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Background: Anlotinib is a multi-targeted tyrosine kinase inhibitor that inhibits tumor angiogenesis
which has shown activity in several malignancies and approved for the treatment of small cell lung cancer
(SCLC) in China. However, there are no markers can predict the clinical outcomes of anlotinib. We aimed
to evaluate the efficacy of anlotinib in extensive stage SCLC (ES-SCLC) patients who failed at least two
regimens treatment and to explore potential factors related to its survival benefit.

Methods: Patients with ES-SCLC treated with anlotinib monotherapy were screened between March
2017 and May 2019, prognostic nutritional index (PNI) before treatment were collected. Progression free
survival (PFS) and overall survival (OS) were calculated and compared using the Kaplan—-Meier method and
the log-rank test. The prognostic values of each variable were evaluated with univariate and multivariate Cox
proportional hazard regression (PHR) analyses.

Results: A total of 41 patients with ES-SCLC were received anlotinib treatment, the median age was
57 (range, 33-76). Median OS was significantly longer in the PNI high arm compared with the low arm
[8.4 months (95% CI, 5.1-9.6 months) vs. 4.7 months (95% CI, 2.1-6.3 months); hazard ratio (HR) 0.42
(95% CI, 0.21-0.85); P=0.01]. The median PFS of two arms were 4.1 months (95% CI, 2.1-8.2 months) and
2.6 months (95% CI, 0.7-3.9 months), respectively (HR =0.53, 95% CI, 0.27-1.02, P=0.05). Multivariate
analysis confirmed that PNI (P<0.01) and LDH (P<0.01) were significant independent biomarkers for OS.
Conclusions: The present study demonstrated that pretreatment PNI can be used as a novel and

convenient biomarker to predict the prognosis in ES-SCLC patients treated with anlotinib.
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Introduction

Small-cell lung cancer accounts for 14% of lung cancers (1),
and is the most lethal subtype with rapid doubling time,
high growth fraction and early metastases (2). Most patients
are diagnosed as extensive-stage, and the prognosis is quite
poor for a survival only 2-4 months without treatment (3).
The rapid development of precision medicine leads to
revolutionary changes in management of non-small cell
lung cancer (NSCLC), while the treatment of SCLC
remains relatively stagnant especially for third-line and
further-line treatment. Although checkpoint inhibitors
such as nivolumab and pembrolizumab were successively
approved by Food and Drug Administration (FDA) for
third-line and further-line treatment (4,5), but these two
drugs have not approved in China for SCLC indication.

Anlotinib is an innovative multi-target tyrosine kinase
inhibitor that inhibit vascular endothelial growth factor
receptor (VEGFR)1/2/3, fibroblast growth factor receptor
(FGFR)1-4, platelet-derived growth factor receptor
(PDGFR)0/B, stem cell factor receptor (c-Kit) (6). In China,
anlotinib is approved for third-line therapy for advanced
NSCLC and second-line treatment for soft tissue sarcoma.
For SCLC, based on ALTER1202 study, a phase 2 study
demonstrated that anlotinib as third-line or subsequent
treatment for SCLC showed longer progression-free
survival (PFS) and overall survival (OS) than placebo with
favorable safety profile, anlotinib was approved by National
Medical Products Administration (NMPA) for third-line
treatment of SCLC in August 2019. Although anlotinib
became the first targeted drug to provide survival benefits
to SCLC, but the overall response rates of anlotinib are
modest and still lack of the ideal predictive biomarkers for
the efficacy of anti-angiogenic therapy and many heavy-
treated SCLC patients could not provide sufficient tumor
tissue for testing. Explore markers to predict the clinical
outcomes of anlotinib have high unmet needs.

Studies have shown that systemic inflammation is related
to tumor proliferation, angiogenesis and metastasis (7,8).
The responsive of systemic inflammatory has a definite
effect on progressive nutrition, dysfunction and poor
prognosis in tumor patients (8,9). Poor nutritional status
was closely associated with poor outcome in a various of
cancers (10,11). Onodera et al. proposed the concept of
prognostic nutritional index (PNI) which is the mostly used
marker of nutritional status (12). PNI is based on serum
albumin concentrations and total lymphocyte counts in
the peripheral blood and evaluates the potential impact of
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hypoalbuminemia and lymphocytopenia. Lymphocytes are
an important cellular component of the inflammatory and
immune systems, and also an indicator of poor prognosis.
Hypoalbuminemia is not only an indicator of nutrient
deficiency, but also suggests an increase in systemic
inflammatory status. PNI was originally used to assess
preoperative risk of colorectal cancer and as a determinant
of surgical indications. Subsequently, PNI is widely used
to evaluate the nutritional status of tumor patients. Several
studies have suggested that PNT is a useful prognostic factor
after treatment in patients with gastric cancer, colorectal
cancer, liver cancer and lung cancer (13-17). For SCLC,
researches have confirmed that pretreatment PNI can
be a better predictor for the prognosis of SCLC and low
pretreatment PNI is correlated with poor OS or PFS of
SCLC patients (18-20). PNI can also indicate systemic
inflammation which affects the growth and survival of tumor
cells, promotes angiogenesis, metastasis and decreasing
tumor sensitivity to treatments (21). Low pretreatment
PNI can predict poor outcomes in patients with metastatic
renal cell carcinoma or hepatocellular carcinoma treated by
sunitinib or sorafenib (22-24).

However, the association between anlotinib and PNI
has not been reported. Therefore, we conducted this
retrospective study to explore the correlation between
pretreatment PNI and survival in patients with extensive
stage SCLC (ES-SCLC) treated with anlotinib. We present
the following article in accordance with the REMARK
reporting checklist (available at http://dx.doi.org/10.21037/
jtd-20-755).

Methods
Patient envoll criteria and therapeutic procedure

This study included patients with ES-SCLC treated with
anlotinib for third-line or further-line treatment at the Jilin
Provincial Cancer Hospital between March 2017 and May
2019 were enrolled in this study. The inclusion criteria
were as follows: (I) cytologically or histologically confirmed
ES-SCLC, (II) patients have progressed from at least 2
lines of chemotherapy, (III) available laboratory data from
pretreatment blood samples, (IV) haven’t received antitumor
therapy within 2 weeks before blood draw, including
cytotoxic therapy, radiotherapy, other experimental anti-
cancer therapy, (V) blood must be collected and tested
within 7 days prior to anlotinib treatment, (VI) standard of
blood routine test (no blood transfusion within 14 days),
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hemoglobin (HB) >90 g/L, absolute value of neutrophils
(ANC) >1.5x10°/L, platelets (PLT) >80x10°/L, (VII)
with sufficient medical information. All patients received
anlotinib in a standard dose regimen, i.e., 12 mg/day, in
2/1 week cycles. Data were collected from the medical
records including: demographic data, treatment
information, best response classified according to Response
Evaluation Criteria In Solid Tumors (RECIST) 1.1 criteria,
results of hematologic tests before anlotinib treatment. The
data was analyzed by professional statisticians, treatment
records were evaluated by clinical experienced doctors. The
last follow-up was on August 20, 2019.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and the
Harmonized Tripartite Guideline for Good Clinical Practice
from the International Conference on Harmonization. This
study was approved by Jilin Provincial Cancer Hospital
ethic committee. In addition, all patients have signed the
informed consent before receiving the anlotinib treatment.

Assessment of response and calculation of the pretveatment
PNI

Responses to treatment were evaluated as complete
response (CR), partial response (PR), stable disease (SD),
and progressive disease (PD) according to the RECIST
version 1.1. A third higher level physician examined the
information above. All disagreements were resolved by
discussion between three doctors until the consensus was
reached. All patients received routine hematologic tests
within seven days before the administration of anlotinib.
The PNI was calculated as albumin (g/L) + 5 x lymphocyte
(x10°/L) and patients with an PNI <45 was considered
as abnormal, as described previously (25). Body mass
index (BMI) was calculated as body weight divided by
height squared (kg/m?), and classified into 3 categories:
underweight (BMI <18.5 kg/m’), normal (18.5 kg/m’ < BMI
< 24.0 kg/m’), while overweight or obese was defined if the
BMI >24.0 kg/m’.

Statistical analyses

OS was measured from treatment initiation until death.
Patients who were still alive were censored at the final
follow-up. PFS was defined as the interval from treatment
initiation until disease progression or death. Patients
still manifested disease control were censored at the final
follow-up. The overall response rate (ORR) included the
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CR and PR. Disease control rate (DCR) was defined as the
proportion of patients whose CR or PR or SD lasted longer
than 24 weeks.

Descriptive analysis was used for all variables. Counting
variables were presented as percentages. The area under the
curve (AUC) of receiver operating characteristics (ROC)
curve was calculated to evaluate the discriminatory ability.
PFS and OS were calculated and compared using the
Kaplan-Meier method and the log-rank test. Multivariate
Cox proportional hazards models was used to evaluate
whether PNI or other baseline characteristics were
associated with OS or PFS, include age, sex, BMI, ECOG
PS, smoking history, CNS metastasis, liver metastasis,
LDH and PNI. To arrive at the final multivariate model,
all candidate variables were included whether which were
significant on univariate analysis or not with enter selection.
P<0.05 was considered statistically significant. Hazard ratios
(HRs) and 95% ClIs were calculated. All analyses were
statistically analyzed using SPSS24.0 (Chicago, Illinois,
USA) and R 3.4.3.

Results
Patients

The characteristics of patients are summarized in Table 1.
A total of 41 patients with ES-SCLC treated with oral
anlotinib (12 mg/d) were enrolled in this study. Each
cycle was defined as 2 weeks on-treatment followed by
1 week off-treatment. The treatment continued until
disease progression or treatment intolerance. Among the
41 patients, the median age at diagnosis was 57 (range,
33-76) years and 31 (75.6%) were male. CNS metastases
were present at baseline in 18 (43.9%) patients. According
to the cutoff value of 45, 25 patients (61.0%) divided
into PNT high arm (PNI >45) and 16 patients (39.0%) in
PNI low arm (PNI <45). For OS, the AUC of ROC was
0.689(sensitivity =90%; specificity =51.6%); for PFS, the
AUC of ROC was 0.730 (sensitivity =97.3%; specificity
=50%). The demographic and disease characteristics were
generally well balanced between the two arms.

Efficacy of anlotinib in overall patients

At the time of data cutoff, the median PFS was 3.5 months
(95% CI, 2.0-4.5) (Figure 14). The median OS was
6.4 months (95% CI, 4.6-8.4) (Figure 1B) and all patients
died due to progression and tumor-related complications.
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Table 1 Characteristics of patients

Characteristics Overall (n=41) PNI high (n=25) PNI low (n=16) P
Age at diagnosis, median (range) 57 (33-76) 60 (33-76) 54 (44-70) 0.453
Sex, n (%)
Male 31 (75.6) 20 (80.0) 11 (68.8) 0.472
Female 10 (24.4) 5(20.0) 5(31.3)

ECOG PS, n (%)

<1 34 (82.9) 19 (76.0) 15 (93.8) 0.215
2 7 (17.1) 6 (24.0) 1(6.3)

BMI, n (%)
<185 3(7.3) 2 (8.0) 1(6.3) 0.883
18.5-23.9 18 (43.9) 10 (40.0) 8 (50.0)
224 20 (48.8) 13 (52.0) 7 (43.8)

Smoking history, n (%)

Never 11 (26.8) 8(32.0) 3(18.8) 0.215
Current 8 (19.5) 3(12.0) 5(31.3)
Former 22 (53.7) 14 (56.0) 8 (50.0)

LDH level, n (%)
>245 18 (43.9) 10 (40.0) 8 (50.0) 0.529
<245 23 (56.1) 15 (60.0) 8 (50.0)

CNS metastasis, n (%)
Yes 18 (43.9) 12 (48.0) 6 (37.5) 0.509
No 23 (56.1) 13 (52.0) 10 (62.5)

Liver metastasis, n (%)
Yes 9 (22.0) 4 (16.0) 5 (31.3) 0.221
No 32 (78.0) 21 (84.0) 11 (68.8)

Bone metastasis, n (%)
Yes 10 (24.4) 6 (24.0) 4 (25.0) 0.612
No 31 (75.6) 19 (76.0) 12 (75.0)

Adrenal metastasis, n (%)
Yes 11 (26.8) 8 (32.0) 3(18.8) 0.478
No 30(73.2) 17 (68.0) 13 (81.3)

Treatment line of anlotinib, n (%)
3 28 (68.3) 17 (68.0) 11 (68.8) 0.960
>4 13 (31.7) 8 (32.0) 5(31.3)

ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body mass index; LDH, lactate dehydrogenase; CNS, central
nervous system.
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Figure 1 Kaplan-Meier curves for progression-free survival (A) and overall survival (B) for all patients.

Table 2 Tumor response

N (%) Overall (n=41) PNI high (n=25) PNI low (n=16) P value (PNI high vs. PNI low)
ORR 2/41 (4.9%) 2/25 (8.0%) 0 <0.001

CR 0 0 0 -

PR 2 (4.9%) 2 (8.0%) 0 -

SD 32 (78.0%) 20 (80.0%) 12 (75.0%) -

PD 7(17.1%) 3 (12.0%) 4 (25.0%) -

DCR 34/41 (82.9%) 22/25 (88.0%) 12/16 (75.0%) <0.001

ORR, overall response rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; DCR, disease

control rate.

ORR was 4.9% (2/41), DCR was 82.9% (34/41) (Tuble 2).
No patient achieved complete response, 4.9% achieved
partial response, 78.0% had stable disease, and 17.1% had
progressive disease.

Relationship between pretreatment PNI and survival

The median OS was longer in the PNI high arm
(8.4 months; 95% CI, 5.1-9.6 months) compared with the
PNI low arm (4.7 months, 95% CI, 2.1-6.3 months), HR
0.42; 95% CI, 0.21-0.85; P=0.01 (Figure 24). The median
PFS was 4.1 months (95% CI, 2.1-8.2 months) for the
PNI high arm, which was numerically longer than the
median PFS for the PNI low arm 2.6 months (95% CI,
0.7-3.9 months), but with no statistic difference (HR 0.53;
95% CI, 0.27-1.02; P=0.05) (Figure 2B). The ORR, assessed
according to RECIST 1.1, were 8.0% in PNI high arm
and 0% in PNI low arm (P<0.001), respectively. DCR also
improved (88.0% wvs. 75.0%, P<0.001) (Table 2).

© Journal of Thoracic Disease. All rights reserved.

Prognostic factors in ES-SCLC patients treated with
anlotinib therapy

We performed univariate and multivariate analyses of
OS and PFS using COX regression model, and factors
considered included age, sex, ECOG PS, smoking status,
BMI, CNS Metastasis, liver metastasis, pretreatment PNI
and LDH level. Univariate analysis showed that PNI (HR
239, 95% CI, 1.17-4.88; P=0.01), LDH (HR 3.93; 95%
CI (1.80-8.59; P<0.01) were significantly associated with
OS; liver metastasis (HR 2.41; 95% CI, 1.12-5.18; P=0.03),
and LDH (HR 1.99; 95% CI, 1.03-3.86; P=0.04) were
significantly affected PFS. Pretreatment PNI showed a
trend towards being a factor for PFS but did not reach the
level of statistical significance (HR 1.90; 95% CI, 0.98-3.68,
P=0.05).

In multivariate analysis, the results demonstrated that PNI
(HR 3.90; 95% CI, 1.68-9.06), P<0.01) and LDH (HR 4.95;
95% CI, 1.88-13.05; P<0.01) were independent prognostic
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Figure 2 Kaplan Meier survival curves for overall survival (A) and progression-free survival (B) according to PNI level in ES-SCLC patients.
PNI, prognostic nutritional index; ES-SCLC, extensive stage small cell lung cancer.

Table 3 Univariate and multivariate analysis of OS

Univariate Multivariate
Characteristics
HR for OS P 95% Cl P

Age at diagnosis 1.00 (0.95-1.03) 0.53 1.00 (0.96-1.05) 0.98
Sex (male vs. female) 1.44 (0.64-3.25) 0.38 2.30 (0.75-7.04) 0.15
BMI 0.97 (0.88-1.07) 0.49 0.97 (0.85-1.11) 0.67
ECOG PS (2 vs. <1) 0.99 (0.38-2.60) 0.99 2.05 (0.69-6.08) 0.20
Smoking history (ever vs. never) 1.13 (0.53-2.41) 0.75 0.95 (0.35-2.58) 0.92
CNS metastasis (yes vs. no) 0.97 (0.47-2.00) 0.93 0.81 (0.29-2.23) 0.68
Liver metastasis (yes vs. no) 1.42 (0.61-3.32) 0.41 1.08 (0.37-3.16) 0.89
LDH (=245 vs. <245) 3.93 (1.80-8.59) <0.01 4.95 (1.88-13.05) <0.01
PNI (<45 vs. >45) 2.39 (1.17-4.88) 0.01 3.90 (1.68-9.06) <0.01

ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body mass index; LDH, lactate dehydrogenase; CNS, central

nervous system.

factors for OS. PFS was significant affected by pretreatment
sex (HR 3.54; 95% CI, 1.16-10.76; P=0.03) and PNI (HR
3.55; 95% CI, 1.52-8.33; P<0.01). All of univariate and

multivariate survival analyses are presented in Tables 3,4.

Discussion

Anlotinib was the first targeted drug approved for third-line
and further-line treatment of SCLC. In this study, we focused
on the predictive value of nutritional status in the outcomes
of ES-SCLC. The results suggested that pretreatment PNI
was significantly related to ORR and DCR in ES-SCLC
patients treated with anlotinib. Furthermore, PNI was found
to be a prognostic factor for OS.

© Journal of Thoracic Disease. All rights reserved.

There is increasing evidence that inflammation is an
important factor in the development and progression of
cancer (26). In addition, the products of inflammatory
processes are considered to be potential biomarkers of
tumor microenvironment because leukocyte infiltration
is interconnected with angiogenesis and VEGF related
molecules are contribute to the recruitment of monocytes
into primary tumors (7). As a wildly used marker of
nutritional statues, PNI is a particularly biomarker because
it calculated from albumin and lymphocyte count. PNI can
reflects the inflammatory system as well as the nutritional
status. On the one hand, as one of the key immune cell,
lymphocyte can indicate lymphocyte-mediated immune
response to tumors (7). On the other hand, serum albumin
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Table 4 Univariate and multivariate analysis of PFS
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Univariate Multivariate
Characteristics
HR for OS P 95% Cl P

Age at diagnosis 1.01 (0.97-1.04) 0.83 1.00 (0.97-1.05) 0.77
Sex (male vs. female) 1.69 (0.79-3.62) 0.17 3.54 (1.16-10.76) 0.03
BMI 0.99 (0.90-1.08) 0.77 0.94 (0.84-1.06) 0.33
ECOG PS (2 vs. <1) 0.66 (0.25-1.72) 0.40 1.81 (0.52-6.36) 0.35
Smoking history (ever vs. never) 1.17 (0.58-2.37) 0.67 0.68 (0.28-1.65) 0.40
CNS metastasis (yes vs. no) 0.87 (0.45-1.66) 0.66 0.92 (0.40-2.14) 0.85
Liver metastasis (yes vs. no) 2.41 (1.12-5.18) 0.03 1.94 (0.76-4.91) 0.16
LDH (=245 vs. <245) 1.99 (1.03-3.86) 0.04 2.10 (1.00-4.41) 0.05
PNI (<45 vs. 245) 1.90 (0.98-3.68) 0.05 3.55 (1.52-8.33) <0.01

ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body mass index; LDH, lactate dehydrogenase; CNS, central

nervous system.

is known as a meaningful indicator that reflects both the
inflammatory reaction and nutritional status and has been
shown to be independently associated with prognosis
of patients with many cancers (27-29). In some studies,
PNI has been verified play an important prognostic role
in different types of cancers such as lung cancer, gastric
cancer, pancreatic cancer and oral squamous cell carcinoma
(11,30-32). Lung cancer patients with lower PNI is
associated with adverse tumor features, such as large size,
poor differentiation and metastasis (21). In SCLC patients
treated with platinum-based chemotherapy, pretreatment
PNI was a good biomarker for the assessment of SCLC
prognosis (20).

As the only approved targeted drug for the treatment
of SCLC, anlotinib has been widely used in the clinical
treatment of SCLC, but the value of PNI in the prognosis
and efficacy of anlotinib is still inconclusive. Other anti-
angiogenic drugs such as bevacizumab for ovarian cancer
and sorafenib for metastatic renal cell cancer have also
observed a correlation between PNI and the clinical
outcomes of anti-angiogenic drugs (24,33). Consistent with
these observations, in the present study, our data confirmed
that in patients with ES-SCLC, high pretreatment PNI had
longer OS of anlotinib treatment. Although there was no
significant difference in PFS between PNI high and PNI
low arm, the value was numerically longer for PNI high
patients. The efficacy of anlotinib was also favorable in PNI
high arm, both ORR and DCR have obvious advantages.

Univariate and multivariate analysis was performed to

© Journal of Thoracic Disease. All rights reserved.

assess the potential prognostic value of clinical characteristics
and PNI level. The results further confirmed that high PNI
before treatment was an independent prognostic factor for
OS in patients with ES-SCLC treated with anlotinib, and
PNI was also an independent prognostic factor for PFES in
the multivariate analysis. In addition, the results of univariate
analysis also found that LDH level was an independent
prognostic factor for both OS and PFS. However, in the
multivariate analysis, LDH level was only an independent
prognostic factor for OS, suggesting that LDH level is
more valuable in evaluating OS of anlotinib. We have
also investigated the impact of pretreatment BMI on the
prognosis of anlotinib. But regardless of PFS or OS, the
multivariate analysis suggested that BMI had no significant
correlation, prompt BMI may be not an independent
prognostic factor of anlotinib. It is important to note that
although we observed a correlation between PNI and
prognosis in ES-SCLC patients, PNI has not been used in
clinical practice and is well worth further study to confirm.
This finding is the first observation to show the
relationship between the PNI and anlotinib efficacy in cancer
patients. PNI is a readily obtained and is more acceptable
to patients with higher effectiveness-cost ratio. However,
as a retrospective and single center study, there are some
limitations including small cohort size, lack of a validation
group and potential missing data, which may need further
verified by prospective study. Finally, because anlotinib is
only approved in China at present, the population of this
study is only Chinese patients, so relevant exploration study
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of other races needs to be carried out in the future.

Conclusions

The present study suggested that pretreatment high PNI
is an independent better prognostic predictor in ES-SCLC
patients received anlotinib for third-line or further-line
treatment. Further studies are needed to demonstrate this
advantage.
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