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            Abstract

            
               
Aim: According to earlier research, tumour response, Lymphocytopenia, and a system-wide immune-inflammatory indexes all affect
                  the clinical results of Stage III NSCLC. We postulated that the tumour response to CRT would be related to hematologic parameters
                  and could perhaps anticipate clinical results.
               

               Materials and Methods: Retrospective evaluation of stage III NSCLC patients treated at a single facility between 2015 and 2020 was done. After receiving
                  CRT, the pre-treatment gross tumour volume (GTV) was measured again. Full blood counts were taken before, during, and after
                  treatment. Neutrophil platelet lymphocyte was used to define the systemic immune-inflammation index (SII). Kaplan-Meier estimates
                  were used to compute overall survival (OS) and prognosis-free survival (PFS), which were then compared using Wilcoxon tests.
                  Then, taking into account additional baseline parameters, pseudovalue regression was used to provide a multivariate study
                  of hematopoietic factors affecting controlled average duration.
               

               Results: There were 110 patients in total. The median PFS and OS were 20 and 35 months, respectively, after a median follow-up of 24
                  months. Baseline SII was correlated with OS (p = 0.039) but not PFS (p = 0.10), and baseline ALC was correlated with both
                  PFS and OS (p = 0.13 and p = 0.06, respectively) in the multivariate model. The recovery SII, nadir ALC, and nadir SII were
                  not connected to PFS or OS.
               

               Conclusion: Baseline hematologic variables, such as baseline ALC, baseline SII, and recovery ALC, were related to clinical outcomes
                  in this cohort of patients with stage III NSCLC. The relationship between disease response and hematologic variables or clinical
                  outcomes was not strong.
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               Introduction

            With 1.8 million deaths globally, or more than 18% of all cancer deaths, non-small cell lung cancer (NSCLC) continues to be
               the leading cause of cancer-related death in an around the world. The 3-year overall survival rate (OS) is less than 60% despite
               recent improvements.1 The gold standard for the final management of unresectable Stage III NSCLC is chemotherapy followed by radiation (CRT). Although
               the intricate interplay between oncologic therapy and the host immune system is not fully understood, it has the potential
               to change clinical outcomes. The immune system helps to prevent cancer, but it can also be blocked, which promotes the spread
               of the disease. By activating DNA damage and cellular stress pathways, radiotherapy can make cancer cells more immunogenic
               by exposing the immune system to immunogenic tumor-associated antigens. 2, 3 In contrast, because lymphocytes are important mediators of the immunological response to cancer, multimodality radiation
               therapy can produce Lymphocytopenia. 4, 5, 6 and weaken the immune response. 
            

            Even at modest radiation exposures (less than 1 Gy), mature circulating lymphocytes show considerable DNA breakage due to
               their high radio-sensitivity. 7, 8 While other research have been unable to demonstrate such a relationship, other investigations have linked Lymphocytopenia
               with a negative influence on clinical outcomes in specific cancer types. 5, 6, 9, 10, 11 In patients with Stage III NSCLC, it has been hypothesized that radiation exposure to the host immune system is linked to
               worse clinical outcomes. 12 The systemic immune-inflammatory index (SII) has been proposed to have predictive significance in patients treated for locally
               advanced NSCLC as well as other cancers. SII = neutrophil platelet lymphocyte. 13 Standard radiation for Stage III NSCLC generally contains additional margin for at-risk regions and treatment delivery issues
               in addition to the gross disease, which can have collateral effects on healthy tissue, including immune system tissue. Recent
               research reveals that the clinical outcome may be connected with tumour volume decrease as assessed by contemporary RT image
               guidance, such as cone beam computed tomography (CBCT) images. 14, 15 In this retrospective investigation, we looked into the connections between Lymphocytopenia, SII, and the disease response
               seen on CT imaging after definitive chemoradiation (CRT) for stage III NSCLC. We postulated that the tumour response to CRT
               would be related to hematologic parameters and could serve as a clinical result predictor. 
            

         

         
               Materials and Methods

            Patients with stage III NSCLC treated with definitive chemoradiation at a single facility between 2015 and 2020 were reviewed
               utilising an IRB-approved database using the electronic medical record (EPIC), accessible diagnostic imaging, and treatment
               planning system (Varian Eclipse). No patients had undergone any prior medical care. All patients who met the requirements
               below were included: (1) 20 years of age, (2) NSCLC with pathological confirmation, (3) readily accessible full blood counts
               before, during, and after treatment, and (4) CT-based imaging shortly before and 1 to 4 months after treatment. Patients without
               available blood counts, those without imaging, and those who stopped taking their medication were excluded. At the time of
               the most recent follow-up, patients were limited. 
            

            Failure within a radiation area with a high dosage was referred to as local recurrence. Initial response was assessed using
               CT scans performed one to four months after CRT was finished. The tumour volume could be calculated both before and after
               therapy by analyzing and manually creating outlines from pre- and post-treatment CT scans. According to Common Terminology
               Criteria for Adverse Events (CTCAE) version 5, Lymphocytopenia was classified as an absolute lymphocyte count (ALC) less than
               1.0 x 103/µL. Based on histology and Kaplan-Meier estimates from the date of diagnosis for the complete cohorts overall survival
               (OS) and progression-free survival (PFS) were estimated.
            

            The widely used Log rank test and Cox model were not applied since the assumption of proportional risks is false. The survival
               times were instead contrasted using Wilcoxon tests. Then, using pseudovalue regression, a multivariate analysis of hematologic
               determinants affecting restricted mean survival up to 60 months was carried out, taking other baseline factors (15) into consideration,
               such as age, AJCC, T stage, N stage, histology, consolidation, GTV initial, and GTV response. SAS 9.4 was used for all analyses,
               and statistical tests with p values under 0.05 were regarded as statistically significant.
            

         

         
               Results

            
                  Patient and treatment characteristics

               110 patients in total were enrolled in the study. 56% of the population was female, with a median age of 65 years (range:
                  47-85). A total of 64%, 35%, and 6% of the patients were current, former, or never smokers, respectively. Patients had smoked
                  for a median of 40 pack-years. (AJCC, 7th Ed) 60% were in stage IIIA. According to histology, 6% were poorly differentiated,
                  45% had adenocarcinoma, and 50% had squamous cell carcinoma. 92% of patients had an ECOG score of 0 or 1 at the time of diagnosis.
                  
               

               Table  1 summarized the demographic,tumour, and treatment characteristics at baseline. All patients received definitive concomitant
                  chemoradiotherapy, with the most popular chemotherapy regimen being weekly carboplatin (AUC 2) and paclitaxel (50 mg/m2).
                  A simultaneous integrated boost was administered to 22 (21.8%) patients who got thoracic radiation with a median dosage of
                  60 Gy over the course of 30 fractions.
               

               
                     
                     Table 1

                     Baseline clinical, treatment, and response factors of 110 patients with stage III NSCLC
                     

                  

                  
                        
                           
                              	
                                 
                              
                               N = 110

                              
                           
                           	
                                 
                              
                               N = 110

                              
                           
                           	
                                 
                              
                               %

                              
                           
                        

                        
                              	
                                 
                              
                               T Stage

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               T0

                              
                           
                           	
                                 
                              
                               2

                              
                           
                           	
                                 
                              
                               1.8

                              
                           
                        

                        
                              	
                                 
                              
                               T1

                              
                           
                           	
                                 
                              
                               12

                              
                           
                           	
                                 
                              
                               14

                              
                           
                        

                        
                              	
                                 
                              
                               T2

                              
                           
                           	
                                 
                              
                               14

                              
                           
                           	
                                 
                              
                               22

                              
                           
                        

                        
                              	
                                 
                              
                               T3

                              
                           
                           	
                                 
                              
                               22

                              
                           
                           	
                                 
                              
                               18

                              
                           
                        

                        
                              	
                                 
                              
                               T4

                              
                           
                           	
                                 
                              
                               35

                              
                           
                           	
                                 
                              
                               29

                              
                           
                        

                        
                              	
                                 
                              
                               N Stage 

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               N0

                              
                           
                           	
                                 
                              
                               9

                              
                           
                           	
                                 
                              
                               8.4

                              
                           
                        

                        
                              	
                                 
                              
                               N1

                              
                           
                           	
                                 
                              
                               8

                              
                           
                           	
                                 
                              
                               8.9

                              
                           
                        

                        
                              	
                                 
                              
                               N2

                              
                           
                           	
                                 
                              
                               65

                              
                           
                           	
                                 
                              
                               55.3

                              
                           
                        

                        
                              	
                                 
                              
                               N3

                              
                           
                           	
                                 
                              
                               30

                              
                           
                           	
                                 
                              
                               28.3

                              
                           
                        

                        
                              	
                                 
                              
                               Stage (VIIth ) 

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               IIIA

                              
                           
                           	
                                 
                              
                               65

                              
                           
                           	
                                 
                              
                               60.0

                              
                           
                        

                        
                              	
                                 
                              
                               IIIB

                              
                           
                           	
                                 
                              
                               45

                              
                           
                           	
                                 
                              
                               43.2

                              
                           
                        

                        
                              	
                                 
                              
                               Median age 65 (35-45)

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               <50

                              
                           
                           	
                                 
                              
                               9

                              
                           
                           	
                                 
                              
                               9

                              
                           
                        

                        
                              	
                                 
                              
                               50-65

                              
                           
                           	
                                 
                              
                               35

                              
                           
                           	
                                 
                              
                               33

                              
                           
                        

                        
                              	
                                 
                              
                               65-75

                              
                           
                           	
                                 
                              
                               32

                              
                           
                           	
                                 
                              
                               30

                              
                           
                        

                        
                              	
                                 
                              
                               75-85

                              
                           
                           	
                                 
                              
                               24

                              
                           
                           	
                                 
                              
                               20

                              
                           
                        

                        
                              	
                                 
                              
                               85+

                              
                           
                           	
                                 
                              
                               8

                              
                           
                           	
                                 
                              
                               8

                              
                           
                        

                        
                              	
                                 
                              
                               Sex

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Male

                              
                           
                           	
                                 
                              
                               48

                              
                           
                           	
                                 
                              
                               45

                              
                           
                        

                        
                              	
                                 
                              
                               Female

                              
                           
                           	
                                 
                              
                               60

                              
                           
                           	
                                 
                              
                               57

                              
                           
                        

                        
                              	
                                 
                              
                               Smoking Status

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Current

                              
                           
                           	
                                 
                              
                               70

                              
                           
                           	
                                 
                              
                               65.3

                              
                           
                        

                        
                              	
                                 
                              
                               Former ( Quit 1-10 Years)

                              
                           
                           	
                                 
                              
                               18

                              
                           
                           	
                                 
                              
                               15.2

                              
                           
                        

                        
                              	
                                 
                              
                               Former ( Quit >10 Years ago )

                              
                           
                           	
                                 
                              
                               23

                              
                           
                           	
                                 
                              
                               18.1

                              
                           
                        

                        
                              	
                                 
                              
                               Never

                              
                           
                           	
                                 
                              
                               5

                              
                           
                           	
                                 
                              
                               2.4

                              
                           
                        

                        
                              	
                                 
                              
                               Histology 

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Adenocarcinoma

                              
                           
                           	
                                 
                              
                               45

                              
                           
                           	
                                 
                              
                               42.4

                              
                           
                        

                        
                              	
                                 
                              
                               Squamous

                              
                           
                           	
                                 
                              
                               54

                              
                           
                           	
                                 
                              
                               49.5

                              
                           
                        

                        
                              	
                                 
                              
                               Other

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               7.5

                              
                           
                        

                        
                              	
                                 
                              
                               Prescription Dose 

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Median Prescription (Gy)

                              
                           
                           	
                                 
                              
                               70 (25% SIB )

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Median DPF (Gy)

                              
                           
                           	
                                 
                              
                               5

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Concurrent Chemotherapy 

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Platinum / Taxane

                              
                           
                           	
                                 
                              
                               98

                              
                           
                           	
                                 
                              
                               95.5

                              
                           
                        

                        
                              	
                                 
                              
                               Platinum / Etopiside

                              
                           
                           	
                                 
                              
                               5

                              
                           
                           	
                                 
                              
                               3.5

                              
                           
                        

                        
                              	
                                 
                              
                               Platinum / Gemcitabine

                              
                           
                           	
                                 
                              
                               4

                              
                           
                           	
                                 
                              
                               1.5

                              
                           
                        

                        
                              	
                                 
                              
                               Platinum / Pemetrexed

                              
                           
                           	
                                 
                              
                               4

                              
                           
                           	
                                 
                              
                               1.5

                              
                           
                        

                        
                              	
                                 
                              
                               Consolidation/ Maintenance

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               No

                              
                           
                           	
                                 
                              
                               35

                              
                           
                           	
                                 
                              
                               30

                              
                           
                        

                        
                              	
                                 
                              
                               Yes - Cytotoxic 

                              
                           
                           	
                                 
                              
                               65

                              
                           
                           	
                                 
                              
                               62.2

                              
                           
                        

                        
                              	
                                 
                              
                               Yes - Durvalumab

                              
                           
                           	
                                 
                              
                               9

                              
                           
                           	
                                 
                              
                               6.5

                              
                           
                        

                        
                              	
                                 
                              
                               Tumor Volumetrics

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               20 -25- 50-70-75th Initial GTV (cc)
                              

                              
                           
                           	
                                 
                              
                               60-120-130 cc

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               20-25-50-70-75th % Responses
                              

                              
                           
                           	
                                 
                              
                               62-75-90 %

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                     
                  

               

            

            
                  Myelosuppression

               Immediately before commencing treatment, the median comparative baseline blood platelet count was 299 x109/L, the median absolute
                  baseline albumin was 4.0 g/dL, the median absolute baseline neutrophil count (bANC) was 8.4 x103/µL, and the median absolute
                  baseline lymphocyte count (bALC) was 3.49 x103/µL. The median ALC (dALC) decrease throughout therapy was 2.13 x 103/µL. Following
                  the start of CRT, ALC generally fell rapidly, reaching its lowest point by weeks 6–7, and then rebounded after CRT was finished,
                  though not to baseline (Figure 1). By two months after therapy, patients' lymphocyte counts had returned to about 50% of their
                  pre-treatment levels. Neutrophils, platelets, and albumin all experienced median declines of 5.8 x 103/µL, 183 x 103/µL, and
                  0.4 g/dL, respectively. Grade 3 and Grade 4 Lymphocytopenia were present in 54.7% and 32.1% of patients, respectively. In
                  32.2% of patients, leukopenia in ≥ grade 3 was present.
               

               
                     
                     Figure 1

                     Illustrates the absolute amount of lymphocyte count (x103/µL) before and afterchemoradiation for each patient.
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                     Table 2

                     Statistical Significance of Kaplan-Meier Estimates for OS and PFS Based on Baseline Absolute Lymphocyte Count (ALC), Baseline
                        SII, and Recovery ALC, Dichotomized by Median Split and Compared with Wilcoxon Tests
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                     Figure 2

                     Estimates for OS and PFS based on baseline absolute lymphocyte count (ALC), baseline SII, and recovery ALC, dichotomized by
                        median split.
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                  Clinical results

               The median PFS (95% CI, 14-36) and OS (95% CI, 24-52) were 16 and 40 months, respectively, after a median follow-up of 24
                  months (range: 4-97 months). 13.2% of patients experienced a local tumour recurrence (LR), with a median time to LR of 26
                  months, and 27.4% of patients experienced a distant tumour recurrence, with a median time to distant recurrence of 17 months.
                  In contrast to 9.4% of patients with squamous cell carcinoma, 18.2% of patients with adenocarcinoma experienced local recurrence
                  (p=0.104). PFS (p=0.048) and OS (p=0.032) were negatively correlated with larger GTV (> 120 cc). T and N categories, as well
                  as stage groupings from the AJCC 7th edition, were strongly related to OS and PFS. Figure  2  provides an overview of the estimates for OS and PFS depending on baseline absolute lymphocyte count (ALC), baseline SII,
                  and recovery ALC. These estimates were dichotomized by median split and compared using Wilcoxon tests. Baseline ALC >1.5 x
                  103/µL was linked to better PFS (p=0.009) and OS (p=0.001) on a univariate analysis. Additionally, PFS (p=0.01) and OS (p=0.005)
                  were also improved with baseline SII <1200. Neither ALC nor SII were related to PFS or OS during the nadir phase (weeks 5-7).
                  Recovery ALC (1-2 months post-CRT) was not associated with OS (p=0.09) but was associated with better PFS (p=0.01). PFS or
                  OS were not connected to SII throughout the recovery stage. Squamous cell carcinoma baseline ALC >1.5 x 103/µL was linked
                  with better PFS (p=0.05) and OS (p=0.003) when stratified by histology. A lower baseline SII < 1200 for squamous cell carcinoma
                  was likewise linked to a better overall survival rate. In the adenocarcinoma sample, baseline ALC, baseline SII, and recovery
                  ALC were not statistically significant (Table  2). After adjusting for the confounding effects of age, AJCC, T stage, N stage, histology, consolidation, GTV initial, and
                  GTV response, baseline SII remained significant for OS (p = 0.046) but not PFS (p = 0.09) in the multivariate model over the
                  restricted mean survival time up to 60 months, and bALC remained associated with both PFS and OS (p = 0.03 and p = 0.02, respectively).
               

            

            
                  Tumor and response

               Median pre- and post-GTV were 110 cc and 23 cc, respectively, with a median 74.3% median response (GTVres) from pre-treatment
                  simulation scan to post-treatment imaging. Neither baseline nor nadir hematologic values were associated with magnitude of
                  tumor response. Percent tumor response was not associated with PFS (p=0.258) or OS (p=0.185).
               

            

         

         
               Discussion

            In patients with stage III NSCLC, the development of Lymphocytopenia after chemoradiation is anticipated. The new study confirms
               prior findings in a variety of cancer types that a relationship exists between the initial lymphocyte count and clinical outcomes.
               16, 17, 18, 19 According to Tong et al. and our investigation, pre-treatment SII could serve as a separate predictive biomarker for OS.
               13 Our search for a significant correlation between the degree of myelosuppression and the size of the tumour response came
               up empty. This is the first evaluation of this potential association that we are aware of. Furthermore, in our patient cohort,
               the depth of the immunologic nadir caused by the medication was not linked to the clinical result. This is in line with data
               from a recent study by Ng et al. on patients receiving CRT for oropharyngeal cancer, in which they discovered no connection
               between the emergence of G3/G4 Lymphocytopenia and overall survival.4 In contrast, grade 4 ALC nadir was linked to lower OS
               and disease-specific survival outcomes in studies of individuals with esophageal cancer. 20 Recent research suggests that early response to treatment can predict post-CRT survival. 14, 21 These results were not confirmed in our series, and we were unable to explain the size of the response using baseline or
               treatment-induced Lymphocytopenia. It is possible that a relationship does in fact exist but was missed by our research strategy.
               Notably, proper disease-response volumetric evaluation is fraught with difficulties. 
            

            Assigning a residual tumour volume after a significant response that is confounded with post-treatment alterations, for instance,
               is probably vulnerable to a significant amount of inter-observer variability. Recovery The fact that ALC was linked to increased
               OS and PFS suggests that the immune system's capacity to recover may be useful in predicting clinical outcome. Others have
               demonstrated a correlation between decreased hematologic immunosuppression and lower radiation doses to the heart, lymphoid
               organs, and circulating blood pool. 22, 23 The detrimental clinical effects of chemoradiation-induced Lymphocytopenia that persisted after treatment imply that creative
               strategies to reduce radiation dosage to organs connected to lymphocytes that are at risk while preserving target coverage
               merit further research. It has been suggested that radiation procedures, such as dosage rate and target size, may be connected
               to Lymphocytopenia brought on by treatment. Even when the overall radiation dose was held constant, Lymphocytopenia was found
               to be inversely proportional to fraction number in the 1970s. 24 
            

            The lymphotoxic effects may be lessened by methods including stereotactic body radiotherapy (SBRT), hypofractionation, proton
               therapy, ultra-high dose rate (FLASH) RT, and de-intensification through dose, volume, or systemic therapy. 18, 25 Given the extreme sensitivity of lymphocytes to low doses of radiation, recent findings suggest that decreasing lung V5-V10
               may be crucial for optimizing immune response, particularly in patients with XRCC1 rs25487 genotype. 26, 27 When the dose was increased from 60 Gy to 74 Gy in RTOG 0617, there was an unanticipated trend towards worse local control
               61.8 → 54.3%( p=0.07) and OS 32.1 → 23% (p=0.06). 28 The host immune response may be inhibited by dose escalation by lowering lymphocyte populations, according to one theory.29 The immune system could be avoided as an organ at risk, potentially affecting clinical results, according to Colton et al.
               and Ladbury et al. 12, 30 
            

            Durvalumab is already considered standard of care in the adjuvant situation (e.g. ECOG-ACRIN 5181), and researchers are also
               looking into its potential use in the concurrent setting. However, participants in this study did not receive immunotherapy.
               Although anti-PDL1 therapy has been adopted under current guidelines, its use is nevertheless restricted by a number of real-world
               issues, with recently documented immunotherapy initiation rates as low as 65%. 31 Although the implications of Lymphocytopenia in immunotherapy patients are not fully understood, it has been hypothesized
               that peri-immunotherapy Lymphocytopenia may indicate poorer clinical outcomes. 18, 32 The need to comprehend the interactions between radiation therapy, systemic therapy, and the host immune system is growing
               along with the function of immunotherapy. Clinical outcomes may be further improved by using techniques and timing for radiation
               that are adjusted to reduce Lymphocytopenia. This study has limitations that are common to all retrospective studies from
               a single institution with a modest sample size, particularly when stratifying by histology. Additionally, there was considerable
               variation in the number and timing of imaging and blood draws in relation to radiation treatments since these were not standardised.
               Finally, it is difficult to evaluate tumour response while looking for associations with hematologic markers. Therefore, care
               should be taken when interpreting these findings, and bigger validation studies are probably necessary to more fully assess
               or confirm any potential relationship.
            

         

         
               Conclusion

            Several baseline and recovery hematologic variables, including baseline ALC, baseline SII, and recovery ALC, were linked to
               clinical outcomes in this cohort of patients with stage III NSCLC treated with final chemoradiation. Hematologic nadir caused
               by treatment were not linked to a positive clinical outcome. We still need to learn more about the interactions between the
               immune system, hematologic toxicity, and clinical outcomes after CRT.
            

         

         
               Human Ethics Statement

            The Institutional Review Board for the Protection of Human Subjects at Lugansk State Medical University acquired ethical permission
               before the study could begin. The information accessible comply with all applicable privacy and data protection laws. 
            

         

         
               Author Contributions

            All authors made a significant contribution to the work reported, whether that is in the conception, study design, execution,
               acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically reviewing
               the article and gave final approval of the version to be published; have agreed on the journal to which the article has been
               submitted; and agree to be accountable for all aspects of the work.
            

         

         
               Conflicts of Interest

            None.

         

         
               Source of Funding

            None.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Gray, JE, Villegas, A & Daniel, D,   (2020). Three-Year Overall Survival with Durvalumab after Chemoradiotherapy in Stage III NSCLC-Update from PACIFIC. J Thorac Oncol, 15(2), 288–93. 10.1016/j.jtho.2019.10.002

                  

                  
                     
                        2 
                              

                     

                     Lhuillier, C, Rudqvist, NP, Elemento, O, Formenti, SC & Demaria, S,   (2019). Radiation therapy and anti-tumor immunity: exposing immunogenic mutations to the immune system. Genome Med, 11(1), 40. 10.1186/s13073-019-0653-7

                  

                  
                     
                        3 
                              

                     

                     Portella, L & Scala, S,   (2019). Ionizing radiation effects on the tumor micro environment. Semin Oncol, 46(3), 254–60.
                     

                  

                  
                     
                        4 
                              

                     

                     Ng, SP, Bahig, H & Jethanandani, A,   (2020). Lymphocytopenia during radiotherapy in patients with oropharyngeal cancer. Radiother Oncol, 145, 95–100.
                     

                  

                  
                     
                        5 
                              

                     

                     Grossman, SA, Ellsworth, S & Campian, J,   (2015). Survival in Patients With Severe Lymphocytopenia Following Treatment With Radiation and Chemotherapy for Newly Diagnosed
                        Solid Tumors. J Natl Compr Canc Netw, 13(10), 1225–31.
                     

                  

                  
                     
                        6 
                              

                     

                     Grossman, SA, Ye, X & Lesser, G,   (2011). Immunosuppression in patients with high-grade gliomas treated with radiation and temozolomide. Clin Cancer Res, 17(16), 5473–80. 10.1158/1078-0432.Ccr-11-0774

                  

                  
                     
                        7 
                              

                     

                     Sellins, KS & Cohen, JJ,   (1987). Gene induction by gamma-irradiation leads to DNA fragmentation in lymphocytes. J Immunol, 139(10), 3199–206.
                     

                  

                  
                     
                        8 
                              

                     

                     Stratton, JA, Byfield, PE, Byfield, JE, Small, RC, Benfield, J & Pilch, Y,   (1975). A comparison of the acute effects of radiation therapy, including or excluding the thymus, on the lymphocyte sub-populations
                        of cancer patients. J Clin Invest, 56(1), 88–97. 10.1172/jci108084

                  

                  
                     
                        9 
                              

                     

                     Balmanoukian, A, Ye, X, Herman, J, Laheru, D & Grossman, S A,   (2012). The association between treatment-related Lymphocytopenia and survival in newly diagnosed patients with resected
                        adenocarcinoma of the pancreas. Cancer Invest, 30(8), 571–6.
                     

                  

                  
                     
                        10 
                              

                     

                     Lin, AJ, Gang, M & Rao, YJ,   (2019). Association of Post-treatment Lymphocytopenia and Elevated Neutrophil-to-Lymphocyte Ratio With Poor Clinical Outcomes
                        in Patients With Human Papillomavirus-Negative Oropharyngeal Cancers. JAMA Otolaryngol Head Neck Surg, 145(5), 413–21.
                     

                  

                  
                     
                        11 
                              

                     

                     Campian, JL, Sarai, G, Ye, X, Marur, S & Grossman, SA,   (2014). Association between severe treatment-related Lymphocytopenia and progression-free survival in patients with newly
                        diagnosed squamous cell head and neck cancer. Head Neck, 36(12), 1747–53.
                     

                  

                  
                     
                        12 
                              

                     

                     Ladbury, CJ, Rusthoven, CG, Camidge, DR, Kavanagh, BD & Nath, SK,   (2019). Impact of Radiation Dose to the Host Immune System on Tumor Control and Survival for Stage III Non-Small Cell Lung
                        Cancer Treated with Definitive Radiation Therapy. Int J Radiat Oncol Biol Phys, 105(2), 346–55. 10.1016/j.ijrobp.2019.05.064

                  

                  
                     
                        13 
                              

                     

                     Tong, YS, Tan, J, Zhou, XL, Song, YQ & Song, YJ,   (2017). Systemic immune-inflammation index predicting chemoradiation resistance and poor outcome in patients with stage
                        III non-small cell lung cancer. J Transl Med, 15(1), 221.  10.1186/s12967-017-1326-1

                  

                  
                     
                        14 
                              

                     

                     Jabbour, SK, Kim, S & Haider, SA,   (2015). Reduction in Tumor Volume by Cone Beam Computed Tomography Predicts Overall Survival in Non-Small Cell Lung Cancer
                        Treated With Chemoradiation Therapy. Int J Radiat Oncol Biol Phys, 92(3), 627–33.
                     

                  

                  
                     
                        15 
                              

                     

                     Andersen, PK, Klein, JP & Rosthøj, S,   (2003). Generalized Linear Models for Correlated Pseudo-Observations, with Applications to Multi-State Models. Biometrika, 90(1), 15–27.
                     

                  

                  
                     
                        16 
                              

                     

                     Grassberger, C, Hong, TS & Hato, T,   (2018). Differential Association Between Circulating Lymphocyte Populations With Outcome After Radiation Therapy in Subtypes
                        of Liver Cancer. Int J Radiat Oncol Biol Phys, 101(5), 1222–25.
                     

                  

                  
                     
                        17 
                              

                     

                     Suzuki, R, Lin, SH & Wei, X,   (2018). Prognostic significance of pre-treatment total lymphocyte count and neutrophil-to-lymphocyte ratio in extensive-stage
                        small-cell lung cancer. Radiother Oncol, 126(3), 499–505.
                     

                  

                  
                     
                        18 
                              

                     

                     Cho, Y, Park, S & Byun, H K,   (2019). Impact of Treatment-Related Lymphocytopenia on Immunotherapy for Advanced Non-Small Cell Lung Cancer. Int J Radiat Oncol Biol Phys, 105(5), 1065–73. 10.1016/j.ijrobp.2019.08.047

                  

                  
                     
                        19 
                              

                     

                     Kleinberg, L, Sloan, L, Grossman, S, Lim, M & Radiotherapy, ,   (2019). Lymphocytopenia, and Host Immune Capacity in Glioblastoma: a Potentially Actionable Toxicity Associated With Reduced
                        Efficacy of Radiotherapy. Neurosurgery, 85(4), 441–53. 10.1093/neuros/nyz198

                  

                  
                     
                        20 
                              

                     

                     Davuluri, R, Jiang, W, Fang, P, C Xu, Komaki, R & Gomez, DR,   (2017). Lymphocyte Nadir and Esophageal Cancer Survival Outcomes After Chemoradiation Therapy. Int J Radiat Oncol Biol Phys, 99(1), 128–35. 10.1016/j.ijrobp.2017.05.037

                  

                  
                     
                        21 
                              

                     

                     Grewal, AS, Min, E J, Long, Q, Grewal, SK, Jain, V & Levin, WP,   (2020). Early Tumor and Nodal Response in Patients with Locally Advanced Non-Small Cell Lung Carcinoma Predict for Oncologic
                        Outcomes in Patients Treated with Concurrent Proton Therapy and Chemotherapy. Int J Radiat Oncol Biol Phys, 106(2), 358–68. 10.1016/j.ijrobp.2019.10.019

                  

                  
                     
                        22 
                              

                     

                     Contreras, JA, Lin, AJ, Weiner, A, Speirs, C, Samson, P & Mullen, D,   (2018). Cardiac dose is associated with immunosuppression and poor survival in locally advanced non-small cell lung cancer.
                        Radiother Oncol, 128(3), 498–504. 10.1016/j.radonc.2018.05.017

                  

                  
                     
                        23 
                              

                     

                     Joseph, N, Mcwilliam, A, Kennedy, J, K Haslett, J Mahil & Gavarraju, A,   (2019). Post-treatment Lymphocytopenia, integral body dose and overall survival in lung cancer patients treated with radical
                        radiotherapy. Radiother Oncol, 135, 115–9. 10.1016/j.radonc.2019.03.008

                  

                  
                     
                        24 
                              

                     

                     Maclennan, IC & Kay, HE,   (1978). Analysis of treatment in childhood leukemia. IV. The critical association between dose fractionation and immunosuppression
                        induced by cranial irradiation. Cancer, 41(1), 108–11. 10.1002/1097-0142(197801)41:1<108::aid-cncr2820410116>3.0.co;2-z

                  

                  
                     
                        25 
                              

                     

                     Mclaughlin, MF, Alam, M, Smith, L, Ryckman, J, Lin, C & Baine, MJ,   (2020). Stereotactic body radiation therapy mitigates radiation induced lymphopenia in early stage non-small cell lung cancer.
                        PLoS One, 15(11), 241505. 10.1371/journal.pone.0241505

                  

                  
                     
                        26 
                              

                     

                     Tang, C, Liao, Z, Gomez, D, Y Zhuang, RA Gebremichael & DS Hong,   (2014). Lymphocytopenia 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, 89(5), 1084–91. 10.1016/j.ijrobp.2014.04.025

                  

                  
                     
                        27 
                              

                     

                     Xie, X, Lin, SH, Welsh, JW, Wei, X, Jin, H & Mohan, R,   (2020). Radiation-induced Lymphocytopenia during chemoradiation therapy for non-small cell lung cancer is linked with age,
                        lung V5, and XRCC1 rs25487 genotypes in lymphocytes. Radiother Oncol, 154, 187–93. 10.1016/j.radonc.2020.09.002

                  

                  
                     
                        28 
                              

                     

                     Bradley, JD, Hu, C, Komaki, RR, Masters, GA, Blumenschein, GR & SE Schild,   (2020). Long-Term Results of NRG Oncology RTOG 0617: standard- Versus High-Dose Chemoradiotherapy With or Without Cetuximab
                        for Unresectable Stage III Non-Small-Cell Lung Cancer. J Clin Oncol, 38(7), 706–14. 10.1200/JCO.19.01162

                  

                  
                     
                        29 
                              

                     

                     Jin, JYHC & Xiao, Y,   (2017). Higher radiation dose to immune system is, nonesmall cwpsipwsI, group clcAssoapc. J Med, 99, 151–2.
                     

                  

                  
                     
                        30 
                              

                     

                     Ellsworth, S G,   (2018). Field size effects on the risk and severity of treatment-induced Lymphocytopenia in patients undergoing radiation
                        therapy for solid tumors. Adv Radiation Oncol, 3(4), 512–519.
                     

                  

                  
                     
                        31 
                              

                     

                     Bruni, A, Scotti, V, Borghetti, P, S Vagge, Cozzi, S & D'Angelo, E,   (2021). A Real-World, Multicenter, Observational Retrospective Study of Durvalumab After Concomitant or Sequential Chemoradiation
                        for Unresectable Stage III Non-Small Cell Lung Cancer. Front Oncol, 11, 744956. 10.3389/fonc.2021.744956

                  

                  
                     
                        32 
                              

                     

                     Karantanos, T, Karanika, S, Seth, B & Gignac, G,   (2019). The absolute lymphocyte count can predict the overall survival of patients with non-small cell lung cancer on nivolumab:
                        a clinical study. Clin Transl Oncol, 21(2), 206–12. 10.1007/s12094-018-1908-2

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Lymphocytopenia repercussions on stage III Non-small cell lung cancer (NSCLC) patients' tumour progression and their clinical results after chemoradiation


      
        		
          Content
        


      


    
  

