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Summary
Background Platinum-doublet chemotherapy plus immunotherapy has been the standard of care for the first-line
treatment of advanced non-small cell lung cancer lacking actional driver mutations. However, optimization of
drug combinations is still needed to find a better balance between therapeutic efficacy and safety in the
immunotherapy era. We aimed to investigate the efficacy and safety of platinum-free albumin bound paclitaxel
(nab-paclitaxel) combined with camrelizumab and apatinib as first-line treatment for patients with advanced lung
adenocarcinoma.

Methods In this multicenter open-label, single-arm phase II trial, patients with systemic treatment-naïve advanced
lung adenocarcinoma without epidermal growth factor receptor (EGFR) or anaplastic lymphoma kinase (ALK)
mutations received a rational-based combination of camrelizumab (200 mg intravenously, day one), apatinib
(250 mg, q.d., five continuous days per week), and nab-paclitaxel (135 mg/m2 intravenously, days one and eight)
every three weeks for four to six cycles in China. Patients with controlled disease were maintained with
camrelizumab and apatinib. The primary end point was progression-free survival (PFS). This trial is registered
with ClinicalTrials.gov (No. NCT04459078).

Findings Between August 26, 2020 and May 20, 2022, 64 patients were enrolled. The median PFS was 14.3 (95% CI:
9.9, not reached) months. The confirmed objective response rate was 64.1% (95% CI: 51.1, 75.7). The grade 3–4
hematologic treatment-related adverse events (TRAEs) were decreased neutrophil count (14.1%), decreased white
blood cell count (7.8%), and anemia (3.1%). The most common non-hematologic TRAEs of grade 3–4 were
increased alanine transaminase (18.8%) and aspartate transaminase (15.6%). No treatment-related death occurred.
The quality of life was on average not clinically meaningful worse through treatment cycle 14.

Interpretation Nab-paclitaxel plus camrelizumab and apatinib showed clinically meaningful anti-tumor activity and
manageable safety, with few hematologic toxicities, and might be a potential treatment option in patients with
advanced lung adenocarcinoma lacking EGFR/ALK mutations.
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Research in context

Evidence before this study
Platinum-doublet chemotherapy plus immunotherapy has
been the standard of care for the first-line treatment of
advanced non-small cell lung cancer lacking actional driver
mutations. However, optimization of drug combination is still
needed to find a better balance between therapeutic efficacy
and safety in the immunotherapy era. Platinum agents have
been reported to attenuate, rather than enhance, the
immunomodulatory effects of pemetrexed or paclitaxel
in vitro.
We searched PubMed up to August 2023 using the terms
(“single-agent chemotherapy” OR “platinum-free
chemotherapy” OR “Paclitaxel”) AND (“Immunotherapy” OR
“immune checkpoint inhibitor” OR “Anti-PD-1” OR
“Camrelizumab”) AND (“Antiangiogenic therapy” OR
“Antiangiogenic agents” OR “VEGFR2 inhibitor” OR
“Apatinib”) AND (“Non-small cell lung cancer” OR “NSCLC”
OR “Lung adenocarcinoma”). No previous studies have
investigated platinum-free single-agent chemotherapy in
combination with immunotherapy and antiangiogenic
therapy in patients with systemic treatment-naïve advanced
lung adenocarcinoma lacking actional driven mutations.

Added value of this study
We conducted a multicenter single-arm phase II study to
investigate the efficacy and safety of platinum-free
chemotherapy combined with immunotherapy and
antiangiogenic therapy as the first-line treatment for patients
with advanced lung adenocarcinoma without actional
mutations. Nanoparticle albumin-bound paclitaxel (nab-
paclitaxel) plus camrelizumab and apatinib show clinically
meaningful anti-tumor activity and manageable safety, with
few hematologic toxicities, in patients with advanced lung
adenocarcinoma lacking actional driver mutations.

Implications of all the available evidence
The findings of this study may shed light on platinum-free
nab-paclitaxel in combination with camrelizumab and
apatinib as an optional treatment strategy in advanced lung
adenocarcinoma with no actional driver mutations.
Acknowledging the limitations of cross-trial comparisons,
these results require confirmation in a randomized controlled
trial.
Introduction
Lung cancer remains the leading cause of cancer-related
death worldwide, with an estimated 1.8 million deaths
in 2020.1 Approximately 85% of lung cancers are non-
small cell lung cancer (NSCLC), of which lung adeno-
carcinoma is one of the most common subtypes and
accounts for almost 40% of all lung cancers.2 Patients
with lung adenocarcinoma harboring genotype-driven
mutations can benefit from targeted therapy.3 For
those lacking actional driver mutations, platinum-
doublet chemotherapy plus immunotherapy has been
the cornerstone of first-line treatment, irrespective of
programmed death ligand-1 (PD-L1) status.4

Strategical drug combination in the immunotherapy
era is critical to finding a better balance between ther-
apeutic efficacy and safety. Combination of immuno-
therapy with the existing platinum-doublet
chemotherapy has been preferentially investigated and
demonstrated their synergistic antitumor effects in
advanced NSCLC. However, whether these empirical
regimens are ideal in the immunotherapy era remains
unknown.5 Besides, platinum-based therapy has histor-
ically been reported to be associated with higher nausea/
vomiting and hematologic toxicity when compared with
non-platinum therapy.6 Even though in most cases,
these side effects can be managed, patient compliance
and treatment adherence may be compromised.

Different chemotherapeutic agents or their combi-
nations may exert different immunomodulatory effects
in the combination settings. Paclitaxel, an antimitotic
agent, exhibited an immunomodulating effect via
inducing maturation of dendritic cells and enhancing T
cell function, as well as inducing apoptosis of regulatory
T cells.7–10 However, platinum agents (cisplatin and
carboplatin) exerted a negative immunomodulating ef-
fect via upregulating PD-L1 expression in tumor tissue.11

What’s more, platinum agents have been reported to
attenuate, rather than enhance, the immunomodulatory
effects of pemetrexed or paclitaxel in vitro.12 These re-
sults suggest the combinatorial potential of platinum-
free chemotherapy and immunotherapy.

Antiangiogenic therapy also shows immunomodu-
latory effects in the combination settings.13 Anti-
angiogenic therapy and immunotherapy combinations
have been explored in advanced NSCLC.14,15 Impor-
tantly, antiangiogenic therapy and chemotherapy act
synergistically with immunotherapy in NSCLC. Com-
binations of immunotherapy with platinum-doublet
www.thelancet.com Vol 67 January, 2024
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chemotherapy plus antiangiogenic therapy demon-
strated significant survival benefits in advanced non-
squamous NSCLC.16,17 These lead us to consider the
feasibility of platinum-free chemotherapy in combina-
tion with immunotherapy and antiangiogenic therapy.

Camrelizumab, a humanized monoclonal antibody
against programmed cell death 1 (PD-1), has been
approved in China as the first-line treatment for patients
with advanced non-squamous and squamous NSCLC
when in combination with platinum-doublet chemo-
therapies.18,19 Low-dose apatinib (an oral receptor tyro-
sine kinase inhibitor selectively targeting vascular
endothelial growth factor receptor 2 [VEGFR2]) opti-
mized the immunosuppressive tumor microenviron-
ment and enhanced the therapeutic response to
immunotherapy with camrelizumab in both the pre-
clinical and clinical data of NSCLC.20 In phase II studies,
camrelizumab in combination with apatinib showed
promising antitumor activity and an acceptable safety
profile in patients with treatment-naïve advanced non-
squamous NSCLC or those previously treated with
chemotherapy.21,22

Here in this single-arm study, we investigated the
efficacy and safety of platinum-free albumin-bound
paclitaxel (nab-paclitaxel) combined with camrelizumab
and apatinib as the first-line treatment for patients with
advanced lung adenocarcinoma lacking epidermal
growth factor receptor (EGFR) or anaplastic lymphoma
kinase (ALK) alternations.
Methods
Study design and participants
This multicenter, open-label, single-arm, phase II trial
was conducted at four tertiary hospitals in China. Eligible
patients were aged 18 years or older and had histologi-
cally confirmed locally advanced, recurrent, or metastatic
lung adenocarcinoma who were ineligible for curative
surgery or radiotherapy and had not received prior sys-
temic treatment. Other eligible criteria were Eastern
Cooperative Oncology Group (ECOG) performance status
of 0 or 1, at least one measurable lesion as per Response
Evaluation Criteria In Solid Tumors version 1.1 (RECIST
v1.1),23 no EGFR or ALK aberrations, adequate organ
function, and an expected survival of ≥12 weeks. All
consecutive patients who presented at all participating
centers were screened for potential participation. Patients
who had previously received neoadjuvant and/or adjuvant
therapy were eligible if their diseases progressed at least
six months after completion of treatment. Methods used
for the determination of EGFR and ALK alternations
were not specified in the study protocol. All patients were
screened using next-generation sequencing in local
laboratories.

Key exclusion criteria were an active autoimmune
disease requiring systemic treatment within two-year
before enrollment, untreated or active central nervous
www.thelancet.com Vol 67 January, 2024
system metastases, clinically significant hemoptysis,
tumor bleeding or thrombus, radiographic evidence of
macrovascular invasion or infiltration, other malig-
nancies within five years, corticosteroid treatment
within 28 days before enrollment, uncontrollable pleural
effusion or ascites, or previous immunotherapy (e.g.,
anti-PD-1/PD-L1/Cytotoxic T lymphocyte antigen 4
[CTLA4] inhibitors) or anti-angiogenetic therapy.

Ethics statement
The study protocol and all amendments were approved by
the Institutional Review Boards of all participating centers.
The study was performed in accordance with the Decla-
ration of Helsinki and Good Clinical Practice. All patients
signed the written informed consent before participation.
The trial is registered with ClinicalTrials.gov (No.
NCT04459078). This study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting
guidelines.

Treatments
All patients received camrelizumab, apatinib, and nab-
paclitaxel every three weeks for four to six cycles.
Camrelizumab was administered intravenously at a
dose of 200 mg on day one of every three weeks. Nab-
paclitaxel of 135 mg/m2 was then administered intra-
venously on days one and eight of each cycle. Apatinib
(250 mg) was taken orally once daily for five continuous
days per week. Patients with the controlled diseases
(complete response, partial response, or stable disease
according to the RECIST v1.1 criterion) were then
maintained with camrelizumab and apatinib until dis-
ease progression, intolerable toxicity, withdrawal of
consent, or death. The treatment could be suspended or
discontinued if significant hematological or non-
hematological toxicity occurred as specified in the
study protocol. Dose reduction was allowed for nab-
paclitaxel and apatinib but not for camrelizumab.

End points and assessments
The primary endpoint was progression-free survival
(PFS) defined as the time from the date of treatment
initiation to the date of disease progression or death
from any cause. The secondary endpoints included
objective response rate (ORR), disease control rate,
duration of response, overall survival (OS), safety, and
quality of life (QOL) of patients. The ORR was defined
as the percentage of patients achieving complete
response or partial response, while the disease control
rate was the percentage of patients with complete
response, partial response, or stable disease according to
the RECIST v1.1. The duration of response was calcu-
lated as the time from the date of the first confirmed
complete or partial response to the date of the first
documented disease progression. The OS was defined
as the time from the date of treatment initiation to the
date of death from any cause. Exploratory end points
3
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were biomarker analyses of PD-L1 expression and pe-
ripheral blood protein levels.

Tumor assessment was performed with computed
tomography and/or magnetic resonance imaging scan-
ning at baseline (within 28 days before treatment initi-
ation), every six weeks for the first 12 months, and every
12 weeks thereafter. The responses must be confirmed
on the next assessment. Safety was assessed by evalu-
ating the incidence, nature, and severity of treatment-
related adverse events and immune-related adverse
events. All adverse events were graded according to the
National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI-CTCAE) version 4.03.24

The QOL data were collected at the same time points as
the tumor assessments, namely, at baseline, every six
weeks for the first 12 months, and then every 12 weeks,
with the European Organization for Research and Treat-
ment of Cancer Quality of Life Questionnaire-Core 30
(EORTC QLQ-C30)25 and Lung Cancer 13 (EORTC-QLQ-
LC-13).26

Biomarker analyses
A post-hoc PD-L1 expression analysis was performed in
patients with archived or fresh tissues available at
baseline. A tumor proportion score of 1% or greater was
defined as PD-L1 positive.
Fig. 1: Trial
In addition, plasma levels of 92 protein biomarkers
were determined using the Olink proximity extension
assay with the Target 96 Immuno-Oncology panel
(Olink Proteomics AB, Uppsala, Sweden) according to
the manufacturer’s instructions (Supplementary
Table S1). The assay employed two matched DNA
oligonucleotides-labelled antibodies, enabling simulta-
neous quantification of 92 protein biomarkers using
real-time quantitative polymerase chain reaction
(qPCR). The qPCR readouts were normalized and pre-
sented as Normalized Protein eXpression (NPX), which
is an arbitrary unit in the Log2 scale. A high NPX value
indicates a high protein concentration.

Statistical analysis
Assuming a median PFS of 6 months with platinum-
doublet chemotherapy, we calculated a sample size of
57 to obtain a median PFS of 9 months, with a power of
80% using the two-sided Log-rank test at an alpha value
of 0.05. A total of 63 patients were needed when
considering a drop-out rate of 10%. Efficacy and safety
analyses were based on the final patients who received at
least one dose of study treatment. Median follow-up was
estimated using the reversed Kaplan–Meier method.
The PFS and OS were estimated using the Kaplan–
Meier method and expressed as median and 95%
profile.

www.thelancet.com Vol 67 January, 2024
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Characteristics Total

(n = 64)

Median age (range), years 62 (33, 75)

Sex, n (%)

Male 55 (85.9)

Female 9 (14.1)

Smoking status, n (%)

Former/current 45 (70.3)

Never 17 (26.6)

Unknown 2 (3.1)

ECOG performance status, n (%)

0 0

1 64 (100.0)

TNM stage, n (%)

III 11 (17.2)

IV 53 (82.8)

Lymph node metastases, n (%)

Yes 20 (31.2)

No 44 (68.8)

Distant metastases, n (%)

Bone 23 (35.9)

Brain 7 (10.9)

Liver 3 (4.7)

PD-L1 TPS, n (%)

≥1% 21 (32.8)

<1% 18 (28.1)

Unknown 25 (39.1)

Note: ECOG, Eastern Cooperative Oncology Group; TNM, Tumor-lymph node-
metastasis; PD-L1, programmed death ligand-1; TPS, Tumor proportion score.

Table 1: Baseline patient characteristics.

Articles
confidence interval (CI). The 95% CI of ORR was esti-
mated using the Clopper-Pearson method, which could
provide a conservative estimate, ensuring that the true
value with a specified level of confidence is included,
though the confidence interval can be wider than other
methods. Besides, the sample size and data distribution
were taken into consideration when selecting a method
to compute confidence intervals for binomial data. A
mean change in the QOL scores of ten points or greater
from baseline was considered clinically meaningful.27

Associations between plasma protein levels and
clinical outcomes were analyzed using the Welch Two
Sample t-test for AEs, and the Log-rank test for PFS
and OS with the median NPX value as cutoff for each
protein. Univariate and multivariate Cox regression
models were established to identify potential factors
associated with PFS. The proportional hazards
assumption was checked by including time-dependent
covariates in the univariate Cox regression model. All
clinical variables in the univariate analysis and plasma
protein biomarkers with a p-value of less than 0.05 in
the univariate analysis were considered in the multi-
variate Cox regression model. The fitted Cox regression
model was established using the stepwise method. All
analyses were performed with SAS version 9.4 (SAS
Institute Inc.).

Role of the funding source
Jiangsu Hengrui Pharmaceuticals Co., Ltd. provided the
study drugs, and had a role in data collection, data
analysis, and data interpretation. The corresponding
author had full access to all the data and had final re-
sponsibility for the decision to submit for publication.
Results
Patient characteristics
Between August 26, 2020, and May 20, 2022, a total of
64 patients were enrolled. All patients received at least
one dose of study treatment and were included in the
efficacy and safety analyses. On the data cutoff date of
March 20, 2023, 20 patients were still on study treat-
ment, while the other 44 patients discontinued the
treatment. The main reasons for treatment discontinu-
ation were disease progression (n = 23) and toxicity
(n = 11) (Fig. 1).

Most patients were men (85.9%), had a smoking his-
tory (70.3%) and present with stage IV disease (82.8%). All
patients had ECOG performance status of 1. Seven
(10.9%) patients had brain metastases at baseline. Baseline
patient characteristics are summarized in Table 1.

Efficacy
At the data cutoff, the median follow-up time was 15.7
(95% CI: 13.3, 18.8) months. Overall, 25 patients
developed disease progression and 11 patients died. The
estimated median PFS was 14.3 (95% CI: 9.9, not
www.thelancet.com Vol 67 January, 2024
reached [NR]) (Fig. 2A). The median OS was not
reached, and the estimated 12-month OS rate was 88.2%
(95% CI: 76.8, 94.2) (Fig. 2B).

Among the 64 patients, 58 (90.6%) were evaluable for
tumor response, with 41 (70.7%) partial responses, 16
(27.6%) stable diseases, and one (1.7%) progressive
disease (Fig. 3A). The confirmed ORR was 64.1% (95%
CI: 51.1, 75.7) and the confirmed disease control rate
was 89.1% (95% CI: 78.8, 95.5) in overall patients. The
median time to response was 1.6 (95% CI: 1.4, 2.8)
months. Most patients achieved partial responses at the
time of the first or second radiologic assessment. Two
patients showed a delayed response at the time of the
third or fourth radiologic assessment (Supplementary
Fig. S1). One patient developed brain metastases at
the time of the first radiologic assessment despite a
>20% reduction in the target lesions (Fig. 3B). The
median duration of response among patients with par-
tial responses was 12.7 (95% CI: 10.3, 16.3) months
(Table 2).

Safety
The median number of cycles of study treatment was 14
(Interquartile range [IQR]: 6, 21). The median duration
5
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of treatment was 8.2 (IQR: 3.7, 14.3) months. Almost all
(61/64, 95.3%) patients experienced at least one
treatment-related adverse event. Grade 3 or 4 treatment-
related adverse events occurred in 33 (51.6%) patients.
The treatment-related hematologic adverse events of
grade 3 or 4 occurred in 12 (18.8%) patients, including
nine (14.1%) decreased neutrophil count, five (7.8%)
decreased white blood cell count, and two (3.1%) ane-
mia. The most common grade 3 or 4 treatment-related
non-hematologic adverse events were increased
alanine transaminase (18.8%) and aspartate trans-
aminase (15.6%) (Table 3). Treatment-related serious
adverse events occurred in 40.6% (26/64) of patients.
A

B

Fig. 2: Kaplan–Meier curves for progression-free survival (A) and overall
Number; CI, Confidence interval; NR, Not reached.
Adverse events leading to treatment discontinuation
occurred in 15 (23.4%) patients. No treatment-related
death occurred. Immune-related adverse events
occurred in 57.8% (37/64) of patients, most commonly
reactive cutaneous capillary endothelial proliferation
(RCCEP) (17.2%) and hypothyroidism (17.2%).
Treatment-related adverse events occurring in ≥10% of
patients and immune-related adverse events are sum-
marized in Table 3.

Patient-reported quality of life (QOL)
All except one (98.4%) patients completed the EORTC
QLQ-C30 and QLQ-LC questionnaires at baseline. The
survival (B). PFS, Progression-free survival; OS, Overall survival; No.,

www.thelancet.com Vol 67 January, 2024
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B

Fig. 3: Tumor response to albumin bound paclitaxel (nab-paclitaxel) plus camrelizumab and apatinib in patients with advanced lung adeno-
carcinoma. (A) Waterfall plot. Each bar indicates the best percentage change in the sum of targeted lesions from baseline as per RECIST v1.1
criterion; (B) Swimmer plot. Each bar indicates the duration of therapy, time to response, and duration of response. Six patients have no
measurable lesions at baseline and are not evaluable for tumor response. CR: Complete response; PR: Partial response; PD: Progressive disease;
AE: Adverse events. RECIST V1.1, Response Evaluation Criteria In Solid Tumors version 1.1.

Articles
completion rate of the active patients at each time point
remained ≥80% through the 14 cycles of treatment. The
data were not interpreted after cycle 14 since less than
30% of patients were active.

Patients generally reported moderate-to-high func-
tioning scores and low symptom scores at baseline. The
QOL of patients on average was not clinically mean-
ingfully worse at any time point through cycle 14
regarding global health status and five functional scales.
Mean changes in treatment-related symptom scores
www.thelancet.com Vol 67 January, 2024
from baseline are shown in Fig. 4. A clinically mean-
ingful improvement in symptom severity of peripheral
neuropathy was observed through 14 cycles of treat-
ment. Also, the severity of alopecia was improved,
particularly at early treatment cycles (two to four).

Associations of PD-L1 expression and plasma
protein levels with efficacy and safety
Of the 64 patients, 39 (60.9%) were tested for PD-L1
expression and 21 (32.8%) had a tumor proportion
7
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Total

(n = 64)

Best overall response, n (%)

Complete response 0

Partial response 41 (64.1)

Stable disease 16 (25.0)

Progressive disease 1 (1.6)

Not evaluable 6 (9.4)

Objective response rate, % 64.1

95% CI 51.1, 75.7

Disease control rate, % 89.1

95% CI 78.8, 95.5

Duration of response, months

Median (95% CI) 12.7 (10.3, 16.3)

Note: CI, Confidence interval.

Table 2: Tumor response.
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score of 1% or greater. There were no significant asso-
ciations between PD-L1 expression status and PFS, OS,
or ORR. The median PFS was 14.3 months (95% CI:
9.9, NR) in the PD-L1-positive population and 11.3
months (95% CI: 5.4, NR) in the PD-L1-negative popu-
lation (Supplementary Fig. S2A). The median OS was
not reached, and the 12-month OS rate was 90.5% (95%
CI: 67.0, 97.5) and 80.8% (95% CI: 51.4, 93.4) in the PD-
L1-positive and PD-L1-negative populations, respectively
(Supplementary Fig. S2B). Accordingly, the corre-
sponding confirmed ORR was 76.2% (95% CI: 52.8,
91.8) and 55.6% (95% CI: 30.8, 78.5), while the
confirmed disease control rate was 85.7% (95% CI: 63.7,
97.0) and 83.3% (95% CI: 58.6, 96.4).

Blood samples were obtained from 53 patients at
baseline. After quality control, 51 samples were used for
plasma biomarker analyses of 92 proteins. The median
NPX value was adopted as the cutoff for each protein to
differentiate high and low protein levels. Low protein
levels of carbonic anhydrase 9 (CAIX), C–C motif che-
mokine 20 (CCL20), cluster of differentiation 70 (CD70),
C-X-C motif chemokine 10 (CXCL10), C-X-C motif
chemokine 11 (CXCL11), interleukin 6 (IL6), interleukin
8 (IL8), or a high interleukin 4 (IL4) level at baseline
were associated with better PFS (Supplementary Fig. S3
and Tables S2 and S3). After adjustment for baseline
patient characteristics in a multivariate Cox regression
model, IL8 (hazard ratio [HR]: 0.26, 95% CI: 0.10, 0.70,
p = 0.01), CXCL10 (HR: 0.31, 95% CI: 0.12, 0.82,
p = 0.02), CD70 (HR: 0.38, 95% CI: 0.16, 0.92, p = 0.03),
and IL4 (HR: 2.61, 95% CI: 1.05, 6.47, p = 0.04) were
associated with PFS (Table 4).

Associations between the plasma levels of 92 pro-
teins and major tissue/system-specific toxicity were also
analyzed, as shown in Supplementary Fig. S4A. Angio-
poietin 1 (ANGPT1) was associated with gastrointestinal
and hematological adverse events. Angiopoietin 2
(ANGPT2) was associated with liver and skin adverse
events. CD40 ligand (CD40-L) was associated with
gastrointestinal and skin adverse events (Supplementary
Fig. S4B). In addition, the correlation between the 92
proteins and immune-related adverse events was
analyzed. Patients with low levels of CD70, CXCL11,
interferon-gamma (IFN-gamma), interleukin-12 recep-
tor subunit beta-1 (IR12RB1), tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL), or tumor
necrosis factor ligand superfamily member 12 (TWEAK)
were more likely to develop immune-related adverse
events (Supplementary Fig. S4C).
Discussion
In this single-arm phase II study, the rational-based
combination of platinum-free nab-paclitaxel plus cam-
relizumab and apatinib provided clinically meaningful
anti-tumor activity and a manageable safety profile,
with few hematologic toxicities, in patients with
advanced lung adenocarcinoma lacking EGFR or ALK
mutations. The median PFS was 14.3 months and the
confirmed ORR was 64.1%. The grade 3 or greater
treatment-related adverse events, especially those
related to hematological toxicity, were less commonly
reported. Our study may shed light on platinum-free
chemotherapy in combination with PD-1-based
immunotherapy and antiangiogenic therapy as a po-
tential treatment option for patients with advanced
lung adenocarcinoma.

In terms of efficacy, the findings of the present study
were generally comparable to those with platinum-
doublet chemotherapy plus immunotherapy with or
without bevacizumab in patients with advanced non-
squamous NSCLC lacking actional driver mutations
(Supplementary Table S4). In the Impower-150 trial, a
median PFS was 8.3 months and an ORR was 63.5%
with platinum-doublet chemotherapy plus atezolizumab
and bevacizumab.16 A median PFS of 12.1 months and
an ORR of 61.5% were obtained in a phase III trial of
platinum-doublet chemotherapy plus nivolumab and
bevacizumab.17 Meanwhile, first-line platinum-doublet
chemotherapy plus camrelizumab demonstrated a me-
dian PFS of 11.3 months and an ORR of 60.5% in the
CameL trial.19 Additionally, in the recent single-arm
phase II trial of camrelizumab plus apatinib, a median
PFS was 9.6 months and an ORR was 40% in treatment-
naïve advanced non-squamous NSCLC patients with no
sensitizing EGFR or ALK alterations and a high tumor
mutational burden.21 A small number of patients with
stage III disease were included in this study, and the
results were generally not affected given the limited
number of patients (Supplementary Fig. S5). Addition-
ally, nab-paclitaxel which needs no steroid premed-
ication may be a promising therapeutic option when in
combination with immunotherapy. Acknowledging the
limitations of cross-trial comparisons, these results
require confirmation in a randomized controlled trial.
www.thelancet.com Vol 67 January, 2024
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Grade 3 Grade 4 Any grade

Treatment-related adverse events, n (%) 23 (35.9) 10 (15.6) 61 (95.3)

Hematologic events

Neutrophil count decreased 6 (9.4) 3 (4.7) 35 (54.7)

White blood cell decreased 4 (6.3) 1 (1.6) 30 (46.9)

Anemia 1 (1.6) 1 (1.6) 14 (21.9)

Platelet count decreased 0 0 11 (17.2)

Non-hematologic events

ALT increased 7 (10.9) 5 (7.8) 36 (56.3)

AST increased 9 (14.1) 1 (1.6) 34 (53.1)

Blood bilirubin increased 2 (3.1) 0 28 (43.8)

Hypertension 4 (6.3) 0 24 (37.5)

Proteinuria 0 0 17 (26.6)

Alopecia 0 0 16 (25.0)

GGT increased 3 (4.7) 0 14 (21.9)

Hand-foot syndrome 1 (1.6) 0 14 (21.9)

Peripheral neuritis 0 0 13 (20.3)

RCCEP 0 0 11 (17.2)

Hypothyroidism 0 0 11 (17.2)

Fatigue 0 0 10 (15.6)

Hypertriglyceridemia 0 0 10 (15.6)

Rash 1 (1.6) 0 10 (15.6)

Diarrhea 0 0 9 (14.1)

Oral ulcer 0 0 9 (14.1)

Loss of appetite 0 0 9 (14.1)

Blood creatinine increased 0 0 9 (14.1)

Hyperthyroidism 0 0 7 (10.9)

Pruritus 0 0 7 (10.9)

Immune-related adverse events, n (%) 37 (57.8)

RCCEP 0 0 11 (17.2)

Hypothyroidism 0 0 11 (17.2)

Hyperthyroidism 0 0 7 (10.9)

Immune-related rash 2 (3.1) 0 6 (9.4)

Immune-related hepatitis 4 (6.3) 0 4 (6.3)

Immune-related pneumonia 1 (1.6) 2 (3.1) 4 (6.3)

ALT increased 1 (1.6) 2 (3.1) 3 (4.7)

AST increased 3 (4.7) 0 3 (4.7)

Pruritus 0 0 3 (4.7)

Immune-related colitis 1 (1.6) 0 2 (3.1)

Immune-related myocarditis 1 (1.6) 0 2 (3.1)

Immune-related arthritis 0 0 1 (1.6)

Note: ALT, Alanine transaminase; AST, Aspartate transaminase; GGT: Gamma-glutamyl transferase; RCCEP, Reactive cutaneous capillary endothelial proliferation.

Table 3: Treatment-related adverse events (≥10% of patients) and immune-related adverse events.

Articles
Of note, the grade 3 or greater treatment-related
adverse events, especially hematological toxicities
that typically occurred with chemotherapy or plat-
inum agents, were less commonly reported
(Supplementary Table S5). The grade 3 or 4
treatment-related hematologic adverse events occur-
ring in this study were decreased neutrophil count
(14.1%), decreased white blood cell count (7.8%), and
anemia (3.1%). These data were numerically lower
than those previously reported for platinum-doublet
www.thelancet.com Vol 67 January, 2024
chemotherapy plus immunotherapy with or without
bevacizumab, with decreased neutrophil count being
most common (30.8%–55%), followed by decreased
white blood cell count (14.7%–30%), anemia (5.5%–

19%), and decreased platelet count (5.9%–17%).17–19,28

By contrast, the incidence of treatment-related
adverse events of any grade was generally similar to
that of platinum-doublet chemotherapy plus camreli-
zumab18,19 or plus bevacizumab and atezolizumab16/
nivolumab.17 The safety profile observed in this study
9
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Fig. 4: Mean change in health-related quality of life scores from baseline, including global health status, physical functioning, and patient-
reported symptom severity of nausea and vomiting, pain, hemoptysis, dysphagia, peripheral neuropathy, and alopecia. The line graphs are
smoothed using a smooth curve to connect the evenly spaced data points by SMOOTHCONNECT option in SAS 9.4. SE, Standard error; MID,
Minimum importance difference.

Univariate analysis Multivariate analysisa

HR (95% CI) p value HR (95% CI) p value

Age ≥ 65 years 1.11 (0.50, 2.45) 0.80

Male 0.50 (0.22, 1.15) 0.10

Smoking 1.17 (0.51, 2.67) 0.72

TNM stage III 0.77 (0.23, 2.60) 0.99

Lymph node metastases 2.69 (1.23, 5.89) 0.01

Bone metastases 0.99 (0.44, 2.22) 0.68

PD-L1 ≥ 1% 0.52 (0.19, 1.48) 0.22

IL8 low 0.35 (0.14, 0.84) 0.02 0.26 (0.10, 0.70) 0.01

IL6 low 0.33 (0.14, 0.79) 0.01

CXCL11 low 0.39 (0.16, 0.92) 0.03

CAIX low 0.40 (0.16, 0.98) 0.04

CXCL10 low 0.39 (0.16, 0.95) 0.04 0.31 (0.12, 0.82) 0.02

CD70 low 0.31 (0.13, 0.74) 0.01 0.38 (0.16, 0.92) 0.03

IL4 low 2.66 (1.11, 6.34) 0.03 2.61 (1.05, 6.47) 0.04

CCL20 low 0.32 (0.13, 0.78) 0.01

The IL8, CXCL10, CD70, and IL4 were retained in the model after a stepwise selection. Proportional Hazards Assumption was checked and valid (Supplementary Tables 6–8).
The significance of bold is p value < 0.05. TNM, Tumor-lymph node-metastasis; PD-L1, programmed death ligand-1; IL8, Interleukin 8; IL6, Interleukin 6; CXCL11, C-X-C
motif chemokine 11; CAIX, Carbonic anhydrase 9; CXCL10, C-X-C motif chemokine 10; CD70, Cluster of differentiation 70; IL4, Interleukin 4; CCL20, C–C motif
chemokine 20. aAll variables were considered in the multivariate analysis.

Table 4: Cox regression analysis for progression-free survival.
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was generally consistent with that of each study drug
previously reported,18,19,21,22,29,30 with no new safety
signals noted.

Interestingly, RCCEP was less commonly reported in
this study. One possible explanation is the introduction
of anti-angiogenic agents like apatinib that may prevent
and alleviate this camrelizumab-induced unique adverse
event. Camrelizumab may drive the development of
RCCEP via indirectly upregulating the expression of
vascular endothelial growth factor-A (VEGF-A). Previous
studies showed a lower incidence of RCCEP in patients
receiving camrelizumab plus anti-angiogenic agents
than in patients receiving camrelizumab alone.31,32

Apatinib was suggested as a salvage therapy that can
cause the rapid regression of RCCEP, thus limiting the
impairment on the QOL.33 However, the increased
alanine transaminase and aspartate transaminase were
more common in our patients, consistent with the
previous studies of camrelizumab plus apatinib.21,22

Nevertheless, the treatment-related adverse events
were generally manageable and no treatment-related
death occurred.

The EORTC QLQ-C30 and QLQ-LC13 are commonly
used for measuring the QOL of lung cancer patients.
The QOL of patients was generally stable throughout the
treatment in this study. Intriguingly, nab-paclitaxel plus
camrelizumab and apatinib resulted in a clinically
meaningful improvement in the symptom severity of
peripheral neutropenia. In the IMpower-150 study,
platinum-doublet chemotherapy plus atezolizumab and
bevacizumab resulted in a clinically meaningful wors-
ening in peripheral neuropathy symptom score.17

However, due to the reduced number of patients
considered evaluable and potential bias introduced due
to missing data, QOL data were only interpreted up to
treatment cycle 14. The long-term QOL of patients is
still unclear.

The potential biomarkers associated with survival
and safety outcomes were also explored. Baseline PD-L1
expression was not found to be significantly associated
with PFS or OS, consistent with the previous study of
camrelizumab plus apatinib.21 PD-L1 expression status
might not be a reliable biomarker for prognostic pre-
diction of camrelizumab plus apatinib and nab-
paclitaxel in advanced lung adenocarcinoma. Despite
that, whether PD-L1 expression status is a potential
predictive biomarker in immunotherapy combination
setting still need further investigation. To explore po-
tential biomarkers associated with prognosis and risk of
adverse events, we further analyzed plasma levels of 92
immuno-oncology proteins. Our results showed that
patients with a low level of CAIX, CCL20, CD70,
CXCL10, CXCL11, IL6, or IL8, or a high IL4 level at
baseline were associated with better PFS. These results
were broadly consistent with previous studies, which
indicated that CCL20, CXCL10, IL6, and IL8 were
negatively associated with clinical outcomes of immune
www.thelancet.com Vol 67 January, 2024
checkpoint blockade.34–37 The multivariate Cox regres-
sion showed that low plasma levels of IL8, CXCL10, and
CD70, while a high IL4 level, were associated with better
PFS in this study. Given the post-hoc exploratory nature
and the limited number of patients with available and
qualified tissue and/or blood samples for analysis, as
well as the large number of variables included for
analysis, these results should be interpreted with
caution. Future studies using a large sample size are
indispensable to clarify their prognostic predictive
values.

The main limitation of this study was its inherent
single-arm design; thus, data need to be interpreted in
the context of historical comparison that may intro-
duce bias. The preliminary results observed in this
study should be further investigated and verified in a
randomized controlled trial (platinum-doublet
chemotherapy plus immunotherapy as a control), also
the underlying mechanisms need to be explored.
Additionally, the median OS was not reached at the
data cutoff, long-term follow-up is necessary to un-
derstand the survival outcomes of platinum-free
chemotherapy in the immunotherapy combination
setting.

In conclusion, the findings of this study suggest that
platinum-free nab-paclitaxel plus camrelizumab and
apatinib is effective and well-tolerated, with few hema-
tologic toxicities, in patients with advanced lung
adenocarcinoma lacking EGFR/ALK mutations and may
serve as a potential treatment option.
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