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1 Introduction
Non-small cell lung cancer is the leading cause of cancer-

related deaths worldwide and is often diagnosed with a poor 
prognosis (Siegel et al., 2017). Immunotherapy in combination 
with chemotherapy is recommended to treat patients with 
stage IV NSCLC without driver alteration (Hanna et al., 2020). 
Also, there is a potential future perspective of immunotherapy 
combined with anti-angiogenic agents for treating advanced 
NSCLC (Liang & Wang 2019). Some evidence suggests that 
angiogenesis may be associated with immunosuppression in the 
tumor microenvironment (TME), thereby enhancing the immune 
escape of tumor cells (Ohm & Carbone 2001). The key strategy 
for targeting TME is to inhibit angiogenesis and stimulate an 
effective immune response. Anti-angiogenic agents can stimulate 
the immune system, and immunotherapy might also exert an 
anti-angiogenic effect. A combination of these agents might 
produce synergistic effects on treating tumors (Garber 2014).

Pembrolizumab is a human IgG4 mAb against PD-1. Based 
on a series of clinical trials, pembrolizumab was approved to 
treat patients with advanced non-squamous or squamous NSCLC 
(Hanna  et  al., 2020). Anlotinib has presented an inhibitory 
effect on tumor growth and angiogenesis by inhibiting multiple 
targets such as VEGFR, PDGFR, FGFR, and c-Kit (Lin et al., 
2018). Phase III ALTER 0303 trial showed that anlotinib can 
significantly prolong the OS and PFS in patients with advanced 
NSCLC (Han et al. 2018a).

However, currently, there was no report on the effects of 
combined administration of pembrolizumab and anlotinib on 
treating patients with advanced NSCLC as yet. Here we report 
three cases with advanced NSCLC who received a satisfactory 
response to pembrolizumab combined with anlotinib.

2 Case description

2.1 Case 1

A 70-year-old male diagnosed with lung cancer at left low 
lobe (cT2N0M0 IB) received radical resection with left low 
lobe dissection and mediastinal lymphadenectomy in March 
2018. The pathology revealed acinar adenocarcinoma with a 
pathological stage of IB (pT2N0M0, tumor size 4*3*3 cm3) 
and R0 resection. Tumor tissues were collected and sent to the 
pathological department for next-generation sequencing (NGS) 
cancer gene panel (13 genes) detection which showed a mutation 
of PIK3CA ES45 without other gene mutations. Histochemistry 
test for PD-L1 in tumor tissue showed a positive rate of 20%. 
Regular follow-ups were performed to monitor the disease 
progression after four cycles of adjuvant chemotherapy. Patients 
complained of paralysis in left upper and low limbs on Aug 2, 
2019. Oncology Group performance status (ECOG PS) scores 
were 2. PET and brain MRI showed a 16 mm*15 mm nodule 
in the left upper lobe of the lung and a 24 mm*33 mm*28 mm 
mass in the right frontal lobe of the brain (Figure 1 A1,2). The 
disease-free survival (DFS) was recorded as 16 months. Surgery 
resection of the two metastases combined with chemotherapy 
was considered as the first suggestion and the second suggestion 
in terms of synchronous radical radiotherapy (focused on the 
two metastases in lung and brain) and chemotherapy were both 
rejected by the patient and kinsfolk.

With full informed consent, the patients were administered 
with pembrolizumab (200 mg, q3w) in combination with anlotinib 
(12 mg, D1-14, q3w) starting from August 5, 2019. Ten days later, 
the patient recovered from left upper and low limb paralysis 
with an ECOG PS scores of 0-1. Chest CT and brain MRI after 
2 months revealed an SD. The most recent PET and brain MRI 
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Figure 1. A1: PET on Aug 2, 2019, showed a 16 mm*15 mm metastatic nodule in the left upper lobe of the lung, and A2: brain MRI showed a 
24 mm*33 mm*28 mm metastatic mass in the right frontal lobe of the brain. PET and brain MRI at March 31, 2020, revealed an outcome of PR 
with a 15 mm*12 mm nodule in the left upper lobe of the lung (B1) and a 21 mm*14 mm*16 mm mass in the right frontal lobe of the brain (B2).

Figure 2. Chest contrast CT on July 19, 2019, showed a 4.6 cm*3.4 cm*3.2 cm mass in the left upper lobe of the lung and multiple enlarged lymph 
nodes in the mediastinum and bilateral hilum of the lung (A1,2). Chest CT on Feb 14, 2020, showed an outcome of PR with the left upper mass 
nearly disappeared (B2) and stable in lymph nodes (B1).
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on March 31, 2020, revealed a PR with a 15 mm*12 mm nodule 
in the left upper lobe of the lung and a 21 mm*14 mm*16 mm 
mass in the right frontal lobe on the brain (Figure 1 B1,2). The 
ECOG PS scores were 0. The patients showed good tolerance 
with no adverse events during the treatment period. Up to now 
(nearly 9 months), the patient was still in PR.

2.2 Case 2

A 73-year-old male complained of cough and bloody sputum. 
Chest contrast CT and brain MRI on July 19, 2019, showed a 
4.6 cm*3.4 cm*3.2 cm mass (SUVmax 12.1) in the left upper 
lobe of the lung and multiple enlarged lymph nodes in the 
mediastinum and bilateral hilum of the lung (Figure 2 A1,2). 
Biopsy by E-BUS from left upper lobe focus and enlarged lymph 
nodes confirmed the pathology of low moderately differentiated 
squamous carcinoma with clinical staging of IIIB (cT2N3M0). 
ECOG PS scores were 0. Biopsy specimens were sent to the 
pathological department for NGS cancer gene panel (575 genes) 
test with the results showing clinically significant gene mutation 
in TP53, PIK3CA, and FGFR1. Histochemistry test for PD-L1 
in tumor tissue showed a positive rate of 30%. The patients and 
his kinsfolk rejected synchronous radical radiotherapy and 
chemotherapy which we recommended.

With full informed consent, the patients were administered 
with pembrolizumab (200 mg, q3w) in combination with 
anlotinib (12 mg, D1-14, q3w) starting from July 25, 2019. 
Chest CT or PET every 2 months after treatment was applied 
to assess disease progression. The recent chest CT on Feb 14, 
2020, showed an outcome of PR with left upper lobe mass nearly 
disappeared (Figure 2 B2) and stable in lymph nodes (Figure 2 
B1). The ECOG PS was 0 and no bloody sputum was complained. 
Adverse events of diarrhea and pruritus were observed in this 
patient but could be controlled by symptomatic treatment. Up 
to now, the patient was still in PR.

2.3 Case 3

A 50-year-old male complained of cough and dyspnea. A 
chest X-ray showed a mass in the right upper lung. PET and 
brain MRI on November 22, 2018, showed a solid mass of 
93 mm*82 mm*76 mm in the right upper lobe of the lung and 
fusion lymph nodes in the right hilum (56 mm*42 mm) of the 
lung and mediastinum (Figure 3 A1,2). Biopsy by E-BUS from 
right upper lobe mass and enlarged lymph nodes confirmed the 
pathology of low moderately differentiated adenocarcinoma 
with clinical staging of IIIB (cT4N2M0). ECOG PS scores were 
1. Biopsy specimens were sent to the pathological department 
for NGS cancer gene panel (13 genes) test which showed a 
gene mutation in KRAS G12C. Histochemistry test for PD-L1 
in tumor tissue showed a positive rate of 90%. Pemetrexed 
combined with nedaplatin and bevacizumab was administered 
for 6 courses starting from December 5, 2018, with an outcome 
of PR (a cystic-solid mass of 46 mm*40 mm*43 mm in the right 
upper lobe of the lung and stable fusion lymph nodes on June 
15, 2019) (Figure 3 B1). Another four courses of maintenance 
chemotherapy with pemetrexed combined with bevacizumab 
were administered with an outcome of SD. Three months after 
chemotherapy, the patient complained of back pain. PET on 

October 8, 2019, showed bone metastasis in the fourth thoracic 
vertebra (SUVmax 11.5) and metastasis in S4 of the liver (B2), 
and stable of the right upper focus.

With full informed consent, the patients were administered 
with pembrolizumab (200 mg, q3w) in combination with 
anlotinib (12 mg, D1-14, q3w) starting from October 17, 2019. 
PET on December 23, 2019, showed that the metastasis in S4 of 
the liver disappeared (Figure 3 C2), the SUVmax decreased in 
the thoracic vertebra metastasis and the main focus and lymph 
nodes were stable. An SD was obtained. The most recent PET 
on March 10, 2020, showed a PR with a decrease in size with 
3.5 cm*2.5 cm* 2.7 cm of fusion lymph nodes in the right hilum 
(Figure 3 C1). Adverse events of hypertension were observed 
but could be controlled by united hypotensive drugs.

3 Discussion
This is the first report of patients with advanced NSCLC 

showing a good response to the combined treatment with 
pembrolizumab and anlotinib. Anlotinib can inhibit substrate 
phosphorylation and signal transduction by competing with 
ATP for binding sites on VEGFR/PDGFR/FGFR/c-kit, therefore 
exhibiting an effect of inhibiting tumor angiogenesis and tumor 
growth (Lin et al., 2018). Phase III ALTER 0303 trial evaluated the 
efficacy and safety of anlotinib in patients with advanced NSCLC. 
Results showed that anlotinib can significantly prolong the OS 
(9.6 months vs 6.3 months; HR 0.68; 95% CI 0.54–0.87; P = 0.002) 
and PFS (5.4 months vs 1.4 months; HR 0.25; 95% CI 0.19– 0.31; 
P < 0.001) compared with placebo treatment (Han et al.2018a). 
Anlotinib as a third-line treatment provided significant PFS 
benefits (4.8 vs 1.2 months; hazard ratio (HR) = 0.32; 95% 
confidence interval (CI), 0.20-0.51; P < 0.0001) to patients with 
refractory advanced NSCLC compared with placebo (Han et al., 
2018b). What’s more, anlotinib played a significant role in the 
salvage treatment of advanced NSCLC after at least two lines 
of chemotherapy (Wu et al., 2019).

On the evidence of Keynote 010, for patients with previously 
treated, PD-L1 positive, advanced NSCLC, pembrolizumab 
10 mg/kg significantly improved both OS and PFS compared 
with docetaxel (Herbst et al., 2016). Keynote 024 found that 
in patients with previously untreated advanced NSCLC with 
PD-L1 expression on at least 50% of tumor cells and without 
EGFR or ALK alterations, pembrolizumab monotherapy was 
associated with significantly longer PFS and longer OS over 
platinum-based chemotherapy (Reck et al., 2016). Furthermore, 
Keynote 042 suggested that pembrolizumab monotherapy 
significantly prolonged OS in patients with advanced NSCLC 
with PD-L1 expression on at least 1% of tumor cells (Mok et al., 
2019). Keynote 189 (Gandhi  et  al., 2018) and Keynote 407 
(Paz-Ares et al., 2018) demonstrated that the combination of 
pembrolizumab and a platinum-based drug standard chemotherapy 
significantly prolonged PFS and OS over chemotherapy alone 
in patients with first-line treatment metastatic non-squamous 
or squamous NSCLC.

A previous study reported a case with advanced metastatic 
esophageal squamous cell carcinoma who had CR in metastases 
to the combined treatment with nivolumab and anlotinib 
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(Tang et al., 2019). According to IMpower150, atezolizumab 
combined with bevacizumab, paclitaxel, and carboplatin showed 
a significant PFS benefit in non-squamous NSCLC patients when 
compared with the combination of bevacizumab, paclitaxel, and 
carboplatin. However, there was no difference in the response 
rate between atezolizumab + paclitaxel + carboplatin group 
and bevacizumab + paclitaxel + carboplatin group. These 
findings suggest that the anti-angiogenic drug (bevacizumab) 
has an immunomodulatory effect and can enhance the immune 
efficacy of atezolizumab (Socinski et al., 2018). Recently, the 

investigators are focusing on using immunotherapy as a basic 
therapy in combination with other treatment strategies (such 
as radiotherapy, chemotherapy, and targeted drugs), which 
have been thought to increase tumor-related immunogenicity 
by inducing tumor cell death and new antigen release (Liang & 
Wang 2019). There was no clinical trial focused on the combined 
treatment of immunotherapy with anlotinib so far.

Approximately 35% of patients with metastatic NSCLC 
develop metastases to the brain, which is associated with poor 
prognosis (Gibson  et  al., 2018). Pooled analysis of Keynote 

Figure 3. PET on November 22, 2018, showed a solid mass of 93 mm*82 mm*76 mm in the right upper lobe of the lung (A1) and fusion 
lymph nodes in the right hilum (56 mm*42 mm) of the lung and mediastinum (A2); PET on June 15, 2019, showed a cystic-solid mass of 
46 mm*40 mm*43 mm in the right upper lobe of the lung and stable fusion lymph nodes (B1); PET on October 8, 2019, showed bone metastasis 
in the fourth thoracic vertebra (SUVmax 11.5) and metastasis in S4 of the liver (B2); PET on December 23, 2019, showed that the metastasis in 
S4 of liver disappeared (C2), the SUVmax decreased in the thoracic vertebra metastasis; PET on March 10, 2020, showed a PR with a decrease 
in size with 3.5 cm*2.5 cm*2.7 cm of fusion lymph nodes in the right hilum (C1).
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021,189 and 407 showed that pembrolizumab plus platinum-
based chemotherapy improved outcomes over chemotherapy 
alone in advanced NSCLC patients with brain metastases. Also, 
post hoc analysis of phase III randomized control trial (ALTER 
0303) revealed anlotinib had activity in the brain and played a 
potential role in tumor control at intracranial sites (Jiang et al., 
2020). Pembrolizumab combined with anlotinib benefited the 
three patients with a manageable safety profile. What’s more, 
anlotinib improved quality of life compared with placebo in 
advanced NSCLC patients who had received at least two previous 
chemotherapies (Si et al., 2018).

In conclusion, the good response in the three patients after 
treatment with a combination of pembrolizumab combined with 
anlotinib suggests that the combined treatment of pembrolizumab 
and anlotinib might be another alternative for treating advanced 
NSCLC. However, due to limited number of patients enrolled 
in our study, large cohort clinical study is required to confirm 
the effect of this combination in the future.
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