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Abstract
Introduction: Many biomarkers to predict clinical response and prognosis are available but there are still many issues to be further

solved. We showed the correlation between dynamical inflammatory factors and clinical response.

Methods: We collected inflammatory factors from patients diagnosed advanced solid tumors. The endpoints were the agreement of
therapeutic response, disease control rate, progress-free survival and overall survival.

Results: 41 patients enrolled. AUC was 0.927, 0.957 and 0.160 in dynamic biomarkers (p < 0.001) compared with imaging assessment.

The disease control rate was 45.2% (p < 0.05). Only shorter median progress-free survival can be observed in higher increased
neutrophil-to-lymphocyte significantly. The median overall survival was 7 months (95% CI: 4.27-9.73), but no significance.

Conclusion: Dynamical decreased platelet-to-lymphocyte and neutrophil-to-lymphocyte ratio or increased lymphocyte-to monocyte

ratio are positively associated with the radiograph assessment, and that lower neutrophil-to-lymphocyte ratio leads to shorter
progress-free survival statistically and a trend of shorter overall survival.
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Introduction
It has been several years since programmed cell death/ligand

1 (PD-1/PD-L1) inhibitors brought the remarkable activity

in a number of malignancies [1,2]. Considerable efforts are

underway to find effective, convenient, and economic biomarkers
based on individual characteristics. Several biomarkers are
being evaluated, including tumor mutation burden (TMB),

microsatellite instability (MSI) status, the overexpression of PD-

L1, systematic scoring of multiple immune cells and cytokines in
the tumor microenvironment, etc. In recent studies [3-5], we also

demonstrated that co-targeting RANKL (TNFSF11), tissue-speciﬁc
immunosuppressive tumor microenvironments (TMEs), and
lack of PD-L1 mediated immunosuppression can play different
roles in the development of immunity. For many years, several

investigators [6-8] clearly illustrated that a stronger role of higher

TMB and more neoantigens can help to explain and understand the
mechanism of efficiency.

Although blood TMB ≥ 16 and cutoff ≥ 10 were the promising

outcomes in POPLAROAK study [9] and Checkmate 227 [10],

the detection of TMB and PD-L1 is not universal. MSI+ showed
46% objective remission rate (ORR) in second line and higher

and achieved the characteristic of high tumor mutation burden

in a clinical trial of Keynote 016 [11]. The expression of PD-L1≥
50% was as the first line in 2019 National Comprehensive Cancer
Network (NCCN) guideline and in the phase 3 Keynote 042

study [12], in which overall survival (OS) was 20.0 months,17.7
months,16.7 months from PD-L1 tumor proportion score (TPS)

≥ 50% (HR 0.69,95%CI 0.56-0.85), ≥20% (HR 0.77) and ≥1%
(HR 0.81). Conversely, PD-L1, a dynamic index, is influenced by
numerous factors including therapeutic strategy, the disease itself,
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and immune microenvironment. The study of KEYNOTE 001 [6]

illustrated the better clinical outcome in the group of the higher
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radiologists. These stages were determined by 2020 National

Comprehensive Cancer Network (NCCN) guidelines [25-30]. The

expression of PD-L1. However, it was no significance in variable

inclusion criteria met as follows: patients aged 18-year or older,

pathologic histology and biopsy. Taken together, although unclear

disease, immunosuppressive drugs, previous therapeutic regimen

expression levels in Checkmate 057 and 017 [13]. There were
obvious limitations and diagnostic inconsistency between the

reasons have been identified, emerging biomarkers have to further
refine clinical response.

There is growing experience, inflammation as a major driving

factor, to promote the development and progression of cancers [14].

As a portion of inflammatory process, platelet reflected the response
of inflammation and helped clinical decision in solid cancers [15].
System inflammatory factors of platelet-to-lymphocyte ratio (PLR),

neutrophil-to-lymphocyte (NLR) and lymphocyte-to monocyte
ratio (LMR) strongly established to predict prognosis [16-18].

The published articles [19,20] mainly demonstrated that pre-

operative NLR and PLR predicted the disease-free survival (DFS).

Few pieces of researches [21,22] showed the shorter progress free
survival (PFS) and OS with baseline high NLR. Similarly, NLR was

an independent factor in increasing risk of disease progression
[23,24]. Unfortunately, there is no conclusive evidence on the
dynamic assessment.

In our retrospective study, we collected several different types

of tumors to hypothesis dynamic biomarkers to more predict

survival outcomes and clinical benefit from a small population who
received multi-cycles of immunotherapies. Our findings highlight

the potential for clinical response and outcomes as latter lines
among advanced and refractory solid cancers.

Materials and Methods

This study was approved by the Institutional Review Boards

of Peking University International Hospital (Ethic number 2019035(BMR)). And written informed consent forms were obtained

from all patients. The study conforms to recognized standards of
Declaration of Helsinki.
Patient selections

We collected data during immunotherapy in advanced or

refractory cancers, including non-small cell lung cancer (NSCLC),
extensive-disease small cell lung cancer (ED-SCLC), primary
hepatocellular carcinoma (HCC), gastrointestinal cancer and

sarcoma, etc. The assessment was performed using computerized
tomography (CT) or magnetic resonance (MR) by two independent

acceptable serum chemistry tests, measurable target lesion(s), and

none of whom used steroid. And exclusion criteria were autoimmune
with antibodies or drugs targeting checkpoint pathways, positive

test human immunodeficiency virus or interstitial lung disease
(patients with a history of pneumonia were not excluded).
Study design

Patients received PD-1 inhibitors as intravenous infusions

every three weeks until disease progression or unacceptable

toxic events. Therapeutics after progression disease (PD) were
permitted if a patient had clinical benefit assessed by oncologists

and radiologists (continuing disease or symptom control despite

radiographic progression). This decision was based on evidences
[31,32] in which some patients might benefit from long-term
stabilization in spite of initial evidence of PD. PLR% (dynamic
PLR) = PLR*(post-treatment-baseline)/baseline, NLR% (dynamic

NLR) = NLR*(post-treatment-baseline)/baseline and LMR%

(dynamic LMR) = LMR*(post-treatment-baseline)/baseline. From
these patients, 38 patients received ≥ four cycles therapies and

31 specimens had radiographic evaluation. Refractory cancer was

defined as either more than third line or the patients in serious
medical conditions. These measurable lesions were performed
according to Response Evaluation Criteria in Solid Tumors (RECIST

1.1) [33]. Clinical data was analyzed from medical records. The

endpoints were the consistency of therapeutic response, disease
control rate (DCR), ORR, PFS and OS. DCR is considered as the

total of disease stabilization plus complete remission as the first
or second assessments in all patients of immunotherapy from

the analysis. PFS is defined as the time from the first dose of

immunotherapy to the date of first documented tumor progression
or death from data analysis. And OS was defined as the time from
the date of the first dose to the date of death from any cause or last

known date alive for patients being alive at the time of analysis.
DCR is considered as the total of disease stabilization plus complete

remission and partial remission as the first or second assessments

in all patients of immunotherapy from the analysis. PFS is defined
as the time from the first dose of immunotherapy to the date of first
documented tumor progression or death from data analysis. And
OS was defined as the time from the date of the first dose to the
date of death from any cause or last known date alive for patients
being alive at the time of data analysis.
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Statistical analysis
Prism 7 (Graphpad Software, San Diego, CA, USA) and IBM

SPSS (Version 21.0; SPSS Inc, Chicago, IL, USA) were used for data

analysis and graphics. Median follow-up time was six (range 0.8-28)
months. Receiver-operating-characteristic (ROC) curves were used
by SPSS to analyze PLR%, NLR%, and LMR%. The Youden index

(sensitivity + specificity - 1) was the optimal cutoff point. And the
p-value of compared ROC curves used Medcalc (v. 19.5.3) software
to analyze. Survival curves were estimated using the Kaplan-Meier
method, and the log-rank test. P ≤ 5 was considered significant.

Results

Baseline characteristics of the patients
41 patients received median 4 (range from 1 to 14) cycles of

Age at start immunotherapy
(years)

Median

Gender, n (%)

Female

13(32%)

1

20(49%)

ECOG PS , n (%)

common lesions are lung (39%) and distant place lymph nodes
(32%), respectively.

Smoking history , n (%)

Never/light

Histologic type, n (%)

Non-small cell
lung caner

Small lung cell
cancer

Prior lines of therapy

EGFR

light grey bar, patients with disease progression; dark grey with
an arrow, patients who continued immunotherapies and dotted
bar with follow-up. Arrows were be defined as continued im-

munotherapy and not progression or intolerant adverse events.

¤

&

3(7%)

2(5%)

KRAS

4(10%)

Wild-type

17(41%)

Range

0-6

18(44%)

Median

2

Bone

10(24%)

Liver

11(27%)

Brain

5(12%)

#

Lymph nodes
&

∮

5(12%)

2(5%)

Soft Tissue

Metastatic sites

19(47%)

Soft-tissue
cancer

Unknown

¤

15(37%)

12(29%)

Hepatocellular
cancer

Targetable driver mutations,
n (%)

26(63%)

Gastrointestinal
cancer

Lung

represented an individual patient. Black bar, deceased patients;

10(24%)

Heavy

Site(s) of metastatic disease ,
n (%)

Figure 1: Cycles of immunotherapies in 41 patients. Each bar

9(22%)

3

∮

characteristics were listed in table 1. The patients had the median

(CNS) and 29% to at least two lesions in metastases. And the more

2(5%)

2

systemic therapies and PS≥2. Patients’ clinical and pathological

respectively. Twelve percent spread to central nervous system

28(68%)

0

and 12 patients died (Figure 1). Nearly half, had two prior

types included NSCLC (47%) and gastrointestinal cancer (29%),

32-83

Male

*

patients continued immunotherapies, 12 patients progressed

men and 100% Asian. 63% patients were active smokers. Tumor

63

Range

immunological drugs, with median 6 months follow-up time. 11

63 years old (range 32-83 aged). And 68% of the patients were
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Others

>/ = 2
<2

16(39%)
11(27%)

13(32%)
18(44%)
29(71%)
12(29%)

Heavy (≥ 10 pack-years); never/light (< 10 pack-years).

Site(s) of metastatic spread present at time of initiation of
immunotherapy.
#

Including distant lymph node(s).

Including adrenal, pleura, skin, peritoneum, thyroid, ovary.
Table 1: Baseline Characteristics (n = 41).
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Decreased NLR% is more sensitive on clinical efficiency
Area under the curve (AUC) of PLR, NLR, and LMR were 0.847,

0.822, and 0.238 (Figure 2 A, p < 0.001) and combined diagnosis
0.858 (Figure 2C, p < 0.001), respectively. The best cutoff value is
172.8 (sensitivity, 81.25%; specificity, 74.36%), 4.1 (sensitivity,
85.42%;

specificity,

65.38%)

and

2.7(sensitivity,

72.92%;

specificity, 75.64%) on PLR, NLR and LMR. And the AUC was 0.927,
0.957, and 0.160 in the groups of PLR%, NLR%, and LMR% (Figure
2B) and combined diagnosis 0.965 (Figure 2D) compared with

imaging assessment, respectively. The optimal cut-off levels were

determined to be -1.4 (sensitivity, 77.14%; specificity, 92.98%),
-7.1 (sensitivity, 91.43%; specificity, 98.25%) and 14.3 (sensitivity,
65.71%; specificity, 94.74%) for PLR%, NLR% and LMR%. P-value
was less than 0.001.

Figure 2: ROC curves of PLR, NLR, and LMR (a) and the

probability of these parameters (b), NLR%, PLR% and LMR%

(c) and the probability of them (d) for advanced solid cancers.

Blue lines were PLR% or PLR, green lines were NLR% or NLR,
and red lines were LMR% or LMR.

DCR can be significant in each dynamic group

We could find each patient in groups of PLR% (Figure 3a), NLR%

(Figure 3b), and LMR% (Figure 3c) and radiographic response
(Figure 3d and 3e). The DCR was 45.2% (14 of 31 patients) and the

ORR was 9.7% (3 of 31 patients), as illustrated in figure 4a, 4b and

4c. From these, the patients had 3 (10%) cases partial response

(PR), 11 (35%) stable disease (SD), and 17 (55%) PD (p = 0.729,
0.875 and 0.009 in group of PLR% in figure 4a; p = 0.403, 0.585 and

0.001 in group of PLR% in figure 4b; p = 0.421, 0.045 and 0.001 in
group of PLR% in figure 4c) as the best response on radiographic
tests.
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Meanwhile, among the 31 patients with malignant cancers and

complete PLR, NLR, and LMR data over 3 time points of baseline,

first assessment, and second assessment, PR, SD, and PD were
predefined. Figure 5 displays the PR, SD, and PD patterns and mean
PLR, NLR, and LMR scores by time from immunotherapy. Most
patients (n = 17 [55%]) had high PLR and NLR scores throughout

(always high), whereas 3 patients (10%) had low PLR and NLR
scores throughout (always low). In addition, 11 (35%) patients

with SD had high fatigue that resolved (high then resolves) in group
of PLR and NLR, The opposite trend of results was observed in the
LMR group (Figure 5).

Figure 3: Clinical responses of immunotherapies. The PLR,
NLR, and LMR that became Y axes were shown in 3a-3c.

Radiograph were shown in 3d-3e. These were measured at

regular intervals. The values were the maximum change from
the baseline measurements of each measurable tumor. Each
line and each bar represented one patient.

Figure 5: Assessment patterns over 3 time points with a data

table (n = 31). Mean PLR (a), NLR (b), LMR (c) scores for each

assessment pattern (PR, SD, PD) are colored. T1, time 1 - baseline; T2, time 2 - first assessment; T3, time 3 - second assessment.

Decreased NLR% got longer PFS and a trend of better OS.
The five-month PFS was 22.0% (9 of 41 patients, 95% CI: 2.892

to 5.108) and 23.7% (9 of 38 patients, 95%CI: 2.934 to 5.066) in

the groups of PLR%, NLR%, and LMR% (Figure 6). The median
follow-up time was 6 months (range from 0.8 to 28). Each case was

followed for six months at least. Only low NLR% can get longer PFS

statistically. Moreover, the median PFS was 5 vs. 4 months, 5 vs.
3 months, and 4 vs. 5 months on low vs. high PLR%, NLR% and

LMR% (hazard ratio by the log-rank test: 0.76, 95%CI: 0.32-1.79,
Figure 4: Therapeutic effect and clinical assessment on PLR,

NLR, and LMR. PLR, NLR and LMR (a-c) evaluated in baseline
(time 1, black) and at tumor re-assessment of maximum SLD

from baseline (the first re-assessment or second re-assessment,
dark grey) according to clinical response (PR, SD, and PD);
P-value is reported on the top of the columns.

p = 0.352; HR: 0.49, 95%CI: 0.23-1.06, p = 0.019; HR: 1.61, 95%
CI: 0.68-3.80, p = 0.106) (Figure 6). However, we did not see the

longer PFS in PLR, NLR or LMR. The OS at seven months was 39.0%
(16 of 41 patients, 95%CI: 4.266-9.734) from figure 7A and 36.8%
(14 of 38 patients, 95%CI: 5.206-8.794) from figure 7B-7D. For 41

patients, the mOS was 7 months (95% CI: 4.27-9.73, standard error
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1.39, figure 7A), but in the group of PLR%, NLR% and LMR%, the

mOS was not reached statistical outcome (p = 0.226, 95%CI:0.2513.045, HR 0.875 in figure 7B; p = 0.099, 95%CI:0.185-1.515, HR
0.530 in figure 7C; p = 0.369, 95%CI:0.200-3.826, HR 0.875 in

figure 7D, respectively). Low NLR% was associated with longer PFS
and a trend towards longer OS.

Discussion

26

In our study, we showed that the low NLR% predicted the

longer PFS and higher DCR for patients on the latter lines of
advanced or refractory tumors. Besides, a trend towards longer
OS was observed in low PLR%. Recent work [3-12] highlighted the

importance of immune response with an emphasis on a research
hotspot for predictive biomarkers such as TMB, MSI+, PD-L1, co-

targeting RANKL, Tissue-speciﬁc TMEs and Lacking of PD-L1
mediated immunosuppression. With the progression of malignant

diseases, inflammatory factors have been applied to predict clinical

outcomes for patients who underwent surgical resection and

received anti-PD-1 therapies in different types of tumors of few

studies [19,20,34,35]. Despite these successful researches, it has
remained a challenge clinically. Based on these observations, the
study aimed to perform clinical response and prognosis in groups
of PLR %, NLR%, and LMR%.

Firstly, PLR and NLR are strongly associated with clinical

responses on the latter lines of immunotherapies. Different studies
Figure 6: PFS was shown in the groups of PLR%, NLR%, and
LMR%.

[19,22,24] had demonstrated that high NLR was associated with

low response rate (OR for log (NLR) = 0.17, 95%CI: 0.04-0.68, p =

0.013). High PLR is a poor predictor for PFS and OS of endometrial

cancer [34], older patients with metastatic colorectal [29], soft-

tissue sarcoma [35], metastatic melanoma [24], etc. However,
there is little study to explore the value of dynamical NLR. We

found that decreased PLR% and NLR% was positively associated
with the radiograph assessment. Nevertheless, this point was
different from previous reports because we explore the dynamical

monitoring during immunotherapy. Unfortunately, The ORR get no
significance compared with previous studies [19,24]. The reason

may be samples collection, different antibodies, different cut-off
points in our study.

Interestingly, it was obvious that high LMR predicted a good

clinical outcome. Few researches [34,36] illustrated that a low LMR

before operation had statistically worse 5-year OS (72% high vs
Figure 7: OS was shown in the groups of PLR%, NLR%, and
LMR%.

83% low based on cut-off 0.19). Also, low LMR (2-year OS; 58%
vs 80%, log-rank p = 0.007) was associated with poor OS in older
adults of age ≥65 with solid cancers [37]. Conversely, A study [38]

indicated that high LMR (cutoff 0.22) was connected by shorter OS

in advanced gastric cancer. In the above studies, there was debate
about the correlation between LMR and clinical outcomes. And,

there was no correlation between LMR and clinical prognosis
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during immunotherapies. In our research, the optimal cut-off level

and NLR%) to help clinical assessment. Further investigation in

previous articles [36,37]. We extend the high LMR connecting with
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