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Abstract

Background: Anlotinib is a third-line or further therapy for advanced non-small-cell
lung cancer (NSCLC). However, the lack of simple biomarkers to predict the cura-
tive effect of anlotinib creates significant unmet needs in exploring the markers. This
study aimed to explore the relationship between the prognostic nutritional index
(PNI) and its variations and efficacy of anlotinib.

Methods: Data for patients with advanced NSCLC who received anlotinib were col-
lected at Ningbo Medical Center Lihuili Hospital. The data included the values of pre-
treatment PNI (pre-PNI), posttreatment PNI (post-PNI), and APNI (post-PNI minus the
pre-PNI). The Kaplan-Meier method was used to generate survival curves, whereas
univariate and multivariate Cox regression analyses were used to analyze survival
predictors.

Results: A high disease control rate was associated with a high pre-PNI (p = 0.007),
high post-PNI (p = 0.000), and high APNI (p = 0.006). Univariable analysis revealed
that pre-PNI <41.80, post-PNI <42.48, and APNI <0.20 were significant risk factors
for poor survival. According to the multivariate analysis, progression-free survival
(PFS) in patients with post-PNI <42.48 was significantly shorter than in patients with
higher values (median PFS: 1.5 months vs. 4.0 months, p = 0.010).

Conclusions: Pre-PNI, APNI, and post-PNI were found to be predictive factors for
response in advanced NSCLC patients treated with anlotinib as a third-line or fur-
ther treatment. Only post-PNI was a reliable predictor of PFS. Therefore, PNI and its
variations, particularly post-PNI, are affordable and accessible predictors of NSCLC

patients treated with anlotinib in clinical work.
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1 | BACKGROUND

Lung cancer is the second most prevalent and the leading cause of
cancer deaths worldwide, accounting for 13% of all cancer diagno-
ses and 23% of all cancer-related deaths. Non-small-cell lung cancer
(NSCLC) accounts for about 85% of all lung cancer cases, and most
of them present with advanced metastatic disease with a 5-year
overall survival (OS) rate of only 5%-20%.%? The rapid development
in systemic therapy such as chemotherapy, targeted therapy, and
immunotherapy, as well as advances in local treatment including in-
tensity modulate radiation therapy have considerably prolonged the
survival time and enhanced the quality of life of advanced NSCLC
patients. Meanwhile, those improvements make anti-tumor therapy
as an exclusive support treatment to be necessary after two or more
recommended standard treatment lines.

The Chinese Society of Clinical Oncology (CSCO) has approved
anlotinib as a third-line therapy for advanced NSCLC. Anlotinib is a
novel tyrosine kinase inhibitor (TKI) that acts on tumor angiogene-
sis and proliferating signal.®> A random multicenter phase IIl study
(ALTER0303)* reported that when compared to a control, anlo-
tinib is associated with a 4-month increase in median progress rate
(mPFS), and a 3.3-months improvement in median overall survival
(mOS). The most common grade three or higher adverse events
among the anlotinib group were hypertension, hyponatremia, and
elevated y-glutamyltransferase. However, these events were always
regulated appropriately within safety limits, implying that anlotinib
is a safe and effective target drug for third-line or further therapy.
The efficacy of anlotinib, as a multiple target drug, differentiates
it from the single-target EGFR-TKI. The shortest response dura-
tion for patients who reached the disease control rate (DCR) in the
ALTERO303 trial was 1.5 months, and the longest response duration
was at least 18 months. Furthermore, post-third-line therapy treat-
ment in advanced NSCLC is so different from the original treatment
that patients need new drugs that are both safer and more effective.
Therefore, it is critical to identify a viable and excellent predictor to
assist in identifying patients who will benefit most from anlotinib
monotherapy. Wang et al. reviewed and analyzed the prognostic
factors of the ALTERO303 trial and concluded that the common ad-
verse reactions of anlotinib treatment were closely related to pa-
tient prognosis.® Previous studies have shown that certain elements,
such as CD31-labeled activated circulating endothelial cells, KLK5,
and L1CAM levels, may be potential biomarkers for effectively pre-
dicting anlotinib in NSCLC patients.®” However, the lack of certain
simple and convenient biomarkers to predict the curative effect in
patients treated with anlotinib creates significant unmet needs in ex-
ploring markers to predict the clinical outcomes of anlotinib.

Nutrition and immune status are now well understood to play
critical roles in disease progression and treatment response in vari-
ous cancer patients.81° The prognostic nutritional index (PNI), first
proposed by Onodera T in 1984, is the most recommended marker
of immunonutrition status to predict treatment response and prog-

nosis in a variety of cancers, including lung cancer.'>"” Because

PNI is calculated by combining the serum albumin levels and serum
lymphocyte count, it can be easily measured using relatively inex-
pensive and convenient tests. Numerous articles*'2! have been
published on the relationship between pretreatment PNI and the
prognosis of NSCLC chemoradiotherapy, surgery, and immunother-
apy. Furthermore, researchers believe that pretreatment PNI (pre-
PNI) is a useful biomarker for predicting the prognosis of patients
with advanced-stage small-cell lung cancer who are being treated
with anlotinib.??> However, we found no reports on the predictive
value of PNI and its variations in advanced NSCLC patients treated
with anlotinib.

In this study, we retrospectively analyzed the prognostic and
predictive role of PNI and its variations in advanced NSCLC patients
receiving anlotinib as a third-line or further treatment. The aim was
to stratify and select individual markers that are potentially reliable

and convenient for patients.

2 | METHODS

2.1 | Patient selection and data collection

We retrospectively reviewed the data of patients with advanced
NSCLC who received anlotinib as the third-line or further treat-
ment at Ningbo Medical Center Lihuili Hospital from July 2018 to
December 2020, with an initial oral dose of 10-12 mg/day. In case
of dangerous treatment-related activities, the dose of anlotinib was
reduced to 8-10 mg daily. A total of 96 patients were enrolled. The
inclusion criteria were as follows: i. Pathological diagnosis of stage
IV NSCLC (recurrent or metastatic); ii. conventional standard for re-
ceiving two standard system therapy plans; iii. treatment with an-
lotinib as a monotherapy for more than two weeks; and iv. serum
albumin and serum lymphocyte count data were taken immediately
before treatment and 2-4 weeks after treatment. We calculated PNI
as serum albumin (g/L) +5 x serum lymphocyte count (x10? /L). Pre-
PNI was defined as the period within two weeks before treatment,
whereas posttreatment PNI (post-PNI) was within two to four weeks
after treatment. The difference between post-PNI and pre-PNI was
considered APNI.

2.2 |
up

Therapeutic response assessment and follow-

Follow-up evaluation, including B-ultrasound and computed to-
mography, was performed three or six weeks after anlotinib admin-
istration, according to the solid tumor efficacy evaluation criteria
(RECIST). Systemic check was performed per every two cycles of an-
lotinib treatment. Diagnostic tests were performed whenever recur-
rence was suspected. Disease control rate (DCR) was defined as the
percentage of evaluated patients who achieved complete response

(CR), partial response (PR), and stable disease (SD). Regardless of the
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cause or the end of the follow-up period, objective response rate
(ORR) was defined as the percentage of patients assessing CR and
PR and calculated as overall survival (OS) from the start of treatment
until death. Progression-free survival (PFS) was defined as the time
from the beginning of treatment to progression or the last follow-up.

2.3 | Statistical analysis

Statistical analysis was conducted using SPSS (Version 26.0, IBM).
The best cutoff values for the receiver operating characteristic
(ROC) curves of pre-PNI, post-PNI, and APNI were determined for
progression results. Survival curves were drawn using Fisher's exact
or Chi-square test and Kaplan-Meier method. Any differences were
determined using univariable and multivariable Cox regression.
Variables with a P value of <0.1 in the univariable analysis were con-
sidered for inclusion in the multivariable logistic regression model.
The statistical significance threshold was set as p < 0.05.

3 | RESULTS

3.1 | Patient characteristics

Patient characteristics are summarized in Table 1. The major driver
of change was EGFR mutations, which were found in 15 (15.6%) of
the 96 patients. The ECOG score was more than two in 30 (31.3%)
patients. Except for adenocarcinoma and squamous cell carcinoma,
two cases were pathologically diagnosed as adenosquamous in na-
ture. The majority of patients (76.9%) were taking 12 mg of anlotinib
daily.

The median follow-up period was 6.2 months (ranging from 1.1
to 22.4 months), and by the end of the period, 76 (79.2%) patients
had died, and all the patients had a relapse. Six (6.3%), 59 (61.4%),
and 31 (32.3%) patients achieved PR, SD, and PD, respectively. None
of the patients achieved a CR. DCR and ORR were obtained by 67.7%
and 6.3% patients, respectively. The median PFS and OS for all pa-

tients were 2.5 and 6.4 months, respectively.

3.2 | Optimal cutoff values for pre-PNI, post-
PNI, and APNI

The ROC curves were used to determine the optimal threshold for
pre-PNI, post-PNI, and APNI for all patients in this study. The opti-
mal cutoff value for pre-PNI was 41.80, and the area under the curve
(AUC) was 0.650 (p = 0.018, 95% Cl: 0.533-0.767), with sensitivity
and specificity of 0.708 and 0.419, respectively. The optimal cutoff
value for post-PNI was 42.48, with an AUC of 0.793 (p = 0.000,
95% Cl: 0.699-0.886), sensitivity of 0.692, and specificity of 0.194.
The optimal cutoff value for APNI was 0.20, with an AUC of 0.652
(p = 0.016, 95% Cl: 0.533-0.772), sensitivity of 0.523, and specific-
ity of 0.226. The ROC curves are presented in Figure 1A-C.

TABLE 1 Characteristics of the patients

Characteristics Patients (%)
Age (years)
Median 61
Range 32-84
<65 60 (62.5%)
265 36 (37.5%)
Gender
Male 74 (77.1%)
Female 22 (22.9%)
Performance status (ECOG)
0-1 66 (68.8%)
2-3 30 (31.2%)
Pathology
Adenocarcinoma 46 (47.9%)
Squamous carcinoma and others 48 (50.0%)
Adenosquamous 2(2.1%)
Driver gene EGFR/ c-met
Mutant type 16 (16.7%)
Wild type 80 (83.3%)
Metastasis sites
<3 51 (53.1%)
>3 45 (46.9%)
History of tumor surgery
Yes 42 (43.8%)
No 54 (56.2%)
Number of previous treatment lines
3 56 (58.3%)
>3 40 (41.7%)
3.3 | Correlation between prognostic

nutritional index variations and clinicopathological
parameters and treatment response

Fifty-nine (61.5%) patients had a high pre-PNI >41.80, whereas the
remaining had a pre-PNI <41.80. Fifty-one (53.1%) patients had a
high post-PNI >42.48, whereas 45 (46.9%) patients had a post-PNI
<42.48. Furthermore, 41 (42.7%) patients had a high APNI (> 0.20),
whereas 55 (57.3%) had a low APNI (<0.20). A high DCR was corre-
lated with a high pre-PNI (p = 0.007), high post-PNI (p = 0.000), and
high APNI (p = 0.006). However, there was no significant correla-
tion between ORR and any of the indices. A detailed description of
the analysis of the treatment response of the pre-PNI, post-PNI, and
APNI is provided in Tables 2 and 3.

3.4 | Factors associated with prognosis

The univariable analysis indicated that pre-PNI <41.80, post-PNI
<42.48,and APNI <0.20 were significant risk factors for poor PFS and
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FIGURE 1 (A)Receiver operating curves for treatment response showing the optimum cutoff values for pre-PNI. (B) Receiver operating
curves for treatment response showing the optimum cutoff values for post-PNI. (C) Receiver operating curves for treatment response
showing the optimum cutoff values for APNI.

TABLE 2 Association of pre-PNI, post-PNI, and APNI with clinicopathological characteristics

Pre-PNI Post-PNI APNI
Characteristics <41.80 >41.80 p-value  <42.48 >42.48 p-value  <£0.20 >0.20 p-value
Age (years)
<65 22(22.9%) 38(39.6%) 0.626 26 (271%)  34(35.4%) 0.369 36(37.5%)  24(25.0%) 0.489
265 15(15.6%)  21(21.9%) 19 (19.8%) 17 (17.7%) 19 (19.8%) 17 (17.7%)
Gender
Male 31(32.3%) 43(44.8%) 0.216 37(38.5%) 37(38.5%) 0.260 43 (44.8%) 31(32.3%) 0.767
Female 6 (6.3%) 16 (16.6%) 8(8.3%) 14 (14.7%) 12 (12.5%)  10(10.4%)
Pathology
Adenocarcinoma 17 (17.7%)  29(30.2%) 0760  23(24.0%) 23(24.0%) 0.556  27(28.1%) 19(19.8%) 0.790
Squamous carcinoma  20(20.8%) 30 (31.3%) 22(22.9%)  28(29.1%) 28(29.2%)  22(22.9%)
and others
Performance status
0-1 28(29.2%) 38(39.6%) 0.246 34(35.4%) 32(33.3%) 0.177 41(42.7%)  25(26.0%) 0.156
2-3 9 (9.4%) 21 (21.8%) 11 (11.5%) 19 (19.8%) 14 (14.6%) 16 (16.7%)
Driver gene EGFR/ALK/c-met
Mutant type 5(5.2%) 11 (11.5%)  0.512 6 (6.3%) 10(10.4%)  0.410 9 (9.4%) 7 (7.3%) 0.926
Wild type 32(33.3%) 48(50.0%) 39 (40.6%)  41(42.7%) 46 (47.9%)  34(35.4%)
Number of metastases
<3 21(21.9%) 30(31.3%) 0.572 26(271%)  25(26.0%) 0.391 33(34.4%) 18(18.8%) 0.118
>3 16 (16.7%) 29 (30.1%) 19 (19.8%)  26(27.1%) 22(22.9%)  23(23.9%)
History of tumor surgery
No 21(21.9%) 33(34.4%) 0.937 27 (28.1%)  27(28.1%) 0.487 30(31.3%) 24(25.0%) 0.697
Yes 16 (16.7%) 26 (27.0%) 18(18.8%) 24 (25.0%) 25(26.0%) 17 (17.7%)
Number of previous treatment lines
3 20(20.8%) 36(37.5%)  0.501 24(25.0%) 32(33.3%) 0.351 30(31.3%) 26(27.1%)  0.383
>3 17 (17.7%) 23 (24.0%) 21(21.9%) 19 (19.8%) 25(26.0%)  15(15.6%)

OS (Table 4). Patients with pre-PNI >41.80 had significantly longer patients with post-PNI >42.48, mPFS (4.0 months vs. 1.5 months,
mPFS (3.8 months vs. 2.0 months, HR: 0.579, 95% Cl: 0.380-0.881, HR: 0.406, 95% Cl: 0.265-0.623, p = 0.000; Figure 3A) and mOS
p =0.011; Figure 2A) and mOS (7.9 months vs. 4.4 months, HR: 0.457, (10.4 months vs. 4.4 months, HR: 0.376, 95% Cl: 0.236-0.598,
95% Cl: 0.289-0.722, p = 0.001; Figure 2B) than other patients. In p = 0.000; Figure 3B) were significantly longer than in patients with
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TABLE 3 Associations of pre-PNI, post-PNI, and APNI with treatment response

Treatment
response pre-PNI post-PNI APNI

<41.80 >41.80 p-value <42.48 >42.48 p-value <0.20 >0.20 p-value
PR 2(2.1%) 4(4.2%) 0.025 1(1.0%) 5(5.2%) 0.000 4(4.2%) 2(2.1%) 0.012
SD 17 (17.7%) 42 (43.8%) 19 (19.8%) 40 (41.7%) 27 (28.1%) 32 (33.3%)
PD 18 (18.8%) 13 (13.4%) 25 (26.0%) 6 (6.3%) 24 (25.0%) 7 (7.3%)
ORR 2.1% 4.2% 1.000 1.0% 5.2% 0.209 4.2% 2.1% 1.000
DCR 19.8% 47.9% 0.007 20.8% 46.9% 0.000 32.3% 35.4% 0.006

TABLE 4 Univariable analysis of factors associated with progression-free survival and overall survival

Progression-free survival Overall survival

Prognostic factors HR 95% CI p-value HR 95% CI p-value
Age (years)

<65 1 1

265 0.974 0.639-1.484 0.902 0.987 0.644-1.515 0.954
Gender

Female 1 1

Male 1.169 0.721-1.893 0.527 1.157 0.713-1.878 0.555
Pathology

Squamous carcinoma and others 1 1

Adenocarcinoma 0.847 0.555-1.292 0.440 0.855 0.558-1.311 0.473
Performance status

0-1 1 1

2-3 1.020 0.659-1.579 0.929 1.041 0.669-1.619 0.860
Driver gene EGFR/c- met

Wild type 1 1

Mutant type 1.175 0.684-2.017 0.559 1.184 0.685-2.046 0.545
Metastasis sites

<3 1 1

>3 0.993 0.663-1.488 0.974 0.910 0.561-1.477 0.704
History of tumor surgery

No 1 1

Yes 0.887 0.590-1.335 0.567 0.844 0.521-1.368 0.492
Number of previous treatment lines

8 1 1

>3 1.022 0.679-1.540 0.915 1.006 0.662-1.530 0.976
pre-PNI

<41.80 1 1

>41.80 0.579 0.380-0.881 0.011 0.457 0.289-0.722 0.001
post-PNI

<42.48 1 1

>42.48 0.406 0.265-0.623 0.000 0.376 0.236-0.598 0.000
APNI

<0.20 1 1

>0.20 0.673 0.445-1.017 0.045 0.558 0.347-0.897 0.016
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lower post-PNI values. Patients with APNI >0.20 had significantly
longer mPFS (3.0 months vs. 2.1 months, HR: 0.673, 95% Cl: 0.445-
1.017, p = 0.045; Figure 4A) and mOS (7.9 months vs. 5.8 months, HR:
0.558, 95% Cl: 0.347-0.897, p = 0.016; Figure 4B) than those with
APNI £0.20. According to the multivariable analysis, post-PNI <42.48
was the only independent risk factor for poor PFS (p = 0.010). It also
showed a clear trend in poor OS, but it was not statistically significant
(p = 0.077). Accordingly, pre-PNI <41.80 and APNI <0.20 were not
independent risk factors for PFS or OS (Table 5).

4 | DISCUSSION

Numerous studies indicate that inflammation plays as an impor-
tant role in tumorigenesis and development.23’24 Serum albumin,
which reflects the nutritional status, has been associated with
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inflammation and is considered to predict survival in several types
of cancers.?>?® Lymphocytes act as the basic cells of the immune
system, which include humoral and cellular immunity, and they
are effective against tumor cells.?® Furthermore, the lymphocyte
level is linked to the treatment efficacy and prognosis in a variety
of tumors.??32 Moreover, VEGF/VEGFR axis is considered relevant
in regulating multiple tumor-infiltrating lymphocytes that contain
CD4+, CD8 + Treg.3*3¢ Anlotinib is a small multi-target tyrosine
kinase inhibitor of VEGFR1-3, FGFR1-4, and PDGFRa-f, among
others. Among these, VEGFR is the most important inhibitory tar-
get.®”38 Due to the aforementioned reasons, we focused on PNI in
NSCLC patients who received anlotinib treatment in this study.

In comparison with the ALTERO303 study, this research ex-
hibited a slightly worse outcome in DCR (67.7%) and survival
(mOS 6.4 months). We speculate that the reasons for this discrep-
ancy are due to more advanced disease, worse ECOG scores, and
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FIGURE 2 (A) Association of pre-PNI (<41.80 vs. >41.80) with progression-free survival (p = 0.011). (B). Association of pre-PNI (<41.80

vs. >41.80) with overall survival (p = 0.001).
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FIGURE 3 (A) Association of post-PNI (<42.48 vs. >42.48) with progression-free survival (p = 0.000). (B) Association of post-PNI (<42.48

vs. >42.48) with overall survival (p = 0.000).
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FIGURE 4 (A) Association of APNI (<0.20 vs. >0.20) with progression-free survival (p = 0.045). (B) Association of APNI (<0.20 vs. >0.20)

with overall survival (p = 0.016).

TABLE 5 Multivariable analysis of factors associated with progression-free survival and overall survival

Overall survival

Prognostic factors Progression-free survival

HR 95% Cl
Pre-PNI (<41.80 vs. >41.80) 0.803 0.484-1.333
Post-PNI (<42.48 vs. >42.48) 0.477 1.036-2.603
APNI (<0.20 vs. >0.20) 0.871 1.268-2.477

posterior line therapy in our study. Jingjing Liu et al.?? discovered
a link between anlotinib treatment response and pre-PNI in SCLC.
In this study, based on the optimal cutoff values calculated from
ROC curves, we noticed a similar connection between the anlotinib
treatment response and the pre-PNI in NSCLC, as well as the post-
PNI and APNI. Therefore, PNI was considered to be a better clini-
cal index for predicting the treatment response to anlotinib therapy
in lung cancer. Our results uncovered that pre-PNI, post-PNI, and
APNI had prognostic values for prognosis based on the univariable
analysis. However, pre-PNI <41.80 and APNI <0.20 were not inde-
pendent risk factors for PFS or OS according to the multivariable
analysis. Post-PNI <42.48 was shown to be an independent novel
prognostic marker for mPFS (1.5 months vs. 4.0 months, p = 0.010).
Unfortunately, the difference in OS was statistically insignificant
(4.4 months vs. 10.4 months, p = 0.077), which may be due to var-
ious artificial uncontrollable factors such as irregular PNI cutoff
values, individual differences in nutritional status, diseases, and oth-
ers. Therefore, post-PNI may be the most appropriate clinical index
to predict the prognosis of anlotinib among the three elements.
Notably, the independent prognostic relevance of PNI in advanced
NSCLC patients receiving anlotinib monotherapy has not been car-
ried out before this study.

The best cutoff value cannot be expressed simply as a median
or average number because of the different diseases, patients, and
treatments. At present, a majority of studies have selected a relative

p-value HR 95% Cl p-value
0.396 0.596 0.340-1.044 0.070
0.010 0.569 0.304-1.063 0.077
0.577 0.686 0.393-1.196 0.184

specific population based on the ROC curves, while discovering a va-
riety of cutoff values from different therapies. Yakup Bozkaya et al.?
reported that patients with pre-PNI 246.7 had a better OS in palli-
ative chemotherapy for advanced NSCLC. However, the significant
cutoff value of pre-PNI varied in surgery (48.0), radiochemotherapy
(40.5), and immunotherapy (46.05).182%21 Thjs study focused on pa-
tients with advanced NSCLC who were treated with anlotinib and
determined that the best cutoff values of pre-PNI and post-PNI were
41.80 and 42.48, respectively.

This research has certain limitations. First, our cohort was a
single-center retrospective in nature with a relatively limited sam-
ple size, which may lead to bias. When there were not so many in-
dependent variables and the sample size was not so large, it was
more suitable for the logistic analysis of this research. Like other

similar studies,®?4°

it ensured the accuracy of statistical methods
and further reduced bias. Second, the lack of an independent ver-
ification group resulted in an imperfect clinical application of the
cutoff values. However, these studies?>?? lacking such verification
were also persuasive at present. Finally, different initial treatments
and follow-up treatments or lack of, and other unknown elements
may potentially result in different outcomes. We analyzed that there
was no significant difference in the general characteristics including
surgery or not and third-line or further lines, so as to reduce the un-
avoidable bias of such retrospective studies, as did some other stud-
jes.?1* Despite these limitations, this is the first study, to the best of
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our knowledge, to evaluate the therapeutic response and prognostic
significance of PNI and its variations in third-line or further anlotinib
therapy for advanced NSCLC patients. We have also demonstrated
post-expected value of PNI on the regimen.

5 | CONCLUSION

This study showed that post-PNI status is an independent predictor
of PFS in patients with advanced NSCLC who receive anlotinib as
their third-line or ongoing treatment, whereas neither pre-PNI nor
APNI is a predictor. Except for pre-PNI, the results indicated that
APNI and post-PNI are predictive factors for responsiveness to an-
lotinib as a third-line or further treatment in patients with advanced
NSCLC. Therefore, for NSCLC patients treated with anlotinib in clini-
cal work, PNI and its variations are affordable and accessible pre-
dictors, especially post-PNI. However, more studies are required to
verify and support these conclusions.
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