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Purpose: Pseudo-progression (PsPD) is a rare phenomenon observed in <5% of cases of
non-small cell lung cancer (NSCLC). This event is challenging for both clinicians and
patients. Viable biomarkers to distinguish between PsPD and true progressive disease
(TPD) are lacking. The aim of our study was to determine the correlation between PsPD
and the neutrophil-to-lymphocyte ratio (NLR) in patients with NSCLC treated with immune
checkpoint inhibitors (ICIs).

Patients and methods: We retrospectively reviewed the clinical records of NSCLC patients
treated with ICI monotherapy from December 2015 to October 2018 at Kobe University Hospital,
Japan. Twenty-five patients were determined to have either PsPD (n =4) or TPD (n =21). We
focused on longitudinal radiological images and NLRs.

Results: Here, we report four patients with PsPD. The pre- and post-treatment NLRs were
significantly lower in patients with PsPD than in patients with TPD (p = 0.019 and p = 0.007,
respectively). The receiver operating characteristic curve according to the pre- and post-treatment
NLR showed areas under the curve of 0.82 and 0.94, respectively. The optimal cut-off values for
pre- and post-treatment NLR were 4.1 and 3.2, respectively. The pre- and post-treatment NLRs
were useful in distinguishing between PsPD and TPD. Both a pre-treatment NLR <4.1 and a post-
treatment NLR <3.2 were significantly associated with longer overall survival compared to a pre-
treatment NLR >4.1 (p < 0.001) and post-treatment NLR >3.2 (p = 0.004), respectively.
Conclusion: The NLR could be a viable clue for distinguishing between PsPD and TPD.
Patients with a high post-treatment NLR in this study all had TPD, suggesting that these
subjects should be considered for an early transition to the next drug treatment regimen.
Keywords: pseudo-progression, biomarker, neutrophil-to-lymphocyte ratio, immune
checkpoint inhibitor, non-small cell lung cancer

Introduction

Pseudo-progression (PsPD) is when tumour size transiently increases and then shrinks,
a phenomenon that has been reported in patients treated with immune checkpoint
inhibitors (ICIs). It was first described in patients with malignant melanoma treated
with ipilimumab' and subsequently reported in patients with non-small cell lung
cancer (NSCLC) treated with nivolumab.>” The frequency was reported as 3% of
all cases and 5% of progressive disease cases in a multicentre retrospective study of
542 treated NSCLC patients.* While PsPD is a rare phenomenon, it is difficult to
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distinguish between PsPD and true progressive disease
(TPD), underscoring the need to identify a viable biomarker.
Physiological inflammation is one of the immune
defences against infection and tissue damage. Acute inflam-
mation abates as infection and tissue damage recover,
whereas chronic inflammation is associated with many ser-
ious conditions including cancer and autoimmune diseases.’
The microenvironment created by chronic inflammation
promotes tumour development.® The tumour microenviron-
ment is mainly composed of various stromal cells such as
cancer cells, immune cells, tumour blood vessels, extracel-
lular matrix, and cancer-related fibroblasts, and its properties
are defined by cytokines, chemokines, growth factors, and
angiogenic factors produced from these cells.” However, the
detailed mechanism of how the microenvironment contri-
butes to tumour development has not yet been elucidated.
Since it is not realistic to repeatedly evaluate changes
in the tumour microenvironment, haematological para-
meters have attracted attention as surrogate markers.
Many clinical studies have examined the correlation
blood-based
prognosis.® The neutrophil-to-lymphocyte ratio (NLR)

between inflammatory markers and
reflects systemic inflammation and is widely accepted
as a prognostic marker that can be easily calculated for
a variety of solid tumours.” The usefulness of the NLR at
various time points after treatment as well as before
treatment'® has been reported for immunotherapy of
NSCLC.""'* Recently, baseline-derived NLR (dNLR)
and lactate dehydrogenase (LDH) were reported to be
useful for determining prognosis and predicting thera-
peutic effects.'® We hypothesized that the longitudinal
behaviour of haematological parameters such as NLR,
dNLR, and LDH during treatment might help distinguish
PsPD from TPD.

The aim of this study was to assess the correlation between
PsPD and the longitudinal behaviour of routine haematologi-
cal parameters in patients with NSCLC treated with IClIs.

Materials and Methods

Patients

This retrospective monocentric study included 78 patients
with NSCLC who were treated with ICI monotherapy
2015 to October 2018 at Kobe
University Hospital. This retrospective analysis was

from December

approved by the Institutional Review Board of Kobe
University Hospital (#180169), and all patients signed
a comprehensive written informed consent form. The

data collected from the patients’ medical records included

the following: sex, age, smoking history, Eastern
Cooperative Oncology Group Performance Status (ECOG
PS) at treatment initiation, histology, the tumour propor-
tion score (TPS) of PD-L1, the targetable driver mutation
status with respect to epidermal growth factor receptor
(EGFR), anaplastic lymphoma kinase (ALK) value, proto-
oncogene tyrosine-protein kinase ROS1 (ROS1) value,
prior therapeutics lines (first, second, third, or more), lac-
tate dehydrogenase (LDH) level, and complete blood
count (CBC) data. All data were fully anonymized prior

to the analysis.

Laboratory Analyses

We longitudinally recorded laboratory data obtained at
each visit during therapy. The NLR was defined as the
absolute neutrophil count divided by the absolute lympho-
cyte count. The dNLR defined as the absolute neutrophil
count/(white blood cell count — neutrophil count). The pre-
treatment NLR and dNLR were determined using the CBC
measured within 1 week prior to the first treatment cycle.
The post-treatment NLR and dNLR were determined using
the CBC measured at the initial treatment evaluation.

Response Assessment

Treatment efficacy was assessed by the treating physician
and another physician and was classified according to the
Response Evaluation Criteria in Solid Tumours (RECIST)
version 1.1. The radiological evaluation of treatment effi-
cacy by computed tomography (CT) scan was performed
before treatment and on a schedule determined by each
treating physician during treatment.

PsPD was defined as a partial response (PR) following
RECIST-defined progressive disease during ICI treatment.
The definition of PR in PsPD was assessed according to
the changes observed from the time of PD, not from

treatment initiation.*!”

Statistical Analysis

All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan,
version 1.40), which is a graphical user interface for
R software (The R Foundation for Statistical Computing,
Vienna, Austria, version 3.5.2).'"® More precisely, it is
amodified version of R Commander (version 2.5-1) designed
to add statistical functions frequently used in biostatistics.
Receiver operating characteristic (ROC) curve analyses were
performed to determine the most appropriate cut-off values
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for haematological parameters that could identify patients  Table I Patient Characteristics
with PsPD. The sensitivity and specificity values were com- PsPD TPD (n =21) | p-Value
puted to determine the cut-off points that would maximize (n=4)
the sums of the numbers of true positive and true negative Sex
predictions. Categorical variables were analysed using
L, . . Male 4 17 [
Fisher’s exact tests, and continuous variables were analysed Fornal 0 .
emale
using Mann—Whitney U-tests for non-parametric distribu-
tions. Overall survival (OS) was estimated using the | /&® Years
Kaplan—Meier method and compared using the log-rank Median (range) 74 (69-75) | 69 (41-78) 0.22
test. OS was defined as the time from the date of the initiation P
erformance status
of ICI treatment to the date of death due to any cause.
. . .. (] 4 18 |
Differences were considered significant at p < 0.05. - 0 3
ReSUItS Histology
Patient Characteristics Adenocarcinoma ' 7 0036
. C . S l i 3 2
Of the 78 patients, 25 had PD at the initial treatment evalua- ;tfen:ous cef carcinoma 0 5
tion and had laboratory data and radiographic records col-
lected during ICI treatment. These 25 patients could be | meur s@ee
divided into 2 groups that comprised 4 patients with PsPD Stage Ill 0 4 I
and 21 patients with TPD (Figure 1). The characteristics of Stage IV 3 14
these patient groups are summarized in Table 1. Recurrent ! ;
Prior lines of therapy
Comparison of PsPD and TPD First | 4 0.80
The median time of initial treatment evaluation was 33 Second 2
days (range, 11-56 days; interquartile range, 20—41 days). Third or more : 10
We investigated haematological parameters such as Targetable driver mutations
NLR, dNLR, and LDH to identify surrogate markers that EGRR 0 5 |
distinguish between PsPD and TPD in patients receiving ALK 0 0 |
ICI monotherapy. No significant differences were observed ROSI 0 0 I
Immune checkpoint inhibitor treatment drug
NSCLC patients treated with ICI monotherapy Nivolumab 2 13 0.48
(N=178) Pembrolizumab | 7
Atezolizumab | |
A\ 4
PD at the initial treatment evaluation Use of steroids
(N =28) Yes 0 | |
No 4 20
Exclusion of 3 patients Programmed death ligand-1 tumour proportion score
- - 2 without laboratory analyses
- 1 without radiological evaluation 250% ' 5 0.67
1-49% 0 5
\ 4 <1% 2 4
PD at the initial treatment evaluation Unknown ! 7
(N =25) Abbreviations: ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor
¢ ¢ receptor; PsPD, pseudo-progression; ROSI, proto-oncogene tyrosine-protein
kinase; TPD, true progressive disease.
Pseudo-progression True PD
(N=4) (N = 21)

Figure | Flow diagram of the study selection process.

between treatment-naive patients and chemotherapy-
resistant patients in NLR (median 3.1 [range, 2.4-92.0]
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and 4.15 [1.6-14.0], p = 0.658), dANLR (median 2.3 [range,
1.5-11.5] and 2.6 [0.9-6.6], p = 0.946), and LDH (median
224 U/L [range, 208-428] and 273.5 U/L [153-593],
p = 0.563).

ROC curve analyses were performed to determine the most
appropriate cut-off values for the pre- and post-treatment NLR,
dNLR, and LDH that could identify patients with PsPD
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(Figure 2, Supplementary Figure 1). Because NLR showed
a larger area under the curve (AUC) than dNLR both pre- and
post-treatment, additional analyses were mainly performed
using NLR and LDH.

The optimal cut-off values for pre-treatment NLR, post-
treatment NLR, pre-treatment LDH, and post-treatment LDH
were 4.1, 3.2, 202, and 288, respectively (Figure 2). The
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Figure 2 Receiver operating characteristic (ROC) curve analyses by neutrophil-to-lymphocyte ratio (NLR) and lactate dehydrogenase (LDH). (A) Pre- and (B) post-
treatment NLR, (C) pre- and (D) post-treatment LDH. The analyses were performed to determine the most appropriate NLR and LDH cut-off values to identify patients

with pseudo-progression. The sensitivity and specificity values were computed to determine the cut-off points that would maximize the sum of the number of true positive
and true negative predictions.
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corresponding AUC values for were 0.82 (95% confidence
interval [CI]: 0.63-1.0), with a sensitivity of 66.7% and
a specificity of 100%, indicating moderate accuracy
(Figure 2A); 0.94 (95% CI: 0.84-1.0), with a sensitivity of
90.5% and a specificity of 100%, indicating high accuracy
(Figure 2B); 0.79 (95% CI: 0.52-1.0), with a sensitivity of
100% and a specificity of 50.0%, indicating moderate accuracy
(Figure 2C); and 0.80 (95% CI: 0.60—1.0), with a sensitivity of
61.9% and a specificity of 100%, indicating high accuracy
(Figure 2D).

Both median pre- and post-treatment NLRs were sig-
nificantly lower in patients with PsPD compared to those
with TPD (Table 2, p = 0.049 and p = 0.008, respectively).
On the other hand, there was no significant difference in
the pre- and post-treatment LDH (Table 2, p = 0.075 and
p = 0.068, respectively). A scatter plot of the NLRs for all
individual patients in this study is shown in Figure 3.

First, we attempted to examine the relationship between
PsPD and NLR. We divided the patients with PsPD and
TPD into 2 groups according to the pre- and post-treatment
NLR (Table 3). Fisher’s exact tests showed that the differ-
ence between patients with PsPD and TPD was highly
significant (p = 0.026 and p = 0.002, respectively). The
median OS values in patients with a pre-treatment NLR
<4.1 and >4.1 were 14.0 (95% CI: 8.4-not reached) and
2.3 (1.3-8.1) months, respectively (Figure 4A, p < 0.001).
The median OS in patients with a post-treatment NLR <3.2
was not reached (95% CI: 8.4-not reached), compared to
(1.4-10.8) months in patients with a post-treatment NLR
>3.2 (Figure 4B, p = 0.004). These results suggest that both
a pre-treatment NLR <4.1 and a post-treatment NLR <3.2
were associated with a good prognosis, as reported in the
previous studies.'' ™ Importantly, these cut-offs were use-
ful for distinguishing between PsPD and TPD.

Table 2 Associations Between PsPD and Haematological

Parameters
PsPD TPD p-Value
(n=4) (n=21)
Median pre-treatment 3.05 (2.4-4.0) | 42 (1.6-92.0) | 0.049
NLR (range)
Median post-treatment 2.75 (1.8-2.9) | 85 (2.1-96.0) | 0.008
NLR (range)
Median pre-treatment 191.5 U/L 271 UL 0.075
LDH (range) (153-280) (202-593)
Median post-treatment 199.5 U/L 313 UL 0.068
LDH (range) (133-276) (153-1560)
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Figure 3 Scatter plot of the pre- and post-treatment neutrophil-to-lymphocyte
ratio. Closed and open circles represent patients with pseudo-progression and true
progressive disease, respectively. Note that the coordinates are log scale.

Next, we attempted to examine the relationship between
PsPD and LDH. We divided the patients with PsPD and TPD
into 2 groups according to the pre- and post-treatment LDH
values (Supplementary Table 1). Fisher’s exact tests showed
that the difference between the patients with PsPD and TPD
was highly significant (p = 0.02 and p = 0.039, respectively).
The median OS in patients with a pre-treatment LDH <202 U/
L was 14.0 (95% CI: 14.0-not reached) compared to 8.1 (2.-
0-13.2) months in patients with a pre-treatment LDH >202 U/
L (Supplementary Figure 2A, p = 0.175). The median OS in
patients with a post-treatment LDH <288 U/L was 14.0 (95%
CI: 8.7—not reached) months, while it was 2.0 (1.2-5.3)
months in patients with a post-treatment LDH >288 U/L
(Supplementary Figure 2B, p <0.001). These results suggest
that a post-treatment LDH value <288 U/L was associated with

Table 3 2x2 Contingency Table for Pseudo-Progression and the
NLR

PsPD TPD p-Value
(n=4) (n=21)
(A)
Pre-treatment NLR 24.1 0 14 0.026
Pre-treatment NLR <4.1 4 7
(B)
Post-treatment NLR 23.2 0 19 0.002
Post-treatment NLR <3.2 4 2

Abbreviations: LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte
ratio; PsPD, pseudo-progression; TPD, true progressive disease.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PsPD, pseudo-progression;
TPD, true progressive disease.
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Figure 4 Survival analysis. Overall survival analysis using the Kaplan—Meier method in 25 patients (A) with a pre-treatment neutrophil-to-lymphocyte ratio (NLR) 24.1 and

<4.1 and (B) a post-treatment NLR 23.2 and <3.2.

a good prognosis and could be useful for distinguishing
between PsPD and TPD.

Based on the above, we propose that the NLR could be
useful as a surrogate marker. Further study is needed on the
utility of LDH.

Patients with Pseudo-Progression: Case
Reports

Patient |

A 73-year-old male underwent video-assisted thoracic surgery
(right lower lobectomy and lymph node dissection) in
October 2014 and was stage IIIA
(pT1bN2MO) squamous cell carcinoma. Following surgery,

diagnosed with

he received cisplatin plus vinorelbine as adjuvant chemother-
apy. He relapsed with multiple pulmonary metastases 21
months postoperatively. Carboplatin plus nanoparticle albu-
min-bound paclitaxel was administered as first-line che-
motherapy in August 2017. Follow-up after 4 cycles of
chemotherapy revealed progression of multiple pulmonary
nivolumab was administered
as second-line chemotherapy in August 2018. The TPS of PD-
L1 was negative.

metastases. Subsequently,

After 6 weeks (3 cycles) of nivolumab administration,
multiple intrapulmonary metastases had increased in size
(Figure 5A), and his symptoms and general condition wor-

sened. However, CT evaluation at 10 weeks revealed the

shrinkage of multiple pulmonary metastases (Figure 5A),
and his symptoms and general condition were improved.
Nivolumab therapy was resumed and continued over 20
cycles. The best response following treatment initiation was
PR. The NLR was not high after nivolumab administration
(Figure 5A).

Patient 2

A 75-year-old male was diagnosed with stage IVA
(cT3NOM1la) squamous cell carcinoma with malignant
pleural effusion in March 2015. He received 2 lines of treat-
ment with chemotherapy (carboplatin plus S-1 [tegafur,
5-chloro-2,4-dihydropyrimidine, and potassium oxonate] as
first-line chemotherapy and gemcitabine plus nanoparticle
albumin-bound paclitaxel as second-line chemotherapy in

a clinical trial"®

). The primary tumour was enlarged, and
mediastinal lymph node metastases were newly noted.
Nivolumab was administered as third-line chemotherapy in
January 2016. The TPS of PD-L1 was not evaluated.

After 4 weeks (2 cycles) of nivolumab administration, the
primary tumour and mediastinal lymph node metastases had
increased in size (Figure 5B), but the patient’s symptoms and
laboratory data were improved. CT evaluation at 9 weeks (5
cycles) revealed shrinkage of the primary tumour and med-
iastinal lymph node metastases (Figure 5SB). Nivolumab was
continued for up to 8 cycles but was discontinued due to the
onset of interstitial lung disease. The best response from
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Figure 5 Longitudinal measurement of representative lesions and the neutrophil-to-lymphocyte ratios (NLRs). (A) Patient |, (B) Patient 2, (C) Patient 3, (D) Patient 4.
Numbers indicate the sum of diameters of target lesions. Only (D) was PD with worsening in non-target lesions and the appearance of new lesions. Solid line, longitudinal
NLR measurement; 4, NLR value at each timepoint; down arrow, immune checkpoint inhibitor administration.

treatment initiation was stable disease (SD). The NLR
peaked 2 weeks after nivolumab administration and
remained low thereafter (Figure 5B).

Patient 3
A 75-year-old male was diagnosed with stage IVA
(cTAN3MI1b) squamous cell carcinoma with liver metastasis

in April 2018. Pembrolizumab was administered as first-line
chemotherapy in May 2018. The TPS of PD-L1 was 70%.
After 6 weeks (2 cycles) of pembrolizumab administra-
tion, the primary tumour had increased in size (Figure 5C),
but the patient was asymptomatic. CT evaluation at 12
weeks (4 cycles) revealed shrinkage of the primary tumour
(Figure 5C). Pembrolizumab was continued for up to 11
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submit your manuscript

10565

Dove


http://www.dovepress.com
http://www.dovepress.com

Kiriu et al

Dove

cycles but was discontinued due to the enlargement of
multiple mediastinal lymph nodes. The best response from
treatment initiation was SD. The NLR peaked 3 weeks after
pembrolizumab administration and remained low thereafter
(Figure 5C).

Patient 4

A 69-year-old male was diagnosed with stage IVB
(cT4N3Mlc) adenocarcinoma with brain and cervical
lymph node metastases in October 2017. A lung biopsy
specimen was negative for EGFR, ALK, ROSI, and the
TPS of PD-L1. The patient underwent gamma knife radio-
surgery for brain metastasis in November 2017. Cisplatin
plus pemetrexed was administered as first-line chemother-
apy in December 2017. CT evaluation after 4 cycles of
cisplatin plus pemetrexed revealed disease progression.
Atezolizumab was administered as second-line chemother-
apy in April 2018.

After 10 days of atezolizumab administration, the
patient developed a fever. Despite antibiotic administra-
tion, the fever and laboratory data worsened. After 3
weeks (1 cycle) of atezolizumab administration, CT eva-
luation revealed the progression of multiple pulmonary
metastases (Figure 5D). Because the patient’s symptoms
and general condition had worsened, he was started on
100 mg naproxen 3 times a day on suspicion of tumour-
related fever. A week later, he developed acute upper
gastrointestinal bleeding and received emergency endo-
scopic haemostasis. Atezolizumab was discontinued due
to fever, upper gastrointestinal bleeding, and the progres-
sion of multiple pulmonary metastases. CT evaluation at 9
weeks revealed the shrinkage of the primary tumour
(Figure 5D). The patient needed steroid therapy for
immune-related hepatic injury supposedly induced by
a single dose of atezolizumab. The lesions were stable
for more than 3 months. CT imaging in September 2018
revealed lesion worsening, and the patient was switched to
docetaxel monotherapy. The best response from treatment
initiation was PR. The NLR peaked 1-2 weeks after ate-
zolizumab administration and remained low thereafter
(Figure 5D).

Discussion

We have described 4 patients with PsPD treated with ICIs.
The results indicate that the NLR is helpful for distin-
guishing between PsPD and TPD in patients treated with
ICIs. To the best of our knowledge, this is the first report
to associate PsPD with the NLR in this population.

Chemotherapy after ICI treatment has been reported
to improve an objective response in NSCLC.?*?** The
synergistic effect of chemotherapy following ICIs is attri-
butable to persistent nivolumab binding to T cells for
more than 20 weeks after the last dose.”* On the other
hand, patients with early resistance to nivolumab had
only a 9% rate of transition to the next drug treatment
regimen.”’ It is important to promptly shift patients with
TPD to the next drug treatment regimen. Notably,
patients with a high post-treatment NLR or LDH in this
study all had TPD, suggesting that these individuals
should be considered for an early transition to the next
drug treatment regimen. Identifying differences in
immune status between patients with PsPD and TPD
with the simple, inexpensive, and repeatable measure-
ments of the NLR and LDH will improve treatment
results.

In a retrospective analysis of 3 clinical trials involving
535 pretreated NSCLC patients, 8% of patients with
RECIST-defined PD who continued treatment with ICIs
reached PR.'” Based on survival analyses, the RECIST 1.1
evaluation underestimated the benefit of ICIs in patients with
PD.?*?” Treatment continuation should reportedly be con-
sidered in patients with a stable general condition whose
laboratory data have not significantly deteriorated." While
PsPD can be expected to have a delayed anti-tumour effect,
there were 2 cases with the temporarily deteriorated general
conditions due to fatigue (patient 1) and fever (patient 4). It is
therefore desirable to develop non-invasive diagnostic meth-
ods that can distinguish between PsPD and TPD.

Lesion enlargement in PsPD is due to T cell lympho-
cyte infiltration rather than an increase in viable tumour
cells."?® This suggests that PsPD reflects a treatment
response before lesions are visibly smaller on imaging.
In metastatic melanoma treated with ICIs, undetectable
DNA (ctDNA) at
a marked decrease from the baseline ctDNA value 12

circulating tumour baseline or
weeks after starting treatment is a powerful biomarker
for distinguishing between PsPD and TPD.*° An early
decrease in ctDNA wusing digital-droplet polymerase
chain reaction (ddPCR) was observed in two patients
with KRAS-mutated lung adenocarcinoma with PsPD.*°
It was also reported that a high or increasing ctDNA value
on next-generation sequencing (NGS) after treatment is
associated with poor clinical outcome.*'*? These results
indicate that monitoring changes in ctDNA during ICI
treatment is more useful for determining clinical benefit
than imaging techniques. In a meta-analysis of EGFR
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mutation testing using ctDNA in patients with NSCLC,
ctDNA was an effective biomarker with high specificity
and high association with the primary tumour.*® Although
ctDNA measurement using ddPCR or NGS is currently in
preliminary stages, it is expected that use will accelerate in
the future.

Some limitations should be mentioned. First, our study
was a monocentric, small size, retrospective analysis; thus,
its generalizability is a possible limitation. However, we
included all consecutively enrolled NSCLC patients trea-
ted with ICIs, limiting the potential selection bias inherent
to this type of analysis. It is hoped that the accumulation of
more cases will verify the present results. Second, treat-
ment effects in most cases were determined with radiolo-
gical evaluations after 3 to 6 weeks, but the schedule was
not standardized because this study was retrospective.
Third, there were no universal cut-off values of the NLR
and LDH. In this study, we used 4.1 and 3.2 for the pre-
and post-treatment NLR, and 202 U/L and 288 U/L for the
pre- and post-treatment LDH, respectively. The optimal
cut-off values should be determined in larger populations.
Finally, we could not verify whether changes in the NLR
and ctDNA during treatment were correlated. The NLR
reflects both systemic inflammation and the degree of local
3 Although we
expect that post-treatment NLR will be normalized by

neutrophil and lymphocyte infiltration.

a reduction in ctDNA, which reflects decreased tumour
volume and the suppression of systemic and peritumoural
inflammation, evidence supporting this hypothesis is
needed.

Conclusion

The NLR could be a wuseful clue for distinguishing
between PsPD and TPD. Patients with a high post-
treatment NLR in this study all had TPD, suggesting that
these individuals should be considered for an early transi-
tion to the next drug treatment regimen.
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