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ABSTRACT Objective: Anlotinib  hydrochloride  is  a  multitarget  tyrosine  kinase  inhibitor  that  targets  vascular  endothelial  growth  factor
receptor,  fibroblast growth factor receptor,  platelet-derived growth factor receptor,  c-Kit,  and c-MET; therefore,  it  exhibits both
antitumor and anti-angiogenetic activities. A phase III trial has shown that anlotinib improved progression-free survival (PFS) and
overall  survival  (OS) in patients  with advanced non-small  cell  lung cancer  (NSCLC),  who presented with progressive disease  or
intolerance after standard chemotherapy. This study aimed to analyze the characteristics of patients receiving anlotinib treatment
to determine the dominant populations who are fit for the treatment.
Methods: Data  were  collected  from  March  2015  to  January  2017  from  a  randomized,  double-blind,  placebo-controlled,
multicenter,  phase III  trial  of  anlotinib (ALTER0303).  A total  of  437 patients were enrolled and randomly allocated (2:1) to the
anlotinib and placebo groups. Kaplan–Meier analysis and log-rank test were performed to compare PFS and OS. Cox proportional
hazards model was adopted for multivariate prognostic analysis.
Results: Multivariate  analysis  indicated  that  high  post-therapeutic  peripheral  blood  granulocyte/lymphocyte  ratio  and  elevated
alkaline  phosphatase  levels  were  independent  risk  factors  for  PFS.  Meanwhile,  elevated  thyroid-stimulating  hormone,  blood
glucose,  and  triglyceride  levels;  hypertension;  and  hand–foot  syndrome were  independent  protective  factors  of  PFS.  High  post-
therapeutic peripheral blood granulocyte/lymphocyte ratio, an Eastern Cooperative Oncology Group (ECOG) score ≥ 2, and the
sum  of  the  maximal  target  lesion  length  at  baseline  were  independent  risk  factors  of  OS,  and  hypertriglyceridemia  was  an
independent protective factor of OS.
Conclusions: This study preliminarily explored the possible factors that affected PFS and OS after anlotinib treatment in patients
with advanced refractory NSCLC, and the baseline characteristics of the therapeutically dominant populations were then identified.
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Introduction

Non-small  cell  lung  cancer  (NSCLC)  accounted  for  the

highest  morbidity  and  mortality  rates  among  all  other

malignancies  in  recent  years.  Patients  who  received
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chemotherapy have a median survival of < 1 year, and those

with  driver  gene  mutations  who  receive  targeted  therapies

also  developed  resistance  after  1  year  of  treatment.  The

National  Comprehensive  Cancer  Network  guidelines

provided  regulations  only  for  the  first-  and  second-line

regimens. Therefore, the primary focus of research is to help

patients  who  are  resistant  to  third-  or  further-line  regimens

recover and to lengthen their survival. Phase II1 and III trials

of  the  novel  vascular-targeting  agent  anlotinib  have  shown

that progression-free survival (PFS) and overall survival (OS)

significantly  improved  in  the  anlotinib  group  than  in  the

placebo group.  However,  this  conclusion was  only  based on

the general data of the patients. Thus, we evaluated the major

factors that affected both the PFS and OS of the patients from

the  phase  III  trial  with  the  hope  of  determining  the

therapeutically  dominant  populations  and  discovering  an

optimal  therapeutic  regimen  for  individuals  with  advanced

refractory NSCLC.

Materials and methods

General data

Between  March  2015  and  August  2016,  437  patients  were

enrolled  from 31  research  centers  in  China,  and  the  data  of

the patients from March 2015 to January 2017 were collected.

The major inclusion criteria were as follows: 1) patients who

were  pathologically  diagnosed  with  stage  III  B/IV  advanced

NSCLC  and  had  measurable  nidus;  2)  those  who  have

progressive  disease  after  receiving  at  least  two  standard

systematic  chemotherapeutic  regimens  or  those  who  could

not  tolerate  the  toxicity  of  these  treatments;  3)  those  who

were  negative  for  epidermal  growth  factor  receptor  (EGFR)

and  anaplastic  lymphoma  kinase  (ALK)  and  can  provide

detectable specimens from tumor tissues or the hydrothorax

for  gene detection before  participating in  the  study or  those

who  were  positive  for  EGFR  and  ALK  and  presented  with

progressive  disease  (PD)  or  intolerable  adverse  effects  after

treatment  with  relative  targeted  drugs;  and 4)  those  with  an

Eastern Cooperative  Oncology Group (ECOG) Performance

Status  (PS)  score  of  0–1  points.  All  patients  must  sign  the

informed consent form prior to enrollment. The present trial

was approved by the corresponding ethics committees of our

institution and is registered in ClinicalTrials.gov (registration

number: NCT02388919).

Methods of treatment

Patients were randomized to receive anlotinib or placebo in a

2 :  1 ratio. The medication was administered from days 1 to

14 in a 21-day cycle, and the initial dose of anlotinib was 12

mg oral administered once daily.

Efficacy evaluation

Objective  efficacy  measures  were  evaluated  using  the

guidelines of the response evaluation criteria in solid tumors

version 1.1.

OS was defined as the duration between randomization

and death from any cause. For patients who were considered

lost  to  follow-up,  the  date  of  the  last  follow-up visit  was

calculated equally as the date of death.

PFS was defined as the duration between randomization

and objective tumor progression or death.

For patients who had complete response (CR) or partial

response (PR) and stable disease (SD) based on the efficacy

evaluation,  tumor nidi  should be  re-examined 4  and 6–8

weeks  after  the  initial  efficacy  evaluation  to  identify  the

efficacy until disease progression (DP).

Disease  control  rate  was  defined  as  the  percentage  of

patients who can be evaluated and achieved CR, PR, and SD

for at least 4 weeks.

Record of adverse events

Patients were regularly followed-up as per the trial protocol,

and  each  observation  index  was  recorded  accordingly.

Adverse events were assessed on the basis of the guidelines of

the  Common  Terminology  Criteria  for  Adverse  Events

version 4.0 (CTCAE 4.0), and the most severe post-treatment

adverse  events  in  each  therapeutic  cycle  were  statistically

analyzed.

Statistical analysis

All analyses were performed using the SAS 9.4 software (SAS

Institute  Inc.,  Cary,  NC,  the  USA).  Demographic  data  and

baseline  disease  characteristics  were  presented  as  categorical

variables.  Univariate  and  multivariate  Cox  proportional

hazards  models  were  adopted  to  analyze  the  influential

factors  associated  with  PFS  and  OS.  To  establish  the  final

model, a list of potential variables were firstly provided based

on  prior  information  regarding  their  clinical  relevance,  and

the  best  subset  method  was  then  utilized  to  select  the  final

model  according  to  Chi-square  statistics  and  clinical

relevance.  Variables  that  showed  significance  in  the

multivariate  analysis  were stratified,  whereas  the median OS

or  PFS  were  reported.  Parameters  with  obvious  clinical
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reference  values,  such  as  blood  cholesterol  and  low-density

lipoprotein  (LDL)  cholesterol  level,  were  classified  based  on

clinical  reference  values;  meanwhile,  parameters  without

obvious  clinical  reference values,  such as  pre-randomization

maximal  target  lesion  length  and  post-treatment

granulocyte/lymphocyte ratio, were grouped using the cutoff

values  that  were  calculated  using  the  receiver  operating

characteristic  (ROC)  curves.  Cutoff  values  were  obtained

using  survival  status  (dead  or  alive)  at  the  end  of  follow-up

and were  considered  as  outcome variables.  The  value  of  the

predictive  variable  with  maximal  sensitivity  +  sepecificity-1

was  selected  as  the  cutoff  point.  The  between-group

comparisons  of  OS  and  PFS  were  analyzed  using t-test.  For

all  analyses,  a P value  <  0.05  was  considered  statistically

significant.

Results

Baseline data and efficacy

In  the  present  study,  437  and 377  patients  were  included  in

the  full  analysis  set  (FAS)  and  per  protocol  set  (PPS),

respectively, and 256 and 121 patients were classified into the

anlotinib and placebo groups, respectively.

By the end of the follow-up period (January 06, 2017) with

a median follow-up period of 9.24 months for the anlotinib

group and 7.33 months for the placebo group, the median

PFS  were  5.37  months  [95%  confidence  interval  (CI):

4.40–5.63] for the anlotinib group and 1.40 months (95% CI:

1.07–1.50) for the placebo group, which indicated statistically

significant differences (P < 0.0001). Compared to the placebo

group, the anlotinib group had an extended duration for the

control of advanced NSCLC by 3.97 months and a lower risk

for  DP  by  75%,  which  indicated  statistically  significant

differences [hazard ratio (HR) = 0.25, 95% CI: 0.19–0.31, P <

0.0001]. The OS were 9.63 months (95% CI: 8.17–10.60 ) and

6.30  months  (95%  CI:  5.00–8.10)  in  the  anlotinib  and

placebo  groups,  respectively.  Compared  to  that  of  the

placebo  group,  the  median  OS  of  the  anlotinib  group

improved  by  3.33  months  and  their  risk  for  mortality

decreased by 32%. This result showed statistically significant

differences (HR = 0.68, 95% CI: 0.54–0.87, P = 0.0018). In

addition, after the data cutoff, we continued the follow-up

for OS until May 2017, and further survival analysis showed a

similar result. That is, a median OS of 9.60 months (95% CI:

8.4–10.6) was obtained, and it was significantly (P = 0.0018)

longer in the anlotinib group than in the placebo group with

an improvement of 3.30 months. The baseline data of the 256

patients from the anlotinib group are listed in Table 1.

Table 1   Clinicopathological data of 256 patients in the anlotinib group

Characteristics n = 256 (%)

Age (years)

　≤ 60 years 137 (53.52)

　> 60 years 119 (46.48)
Gender

　Male 157 (61.33)

　Female 99 (38.67)
Pathology

　Adenocarcinoma 201 (78.52)

　Squamous cell carcinoma or adenosquamous
　carcinoma

44 (17.19)

　Other subtypes 11 (4.3)
Driver gene EGFR

　Wild type (-) 172 (67.19)

　Mutant type (+) 84 (32.81)
Driver gene ALK

　Wild type (-) 248 (98.02)

　Mutant type (+) 5 (1.98)

　Unclear 3
Clinical staging

　Stage III B 12 (4.69)

　Stage IV 244 (95.31)
Metastasis

　Number of metastases ≤ 3 155 (60.55)

　Number of metastases > 3 101 (39.45)
History of tumor surgery

　Yes 136 (53.13)

　No 120 (46.88)
Number of previous chemotherapy regimens

　2 146 (57.03)

　> 2 110 (42.97)
Previous chemotherapeutic regimen

　Pemetrexed + Platinum 182 (71.09)

　Docetaxel + Platinum 165 (64.45)

　Paclitaxel + Platinum 81 (31.64)

　Vinorelbine + Platinum 67 (26.17)

　Gemcitabine + Platinum 138
(53.91%)

History of radiotherapy

　No 154 (60.16)

　Yes 102 (39.84)
History of targeted medication

　No 115 (44.92)

　Yes 141 (55.08)
ECOG

　0 54 (21.09)

　1 202 (78.91)
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Univariate and multivariate analyses of efficacy

Based on the primary observation parameters of  the current

trial  and  previous  reports,  we  preliminarily  selected  43

variables  that  might  affect  prognosis,  and  Kaplan–Meier

univariate analysis and log-rank test were then conducted to

assess the correlations between the variables and PFS or OS.

The  factors  were  categorized  as  follows:  1)  patient  factors,

including sex, age, ECOG score at the end of the medication,

blood  granulocyte/lymphocyte  ratio,  changes  in  laboratory

parameters before and after treatment, and occurrence of the

most  severe  adverse  events;  2)  therapeutic  factors,  such  as

pre-randomization  lines  and  duration  of  treatment  and

content  of  therapeutic  regimens;  and 3)  tumor factors,  such

as  sum  of  pre-randomized  maximal  target  lesion  length,

clinical stage, pathological type, etc.

Since the pre-randomization ECOG score of the trial was

limited between 0 and 1 point and the post-treatment body

performance of some patients worsened, which resulted in a

higher ECOG score of 0–3 points in the univariate analysis,

the  patients  were  stratified  into  0–1-point  subgroup and

2–3-point subgroup. The cutoff value for the stratification of

age was 60 years. Adverse events were defined on the basis of

the definitions  of  CTCAE 4.0  (hand–foot  syndrome,  oral

mucositis, and rash), and hypertension was defined as blood

pressure ≥ 140/90 mmHg.

Classification  of  the  cutoff  values  of  the  laboratory

parameters was based on their respective clinical reference

values:  hypertriglyceridemia was  defined as  a  triglyceride

level  > 1.7  mmol/L,  hypercholesterolemia  was  defined as

cholesterol  level  >  5.17  mmol/L,  elevated  alkaline

phosphatase  (ALP)  level  was  defined  as  an  ALP  level

> 135 U/L, hyperglycemia was defined as blood sugar level

>  5.9  mmol/L,  hypomagnesemia  was  defined  as  blood

magnesium level < 0.66 mmol/L, hypocalcemia was defined

as serum calcium level < 2.10 mmol/L, hyponatremia was

defined as  blood sodium level  <137 mmol/L,  hyper-low-

density  lipoproteinemia  was  defined  as  lipoprotein  level

> 3.1 mmol/L, elevated thyroid-stimulating hormone (TSH)

was defined as TSH level > 4.85 mIU/L, and prolonged QT

interval  on  electrocardiogram  (ECG)  was  defined  as  QT

interval > 480 ms.

For variables without a reference value, the ROC curves

were used to analyze and determine the cutoff values with

significant differences in OS, which is the primary endpoint

of the trial. The cutoff value of pre-randomization maximal

target lesion length was 72 mm, the sensitivity was 0.5283,

the specificity was 0.7368, and the area under the curve was

0.6600.  The  cutoff  value  of  post-treatment  granulocyte/

lymphocyte ratio was 3.10,  the sensitivity was 0.6689,  the

specificity  was  0.6989,  and  the  area  under  the  curve  was

0.7089.

Factors  with  statistically  significant  differences  in  the

univariate analysis are listed in Table 2. However, variables

without statistically significant correlations with PFS or OS

are not shown.

The  SAS  statistical  software  was  utilized  to  select  15

combinations of variables using the fitting curve. The Cox

model was then used to analyze the combination of variables,

and  results  showed  that  the  following  variables  had

statistically significant differences (Table 3). However, the

variables without statistically significant correlations with

PFS or OS are not shown.

Results  of  the  multivariate  analysis  indicated that  high

post-treatment granulocyte/lymphocyte ratio and elevated

ALP levels were considered independent risk factors of PFS,

whereas hypertension, hand–foot syndrome (hand–foot skin

reaction), hyperglycemia, hypertriglyceridemia, and elevated

TSH levels were independent protective factors of PFS. Post-

treatment ECOG score ≥ 2, high post-treatment peripheral

blood granulocyte/lymphocyte ratio,  and the sum of pre-

randomization maximal target lesion length were considered

independent risk factors of OS, whereas hypertriglyceridemia

was an independent protective factor of OS.

To further evaluate the clinical significance of the cutoff

values, stratified median PFS and OS were reported for each

variable, which was statistically significant in the multivariate

model according to these cutoff values(Table 4).

Discussion

Anlotinib is a self-developed multitargeted inhibitor designed

to  inhibit  vascular  endothelial  growth  factor  receptor-2

(VEGFR2),  VEGFR1,  VEGFR3,  fibroblast  growth  factor

receptor-1 (FGFR1), FGFR2, FGFR3, platelet-derived growth

factor  receptor-α (PDGFRα),  PDGFRβ,  c-KIT,  c-Met,  and

EGFR in China2,3. Compared with similar target agents, such

as  sorafenib4,  anlotinib  targets  the  tumor  vascular

microenvironment  and  the  responsible  genes  and  signaling

pathways  associated  with  malignant  biological  behaviors,

such  as  cancer  cell  growth,  invasion,  and  metastasis.

Therefore,  it  is  considered  to  be  a  multitargeted,  dual-

dimension, comprehensive anti-tumor drug that can control

tumor resistance after a single chemotherapy or targeted drug

treatment.  In  this  trial,  anlotinib  was  used  in  patients  with

advanced NSCLC who developed resistance after at least two

therapeutic regimens.  Results  revealed a median PFS of  5.37

months  and  a  median  OS  of  9.63  months,  which  lower  the
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risks  for  DP  by  75%  (HR  =  0.25,  95%  CI:  0.19–0.31, P <

0.0001)  and  32%  (HR  =  0.68,  95%  CI:  0.54–0.87, P =

0.0018),  respectively,  compared  to  the  placebo  group.  The

PFS  and  OS  of  patients  with  advanced  NSCLC  (squamous

cell  carcinoma  and  adenocarcinoma)  receiving  classic

second-line  chemotherapeutic  regimens  are  approximately

2.5  and  7  months,  respectively5.  Patients  with

adenocarcinoma  who  received  second-line  therapies  based

on  pemetrexed  had  a  median  OS  of  8.3  months6,  whereas

patients with adenocarcinoma who are taking tyrosine kinase

inhibitor  (TKI;  Tarceva)  as  the  second-line  therapy  had  a

median OS of 7.8 months7. However, data about the efficacy

of third-line therapy that is supported by class II evidence or

higher  recommendations  are  still  limited.  In  this  trial,  we

used  anlotinib  as  the  third-line  salvage  regimen  for  patients

who are  resistant  to  treatment  or  those  who cannot  tolerate

toxicities,  and  higher  PFS  and  OS  rates  were  observed  in

patients  receiving  these  regimens  than  in  those  receiving

Table 2   Results of the prognostic factor analysis of patients from the anlotinib group (univariate analysis)

Item
PFS OS

P HR (95%CI) P HR (95%CI)

Age 0.003 0.639 (0.478, 0.856) 0.456 1.126 (0.824, 1.538)

Post-treatment ECOG 0.445 1.164 (0.789, 1.717) < 0.001 2.219 (1.489, 3.836)

Post-treatment granulocytes/lymphocytes < 0.001 2.013 (1.405, 2.548) < 0.001 2.651 (1.884, 3.732)

Pre-randomization maximal target lesion length 0.360 1.144 (0.857, 1.528) < 0.001 2.049 (1.498, 2.803)

Hypertension < 0.001 0.466 (0.341, 0.637) 0.004 0.617 (0.445, 0.854)

Hand-foot syndrome < 0.001 0.476 (0.354, 0.640) < 0.001 0.483 (0.348, 0.669)

Oral mucositis 0.031 0.693 (0.497, 0.967) 0.051 0.691 (0.476, 1.001)

Prolonged QT interval in ECG 0.010 0.646 (0.463, 0.900) 0.741 0.942 (0.662, 1.341)

Hyperglycemia 0.007 0.662 (0.491, 0.892) 0.735 1.059 (0.759, 1.477)

Hypertriglyceridemia < 0.001 0.453 (0.329, 0.623) < 0.001 0.462 (0.335, 0.639)

Hypercholesterolemia 0.001 0.558 (0.392, 0.794) 0.004 0.629 (0.540, 1.173)

Hyper-low density lipoproteinemia 0.001 0.502 (0.330, 0.762) 0.321 0.830 (0.516, 1.320)

Elevated thyroid stimulating hormone 0.001 0.591 (0.434, 0.805) 0.004 0.620 (0.449, 0.857)

Elevated alkaline phosphatase 0.008 1.519 (1.118, 2.065) 0.005 1.609 (1.159, 2.234)

Hypocalcemia 0.314 1.303 (0.778, 2.184) 0.012 1.876 (1.146, 3.071)

Hyponatremia 0.092 1.337 (0.954, 1.875) 0.001 1.971 (1.390, 2.795)

Hypomagnesemia 0.026 0.485 (0.256, 0.918) 0.468 0.789 (0.416, 1.497)

Table 3   Results of the prognostic factor analysis of patients in the anlotinib group (multivariate analysis)

Item
PFS OS

P HR (95%CI) P HR (95%CI)

Post-treatment ECOG score 0.002 2.073 (1.315, 3.269)

Post-treatment granulocytes/lymphocytes ratio < 0.001 2.183 (1.523, 3.130) < 0.001 2.423 (1.642, 3.576)

Pre-randomization maximal target lesion length 0.003 1.690 (1.190, 2.400)

Hypertension 0.040 0.688 (0.481, 0.983)

Hand-foot syndrome 0.002 0.582 (0.415, 0.815)

Hyperglycemia 0.007 0.632 (0.453, 0.884)

Hypertriglyceridemia 0.002 0.545 (0.569, 1.535) 0.002 0.520 (0.347, 0.778)

Elevated thyroid stimulating hormone 0.003 0.573 (0.399, 0.822)

Elevated alkaline phosphatase 0.044 1.425 (1.010, 2.011)

Cancer Biol Med Vol 15, No 4 November 2018 447



previous  standard  second-line  regimens.  This  might  be  due

to the simultaneous inhibition of tumor and its angiogenesis

and  blockage  of  multiple  key  receptors,  which  effectively

prevented  tumor  growth-related  signaling.  However,  all

enrolled  patients  who  presented  with  advance  cancer  and

refractory  lung  malignancies  (including  squamous  cell

cancer,  adenocarcinoma,  and  large  cell  carcinoma  but  not

limited  to  adenocarcinoma only)  were  significantly  resistant

to all  the drugs compared with those with tumors who were

receiving  second-  and  inferior-line  therapies.  Hence,  we

conducted a stratified analysis to assess the factors that affect

efficacy  to  determine  therapeutically  dominant  populations

and prevent the use of ineffective medications.

Results of the univariate analysis showed that 13 factors

affected PFS,  and they were primarily  patient  factors  and

adverse  events  (see  table  2).  No  therapeutic  factors

significantly affected PFS. A total of 11 factors affect OS, and

seven factors  affected PFS.  They were patient  factors  and

tumor  factors  (Table  2),  no  therapeutic  factors  were

involved. Based on the abovementioned results and previous

reports,  several  parameters  that  affect  the prognosis  were

introduced  into  the  multivariate  Cox  model.  The  results

showed  that  the  post-treatment  adverse  events  of

hypertension and hand–foot syndrome, blood glucose level >

5.9 mmol/L, triglyceride level > 1.7 mmol/L, and TSH level >

4.85 mmol/L were considered independent protective factors

of OS, whereas post-treatment granulocyte/lymphocyte ratio

> 3.10 and ALP level > 135 U/L were considered independent

risk factors of PFS. Post-treatment triglyceride level > 1.7

mmol/L  was  an  independent  protective  factor  for  OS,

whereas a post-treatment ECOG score of 2–3, post-treatment

granulocyte/lymphocyte ratio > 3.10, and maximal target lesion length

> 72 mm were independent risk factors for OS. To assess the

practical cutoff values clinically, we adopted the ROC curve

to analyze  the  cutoff  values  showing the  most  significant

differences  in  PFS  and  OS.  After  comparing  with  the

reference values used for clinical practice, the cutoff values

presenting  the  near  coincidence  in  each  normal  upper

laboratory  indexes  and  changes  in  blood  pressure  were

almost  similar  to  the  normal  upper  l imits  of  the

corresponding clinical reference ranges. Therefore, the cutoff

values  of  the  factors  in  the  current  study,  which  were

estimated  via  univariate  and  multivariate  analyses,  are

considered  independent  factors  of  PFS  or  OS,  and  they

should indicate clinical significance. During the univariate

and multivariate analyses, we also directly selected the upper

limits of the normal clinical reference ranges as the cutoff

values for comparisons among populations with different

PFS and OS for analysis. For measurement data other than

clinical  laboratory  parameters  and  without  a  normal

reference range, such as pre-randomization maximal target

lesion length and post-treatment granulocyte/lymphocyte

ratio, the abovementioned ROC curve analysis was adopted

to determine the cutoff values presenting the most significant

differences in PFS or OS. To re-confirm the power of the

parameters identified via multivariate analysis in predicting

PFS or OS, we further divided the groups based on the cutoff

values of each index, and the PFS and OS of the subgroups

were calculated. The results validated that the differences in

PFS  or  OS  between  the  two  subgroups  were  statistically

significant. Therefore, selection of the abovementioned cutoff

values was considered reasonable.

Based on the results, the previous treatment has not been

considered  an  independent  factor.  Previously  reported

factors  that  correlated  with  the  development  of  tumor

resistance  (pre-treatment  lines  and  types  of  treatment)

showed  no  statistical  significance  in  the  univariate  or

multivariate  analysis.  Traditionally,  it  was  believed  that

increased  chemotherapeutic  line  triggered  multidrug

resistance (MDR) in the tumor cells6, resulting in resistance

to multiple chemotherapy drugs. Therefore, the efficacy of

the second-line regimen was considered to be inferior to the

first-line  regimen.  EGFR-TKIs  can  also  trigger  T790

mutation  and  c-Met  gene  amplification,  resulting  in

resistance to first-generation drugs8,9. However, results of the

current study showed that the abovementioned factors did

not affect the prognosis after anlotinib treatment. This was

probably  attributable  to  the  fact  that  anlotinib  has

mechanisms of action that are completely independent of the

previous  therapeutic  mechanisms that  caused changes  in

molecules that are susceptible to drug resistance. That is, its

efficacy was not affected by MDR induced by chemotherapy,

and it still remained effective for c-Met gene amplification2

induced by EGFR-TKI. Theoretically, increased therapeutic

types and lines increased gene changes, thus indicating the

possibility  of  resistance  to  any novel  drug.  However,  our

present study has not investigated the correlation between

the  gene  mutation  load10  induced  by  different  previous

therapeutic  lines  and  the  efficacy  of  anlotinib  or  any

molecular  mechanisms  that  may  induce  resistance  to

anlotinib.  Nevertheless,  a  pre-treatment total  tumor load

(sum of pre-randomization maximal target lesion length) >

72 mm predicted poor PFS and OS in the univariate analysis

and poor OS in the multivariate analysis, and this result still

indicated that the efficacy of anlotinib may be suboptimal in

larger tumors with greater heterogeneity and mutation load.

Therefore, efforts should be made to promote anlotinib from

third-line therapy to second- or  first-line therapy for  the
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treatment of early tumors.

It  was  noteworthy  that  factors  from  the  multivariate

analysis  caused  changes  in  the  body  and  metabolism  of

patients, and the resultant adverse events (up to seven events,

such as post-treatment ECOG score as well as hypertension,

hand–foot syndrome, and high blood glucose, triglyceride,

TSH,  and  ALP  levels,  observed  during  the  trial  period)

predominately  affected  efficacy  and  prognosis.  This

phenomenon  indicated  that  multiple  targets  and  broad

signaling pathways covered by anlotinib could help overcome

the  acquired  resistance  induced  by  previous  few-line

treatments. However, compared to the mono-target agents, it

may cause more adverse reactions in patients and interact

with their internal environments. Thus, the level of efficacy

of  anlotinib  was  primarily  dependent  on  the  individual

physical characteristics of the patients.

Similar  to  EGFR-TKIs11,  treatment  with  anlotinib  also

resulted in hand–foot syndrome, which was considered to be

a predictor of good PFS. Meanwhile, similar to antiangio-
genic targeting agents12, anlotinib caused hypertension and

Table 4   PFS and OS of each variable from the subgroups were divided on the basis of the cutoff values

PFS OS

Median P Median P

Post-treatment ECOG 0.0031

　0-1 point 9.93

　2-3 point 7.26

Post-treatment granulocytes/lymphocytes ratio 0.0008 < 0.0001

　≤ 3.1 5.97 11.16

　> 3.1 4.45 8.18

Pre-randomization maximal target lesion length
(mm)

0.0002

　≤ 72 10.38

　> 72 7.98

Hypertension < 0.0001

　Yes 5.65

　No 3.42

Hand-foot syndrome < 0.0001

　Yes 6.51

　No 3.80

Hyperglycemia 0.0003

　Yes 5.60

　No 3.93

Hypertriglyceridemia < 0.0001 < 0.0001

　Yes 5.67 10.23

　No 3.41 7.29

Elevated thyroid stimulating hormone < 0.0001

　Yes 5.66

　No 3.61

Elevated alkaline phosphatase 0.0286

　Yes 4.23

　No 5.32
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prolonged QT intervals, with the former considered a good

predictor  of  PFS.  From the perspective  of  adverse  events,

although  they  have  been  proven  tolerable  and  transient,

anlotinib simultaneously functioned as an antiangiogenic

targeting and EGFR-TKI agent.

In this study, post-treatment granulocyte/lymphocyte ratio

has been considered a risk factor of both PFS and OS; hence,

it deserves special attention. Studies conducted in China and

other countries have shown that the tumor-free survival rate

was shorter in patients with abnormally increased peripheral

blood granulocyte levels during relapse after lung surgery

than in patients with normal levels. Hence, the concept of

“tumor-related leukocytosis” has been proposed13, which is a

syndrome that occurs due to the absence of immune function

and lack  of  lymphocytes.  Sequential  studies  have  further

revealed that the patients’ percentage of CD8+ T cells was

usually low, the CD4+/CD8+ T-cell ratio was high, and OS

was short14. Although no specific immune-related parameters

were  detected  in  this  trial,  our  current  results  strongly

suggested  that  the  efficacy  of  anlotinib  was  probably

correlated with the post-treatment immune function status

and response of the patient, which further indicated the need

for special attention to the changes in immune parameters in

future  studies  and  the  use  of  anlotinib  and  immune-

enhancing therapy, which is similar to other assessments of

TKI in this field15.

Another notable result in our study was the elevated TSH

levels and changes in metabolic parameters (including blood

triglyceride and blood glucose levels) caused by anlotinib,

which may be predictors  of  good prognosis,  and elevated

blood triglyceride levels protected both PFS and OS from the

risk factors. Although such adverse events in the trial seldom

reached grade III (3.06%, 0%), they covered a broad range.

That  is,  the  incidence  rate  of  hypertriglyceridemia  was

44.56%  in  the  anlotinib  group.  However,  it  was  only

23.78%  in  the  placebo  group.  The  incidence  rates  of

hypercholesterolemia were 41.84% and 13.99%, respectively,

and those of hyper-low density lipoproteinemia were 21.09%

and  7.69%,  respectively.  However,  the  impact  of  small

molecule targeted therapy on the endocrine system and fat

metabolism  are  less  assessed,  and  the  results  are  usually

contradictory. For instance, Ho et al.16 have found that the

levels of polyunsaturated fatty acids were elevated in patients

with  EGFR  mutations,  whereas  reduced  proportion  of

polyunsaturated fatty acids in the membrane phospholipids

induced by inhibitors also lowered the activity of the EGFR

membrane receptors, which shows a synergistic effect with

gefitinib17 .  Other  studies  have  also  found  that  the

mammalian  target  of  sirolimus,  which  is  a  rapamycin

(mTOR)  inhibitor,  increased  the  blood  levels  of  total

cholesterol  and  triglycerides18,19.  Further  studies  have

revealed that such result might be attributed to the fact that

sirolimus reduced the activity of post-heparin lipoprotein

lipase,  which  is  the  primary  enzyme  responsible  for

triglyceride  metabolism,  and this  induces  hypertriglycer-
idemia20.  This  result  indicated  that  patients  may  often

require adjuvant therapy with lipid-lowering drugs and that

several  indicators  of  lipid  metabolism  may  be  effective

markers of small molecular targeted drugs. Future studies

should  focus  on  assessing  the  effects  of  anlotinib  on  the

endocrine system and its subsequent potential effect on the

immune and hematopoietic systems to identify the possible

predictors of efficacy and prognosis. Yang et al.21 from the

Institute  of  Biochemistry  and  Cell  Biology,  Shanghai

Institutes  for  Biological  Sciences,  Chinese  Academy  of

Science  have  found  that  the  inhibition  of  cholesterol

esterification could enhance the antitumor activity of CD8+

T cells  (also known as killer  T cells),  indicating that such

studies are strongly recommended.

In conclusion, anlotinib plays a dual role as an antitumor

and antiangiogenic agent.  Its  broad target  range can help

overcome  the  acquired  resistance  induced  by  multiple

chemotherapies/targeted treatments. However, it is also more

susceptible  to  interactions  with  the  patient’s  internal

environment than mono-targeted agents. Factors, including

tumor burden,  gene  characteristics,  as  well  as  a  patient’s

immune, endocrine, and metabolic status, may also affect the

efficacy and prognosis of anlotinib treatment. Further in-

depth  studies  must  be  conducted  to  identify  the  reliable

markers of efficacy and prognosis.
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