
Abstract. Aim: To evaluate the efficacy and safety of re-
treatment with anti-programmed death (PD)-L1 antibody
(atezolizumab) after anti-PD-1 antibody (nivolumab/
pembrolizumab) treatment in advanced non-small cell lung
cancer (NSCLC) patients. Patients and Methods: We
retrospectively reviewed 18 NSCLC patients who received
atezolizumab after anti-PD-1 antibody treatment. Data on
patient characteristics, number of cycles of anti-PD-1
antibody and atezolizumab, regimens between anti-PD-1
antibody and atezolizumab, best response, and immune-related
adverse events (irAEs) were collected and analyzed. Results:
Nine patients a had high (≥50%) PD-L1 expression. The
median number of cycles of atezolizumab was 3 (range=2-7).
The median progression-free survival was 2.9±1.8 months.
Seven (38.9%) and 11 (61.1%) patients had stable and
progressive disease, respectively. No patient achieved partial
or complete response. There were no significant differences in
the occurrence of irAEs between anti-PD-1 antibodies and
atezolizumab. Conclusion: Preliminary results showed that
patients previously treated with anti PD-1 antibodies received
only limited benefit from subsequent atezolizumab.

Cancer immunotherapy has recently received remarkable
attention, and cumulative evidence has established it as the

fourth pillar of cancer therapy. The CheckMate and Keynote
studies showed the superiority of anti-programmed death
(PD)-1 antibodies over conventional cytotoxic chemotherapy
as second-line therapy (1-3). As a result of these clinical trials,
the anti-PD-1 antibodies nivolumab and pembrolizumab were
approved for non-small cell lung cancer (NSCLC) patients.
More recently, the OAK and PACIFIC studies also showed the
benefits of anti-PD ligand 1 (PD-L1) antibodies for NSCLC
patients (4, 5). The anti-PD-L1 antibodies atezolizumab and
durvalumab have since been approved for second- or later-line
therapy and maintenance therapy after chemoradiotherapy,
respectively.

One of the main drawbacks of immunotherapy using
immune checkpoint inhibitors (ICIs) is that only select
patients are benefited. In the clinical setting, physicians often
have to administer another chemotherapy after treatment
failure of initial ICIs (6). However, there are few reports
assessing the clinical benefits of subsequent use of similar
ICIs (7-10). Although the use anti-PD-L1 antibody after anti-
PD-1 antibody treatment has become a growing concern in
the clinical setting, there is no report addressing this issue.
Therefore, in this study, we aimed to evaluate the efficacy
and safety of re-treatment with atezolizumab after anti-PD-
1 antibody treatment.

Patients and Methods

This was a retrospective cohort study in the National Hospital
Organization Kyoto Medical Center (Kyoto, Japan). Patients who
received atezolizumab between January 2018 and December 2018
were reviewed. The observational period for evaluation of efficacy and
safety was January 2018 to February 2019. At the time of this study,
nivolumab and pembrolizumab were administered as anti-PD-1
antibody treatments, while atezolizumab and durvalumab as anti-
PD-L1 antibody treatments. Because durvalumab is approved for
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maintenance treatment after conventional chemoradiotherapy,
patients who received durvalumab were excluded, thus atezolizumab
was the only anti-PD-L1 antibody included in the study analysis.
We reviewed all NSCLC patients who received atezolizumab who
fulfilled the following criteria: (A) pathologically confirmed
NSCLC, and (B) retreatment with atezolizumab after treatment with
nivolumab and/or pembrolizumab. The following data were
collected: patient characteristics, number of treatment cycles and
progression-free survival (PFS) in patients treated with anti-PD-1
antibodies and atezolizumab, regimens between anti-PD-1
antibodies and atezolizumab, best response, and immune-related
adverse events (irAEs).

Treatment response was evaluated according to the Response
Evaluation Criteria in Solid Tumors version 1.1, and irAEs were
evaluated according to the Common Terminology Criteria for
Adverse Events version 4.0. This study was approved by our
institutional review board.

Results

Patient characteristics. Between January 2018 and
December 2018, 52 NSCLC patients were treated with
atezolizumab. Out of these patients, 18 (34.6%) had been
previously treated with anti-PD-1 antibodies; 8 patients
received nivolumab, 7 patients received pembrolizumab, and
3 patients received both nivolumab and pembrolizumab
(Figure 1). We included these 18 patients for further analysis.
The characteristics of the patients are shown in Table I. The
mean age at induction of the initial anti-PD-1 antibody was
71.0±6.8 years, and 14 patients had a history of smoking.
Eight had adenocarcinoma histopathology and 9 had high
(≥50%) tumor PD-L1 expression at the time of diagnosis.

Results of initial treatment with anti-PD-1 antibodies
(nivolumab/pembrolizumab). Although patients receiving
nivolumab had low tumor PD-L1 expression, patients
receiving pembrolizumab had a high tumor PD-L1
expression. All patients receiving nivolumab had previously
received cytotoxic chemotherapy. The PFS was longer in
patients receiving nivolumab than in patients receiving
pembrolizumab (7.7±6.6 months vs. 5.6±4.7 months). More
than half of the patients receiving initial treatment with anti-
PD-1 antibodies achieved disease control (stable disease
(SD) + partial response (PR)) (Table II). 

Results of subsequent treatment with anti-PD-L1 antibody
(atezolizumab). Regarding the subsequent treatment with
atezolizumab, the median number of cycles of atezolizumab
was 3 (range=2-7). Nine of 18 patients had tumor PD-L1
expression. Seven of 18 patients achieved SD. Eleven of 18
patients showed progressive disease and received no benefits
from atezolizumab. No patient achieved PR/CR. The PFS
was only 2.9±1.8 months, and the disease control rate was
38.9%. Nine of 18 patients received cytotoxic chemotherapy
between anti PD-1 antibodies and atezolizumab treatment.

The most frequently administered regimen was combination
docetaxel and ramucirumab (Table III).

Profiles of immune-related adverse events. The occurrences
of irAEs during both the initial anti-PD-1 antibody treatment
and subsequent atezolizumab are shown in Table IV. Skin
rash and fever were more frequently observed during
atezolizumab treatment than during treatment with anti-PD-1
antibodies. Diarrhea was observed only during treatment
with anti-PD-1 antibodies, and mental disorder was observed
only during treatment with atezolizumab. Two patients had
severe bacterial pneumonia during atezolizumab treatment.

Discussion

Previous clinical studies have not clarified whether
retreatment with anti-PD-1/PD-L1 antibodies provides
benefits. Several studies had only limited data regarding
retreatment with ICIs. Two studies in melanoma patients
suggested that response to the first anti-PD-1 antibody was
predictive of the efficacy of retreatment with a second anti-
PD-1 antibody (7, 8). Two retrospective studies in lung cancer
patients also showed the efficacy of retreatment. One study
showed that patients with very high (≥80%) tumor PD-L1
expression received benefits from retreatment (9). The other
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Table I. Demographics and clinicopathological characteristics of
patients (n=18).

Characteristic                                                                                n (%)

Age, years                                                                                  71.0±6.8*
Gender (female)                                                                          7 (38.9)
Smoking history                                                                         14 (77.8)
Body mass index, mg/m2                                                         21.3±3.3*
Histopathology                                                                                  
   Adenocarcinoma                                                                      8 (44.4)
   Squamous carcinoma                                                              6 (33.3)
   Adenosquamous carcinoma                                                     1 (5.6)
   NOS                                                                                         2 (11.1)
   Pleomorphic carcinoma                                                           1 (5.6)
Performance status (≥2)                                                             7 (38.9)
Driver mutations                                                                            0 (0)
PD-L1 expression                                                                              
   TPS ≥50%                                                                                9 (50.0)
   1%≤TPS<50%                                                                         3 (16.7)
   TPS <1%                                                                                  3 (16.7)
   NE                                                                                            3 (16.7)
Clinical stage                                                                                    
   3A, 3B                                                                                      9 (50.0)
   4                                                                                                9 (50.0)
Number of prior regimens before anti-PD-1 antibody**          1 (0-3)

*Data shown as mean±standard deviation. **Data shown as median
(range). NOS, Not otherwise specified; PD-L1, programmed death
ligand 1; TPS, tumor proportion score; NE, not evaluated; PD-1,
programmed death-1.



study reported that patients who responded well to initial ICI
treatment received benefits from ICI retreatment (10).
Moreover, the efficacy of retreatment with the same anti-PD-
L1 antibody has been evaluated in several tumor types and it
was found that a limited number of patients had good clinical
response (11). These studies all evaluated re-treatment with
an anti-PD-1/PD-L1 antibody after original treatment with an

anti-PD-1/PD-L1 antibody. There are no studies evaluating
anti-PD-L1 antibody after an anti-PD-1 antibody. 

In this study, we evaluated the efficacy and safety of anti-
PD-L1 (atezolizumab) retreatment after anti-PD-1
(nivolumab/pembrolizumab) treatment. Unfortunately, the
results indicated a poor response to atezolizumab after
treatment with anti-PD-1 antibodies. One possible
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Figure 1. Flow chart of the study population.

Table II. Data about patients that received initial treatment with anti-PD-1 antibodies (nivolumab/pembrolizumab).

                                                                               Nivolumab (n=8)                 Pembrolizumab (n=7)                       Nivolumab+pembrolizumab (n=3) 
                                                                                         n (%)                                        n (%)                                                             n (%)

Regimens before anti-PD-1 antibody*                        1.5 (1-3)                                  1.0 (2-12)                                                      1.0 (1-3)
Cycles of anti-PD-1 antibody*                                   9.5 (3-37)                                 10 (2-12)                                    NIV 7.5 (7-32), PEMB 6 (1-22)
PD-L1 expression                                                                                                                                                                                        
  TPS ≥50%                                                                      0 (0)                                       6 (85.7)                                                         3 (100)
  1%≤TPS<50%                                                             2 (25.0)                                    1 (14.3)                                                           0 (0)
  TPS <1%                                                                     3 (37.5)                                       0 (0)                                                              0 (0)
  NE**                                                                            3 (37.5)                                       0 (0)                                                              0 (0)
PFS, months                                                                   7.7±6.6                                     5.6±4.7                                        NIV 8.4±7.0, PEMB 5.0±5.0
Best response                                                                                                                                                                                               
  PR                                                                                4 (50.0)                                    3 (42.9)                                                           0 (0)
  SD                                                                                2 (25.0)                                    1 (14.3)                                       NIV 3 (100), PEMB 1 (33.3)
  PD                                                                                2 (25.0)                                    3 (42.9)                                                   PEMB 1 (33.3)
  NE                                                                                  0 (0)                                         0 (0)                                                     PEMB 1 (33.3)
Treatment prior anti-PD-1 antibody                                                                                                                                                           
Cytotoxic chemotherapy1                                                                                                                                                                           
  CBDCA+nabPTX/PTX±BV                                       2 (25.0)                                    2 (28.6)                                                         2 (66.7)
  CBDCA+PEM±BV                                                     4 (50.0)                                    2 (28.6)                                                         2 (66.7)
  DTX+RAM                                                                 3 (37.5)                                       0 (0)                                                           2 (66.7)
  Others                                                                          5 (62.5)                                       0 (0)                                                           2 (66.7)

*Data shown as median (range). **Data shown as mean±standard deviation. 1There were overlaps in the number of cycles of cytotoxic chemotherapy.
PD-1. Programmed death-1; PD-L1, programmed death ligand 1; TPS, tumor proportion score; NE, not evaluated; PFS, progression-free survival;
PR, partial response; SD, stable disease; PD, progressive disease; CBDCA, carboplatin; nabPTX, nanoparticle albumin-bound paclitaxel; PEM,
pemetrexed; BV, bevacizumab; DTX, docetaxel; RAM, ramucirumab; NIV, nivolumab; PEMB, pembrolizumab.



explanation for this outcome is that a large number of our
patients received atezolizumab as a third- or later-line
regimen, many patients had experienced multiple anti-cancer
treatments, including cytotoxic chemotherapy and
immunotherapy. Their physically exhausted status might
cause the depressed immune response that was observed
compared to those of previous clinical trials. Furthermore,
half of the patients in our study had a poor performance
status (≥2) at the time of treatment with atezolizumab, which
could also be related to the exhausted status.

Atezolizumab also has different mechanisms of action than
anti-PD-1 antibodies. Whereas anti-PD-1 antibodies block the
binding of PD-1 to both PD-L1 and PD-L2, anti-PD-L1
antibodies block the interaction of PD-1 and PD-L1 but do not
block the binding of PD-1 to PD-L2 (12). Furthermore, anti-
PD-L1 antibodies block the interaction of tumor cells and B7.1-
expressing cells, which suppress T-cell activation and cytokine
production (12). Based on these differences several hypotheses

could be suggested. Patients with high tumor PD-L2 expression
might have had a poor response. Induced expression of PD-L2
after blocking PD-L1 (following treatment with anti-PD-1
antibodies) might attenuate the efficacy of anti-PD-L1 antibody.
In preclinical experiments, although inhibiting PD-L2 alone was
suggested to have no anti-tumor effects, immune inhibitory
effects of PD-L2 were shown when the PD-1/PD-L1 interaction
was attenuated (13). Furthermore, a recent clinical study
showed that high PD-L2 expression was related to poor
prognosis (14). These data might partially explain our results.

Regarding the AEs in this study, skin rash and fever were
more frequently observed during treatment with atezolizumab,
but they were not severe. Severe infection was observed after
both initial anti-PD-1 and subsequent atezolizumab treatments.
Another recent study also indicated the development of
infectious diseases in patients treated with ICIs (15). Taken
together, our results suggest that particular attention should be
paid to these potential side-effects in patients receiving ICIs.

There were several limitations in our study. Our study was
retrospective, and the setting was a single institution, which
allowed us only a limited number of patients. The timing of
treatment as well as regimens were chosen by the attending
doctors and therefore not standardized between patients.
Statistical analysis could not be performed due to the small
sample size, thus the results of this study are preliminary.
Furthermore, we did not evaluate the expression of PD-L2
or B7.1. We, therefore, did not assess the relationship
between PD-L2 expression, B7.1 expression, and clinical
outcome. 

In conclusion, patients previously treated with anti PD-1
antibodies received only limited benefit from subsequent
administration of atezolizumab in this study. The results of
ongoing clinical trials evaluating retreatment with anti-PD-
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Table III. Data about patients with subsequent treatment with anti-PD-
L1 antibody (atezolizumab).

                                                                                Atezolizumab (n=18)
                                                                                             n (%)

Regimens before atezolizumab*                                       3 (1-6)
Cycles of atezolizumab*                                                    3 (2-7)
PD-L1 expression                                                                    
  TPS ≥50%                                                                       9 (50.0)
  1%≤TPS<50%                                                                 3 (16.7)
  TPS <1%                                                                         3 (16.7)
  NE**                                                                                3 (16.7)
PFS, month                                                                        2.9±1.8
Best response                                                                           
  PR                                                                                       0 (0)
  SD                                                                                    7 (38.9)
  PD                                                                                   11 (61.1)
  NE                                                                                      0 (0)
Disease control rate, %                                                        38.9
Number of patients receiving treatment 
between anti-PD-1 antibody and atezolizumab              9 (50.0)

Types of treatment between anti-PD-1 antibody 
and atezolizumab                                                                    

Cytotoxic chemotherapy1                                                        
  CBDCA+nabPTX/PTX±BV                                           2 (11.1)
  CBDCA+PEM±BV                                                          1 (5.6)
  DTX+RAM                                                                     3 (16.7)
  Others                                                                              5 (27.8)

*Data shown as median (range). **Data shown as mean±standard
deviation. 1There were overlaps in the number of cycles of cytotoxic
chemotherapy. PD-1, Programmed death-1; PD-L1, programmed death
ligand 1; TPS, tumor proportion score; NE, not evaluated; PFS,
progression-free survival; PR, partial response; SD, stable disease; PD,
progressive disease; CBDCA, carboplatin; nabPTX, nanoparticle
albumin-bound paclitaxel; PEM, pemetrexed; BV, bevacizumab; DTX,
docetaxel; RAM, ramucirumab.

Table IV. Profiles of immune-related adverse events.

                                                 Initial anti-PD-1               Subsequent
                                                       antibody                     atezolizumab

                                                   G1            ≥G2             G1              ≥G2

Rash                                            1                 2                 1                  6
Infection                                      0                 3                 0                  4
Elevation of liver enzyme          1                 0                 1                  0
Fatigue                                        1                 0                 2                  0
Interstitial pneumonia                1                 2                 0                  1
Diarrhea                                      1                 1                 0                  0
Fever                                           2                 0                 4                  1
mental disorder                           0                 0                 0                  2
Hypothyroidism                          0                 1                 0                  1

Data are shown as number of patients experienced each adverse event.
PD-1, Programmed death-1; G, grade according to the Common
Terminology Criteria for Adverse Events version 4.0.



L1 antibody after anti-PD-1 antibody treatment will provide
a clearer overall picture.
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