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Abstract: The Systemic Immune-Inflammation Index (SII) is an important marker of immune
function, defined as the product of neutrophil-to-lymphocyte ratio (NLR) and platelet count (P).
Higher baseline SII levels have been associated with improved survival in various types of cancers,
including lung cancer. Data were obtained from PROCLAIM, a randomized phase III trial comparing
two different chemotherapy regimens pemetrexed + cisplatin (PEM) vs. etoposide + cisplatin (ETO),
in combination with radiotherapy (RT) for the treatment of stage III non-squamous non-small cell
lung cancer (NSCLC). We aimed to determine if SII measured at the mid-treatment window for RT
(weeks 3–4) is a significant predictor of survival, and if the effect of PEM vs. ETO differs by quartile
(Q) level of SII. Hazard-ratios (HR) for survival were estimated using a proportional hazards model,
accounting for the underlying correlated structure of the data. A total of 548 patients were included
in our analysis. The median age at baseline was 59 years. Patients were followed for a median of
24 months. Adjusting for age, body mass index, sex, race, and chemotherapy regimen, SII was a
significant mid-treatment predictor of both overall (adjusted HR (aHR) = 1.6, p < 0.0001; OS) and
progression-free (aHR = 1.3, p = 0.0072; PFS) survival. Among patients with mid-RT SII values above
the median (6.8), those receiving PEM (vs. ETO) had superior OS (p = 0.0002) and PFS (p = 0.0002).
Our secondary analysis suggests that SII is an informative mid-treatment marker of OS and PFS in
locally advanced non-squamous NSCLC.

Keywords: lung cancer; lymphopenia; neutrophilia; radiation; systemic immune-inflammation index

1. Introduction

Lung cancer ranks as the leading cause of cancer-related death in the United States and globally [1].
Non-small cell lung cancer (NSCLC) is the most common subtype, accounting for 85–90% of new
lung cancer diagnoses in the recent era. About one-third of patients with NSCLC present with locally
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advanced, non-metastatic disease [2,3]. Even with significant treatment advances, the outcomes for
unresectable stage III NSCLC remain poor, with many patients failing to achieve complete response or
long-term survival [4]. Only about 14% of stage IIIA and 5% of stage IIIB lung cancer patients survive
five years [5]. Thus, there is continued interest in identifying prognostic and predictive factors to
improve survival.

In recent years, there has been increased interest in systemic inflammation markers in oncology
for their prognostic and predictive potential. Systemic inflammation plays a prominent role in all
stages of tumor development and progression, impacting proliferation, survival, metastasis and
response to systemic therapies [6]. Continuous exposure to localized inflammatory states within the
premalignant tumor microenvironment underlies malignant transformation through intrinsic and
extrinsic pathways. Inflammation within these distinct spaces incites genetic mutations, promotes
angiogenesis, and increases tumor growth by suppressing anti-tumor immune responses [7].

The localization of inflammatory activity exposes pre-malignant cells to reactive oxygen species (ROS),
which in turn induces deleterious mutations to tumor suppressor genes and activates key oncogenes [8].
Malignant cells have also been implicated in the attraction and secretion of pro-inflammatory factors such
as IL-1, IL-6, IL-8, and TNFα, which promote further oncogenesis [9]. Specific to NSCLC, mutations on
the PTEN tumor suppressor gene triggers upregulation of HIF-1 and HIF-1-dependent transcription of
CXCR4, a chemokine receptor gene. This receptor is important in inflammation and cell survival within
the tumor microenvironment [10].

Changes in neutrophil, platelet, and lymphocyte counts act as indicators of inflammation
and/or impairment of tumor-targeted immune response. Neutrophils are leukocytes with numerous
pro-oncogenic properties that operate as critical mediators of localized inflammation in cancer.
An increased neutrophil count arises from increased secretion of hematopoietic cytokines, indicative of
a more aggressive nature of the tumor and helps to promote tumorigenesis and metastasis [11,12]. IL-1,
a leukocyte activation factor increased in inflammatory states, has been shown to raise systemic neutrophil
levels (neutrophilia), lower systemic lymphocyte counts (lymphopenia), and traffic neutrophils into
regions of localized inflammation [13]. Platelets, the acellular components of megakaryocytes, perform
a similar role in promoting tumorigenesis and angiogenesis through pro-inflammatory stimuli. Unlike
neutrophils and platelets, increased lymphocyte counts have been associated with tumor suppression,
apoptosis of cancer cells, and improved overall survival. Low pre-treatment lymphocyte count alone
has been shown to be an unfavorable prognostic factor in NSCLC and is associated with increased
lymphatic invasion and recurrence of NSCLC [14–19]. Radiotherapy (RT) directly destroys mature
circulating lymphocytes at radiation doses as low as <1 Gy, leading to a blunted systemic tumor-targeted
immune response [20–23].

The systemic immune-inflammation index (SII), defined as the product of neutrophil-to-lymphocyte
ratio (NLR) and platelet count (P), is a simple and noninvasive pretreatment prognostic indicator of tumor
advancement in NSCLC patients [24–31]. The presence of pre-treatment systemic inflammation, vis-à-vis
an increased baseline level of SII has been shown to be predictive of clinical outcomes in various cancers
including lung cancer [25,32–34]. This composite marker uses neutrophil, platelet, and lymphocyte
counts to quantify total body inflammation and reflects the balance of host inflammatory and immune
status [35]. It is highly reproducible, inexpensive, and widely available as part of routine complete
blood count (CBC) measurements, making it a promising prognostic marker. However, it is unclear if
SII also holds predictive potential for differentiating the effectiveness of chemotherapy. This question is
important for identifying patients who might best benefit from dynamic mid-treatment changes.

In this secondary analysis of data from the PROCLAIM study, we examined the prognostic
significance of SII values measured at mid-RT on overall (OS) and progression-free (PFS) survival.
We further aimed to test the hypothesis that pemetrexed + cisplatin (PEM) and etoposide + cisplatin
(ETO) would have different survival outcomes when stratified by high (above median) and low (below
median) values of SII at mid-RT.
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2. Materials and Methods

2.1. Study Design

Data for the current analysis were obtained from the PROCLAIM trial following approval by
Eli Lilly [36]. Briefly, PROCLAIM was a randomized open-label phase III clinical trial comparing
survival of patients with pathologically confirmed stage IIIA/B unresectable nonsquamous NSCLC,
who were administered PEM with concurrent thoracic RT followed by consolidation pemetrexed (arm A)
vs. ETO with concurrent thoracic RT followed by non-pemetrexed consolidation (arm B). Patients were
eligible if they were ≥18 years old and had an Eastern Cooperative Oncology Group (ECOG) PS of 0/1.
They also were required to have adequate organ and pulmonary function and evaluable disease on
computed tomography (CT) imaging or a measurable lesion according to Response Evaluation Criteria
in Solid Tumors v1.0 [37]. Targeted thoracic radiation doses ranging from 60–66 Gy (2 Gy/fraction
daily, 5 days per week) were delivered concurrently with day 1 of chemotherapy. For our analysis,
data used included pre-treatment CBC along with differential white count and weekly differential blood
count including neutrophil, platelet and lymphocyte count, which were used to compute SII values.
Mid-treatment SII was defined as values collected during weeks 3–4 of six weeks of RT, based on the
expected nadir value usually seen during this time period.

Among the 598 randomly assigned patients in PROCLAIM (301 arm A; 297 arm B), approximately
7% (18 arm A; 25 arm B) were not treated owing to unmet protocol entry criteria and/or patient/physician
decision, leaving 555 patients. Furthermore, those with metastatic disease (remaining in the study after
randomization), those with incomplete staging information, demographic details (race, sex), or RT
start or key laboratory dates, or those lacking follow-up times were excluded from the current analysis
(n = 7). Therefore, in our final analysis, 548 patients were included.

2.2. Statistical Analyses

Categorical variables were denoted as frequencies and percentages, while continuous variables
were reported as medians and interquartile ranges (IQR). SII values were transformed to logarithmic
scale to minimize skewness of the underlying distribution and referred to hereafter simply as SII
(unless otherwise indicated). Adjusted hazard ratios (aHR) and 95% confidence intervals (CI) were
used as the estimated measure of survival risk and were computed using a Cox (proportional hazards)
regression model, accounting for the correlated structure of the data (i.e., multiple specific lab values
for some patients during the mid-point (week 3–4) time window) [38–40]. Demographic variables (age,
sex, and race) and treatment were included as model covariates. Models also were adjusted for body
mass index as a predisposing factor for inflammation [41].

OS was defined from the date of random assignment (baseline) to any cause of death. PFS was
defined from the date of random assignment (baseline) to the first date of documented objective
progressive disease or death. OS time was censored at the date the patient was last known to be alive if
not dead at the time of data lock. Similarly, PFS time was censored at the date of the last objective
progression-free disease assessment. For patients who received subsequent systemic anticancer
therapy before disease progression or death, PFS time was censored at the date of the last objective
progression-free disease assessment before the date of the subsequent systemic anticancer therapy.
To visualize survival times, product-limit estimates and corresponding Kaplan–Meier curves were
computed over all observations, regardless of independence [42].

p-values for linear trend were computed using a likelihood ratio test [43], while those for interaction
were based on the relative effect difference on the logarithmic scale [44]. Unknown values in the
predictor variables of a Cox regression model may unduly bias effect estimates if they are not completely
missing at random (CMAR). They also may reduce the ability to reject a false null hypothesis even
when the values are CMAR. An iterative (multi-stage) expectation-maximization (EM) algorithm with
nearest-neighbor adjustment and parametric imputation was used to account for missing baseline and
follow-up SII values, respectively [45,46].
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The parallel hazards assumption was not violated in our main Cox regression models [47].
SII values were initially analyzed as a continuous variable. Given that values were approximately
symmetrical after logarithmic transformation, with homogeneous risk within categories, we then
stratified the data by quartiles for the Cox regression analyses [48]. Potential outcome related factors
were carefully assessed for over-adjustment bias and unnecessary adjustment by our clinical team
prior to inclusion as covariates in our multivariable models [49].

Rounding was performed using the method of Holly and Whittemore [50]. Statistical significance
was defined as p < 0.05. SAS statistical software (version 9.4, SAS Institute Inc., Cary, NC, USA) was
used for all analyses.

3. Results

In our analyzed cohort, 548 patients received RT, with the majority being white (72%), male (61%),
and presenting with stage IIIB cancer (52%) (Table 1). The median age at baseline was 59 years (IQR = 14).
Patients were followed for a median of 24 months (IQR = 23). The baseline and mid-treatment median
values were as follows: 1.7 and 0.92 for neutrophil, 0.64 and −0.45 for lymphocyte, 5.7 and 5.4 for
platelet, and equally 6.8 and 6.8 for SII, respectively.

Table 1. Baseline (pre-radiotherapy) study characteristics (N = 548) ‡.

Characteristic n (%) or Median (IQR)

Age (y) 59 [14]

BMI 25 [5.6]

Sex
Male 332 (61)

Female 216 (39)

Race
White 392 (72)
Black 25 (5)

East Asian 115 (21)
Other 16 (3)

Stage
IIIA 264 (48)
IIIB 284 (52)

Treatment
Etoposide + Cisplatin (ETO) 268 (49)

Pemetrexed + Cisplatin (PEM) 280 (51)
‡ Among patients who received radiotherapy. y = Years. BMI = Body mass index IQR = Interquartile range.

Adjusting for age, BMI, sex, race, and treatment, baseline SII values were statistically significant
predictors of survival for the quartile 4 (Q4) vs. quartile 1 (Q1) (OS: aHR = 1.9, p < 0.0001; PFS: aHR = 1.5,
p = 0.0053). Similarly, at the mid-treatment point, Q4 had significantly worse OS and PFS outcomes
compared with Q1 (OS: aHR = 1.6, p < 0.0001; PFS: aHR = 1.3, p = 0.0072) (Table 2). Among patients
with mid-RT SII values above the median (Q3,4), those administered PEM vs. ETO had a 1.5-fold
(p = 0.0002) and 1.4-fold (p = 0.0002) lower aHR of dying or progressing during follow up, respectively
(Figures 1A and 2A). Clinically, this corresponds to 21 and 19 fewer patients on average dying or
progressing in the PEM arm. In contrast, the comparison of PEM vs. ETO among patients falling
in the lower (Q1,2) SII stratum was not significantly associated with OS (p = 0.79) or PFS (p = 0.068),
with corresponding p-for-interaction values of 0.023 and 0.23 (Figures 1B and 2B).

Stratifying the analysis by patients receiving ETO, those with mid-RT SII values >median vs.
≤median had a 1.7-fold (p < 0.0001) and 1.4-fold (p = 0.0020) higher aHR of dying or progressing
during follow up, respectively. However, aHRs for comparing the above and below median mid-RT
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values of SII were not statistically significant for either overall (1.2, p = 0.13) or progression-free
(1.1, p = 0.27) survival among those treated with PEM. The corresponding p-for-interaction values were
0.020 and 0.20.

While higher mid-RT lymphocyte (log-transformed) values (Q4 vs. Q1) corresponded to better
survival (OS: aHR = 0.78, 95%CI = 0.63–0.97); PFS: aHR = 0.72, 95%CI = 0.59–0.87) (not shown in
tables), the directional magnitude of the effect was less than the SII survival disadvantage observed for
SII (Q4 vs. Q1), as indicated by their wider CIs.

Table 2. Multivariable survival models by selected characteristics (N = 548) ‡.

Characteristic

Baseline
(Pre-RT)

Mid-RT
(Weeks 3–4 of RT)

OS PFS OS PFS
aHR (95%CI) ¥ aHR (95%CI) ¥ aHR (95%CI) ¥,† aHR (95%CI) ¥,†

Log (SII): Mean, SD 6.8, 0.76 6.8, 1.0
Percentile (25, 50, 75) (6.3, 6.8, 7.2) (6.1, 6.8, 7.4)

Q1 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent
Q2 1.0 (0.75–1.5) 1.1 (0.80–1.4) 1.1 (0.86–1.3) 1.1 (0.93–1.4)
Q3 1.2 (0.88–1.7) 1.1 (0.84–1.5) 1.4 (1.1–1.8) 1.3 (1.1–1.6)
Q4 1.9 (1.4–2.6) 1.5 (1.1–2.1) 1.6 (1.3–2.1) 1.3 (1.1–1.6)

PTrend
§ <0.0001 0.0081 <0.0001 0.0024

Age (y) 1.0 (0.9995–1.02) 1.0 (0.995–1.02) 1.01 (1.001–1.02) 1.0 (0.996–1.01)

BMI 0.99 (0.97–1.02) 0.99 (0.97–1.02) 1.0 (0.98–1.02) 0.99 (0.98–1.01)

Sex
Male 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent

Female 0.72 (0.57–0.90) 0.79 (0.64–0.97) 0.71 (0.61–0.83) 0.81 (0.70–0.94)

Race
White 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent
Black 1.2 (0.72–2.1) 1.3 (0.81–2.2) 0.95 (0.63–1.4) 1.2 (0.82–1.7)

East Asian 0.93 (0.69–1.3) 1.3 (1.02–1.7) 0.85 (0.70–1.04) 1.2 (1.05–1.5)
Other 1.1 (0.61–2.2) 1.0 (0.57–1.9) 1.2 (0.73–1.9) 1.0 (0.64–1.6)

Stage
IIIA 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent
IIIB 1.3 (1.02–1.6) 1.3 (1.1–1.6) 1.4 (1.2–1.6) 1.4 (1.2–1.7)

Treatment
ETO 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent
PEM 0.92 (0.74–1.1) 0.83 (0.68–1.01) 0.78 (0.67–0.92) 0.75 (0.65–0.87)

‡ Among patients who received RT. ¥ Proportional hazard model. † Accounting for correlated data structure at RT
mid-treatment point (weeks 3–4). § Likelihood ratio test for trend. aHR = Hazard ratio adjusted for variables in column 1.
BMI = Body mass index. CI = Confidence interval. ETO = Etoposide + cisplatin. Log = Logarithm. OS = Overall survival.
PEM = Pemetrexed + cisplatin. PFS = Progression-free survival. Q = Quartile. RT = Radiotherapy. SII = Systemic
immune-inflammation index. SD = Standard deviation. y = Years.
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Figure 1. Kaplan–Meier estimates of overall survival (pemetrexed + cisplatin vs. etoposide + cisplatin) 
for (A, top panel) mid-RT log SII > median and (B, bottom panel) mid-RT log SII ≤ median. Hazard 
ratios (HR) and 95% confidence intervals (CI) adjusted for age (years), body mass index (BMI), sex, 
and race. aHR = Adjusted HR. CI = Confidence interval. SII = Systemic immune-inflammation index. 

Figure 1. Kaplan–Meier estimates of overall survival (pemetrexed + cisplatin vs. etoposide + cisplatin)
for (A, top panel) mid-RT log SII > median and (B, bottom panel) mid-RT log SII ≤median. Hazard
ratios (HR) and 95% confidence intervals (CI) adjusted for age (years), body mass index (BMI), sex,
and race. aHR = Adjusted HR. CI = Confidence interval. SII = Systemic immune-inflammation index.
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Figure 2. Kaplan-Meier estimates of progression-free survival (pemetrexed + cisplatin vs. etoposide + 
cisplatin) for (A, top panel) mid-RT log SII > median and (B, bottom panel) mid-RT log SII ≤ median. 
Hazard ratios (HR) and 95% confidence intervals (CI) adjusted for age (years), body mass index (BMI), 
sex, and race. aHR = Adjusted HR. CI = Confidence interval. SII = Systemic immune-inflammation 
index. 

Stratifying the analysis by patients receiving ETO, those with mid-RT SII values >median vs. 
≤median had a 1.7-fold (p < 0.0001) and 1.4-fold (p = 0.0020) higher aHR of dying or progressing 

Figure 2. Kaplan-Meier estimates of progression-free survival (pemetrexed + cisplatin vs. etoposide +

cisplatin) for (A, top panel) mid-RT log SII > median and (B, bottom panel) mid-RT log SII ≤median.
Hazard ratios (HR) and 95% confidence intervals (CI) adjusted for age (years), body mass index (BMI), sex,
and race. aHR = Adjusted HR. CI = Confidence interval. SII = Systemic immune-inflammation index.
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4. Discussion

Our per-protocol analysis of patients at baseline who subsequently received concurrent
chemoradiation is consistent with the intent-to-treat findings of the PROCLAIM study, which did not
report an OS or PFS advantage of PEM vs. ETO [36]. However, because the incidence of grade 3 or 4
neutropenia in arm A of the PROCLAIM study was significantly lower than in arm B, we decided to
examine survival differences between treatment arms at the mid-point of RT, both adjusting for and
stratifying our results by SII (not specified as a priori endpoints in the protocol).

We found that patients in this cohort of locally advanced (stage IIIA/B) non-squamous NSCLC
experienced tumor progression and died sooner when they had mid-RT SII values falling into the 4th
vs. 1st quartile (Q4). Specifically, among participants with mid-RT SII values above the median (Q3,4),
those who received PEM vs. ETO had significantly better OS and PFS. We also observed a significant
interaction effect with respect to patients who received ETO. Those in this group progressed and died
sooner if they had mid-RT SII values above vs. below the median, in contrast to the PEM arm.

The last two to three decades have seen incremental modifications in RT, surgery, and systemic
therapy in the management of stage III NSCLC, with the current definitive treatment typically being
a combination of RT and a platinum-based chemotherapy agent, followed by immune checkpoint
inhibitor durvalumab. During definitive chemoradiation, the most used chemotherapy regimen in
the United States is weekly low-dose paclitaxel and carboplatin. An alternate regimen is another
platinum-based doublet like ETO. While a radiation dose of 60 Gy is the standard based on randomized
trial results, the preferred concurrent chemotherapy regimen with RT has not yet been established [51].
The multitargeted antifolate agent pemetrexed has been shown to have survival benefit in stage IV
adenocarcinoma of the lung [52,53]. In comparison, ETO has a less favorable toxicity profile (e.g.,
neutropenia, febrile neutropenia, anemia, and alopecia) than PEM doublets [54,55]. Etoposide also is
limited in therapeutic use by myelosuppression, particularly neutropenia [56]. However, a therapeutic
benefit for PEM (compared to ETO) was not observed for stage III non-squamous NSCLC based on
the recent PROCLAIM study [36,57,58]. Although not completely understood, especially given the
complex and interacting effect of RT on neutrophils, lymphocytes, and platelets, it is plausible that a
differential pharmacodynamic and survival profile exists between these two doublets, especially with
respect to the systemic inflammatory state.

Presently, there are no established prognostic markers aside from standard clinical information
for differentiating treatment in stage III NSCLC. During definitive treatment, patients undergo serial
CBCs to confirm adequate blood cell counts for continuation of treatment. While this blood work
contains a wealth of data regularly collected as a part of the treatment protocol, their prognostic
potential has not yet been fully realized. Inflammation in the body triggers lymphopenia, neutrophilia,
and thrombocytosis. Platelets bind internal cytokines with proinflammatory growth factors and directly
mediate tumorigenesis and angiogenesis [59–67]. Lymphocytes, which are reduced by inflammation,
typically play a role in destroying and disrupting cancer cell proliferation [68–72]. Neutrophils have
been shown to inhibit the T-cell lymphocyte response to tumors and are important in advancing tumor
growth and proliferation [73–77]. The mid-RT SII can represent the interactions between these various
markers of inflammation in a prognostic and predictive manner, although further studies delving into
the inflammatory pathways are needed.

Our observational analysis represents a nominal departure from the intent-to-treat design of
the PROCLAIM study and may be prone to residual bias and confounding by factors not adjusted
for in our study. However, our covariate adjusted pre-RT baseline results were comparable to those
reported by PROCLAIM. While our analysis attempted to account for the correlated structure of the
data during the mid-RT window, the possibility exists that the true underlying variance may have been
underestimated. An unspecified level of bias also may have been introduced by modeling missing
values, although such bias is generally believed to be less than the bias incurred by deleting these
data points. In our analysis, we used the median as the cutoff value for SII, given that there is no
established uniform cutoff value in literature for this marker [78]. In future studies, a consensus
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optimal cutoff value for SII should be determined from population-based studies, using appropriate
statistical methods to adjust for multiplicity. Furthermore, this was a hypothesis generating analysis
and needs further validation with additional studies.

The assessment of other potentially important indicators of tumor progression and survival
outcomes in lung cancer patients (e.g., modified Glasgow prognostic score, C-reactive protein to
albumin ratio, prognostic nutrition index, pretreatment advanced lung cancer inflammation index,
and procalcitonin) were considered to be beyond the scope of the current study but ideally would
be included in future comparative analyses [79]. Additionally, our analysis could not account for
thymidylate synthase expression, which is known to reduce sensitivity to pemetrexed and time to
treatment failure in NCSLC patients [80]. We also did not gauge the extent to which SII may have
been differentially influenced by hypercholesterolemia, concurrent infection, or the interaction with
various incidental drugs. However, such bias likely is nominal given the randomization of patients
in the PROCLAIM trial. An independent data monitoring committee evaluated nonblinded safety
information 6 months after the first 100 patients and then after all patients completed consolidation
chemotherapy. However, beyond this point, specific information about patient deaths (e.g., autopsy
report, exact causes) was not available in our analysis dataset.

The large sample size and systematic collection of data under the auspice of a prospective
randomized clinical trial with standardized assessment of laboratory measures across sites are key
strengths of this study. An important aspect of randomization is that outcome related factors will tend
to be balanced between arms. Our analyses were also less prone to biases that may arise with a single
center study.

5. Conclusions

The results from this study suggest that the systemic immune-inflammation index (SII) in
general is an informative baseline and mid-treatment marker of overall and progression-free survival.
Furthermore, we observed a statistically significant interaction of this index with the study drugs at
the mid-course of therapy. Further studies are needed to establish its value with the current standard
of consolidative immunotherapy following chemoradiation in stage III NSCLC. SII also may serve as a
surrogate endpoint in future clinical trials with the advantage of being able to assess the utility of a
new investigational compound in terms of months rather than years.

Author Contributions: Conceptualization, T.B. and J.T.E.; writing—original draft preparation, T.B. and J.T.E.;
writing—review and editing, T.B., K.H.K., R.G., D.B., M.M., C.J., and J.T.E. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Data used in these analyses are from Lilly trial H3E-MC-JMIG (clinicaltrial.gov ID:
NCT00686959) and were accessed using www.clinicalstudydatarequest.com

Conflicts of Interest: The authors declare no conflict of interest.

Disclaimer: The views and opinions expressed in this manuscript are those of the authors. The content does not
represent the views of the U.S. Department of Veterans Affairs or the United States Government.

References

1. Ridge, C.A.; McErlean, A.M.; Ginsberg, M.S. Epidemiology of lung cancer. Semin. Intervent. Radiol. 2013, 30,
93–98. [CrossRef] [PubMed]

2. Goldstraw, P.; Chansky, K.; Crowley, J.; Rami-Porta, R.; Asamura, H.; Eberhardt, W.E.; Nicholson, A.G.;
Groome, P.; Mitchell, A.; Bolejack, V. The IASLC Lung Cancer Staging Project: Proposals for Revision of
the TNM Stage Groupings in the Forthcoming (Eighth) Edition of the TNM Classification for Lung Cancer.
J. Thorac. Oncol. 2016, 11, 39–51. [CrossRef] [PubMed]

3. Chen, V.W.; Ruiz, B.A.; Hsieh, M.C.; Wu, X.C.; Ries, L.A.; Lewis, D.R. Analysis of stage and clinical/prognostic
factors for lung cancer from SEER registries: AJCC staging and collaborative stage data collection system.
Cancer 2014, 120 (Suppl. S23), 3781–3792. [CrossRef]



Int. J. Environ. Res. Public Health 2020, 17, 7995 10 of 13

4. Park, B.; Yee, C.; Lee, K.M. The effect of radiation on the immune response to cancers. Int. J. Mol. Sci. 2014,
15, 927–943. [CrossRef] [PubMed]

5. Non-Small Cell Lung Cancer Survival Rates by Stage. Available online: http://www.cancer.org/

cancer/lungcancer-non-smallcell/detailedguide/non-small-cell-lung-cancer-survival-rates (accessed on
7 September 2020).

6. Mantovani, A.; Allavena, P.; Sica, A.; Balkwill, F. Cancer-related inflammation. Nature 2008, 454, 436–444.
[CrossRef] [PubMed]

7. Bierie, B.; Moses, H.L. TGF-beta and cancer. Cytokine Growth Factor Rev. 2006, 17, 29–40. [CrossRef] [PubMed]
8. Sparmann, A.; Bar-Sagi, D. Ras-induced interleukin-8 expression plays a critical role in tumor growth and

angiogenesis. Cancer Cell 2004, 6, 447–458. [CrossRef]
9. Balkwill, F.; Charles, K.A.; Mantovani, A. Smoldering and polarized inflammation in the initiation and

promotion of malignant disease. Cancer Cell 2005, 7, 211–217. [CrossRef]
10. Staller, P.; Sulitkova, J.; Lisztwan, J.; Moch, H.; Oakeley, E.J.; Krek, W. Chemokine receptor CXCR4

downregulated by von Hippel-Lindau tumour suppressor pVHL. Nature 2003, 425, 307–311. [CrossRef]
11. Lee, Y.; Kim, S.H.; Han, J.Y.; Kim, H.T.; Yun, T.; Lee, J.S. Early neutrophil-to-lymphocyte ratio reduction as a

surrogate marker of prognosis in never smokers with advanced lung adenocarcinoma receiving gefitinib or
standard chemotherapy as first-line therapy. J. Cancer Res. Clin. Oncol. 2012, 138, 2009–2016. [CrossRef]
[PubMed]

12. De Larco, J.E.; Wuertz, B.R.; Furcht, L.T. The potential role of neutrophils in promoting the metastatic
phenotype of tumors releasing interleukin-8. Clin. Cancer Res. 2004, 10, 4895–4900. [CrossRef] [PubMed]

13. Baker, K.J.; Houston, A.; Brint, E. IL-1 Family Members in Cancer; Two Sides to Every Story. Front. Immunol.
2019, 10, 1197. [CrossRef] [PubMed]

14. Campian, J.L.; Sarai, G.; Ye, X.; Marur, S.; Grossman, S.A. Association between severe treatment-related
lymphopenia and progression-free survival in patients with newly diagnosed squamous cell head and neck
cancer. Head Neck 2014, 36, 1747–1753. [CrossRef] [PubMed]

15. Kobayashi, N.; Usui, S.; Kikuchi, S.; Goto, Y.; Sakai, M.; Onizuka, M.; Sato, Y. Preoperative lymphocyte
count is an independent prognostic factor in node-negative non-small cell lung cancer. Lung Cancer 2012, 75,
223–227. [CrossRef]

16. Stanley, K.E. Prognostic factors for survival in patients with inoperable lung cancer. J. Natl. Cancer Inst. 1980,
65, 25–32.

17. Campian, J.L.; Ye, X.; Brock, M.; Grossman, S.A. Treatment-related lymphopenia in patients with stage III
non-small cell lung cancer. Cancer Investig. 2013, 31, 183–188. [CrossRef]

18. Joo, J.; Song, S.; Park, J.; Choi, E.; Jeong, S.; Choi, W. Lymphocyte Depletion by Radiation Therapy Alone
Is Associated with Poor Survival in Non-Small Cell Lung Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2016,
96, E478.

19. Zhang, J.; Huang, S.H.; Li, H.; Li, Y.; Chen, X.L.; Zhang, W.Q.; Chen, H.G.; Gu, L.J. Preoperative lymphocyte
count is a favorable prognostic factor of disease-free survival in non-small-cell lung cancer. Med. Oncol. 2013,
30, 352. [CrossRef]

20. Sellins, K.S.; Cohen, J.J. Gene induction by gamma-irradiation leads to DNA fragmentation in lymphocytes.
J. Immunol. 1987, 139, 3199–3206.

21. Stratton, J.A.; Byfield, P.E.; Byfield, J.E.; Small, R.C.; Benfield, J.; Pilch, Y. A comparison of the acute effects of
radiation therapy, including or excluding the thymus, on the lymphocyte subpopulations of cancer patients.
J. Clin. Investig. 1975, 56, 88–97. [CrossRef]

22. Tang, C.; Liao, Z.; Gomez, D.; Levy, L.; Zhuang, Y.; Gebremichael, R.A.; Hong, D.S.; Komaki, R.; Welsh, J.W.
Lymphopenia association with gross tumor volume and lung V5 and its effects on non-small cell lung cancer
patient outcomes. Int. J. Radiat. Oncol. Biol. Phys. 2014, 89, 1084–1091. [CrossRef]

23. Kang, K.H.; Efird, J.T.; Sharma, N.; Yang, M.; Dowlati, A.; Linden, P.; Machtay, M.; Biswas, T. Prognostic
potential of neutrophil-to-lymphocyte ratio and lymphocyte nadir in stage III non-small-cell lung cancer.
Future Oncol. 2017, 13, 1405–1414. [CrossRef] [PubMed]

24. Ozkan, E.E.; Kaymak Cerkesli, Z.A.; Erdogan, M. Predictive value of immune-inflammation indices in
metabolic response and outcome after curative radiotherapy in patients with non-small cell lung cancer.
Clin. Respir. J. 2020, 849–856. [CrossRef]



Int. J. Environ. Res. Public Health 2020, 17, 7995 11 of 13

25. Tong, Y.S.; Tan, J.; Zhou, X.L.; Song, Y.Q.; Song, Y.J. Systemic immune-inflammation index predicting
chemoradiation resistance and poor outcome in patients with stage III non-small cell lung cancer. J. Transl.
Med. 2017, 15, 221. [CrossRef]

26. Wang, Y.; Li, Y.; Chen, P.; Xu, W.; Wu, Y.; Che, G. Prognostic value of the pretreatment systemic
immune-inflammation index (SII) in patients with non-small cell lung cancer: A meta-analysis. Ann. Transl.
Med. 2019, 7, 433. [CrossRef] [PubMed]

27. Tomita, M.; Ayabe, T.; Maeda, R.; Nakamura, K. Systemic immune-inflammation index predicts survival of
patients after curative resection for non-small cell lung cancer. In Vivo 2018, 32, 663–667. [CrossRef] [PubMed]

28. Berardi, R.; Santoni, M.; Rinaldi, S.; Bower, M.; Tiberi, M.; Morgese, F.; Caramanti, M.; Savini, A.; Ferrini, C.;
Torniai, M.; et al. Pre-treatment systemic immune-inflammation represents a prognostic factor in patients
with advanced non-small cell lung cancer. Ann. Transl. Med. 2019, 7, 572. [CrossRef]

29. Gao, Y.; Zhang, H.; Li, Y.; Wang, D.; Ma, Y.; Chen, Q. Preoperative increased systemic immune-inflammation
index predicts poor prognosis in patients with operable non-small cell lung cancer. Clin. Chim. Acta 2018,
484, 272–277. [CrossRef]

30. Guo, W.; Cai, S.; Zhang, F.; Shao, F.; Zhang, G.; Zhou, Y.; Zhao, L.; Tan, F.; Gao, S.; He, J. Systemic
immune-inflammation index (SII) is useful to predict survival outcomes in patients with surgically resected
non-small cell lung cancer. Thorac. Cancer 2019, 10, 761–768. [CrossRef]

31. Guo, D.; Zhang, J.; Jing, W.; Liu, J.; Zhu, H.; Fu, L.; Li, M.; Kong, L.; Yue, J.; Yu, J. Prognostic value of systemic
immune-inflammation index in patients with advanced non-small-cell lung cancer. Future Oncol. 2018, 14,
2643–2650. [CrossRef]

32. Yang, R.; Chang, Q.; Meng, X.; Gao, N.; Wang, W. Prognostic value of Systemic immune-inflammation index
in cancer: A meta-analysis. J. Cancer 2018, 9, 3295–3302. [CrossRef] [PubMed]

33. Zhong, J.H.; Huang, D.H.; Chen, Z.Y. Prognostic role of systemic immune-inflammation index in solid
tumors: A systematic review and meta-analysis. Oncotarget 2017, 8, 75381–75388. [CrossRef] [PubMed]

34. Zhang, Y.; Chen, B.; Wang, L.; Wang, R.; Yang, X. Systemic immune-inflammation index is a promising
noninvasive marker to predict survival of lung cancer: A meta-analysis. Medicine 2019, 98, e13788. [CrossRef]
[PubMed]

35. Hu, B.; Yang, X.R.; Xu, Y.; Sun, Y.F.; Sun, C.; Guo, W.; Zhang, X.; Wang, W.M.; Qiu, S.J.; Zhou, J.; et al.
Systemic immune-inflammation index predicts prognosis of patients after curative resection for hepatocellular
carcinoma. Clin. Cancer Res. 2014, 20, 6212–6222. [CrossRef] [PubMed]

36. Senan, S.; Brade, A.; Wang, L.H.; Vansteenkiste, J.; Dakhil, S.; Biesma, B.; Martinez Aguillo, M.; Aerts, J.;
Govindan, R.; Rubio-Viqueira, B.; et al. PROCLAIM: Randomized phase III trial of pemetrexed-cisplatin
or etoposide-cisplatin plus thoracic radiation therapy followed by consolidation chemotherapy in locally
advanced nonsquamous non-small cell lung cancer. J. Clin. Oncol. 2016, 34, 953–962. [CrossRef]

37. Therasse, P.; Arbuck, S.G.; Eisenhauer, E.A.; Wanders, J.; Kaplan, R.S.; Rubinstein, L.; Verweij, J.;
Van Glabbeke, M.; van Oosterom, A.T.; Christian, M.C.; et al. New guidelines to evaluate the response to
treatment in solid tumors. European Organization for Research and Treatment of Cancer, National Cancer
Institute of the United States, National Cancer Institute of Canada. J. Natl. Cancer Inst. 2000, 92, 205–216.
[CrossRef]

38. Liang, K.Y.; Zeger, S.L. Regression analysis for correlated data. Annu. Rev. Public Health 1993, 14, 43–68.
[CrossRef]

39. Freedman, D.A. On the So-Called “Huber Sandwich Estimator” and “Robust Standard Errors”. Am. Stat.
2006, 60, 299–302. [CrossRef]

40. Cox, D. Regression models and life-tables. J. R. Stat. Soc. Ser. B (Methodological) 1972, 34, 187–220.
41. Ellulu, M.S.; Patimah, I.; Khaza’ai, H.; Rahmat, A.; Abed, Y. Obesity and inflammation: The linking

mechanism and the complications. Arch. Med. Sci. 2017, 13, 851–863. [CrossRef]
42. Kaplan, E.L.; Meier, P. Nonparametric Estimation from Incomplete Observations. J. Am. Stat. Assoc. 1958, 53,

457–481. [CrossRef]
43. Fienberg, S.; Rinaldo, A. Maximum likelihood estimation in log-linear models. Ann. Stat. 2012, 40, 996–1023.

[CrossRef]
44. Altman, D.G.; Matthews, J.N. Interaction 1: Heterogeneity of effects. BMJ 1996, 313, 486. [CrossRef]
45. Ibrahim, J.G.; Molenberghs, G. Missing data methods in longitudinal studies: A review. TEST (Madr) 2009,

18, 1–43. [CrossRef] [PubMed]



Int. J. Environ. Res. Public Health 2020, 17, 7995 12 of 13

46. Dempster, A.P.; Laird, N.M.; Rubin, D.B. Maximum Likelihood from Incomplete Data via the EM Algorithm.
J. R. Stat. Soc. Ser. B. 1977, 39, 1–38.

47. Grambsch, P.M.; Therneau, T.M. Proportional Hazards Tests and Diagnostics Based on Weighted Residuals.
Biometrika 1994, 81, 515–526. [CrossRef]

48. Greenland, S. Avoiding power loss associated with categorization and ordinal scores in dose-response and
trend analysis. Epidemiology 1995, 6, 450–454. [CrossRef] [PubMed]

49. Schisterman, E.F.; Cole, S.R.; Platt, R.W. Overadjustment bias and unnecessary adjustment in epidemiologic
studies. Epidemiology 2009, 20, 488–495. [CrossRef]

50. Holly, E.A.; Whittemore, A.S.; Aston, D.A.; Ahn, D.K.; Nickoloff, B.J.; Kristiansen, J.J. Anal cancer incidence:
Genital warts, anal fissure or fistula, hemorrhoids, and smoking. J. Natl. Cancer Inst. 1989, 81, 1726–1731.
[CrossRef] [PubMed]

51. Bradley, J.D.; Paulus, R.; Komaki, R.; Masters, G.A.; Forster, K.; Bogart, S.E.S.; Garces, Y.I.; Narayan, S.;
Kavadi, V.; Nedzi, L.A.; et al. A randomized phase III comparison of standard-dose (60 Gy) versus high-dose
(74 Gy) conformal chemoradiotherapy with or without cetuximab for stage III non-small cell lung cancer:
Results on radiation dose in RTOG 0617. J. Clin. Oncol. 2013, 31, 7501. [CrossRef]

52. Scagliotti, G.V.; Parikh, P.; von Pawel, J.; Biesma, B.; Vansteenkiste, J.; Manegold, C.; Serwatowski, P.;
Gatzemeier, U.; Digumarti, R.; Zukin, M.; et al. Phase III study comparing cisplatin plus gemcitabine with
cisplatin plus pemetrexed in chemotherapy-naive patients with advanced-stage non-small-cell lung cancer.
J. Clin. Oncol. 2008, 26, 3543–3551. [CrossRef] [PubMed]

53. Treat, J.; Scagliotti, G.V.; Peng, G.; Monberg, M.J.; Obasaju, C.K.; Socinski, M.A. Comparison of pemetrexed
plus cisplatin with other first-line doublets in advanced non-small cell lung cancer (NSCLC): A combined
analysis of three phase 3 trials. Lung Cancer 2012, 76, 222–227. [CrossRef]

54. Socinski, M.A.; Weissman, C.; Hart, L.L.; Beck, J.T.; Choksi, J.K.; Hanson, J.P.; Prager, D.; Monberg, M.J.;
Ye, Z.; Obasaju, C.K. Randomized phase II trial of pemetrexed combined with either cisplatin or carboplatin
in untreated extensive-stage small-cell lung cancer. J. Clin. Oncol. 2006, 24, 4840–4847. [CrossRef]

55. Hande, K.R. Etoposide: Four decades of development of a topoisomerase II inhibitor. Eur. J. Cancer 1998, 34,
1514–1521. [CrossRef]

56. Kobayashi, K.; Ratain, M.J. Pharmacodynamics and long-term toxicity of etoposide. Cancer Chemother.
Pharmacol. 1994, 34, S64–S68. [CrossRef] [PubMed]

57. Kulkarni, S.; Vella, E.T.; Coakley, N.; Cheng, S.; Gregg, R.; Ung, Y.C.; Ellis, P.M. The Use of Systemic Treatment
in the Maintenance of Patients with Non-Small Cell Lung Cancer: A Systematic Review. J. Thorac. Oncol.
2016, 11, 989–1002. [CrossRef]

58. Scagliotti, G.; Hanna, N.; Fossella, F.; Sugarman, K.; Blatter, J.; Peterson, P.; Simms, L.; Shepherd, F.A.
The differential efficacy of pemetrexed according to NSCLC histology: A review of two Phase III studies.
Oncologist 2009, 14, 253–263. [CrossRef]

59. Wang, S.; Li, Z.; Xu, R. Human Cancer and Platelet Interaction, a Potential Therapeutic Target. Int. J. Mol. Sci.
2018, 19, 1246. [CrossRef]

60. Borsig, L. The role of platelet activation in tumor metastasis. Expert Rev. Anticancer. Ther. 2008, 8, 1247–1255.
[CrossRef]

61. Thomas, M.R.; Storey, R.F. The role of platelets in inflammation. Thromb. Haemost. 2015, 114, 449–458.
[CrossRef]

62. Goubran, H.A.; Stakiw, J.; Radosevic, M.; Burnouf, T. Platelets effects on tumor growth. Semin. Oncol. 2014,
41, 359–369. [CrossRef] [PubMed]

63. Honn, K.V.; Tang, D.G.; Crissman, J.D. Platelets and cancer metastasis: A causal relationship? Cancer Metastasis
Rev. 1992, 11, 325–351. [CrossRef]

64. Dovizio, M.; Alberti, S.; Guillem-Llobat, P.; Patrignani, P. Role of platelets in inflammation and cancer: Novel
therapeutic strategies. Basic Clin Pharmacol. Toxicol. 2014, 114, 118–127. [CrossRef]

65. Kopp, H.G.; Placke, T.; Salih, H.R. Platelet-derived transforming growth factor-beta down-regulates NKG2D
thereby inhibiting natural killer cell antitumor reactivity. Cancer Res. 2009, 69, 7775–7783. [CrossRef]

66. Italiano, J.E., Jr.; Richardson, J.L.; Patel-Hett, S.; Battinelli, E.; Zaslavsky, A.; Short, S.; Ryeom, S.; Folkman, J.;
Klement, G.L. Angiogenesis is regulated by a novel mechanism: Pro- and antiangiogenic proteins are organized
into separate platelet alpha granules and differentially released. Blood 2008, 111, 1227–1233. [CrossRef]



Int. J. Environ. Res. Public Health 2020, 17, 7995 13 of 13

67. Jenne, C.N.; Urrutia, R.; Kubes, P. Platelets: Bridging hemostasis, inflammation, and immunity. Int. J.
Lab. Hematol. 2013, 35, 254–261. [CrossRef]

68. Bremnes, R.M.; Al-Shibli, K.; Donnem, T.; Sirera, R.; Al-Saad, S.; Andersen, S.; Stenvold, H.; Camps, C.;
Busund, L.T. The role of tumor-infiltrating immune cells and chronic inflammation at the tumor site on
cancer development, progression, and prognosis: Emphasis on non-small cell lung cancer. J. Thorac. Oncol.
2011, 6, 824–833. [CrossRef]

69. Pati, S.; Chowdhury, A.; Mukherjee, S.; Guin, A.; Mukherjee, S.; Sa, G. Regulatory lymphocytes: The dice
that resolve the tumor endgame. Appl. Cancer Res. 2020, 40, 7. [CrossRef]

70. Wang, Y.; Hays, E.; Rama, M.; Bonavida, B.; Resistance, C.D. Cell-mediated immune resistance in cancer.
Cancer Drug Resist. 2019, 3, 1–20. [CrossRef]

71. Gonzalez, H.; Hagerling, C.; Werb, Z. Roles of the immune system in cancer: From tumor initiation to
metastatic progression. Genes Dev. 2018, 32, 1267–1284. [CrossRef] [PubMed]

72. Grivennikov, S.I.; Greten, F.R.; Karin, M. Immunity, inflammation, and cancer. Cell 2010, 140, 883–899.
[CrossRef] [PubMed]

73. Oberg, H.H.; Wesch, D.; Kalyan, S.; Kabelitz, D. Regulatory Interactions Between Neutrophils, Tumor Cells
and T Cells. Front. Immunol. 2019, 10, 1690. [CrossRef] [PubMed]

74. Singel, K.L.; Segal, B.H. Neutrophils in the tumor microenvironment: Trying to heal the wound that cannot
heal. Immunol. Rev. 2016, 273, 329–343. [CrossRef] [PubMed]

75. Grecian, R.; Whyte, M.K.B.; Walmsley, S.R. The role of neutrophils in cancer. Br. Med. Bull. 2018, 128, 5–14.
[CrossRef]

76. Rosales, C.; Demaurex, N.; Lowell, C.A.; Uribe-Querol, E. Neutrophils: Their Role in Innate and Adaptive
Immunity. J. Immunol. Res. 2016, 2016, 1469780. [CrossRef]

77. Uribe-Querol, E.; Rosales, C. Neutrophils in Cancer: Two Sides of the Same Coin. J. Immunol. Res. 2015,
2015, 983698. [CrossRef]

78. Yan, X.; Li, G. Preoperative systemic immune-inflammation index predicts prognosis and guides clinical
treatment in patients with non-small cell lung cancer. Biosci. Rep. 2020, 40. [CrossRef]

79. Takeda, T.; Takeuchi, M.; Saitoh, M.; Takeda, S. Neutrophil-to-lymphocyte ratio after four weeks of nivolumab
administration as a predictive marker in patients with pretreated non-small-cell lung cancer. Thorac. Cancer
2018, 9, 1291–1299. [CrossRef]

80. Socinski, M.A.; Smit, E.F.; Lorigan, P.; Konduri, K.; Reck, M.; Szczesna, A.; Blakely, J.; Serwatowski, P.;
Karaseva, N.A.; Ciuleanu, T.; et al. Phase III study of pemetrexed plus carboplatin compared with etoposide
plus carboplatin in chemotherapy-naive patients with extensive-stage small-cell lung cancer. J. Clin. Oncol.
2009, 27, 4787–4792. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


	Using the Systemic Immune-Inflammation Index (SII) as a mid-treatment marker for survival among patients with stage-III locally advanced non-small cell lung cancer (NSCLC)
	Authors

	tmp.1609780024.pdf.fuGDz

