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Background: Existing research data indicates that albumin-bound paclitaxel (nab-ptx), anlotinib, and PD-1/L1 inhibitors have
individually shown efficacy in second-line and subsequent treatments for advanced non-small cell lung cancer (NSCLC). This
study seeks to investigate the potential of an optimized treatment regimen in this context by combining these three drugs and
evaluating both efficacy and safety outcomes.

Patients and Methods: Between January 2020 and January 2022, we collected data from pre-treated advanced NSCLC patients who
received a combination therapy of nab-ptx, anlotinib, and PD-1/L1 inhibitors as a second-line or later treatment. The primary
endpoints for the study included the objective response rate (ORR), progression-free survival (PFS), disease control rate (DCR) and
overall survival (OS), while adverse events (AEs) were also recorded.

Results: Our findings revealed that the ORR of this regimen in pretreated NSCLC patients was 35.71%, with mean PFS of 5.0 months
and mean OS of 10.0 months. Further analysis suggested correlations between the efficacy of the regimen and factors such as PD-L1
expression levels, the occurrence of certain types of adverse events, and the status of NK cell activity. Additionally, the tolerable
toxicity profile of this regimen indicates its potential applicability in the treatment of pretreated advanced NSCLC.

Conclusion: Our study displayed that triple-drug combination of nab-ptx, anlotinib and PD-1/L1 inhibitors showed promising
efficiency and tolerated cytotoxicity in the 2" or above line treatment of advanced NSCLC, indicating the potential of such regimen
as an important option for second-line treatment of advanced NSCLC. However, due to limitations in patient numbers, its actual
clinical value awaits further research confirmation.

Keywords: nab-ptx, anlotinib, PD-1/L1, NSCLC, triple drug combination

Introduction
It is well recognized that over the past decades,'” significant progress had been made in the treatment of advanced
NSCLC, especially in the first-line treatment;>* however, in the 2nd or above line treatment, the development is slow
obviously and there still lack of effective treatment mean.” This underscores the urgent need for further research to
enhance therapeutic efficacy and outcomes in these settings.

Due to the limited efficiency brought about by single drug, either chemotherapy or PD-1/L1 inhibitor, from the
perspective of efficiency enhancement, drug combination would be reasonable.®’” Actually, increasing evidences indi-
cated that drug combination either chemotherapy plus anti-angiogenesis® or chemotherapy plus PD-1'°"'? had shown

promising efficiency with lower cytotoxicity, indicating that drug combination would probably become the standard
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treatment mean in the field of 2™ or above line treatment of advanced NSCLC. Moreover, the trend toward multiple drug
combinations has already been established in first-line NSCLC treatment,'* and such modality even has some specific
advantages toward these special populations such as liver metastasis,'*'> brain metastasis,' pleural effusion et al'’
importantly, latest evidence exhibited that multiple drug combination (pemetrexed, cisplatin, bevacizumab plus sintili-
mab) shows promising efficiency in overcoming drug resistance caused by EGFR-TKI treatment,'® which will further
extend the application scope of multiple drug combination in clinic. However, the potential for overlapping toxicities
with multiple drug combinations cannot be overlooked, emphasizing the need for optimized regimens. In the specific
combination regimen, while retaining PD-1/L1 inhibitors, leveraging the significant advantages of the anti-tumor
angiogenesis small-molecule inhibitor anlotinib,'® as well as the albumin-bound paclitaxel®® with higher penetration
compared to traditional chemotherapy drugs, becomes an important choice for optimization. Based on these considera-
tions, we explore the feasibility of a triple-drug combination (nab-ptx, anlotinib, and PD-1/L1 inhibitors) for second-line
and subsequent treatments of advanced NSCLC, aiming to identify effective therapeutic strategies that further enhance
treatment efficacy in this setting.

Methods

Study Design

The study adhered to the principles outlined in the Declaration of Helsinki (revised in 2013). This retrospective trial
received approval from the Ethics Committee of Hubei Cancer Hospital, affiliated with Tongji Medical College (Wuhan,
China) (ID number: HBCHEC2023159), and the patients or their guardians all signed informed consent before enroll-
ment. In total, 42 patients with advanced NSCLC underwent treatment with a triple-drug combination consisting of PD-
I/L1 inhibitors, nab-paclitaxel, and anlotinib in the second line of treatment or beyond.

Inclusion Criteria

Patients aged between 18 and 70 years with histologically confirmed advanced NSCLC were eligible for enrollment.
Enrollment criteria included a prior lack of response or intolerance to at least one chemotherapeutic regimen, including
both doublet platinum regimens. Patients who had previously undergone EGFR tyrosine kinase inhibitor (TKI) therapy
were required to have confirmation of drug resistance. None of the patients had been previously treated with the drugs
included in the protocol (namely nab-paclitaxel, anlotinib, and PD-1/L1 inhibitors) before disease progression.
Progression to first or second-line chemotherapy or targeted therapy was determined based on computed tomography
(CT) and magnetic resonance imaging (MRI) evaluations. Additional enrollment criteria included having at least one
measurable lesion as defined by the Response Evaluation Criteria in Solid Tumors (RECIST), an Eastern Cooperative
Oncology Group (ECOG) performance status (PS) of 0 or 1, acceptable hematologic, hepatic, and renal function, and
a life expectancy of more than 3 months.

Exclusion Criteria
The key exclusion criteria comprised symptomatic brain metastasis, cachexia, and a life expectancy of fewer than 3
months.

Gene or Biomarker Detection

Most patients underwent CT-guided needle aspiration for diagnosis. Upon pathological confirmation of diagnosis,
a portion of the sample was utilized for multiple gene detection, including EGFR, ALK, C-Met, and K-RAS, using
standard assays. The detection of PD-L1 was conducted according to the standard assay using the Dako 22C-3 antibody,
with a cutoff value for PD-L1 set at 1%.

Lymph Cell Subpopulation Analysis by FCAM
Samples of ethylenediamine tetra-acetic acid (EDTA) anticoagulated peripheral blood (2 mL) were collected from
patients with advanced NSCLC before initial treatment, with a second sample collected after subsequent treatment
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cycles. All samples were tested within 6 hours of collection. The CD3+/CD4+/CD8+ T-cell, CD19+ B-cell, and CD16
+CD56+ natural killer (NK)-cell counts (cells/uL) were measured by multiple-color flow cytometry using human
monoclonal anti-CD3-fluorescein isothiocyanate (FITC), anti-CD4-phycoerythrin (PE), anti-CD8-allophycocyanin
(APC), anti-CD19-PE, anti-CD16-APC, and anti-CD56-PE antibodies (BD Multitest; Becton, Dickinson, and Co.
Biosciences, Franklin Lakes, NJ, USA) following the manufacturer’s instructions. Cell analysis was conducted on
a BD FACS Canto II flow cytometry system (BD Biosciences).

Drug Application

All participants had received one or more lines of treatment. Upon disease progression or development of drug resistance
confirmed by clinical assessment, a modified regimen comprising a triple-drug combination of PD-1/L1 inhibitors, nab-
paclitaxel, and anlotinib was administered, with adjustments made to the dosage. The dosage of nab-paclitaxel ranged
from 100 to 200 mg/m” every 3 weeks. The dosage for PD-1/L1 inhibitors (such as pembrolizumab, nivolumab,
atezolizumab, camrelizumab, tislelizumab, sintilimab, among others) was administered as per the instructions.
Anlotinib was orally administered for two consecutive weeks, followed by a one-week break, with each cycle lasting
3 weeks. Treatment was continued until disease progression or the onset of intolerable toxicities. In the treatment
sequence, PD-1/L1 inhibitors were administered intravenously first, followed by nab-paclitaxel.

Efficiency Evaluation and Adverse Event (AE) Monitoring

All patients underwent a minimum of 2 cycles of treatment and were subsequently monitored every 6 weeks using lung CT
and MRI scans, with RECIST vl1.1 as the primary criterion. The primary study endpoints included objective response rate
(ORR), progression-free survival (PFS), overall survival (OS) and disease control rate (DCR). ORR was calculated as the
ratio of complete response (CR) plus partial response (PR) patients to the total number of patients, while DCR was defined as
the ratio of non-progressive disease (PD) patients to the total. PFS was delineated as the duration from the initiation of ICI
therapy to the onset of disease progression or any-cause death, whichever came first. In instances where neither progression
nor death occurred, the date of the last imaging examination was employed. OS was characterized as the time from the
commencement of combination therapy to any-cause mortality or the date of the last follow-up if no deaths were recorded.
Safety assessments were conducted by evaluating the incidence of treatment-related adverse events (AEs), graded according
to the National Cancer Institute’s Terminology Criteria for Adverse Events, version 4.0. Data encompassed all events,
whether immune- or non-immune mediated, reported from the first dose to 30 days after the last dose of the drug. Safety
analyses included all patients who received at least one dose of the drug. No treatment-related grade 5 events (deaths) were
reported at the time of the database lock. Additionally, AEs necessitating drug discontinuation or requiring immunomodu-
latory medications were documented.

Statistical Analysis

All statistical analyses were conducted using SPSS 13.0 (IBM Corp., Chicago, IL, USA). Two-tailed tests were employed
at a significance level of 0=0.05, with P < 0.05 considered statistically significant. Subgroup comparisons of count data
were executed using the chi-square test or Fisher’s exact test. The relationship between variables and survival was
evaluated through Kaplan—Meier curves and the Log rank test for subgroup differences in survival. Corresponding figures
were generated using Graph Prism 5.0 (GraphPad Software, San Diego, CA, USA). A P value <0.05 was deemed
statistically significant.

Results

Patient Characteristics

A total of 42 patients were enrolled in the study, comprising 26 males and 16 females, with a median age of 65 years. The general
performance status of the patients ranged from 0 to 2, with 7 cases presenting brain metastasis and 5 cases with liver metastasis.
Most patients had a performance status of 0—1, while a minority had a status of 2 (16.67%). Among the female patients, the
majority were non-smokers, whereas most male patients had a history of smoking. Based on pre-treatment PD-L1 expression
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detection, 15 patients exhibited high expression of PD-L1 (>1%), while 19 patients had low expression of PD-L1 (<1%). The
primary pathological types included adenocarcinoma or squamous cell carcinoma, with 28 cases of adenocarcinoma and 14 cases
of squamous cell carcinoma (refer to Table 1).

Previous Treatment

All participants had received at least one line of chemotherapy treatment. The first-line treatment regimens included
gemcitabine, docetaxel, or pemetrexed combined with platinum. Priority regimens for adenocarcinoma comprised the
combination of pemetrexed and platinum (cisplatin or carboplatin), while for squamous cell carcinoma, the combination
of gemcitabine and platinum (cisplatin or carboplatin) was prioritized. Among the patients, a total of 15 had undergone
radiotherapy, with a treatment interval of not less than 3 weeks before enrollment.

Table | Baseline Clinical Characteristics of the
Study Cohort

Characteristics No. of Patients (%)
Age

Years 65

Range 47-75
Gender

Male 26(61.90%)

Female 16(38.10%)
Smoking history

Never smoker 19(45.24%)

Former smoker 23(54.76%)
Histology

Adenocarcinoma 28(66.67%)

Squamous carcinoma 14(33.33%)
ECOG score

01 35(83.33%)

22 7(16.67%)
Previous Radiotherapy

Yes 15(35.71%)

No 27(64.29%)
10 treatment

Ind 13(30.95%)

2nd or above 29(69.05%)
DR type

Primary DR 9(21.43%)

Secondary DR 33(78.57%)
Brain metastasis

Yes 7(16.67%)

No 35(83.33%)
Liver metastasis

Yes 5(11.90%)

No 37(88.10%)
Plural effusion

Yes 10(23.81%)

No 32(76.19%)
Stage

nB/cC 8(19.05%)

v 34(80.95%)
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Table 2 Clinical Activity of Anlotinib, Nab-Ptx and
PD-I1/LI Inhibitors in Advanced NSCLC

Patient No. Ratio
Complete response 0 0
Partial response 15 35.71%(15/42)
Stable response 13 30.95%(13/42)
Progressive disease 14 33.33%(14/42)
Objective response 35.71%
Median PFS 5.0m
Disease control Rate 66.67%
Median OS 10.0m

Efficiency

All 42 participants received triple combination therapy consisting of PD-1/L1 inhibitors, nab-paclitaxel, and anlotinib.
Preliminary results revealed that in the second-line treatment of advanced NSCLC patients, the overall response rate
(ORR) for this regimen was 35.71%, with no complete responses (CR), 15 partial responses (PR), 13 cases of stable
disease (SD), and 14 cases of progressive disease (PD). The disease control rate (DCR) was 66.67% (refer to Table 2).
The median progression-free survival (mPFS) was 5.0 months, while the median overall survival (mOS) was 10.0 months
(refer to Figure 1A and B). In subgroup analysis, patients with higher PD-L1 expression (=1%) exhibited greater efficacy
compared to those with lower PD-L1 expression (<1%) (mPFS 6.0 vs 4.0 months, HR = 0.11, 95% CI: 0.04-0.29, P <
0.0001; mOS 11.0 vs 9.0 months, HR = 0.22, 95% CI: 0.09-0.53, P = 0.0006) (refer to Figure 1C and D). Additionally,
we observed a correlation between the occurrence of specific adverse events (AEs) such as hand-foot syndrome (HFS),
hypertension, and proteinuria, and treatment efficacy. Patients experiencing these specific AEs demonstrated improved
efficacy compared to those without them (mPFS 6.0 vs 4.5 months, HR = 0.21, 95% CI: 0.09-0.49, P = 0.0002; mOS
11.0 vs 9.0 months, HR = 0.18, 95% CI: 0.08-0.40, P < 0.0001) (refer to Figure 1E and F).

Lymph Cell Subpopulation Changes

We also conducted an analysis on the effect of treatment on lymphocyte subpopulations before and after treatment.
No significant difference was observed in the total count of baseline lymphocytes, including CD4+ T cells, CD8+
T cells, B cells, and NK cells. However, an increase in the NK cell ratio appeared to be associated with treatment
efficacy. Compared to patients without an increase in NK cells, those with increased NK cells demonstrated better
efficacy (mPFS 6.0 vs 5.0 months, HR = 0.11, 95% CI: 0.05-0.27, P < 0.0001; mOS 12.0 vs 9.0 months, HR =
0.20, 95% CI: 0.09-0.44, P = 0.0001) (refer to Figure 1G and H). These findings suggest that the synergistic
mechanism of this regimen may be linked to the activation of NK cells in peripheral blood.

Toxicity

In addition to assessing efficacy, we meticulously documented the type and severity of adverse events (AEs) throughout the
treatment duration. The primary toxicities associated with this regimen encompassed leukopenia, neutropenia, anemia, thrombo-
cytopenia, peripheral neuropathy, vomiting, nausea, fatigue, and decreased appetite, among others. The incidence of severe side
effects was approximately 49.98%. Notably, immune-related AEs were also recorded, with hypothyroidism, hyperthyroidism,
rash, and itching being commonly observed. The occurrence of grade 3 or 4 immune-related AEs was 26.19% (refer to Table 3).
Severe immune-related toxicities included interstitial pneumonia and infusion reactions. Specifically, one patient experienced
third-degree interstitial pneumonia, which was successfully managed with high-dose hormone therapy.

Discussion
There is no doubt that significant progress had been made in the treatment of advanced NSCLC, represented by
molecular target therapy® and immune checkpoint blockade.* Although these new drugs have brought about significant
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Table 3 Adverse Events of Anlotinib, Nab-Ptx and PD-I/LI
Inhibitors in Advanced NSCLC

Anlotinib, nab-ptx and PD-I/LI [n(%)]
Adverse Event Any Grade Grade 3 or 4
Hematological
Leukopenia 17(40.47%) 3(7.14%)
Neutropenia 16(38.09%) 3(7.14%)
Thrombocytopenia 14(33.33%) 3(7.14%)
Anemia 9(21.42%) 0%
Nonhematologic
Decreased appetite 24(57.14%) 0%
Fatigue 18(42.86%) 0%
Hypertension 13(30.95%) 3(7.14%)
Hand-foot syndrome 14(33.33%) 3(7.14%)
proteinuria 11(26.19%) 3(7.14%)
Elevated transaminase 9(21.43%) 3(7.14%)
Oral ulcer 8(19.05%) 0%
Stomatitis 8(19.05%) 0%
Abdominal pain 7(16.67%) 0%
Diarrhea 7(16.67%) 0%
Hyperbilirubinemia 4(9.52%) 0%
Elevated LDH 4(9.52%) 0%
ALP increased 4(9.52%) 0%
Elevated GGT 4(9.52%) 0%
Hypoproteinemia 4(9.52%) 0%
Dysphagia 4(9.52%) 0%
Dysphonia 4(9.52%) 0%
Bleeding 0% 0%
Immunological
Hypothyroidism 13(30.95%) 0%
Hyperthyroidism 14(33.33%) 0%
Rash 11(26.19%) 2(4.76%)
Hepatitis 7(16.67%) 3(7.17%)
Itching 7(16.67%) 2(4.76%)
Pneumonia 5(11.90%) 2(4.76%)
Infusion reaction 4(9.52%) 1(2.38%)
Nephritis 3(7.20%) 1(2.38%)

improvements in the efficacy of advanced NSCLC both in the long term and in the short term, it is not hard to imagine
that the occurrence of drug resistance would be inevitable.”'** Additionally, most of these progresses had been focused
mainly on the first-line treatment of advanced NSCLC. However, progress in the second-line and subsequent treatments
has been slow and lacks effective options, highlighting the need for further improvements in therapeutic efficacy in this
area.>”?

Since the limited efficiency of single drug had been widely reported either single chemotherapy or PD-1/L1
inhibitors alone, therefore, it is reasonable to try combination therapy in second-line therapy of advanced NSCLC.
Actually, increasingly evidences indicate that compared to single drug, the efficiency brought about by drug combina-
tion such as chemotherapy plus anti-angiogenesis (pemetrexed plus apatinib)’ or chemotherapy plus PD-1/L1 inhibi-

19-11 is remarkable. Besides promising efficiency improvement, the toxicity caused

tors (paclitaxel plus pembrolizumab)
by such regimen also seems to be tolerated, indicating that drug combination had the potential to become a new
standard treatment option for the 2" or above line treatment of advanced NSCLC.” However, from the perspective of

practical clinic application, there still exists room for improving the efficiency and optimizing the regimen.

Cancer Management and Research 2024:16 heeps: 1009

Dove!


https://www.dovepress.com
https://www.dovepress.com

@ Li et al Dove

Considering the multiple drug combination (chemotherapy, anti-angiogenesis and PD-1/L1 inhibitors) had become the
main trend for the first-line treatment of advanced NSCLC, the use of multidrug combinations in second-line treatment
would also be a useful attempt.®** Actually, the latest study displayed that multiple drug combination, namely,
pemetrexed, cisplatin, bevacizumab and sintilimab had produced remarkable efficiency toward these advanced
NSCLC patients suffering from EGFR-TKI drug resistance.'® However, the cytotoxicity should also not be ignored,
no matter the AEs brought about by platinum doublet chemotherapy or the anti-angiogenesis inhibitor (bevacizumab),
especially under the condition that many patients are in poor physical condition in the later line treatment, indicating
that although the efficiency was promising, however, such regimen needs to be further optimized to improve patient
tolerance.” Under above consideration, we firstly observed the triple-drug combination of nab-paclitaxel,”® anlotinib>
and PD-1/L1 inhibitors in the 2" or above line treatment of advanced NSCLC.® The efficacy and safety of any of the
drugs included in this regimen have been confirmed in NSCLC. Consistent with our expectation, such regimen resulted
in about 36% ORR, the mean PFS and OS were 5Sm and 10m, respectively, and the DCR reached as higher as 67%,
implying the improved efficiency compared to previous drug combination. Additionally, we further discover that the
occurrence of some types of adverse event (hypertension, proteinuria, and hand-foot syndrome) and expression level of
PD-L1 correlated with the efficiency. Besides promising efficiency, we also found that this regimen did not signifi-
cantly increase the side effects of treatment. The irAEs incidence of grade 3 and above was about 26%. Most of which
can be effectively relieved with corresponding support treatment, indicating that the toxicity of such regimen can be
tolerated. Although it is difficult to clarify the mechanism of action due to the application of triple-drug

combination,?®?’

our further subgroup analysis indicated that the increase of NK cell ratio seems to be correlated
with the efficiency of such regimen.?®*® This implies that the regimen’s mechanism might involve enhancing immune
activation to improve immunotherapy efficacy, consistent with findings from prior studies.”’° Nonetheless, further
research is needed to fully elucidate its mechanism,”' which is currently underway.

To sum up, as far as we know, this is the first study to report the promising efficiency and lower cytotoxicity of triple-
drug combination (nab-paclitaxel, anlotinib and PD-1/L1 inhibitors) in the 2" or above line treatment of advanced
NSCLC through upregulating NK cell ratio. While this regimen shows promise as a treatment option, several challenges
remain unresolved. These include elucidating its exact mechanism of action, identifying biomarkers to prioritize patient
populations, and optimizing the combination of multiple drugs.>*~** Nevertheless, with wider adoption of the triple-drug
combination and further accumulation of clinical experience, its potential will continue to be explored. This holds the
promise of benefiting an increasing number of patients with advanced NSCLC in the near future.

Conclusions

The combination of anlotinib, albumin-bound paclitaxel, and PD-1/L1 inhibitors represents a promising therapeutic
strategy in the second-line treatment of advanced NSCLC. This regimen offers synergistic benefits in terms of efficacy by
targeting multiple pathways involved in tumor progression and immune suppression. With careful management of safety
considerations and ongoing research efforts, this approach holds potential to further improve outcomes and redefine
standards of care for patients with advanced NSCLC.
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