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Abstract
Background: Tumor immune cell infiltration is important in the prognosis of patients
with lung adenocarcinoma. The aim of this study was to develop a prognostic classifi-
cation based on the tumor immunoscore.
Methods: Patients with KRAS-mutant invasive non-mucinous lung adenocarcinoma
who underwent radical surgery were enrolled in the study. Histologic grading was
assessed according to the recommendations of the International Association for the
Study of Lung Cancer. Programmed death-ligand 1 (PD-L1) and CD8 expression was
detected using immunohistochemistry. The number of CD8+ tumor-infiltrating lym-
phocytes (TILs) per high-power field was assessed. A classification based on histologi-
cal grade and CD8+ TIL level was established (Grading-Immunoscore type): low-to-
medium grade with high or low infiltration (type A); high-grade, high-infiltration
(type B); and high-grade, low-infiltration (type C).
Results: A total of 112 patients participated. In the multivariable analysis, histological
grading and level of CD8+ TILs were independent prognostic factors for overall sur-
vival (OS) and progression-free survival (PFS) (p < 0.001 and p = 0.007, respectively).
Patients with type A tumors had the best OS and PFS, whereas those with type C
tumors had the worst OS (89.6%, 65.0%, and 29.5% 5-year OS for types A, B, and C,
respectively). PD-L1 positivity and high expression rate was highest in type B tumors
(tumor proportion score [TPS] ≥ 1%: 29.4%, 73.1%, and 42.9%; TPS ≥50%: 7.8%,
42.3%, and 17.1%, for types A, B, and C, respectively).
Conclusions: The Grading-Immunoscore classification refines the prognostic group-
ing of histological grading and might aid in the screening of potential candidates for
immunotherapy in patients with KRAS-mutant adenocarcinoma.
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INTRODUCTION

With the development of molecular profiling and targeted
therapeutic drugs, marked changes have been made in the
treatment of non–small cell lung cancer (NSCLC). EGFR,
ALK, and KRAS are the most common driver genes in
NSCLC. Targeted therapies such as tyrosine kinase

inhibitors for EGFR and ALK have greatly benefitted
patients. However, targeting KRAS mutations has proven
extremely challenging, and there is no apparent benefit of
chemotherapy in patients with KRAS mutations.1,2 The
KRAS G12C-specific inhibitor, sotorasib, has recently been
approved by the United States (US) Food and Drug Admin-
istration, but it only targets the KRAS-G12C-mutant site,
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which accounts for �39% of KRAS-mutant lung adenocarci-
nomas (LUADs).3 In general, compared with KRAS wild-
type tumors, KRAS-mutant lung cancer is associated with
poor overall survival (OS), especially in those with
advanced-stage disease.3,4 Therefore, attention is being paid
to immunotherapy with checkpoint inhibitors in clinical
applications.

Immune checkpoint inhibitors (ICIs) have revolution-
ized the treatment of NSCLC. Several studies have
reported that using programmed death-ligand 1 (PD-1)/
PD-L1 inhibitors improved the OS compared to standard
chemotherapy in KRAS-mutant NSCLC patients.5–9 Previ-
ous research by our team showed that KRAS mutation is
significantly related to the high expression of PD-L1.10

Although ICIs have become a milestone in anticancer
treatment, only �20% of unselected patients with
advanced NSCLC showed a durable response.5,11 There-
fore, a detailed understanding of key predictors is impera-
tive to determine, which patients may benefit from ICI
treatment. Importantly, accumulating evidence shows that
tumor-infiltrating lymphocytes (TILs) are prognostic indi-
cators of response to ICI treatment.12,13 CD8+ T-cells,
which are the principal cytotoxic cells, play a pivotal role
in cell-mediated antitumor immune responses. Tumeh
et al.14 found that tumor-regression response to PD-1
blockade therapy requires pre-existing CD8+ T-cells that
are negatively regulated by PD-1/PD-L1-mediated adap-
tive immune resistance. The evaluation of the immune
infiltrate within tumors has been well studied in colon and
breast cancer. It is called the “immunoscore” and provides
prognostic information equal to or better than that
obtained from the established tumor, nodes, and metasta-
ses (TNM) staging system.15,16 A recent study showed that
CD8+ TIL is the most promising candidate marker for
immune cell score in NSCLC.17 However, there are few
reports on the immunoscore of NSCLC, and a standard-
ized scoring system has not yet been established.

In this study, we aimed to explore the features of PD-L1
expression and propose strategies for immunoscoring of
CD8+ TILs. We are currently working on the implementa-
tion of a combined Grading-Immunoscore type (G-I type)
for KRAS-mutant adenocarcinoma. This stratification, as a
potential indicator of responsiveness to immunotherapy,
can indicate the prognosis of adenocarcinoma and provide
pathological evidence for the selection of immunotherapy
strategies.

METHODS

Patient cohort

A total of 112 tissue samples of surgically resected cases of
KRAS-mutant invasive non-mucinous adenocarcinoma were
collected from March 2013 to December 2017. The TNM
stage was determined according to the American Joint Com-
mittee on Cancer’s (AJCC) 8th edition of the TNM

classification system.18 Patients with tumor histology
other than absent or failed genotyping, and patients with-
out adequate follow-up documentation or imaging, were
excluded. Data were collected on all clinical characteris-
tics (including age, sex, pathological TNM staging, post-
operative adjuvant chemotherapy, and molecular
alterations). OS was calculated as the date from pathologi-
cal diagnosis to the time of death from any cause.
Progression-free survival (PFS) was calculated from the
date of pathological diagnosis to the time of the last clini-
cal evidence of recurrence, progression, or death.
Informed consent was obtained from the patients and eth-
ical approval was obtained from the Ethics Review Board
of the Peking University Cancer Hospital and Institute,
Beijing, China (Approval No. 2018YJZ19).

Histologic evaluation

Two experienced senior pathologists (K.W.C. and W.S.)
reviewed all the pathological sections and checked the diag-
nosis according to the fifth edition of the World Health
Organization classification criteria.19 Histologic evaluation
was performed according to the standards specified by the
International Association for the Study of Lung Cancer
(IASLC),20 including IASLC grading, predominant pattern,
lymphovascular invasion, pleural invasion, nuclear grade,
mitotic grade, cytologic grade, necrosis, and spread through
air spaces (STAS).

Immunohistochemistry

PD-L1 immunohistochemistry was determined using the
PD-L1 22C3 pharmDx kit (SK006; Dako) on the Dako
Link 48 platform. PD-L1 expression was evaluated
according to the tumor proportion score (TPS), which is
defined as the percentage of tumor cells showing partial or
complete membranous staining: TPS ≥1% (positive
expression), and TPS ≥50% (high expression). Immuno-
histochemical staining for CD3 (Clone poly, Shanghai
GeneTech) and CD8 (Clone SP16, Beijing Zhongshan
Golden Bridge Biotechnology) was performed according
to the standard EnVision procedure. CD3 and CD8
staining occurs in the membrane of lymphocytes. The
evaluation of CD3+ TILs was based on a semiquantitative
assessment performed by estimating the percentage of
lymphocytes with positive membrane staining. A binary
classification was used to grade the CD3+ TILs within the
edge of tumor infiltration as follows: group 1, none to mild
infiltration; or group 2, moderate to severe infiltration, as
recommended by the International Immuno-Oncology
Biomarkers Working Group.21

For CD8+ TIL scoring, each slide was screened for
CD8+ TIL evaluation regions at 200� magnification. The
highest-grade pattern area was selected, using one high-
power field (HPF) at 400� magnification with a 0.55-mm
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field diameter; five visual fields were randomly selected to
calculate the count of CD8+ T cells, and the mean value of
five HPFs was considered as the density of CD8+ TILs, simi-
lar to the counting method used in a previous study.22,23

Both CD8+ TILs within the tumor epithelial component
and CD8+ cells in the stroma or adjacent tumor were con-
sidered, disregarding CD8+ TILs beyond the tumor invasive
margin. CD8+ TIL levels were assessed using a two-tiered
scoring system with the median as the cutoff value.

All sections were examined microscopically and evalu-
ated independently by two pathologists (K.W.C. and W.S.)
who were blinded to the clinical data pertaining to the sub-
jects. In case of discrepancy, the final score was determined
as that obtained on consensus by the pathologists.

Grading-Immunoscore type

To stratify KRAS mutation cases, we introduced CD8+ TIL
as an immune factor into the IASLC grading system and
established a new classification, the G-I type. According to
the IASLC histologic grading (containing 20% or more
high-grade structure) and level of CD8+ TILs, we classified
patients into the following four subgroups: low-to-medium
grade, high infiltration (group 1); low-to-medium grade, low
infiltration (group 2); high grade, high infiltration (group 3);
and high grade, low infiltration (group 4). We, then, further
combined the groups 1 and 2 into type A and classified
group 3 as type B, and group 4 as type C.

Classic genomic aberrations

All resected lung adenocarcinoma cases underwent routine
molecular testing using an amplification refractory mutation
system-based polymerase chain reaction (ARMS-PCR) plat-
form. Routine clinical data with complete data of common
genomic driver genes, including EGFR, ALK, KRAS, and
ROS1, were collected for KRAS mutation cases. KRAS-
frequent codon variants at exons 2 and 3, including codons
12, 13, and 61, were detected using the ACCB Gene Muta-
tion Detection Kit (ACCB Biotech).

Statistical analyses

Pearson’s χ2 and Fisher’s exact tests were used to analyze cor-
relations between CD8+ T-cell density and PD-L1 expression
with clinicopathological variables. Bland–Altman plots and
intraclass correlation coefficients were used to assess the con-
sistency between observers. Survival analysis was performed
using the Kaplan–Meier method. Correlations between clini-
copathological variables and OS or PFS were performed using
univariate Cox proportional hazards regression analysis. Mul-
tivariable Cox proportional hazards regression was performed
to evaluate variables with p-values of <0.05 in the univariate
analysis. All analyses were performed using IBM SPSS

Statistics 20.0 (IBM Corporation). Statistical significance was
defined as a two-sided p-value <0.05.

RESULTS

Clinicopathological characteristics

Among 2098 NSCLC patients who underwent KRAS genomic
analysis at our institution between 2013 and 2017, 170 (8.1%)
had tumors harboring KRAS mutations. Fifty-eight patients
were excluded because of invasive mucinous adenocarcinoma
subtypes and incomplete baseline data. Finally, 112 patients
with invasive non-mucinous adenocarcinoma were included in
the analysis. All had EGFR wild-type tumors, and three had
combined ALK gene mutations. The median age at diag-
nosis was 61 years (range: 35–79 years). Three-quarters of
the cohort (75%) were male, and the majority of patients
(74.1%) had a history of smoking. The average follow-up
period was 47.99 months (median: 45.95 months, range:
4.13–94.77 months). The distribution of patients
according to the TNM staging system was as follows: I
(n = 67, 59.8%), II (n = 25, 22.3%), and III (n = 20,
17.9%). The detailed clinicopathological variables are
shown in Table 1, and representative hematoxylin and
eosin staining and immunohistochemical staining images
are shown in Figure 1.

Associations between Grading-Immunoscore
type and clinicopathological variables

The results of the χ2 tests showed that the G-I type was corre-
lated with sex (p = 0.028), history of smoking (p = 0.007),
lymphovascular invasion (p < 0.001), postoperative adjuvant
chemotherapy (p = 0.010), PD-L1 expression (p = 0.001),
and PD-L1 high expression (p = 0.002). However, there was
no significant association with other clinicopathological factors
such as age (p = 0.964), pStage (p = 0.062), and molecular
alterations (p = 0.688) (Table 1). Moreover, type B exhibited a
higher positive rate of PD-L1 expression than types A and C
(TPS ≥1%: 29.4%, 73.1%, and 42.9%; TPS ≥50%: 7.8%, 42.3%,
and 17.1% for types A, B, and C, respectively).

Reproducibility assessment of CD8+ tumor-
infiltrating lymphocyte scoring

The assessments by the pathologists had a high degree of
interobserver reliability for CD8+ TIL count scoring
(intraclass correlation: 0.918, 95% confidence interval [CI],
0.882–0.943). The Bland–Altman plot is shown in Figure S1.
For the binary result of CD8+ TILs, there was agreement in
90% of the cases (101 of 112) among observers. The differ-
ence in count in the disagreements ranged from 5 to 20. In
63.6% of the inconsistent cases (7 of 11), the difference was
>10. The discordant results for large differences were mainly
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T A B L E 1 Clinicopathologic characteristics of patients and the correlations between Grading-Immunoscore type and clinicopathological variables

All n (%)

Classificationa

p ValueType An (%) Type Bn (%) Type Cn (%)

All 112 51 (45.4) 26 (23.2) 35 (31.2)

Age (y) 0.964

≤60 50 (44.6) 23 (45.1) 12 (46.2) 15 (42.9)

>60 62 (55.4) 28 (54.9) 14 (53.8) 20 (57.1)

Sex 0.028

Female 28 (25.0) 18 (35.3) 2 (7.7) 8 (22.9)

Male 84 (75.0) 33 (64.7) 24 (92.3) 27 (77.1)

Smoking 0.007

Yes 83 (74.1) 31 (60.8) 24 (92.3) 28 (80.0)

No 29 (25.9) 20 (39.2) 2 (7.7) 7 (20.0)

IASLC histological grading

Grade 1 9 (8.0) 9 (17.6) 0 0

Grade 2 42 (37.5) 42 (82.4) 0 0

Grade 3 61 (54.5) 0 (0.0) 26 (100.0) 35 (100.0)

CD8+ TILs

Low density 56 (50.0) 21 (41.2) 0 35 (100.0)

High density 56 (50.0) 30 (58.8) 26 (100.0) 0

STAS 0.005

Present 13 (11.6) 1 (2.0) 4 (15.4) 8 (22.9)

Absent 99 (88.4) 50 (98.0) 22 (84.6) 27 (77.1)

Lymphovascular invasion <0.001

Present 27 (24.1) 3 (5.9) 8 (30.8) 16 (45.7)

Absent 85 (75.9) 48 (94.1) 18 (69.2) 19 (54.3)

PD-L1 0.001

TPS <1% 63 (56.2) 36 (70.6) 7 (26.9) 20 (57.1)

TPS ≥1% 49 (43.8) 15 (29.4) 19 (73.1) 15 (42.9)

PD-L1 0.002

TPS <50% 91 (81.2) 47 (92.2) 15 (57.7) 29 (82.9)

TPS ≥50% 21 (18.8) 4 (7.8) 11 (42.3) 6 (17.1)

pStage 0.062

I 67 (59.8) 37 (72.5) 13 (50.0) 17 (48.6)

II 25 (22.3) 8 (15.7) 5 (19.2) 12 (34.3)

III 20 (17.9) 6 (11.8) 8 (30.8) 6 (17.1)

pT 0.377

1 46 (41.1) 24 (47.1) 9 (34.6) 13 (37.1)

2 53 (47.3) 21 (41.2) 12 (46.2) 20 (57.1)

3 13 (11.6) 6 (11.8) 5 (19.2) 2 (5.7)

pN 0.053

1 76 (67.9) 40 (78.4) 17 (65.4) 19 (54.3)

2 36 (32.1) 11 (21.6) 9 (34.6) 16 (45.7)

Postoperative adjuvant chemotherapy 0.010

Yes 41 (36.6) 11 (21.6) 12 (46.2) 18 (51.4)

No 71 (63.4) 40 (78.4) 14 (53.8) 17 (48.6)

Molecular alteration 0.688

KRAS G12C 44 (39.3) 21 (41.2) 7 (26.9) 16 (45.7)

KRAS G12V 24 (21.4) 11 (21.6) 7 (26.9) 6 (17.1)

(Continues)
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owing to the observed differences in the location of the
high-grade patterns.

Based on the substantial repeatability of CD8+ TIL
scoring between the pairs of observers, we used the mean
value of counts evaluated by the two pathologists as the
final score. The median of CD8+ TIL scoring was 12.75, so
that CD8+ TIL levels were assessed using a two-tiered

scoring system; 0–13 was classified as low-density infiltra-
tion, and >13 was classified as high-density infiltration.

Univariate survival analysis

Univariate analysis was used to analyze 22 clinicopathologi-
cal factors in patients with KRAS-mutant LUAD. The results
showed that the IASLC histologic grading (p < 0.001),
pStage (p = 0.031), T stage (p = 0.024), N stage (p = 0.047),
pleural invasion (p = 0.041), and postoperative adjuvant
chemotherapy (p = 0.004) were associated with lower OS,
whereas CD3+ TILs (p = 0.014) and CD8+ TILs
(p = 0.002) were associated with higher OS. The IASLC his-
tological grading (p < 0.001), pStage (p = 0.020), T stage
(p = 0.006), N stage (p = 0.012), lymphovascular invasion
(p = 0.001), STAS (p = 0.034), cytologic grade (p = 0.028),
and postoperative adjuvant chemotherapy (p = 0.001) were
associated with lower PFS, whereas high-density CD8+ TILs
(p = 0.006) was associated with higher PFS. The survival
analysis curves of the OS and PFS are shown in Figure 2,
and the detailed results of the univariate analysis are shown
in Table S1.

Multivariable Cox regression analysis

The significant risk factors (IASLC histologic grading, CD8+

TILs, postoperative adjuvant chemotherapy, and pStage)
were included in the multivariable analysis. The results
showed that IASLC histologic grading (HR, 4.177, 95% CI,
1.811–9.633; p = 0.001) and CD8+ TILs (HR, 0.392, 95%
CI, 0.198–0.777; p = 0.007) were associated with lower OS
and higher OS respectively, independent of the pStage and
postoperative adjuvant chemotherapy, and the same results
were obtained in PFS analysis (Table 2).

Prognostic significance of the Grading-
Immunoscore type

The Kaplan–Meier analysis showed that the low-to-medium
grade, high-infiltration group and the low-to-medium grade,
low-infiltration group had similar survival rates, which were
not statistically significant. The above two groups were grouped
together for analysis as type A (Figure S2 and Table S2).

T A B L E 1 (Continued)

All n (%)

Classificationa

p ValueType An (%) Type Bn (%) Type Cn (%)

KRAS G12A+G12D+G12S 34 (30.4) 16 (31.4) 8 (30.8) 10 (28.6)

KRAS Codon 13+61 10 (8.9) 3 (5.9) 4 (15.4) 3 (8.6)

Abbreviations: IASLC, International Association for the Study of Lung Cancer; TIL, tumor infiltrating lymphocyte; TPS, tumor proportion score.
aThe classification is based on the Grading-Immunoscore type, which combines histological grade and CD8+ TIL level as follow: type A, low- to medium-grade with high or low
infiltration; type B, high-grade, high-infiltration; and type C, high-grade, low-infiltration.

F I G U R E 1 (a)–(d) High-grade patterns in KRAS-mutant LUAD.
(a) Cribriform pattern; (b) fused glands in a continuous spectrum between
solid and acinar patterns; (c) poorly formed and irregular glands in
desmoplastic stroma; (d) small cell clusters, and single cells infiltrating
desmoplastic stroma. (e)–(h) Representative images of
immunohistochemical staining for density of CD8+ TILs, PD-L1
expression. (e) High density of CD8+ TILs (count 45 per high power field);
(f) low density of CD8+ TILs (count 1 per high power field); (g) PD-L1
22C3 expression (TPS = 90%); (h) PD-L1 22C3 expression (TPS = 30%).
Abbreviations: LUAD, lung adenocarcinoma; TIL, tumor-infiltrating
lymphocyte; TPS, tumor proportion score
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Furthermore, type C were associated with a shorter OS and
PFS compared with types A and B (5-year OS, 89.6%, 65.0%,
and 29.5% for types A, B, and C, respectively; p < 0.001; 3-year
PFS, 84.1%, 51.5%, and 28.6% for types A, B, and C, respec-
tively; p < 0.001) (Figure 2(e) and (f)). The stratification of sur-
vival was more evident with the G-I type than with the IASLC
grading system (Figure 2(a) and (b)). The significant risk fac-
tors (G-I type, pStage, postoperative adjuvant chemotherapy)

were included in the Cox regression model again for multivari-
able analysis. The results revealed that the G-I type was an
independent prognostic factor for OS and PFS in the cohort
(Table 2).

The prognostic distinguishing ability of the pStage was
represented by an area under the receiver-operating charac-
teristic (ROC) curve (AUC) of 0.609 for death and 0.617 for
recurrence. The application of the IASLC histologic grading

F I G U R E 2 Survival curves per the IASLC histologic
grading ((a) for OS and (b) for PFS), CD8+TIL level
((c) forOS and (d) For PFS) andGrading-Immunoscore
type ((e) for OS and (f) for PFS). (g) Pie chart of the
distribution of G-I type. (h)Death ROC curve of G-I type,
IASLChistologic grading and pStage in patients with
KRAS-mutant LUAD. Abbreviations: G-I type, Grading-
Immunoscore type; IASLC, International Association for
the Study of Lung Cancer; LUAD, lung adenocarcinoma;
OS, overall survival; PFS, progression-free survival; ROC,
receiver-operating characteristic; TIL, tumor-infiltrating
lymphocyte
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resulted in an AUC of 0.729 and 0.727 for death and recur-
rence, respectively. The introduction of the G-I type
improved the prognostic stratification of KRAS-mutant ade-
nocarcinoma with an AUC of 0.772 and 0.749 for death and
recurrence, respectively (Figure 2(h)).

DISCUSSION

The IASLC grading system based on the predominant and
high-grade patterns is a strong prognostic classifier of invasive
non-mucinous adenocarcinoma, considered as a complement
to the current classification of lung adenocarcinoma.20 Our
study validated that the IASLC grading system and density of
CD8+ TILs were independent prognostic factors of OS and
PFS in patients with KRAS-mutant adenocarcinoma. How-
ever, the pathological stage was not an independent prognostic
factor, and the difference in prognosis between pStage II and
pStage III was not significant. As reported in a recent study,24

EGFR mutations are associated with IASLC moderate grade,
whereas KRAS mutations and ALK fusions are significantly
more prevalent in IASLC high-grade tumors. In our study,
almost 54.5% of participants had poorly differentiated LUAD
in the IASLC grading system. Therefore, to stratify the poorly
differentiated KRAS mutation cases, we introduced CD8+

TILs as immune factors into the IASLC grading and
established a new classification, the G-I type. This classifica-
tion provides a good manifestation of the heterogeneity of
KRAS-mutant LUAD and shows higher diagnostic and prog-
nostic value than the IASLC histologic grading and pStage
(AUC for death: 0.772, 0.729, and 0.609, respectively).

Because there was no significant difference in the sur-
vival rate between the low-grade, high-infiltration group and
the low-grade, low-infiltration group, we grouped the two
together for analysis as type A. Type B had a high-grade his-
tological pattern and a high density of CD8+ TILs,
suggesting that it is an adaptive immune tolerance type. The
high PD-L1 expression rate of type B was 42.3%, whereas
that of type A and type C was 7.8% and 17.1%, respectively,
indicating that type B is most likely to benefit from immu-
notherapy. These results suggest that the G-I type may be
related to the KRAS molecular subtype (KP subgroup and
KL subgroup).25,26 The molecular data of the RT-qPCR were
collected retrospectively, and most of the tissue samples
were collected 5 years before the analysis, making it difficult
to conduct further genetic tests. In future studies gene-panel
next-generation sequencing should be performed and ana-
lyzed according to the G-I type, to confirm this hypothesis.

High levels of CD8+ T-cell infiltration have been shown
to have positive effects on the prognosis of patients with
NSCLC.27–30 We validated these observations and developed
an accessible scoring system for clinical application. At pre-
sent, there are only limited data addressing CD8+ TILs in
lung cancer, based on manual quantitative analysis. Com-
pared with the percentage evaluation method, the CD8+

TILs counting method that we evaluated eased the scoring
and improved its consistency. Moreover, the presence of
TIL is not a simple dichotomous variable, and both the den-
sity and location of TILs and their interaction with the PD-
L1 positive tumor microenvironment should be consid-
ered.14 In this study, the evaluation region we chose was
close to a high-grade pattern tumor, which better reflects the

T A B L E 2 Multivariable Cox regression analysis of CD8+ tumor-infiltrating lymphocytes and clinicopathological variables on overall survival and
progression-free survival

Overall survival Progression-free survival

HR 95% CI p-Value HR 95% CI p-Value

CD8+ TILs

High density versus low density 0.392 0.198–0.777 0.007 0.534 0.299–0.953 0.034

IASLC histological grading

Grade 3 versus grade 1 + grade 2 4.177 1.811–9.633 0.001 3.380 1.722–6.635 <0.001

Postoperative adjuvant chemotherapy

Yes versus no 1.728 0.866–3.449 0.121 1.671 0.915–3.051 0.095

pStage

Stage II + III versus I 1.313 0.663–2.601 0.435 1.289 0.712–2.335 0.401

Grading-Immunoscore type

Type B versus type A 2.416 0.891–6.552 0.083 2.554 1.150–5.670 0.021

Type C versus type A 7.242 3.036–17.274 <0.001 4.842 2.382–9.844 <0.001

Type B versus type C 0.334 0.152–0.734 0.006 0.527 0.270–1.030 0.061

pStage

Stage II + III versus I 1.281 0.826–2.955 0.479 1.262 0.698–2.282 0.441

Postoperative adjuvant chemotherapy

Yes versus no 1.745 0.871–3.493 0.116 1.665 0.911–3.044 0.098

Abbreviations: CI, confidence interval; HR, hazard ratio; IASLC, International Association for the Study of Lung Cancer; OS, overall survival; PFS, progression-free survival; TIL,
tumor-infiltrating lymphocyte.

1056 CHI ET AL.



response of the immune system to high-grade tumors. In
view of its robust prognostic effect, relative ease of measure-
ment, and high interobserver consistency (percent agree-
ment: 90%, intraclass correlation: 0.918), the quantitative
evaluation of CD8+ TILs in high-grade lung cancer could be
considered for clinical application.

This study had certain limitations. First, the sample size
used to classify the G-I type was relatively small in resectable
KRAS-mutant LUAD. Second, although multiple groups
have verified the impact of CD8+ TILs on clinical outcomes,
a standardized scoring system has not yet been established.
This study emphasizes a new approach of CD8+ TIL evalua-
tion in KRAS-mutant LUAD, which needs to be validated by
other research teams in various clinical settings. The G-I
type proposed in our study is based on the KRAS-mutant
LUAD, a special molecular subtype; whether it is applicable
to patients without driver gene changes needs further atten-
tion in follow-up research. Third, tissue specimens used in
this study were not recently obtained, which could affect the
PD-L1 expression and may lead to an underestimation of
the TPS of PD-L1 expression. Finally, there are no clinical
data on the effectiveness of PD-L1 checkpoint inhibitors in
this study to support the clinical significance of the patho-
logical classification, but similar clinical studies have been
reported successively, initially showing its clinical applica-
tion value.31–33

CONCLUSION

In summary, these results highlight the importance of the
tumor immune microenvironment in prognosis and promote
the establishment of an immunoscore for LUAD. The strength
of this study is that it innovatively proposes a new classification
of KRAS-mutant LUAD, which is more accurate than the
IASLC grading at distinguishing the prognosis, which may be
useful in identifying patients who can be included in a future
trial for perioperative immunotherapy. The results should be
validated for distinct clinical conditions and further be
extended to clinical application in advanced lung cancers.
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