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Purpose: There exists a dearth of research concerning non-small cell lung cancer (NSCLC) patients experiencing overall progressive 
disease concomitant with shrinking lesions after immunotherapy. This is a special type of mixed response. We aim to evaluate the 
clinical characteristics and treatment options of these patients during immunotherapy.
Patients and Methods: We categorized patients into two groups: Progressive Disease with Mixed Responses (PDMR) (n = 31) and 
Progressive Disease with None Mixed Responses (PDNMR) (n = 144), depending on whether at least one target lesion had shrunk by 
≥30% at the point of overall progression. Computed tomography scans and magnetic resonance imaging were utilized to evaluate the 
clinicopathological significance of these patients, and a multivariate analysis was conducted to scrutinize the clinical characteristics 
and prognosis-influencing factors in these patients.
Results: Patients in the PDMR group had worse staging and a greater proportion of previous radiotherapy. The median overall 
survival (mOS 22 vs 36.4 months; P = 0.019) and median progression-free survival (mPFS 5.83 vs 9.03 months; P = 0.031) of the 
PDMR group were shorter than PDNMR group. Longer subsequent OS with continued immunotherapy after PDMR compared with 
patients who do not continue with immunization after PDMR (mOS 23.9 vs 6.5 months; P = 0.024).
Conclusion: PDMR was primarily observed in stage IV patients and previously irradiated patients. OS and PFS were inferior in 
patients with PDMR compared to patients with PDNMR. The continuation of immunotherapy in PDMR patients could extend their 
survival.
Keywords: non-small cell lung cancer, immunotherapy, mixed response, progression

Introduction
Lung cancer remains the leading cause of cancer-related mortality globally. At the time of diagnosis, 57% of lung cancer 
patients present with metastases, and the five-year survival rate is a mere 5%.1 Non-small cell lung cancer (NSCLC) accounts 
for the majority (85%) of lung cancer cases.2 The introduction of immune checkpoint inhibitors, particularly the combination 
of anti-programmed cell death protein 1 (anti-PD-1) and anti-programmed cell death 1 ligand 1 (anti-PD-L1) antibodies with 
chemotherapy, has significantly improved the prognosis for patients with inoperable NSCLC, enhancing survival outcomes in 
these patients.3–6

However, immunotherapy differs from conventional cytotoxic agents and targeted therapies due to its unique 
pharmacological mechanisms, leading to diverse response patterns.7 Evaluating immunological drugs is challenging 
due to mixed responses (MR), pseudoprogression, and hyperprogression. Furthermore, clinical experience elucidates that 
some patients diagnosed as “progressive” have local tumor shrinkage. This response pattern represents a distinctive form 
of mixed responses,8 defined as overall progression according to RECIST 1.1 criteria but concurrent with one or more 
shrinking lesions. Such patients are often labeled as “progressing” in clinical practice.9 Guidelines recommend switching 
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patients to another therapy line upon progression.4,6 However, disregarding the reduction in specific lesions may result in 
the loss of potential therapeutic benefits.

The proportion of patients who has progressive disease (PD) with mixed responses (PDMR) is not high, but as the 
concept of “Customized (N-of-1) combination therapy” continues to be recognized, the prognostic factors related to the 
survival of patients with PDMR and the subsequent therapeutic regimens need to be urgently explored and adjusted. 
Although some studies have addressed mixed response, there is a significant gap in the literature regarding MR in the 
context of PD. To address this gap, we conducted a retrospective investigation at a single center, focusing on patients 
with inoperable non-small cell lung cancer who underwent immunotherapy (anti-PD-1 or anti-PD-L1) combined with 
chemotherapy. Our objective is to thoroughly examine their clinicopathological characteristics, identify high-risk 
subgroups, and evaluate their subsequent management and clinical outcomes.

Patients and Methods
Patients
This study reviewed the medical records of patients diagnosed with inoperable stage III and IV NSCLC who 
underwent anti-PD-1/anti-PD-L1 therapy, with or without chemotherapy, at the Shandong Cancer Hospital and 
Research Institute between 2018 and 2022. All patients were pathologically confirmed to have unresectable NSCLC 
and had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 2. Standard follow-up care was 
administered at our institution, which included computed tomography (CT) scans every 12 weeks and clinical 
evaluations by the oncology team. The study protocol was approved by the Medical Ethics Committee of the 
Shandong Cancer Hospital and Research Institute. Clinical data were retrieved from the medical record system, 
encompassing 175 patients with NSCLC who had complete documentation of disease progression following immu-
notherapy, thereby permitting further analysis. To mitigate the potential confounding effects of “mixed responses” due 
to local radiotherapy, patients who exhibited progressive disease within six months post-radiotherapy were excluded 
from the study.

Clinical Variables
Clinical data collection involves extracting information on patient characteristics, tumor characteristics, treatment 
modalities, and survival outcomes from medical records. The patients were enrolled and then classified into two groups, 
namely PDMR and Progressive Disease with None Mixed responses (PDNMR), based on whether there was overall 
progression with concurrent tumor shrinkage or not. The two groups of patients were classified according to age, gender, 
smoking habits, tumor location, ECOG, pathological classification of NSCLC, and the presence of brain, liver and bone 
metastases at the time of pathological diagnosis.

Assessment
Response to treatment was evaluated by a radiologist certified by the board via CT scan and magnetic resonance imaging 
(MRI), which included the evaluation of metastatic lesions ≥5 mm in the long axis, excluding lymph nodes, and lymph 
nodes ≥15 mm in the short axis. The sum of all measured lesions determined the tumor load. We have classified the 
response to treatment into two categories: (1) PDMR - presence of shrinking tumor when overall progression, and (2) 
PDNMR - no shrinking tumor when overall progression. Subsequent analyses of the PDMR and PDNMR groups 
involved evaluating overall survival (OS), which is defined as the duration between pathology confirmation and the 
date of the last follow-up or the date of death. In addition, overall survival 2 (OS2) was analyzed, which is defined as the 
period from disease progression on immunotherapy until the date of death or the date of the last follow-up. Furthermore, 
progression-free survival (PFS), which is the time from the beginning of immunotherapy until the assessment for PD, 
was also examined. It is worth noting that all patients underwent PD evaluation in accordance with RECIST 1.1 criteria: 
20% increase in target lesions or the manifestation of new lesions was observed. In order to qualify as a shrinking lesion, 
a reduction of more than 30% in a single target lesion was required.
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Statistical Analysis
Statistical analyses were performed to evaluate the demographic and clinicopathological characteristics of all patients. 
Depending on the nature of the data and the study objectives, clinical characteristics were compared using the chi-square 
test, Fisher’s exact test, or Wilcoxon rank-sum test. Differences between the two groups were assessed using the Log 
rank test, and overall survival was estimated using the Kaplan–Meier method. To identify independent prognostic factors 
associated with improved survival, Cox proportional hazards modeling was employed. Variables with a two-sided 
p-value of less than 0.10 in the univariate analysis were subsequently included in the multivariate Cox regression 
analysis. A two-sided p-value of less than 0.05 was considered indicative of statistical significance across all analyses. 
All statistical analyses were conducted using SPSS Statistics version 26 (IBM Corporation, NY, USA).

Results
Patient Characteristics
A total of 175 patients diagnosed with inoperable non-small cell lung cancer with metastatic lesions were included in our 
retrospective study from 2018 to 2022. The program aimed to objectively evaluate the efficacy of immunotherapy for this 
patient population. Of the patients under study, 105 experienced progression after first-line immunotherapy, while 70 
progressed after second-line immunotherapy. The immunotherapy agent of choice was PD-1 inhibitor in 97.71% of 
patients, while PD-L1 inhibitor was used in 2.29% of patients (Supplementary Table 1). When evaluated as PD, 31 
patients exhibited shrinking lesions, and 144 patients did not exhibit any shrinkage. Patients with reducing lesions were 
designated as being in PDMR. Those without reducing lesions were marked as PDNMR (Table 1). A schematic of the 

Table 1 Demographic and Clinical Characteristics in 175 
Non-Small Cell Carcinoma Patients

PDMR PDNMR P value
N (%) N (%)

n 31 144

Age
Median (IQR) 58 (54–66) 63 (56–68) 0.122

≥65 14 (45.16) 87 (60.42) 0.174

<65 17 (54.84) 57 (39.58)
Gender

Female 7 (22.6) 42 (29.2) 0.603

Male 24 (77.4) 102 (70.8)
ECOG

≥ 1 18 (58.1) 82 (56.9) 1.000

< 1 13 (41.9) 62 (43.1)
Tumor site

Left lung 12 (38.7) 66 (45.8) 0.600

Right lung 19 (61.3) 78 (54.2)
No. of Metastatic organs

< 3 14 (45.2) 94 (65.3) 0.059

≥ 3 17 (54.8) 50 (34.7)
Cancer stage

III 2 (6.5) 37 (25.7) 0.036

IV 29 (93.6) 107 (74.3)
Histologic type

LUAD 20 (64.5) 92 (63.9) 0.918

LUSC 10 (32.3) 49 (34.0)
Others 1 (3.2) 3 (2.1)

(Continued)
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patient categories is displayed (Figure 1). In the PDMR group, 4 patients lacked follow-up information regarding post- 
progression treatment; 19 continued with immunotherapy, while 8 did not. In contrast, in the PDNMR group, 74 patients 
continued immunotherapy after progression, whereas 59 did not.

OS, PFS and OS2 Comparison Between PDMR and PDNMR
As of April 7, 2023, the final follow-up revealed that 91 patients remained alive. Surprisingly, the overall survival 
analysis demonstrated that the OS was longer in the PDMR cohort but shorter in PDNMR cohort (median OS 22 vs 36.4 
months; P = 0.019). In addition, the PFS was shorter in the PDMR group (mPFS 5.83 vs 9.03 months; P = 0.031), but 
the difference in OS2 between the two groups was not statistically significant (mOS2 10.3 vs 15.9 months; P = 0.24) 
(Figure 2). Gender, ECOG status, disease site, tumor histology, and common distant metastatic sites (including liver 
metastasis, bone metastasis, and brain metastasis), as well as smoking history, cardiac history, diabetes history, and 
hypertension history exhibited no significant differences between PDMR and PDNMR groups (Table 1). Patients in the 
PDMR group had a higher proportion of stage IV patients (P = 0.036), as well as a greater proportion of radiotherapy 
(P = 0.028) applied before progression (excluding those who received radiotherapy within 6 months prior to progres-
sion), compared with the PDNMR group.

Table 1 (Continued). 

PDMR PDNMR P value
N (%) N (%)

Brain metastases
No 21 (67.7) 113 (78.4) 0.296

Yes 10 (32.3) 31 (21.5)

Liver metastases
No 25 (80.7) 132 (91.7) 0.132

Yes 6 (19.4) 12 (8.3)

Bone metastasis
No 18 (58.1) 93 (64.6) 0.633

Yes 13 (41.9) 51 (35.4)

Smoking
No 9 (29.0) 68 (47.2) 0.099

Yes 22 (71.0) 76 (52.8)

Heart Disease
No 29 (93.6) 124 (86.1) 0.404

Yes 2 (6.5) 20 (13.9)

Diabetes
No 28 (90.3) 122 (84.7) 0.599

Yes 3 (9.7) 22 (15.3)

Hypertension
No 29 (93.6) 110 (76.4) 0.058

Yes 2 (6.4) 34 (23.6)

First-line
No 10 (32.3) 60 (41.7) 0.443

Yes 21 (67.7) 84 (58.3)

Used RT
No 16 (51.6) 106 (73.6) 0.028

Yes 15 (48.4) 38 (26.4)

Abbreviations: PDMR, Progressive disease with mixed responses; PDNMR, 
Progressive disease with none mixed responses; ECOG, Eastern Cooperative 
Oncology Group; LUAD, Lung adenocarcinoma; LUSC, Lung squamous cell 
carcinoma, RT Radiation therapy.
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Univariate analysis revealed that patients with PDMR, liver metastasis, bone metastasis, and male patients had lower OS. 
Multivariate analysis identified liver metastasis [Hazard Ratio (HR) = 1.87, 95% Confidence intervals (CI): 1.01–3.48; P = 0.046] 
and PDMR (HR = 1.88, 95% CI: 1.09–3.23; P = 0.023) as independent risk factors for OS (Table 2). All patients were monitored 
until disease progression following immunotherapy, allowing us to determine the PFS for each patient. Univariate analysis 
revealed that male gender (HR = 1.59, 95% CI: 1.13–2.24; P = 0.008), liver metastasis (HR = 1.73, 95% CI: 1.06–2.84; 
P = 0.028), smoking (HR = 1.40, 95% CI: 1.03–1.90; P = 0.032), and PDMR (HR = 1.53, 95% CI: 1.04–2.27; P = 0.033) were 
associated with shorter PFS. In the multivariate analysis, PDMR (HR = 1.52, 95% CI: 1.03–2.27; P = 0.038), male gender 
(HR = 1.54, 95% CI: 1.01–2.37; P = 0.024), primary tumor in the left lung (HR = 1.43, 95% CI: 1.05–1.96; P = 0.023), and liver 
metastasis (HR = 1.82, 95% CI: 1.10–2.99; P = 0.018) were identified as independent risk factors for patients’ PFS 
(Supplementary Table 2), despite the simultaneous occurrence of PDMR and PFS determination. Following this, we conducted 
a survival analysis for OS2 and discovered no statistically significant difference between the two groups (mOS2 10.3 vs 15.9 
months; P = 0. 24). This implies that patients with shrinking lesions did not have an improved prognosis.

Figure 1 Response pattern diagram. (A) Patient has progression of the disease (progression of the primary focus or new metastatic lesions) with immunotherapy, but there 
are also shrinking lesions. (B) Some patients have disease progression without the presence of shrinking lesions.

Figure 2 Kaplan–Meier survival curves for overall survival. (A), progression-free survival (B) and overall survival 2 (C). Overall Survival 2, the period from disease 
progression on immunotherapy until the date of death or the date of the last follow-up.
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Table 2 Univariate and Multivariate Analyses of Clinical Variables on Overall Survival

Variables Univariate analysis Multivariate analysis

HR (95% CI) P values HR (95% CI) P values

Gender

Male 1.95 (1.14–3.32) 0.015 1.84 (0.94–3.57) 0.073
Female

ECOG

<1 1.06 (0.69–1.62) 0.807
≥1

Age

<65 0.64 (0.41–1.02) 0.061 0.67 (0.42–1.08) 0.102
≥65

Tumor site

Left lung 1.06 (0.69–1.64) 0.786
Right lung

Number of transplanted organs

≥3 1.02 (0.64–1.6) 0.947
<3

Cancer stage

IV 1.83 (1.04–3.21) 0.035 1.34 (0.71–2.51) 0.366
III

Histologic type

LUSC 1.20 (0.77–1.89) 0.424
LUAD

Brain metastases

Yes 1.01 (0.61–1.71) 0.965
No

Liver metastases
Yes 2.38 (1.31–4.32) 0.004 1.87 (1.01–3.48) 0.046

No

Bone metastases
Yes 1.89 (1.22–2.93) 0.004 1.48 (0.92–2.4) 0.106

No

Smoking status
Smoker 1.51 (0.97–2.36) 0.068 0.95 (0.54–1.66) 0.851

Nonsmoker

Heart disease
Yes 0.57 (0.27–1.18) 0.130

No

Diabetes
Yes 0.69 (0.36–1.35) 0.284

No

Hypertension
Yes 0.89 (0.51–1.55) 0.670

No

Used RT
Yes 0.80 (0.51–1.25) 0.334

No

Group
PDMR 1.87 (1.11–3.17) 0.020 1.88 (1.09–3.23) 0.023

PDNMR

Abbreviations: HR, Hazard ratio; PDMR, Progressive disease with mixed responses; PDNMR, Progressive disease 
with none mixed responses; ECOG, Eastern Cooperative Oncology Group; LUAD, Lung adenocarcinoma; LUSC, Lung 
squamous cell carcinoma; RT, Radiation therapy.
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Choice of Follow-Up Treatment Program in PDMR and PDNMR
Fifteen patients who could not specify their follow-up regimen after disease progression were excluded from the study, 
leaving 160 patients for analysis of follow-up treatments. Within the PDMR group, 27 patients were analyzed to 
determine the relationship between their follow-up regimen and survival time; 4 patients were excluded due to missing 
follow-up regimen data. Among the 19 individuals who continued to receive immunotherapy, 15 maintained their initial 
immunotherapy regimen (consisting of PD-1 or PD-L1 inhibitors), while 3 switched to an alternative PD-1 inhibitor, and 
1 transitioned from a PD-L1 inhibitor to a PD-1 inhibitor.

In the PDNMR group, 131 patients were continued on maintenance therapy at our institution, with 66 of these 
patients remaining on immunotherapy. Additionally, 64 patients did not receive further immunologic treatment. 
Among those who continued immune checkpoint inhibitors (ICIs), 55 patients continued their original immunother-
apeutic drug, while 10 switched to a different PD-1 inhibitor, and 1 switched from a PD-1 inhibitor to a PD-L1 
inhibitor. Baseline data from the PDMR cohort showed no significant differences in baseline characteristics between 
patients who continued immunotherapy and those who did not (Supplementary Table 3). The analysis indicates that 
patients in the PDMR cohort who continued immunotherapy had a higher survival rate (mOS 23.9 vs 6.5 months; 
P = 0.024). In contrast, continuing immunotherapy in the PDNMR group did not confer a survival benefit (mOS 
23.3 vs 15.9 months; P = 0.320) (Figure 3).

Analysis of Hematological Indicators
Furthermore, complete hematological indices were collected from patients within 3 days prior to the commencement of 
immunotherapy. The analysis revealed that the PDMR group exhibited significantly higher levels of leukocytes, 
neutrophils, monocytes, and a higher systemic immune-inflammation index (SII) (Table 3). This indicates a potential 
correlation between the unfavorable prognosis of PDMR and immune cell levels.

Discussion
This retrospective study encompasses a substantial cohort of patients with inoperable NSCLC who were treated with 
immunosuppressive agents. It is the first investigation to examine the phenomenon of mixed responses at the point of 
disease progression, a critical “point of divergence” in clinical practice. At this juncture, some patients may choose to 

Figure 3 Kaplan-Meier overall survival 2 curve comparing the continuation of ICI therapy post-progression versus without ICI therapy in the PDMR group (A) and PDNMR 
group (B). Overall Survival 2, the period from disease progression on immunotherapy until the date of death or the date of the last follow-up.
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switch to second- or third-line treatment regimens, discontinuing their initial immunotherapy or chemotherapy protocols. 
Others might opt for an alternative regimen that includes a different immunotherapy drug, while some may decide to 
incorporate local therapeutic interventions into their primary treatment plan. Our findings challenge the conventional 
understanding by revealing that patients who experience lesion shrinkage at the time of progression exhibit poorer overall 
survival rates compared to those who do not experience such shrinkage. This could be associated with the greater 
proportion of stage IV patients with PDMR in our cohort, or it may be due to higher genetic heterogeneity in patients 
with mixed responses,10,11 including inconsistent PD-L1 expression across distinct tumor foci in the same patient.12 

Furthermore, divergent microenvironmental and tissue type disparities may contribute to the distinct prognoses of both 
patient categories.13,14 Based on a novel mouse model of synchronous melanoma, some studies have pointed out that 
genetic variances amid tumors were powerful enough to induce an exclusive tumor immune microenvironment, which 
consequently led to autonomous regulation of the PD-1/PD-L1 pathway.15 Unfortunately, obtaining histologic specimens 
from the shrunken lesions proved challenging, as most patients declined biopsy, especially for shrunken lesions. 
Additionally, invasive procedures were often limited by the size and location of these lesions.

It is important to note that our study takes a clinical perspective. Both the PDMR and PDNMR groups consisted of 
patients with PD, and the only distinguishing factor between the two groups was the presence or absence of shrinking 
lesions at the time of progression after immunotherapy. This criterion offers physicians a more convenient means of 
assessing a patient’s condition. In a study investigating mixed responses in lung cancer patients receiving EGFR-TKI 
therapy, the occurrence of a mixed remission did not appear to be associated with prognosis.16 This is likely due to the 
fact that the cohort was evaluated for not only mixed responses of PD but also included MR of partial response (PR), 
stable disease (SD), with PDMR accounting for a minority of the cases. Additionally, the articles regarding unusual 
immunotherapy responses indicated that patients with MR had a longer overall survival than those with disease 
progression.17–22 Similarly, likely due to the absence of distinction between MR, and the fact that only a fraction of 
MR patients in these studies altered their initial treatment plans, which could have positively impacted MR patient 
prognoses. Therefore, we can deduce that patients only with MR evaluated as “PD” encounter a decreased OS. The 
results of the present study do not conflict with the results of the mixed remission-related studies mentioned above; 
rather, it is an important addition to the mixed responses studies since we focused only on MR of PD.

Given that the PDMR patient group exhibited a shorter PFS compared to the PDNMR group, and no significant 
difference in OS2 was observed between the two groups, the identification of PDMR does not necessarily indicate 
a better or worse subsequent survival outcome. The continued use of immune checkpoint inhibitors in the PDMR group 
may contribute to the observed improvement in subsequent OS2. Therefore, it is crucial to explore optimal treatment 
strategies for these patients. Tumor lesions often harbor different clones, each of which may respond variably to different 

Table 3 Hematological Indices During the Three Days Prior to Immunotherapy

PDNMR PDMR P

WBC, median (IQR), ×10^9 /L 7.060 (5.715, 8.665) 8.410 (6.880, 10.150) 0.0198
ALC, median (IQR), ×10^9/L 1.630 (1.245, 2.015) 1.610 (1.410, 1.855) 0.9107

Neutrophils, median (IQR), ×10^9/L 4.530 (3.410, 5.995) 5.620 (4.510, 7.360) 0.0139

AMC, median (IQR), ×10^9/L 0.500 (0.410, 0.660) 0.640 (0.520, 0.830) 0.0056
RBC, median (IQR), ×10^12/L 4.520 (4.225, 4.910) 4.490 (4.195, 4.815) 0.8058

Hb, median (IQR), ×g/L 139.000 (125.000, 150.500) 137.000 (125.000, 149.000) 0.8719

Platelet, median (IQR), ×10^9/L 268.000 (223.000, 341.000) 313.000 (276.500, 342.000) 0.0713
CEA, median (IQR), ×ng/mL 7.230 (3.445, 30.145) 6.040 (2.803, 34.905) 0.6421

NLR, median (IQR) 2.868 (2.047, 4.085) 3.438 (2.484, 4.309) 0.1408
PLR, median (IQR) 173.214 (125.057, 233.090) 190.055 (149.099, 228.877) 0.4235

LMR, median (IQR) 3.071 (2.311, 4.361) 2.589 (1.761, 4.131) 0.0585

SII, median (IQR) 795.179 (477.737, 1238.895) 1072.767 (675.528, 1766.498) 0.0362

Abbreviations: WBC, white blood cell; ALC, absolute lymphocyte count; AMC, absolute monocyte count; RBC, red blood cell; 
Hb, hemoglobin; CEA, carcinoembryonic antigen; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR 
lymphocyte to monocyte ratio; Sll systemic immune-inflammation index.
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therapies. Under therapeutic pressure, drug-sensitive clones may undergo adaptive genetic or environmental changes, 
potentially leading to resistance and subsequent tumor progression.23–27 Therefore, changing drugs may potentially 
“waste” the original drug’s response to the sensitive clone in the shrinking lesion in patients experiencing mixed 
remission. Tazdait M et al conducted a study with five patients with MR, including those with PR, SD, and PD status, 
who continued immunotherapy after MR, and two of the patients subsequently experienced PR.13 While pseudoprogres-
sion did pose a confounding factor in the study, the findings indicate that continuing immunotherapy significantly 
enhances the prognosis of patients. A retrospective study found that patients in MR had higher survival with continued 
ICI therapy.14 Our study was more precise in finding that patients in the PDMR group who continued with immunother-
apy experienced better subsequent survival times. Conversely, there was no such correlation found in the PDNMR group. 
As a result, waiver of immunotherapy in patients with PDMR should be carefully considered.

The varying levels of immune cells in both groups may significantly contribute to the differences in prognostic 
survival rates. Previous studies have shown a strong correlation between elevated SII levels and adverse prognoses in 
cancer patients undergoing immune checkpoint inhibitor treatment.28 In the context of neoadjuvant therapy, SII is 
deemed to possess significant predictive value for malignant tumor prognosis, encompassing colorectal, gastric, pan-
creatic, and breast cancers. High SII values are one of the predictive factors reflecting poorer prognosis.29–32 In a study 
investigating chemotherapy for inoperable NSCLC, the presence of high levels of neutrophils indicated a poorer overall 
survival and progression-free survival.33 However, it is important to note that conclusions based on hematologic indices 
require further examination as the study was constrained by the limited availability of pathology samples. The study is 
burdened by limitations, including biased tumor staging enrollment, an inadequately large sample size, and 
a retrospective design confined to a single institution. In addition, since most patients were not tested for PD-L1, we 
were unable to provide meaningful analyses related to the expression of PD-L1. It is challenging to exclude chemother-
apy as a confounding factor, given its common use as a first- or second-line treatment. The efficacy of chemotherapy in 
these roles could be sustained for a period, potentially influencing the mixed responses observed with immunotherapy. 
However, since these mixed responses occurred during immunotherapy monotherapy, they are more likely to be strongly 
associated with the immunotherapy itself. Additionally, MR to chemotherapy has only been reported in isolated cases, 
and there are currently no reports of PDMR following chemotherapy. The subsequent survival benefit observed in the 
PDMR group following continued immunotherapy suggests that the shrinking lesions may indeed be attributable to the 
effects of immunotherapy. Consequently, the occurrence of PDMR and the selection of subsequent treatment regimens 
still demand careful consideration.

Conclusion
According to our study, PDMR was more likely to occur in stage IV patients and patients who had received radiotherapy. 
OS and PFS were worse in the PDMR group compared with PDNMR patients, but OS after progression on immu-
notherapy was not statistically different between the two groups. One reason for this may be that PDMR patients 
themselves have shorter survival, but continued immunotherapy after progression prolongs survival.
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