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Abstract

Objectives: To evaluate the efficacy and safety of first-line treatment with a dendritic cell vaccination for lung cancer
(DCVAC/LuCa), standard of care chemotherapy and Shengi Fuzheng injection in patients with advanced (stage IIIB/IV)
non-small cell lung cancer. Patients and Methods: Patients with histologically or cytologically confirmed recurrent
metastatic or advanced NSCLC (stage IlIB/IV) with wild-type epidermal growth factor receptor (EGFR) or EGFR mutation
which does not confer increased tumor susceptibility to EGFR-interacting drugs were recruited. For the treatment period,
the first cycle of standard of care therapy (SoC) started 2 to 14 days after the leukapheresis procedure. SoC continued 4
to 6 cycles. DCVAC/LuCa was administered from the second cycle of SoC. DCVAC/LuCa was administered in a 3-week
cycle schedule (5 doses) and then in a 6-week cycle schedule. Shengi Fuzheng injection was administered 3 days before
each DCVAC/LuCa administration for a total of 14 daily doses. Patients would undergo disease evaluation by computed
tomography (CT) scan every 3 months. The primary and secondary endpoint was efficacy with regard to objective response
rate (ORR) and progression free survival (PFS). The safety profile was measured by: incidence, type, and severity of all
adverse events (AEs), laboratory abnormalities (blood routine test, urine test, and chemical test), physical status, and vital
signs. Qi insufficiency was evaluated by tongue diagnosis and questionnaire survey with “Classification and Determination
of constitution in TCM.” Results: Twenty-three patients from 3 hospitals who received combination therapy were
included. ORR was 34.8% (95% Cl:16.4%-57.3%). Median duration of response was 5.51 m (95% Cl:2.70-8.32). Median
PFS was 10.72m (95% Cl:4.52-16.93), |-year survival was 77.8%. mOS was 21.97m (95% CI:13.68-30.25). There was |
severe AE related to a history of heart disease and there were no adverse events related to DCVAC/LuCa treatment. Qi
insufficiency was improved significantly (P<<.0001) from 41.19 = 14.58 before treatment to 10.52 = 16.58 after treatment.
Conclusion: DCVAC/LuCa, combined with standard of care chemotherapy and Shenqgi Fuzheng injection exhibited good
benefit in Chinese patients with recurrent metastatic or advanced (stage llIB/IV) NSCLC, and also significantly improved
Qi insufficiency constitution. There were no related adverse events with DCVAC/LuCa treatment.
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Introduction non—small cell lung cancer (NSCLC) represents 85% of

lung cancer cases.! An estimated 2.1 million new cases
Lung cancer has remained the leading cause of cancer- were diagnosed in 2018 (11.6% of the total).? Lung cancer
related death in the world as well as in China for several  is estimated to be responsible for nearly 1 in 5 deaths due to
decades, while among the common subtypes of lung cancer, cancer (1.76million deaths, 18.4% of the total). In China,

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and
distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages
(https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/ict

Integrative Cancer Therapies

lung cancer ranks first in incidence rate and mortality rate.’
The majority of patients are diagnosed with stage IIIB/IV
NSCLC with disappointing 5-year survival rates of about
26% (stage I1IB) and 0% to 10% (stage IVA-IVB).* Thus,
there is an urgent need to explore new treatment options to
improve the outcome for patients with NSCLC.

The current guideline for the treatment of advanced-stage
NSCLC recommends 4 to 6 cycles of platinum-based dou-
blet chemotherapy in patients with a good performance sta-
tus. Standard of care (SoC) therapy includes, but is not
limited to, the following regimens: gemcitabine/cisplatin,’
paclitaxel/carboplatin, pemetrexed/carboplatin,” and
pemetrexed/cisplatin.® Maintenance treatment of patients
whose disease has not progressed after 4 cycles of platinum-
based first-line chemotherapy can be done with pemetrexed
monotherapy (until intolerance or disease progression).’

In light of recent advances in the understanding of the
biology of the immune response and the importance of an
anti-tumor immune response for long-term prognosis of
cancer, immunotherapy has emerged as a novel modality in
the treatment of cancer, is currently of high interest and is
expected to improve outcomes of advanced NSCLC.! In
this study a dendritic cell vaccination for lung cancer
(DCVAC/LuCa), an immunotherapeutic product, was used.
It consisted of autologous dendritic cells (DCs) differenti-
ated from the patient’s peripheral blood mononuclear cells
(PBMCs) presenting tumor antigens derived from killed
lung cancer cell lines. DCVAC has the ability to induce an
immune response, including cytotoxic CD8+ T cells,
against tumor-associated antigens expressed by patients’
cancer cells. It is assumed that such an immune response
might have an impact on the viability of the cancer cells and
thereby prolong survival time.!! SoC, which was viewed as
immune-suppressive in the past, might in fact boost the
anti-tumor responses.'? Dendritic cell vaccination for pros-
tate cancer (DCVAC/PCa) had shown that DC-based cancer
immunotherapy is generally safe with very limited, and
most often only low grade, adverse events (AEs).!!

Multiple researchers have found that combining plati-
num-based chemotherapy with Chinese medicinal herbs
(eg, Shenqi Fuzheng injection) for the treatment of advanced
NSCLC may improve tumor response and performance sta-
tus, as well as reduce chemotherapy toxicity.'> The tradi-
tional Chinese medicine (TCM) tested in this study, Shenqi
Fuzheng injection, concocted from 2 kinds of Chinese

medicinal herbs: Huangqi (root of Astragalus propinquus)
and Dangshen (root of Codonopsis pilosula), was approved
by the State Food and Drug Administration of the People’s
Republic of China in 1999 (Drug Approval Number:
719990065) primarily as an antitumor injection to be man-
ufactured by Livzon Pharmaceutical Group Inc. (Zhuhai,
Guangdong, China) and marketed in China.'*

We hypothesize that immunization with DCVAC/LuCa
administered to the patients in this study might induce the
effector cells of the immune system to infiltrate tumors. The
resulting immune reaction may lead to tumor mass reduc-
tion, prolongation of the time to disease progression, and,
ultimately, to improved overall survival (OS). Shenqi
Fuzheng injection has been widely used as an adjunctive
therapy to chemotherapy in the treatment of lung cancer.'
In addition, we hypothesize that the addition of Shenqi
Fuzheng injection to DCVAC/LuCa and SoC may reduce
the toxicity of SoC chemotherapy and enhance the anti-
tumor immune responses generated by DCs loaded with
tumor antigens and thus assist the immune system to over-
come evasive strategies used by lung tumors.

Methods
Eligible Patients

This is a single-arm phase II clinical study implemented in
China-Japan Friendship Hospital and Beijing Hospital of
Traditional Chinese Medicine and Cixian Cancer Hospital.
The inclusion criteria of patients in this study were 18 years
of age or older; histologically or cytologically confirmed
recurrent metastatic or advanced NSCLC (stage IIIB or I'V)
with wild-type epidermal growth factor receptor (EGFR) or
EGFR mutation which does not confer increased tumor sus-
ceptibility to EGFR-interacting drugs; Eastern Cooperative
Oncology Group (ECOG) performance status of 0 to 1.
Patients must have measurable disease as defined by
RECIST v.1.1,'¢ and be recovered from toxicity of any prior
therapy (eg, surgery, radiotherapy, or therapy for other dis-
eases than NSCLC). Recovery was defined as less than or
equal to grade 2 toxicity according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
v4.03 (except alopecia).!” All patients needed to have suf-
ficient hematologic and organ function for leukapheresis
and chemotherapy, signed informed consent form (ICF),
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and ability to comply with the protocol. Positive result of
testing of Qi insufficiency constitution score according to
traditional Chinese medicine (TCM) guidelines (result:
Yes) were required. If the result of testing showed a trend of
yes (but no clear yes), the physician would perform tongue
diagnostics according to TCM guidelines, and if this exami-
nation showed Qi insufficiency constitution, the patient was
included in the study provided the other inclusion/exclusion
criteria are fulfilled. Exclusion criteria included: (1) Known
active/untreated central nervous system metastases. (2) Any
known primary immunodeficiency. (3) Concurrent system-
atic radiotherapy for NSCLC. (4) Prior systemic treatment
for metastatic or advanced NSCLC except neo-adjuvant or
adjuvant therapy in association with the primary diagnosis
of the cancer. (5) Any preexisting medical condition requir-
ing long term chronic steroid or immunosuppressive ther-
apy. (6) HIV positivity, hepatitis B and/or C infection, or
active syphilis. (7) Past or current history of malignant neo-
plasm other than lung carcinoma, except for adequately
treated non-melanoma skin cancer, in situ carcinoma of the
cervix, or other cancer curatively treated and with no evi-
dence of discase for at least 5years. (8) Patient significant
co-morbidities: cardiovascular diseases and active severe
infections or other severe medical condition. (9) Use of any
experimental therapy, immunotherapy, or monoclonal anti-
bodies within 4 weeks prior to the start of SoC. (10) Pregnant
or breastfeeding woman. (11) History of severe hypersensi-
tivity to the SoC intended for use in the individual patient
and ingredients of this SoC, and/or to DCVAC/LuCa and its
ingredients, and/or to TCM therapies and their ingredients.
(12) Any contraindication to a component of the intended
SoC therapy and/or TCM therapies according to the local
prescription information or according to established docu-
mented local site standards.

Clinical Study Design

Ethics: The trial was performed with the approval of the
Ethics Committee of China-Japan Friendship Hospital
for Drug/Instrument Clinical Researches (2015-111).
All patients signed an informed consent form before
screening.

Each patient’s participation in the study lasted until the
end of the study and included the following study periods
and treatments:

Screening period: Patients were screened for eligibility
for the clinical study within a 4-week period.

Leukapheresis period: When the patients have been
determined to meet all entry criteria, they would undergo
leukapheresis as soon as possible. Within 2 to 14 days after
the leukapheresis procedure (ie, after the start of production
of the individual DCVAC/LuCa) and until the uneventful
manufacturing process of DCVAC/LuCa for the individual
patient, the patient would start treatment with SoC.

Manufacturing period: Manufacturing of DCVAC/LuCa
is conducted under GMP conditions. Autologous peripheral
blood mononuclear cells were obtained by leukapheresis.
Adherent monocytes were selected and cultured in medium
with IL-4 and GM-CSF. Killed cells from the lung cancer
tumor cell lines H520 and H522 were prepared from work-
ing cell banks. Cells were cultured, treated with HHP, and
frozen in aliquots of 20 X 10° cells per vial in 1 ml of freez-
ing medium. HHP treated H520 and H522 cells were mixed
in a ratio 1:1 and subsequently used for pulsing of DCs at a
ratio of 5:1 of dendritic cells to tumor cells. DCs pulsed by
the tumor cells were then matured by TLR-3 ligand
(Poly(I:C)). The final product was then cryopreserved at a
target of 1 X 107 dendritic cells per vial in 1 ml of freezing
medium.

Treatment period: Patients were treated with the
following:

SoC treatment: The first cycle of the selected (the
Investigator’s decision in the best interest of the patient and
NSCLC histology) first-line SoC was started 2 to 14days
after the leukapheresis procedure per above. Investigators
could choose from the following SoC regimens:

- paclitaxel (135-175 mg/m?)/carboplatin (area under the
curve [AUC]=6 mg/ml per minute) administered on Day
1 of each 21-day cycle

- gemcitabine (1000-1250 mg/m?)/cisplatin (75 mg/m?)
administered on Day 1 (gemcitabine also on Day 8) of
each 21-day cycle

- pemetrexed (500 mg/m?)/cisplatin (75 mg/m?) adminis-
tered on Day 1 of each 21-day cycle

- pemetrexed (500mg/m?)/carboplatin (AUC=6mg/ml
per min up to a maximum of 900 mg) administered on
Day 1 of each 21-day cycle

Patients with progressive disease would terminate SoC
treatment but would be followed for survival. Patients with
complete response, partial response, or stable disease con-
tinued SoC of combination chemotherapy for 4 to 6 cycles
(target number of cycles; treatment might be stopped earlier
due to patient intolerance).

Maintenance treatment of patients whose disease had not
progressed after 4 cycles of platinum-based first-line che-
motherapy could be done with pemetrexed monotherapy
(500mg/m?, 3-week cycles until intolerance or disease
progression).

In specific circumstances and if patient factors did not
support the use of any of the above SoC regimens, it might
be possible to use other medically acceptable first-line
treatments for NSCLC provided the Collaborator and the
treating physician both agree to it. Premedication for all
drugs must be administered following the instruction on the
package insert or according to established documented
local site standards. Patients with intolerance to the selected
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SoC doublet chemotherapy (not applicable to maintenance
treatment with pemetrexed) could either be taken off the
treatment or be switched to treatment with another alterna-
tive SoC per the list above. Alternatively, the SoC causing
intolerance might be dose adjusted according to the pre-
scription information for the components of the SoC, or
according to established documented local site standards.
Patients with intolerance to pemetrexed maintenance che-
motherapy would discontinue pemetrexed.

If there was no intolerance suspected regarding DCVAC/
LuCa or Shenqi Fuzheng injection, these treatments could
continue irrespective of decisions regarding dose adjust-
ments, termination, or switch of the SoC treatment. If there
is a suspicion of intolerance to DCVAC/LuCa or Shenqi
Fuzheng injection, the concerned treatment (or both treat-
ments, if appropriate) should be stopped. In such a case, that
is, when either or both DCVAC/LuCa and Shenqi Fuzheng
injection were stopped for intolerance, the SoC, if not
stopped earlier or at the same time due to intolerance, could
be continued.

DCVAC/LuCa: DCVAC/LuCa was administered from
the second cycle of SoC (on Day 15 [*=2days] of the SoC
cycles). DCVAC/LuCa would initially be administered in a
3-week cycle schedule (5 times) and then in a 6-week cycle
schedule (for the remainder of the treatment). Therefore, the
first 5 doses of DCVAC/LuCa were administered 3 weeks
apart, and subsequent doses were administered 6weeks
apart. If the SoC application was delayed for any reason,
DCVAC/LuCa was administered at least 15days (=2 days)
after the last SoC administration (ie, SoC cycles are counted
from Day 1 only when the SoC treatment actually starts on
this day).

DCVAC/LuCa would be administered in up to a total of
15 doses, until development of intolerance to DCVAC/
LuCa, or until there was a need to start new systemic anti-
cancer therapy, regardless of concurrent SoC (ie, SoC might
be stopped earlier or later than DCVAC/LuCa). It was
assumed that the first leukapheresis would result in 10 to 15
doses of DCVAC/LuCa (ie, enough for 51-81weeks of
treatment with DCVAC/LuCa according to the study proto-
col). Therefore, the treatment with DCVAC/LuCa could be
up to 15 doses, but 10 delivered doses would be acceptable
at termination of DCVAC/LuCa treatment.

If available doses of DCVAC/LuCa from the first leuka-
pheresis for an individual patient were foreseen not to be
enough to continue treatment per above, a second leuka-
pheresis could be done. In such a case, if maintenance
pemetrexed was ongoing, 1 cycle of pemetrexed would be
skipped and the second leukapheresis would be done at the
end days of the skipped cycle (Day 17 to Day 19).

Shenqi Fuzheng injection: Shenqi Fuzheng injection
(250ml per day) were administered 3 days before each
DCVAC/LuCa administration (when applicable, see below)
and until a total of 14 daily doses had been administered.

The Shenqi Fuzheng injection schedule was applicable dur-
ing both 3-week and 6-week DCVAC/LuCa administration
schedules. If DCVAC/LuCa was stopped before the admin-
istration of the SoC doublet chemotherapy was completed,
Shenqi Fuzheng injection should be continued until the SoC
doublet chemotherapy was terminated. Shenqi Fuzheng
injection should be stopped in case of intolerance specifi-
cally attributed to Shenqi Fuzheng injection.

After completion of all doses of study treatment per pro-
tocol or treatment discontinuation for any reason, patients
were evaluated at the End of Treatment (EoT) visit, which
would be scheduled 30days (+30days) after the last dose
of DCVAC/LuCa, chemotherapy, or Shenqi Fuzheng injec-
tion, whichever was later.

Follow-up periods: Patients who complete or discon-
tinue all study treatments before disease progression would
undergo disease evaluation by computed tomography (CT)
scan every 3 months (£7 days) until progression of the dis-
ease or until 2 years after the start of SoC of the last patient.

Patients who completed or discontinued all study treat-
ments after disease progression would be followed up for
survival. The survival data was collected every 3 months
(*=7days) by directly contacting the patient (or a relative/
caretaker) by phone until death from any reason or until
2 years after the start of SoC of the last patient.

The clinical study would be terminated 2 years after the
start of SoC of the last patient.

Measurement

Patients who completed or discontinued all study treat-
ments before disease progression would undergo disease
evaluation by computed tomography (CT) scan every
3 months (*7days) until progression of the disease or until
2 years after the start of SoC of the last patient.

Efficacy endpoint: The primary and secondary endpoints
were efficacy of Shenqi Fuzheng injection administered
concurrently with DCVAC/LuCa plus SoC with regard to
objective response rate (ORR) and progression free survival
(PFS) according to RECIST v.1.1 in patients with recurrent
metastatic or advanced (stage I1IB or IV) NSCLC and sur-
vival time as evaluated by 1-year survival rate, and overall
survival (OS).

Safety endpoint: Safety profile of Shenqi Fuzheng injec-
tion administered concurrently with DCVAC/LuCa plus
SoC as measured by adverse events (AEs), serious adverse
events (SAEs), laboratory abnormalities, and clinical param-
eters (eg, performance status). Adverse events were graded
according to NCI CTCAE4.03.

Qi insufficiency was measured in constitution from
study baseline until maximum normalization on treatment
as evaluated by tongue diagnosis and the Chinese medi-
cine symptom score. The traditional Chinese constitution
assessment was conducted by an independent chief
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Table I. Patients Characteristics.

Characteristic

Total number of patients (n=23)

Age (median/range)

Gender (Male/Female)

ECOG status (0/1)

Stage (IIIB/IV)

Histology (Adenomatous/Squamous cell/other)
EGFR mutation status (Wild type/mutation)

63.0y/48.0-80y

19pts/4pts

| pts/22pts

7pts/ | 5pts/ | pt unknown
16pts/5pts/ | pt/ | pt unidentified
18pts/3pts

physician with rich experience in TCM clinical practice. If
calculated score =40, it was Qi insufficiency constitution;
calculated score=30-39, it tended to be Qi deficiency con-
stitution; calculated score <30, it was not Qi deficiency
constitution.

Statistical Analysis

The modified intention to treat population (mITT) was con-
sisted of all patients who had received at least 1 dose of
the specified treatment, namely Shenqi Fuzheng injection,
DCVAC/Luca or standard chemotherapy. Full analysis set
(FAS) data set, total of 23, referred to all patients who had
received at least 1 dose of specified treatment, namely
Shenqi Fuzheng injection, DCVAC/LuCa plus SoC; Per
protocol set (PPS) was composed of FAS data set who had
received at least 3 doses of DCVAC/LuCa and whose
curative effect could be evaluated without serious protocol
violation. Kaplan Meier survival analysis was used to cal-
culate and present PFS, OS, and DoR in chart form. Median
remission and 95% CIs were obtained by Kaplan Meier sur-
vival analysis. Nonparametric testing was used to compare
the calculated score of maximum improvement of Qi insuf-
ficiency before and after treatment. P values of <.05 were
considered statistically significant.

Results

Patient Characteristics

Since December 2016 to November 2020, 23 eligible
patients were enrolled in the study and followed up.
Characteristics of patients are summarized in Table 1.

Therapeutic Regimen

Chemotherapy regimens applied in 23 patients were cho-
sen according to investigator’s decision in the best interest
of the patient and NSCLC histology. Five patients received
gemcitabine combined with platinum based systemic che-
motherapy, 12 patients received pemetrexed combined
with platinum chemotherapy and eight patients received
paclitaxel combined with platinum chemotherapy. DCVAC/

Median DoR=56.51 (month)
100 4—
]
H ] -~ DoR
z 4
¢ 50-.
.ﬁ r
:
v
Y 1 1 1 1 1
0 2 4 6 8 10
DoR (month)
Number at risk
8 7 4 2 1 0
L 1 1 1 1 1
0 2 4 6 8 10
Time (month)

Figure 1. Survival curve of duration of response (DoR). The
median DoR was 5.5 months.

LuCa was administrated according to schematic design.
The doses of DCVAC/LuCa ranged from 0 to 15 doses.
Shenqi Fuzheng injection was administered 3 days before
each DCVAC/LuCa administration until a total of 14 daily
doses had been administered.

Efficacy

From December 2016 to November 2020, 11 patients
experienced PD and 10 patients died. One patient obtained
CR and 7 patients experienced PR, ORR was 34.8% (95%
CI:16.4%-57.3%). Median duration of response (DoR) was
5.51m (95% CI:2.70-8.32), Median PFS was 10.72m (95%
Cl:4.52-16.93), 1-year survival is currently 77.8%, mOS
was 21.97m (95% CI:13.68-30.25), as shown in Figures 1
and 2. The calculated score of maximum improvement of Qi
insufficiency was improved significantly (P <<.0001) from
41.19 = 14.58 measured before treatment to 10.52 = 16.58
measured after treatment (Table 2). Best tumor response
compared with baseline in 23 patients is shown with a
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Figure 2. Kaplan—Meier survival curves of PFS and OS in patients of FAS and PPS set. The median PFS was 10.72months, median OS

was 21.97 m.

waterfall plot (Figure 3) and the relative changes in tumor
size over time in all patients is shown with a spider plot
(Figure 4).

Safety

The safety profile of Shenqi Fuzheng injection adminis-
tered concurrently with DCVAC/LuCa plus SoC was

recorded by incidence, type, and severity of all adverse
events (AEs), serious adverse events (SAEs) and labora-
tory abnormalities.

Twenty-three patients were included in the safety
profile. Fourteen (60.87%) patients had 79 AEs, and 10
(43.48%) patients had 34 adverse events related to chemo-
therapy. The most common reported (=5%) AEs were
increased alanine aminotransferase (13.04%), decreased
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Table 2. Comparison of Maximum Improvement of Qi Deficiency Calculated Score Before and After Treatment.
Before treatment After treatment
N Median Median Nonparametric
Score (missing) Mean =SD  (interquartile range) Mean = SD (interquartile range) test P-value
Raw score 22 (1) 21.18 = 4.67 21 (21, 22) 10.55 +5.97 98 12) t=-9.37  <.0001
Calculated score 22 (1) 41.19£ 1458 40.63 (40.6, 43.75) 10.52 = 16.58 6.25 (0, 12.5) $=-11550  <.000l
Table 3. Adverse Events.
Waterfall Plot
Tumor Response in Patients with Measurable Disease Preferred terms n (%)
]:2 Increased alanine aminotransferase 3 (13.04)
5 &b Decreased hemoglobin 3 (13.04)
3 @ Hemoptysis 3 (13.04)
8 20 Dyspnea 3 (13.04)
¢ ol — Fever 3(13.04)
£ iIjj I I I Fatigue 3 (13.04)
& 40 Palpitations 2 (8.70)
g -60 Decreased white blood cell count 2 (8.70)
o Decreased platelet count 2 (8.70)
190 Nasopharyngitis 2 (8.70)
)’:)Vb/,bo‘)o&]’))))%Jb>,%’®)’6"':))’1%)‘)07,bé‘,boe%b/)’&)ov)q})% Nausea 2 (870)

patientid

Figure 3. Best tumor response in 23 patients compared with
baseline.

Relative Change in Tumor Size

Tumor size from the baseline (mm)

Times
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—®—'107 =—®—"108) — =100 —&—'310 *— 111 112
—@—113 7 P4 — 8 — 1S — 8 — 116 &= — % — 201

202 = 2030 T =8 1204. =8 ="205 ® 301

Figure 4. The relative changes in tumor size over time in all
patients.

hemoglobin (13.04%), hemoptysis (13.04%), dyspnea
(13.04%), fever (13.04%), fatigue (13.04%), palpitations
(8.70%), decreased white blood cell count (8.70%),
decreased platelet count (8.70%), nasopharyngitis (8.70%),
and nausea (8.70%) (Table 3).

During the study period, no AE related to Shenqi
Fuzheng Injection and DCVAC/Luca injection occurred.
There were no adverse events in the analysis population of

leukapheresis and within 24 hours after the start of leuka-
pheresis. The severity of most AEs was mild to moderate
(severity <3), 6 (26.09%) patients had 6 adverse events
with severity =3, and there was no adverse reaction with
severity =3 related to the study drug. There was no death
due to AE and the outcome of most AE was remission
(75.95%). A total of 10 subjects died and most (7 cases) of
these were due to disease progression of lung cancer. There
was one SAE related to medical history of heart disease
reported and no serious adverse reactions related to the
study drug reported.

Discussion

The primary goal of systemic therapy in patients with meta-
static NSCLC is to reduce symptoms and improve survival,
with a concurrent goal of improving quality of life. Active
immunotherapies rely on specific stimulation of the host’s
immune system to trigger durable antitumor responses,
which translate into a clinical benefit. Besides, immune
response-mediated tumor eradication reduces the potential
risks of toxicity and drug resistance.'®* Moreover, a great
many studies related to immunotherapy combined with tra-
ditional anti-tumor strategies, including chemotherapy,'’
radiotherapy,?’ targeted therapy,'> have shown the combina-
tion therapy is superior to monotherapy, and is worth fur-
ther exploration.

Advanced NSCLC with a heavy tumor burden estab-
lishes a harsh landscape for immunotherapy due to immune
tolerance toward tumor antigens. DC-based tumor
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immunotherapies combined with chemotherapies are of
potential interest in NSCLC. DCs have been documented as
the most effective antigen-presenting cells that can activate
primary and subsequent memory immune responses.’! As
initiators of adaptive immunity, DCs are ideal targets for ex
vivo education and adoptive vaccination, which can induce
specific antitumor immune responses in patients in vivo.??

DCVAC/LuCa is an active autologous cellular immuno-
therapy consisting of autologous DCs loaded with NSCLC
antigens from NSCLC cell lines. DCVAC has the ability to
induce an immune response, including cytotoxic CD8+ T
cells, against tumor associated antigens expressed by
patients’ cancer cells.? It is assumed that such an immune
response might have an impact on the viability of the cancer
cells and thereby prolong survival time.

Recently results of a multicenter, parallel-group, ran-
domized, phase I/II study (SLUO1) in patients with histo-
logically or cytologically confirmed stage IV unresectable
NSCLC of adenomatous, squamous, or large cell carcinoma
histology demonstrated a statistically significant effect of a
DC-based immunotherapy in conjunction with platinum-
based doublet on OS (15.5 vs 11.8months; P=.0179;
HR=0.54; 95% CI:0.32-0.91) of all subpopulations (PP,
male/female patients, smokers/former smokers, patients
with squamous/non-squamous tumors) compared with che-
motherapy alone. The differences of OS may be attributed
to the characteristics of enrolled patients, as we included
86% of wild-type lung cancer and the majority was squa-
mous NSCLC, while SLUOI might include some patients
who would benefit from targeted therapy and had refractory
lung cancer such as large cell cancer. In terms of safety, the
results of both studies confirmed that DCVAC/LuCa was
safe and well tolerated.?*

Shenqi Fuzheng injection is composed of 2 kinds of
Chinese medical herbs, huangqi and dangshen. The bioac-
tive components of Shenqi Fuzheng injection include
syringin, calycosin-7-O--D-glucopyranoside, lobetyolin,
ononin, astragaloside IV, and others.”® Shenqi Fuzheng
injection showed good safety. Long-term toxicity testing in
domestic rabbits showed no chronic toxic reactions after
Shenqi Fuzheng injection was administered for 90 days.
Among 20 100 patients observed, the incidence of adverse
reactions was 1.85%o.2° Increasing studies have shown that
Shenqi Fuzheng injection has antineoplastic properties,
including inhibiting cancer growth, promoting apoptosis,
increasing chemotherapy sensitivity, and improving
immune functions, etc.?’3° Shenqi Fuzheng injection com-
bined with chemotherapy would promote the levels of
CD3+, CD4+, and CD4+/CD8+, thus effectively reduce
the immunosuppression caused by chemotherapy.®' Shenqi
Fuzheng injection could improve quality of life and relieve
Qi insufficiency symptoms such as shortness of breath,
cough, and spontaneous perspiration as well as response
rate to chemotherapy in NSCLC 333

A study had shown that patients with glioblastoma given
tetanus toxoid has enhanced DC migration bilaterally and
significantly improved survival.* It is evidenced that pre-
conditioning with a potent recall antigen (eg, tetanus tox-
oid) enhances the antigenicity of immune cells, thus we
assumed TCM may be another kind of recall antigen, and
designed this clinical trial combining immunotherapy of
DCVAC/LuCa and chemotherapy with adjuvant therapies
of TCM to evaluate efficacy and safety. To our knowledge,
the present trial is the first prospective open-label, multi-
center, all-comers (male/female patients, smokers/former
smokers, patients with squamous/non-squamous tumors),
phase I/II study in patients with stage IV NSCLC, which
combined TCM with DC-based tumor immunotherapy
(DCVAC/LuCa). We can thus give a preliminary conclu-
sion about the efficacy and safety of the combination.

In this study, in terms of effectiveness, the ORR of mITT
population was 34.8% (95% CI 16.4%, 57.3%), the best
overall remission rate was higher, and the treatment effect
was better. The median remission period of mITT popula-
tion was 5.5m. The mPFS was 10.72m (95% CI 4.52,
16.93), the one-year survival rate was 77.8%, mOS was
21.97m (95% CI 13.68, 30.25). In the waterfall plot, we
could clearly see the curative effect of 3 patients was very
good, and the tumor was reduced by about 60%. Though the
number of participants was relatively small, the survival
outcome was better than those of advanced NSCLC patients
receiving DCVAC/LuCa in combination with carboplatin
and paclitaxel.>*

The TCM Constitution of enrolled patients was evalu-
ated by tongue examination and a constitution question-
naire survey with “Classification and Determination of
constitution in TCM” which is an authoritative standard of
the China Association of Chinese Medicine.*> The tongue
characteristic of Qi deficiency was light red in tongue body
and tooth-marked in margins of the tongue. In addition, the
symptoms were also important to describe Qi deficiency,
such as low and weak pronunciation, short breath and lazi-
ness of speaking, fatigue, sweating easily, and lethargy. The
standard of “Classification and Determination of constitu-
tion in TCM,” published in 2009 is widely used in clinical
and scientific research in China. This assessment was con-
ducted by an independent chief physician with rich experi-
ence in TCM clinical practice. The results of the comparison
of the raw score and calculated score of Qi insufficiency
constitution score before and after treatment showed that
the post-treatment score was significantly lower than that
before treatment, and the evaluation of Qi insufficiency was
significantly improved.

In terms of safety, there was no serious drug-related
adverse reaction. The severity of most AE was mild to
moderate (severity <3), all adverse events reported were
common adverse events related to chemotherapy or disease
situation in patients with lung cancer. During the study
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period, no AE related to Shenqi Fuzheng Injection and
DCVAC/Luca injection occurred. There were no adverse
events in the analysis population of leukapheresis and
within 24 hours after the beginning of leukapheresis. It
shows that the safety of the new combination regimen is
good, does not increase patient safety risks.

The results have shown the combination of TCM Shenqi
Fuzheng injection therapy is superior to traditional therapy.
The promising survival benefit and good tolerance may
provide us a new treatment idea. But the benefit of survival
remains to be further confirmed by large sample random-
ized controlled trials.

In recent years, the finding that PD-1 blockade produces
clinical responses in NSCLC has yielded increased interest
in cancer vaccines and their possible combination with
checkpoint inhibitors.’**° We can hypothesize DC treat-
ment combined with immune checkpoint inhibitors might
enhance the anti-tumor effect, which deserves further more
investigation.

Meanwhile, our research has some limitations. The num-
ber of participants was small and the outcome of individual
differences may be affected by different chemotherapy and
unknown types of rare gene mutations. Additionally, diver-
sity of oral Chinese medicine schemes may cause minor dif-
ferences. Also, tongue diagnosis and constitution TCM
evaluation was conducted by the same physician before and
after treatment which would result in bias. In further stud-
ies, the physician may conduct blind evaluations on TCM
constitution and tongue diagnosis by utilizing modern
instruments such as robots to ensure assessments are more
objective. In consideration of so many confounding factors,
we will include many more cases in further study and may
conduct a combination therapy of DCVAC/LuCa with
PD-1/PD-L1 inhibitors and SoC in specific patients who
may benefit from immunotherapy in the first-line therapy.

Conclusion

DCVAC/LuCa, combined with standard of care chemo-
therapy and Shenqi Fuzheng injection exhibited good ben-
efitin improving survival in Chinese patients with recurrent
metastatic or advanced NSCLC, and showed good toler-
ance with no related adverse events. But this study is a
single-arm phase II clinical trial, and a further randomized
controlled phase III clinical investigation with a large pop-
ulation-based sample size is needed.
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