9

months), and median PFS values (3.1 vs. 1.5 months).23

The bortezomib treatment arm, despite the limited treatment

cycles completed (median was two cycles), showed RRs, median OS

and 1‐year survival probability similar to other monotherapy agents

such as docetaxel, pemetrexed, and erlotinib as demonstrated by the

table below23:

However, study limitations meant that the significance of the

results could not be established. The data also seemed to mimic the

data for single agent docetaxel, making it unclear whether improve-

ment in results was due to the combination of two agents.

The lack of substantial improvements has been attributed to

several factors, including possible suboptimal dosing, scheduling and

sequence of administration, negative drug interaction, low number of

treatment cycles (median was two, previous single agent studies had

higher medians), reduced dose density of bortezomib, and the prior

administration of paclitaxel, which has been demonstrated by some

studies to cause reduced RR.23,26

3.5 | Safety and efficacy of bortezomib in
combination with pemetrexed in advanced NSCLC
patients in comparison with bortezomib and
pemetrexed monotherapy

NCT00389805:

This phase I study concluded that between the once weekly and

twice weekly dosing of bortezomib in combination with pemetrexed,

the once weekly dosing is more preferable due to reduced rate of

neutropenia and more convenient dosing schedule without compro-

mising efficacy.30

NCT00343720:

The study compared bortezomib and pemetrexed dual therapy

against bortezomib monotherapy and pemetrexed monotherapy in

NSCLC patients. For dual therapy, in squamous cell cancer, the RR

was 5.3%, Disease control rate was 68.4%, median TTP was 2.9

months, 6‐month TTP was 29.7% and median OS was 6.2 months. In

NSCLC, the RR was 7.7%, disease control rate was 76.9%, median

TTP was 4.1 months, 6 month TTP was 27.7% and median OS was

11.2 months. Pemetrexed monotherapy in the nonsquamous cancer

type, performed better than dual therapy (RR was 3.8%, disease

control rate was 73.1%, median TTP was 3.9 months, 6‐month TTP

was 35.6% and median OS was 13.6 months.)18T
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3.6 | Comparison of erlotinib/bortezomib
combination therapy against erlotinib monotherapy

Lynch and colleagues:

The study found that erlotinib monotherapy had a 16% RR,

while the combination therapy yielded a RR of 9%. Median TTP

and PFS were both 2.7 months for erlotinib monotherapy, and 1.5

months and 1.3 months respectively for the combination therapy.

Median OS was 7.3 months for erlotinib monotherapy and 8.5

months for the combination therapy. Patients with EGFR

mutations had a longer TTP and PFS than those with EGFR wild

type, indicating EGFR mutation as being a potential biomarker for

the use of bortezomib.31

3.7 | Safety and efficacy of vorinostat/bortezomib
combination as third‐line therapy in advanced NSCLC
patients

Jones and colleagues:

In this phase I/II clinical trial, measurable tumor necrosis was

histologically confirmed in 6/20 patients, suggesting potential

benefits. The study was also powered to identify the genes

regulation changes. Downregulated genes included Decorin,

MMP1 and Zeb1, while upregulated genes include GAS5, CXCL2,

and RBM6.32

Hoang and colleagues:

In this phase II trial there were no antitumor responses, stable

disease in five patients, median PFS of 1.5 months, 3 month PFS

rate of 11.1%, and median OS of 4.7 months. The unimpressive

clinical efficacy led to premature trial closure. Lack of established

biomarkers involved in bortezomib action makes it difficult to

identify the patient groups most likely to benefit from bortezomib

therapy.33

3.8 | Bortezomib triple therapy

Key characteristics of trials examining bortezomib as part of triple

therapy are outlined in Table 4.

3.8.1 | Efficacy of bortezomib/gemcitabine/
carboplatin triple therapy in NSCLC

NCT00075751:

The phase II trial investigated the bortezomib/gemcitabine/

carboplatin triple therapy regime. The median OS was 11 months,

and the 1‐year survival rate was 47%, surpassing the results

achieved in investigations of other drug combinations. However,

the current paradigm shift is toward the paclitaxel/carboplatin/

bevacizumab combination therapy which has a median OS of 12.3

months as frontline treatment and bortezomib/gemcitabine/

carboplatin combination therapy has comparatively inferior

results. The carboplatin/gemcitabine/bortezomib treatment line

may still be more advantageous, having been studied in a wider

patient sample compared to paclitaxel/carboplatin/bevacizumab

combination therapy.34

The similarity of median PFS (5 months), ORR (23%), and disease

control rate (68%) to other previous studies does seem to suggest

that improvement in survivability might have been a result of

increased usage of second line therapy such as docetaxel, peme-

trexed, and erlotinib.34

Davies and colleagues:

This phase I clinical trial aimed to investigate the MTD and

feasibility of including bortezomib in combination with gemcitabine

and carboplatin for treatment of advanced NSCLC. Response rate

recorded was 35%.35

3.8.2 | Safety and efficacy of bortezomib/
carboplatin/bevacizumab as first line therapy in
patients with NSCLC

Piperdi and colleagues:

The poor accrual rates of this combined phase I and phase II

trial left the study underpowered in establishing response rates

and PFS rates. Partial remission was observed in four out of

nine patients, with a median PFS of 5.5 months and OS of 10.9

months respectively. Clinical activity was also observed in three

patients with advanced NSCLC, but could not be proven through

this study.36

TABLE 2 Regimen and associated outcomes.

Trial name
Drug monotherapy and
dosage

n response/total
(response rates [%])

Median overall
survival (months)

n/total (1 year survival
probability [%])

Fanucchi et al.23 Bortezomib 1.5 mg/m2 6/75 (8) 7.4 29/75 (38.7)

Fossella et al.24 Docetaxel 75mg/m2 8/125 (6.7) 5.7 40/125 (32)

Shepherd et al.25 Docetaxel 75mg/m2 3/55 (5.5) 7.5 20/55 (37)

Hanna et al.26 Docetaxel 75mg/m2 25/288 (8.8) 7.9 86/288 (29.7)

Hanna et al.26 Pemetrexed 500mg/m2 26/283 (9.1) 8.3 84/283 (29.7)

Sheperd et al.27 Erlotinib 150mg 43/488 (8.9) 6.7 N.A.
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3.8.3 | Safety and efficacy of bortezomib/paclitaxel/
carboplatin triple therapy

Edelman and colleagues:

The phase I clinical trial aimed to establish MTD as well as safety

of a trimodality approach comprising surgical resection, radiotherapy,

and the triple drug regimen (bortezomib/paclitaxel/carboplatin).

The study was prematurely terminated before a MTD was

established due to the unusually high incidence of deaths reported

(25%). Reasons suggested for the increased treatment‐related

mortality included random chance as well as a proposed theory

linking the deaths to the pulmonary toxicity caused by bortezomib

treatment. Pathologic complete response was reported in 5 out of 12

patients on the treatment regimen.13

NCT00093756:

The study was a combined phase I and phase II clinical trial

investigating the safety and efficacy of bortezomib/paclitaxel/

carboplatin therapy combined with radiotherapy. While the study

results cannot be validated as a result of early termination due to

slow accrual, the early data from the investigation was in favor of the

use of the triple therapy regime with radiation. The early data

reported a 1‐year survival rate of 73% and a median survival time of

25 months, which is higher than the investigation results yielded by

investigations of other regimes.37

TABLE 4 Summary of other outcome factors reported in bortezomib triple therapy studies.13,34–38

Trial name Regimen
n partial response/
total patients (PRR)

n stable disease/
total patients (SDR)

n disease control/
total patients (DCR)

Time to progression
(months)

Davies et al.34

NCT000757
Gemcitabine 1000mg/m2 on days 1

and 8, carboplatin AUC 5.0 on Day
1, and bortezomib 1.0 mg/m2 on
days 1, 4, 8, and 11, in 21‐day
treatment cycles

2/114 (11) 52/114 (46) 78/114 (68) NA

Davies et al.35 Level 1‐bortezomib 1.0mg/m2,
gemcitabine 800mg/m2,
carboplatin AUC 5.0

1/3 (33.3) 1/3 (33.3)

Level 2‐bortezomib 1.0mg/m2,
gemcitabine 1000mg/m2,
carboplatin AUC 5.0

6/16 (37.5) 5/16 (31.3) NA NA

Level 3‐bortezomib 1.3mg/m2,
gemcitabine 1000mg/m2,

carboplatin AUC 5.0

2/7 (28.6) 2/7 (28.6)

Piperdi et al.36 Level 1‐bortezomib 1.3mg/m2,
carboplatin AUC 6.0, bevacizumab
15mg/kg

0/3 (0) 2/3 (66.7)

Level 2‐bortezomib 1.6mg/m2,
carboplatin

AUC 6.0, bevacizumab 15mg/kg

2/4 (50) 2/4 (50) NA NA

Level 3‐bortezomib 1.8mg/m2,
carboplatin AUC 6.0, bevacizumab
15mg/kg

4/9 (44) 4/9 (44) 50% at fourth
month

Edelman et al.13 Bortezomib was administered on days
1, 4, 15, 18 during the 6‐week
induction chemoradiotherapy.
Carboplatin AUC = 6 and paclitaxel
200mg/m2

NA

Zhao et al.37

NCT00093756
1.2 bortezomib (mg/m2) + 175

paclitaxel (mg/m2) + 6
carboplatin (AUC)

NA

Kontopodis et al.38

NCT01633645
Bortezomib 1mg/m2 on days 1 and 8,

of a 21‐day treatment cycle.
Second cycle treatment: Gemcitabine

1000mg/m2 on days 1 and 8,

cisplatin 70mg/m2 on day 1 and
bortezomib 1mg/m2 on days 1 and
8, repeated every 21 days

9/43 (20.9) 13/43 (30.2) NA NA
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3.8.4 | Efficacy and survival rates of bortezomib/
gemcitabine/cisplatin combination therapy

NCT01633645:

This study investigated the effect of adding bortezomib to the

cisplatin/gemcitabine regimen. The ORR was 17%, the median duration

of response was 6.6 months, and the median PFS was 2.5 months. The

treatment mortality rate was 7.5%. Thus, the bortezomib/gemcitabine/

cisplatin triple therapy had decreased efficacy and RR.38

Despite the decrease in ORR and PFS, there was no significant

difference between the OS rate of the control (cisplatin/gemcitabine)

and intervention (bortezomib/cisplatin/gemcitabine) groups. Possible

explanations for the apparent reduction in efficacy include the lower

than standard dosage of gemcitabine (1000mg/m2 instead of

1250mg/m2), higher of proportion of less treatment responsive

adenocarcinoma type NSCLC in study, and possibly the high number

of patient discontinuations at the beginning of the trial, who could

not be evaluated.38

3.9 | Adverse effects of bortezomib monotherapy

The most common grade 3/4 adverse effect was fatigue. Others

included haematological (neutropenia, and thrombocytopenia), infec-

tion without neutropenia, gastro‐intestinal (anorexia, nausea, and

mucositis), cardiovascular (atrial fibrillation, thrombosis, and atrio‐

ventricular block), sensory neuropathy, pain, abdominal pain,

cachexia, dyspnea, and denutrition, vigilance trouble, visual trouble,

and hyperglycemia.21,22

3.10 | Adverse effects of bortezomib combination
therapies

Davies and colleagues and Lynch and colleagues reported trials in which

bortezomib was added to another chemotherapeutic drug, pemetrexed

and erlotinib respectively. In both trials, the addition of Bortezomib did

not significantly increase the adverse events reported.

4 | DISCUSSION

As mentioned earlier, the paper aims to evaluate the clinical utility of

proteasome inhibitors in NSCLC treatment. For the purposes of this

paper, all the trials pertain to the use of the proteasome inhibitor

bortezomib.

4.1 | Bortezomib/pemetrexed dual therapy versus
bortezomib and pemetrexed monotherapy

Common grade 3/4 adverse effects of bortezomib/pemetrexed

combination therapy included haematological (neutropenia, anaemia

and thrombocytopenia), metabolic (increased transaminases), dysp-

noea and fatigue.18,30

In the trial by Davies et al.30 higher rates of grade 3/4

neutropenia, increased transaminases and fatigue were reported at

the more frequent dosing of bortezomib (arm A).

In NCT00343720, more severe adverse effects (grade ≥3)

were reported in bortezomib/pemetrexed combination (arm A)

than pemetrexed (arm B) and bortezomib (arm C) monotherapy.

Five treatment‐related deaths were reported during the study.

Three deaths occurred due to bronchopneumonia, circulatory

collapse, and pancytopenia respectively. One death occurred due

to appendiceal abscess, and one death occurred due to respira-

tory failure.18

4.2 | Bortezomib/erlotinib dual therapy versus
erlotinib monotherapy

Both regimens were well tolerated, and adverse events were

consistent with the known toxicological profiles of erlotinib and

bortezomib. No additive toxicological effects were reported. Known

bortezomib toxicities such as diarrhoea, peripheral neuropathy, and

hypertension were less frequently reported as compared to other

phase I trials, possibly due to the reduced dosage. The most

commonly reported grade 3 adverse event was skin rash.32

When bortezomib was used in triple‐agent chemotherapeutic

regimens, the adverse events profile was largely tolerable.

4.3 | Bortezomib/gemcitabine/carboplatin triple
therapy

Four deaths reported in NCT00075751 were possibly due to

treatment. One death was due to dehydration and diarrhoea, one

due to multiorgan failure, one sudden death in a patient with grade 4

thrombosis/embolism and thrombocytopenia, and one due to

pneumonitis. No treatment‐related deaths were reported in the trial

by Davies and colleagues.34,35

4.4 | Bortezomib/bevacizumab/carboplatin triple
therapy

The bortezomib/carboplatin/bevacizumab combination was generally

well tolerated. At the recommended phase II dose level, elevated

hematologic toxicities were reported (specifically neutropenia and

thrombocytopenia) when continued for more than four cycles. Other

grade 3/4 toxicities reported for all cycles included haematological

(anaemia and lymphopenia), gastrointestinal (nausea, vomiting, and

diarrhoea), infection, pulmonary (haemorrhage), and constitutional

(fatigue, anorexia, pain, dehydration, hypertension, and thrombosis).

Painful grade 2 sensory neuropathy and grade 3 peripheral

neuropathy, both expected adverse events of bortezomib
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administration, were not reported, possibly due to the weekly dosing

and limiting to six cycles of administration.36

4.5 | Bortezomib/paclitaxel/carboplatin triple
therapy

Bortezomib/paclitaxel/carboplatin triple therapy with radiation resulted in

elevated haematological toxicity, possibly attributed to the overlapping

toxicological profiles of the drugs. Common grade 3 toxicities reported in

phase II of NCT00093756 included neutropenia, leukopenia, nausea and

fatigue. Common grade 4 toxicities reported included haematological

(neutropenia, thrombocytopenia, and leukopenia), nonhaematological

(hyponatraemia, hypokalaemia, dyspnoea, hypoxia,myalgia, and depressed

level of consciousness). One death reported due to pneumonitis was

likely treatment‐related.37

4.6 | Bortezomib/gemcitabine/cisplatin triple
therapy

Similarly, Kontopodis and colleagues which utilized bortezomib‐

gemcitabine‐cisplatin triple therapy observed few grade 3/4 adverse

effects overall. These included haematological (thrombocytopenia,

neutropenia, febrile neutropenia, and leukopenia), fatigue, diarrhoea,

ototoxicity, AST/ALT elevation, and thromboembolism. Two treatment‐

related deaths were reported. One female patient died due to polyorganic

failure and sepsis, while one male patient died due to pulmonary

haemorrhage and type II respiratory failure after developing grade 2

anaemia, grade 3 neutropenia and grade 4 thrombocytopenia. Both

patients experienced the adverse effects after the second cycle of

treatment. Another death that occurred could not be ruled out to be

study‐related due to the lack of information.38

4.6.1 | Clinical significance of bortezomib
monotherapy

The three papers investigating bortezomib monotherapy seem to

indicate a lack of clinical efficacy in the treatment of Stage IIIB/IV

NSCLC. This coupled with the short survival span and low survival

rate of patients, is prohibitive usage of bortezomib monotherapy.

There is limited evidence suggesting excellent clinical efficacy under

certain conditions, and identifying the key biomarkers is of further

investigational value.21,22

4.6.2 | Clinical significance of bortezomib
combination therapies

Bortezomib/docetaxel dual therapy versus bortezomib monotherapy

Four trials investigating bortezomib/docetaxel combination therapy

were included in this report, of which three aimed to establish the

clinical efficacy against existing regimens or monotherapy, while a

fourth investigated the effects of sequence of administration on

clinical efficacy. For Fanucchi et al.23 the bortezomib/docetaxel dual

therapy reported longer median TTP, median duration of response,

median duration of disease control and median PFS values, compared

to bortezomib monotherapy. However, in NCT00118183,28 the

control arm of docetaxel/cetuximab reported statistically significant

higher values for median PFS, median 6‐month PFS and median

survival compared to the bortezomib/docetaxel experimental arm.

The effect of sequence of administration (concurrent vs. sequential)

as investigated by NCT00362882,29 appears to be of further

investigational value, with the higher 6‐month PFS and median OS

rates seeming to indicate increased clinical survival for the concurrent

administration of bortezomib and docetaxel compared to sequential

administration.

Bortezomib/pemetrexed dual therapy versus bortezomib and

pemetrexed monotherapy

The compiled data from the two studies do not indicate any clinical

significance supporting the therapeutic usage of bortezomib/peme-

trexed dual therapy. NCT0034372018 reported inferior results for

the pemetrexed/bortezomib dual therapy in the nonsquamous group

compared to pemetrexed monotherapy, in terms of 6‐month TTP,

median OS and 1‐year survival rate. In the squamous group, the

6‐month TTP and TTP values reported were higher in the dual therapy

regimen as compared to the pemetrexed monotherapy regimen, and is

of potential investigational value. However, the median OS and 1‐year

survival rates were still higher in the pemetrexed monotherapy arm.

No significant differences were reported when comparing different

sequences of administration, thus indicating a lack of correlation

between sequence of administration and clinical efficacy and is of no

further investigational value.30

Bortezomib/erlotinib dual therapy versus erlotinib monotherapy

Bortezomib/erlotinib dual therapy showed inferior efficacy compared

to erlotinib monotherapy and therefore does not seem to be of any

further investigational value.31

Bortezomib/vorinostat dual therapy

While the single modality approach involving bortezomib/vorinostat

dual therapy was ineffective, a dual modality approach involving

surgical resection and the bortezomib/vorinostat chemotherapy

regimen was well tolerated and effective, and is of further

investigational value.32,33

Bortezomib/gemcitabine/carboplatin triple therapy

Bortezomib/gemcitabine/carboplatin triple therapy was investigated

in NCT00075751.34 Results obtained include a median OS of 11

months and a 1‐year survival rate of 47%. However, while promising,

this does not offer an improvement on some of the existing

treatment lines such as paclitaxel/carboplatin/bevacizumab, which

has a median OS 12.3 months. Regardless, the triple therapy regimen

may still be of clinical relevance and of further investigation value,
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especially the identification of clinical biomarkers indicated for the

use of bortezomib/carboplatin/gemcitabine triple therapy.

Bortezomib/bevacizumab/carboplatin triple therapy

Bortezomib/bevacizumab/carboplatin triple therapy regimen as

investigated by Piperdi et al.36 seemed to be of further investigational

value for the treatment of NSCLC. However the study results validity

and accuracy were limited by the poor accrual rates and thus needs

to be confirmed through further investigations.

Bortezomib/paclitaxel/carboplatin triple therapy

Bortezomib/paclitaxel/carboplatin triple therapy was investigated in

a triple modality regimen, along with radiotherapy and surgical

resection by Edelman et al.13 and in a monomodality investigation by

NCT00093756.37 Results were unpromising, with the triple modality

approach being potentially unfeasible due to the high mortality rate

encountered,13 and the results of the monomodality approach

plagued by poor accrual rates in the study. However, the mono-

modality investigation did yield favorable results including 1‐year

survival rate of 73% and a median survival time of 25 months.37 Thus,

this triple therapy regimen may be of further investigational value. As

indicated in previous studies, the use of bortezomib is best

complemented by biomarkers identification.

Bortezomib/gemcitabine/cisplatin triple therapy

Gemcitabine/cisplatin dual therapy usually confers an ORR of

22%–44%, a median PFS of 5–7 months, and an OS of 8–11 months.

However, the triple therapy yielded an ORR of 17%, median PFS of

2.5 months, and median duration of response of 6.6 months. Thus,

the addition of bortezomib was reported to have caused a decrease

in the clinical efficacy of gemcitabine/cisplatin dual therapy, and is

not indicated for further clinical trials or clinical usage.38

4.7 | Upcoming trials

NCT00720785

This ongoing nonrandomized phase I clinical trial is being

conducted by Richard W. Childs from the National Heart, Lung, and

Blood Institute, on patients with chronic myeloid leukaemia,

pancreatic cancer, colon/rectal cancer, multiple myeloma, and

NSCLC. The trial aims to investigate the use of in vivo expanded

NK cells with increased expression of TRAIL in treatment of cancers

with increased TRAIL cytotoxicity due to bortezomib administration.

The bortezomib dose is 1.3 mg/m2. As the study is still in phase I,

efforts are still ongoing to establish the MTD and safety of the

proposed intervention and no preliminary results have been

published at the time of writing.39

NCT00667082

This ongoing trial investigates the safety, efficacy, pharmaco-

dynamics, and pharmacokinetics of marizomib (NPI‐0052) (a protea-

some inhibitor) in combination with vorinostat in the treatment of

NSCLC, as well as other cancers such as pancreatic cancer,

melanoma, lymphoma, and multiple myeloma. It is conducted by

Steven D. Reich, and is an open label, single group assignment clinical

trial. The trial intervention is as follows—intravenous marizomib at

doses ranging from 0.15 to 0.7 mg/m2 on days 1, 8, and 15 of each

28‐day cycle, and oral vorinostat 300mg administered with food on

days 1 to 16 of each 28‐day cycle. No preliminary study results have

been published at time of writing.40

5 | CONCLUSION

The overall indication appears to be that both bortezomib mono-

therapy and combination therapy has limited clinical indication in the

treatment of NSCLC. While it is well tolerated and presented with

manageable side effects, bortezomib usage has been hampered by

the lack of evidence regarding suitable biomarkers for bortezomib

treatment. Bortezomib seemed to have performed well in phase I

trials, but was ineffective in phase II studies.

Of the various combination therapies investigated, on bortezo-

mib/gemcitabine/carboplatin, bortezomib/bevacizumab/carboplatin,

and bortezomib/paclitaxel/carboplatin combinations showed promis-

ing results and were of further investigational value. Most investiga-

tions did not show any clinical benefit for bortezomib combination

therapy.

Overall, the predicted synergistic effect of bortezomib was not

conclusively identified in most of the investigations, and further

investigations involving bortezomib will benefit greatly from identi-

fying suitable biomarkers in which its use is indicated.

AUTHOR CONTRIBUTIONS

Alethea Dasha Wenning Chua: Data curation; investigation; method-

ology; resources; validation; visualization; writing—original draft;

writing—review & editing. Thirumeninathan Thaarun: Data curation;

investigation; methodology; resources; validation; visualization;

writing—original draft; writing—review & editing. Hui Yang: Concep-

tualization; methodology; project administration; writing—review &

editing. Ainsley Ryan: Conceptualization; investigation; methodology;

project administration; resources; supervision; writing—review &

editing. Ainsley Ryan Yan Bin Lee: Conceptualization; investigation;

methodology; project administration; resources; supervision; writing—

review & editing. All authors have read and approved the final version

of the manuscript. Alethea DashaWenning Chua and Thirumeninathan

Thaarun had full access to all of the data in this study and take

complete responsibility for the integrity of the data and the accuracy

of the data analysis.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The authors confirm that the data supporting the findings of

this study are available within the article and its Supporting

Information.

12 of 14 | CHUA ET AL.



TRANSPARENCY STATEMENT

The lead author Ainsley RyanYan Bin Lee affirms that this manuscript

is an honest, accurate, and transparent account of the study being

reported; that no important aspects of the study have been omitted;

and that any discrepancies from the study as planned (and, if relevant,

registered) have been explained.

ORCID

Alethea Dasha Wenning Chua http://orcid.org/0009-0007-

0466-6116

Ainsley Ryan Yan Bin Lee http://orcid.org/0000-0002-5896-2929

REFERENCES

1. Chaitanya Thandra K, Barsouk A, Saginala K, Sukumar Aluru J,

Barsouk A. Epidemiology of lung cancer. Współczesna Onkologia.
2021;25(1):45‐52. doi:10.5114/wo.2021.103829

2. Zappa C, Mousa SA. Non‐small cell lung cancer: current treatment
and future advances. Transl Lung Cancer Res. 2016;5(3):288‐300.
doi:10.21037/tlcr.2016.06.07

3. Al‐Quteimat OM, Amer AM. A review of osimertinib in NSCLC and
pharmacist role in NSCLC patient care. J Oncol Pharm Pract.
2020;26(6):1452‐1460. doi:10.1177/1078155220930285

4. Lee ARYB, Leong I, Lau G, et al. Depression and anxiety in older
adults with cancer: systematic review and meta‐summary of risk,

protective and exacerbating factors. Gen Hosp Psychiatry. 2023;81:
32‐42. doi:10.1016/j.genhosppsych.2023.01.008

5. Sharma R. Mapping of global, regional and national incidence,
mortality and mortality‐to‐incidence ratio of lung cancer in 2020 and
2050. Int J Clin Oncol. 2022;27(4):665‐675. doi:10.1007/s10147‐
021‐02108‐2

6. Lee ARYB, Yau CE, Low CE, et al. Natural progression of left
ventricular function following anthracyclines without cardioprotec-
tive therapy: a systematic review and meta‐analysis. Cancers.
2023;15(2):512. doi:10.3390/cancers15020512

7. Spiro S, Douse J, Read C, Janes S. Complications of lung cancer
treatment. Semin Respir Crit Care Med. 2008;29(3):302‐317. doi:10.
1055/s‐2008‐1076750

8. Ishikawa A, Ohara G, Nakazawa K, et al. Chemotherapy‐induced
complications in patients with lung cancer: an evaluation by
pharmacists. Mol Clin Oncol. 2012;1(1):65‐68. doi:10.3892/mco.
2012.33

9. Herbst RS, Morgensztern D, Boshoff C. The biology and manage-
ment of non‐small cell lung cancer. Nature. 2018;553:446‐454.
doi:10.1038/nature25183

10. National Comprehensive Cancer Network. Non‐Small Cell Lung Cancer

(Version 1.2023). National Comprehensive Cancer Network; 2022.
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf

11. Geng QQ, Wu QF, Zhang Y, Zhang GJ, Fu JK, Chen NZ. Clinical

significance of circ‐MTHFD2 in diagnosis, pathological staging and
prognosis of NSCLC. Eur Rev Med Pharmacol Sci. 2020;24(18):
9473‐9479. doi:10.26355/eurrev_202009_23032

12. Nunes AT, Annunziata CM. Proteasome inhibitors: structure and
function. Semin Oncol. 2017;44(6):377‐380. doi:10.1053/j.

seminoncol.2018.01.004
13. Edelman MJ, Burrows W, Krasna MJ, Bedor M, Smith R,

Suntharalingam M. Phase I trial of carboplatin/paclitaxel/bortezomib
and concurrent radiotherapy followed by surgical resection in stage

III non‐small cell lung cancer. Lung Cancer. 2010;68:84‐88. doi:10.
1016/j.lungcan.2009.05.003

14. Adams J. The development of proteasome inhibitors as anticancer
drugs. Cancer Cell. 2004;5(5):417‐421. doi:10.1016/S1535-6108
(04)00120-5

15. Lara PN, Koczywas M, Quinn DI, et al. Bortezomib plus docetaxel in
advanced non‐small cell lung cancer and other solid tumors: a
phase I california cancer consortium trial. J Thorac Oncol. 2006;1(2):
126‐134.

16. Mack PC, Davies AM, Lara PN, Gumerlock PH, Gandara DR.
Integration of the proteasome inhibitor PS‐341 (Velcade) into the
therapeutic approach to lung cancer. Lung Cancer. 2003;41:89‐96.
doi:10.1016/S0169-5002(03)00149-1

17. Schenkein DP. Use of proteasome inhibition in the treatment of

lung cancer. Clin Lung Cancer. 2004;6:S89‐S96. doi:10.3816/CLC.
2004.s.021

18. Scagliotti GV, Germonpré P, Bosquée L, et al. A randomized phase II
study of bortezomib and pemetrexed, in combination or alone, in
patients with previously treated advanced Non‐Small‐Cell lung

cancer. Lung Cancer. 2010;68:420‐426. doi:10.1016/j.lungcan.
2009.07.011

19. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews.
BMJ. 2021;372:n71. doi:10.1136/bmj.n71

20. Drilon A, Schoenfeld AJ, Arbour KC, et al. Exceptional responders
with invasive mucinous adenocarcinomas: a phase 2 trial of
bortezomib in patients with KRAS G12D‐mutant lung cancers.
Cold Spring Harb Mol Case Stud. 2019;5(2):a003665. doi:10.1101/

mcs.a003665
21. Besse B, Planchard D, Veillard AS, et al. Phase 2 study of frontline

bortezomib in patients with advanced non‐small cell lung cancer.
Lung Cancer. 2012;76:78‐83. doi:10.1016/j.lungcan.2011.09.006

22. Li T, Ho L, Piperdi B, et al. Phase II study of the proteasome inhibitor

bortezomib (PS‐341, Velcade®) in chemotherapy‐naïve patients with
advanced stage non‐small cell lung cancer (NSCLC). Lung Cancer.
2010;68:89‐93. doi:10.1016/j.lungcan.2009.05.009

23. Fanucchi MP, Fossella FV, Belt R, et al. Randomized phase II study of
bortezomib alone and bortezomib in combination with docetaxel in

previously treated advanced non–small‐cell lung cancer. J Clin Oncol.
2006;24(31):5025‐5033. doi:10.1200/JCO.2006.06.1853

24. Fossella FV, DeVore R, Kerr RN, et al. Randomized phase III trial of
docetaxel versus vinorelbine or ifosfamide in patients with advanced
non–small‐cell lung cancer previously treated with platinum‐
containing chemotherapy regimens. J Clin Oncol. 2000;18(12):
2354‐2362. doi:10.1200/JCO.2000.18.12.2354

25. Shepherd FA, Dancey J, Ramlau R, et al. Prospective randomized
trial of docetaxel versus best supportive care in patients with non‐
small‐cell lung cancer previously treated with platinum‐based
chemotherapy. J Clin Oncol. 2000;18(10):2095‐2103. doi:10.1200/
JCO.2000.18.10.2095

26. Hanna N, Shepherd FA, Fossella FV, et al. Randomized phase III trial
of pemetrexed versus docetaxel in patients with non‐small‐cell lung
cancer previously treated with chemotherapy. J Clin Oncol.
2004;22(9):1589‐1597. doi:10.1200/jco.2004.08.163

27. Shepherd FA, Rodrigues Pereira J, Ciuleanu T, et al. Erlotinib in
previously treated non‐small‐cell lung cancer. N Engl J Med.
2005;353(2):123‐132. doi:10.1056/NEJMoa050753

28. Lilenbaum R, Wang X, Gu L, Kirshner J, Lerro K, Vokes E.
Randomized phase II trial of docetaxel plus cetuximab or docetaxel
plus bortezomib in patients with advanced non–small‐cell lung
cancer and a performance status of 2: CALGB 30402. J Clin Oncol.
2009;27(27):4487‐4491. doi:10.1200/JCO.2009.22.7066

29. Lara PN, Longmate J, Reckamp K, et al. Randomized phase II trial of
concurrent versus sequential bortezomib plus docetaxel in advanced
non–small‐cell lung cancer: a california cancer consortium trial. Clin
Lung Cancer. 2011;12(1):33‐37. doi:10.3816/CLC.2011.n.004

30. Davies AM, Ho C, Metzger AS, et al. Phase I study of two different
schedules of bortezomib and pemetrexed in advanced solid tumors
with emphasis on non‐small cell lung cancer. J Thorac Oncol.
2007;2(12):1112‐1116.

CHUA ET AL. | 13 of 14

http://orcid.org/0009-0007-0466-6116
http://orcid.org/0009-0007-0466-6116
http://orcid.org/0000-0002-5896-2929
https://doi.org/10.5114/wo.2021.103829
https://doi.org/10.21037/tlcr.2016.06.07
https://doi.org/10.1177/1078155220930285
https://doi.org/10.1016/j.genhosppsych.2023.01.008
https://doi.org/10.1007/s10147-021-02108-2
https://doi.org/10.1007/s10147-021-02108-2
https://doi.org/10.3390/cancers15020512
https://doi.org/10.1055/s-2008-1076750
https://doi.org/10.1055/s-2008-1076750
https://doi.org/10.3892/mco.2012.33
https://doi.org/10.3892/mco.2012.33
https://doi.org/10.1038/nature25183
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf
https://doi.org/10.26355/eurrev_202009_23032
https://doi.org/10.1053/j.seminoncol.2018.01.004
https://doi.org/10.1053/j.seminoncol.2018.01.004
https://doi.org/10.1016/j.lungcan.2009.05.003
https://doi.org/10.1016/j.lungcan.2009.05.003
https://doi.org/10.1016/S1535-6108(04)00120-5
https://doi.org/10.1016/S1535-6108(04)00120-5
https://doi.org/10.1016/S0169-5002(03)00149-1
https://doi.org/10.3816/CLC.2004.s.021
https://doi.org/10.3816/CLC.2004.s.021
https://doi.org/10.1016/j.lungcan.2009.07.011
https://doi.org/10.1016/j.lungcan.2009.07.011
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1101/mcs.a003665
https://doi.org/10.1101/mcs.a003665
https://doi.org/10.1016/j.lungcan.2011.09.006
https://doi.org/10.1016/j.lungcan.2009.05.009
https://doi.org/10.1200/JCO.2006.06.1853
https://doi.org/10.1200/JCO.2000.18.12.2354
https://doi.org/10.1200/JCO.2000.18.10.2095
https://doi.org/10.1200/JCO.2000.18.10.2095
https://doi.org/10.1200/jco.2004.08.163
https://doi.org/10.1056/NEJMoa050753
https://doi.org/10.1200/JCO.2009.22.7066
https://doi.org/10.3816/CLC.2011.n.004


31. Lynch TJ, Fenton D, Hirsh V, et al. A randomized phase 2 study of
erlotinib alone and in combination with bortezomib in previously
treated advanced non‐small cell lung cancer. J Thorac Oncol.
2009;4(8):1002‐1009.

32. Jones DR, Moskaluk CA, Gillenwater HH, et al. Phase I trial of induction
histone deacetylase and proteasome inhibition followed by surgery in
non–small‐cell lung cancer. J Thorac Oncol. 2012;7(11):1683‐1690.

33. Hoang T, Campbell TC, Zhang C, et al. Vorinostat and bortezomib as
third‐line therapy in patients with advanced non‐small cell lung

cancer: a Wisconsin Oncology Network Phase II study. Invest New
Drugs. 2014;32:195‐199. doi:10.1007/s10637-013-9980-5

34. Davies AM, Chansky K, Lara PN, et al. Bortezomib plus gemcitabine/
carboplatin as first‐line treatment of advanced non‐small cell lung
cancer. J Thorac Oncol. 2009;4(1):87‐92.

35. Davies AM, Ruel C, Lara PN, et al. The proteasome inhibitor
bortezomib in combination with gemcitabine and carboplatin in
advanced non‐small cell lung cancer: a California Cancer Consortium
Phase I study. J Thorac Oncol. 2008;3(1):68‐74.

36. Piperdi B, Walsh WV, Bradley K, et al. Phase‐I/II study of

bortezomib in combination with carboplatin and bevacizumab as
first‐line therapy in patients with advanced non–small‐cell lung
cancer. J Thorac Oncol. 2012;7(6):1032‐1040.

37. Zhao Y, Foster NR, Meyers JP, et al. A phase I/II study of bortezomib

in combination with paclitaxel, carboplatin, and concurrent thoracic
radiation therapy for non–small‐cell lung cancer. J Thorac Oncol.
2015;10(1):172‐180. doi:10.1097/JTO.0000000000000383

38. Kontopodis E, Kotsakis A, Kentepozidis N, et al. A phase II, open‐label
trial of bortezomib (VELCADE®) in combination with gemcitabine and
cisplatin in patients with locally advanced or metastatic non‐small cell
lung cancer. Cancer Chemother Pharmacol. 2016;77:949‐956.

39. Childs R. Natural killer cells and bortezomib to treat cancer.
Identifier NCT00720785. 2008. Accessed December 21, 2022.
https://clinicaltrials.gov/ct2/show/NCT00720785

40. Reich S. NPI‐0052 and Vorinostat in patients with non‐small cell
lung cancer, pancreatic cancer, melanoma or lymphoma. Identifier

NCT00667082. 2008. Accessed December 21, 2022. https://
clinicaltrials.gov/ct2/show/NCT00667082?term=NCT00667082&
draw=2&rank=1

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Chua ADW, Thaarun T, Yang H, Lee

ARYB. Proteasome inhibitors in the treatment of nonsmall cell

lung cancer: a systematic review of clinical evidence. Health

Sci Rep. 2023;6:e1443. doi:10.1002/hsr2.1443

14 of 14 | CHUA ET AL.

https://doi.org/10.1007/s10637-013-9980-5
https://doi.org/10.1097/JTO.0000000000000383
https://clinicaltrials.gov/ct2/show/NCT00720785
https://clinicaltrials.gov/ct2/show/NCT00667082?term=NCT00667082%26draw=2%26rank=1
https://clinicaltrials.gov/ct2/show/NCT00667082?term=NCT00667082%26draw=2%26rank=1
https://clinicaltrials.gov/ct2/show/NCT00667082?term=NCT00667082%26draw=2%26rank=1
https://doi.org/10.1002/hsr2.1443

	Proteasome inhibitors in the treatment of nonsmall cell lung cancer: A systematic review of clinical evidence
	1 INTRODUCTION
	1.1 Current treatment modalities for NSCLC
	1.2 Mechanism of action of proteasome inhibitors

	2 METHODS
	2.1 Study selection
	2.2 Data extraction, organization, and analysis
	2.3 Quality assessment and risk of bias
	2.4 Ethical approval

	3 RESULTS
	3.1 Bortezomib monotherapy
	3.1.1 Investigation of bortezomib monotherapy in KRASG12D mutant NSCLC patients
	3.1.2 Investigating bortezomib monotherapy as a frontline regime in advanced NSCLC

	3.2 Bortezomib dual therapies
	3.2.1 Comparison of docetaxel/bortezomib combination therapy with existing treatment regimens

	3.3 Comparison of sequential administration of docetaxel and bortezomib with concurrent administration in its use as a combination therapy
	3.4 Comparing the use of bortezomib monotherapy with bortezomib/docetaxel combination therapy
	3.5 Safety and efficacy of bortezomib in combination with pemetrexed in advanced NSCLC patients in comparison with bortezomib and pemetrexed monotherapy
	3.6 Comparison of erlotinib/bortezomib combination therapy against erlotinib monotherapy
	3.7 Safety and efficacy of vorinostat/bortezomib combination as third-line therapy in advanced NSCLC patients
	3.8 Bortezomib triple therapy
	3.8.1 Efficacy of bortezomib/gemcitabine/carboplatin triple therapy in NSCLC
	3.8.2 Safety and efficacy of bortezomib/carboplatin/bevacizumab as first line therapy in patients with NSCLC
	3.8.3 Safety and efficacy of bortezomib/paclitaxel/carboplatin triple therapy
	3.8.4 Efficacy and survival rates of bortezomib/gemcitabine/cisplatin combination therapy

	3.9 Adverse effects of bortezomib monotherapy
	3.10 Adverse effects of bortezomib combination therapies

	4 DISCUSSION
	4.1 Bortezomib/pemetrexed dual therapy versus bortezomib and pemetrexed monotherapy
	4.2 Bortezomib/erlotinib dual therapy versus erlotinib monotherapy
	4.3 Bortezomib/gemcitabine/carboplatin triple therapy
	4.4 Bortezomib/bevacizumab/carboplatin triple therapy
	4.5 Bortezomib/paclitaxel/carboplatin triple therapy
	4.6 Bortezomib/gemcitabine/cisplatin triple therapy
	4.6.1 Clinical significance of bortezomib monotherapy
	4.6.2 Clinical significance of bortezomib combination therapies
	Bortezomib/docetaxel dual therapy versus bortezomib monotherapy
	Bortezomib/pemetrexed dual therapy versus bortezomib and pemetrexed monotherapy
	Bortezomib/erlotinib dual therapy versus erlotinib monotherapy
	Bortezomib/vorinostat dual therapy
	Bortezomib/gemcitabine/carboplatin triple therapy
	Bortezomib/bevacizumab/carboplatin triple therapy
	Bortezomib/paclitaxel/carboplatin triple therapy
	Bortezomib/gemcitabine/cisplatin triple therapy


	4.7 Upcoming trials

	5 CONCLUSION
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	TRANSPARENCY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




