Cancer Management and Research

Dove

ORIGINAL RESEARCH

A Preliminary Study of the Complement Component
|q Levels in Predicting the Efficacy of Combined
Immunotherapy in Patients with Lung Cancer

Daoming Zhang'

Yuan Li'

Haoyue Li?

Tian Tang'

Yongfa Zheng'

Xufeng Guo'

Ximing Xu'

ICancer Center, Renmin Hospital of
Wouhan University, Wuhan, People’s
Republic of China; 2Department of
Cardiology, Renmin Hospital of Wuhan

University, Wuhan, People’s Republic of
China

Correspondence: Ximing Xu

Cancer Center, Renmin Hospital of

Wauhan University, 238 Jiefang Road,

Wouhan, 430060, People’s Republic of
China

Tel +86-13707120651

Email doctorxul20@aliyun.com

Objective: To evaluate the value of serum complement component 1q (Clq) levels in
predicting the efficacy of combined immunotherapy in patients with lung cancer.
Methods: A total of 42 patients with lung cancer who received combined immunotherapy in
the cancer center of Renmin Hospital of Wuhan University were included in this study. The
clinical data of serum Clq and lactate dehydrogenase (LDH) levels before and three weeks
after immunotherapy were collected.

Results: Response evaluation showed that the number of patients with complete response
(CR), partial response (PR), stable disease (SD), and progressive disease (PD) was 0 (0%),
26 (61.9%), 14 (33.3%), and 2 (4.8%), respectively. The CR/PR group (patients with CR or
PR) showed higher pClq (Clq level before immunotherapy) and iClq (Clq level 3 weeks
after immunotherapy) than the SD/PD group (patients with SD or PD). The LDH reduction
(96.2%) and Clq increment (84.6%) in the CR/PR group 3 weeks after immunotherapy were
higher than those of the SD/PD group, and the differences were statistically significant.
Logistic regression analysis indicated that pClq, iC1lq, and LDH level trends 3 weeks after
the treatment were significantly correlated to the efficacy of combined immunotherapy with
odds ratios of 8.185, 5.500, and 0.031, respectively.

Conclusion: High Clq levels before immunotherapy and increased Clq levels and
decreased LDH levels 3 weeks afterward suggest good therapeutic effects of combined
immunotherapy in patients with lung cancer. Serum Clq levels have certain clinical sig-
nificance in predicting the efficacy of combined immunotherapy.
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Introduction

In recent years, immunotherapy has achieved encouraging results in the treatment
of lung cancer. Compared with traditional chemotherapy, immunotherapy has
advantages of programmed cell death protein 1 (PD-1) inhibitors, programmed
cell death ligand-1 (PD-L1) inhibitors, and cytotoxic T-lymphocyte—associated
protein 4 (CTLA-4) inhibitors. With the success of domestically developed drugs
and lowered prices, immunotherapy will be widely applied in lung cancer
treatment.

Since the efficacy of single-agent immunotherapy is unsatisfactory, combined
immunotherapy is often used in clinical practice. As it is important to screen out
patients susceptible to immunotherapy, many studies have been devoted to finding
predictors of immunotherapy efficacy. Multiple related markers such as PD-L1 and
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tumor mutational burden (TMB) have been widely applied
in predicting the efficacy of immunotherapy for various
tumors. Other predictors include tumor-infiltrating lym-
phocytes (TILs),'! DNA damage repair-related genes,”
and neutrophil to lymphocyte ratio (NLR).> However,
most of the existing studies are focused on predicting the
efficacy of single immunotherapy. Therefore, finding the
predictors for combined immunotherapy can guide clinical
practice.

Mainly found in animal body fluids and on the cell
surface, complements are small proteins that acquire bio-
logical activity after activation and mediate inflammation
and immune response.* The role of complements in tumor
immunotherapy is attracting increasing attention from
scientists. As an important component of the complement
system, C1q initiates the classical pathway of the comple-
ment system when activated. In this study, a retrospective
analysis was conducted on patients with lung cancer who
received combined immunotherapy in our center from
2019 to 2020 to evaluate the value of serum Clq levels
in predicting immunotherapy efficacy.

Materials and Methods
Study Population

Clinical data were collected from the patients with lung
cancer who received combined immunotherapy in the
cancer center of our hospital from 2019 to 2020. The
inclusion criteria were: (1) Patients whose medical data
were complete with malignant lung tumors confirmed by
pathological diagnosis and observed measurable lesions;
(2) Stage III or stage IV patients according to the TNM
stage classification for lung cancer; (3) Patients receiving
immune checkpoint inhibitor (ICI) monotherapy or com-
bined immunotherapy; (4) Patients receiving immu-
notherapy for more than 3 cycles. The exclusion
criteria were: (1) Patients receiving immunotherapy for
less than 3 cycles; (2) Patients with other concomitant
malignant tumors. The collected data included the
patient’s age, gender, the Eastern Cooperative Oncology
Group performance status (ECOG PS) score, pathologi-
cal type, clinical stage, metastasis site, previous treat-
ment history, combined immunotherapy, Clq levels, and
LDH levels before and three weeks after the first
immunotherapy.

This retrospective study was approved by the Ethics
Committee of Renmin Hospital. Patients’ identifiable data
were anonymized, and the requirement for informed

consent was waived due to the retrospective nature of the
study. All patient data were confidential.

Efficacy Evaluation

The response evaluation was conducted following the
Response Evaluation Criteria in Solid Tumors (RECIST
1.1).° The evaluation criteria included complete response
(CR), partial response (PR), stable disease (SD), and pro-
gressive disease (PD).

Statistical Analysis

The collected data were processed on IBM SPSS Statistics
23. Categorical data were expressed as rates, and measure-
ment data were expressed as xts, using the y* test or
Fisher’s exact test. Binary logistic regression was used
for multivariate analysis. The cut-off C1q value was deter-
mined by receiver operating characteristic (ROC) curves
analysis. P<0.05 was considered statistically significant.

Results

Characteristics of Patients

The 42 patients in this study included 32 males and 10
females. In terms of pathological types, 21 patients were
with adenocarcinoma, 14 were with squamous cell carci-
noma, and 7 were with small cell carcinoma. The ICIs
included Pembrolizumab (13), Camrelizumab (9),
Sintilimab (8), Tislelizumab (10), and Atezolizumab (2).
In terms of the treatment plans, 7 patients received immu-
notherapy alone, 20 received immunotherapy combined
with chemotherapy, 1 received combined anti-angiogenic
therapy, 3 received combined radiotherapy, and 11
received combined chemotherapy along with anti-
angiogenic therapy (Table 1).

Response Evaluation Results

After immunotherapy, imaging examinations were per-
formed on the patients according to RECIST 1.1 for
response evaluation. The number of patients with CR,
PR, SD, and PD was 0 (0%), 26 (61.9%), 14 (33.3%),
and 2 (4.8%), respectively (Table 2).

Comparison Among the Patients

The patients were classified into the CR/PR group and the
SD/PD group according to the response evaluation results.
There was no statistically significant difference between
the two groups in terms of gender, age, pathological type,
Ki-67 index, tumor stage, history of chemotherapy,
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Table | Baseline Characteristics of the Patients

Characteristics No. %
Sex

Male 32 76.2%

Female 10 23.8%
Age

<60 15 35.7%

260 27 64.3%
Pathology

Adenocarcinoma 21 50.0%

Squamous cell carcinoma 14 33.3%

Small cell carcinoma 7 16.7%
Ki-67

<50% 21 50.0%

>50% 21 50.0%
Stage

1l Il 26.2%

v 31 73.8%

Immunotherapy drug

Pembrolizumab 13 31.0%
Camrelizumab 9 21.4%
Sintilimab 19.0%
Tislelizumab 10 23.8%
Atezolizumab 2 4.8%
Line of treatment
| 12 28.6%
2 17 40.5%
23 13 31.0%
Combination therapy
ICI 7 16.7%
ICl+ Chemotherapy 20 47.6%
ICI+ Anti-angiogenic therapy I 2.4%
ICI+ Radiotherapy 3 7.1%
ICl+ Chemotherapy+ Anti-angiogenic therapy I 26.2%
Table 2 The Tumor Response Results
Response No. %
CR 0 0%
PR 26 61.9%
SD 14 33.3%
PD 2 4.8%

Abbreviations: CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease.

number of immunotherapy lines, pLDH, and iLDH (P >
0.05). The CR/PR group showed higher pClq and iClq
than the SD/PD group (222.84+49.78 mg/L vs 176.63
+29.88 mg/L, 237.54+55.77 mg/L vs 178.09+33.69 mg/

L). The LDH reduction (96.2%) and Clq increment
(84.6%) in the CR/PR group 3 weeks after immunotherapy
were higher than those in the SD/PD group, and the
differences were statistically significant (P < 0.05;
Tables 3 and 4).

Logistic Regression Analysis

In the logistic regression analysis, pClq (0=less than or
equal to 200 mg/L, 1=more than 200 mg/L), Clq trends 3
weeks after immunotherapy (O=decrease, 1=increase), and
LDH trends (0=decrease, 1=increase) were the independent
variables, whereas treatment efficacy (0=PD/SD, 1=PR/CR)
was the dependent variable. The results showed that the Clq
level before immunotherapy and the trends of C1q and LDH
3 weeks afterward were significantly correlated to the effi-
cacy of combined immunotherapy with odds ratios of 8.185,
5.500, and 0.031, respectively (Table 5). Patients with high
baseline C1q levels are more likely to obtain high ORR, and
patients with increased Clq or decreased DHL after immu-
notherapy probably receive better efficacy.

The Value of Baseline Clq in Predicting

Combined Immunotherapy Efficacy

The ROC curves between efficacy and baseline Clq levels
are presented in Figure 1. The area under the curve is
0.787, the CI is 0.652 to 0.922, and the difference is
statistically significant (P < 0.05). The cut-off value of
baseline Clq is 209.5 mg/L, the corresponding sensitivity
is 53.8%, and the specificity is 93.7%.

Discussion
The most widely used immunotherapies in the treatment of
lung cancer are mainly based on ICIs. There are currently
three ICls, two anti-PD-1 inhibitors (nivolumab and pem-
brolizumab), and one anti-PD-1 inhibitor (atezolizumab)
involved in treating patients with non-small cell lung
cancer.® Therapeutic options targeting CTLA-4 are also
adopted in clinical practice, which suppress the antigen-
presenting cells (APCs) by depleting immune-stimulating
cytokines, producing immunosuppressive cytokines, and
constitutively expressing CTLA-4.” In addition, immu-
notherapies also include immunological interventions
such as active immunotherapy (eg, Bacillus Calmette-
Guérin, BCG) and adoptive cell transfer, which includes
transfer factor (TF), tumor-infiltrating lymphocytes (TIL),
dendritic cell-cytokine induced killer (DC-CIK), and anti-
gen-specific vaccines

cancer (melanoma-associated
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Table 3 Clinical Data Comparison Between the CR/PR Group

and the SD/PD Group

Table 4 Comparison of LDH and Clq Levels Between the Two
Groups (xts)

Notes: Calculated by Fisher’s exact test. *P < 0.05, **P < 0.01.

Abbreviations: pLDH, LDH before treatment; iLDH, LDH three weeks after
immunotherapy; pClg, Clq before treatment; iClg, Clq three weeks after

immunotherapy.

SD/PD | CR/PR 12 P CR+PR SD+PD P
Sex 0.020 0.887 pLDH 260.69+77.16 248.311+45.12 0516
Male 12 20 iLDH 230.62+61.99 259.94+63.02 0.147
Female 4 6 iLDH 222.84+49.78 176.63+29.88 0.002#*
A 3.240 0,072 iClq 237.54+55.77 178.09+33.69 0.000**
ge . .
<60 3 12 Notes: Values conformed to normal distribution. Results were presented as the
>60 13 14 mean % SD. *P < 0.05, **P < 0.01.
Pathol 2.524 0.283
aA: o8 ) 0 N Table 5 Multivariate Analysis of Risk Factors of Treatment
enocarcinoma
Response
Squamous cell carcinoma | 5 9 P
Variable P OR 95% CI
Small cell carcinoma | 6 -
Ki-67 1.615 0.204 pLDH 0.006%* 8.185 1.839-36.424
<50% 10 11 Change trend of Clq 0.021* 5.5 1.293-23.389
250% 6 15 Change trend of LDH 0.002#* 0.031 0.003-0.289
Notes: Binary logistic regression was used for multivariate analysis. *P < 0.05,
Sta"gle ) ) 0019 | 0.891 ool
v 12 19
» ¢ chemoth 0740 | 0.39% antigen 3, MAGE-A3 and L-BLP25).* Since not all can-
istory of chemotherapy . . . . .
No 3 8 cer patients are susceptible to current treatments, combin-
Yes 13 18 ing with other anti-tumor therapies has become the
Line of treatment 0185 | 0912 mainstream idea in clinical practice. Randomized con-
| 8 trolled trials have confirmed that adding ICIs to che-
2 10 motherapy can improve patient prognosis.'® Mutations in
23 8 proto-oncogenes and tumor suppressor genes probably
Change trend of LDH 14.994 | 0.001%* affect the treatment response and survival of lung cancer
Reduce 7 25
Increase 9 |
1.0
Change trend of Clq 5.815 0.016*
Reduce 8 4
Increase 8 22
08
pLDH 0.303 0.582
<230U/L 6 12 -
>230U/L 10 14 E e
iLDH 1265 | 0.261 -
<230U/L 16 2]
>230U/L 10 5 04
pClq 8.636 | 0.003* n
<200mg/L 13 9
>200mg/L 3 17 e
iClq 7.769 0.005%*
<200mg/L 12 8 o
>200mg/L 4 18 00 02 04 06 08 10

1- specificity

Figure | Multivariate analysis on the risk factors of treatment response.
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patients. Exploring the genetic background of different
populations is of great significance to predict lung cancer
patients’ response to immunotherapies.'! In the application
of ICIs, immune-related adverse events (irAEs) are the key
monitoring items in clinical practice. The incidence of all
grade irAEs is 22%, and that of high-grade irAEs is 4%.
The most common orders are the endocrine system, skin,
lungs, and gastrointestinal tract. Heart-related events have
a high mortality rate and are nonspecific. Therefore, early
identification of irAEs is crucial.'?

Theoretically, upregulated expression of PD-L1 sug-
gests a strong inhibitory effect of the PD-1/PD-L1 path-
way, which indicate possible favorable effect of immune
checkpoint inhibitors. Although early studies have con-
firmed the strong correlation between the two, PD-L1 has
certain limitations as a predictor of pan-carcinoma. For
example, research on the second-line treatment of renal
cell carcinoma suggested that patients could benefit from
nivolumab treatment regardless of whether the expression
of PD-L1 was higher than 1%."° In CheckMate 026,
patients with non-small cell lung cancer receiving nivolu-
mab treatment with PD-L1 expression >5% showed unfa-
vorable PFS and OS compared with patients receiving
chemotherapy.'* In addition, PD-L1 is detected by immu-
nohistochemistry in biopsy tissue. Different materials,
antibodies, and automatic immunohistochemistry analysis
systems all could lead to divergences in the results. In the
meantime, the expression of PD-L1 in the tumor micro-
environment may be correlated with efficacy.'” Finding
and developing more treatment efficacy predictors and
prediction models are still of great significance in clinical
practice.

As part of the anti-tumor cytotoxicity and immune
response, the activated complement system also promotes
tumor development. On the one hand, complements have
various regulatory effects, such as C3b/iC3b-mediated
phagocytosis and TCC-mediated cytolysis.'® On the other
hand, the excessive activation of complements also pro-
motes tumor growth through the pro-inflammatory proper-
ties of the effector compounds.'” Cho et al reported that
the local production and activation of complement effector
compounds significantly promoted tumor growth.'®

As the recognition subcomponent of the classical path-
way of the complement system, Clq is responsible for
eliminating immune complexes and invading pathogens.
Upon recognition by Clr and Cls, the ligand triggers com-
plement activation.'**° Studies have found that C1q expres-
sion is upregulated in the microenvironment of various

human tumors, which can promote and inhibit tumor
development.'*? For example, in prostate cancer, C1q has
been shown to induce apoptosis by activating tumor sup-
pressor WOX1,” while in malignant pleural mesothelioma,
Clq promotes tumor cell adhesion, migration, and
proliferation.”” Studies have found that in clear cell renal
cell carcinoma, Clq produced by tumor-associated macro-
phages, together with carcinoma cells expressing Clr, Cls,
C4, and C3, initiate CP activation and further affect the
immunosuppressive microenvironment characterized by
high expression of immune checkpoints (such as PD-1,
lag3, PD-L1, and PD-L2), thereby promoting tumor
progression.”* Therefore, we predict that the expression of
Clq have a certain predictive value for the efficacy of
immunotherapy.

According to preliminary clinical data of the
CheckMate 017 study, the ORR of PD-1 inhibitors
in second-line and later-line monotherapy was only
20%,25 and the ORR in CheckMate 057 and KEYNOTE
010 was even lower.’*?’ Therefore, combined immu-
notherapy is an effective way to improve the therapeutic
effect. In this study, most patients were treated with ICIs
combined with chemotherapy or anti-angiogenesis therapy.
There was no statistically significant difference in treat-
ment efficacy between patients of different gender, ages,
pathological types, Ki-67 index, and the number of
immune lines. Patients with higher Clq levels before
treatment and higher Clq levels three weeks afterward
have higher ORR. In the meantime, patients with elevated
Clq levels after immunotherapy had better treatment effi-
cacy. LDH is an inflammatory index related to tumor
burden. Elevated LDH levels lead to lactic acid produc-
tion, which acidifies the cell microenvironment and pro-
motes tumor angiogenesis and the suppression of T cell
immunity, thereby promoting the growth of tumor cells.?®
Multiple studies have shown that initial LDH levels are
significantly correlated with the efficacy of ICIs in
advanced lung cancer patients.”*° However, no correla-
tion between LDH levels before treatment and treatment
efficacy was found in this study, which was probably
attributed to the small sample size. It is worth noting that
patients with decreased LDH levels three weeks after
treatment showed higher ORR,
dynamic changes of the related biological indicators after

suggesting that the

receiving immunotherapy also had certain value for pre-
dicting therapeutic efficacy.

In summary, serum Clq levels have a certain value for
predicting the efficacy of combined immunotherapy in
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patients with advanced lung cancer. However, as a single-
center retrospective study with a small sample, this study
may be biased. The sample size will be expanded in the
follow-up studies to explore the value of serum Clq levels
in predicting clinical survival time. In the meantime, future
research will also focus on the impact of the complement
system on the immune mechanism of malignant tumors.

Conclusion

Serum Clq levels are easy to obtain during routine blood
testing. High Clq level before immunotherapy and
increased Clq level and decreased LDH level three
weeks afterward suggest good efficacy in combined immu-
notherapy. Cl1q > 209.5 mg/L can probably serve as a cut-
off for predicting the efficacy of combined immunotherapy
in advanced lung cancer.
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