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Abstract
Background: Immunotherapy with immune checkpoint inhibitor is one of the standard therapies for advanced non-small-cell lung cancer (NSCLC). However, the 
proportion of patients who benefit from this treatment is limited. We evaluated the utility of changes in the percentage of peripheral lymphocytes as a predictor of 
tumor response. 

Patients and methods: We conducted a retrospective study of a single center. We included consecutive patients with advanced NSCLC treated with nivolumab or 
pembrolizumab from January 2016 to March 2018 at Funabashi Municipal Medical Center. Changes in the percentage of lymphocytes in peripheral blood 6 weeks 
after treatment with immune checkpoints inhibitor from baseline values were compared between patients with tumor shrinkage and all other patients. 

Results: Fifty-three patients were evaluable. The percentage of lymphocytes in tumor-shrinking patients increased from 18% at baseline to 27% (p<0.001). On the 
other hand, percentages in patients without tumor shrinkage were 21% and 20%, respectively (p=0.472).

Conclusions: An increase in the percentage of lymphocytes in peripheral blood at 6 weeks might offer a biomarker for predicting the clinical benefit of NSCLC 
patients undergoing immune checkpoint inhibitor therapy.
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Introduction
Immunotherapy with immune checkpoint inhibitors such as 

nivolumab and pembrolizumab is considered to be one of the standard 
treatments for advanced non-small-cell lung cancer (NSCLC) [1-3]. 
However, the proportion of patients who benefit from this treatment is 
limited. For those who fail this treatment, another anticancer therapy 
is needed as soon as possible to avoid further systemic deterioration by 
the tumor. In this study, the increase in the percentage of peripheral 
lymphocytes from baseline to 6 weeks after immune checkpoint 
inhibitor treatment was evaluated to clarify the utility of this marker in 
predicting tumor reduction. 

Material and methods
The medical records of patients with advanced NSCLC treated with 

nivolumab or pembrolizumab at Funabashi Municipal Medical Center 
between January 2016 and March 2018 were retrospectively reviewed. 
Nivolumab was administered at a dose of 3 mg/kg once every 2 weeks, 
and pembrolizumab was administered at a dose of 200 mg/body once 
every 3 weeks. Collected data included the following: age, sex, smoking 
history, Eastern Cooperative Oncology Group Performance Status 
(ECOG PS) at the time of initiating treatment, histology, clinical stage 
based on the seventh edition of the TNM classification of Malignant 
Tumors by the International Union Against Cancer and the American 
Joint Committee on Cancer, white blood cell count (WBC), percentages 
of neutrophils and lymphocytes just before administration and after 

about 6 weeks of the administration of immune checkpoint inhibitors. 
Response to treatment was assessed by the treating physician. Patients 
were included in the tumor shrinkage group if contrast-enhanced 
computer tomography showed a decrease in tumor volume after 
administration of the immune checkpoint inhibitor. Changes in the 
percentage of lymphocytes in peripheral blood 6 weeks after treatment 
with the immune checkpoint inhibitor from baseline value were 
compared between patients with tumor shrinkage and other patients. 
Characteristics of patients were compared using the chi-square test 
or Fisher’s exact test. For comparisons of the WBC and percentages 
of neutrophils and lymphocytes before and 6 weeks after treatment, 
the paired t test was performed. The Mann-Whitney test was used for 
comparisons between the tumor shrinkage and non-shrinkage groups. 
Values of P<0.05 were considered statistically significant in all analyses. 
All statistical analyses were carried out using PASW® Statistics version 
18.
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lymphocytes have a very low possibility of tumor shrinkage. We propose 
that the increase in the percentage of lymphocytes in peripheral blood 
might provide a useful biomarker for predicting clinical benefit in 
NSCLC patients undergoing immune checkpoint inhibitor therapy.

During viral infection, virus-specific CD8 T cells are activated 
and clonal proliferation is induced. Up to 70% of responding CD8 T 
cells during primary or secondary infection can be virus-specific. Re-
administration of the same virus triggers a rapid expansion of memory 
T cells [4].

As with viral infection, the in vivo proliferation rate of CD8 T cells 
transferred after proper stimulation is very fast, calculated as 5.3 h/
cell division in mice with B16 melanoma [5]. Patients with metastatic 
melanoma who responded during anti-PD-1 therapy also been 
reported to show proliferation of CD8 T cells at the invasive margins. 
In addition, an increase in the number of CD8 T cells was associated 
with response to therapy. Therefore, clonal proliferation of T cells in 
tumor tissue is also believed to predict the clinical benefit of immune 
checkpoint therapy [6-8]. However, repeated biopsy especially in lung 
cancer patients is not always easy and is sometimes very painful for the 
patients. Taking these facts into consideration, tumor antigen-specific 
CD8 T-cell clones in peripheral blood could correlate with anti-tumor 
responses induced by therapy with immune checkpoint inhibitors. 
In addition, the standard CD8 T-cell subset consists of 13-40% of 
total lymphocytes, and clonal expansion of CD8 T cells would affect 
the total proportion of lymphocytes. Determining the percentage of 
lymphocytes in the WBC is very easy and inexpensive. We therefore 
selected this value as a potential alternative for predicting the efficacy of 
immune checkpoint inhibitors.  

Some reports have described the utility of neutrophil-to-lymphocyte 
ratio (NLR) as a predictor in NSCLC [9]. NLR was also calculated in our 
tumor-shrinking patients, but the percentage of lymphocytes provided 
a more accurate marker (data not shown). 

Our study has a few limitations that warrant consideration. First, this 
study was a small, retrospective study performed at a single institution, 
with selective bias. Patients who died or changed treatment within 6 
weeks were not included in this study. The results are therefore not 
applicable to patients who are unable to continue immune checkpoint 
inhibitor therapy for at least 6 weeks. Secondly, the proportion of 
lymphocytes was likely to be affected by preceding treatments that 
decreased the number of neutrophils, such as chemotherapy using 
cytotoxic anticancer drugs or radiotherapy. 

Results
Fourteen patients were excluded due to poor data collection or 

early disease progression. Eventually, 60 patients were included. Tumor 
shrinkage was obtained in 24 patients. Antitumor effects could not be 
evaluated in 7 patients. Baseline characteristics of patients are shown 
in Table 1. 

Mean baseline WBC, percentage of neutrophils and percentage 
of lymphocytes were 6800/μL, 70% and 19%, respectively. At 6 weeks 
after the start of treatment, these values were 7200/μL, 64% and 24%, 
respectively. An increase in the percentage of lymphocytes and a 
decrease in the percentage of neutrophils were demonstrated (data not 
shown). 

In the tumor shrinkage group, an increase in the percentage of 
lymphocytes after 6 weeks of treatment was demonstrated in all patients, 
with a mean value of 27% compared to the baseline of 18% (p<0.001) 
(Figure 1). On the other hand, in patients without any tumor shrinkage, 
percentages at baseline and 6 weeks were 21% and 20%, respectively 
(p=0.472). A decrease in the percentage of neutrophils from 71% at 
baseline to 60% at 6 weeks (p=0.006) was seen in patients with tumor 
shrinkage and an increase of WBC from 6700/μL to 7700/μL in patients 
without tumor shrinkage (p<0.001) were also demonstrated.  

Discussion
PD-L1 immunohistochemistry is considered as one of the most 

reliable predictors for immune therapy. However, not all patients 
showing positive results from PD-L1 staining do not necessarily 
respond to immune therapy. For such patients, another antitumor 
treatment with cytotoxic anticancer drugs is needed as soon as possible. 
Our study showed a marked increase in the percentage of lymphocytes 
after 6 weeks in patients with sensitivity to immune checkpoint inhibitor 
therapy. In other words, patients with no increase in the percentage of 

Characteristics
Patients without 
tumor regression 

(n=24)

Patients without 
tumor regression 

(n=29)
P value

Age, years
Median (Range) 70.5 (59-82) 70 (47-84)  
Sex, n (%) 0.751
Male 18 (75%) 23(79.3%)  
Female 6 (25%) 6 (20.7%)  
ECOG performance status score, n (%) 0.775
0 11 (45.8%) 11 (37.9%)  
1 12 (50%) 16 (55.2%)  
2 1 (4.2%) 2 (6.9%)  
Smoking status, n (%) 0.715
Current or former smoker 21 (87.5%) 24 (82.8%)  
Never smoked 3 (12.5%) 5 (17.2%)  
Tumor histologic type, n (%) 0.634
Squamous 8 (33.3%) 12 (41.4%)  
Non-squamous 16 (67.7%) 17 (58.6%)  
Number of prior therapies, n (%) 0.138
0 7 (29.2%) 3 (10.3%)  
1 8 (33.3%) 19 (65.5%)  
2 9 (37.5%) 7 (24.2%)  
Immune checkpoint inhibitor 0.358
Nivolumab 16 (66.7%) 23 (79.3%)  
Pembrolizumab 8 (33.3%) 6 (20.7%)  

Table 1. Patient characteristics

Figure 1. Change in lymphocyte proportion over 6 weeks in each patient. An increase 
in lymphocyte proportion was demonstrated in all patients with tumor shrinkage (BL: 
Baseline; 6W: 6 weeks after administrating the immune checkpoint inhibitor)
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In conclusion, the change in the percentage of lymphocytes in 
peripheral blood after 6 weeks of immune checkpoint inhibitor therapy 
might offer a biomarker to predict clinical benefit in NSCLC patients.
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