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Abstract 

Introduction: Immunotherapy is being used for the past five years either as first line or second line treatment 
with great results. Chemotherapy and radiotherapy have been also used as combination to immunotherapy to 
further enhance this type of treatment. Intratumoral treatment has been previously proposed as a treatment 
option for certain non-small cell lung cancer patients.  
Patients and Methods: We recruited in total seventy four patients with non-small cell lung cancer in their 
second line treatment who received only chemotherapy in their first line treatment with programmed 
death-ligand-1 ≤ 50. Only adenocarcinoma or squamous cell carcinoma, and all negative for epidermal growth 
factor receptor, anaplastic lymphoma kinase, proto-oncogene tyrosine-protein kinase-1 and proto-oncogene 
B-Raf. Data were first examined with descriptive statistics choosing frequencies for categorical variables and 
histograms for the continuous ones. Twenty five received only intravenous immunotherapy and forty-nine 
intravenous cisplatin with immunotherapy. Data were first examined with descriptive statistics choosing 
frequencies for categorical variables and histograms for the continuous ones.  
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Results: The relationships between changes of performance status and disease progression were examined via 
a single correspondence analysis. The two-dimensional scores (coordinates) derived from the correspondence 
analysis were then regressed against the predictors to form distinct splits and nodes obtaining quantitative 
results. The best fit is usually achieved by lowering exhaustively the AICc criterion and looking in parallel the 
change of R2 expecting improvements more than 5%. both types of therapy are capable of producing best 
ameliorative effects, when either the programmed death-ligand-1 expression or parenchymal site in joint with 
low pack years are present in the sampling data.  
Conclusions: Intratumoral treatment combination with cisplatin plus immunotherapy indifferent of nivolumab 
or pembrolizumab combination is an effective choice. In specific for those with endobronchial lesions. 
Moreover; patients with programmed death-ligand-1 ≥ 50 had their performance status and disease 
progression improved over the eight month observation. 

Key words: EBUS, non-small cell lung cancer, chemotherapy, immunotherapy, nivolumab, pembrolizumab, 
cisplatin. 

Introduction 
Non-small cell lung cancer (NSCLC) is 

diagnosed at a late due to early disease symptoms. 
Therefore lung cancer screening has been proposed 
for early disease diagnosis [1, 2]. We have several 
different techniques and diagnostic tools for lung 
cancer diagnosis such as; ct guided biopsies, 
ultrasound transthoracic biopsies, endobronchial 
ultrasound EBUS-convex transbrochial biopsy needle 
aspiration (EBUS-TBNA), radial EBUS [3-6]. New 
novel navigation systems are also being used [7, 8]. 
After the histology identification a molecular 
investigation is performed to the tissue sample in 
order to identify the proper treatment in advanced 
stage NSCLC patients. Regarding adenocarcinoma we 
investigate for epidermal growth factor receptor 
(EGFR), anaplastic lymphoma kinase (ALK), 
proto-oncogene tyrosine-protein kinase-1 (ROS), 
proto-oncogene B-Raf (BRAF) and programmed 
death-ligand 1 (PD-L1) [9-11]. Regarding squamus cell 
carcinoma we investigate the expression of 
programmed death-ligand 1 (PD-L1). In the case were 
EGFR, ALK, BRAF or ROS-1 is identified we provide 
tyrosine kinase inhibitors (TKIs) as treatment [12]. In 
the case of PD-L1 expression, based on the value ≥ or 
≤ we administer only immunotherapy or a 
combination of immunotherapy plus chemotherapy 
[12]. Regarding none other specified (NOS) we can 
still perform a molecular panel. Chemotherapy along 
with anti-angiogenic drugs or radiotherapy is also 
administered in the case where no gene expression is 
identified. Intratumoral treatment administration has 
been previously proposed and administered in 
advanced stage patients in order to shrink a large 
tumor that blocks an airway or where systemic 
therapy was not possible [13-19]. It has been 
previously investigated that the higher the expression 
of PD-L1 the more efficient is the immunotherapy 
[20]. Although there are patients with zero PD-L1 
expression where immunotherapy is still effective for 
them [20]. Moreover; it has been observed that 

radiotherapy and chemotherapy prior to 
immunotherapy enhances immunotherapy treatment 
results [20-23]. In our current study we investigated 
the effectiveness of cisplatin administration with 
nivolumab or pembrolizumab in endobronchial or 
parenchymal lung cancer masses. The concept was to 
apply intratumoraly immunotherapy with cisplatin in 
order to enhance the treatment effect along with 
intravenous treatment.  

Patients and Methods 
Patients 

We recruited seventy four non-small cell lung 
cancer (NSCLC) patients stage IV with either central 
endobronchial mass or lung parenchymal mass of ≥ 
4-8 cm in maximum diameter. All patients were 
diagnosed with adenocarcinoma or squamus cell 
carcinoma. All patients were negative for EGFR, ALK, 
ROS-1 and BRAF. PD-L1 was investigated in all 
patients with DAKO technique. All patients had 
performance status (PS) 0-2 and were separated in 
two groups: 1) intravenous administration of 
immunotherapy with nivolumab or pembrolizumab 
according to the instructions of the drug regulation 
approval, 2) intratumoral group received cisplatin 
with a 19G needle (Olympus®) the 1/3 of the normal 
intravenous dosage (range 158-250mg) and the 1/3 
the normal immunotherapy drug dosage (either 
nivolumab or pembrolizumab). The rest of their drug 
dosage of immunotherapy either nivolumab or 
pembrolizumab was administered itraveniously (i.v). 
The intratumoral administration was performed one 
time in every cycle (Figure 1). 

Methods 
A PENTAX EB-1970UK EBUS convex endoscope 

was used with a PENTAX videoprocessor EPK-1000 
and a HITACHI 7000EUB ultrasound power were 
used as equipment (Figure 2).  
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Figure 1. Schematic of the treatment structure. 

 
Figure 2. From left to right: PENTAX videoprocessor EPK-1000, middle; HITACHI EUB-7000EB, right; PENTAX EB-1970UK CONVEX ENDOSCOPE. 

 
The needle that we used to puncture the 

endobronchial or parenchymal mass was an 
Olympus® 19G (Figure 3).  

We used the tip of the convex probe to visualize 
the lesion and we punctured the mass and injected the 
two drugs. Firstly cisplatin was applied and then 
nivolumab or pembrolizumab in three different 
sections of the lesion. We administered the 
immunotherapy drugs after cisplatin in every 
puncture, by doing this we did less punctures and we 
induced higher local treatment efficiency with the 
combination (Figure 4).  

The cisplatin formulation was non-specific 
cytotoxic agent cisplatin/hospira 100mg/100ml, 
ONCO-TAIN™, HOSPIRA UK, LIMITED. The 
immunotherapy drugs were Opdivo® (nivolumab), 
Bristol-Myers Squibb, 10mg/l and Keytruda® 

(pembrolizumab), Merck (Figure 5).  

All patients received mild anesthesia and were 
under jet-ventilation. The duration of each 
intratumoral administration was between 20-35 
minutes (Figure 6).  

No adverse effects were observed other than 
those observed in a diagnosed biopsy such mild 
hemoptysis. All patients included had a diagnosis of 
adenocarcinoma or squamus cell carcinoma none 
were non-other specific (NOS) or large cell. Also, all 
had previously been treated with chemotherapy with 
different combinations such as; cisplatin/carboplatin, 
paclitaxel/docetaxel, gemcitabine or navelbine. None 
had anti-angiogenic administration. All patients 
included were in second line treatment and the PD-L1 
expression was ≤ 49. Their performance status (PS) 
was evaluated upon inclusion and re-evaluated every 
4 months according to the immunotherapy criteria. 
The disease progression was evaluated upon 
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inclusion and during re-staging with positron 
emission tomography according to the PERCIST 
criteria [24-26]. The observation of the patient was 
stopped when the second progression of the disease 
was recorded. 

Statistical Materials and methods 
Data were first examined with descriptive 

statistics choosing frequencies for categorical 
variables and histograms for the continuous ones. 
Performance status (PS) was recorded in increasing 
order of deterioration grade (0, 1, 2) [27] and the 
disease progress (PG) in increasing order of health 
improvement (1, 2, 3, 4) in accordance with the 
outcomes1 progression disease (PD), 2 stable disease 
(SD), 3 partial response (PR) and 4 complete response 
(CR). Patients were monitored 0, 4 and 8 months for 
PS and 4 and 8 months for PG. To simplify the 
monitoring for the sequential months a three-digit 
concatenation was formed for PS, e.g. 001 denotes 
change PS only in month 8 and 210 denotes gradual 
improvement till month 8, and a two-digit 
concatenation for PG, e.g. 23 denotes an outcome 
change PG from SD to PR.  

 

 
Figure 3. Olympus® 19G needle. 

As the main interest of the study is to describe 
outcomes from symptoms, first a single 
correspondence analysis was conducted including 
only the table of the cross-tabulated change PS with 
change PG, aiming to find clusters of points 
(categories) with particular attributes [28]. The first 
two ``dimensions`` derived from the correspondence 
analysis were further analysed as responses against 
all the variables under study employing the 
regression classification trees [29]. This technique fits 
the mean response values that are produced by 
portioning the variables (predictors) into particular 
splits and nodes maximizing each time the difference 
in the mean responses between the nodes of the splits. 
Continuous predictors are split by cutting values and 
categorical predictors are simply divided in two 
groups of levels. High determined R2 values and low 
AICc (Akaike Information Criterion) values promise 
for an adequate model, enhanced also by a 
cross-validation using part of data and the logworth 
criterion of splitting which should be greater than 1.3 
(or equivalently less than 0.05).  

Results 
In the sample of patients concerning categorical 

parameters (Table 1), higher contributions are met for 
squamus (62.2%), parenchymal area (71.6%) and 
approximately equal for tumor sizes (4-6 cm and ≥6 
cm). The intratumoral injection was administered in a 
ratio of 2:1 against the intravenious (50:24, 67.6:32.4%) 
and the therapy treatment included simply 
immunotherapy (nivolumab and pembrolizumab) 
plus cisplatin as a combined treatment.  

For the continuous parameters (Figure 7), 
patients aged mostly 55 to 75 y.o. and comprised the 
74% of sample with a mean value of 60 y.o. and the 
bulk of metastatic sites ranged between 1 to 4 (51%). 
The majority of PDL-1 expression was found above 
the 25% level (79.7%), non-smokers were numbered 
15, smokers below 50 PY regard 12 patients, smokers 
between 50 and 100 PY regard 31 smokers and 12 
found with more than 100 PY. One should keep in 
mind in order to comprehend the statistical analysis 
without being a statistician that the values for the 
performance status are explained as follows 0 good 
biological condition, 1 mild biological condition, 2 
very bad biological condition. 

Performance status and disease progression 
were cross-tabulated incorporating also the periodical 
changes (Table 2).  
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Figure 4. HITACHI EUB-7000EB images from different patients during administration. 

 
Figure 5. From left to right: non-specific cytotoxic agent cisplatin/hospira 100mg/100ml, ONCO-TAIN™, HOSPIRA UK, LIMITED. The immunotherapy drugs were Opdivo® 
(nivolumab), Bristol-Myers Squibb, 10mg/l and Keytruda® (pembrolizumab), Merck. 

 
Figure 6. Patient during the administration procedure under jet-ventilation 
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Figure 7. Size frequency distribution of the four continuous parameters accompanied with box plot and summary statistics. 

Table 1. Numerical and percentage frequency distribution of categorical parameters 

 Sex Size Therapy ADMIN Histology Site 
  0 1 0 1 combo immuno 0 1 1 2 0 1 
N 34 40 35 39 50 24 24 50 28 46 21 53 
Row % 45,95% 54,05% 47,30% 52,70% 67,57% 32,43% 32,43% 67,57% 37,84% 62,16% 28,38% 71,62% 

 

Table 2. Cross tabulated frequencies between change performance status (PS) and change disease progression (PG). 

 Change PG 
Change PS 11 22 23 32 33 34 44 All 
000 0 0 10 4 0 2 0 16 
001 0 0 6 0 0 0 0 6 
100 0 0 0 4 0 2 2 8 
110 0 0 0 2 4 2 0 8 
111 0 2 8 1 0 3 0 14 
112 0 0 0 1 0 0 0 1 
210 0 0 0 0 0 8 0 8 
221 2 0 0 2 0 0 0 4 
222 7 2 0 0 0 0 0 9 
All 9 4 24 14 4 17 2 74 

 
 
Sixteen patients had a stable good performance 

status (000), consisting mainly from change SD to PR 
(10 patients) and surprisingly from the inverse 
condition (4 patients). The improvement of patient’s 
condition results from the changes PS 100 and 110 
(worse biological condition from 1 to 0) including 10 
patients and reflecting changes PG from 33 to 44 
(partial response to complete response see above). A 
steady mild performance (111 performance status 
stable to biological condition 1) was noted in change 
PG 23 (8 patients from stable disease to partial 
response) totalling across the row 14 patients. The 
most striking drastic effect of improvement occurs 
exclusively in the combined cell of PS 210 (biological 
condiation from 2 (worse) to 0 (very good) and PG 34 
(8 patients partial response to complete response). 
Bad performance (2) status in joint with bad outcome 
happens in the low left corner of the table in which 
changes PS 221 and 222 keep up with changes PG 11 

(progression disease) and 22 (13 patients stable 
disease). The most highlights of that table reveal a 
successive deterioration by time for the performance 
status of 001 and 112, summing up 7 patients and a 
successive amelioration by time for PS 100, 110, 210 
and 221 totalling 28 patients. Of those, 24 patients 
reach finally the performance 0 and 4 pass in the 
intermediate stage (221).  

The relationships between changes PS and PG 
were examined via a single correspondence analysis 
whose results are shown in Figure 8.  

The Grenacre adjusted inertia highlighted 60.2% 
of the total variation including the first two 
dimensions (an analogue to major principal 
components), whose corresponding plot of joint 
points shows the following: in the right half part, the 
complete bad performance (221and 222) and bad 
disease progression (11 and 22) is located uniquely 
around the dimension 1, so describing it very 
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effectively since both PS and PG changes contribute 
73.4% (26.7% each) of the first inertia. In the left half 
part, an increasing order of best outcome changes PG 
is arrayed from bottom to top, that is from 23 to 34, 44 
and 33. High contributions to inertia 2 are performed 
by changes PG 23 and 33 (24.2% and 17.0%), that is the 
extreme points of dimension 2 and by change PS 110 
(20.1%) which is poisoned close to change PG 33. In 
other words, values of direction1 greater than 1 signal 
for bad patients’ condition and values for direction 2 
either lower than -0.5 or greater than 1 signify for 
health amelioration of the disease progression. 

The two-dimensional scores (in standard 
deviations) derived from the correspondence analysis 
were then regressed against the predictors to form 
distinct splits and nodes obtaining quantitative 
results. The best fit is usually achieved by lowering 
exhaustively the AICc criterion and looking in parallel 
the change of R2 expecting improvements more than 
5%.  

Dimension 1 is best described by a 60% R2 and 
AICc criterion equal to 148.9 (Figure 9) and includes 
the following: the initial division splits the metastatic 
sites below and above 5, then at meta <5 (more than 1 
metastatic site) splits the tumor sizes and finally the 
type of therapy at the smaller tumor size (4-6cm). The 
contributions of the above predictors in the whole 
regression tree reach 81.3% for the metastatic sites, 
12.5% for therapy type and 6.2% for tumor size. The 
cross validation or 5 parts of data produces a 55.8% R2 
close to the 60% of the analysis so suggesting a good 
partition of predictors.  

In summary, the combined effects of predictors 
in the leaf report, show a high and positive mean 
value of dimension 1 scores (1.72), indicative for 
patients with metastatic sites more than 5 (more than 
1 metastatic site) and corresponding to the bad 
changes PS and PG. Patients with metastatic sites less 
than 5, smaller tumor size (4-6cm) and treated with 
immunotherapy manifest a lower bad condition 
(mean score 0.64). On the other hand, the negative 
dimension scores propose patients with good 
performance and outcome (see also the 
correspondence plot) and that is achieved at lower 
metastatic sites (<5), tumor size of 4-6cm and therapy 
with the combined treatment (mean score -0.31) and 
even better with low metastatic sites and tumor size 
>6cm (mean score -0.44). 

Dimension 2 is best described by a 43.6% R2 and 
174.6 AICc criterion, with the formation of 5 splits 
(Figure 9).  

The first division starts with therapy split, then 
continues with the PD-L1 split and sites of infection at 
opposite nodes and terminates with tumor size and 
packs per year (PY) again at opposite nodes. The 

cross-validation with 10 parts of data approaches a 
30.4% R2 as compared to 43,6% revealing a relatively 
reliable classification. The % contribution of the five 
predictors is shown is decreasing order of magnitude: 
PD-L1, PY, therapy treatment, site and size, 
descending from 28.6% to 12.3%. 

 

 
Figure 8. Output from a two dimensional single correspondence analysis with 
changes PS and PG including the correspondence plot, the adjusted inertia and the 
individual contribution of the parameter categories. The size of red points reflects the 
frequency distribution of change PG from Table 2. 
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Figure 9. Decision trees for the corresponding dimension 1 according to regressive 
classification of predictors. 

 
Consulting the leaf report and the left part of 

divisions, it appears that immunotherapy in 
connection with PD-L1 ≥25% and tumor size ≥ 6cm is 
clearly described in the correspondence plot by the 
change PG 23 and a sequential trend PS 001 (mean 
score -1.06). When the small tumor size is present 
instead, the effect becomes negligible (mean score 
-0.19). Best outcome PG and performance status PS 
distinctly appears when immunotherapy is connected 
with PD-L1 ≤25% (mean score 0.74, changes PG 34 
and 44, performance PS 210 and 100). At the right part 
of divisions, the combined therapy together with 
parenchymal sites and PY ≤30 manifest an area in the 
correspondence plot similar to that explained in the 
left part of divisions (mean score 0.76). Thus, two 
alternative combinations of predictors lead to an 
equal effect. A roughly similar approach is evident 

when the combined treatment is affiliated with 
endobronchial sites (mean score 0.63). 

In conclusion, for dimension 2 both types of 
therapy are capable of producing best ameliorative 
effects, when either the PD-L1 expression or 
parenchymal site in joint with low PY are present in 
the sampling data. For dimension 1, the prognosis for 
patients with more than 5 metastatic sites is 
discouraging although treating with immunotherapy 
those with smaller tumors could drive to less 
compounding effects.  

Discussion 
Non-small cell lung cancer patients are usually 

diagnosed at a late stage and systemic drugs are 
usually administered. According to the genome of the 
patients we have chemotherapy treatment, tyrosine 
kinase inhibitors and immunotherapy. Intratumoral 
chemotherapy and combination of this treatment 
modality have been investigated in the past twenty 
years both in animal models and patients [13, 15, 16, 
30-33]. There are several issues to address before 
starting such a study. Firstly we chose the study 
population in order to have the same genome of lung 
cancer we chose only adenocarcinoma or squamous 
cell carcinoma as this choice plays a major role in the 
response. We included only patients with PD-L1 
expression ≤ 50 in order to evaluate the effect of the 
combination therapy with cisplatin. As it has been 
previously observed the addition of chemotherapy 
locally increases the distraction of the tumor and the 
increased antigens produced locally enhance the 
effect of immunotherapy [34]. The same has been 
observed with radiotherapy [35-37]. With local 
intratumoral therapy less adverse effects have been 
observed [38, 39]. Moreover; the issue method of 
administration, should be easy for the patient and 
without complication. EBUS-TBNA is a safe method 
under mild anesthesia and with small needles that do 
not cause any serious adverse effects [4, 5, 40, 41]. We 
had to carefully choose which patients would benefit 
from this treatment modality and these patients 
would be two groups with endobronchial lesions and 
large parenchymal masses. Indeed this was confirmed 
in our study. In specific patients with PD-L1 
expression ≥50 and endobronchial lesion of ≥4cm had 
their performance status improved along with their 
disease status over the 8 months of observation. 
Furthermore; patients with PD-L1 expression ≥50 and 
parenchymal lesions ≤8cm had also their performance 
status improved along with their disease. We had 
included also patients with 0 PD-L1 expression which 
benefited from the combination intratumoral 
treatment with their performance status improved 
along with their disease indifferent of an 
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endobronchial or parenchymal lesion. This is known 
from the first studies of immunotherapy and it is 
explained with unknown mechanisms of 
immunoitherapy [42]. Patients with multiple 
metastatic site and increased tumor burden did not 
benefit from the combo intratumoral as these patients 
need systemic drug release. The intratumoral 
combination therapy is an efficient method of 
administration, and it could be a chose for specific 
patients such as those with obstructive endobronchial 
disease. 
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