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Purpose: High-grade patterns (micropapillary/solid/complex gland) are associated with
a higher recurrence rate and shorter disease-free survival. Thus far, it remains unclear
whether the efficacy of first-line anticancer therapy is different from that of the other
adenocarcinoma subgroups for patients with high-grade patterns. The study aimed to inves-
tigate the association between an adenocarcinoma with high-grade patterns with the out-
comes of first-line treatment in patients with lung cancer.

Patients and Methods: Patients with a high-grade pattern adenocarcinoma (more than
20% of micropapillary/solid components/complex glandular patterns) were retrospectively
analyzed between June 2015 and June 2017. Patients’ clinical characteristics and treatment
outcomes were compared with those of the remaining control adenocarcinoma subgroups.
Results: In total, 239 patients with adenocarcinoma, including 115 (48.1%) high-grade
patterns and 124 (51.9%) control groups, were enrolled. Patients’ clinical characteristics
such as age, sex, smoking status, and stage were similar between the two groups. Among
them, 108 patients received first-line chemotherapy, and 131 received epidermal growth
factor receptor—tyrosine kinase inhibitors (EGFR-TKIs). In the chemotherapy group, adeno-
carcinoma of high-grade patterns had a significantly lower objective response rate (ORR;
15.6% vs 36.4%, P=0.045), shorter progression-free survival (PFS; median 4.1 vs 5.4
months, P=0.007) and overall survival (OS, median 19.6 vs 23.8 months, P=0.048) compared
with the control group. As for these treated with EGFR-TKIs, a similar ORR (70.7% vs
72.1%, P=0.703), PFS (median 11.3 vs 13.9 months, P=0.065) and OS (median 34.1 vs
29.6%, p=0.575) were observed between these two groups.

Conclusion: An adenocarcinoma with high-grade patterns is associated with inferior out-
comes to first-line chemotherapy in relapsed lung cancer. Patients who received chemother-
apy had a significantly shorter PFS and OS and lower ORR than control subjects, while there
was no difference in the EGFR-TKI cohort. This study is the first to report the distribution of
adenocarcinoma with high-grade patterns.
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Introduction

Lung cancer is the leading cause of cancer-related mortality worldwide, and adenocarci-
noma is the most common histological subtype. In 2015, based on the predominant
histologic pattern, the World Health Organization (WHO) recommended a new
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classification and divided pulmonary adenocarcinoma into the
following prognostic groups: lepidic, acinar, papillary, solid,
and micropapillary predominant." Recently, complex glandu-
lar patterns (cribriform and fused glands) have been recognized
and added as a subtype of pulmonary adenocarcinoma.”
Over the past decade, the landscape of adjuvant treat-
ment in patients with lung cancer has dramatically
changed.”® Evidence from previous literatures suggested
that tumors with micropapillary, solid components (MS)
and complex glandular patterns are associated with
a higher recurrence rate and poorer prognosis.'®!” Thus,
pathological subtype needs to be taken into consideration
when performing adjuvant treatment. A new grading sys-
tem showed that tumors with 20% or more of high-grade
patterns (micropapillary and solid components and complex
glandular patterns) behave in a more aggressive fashion
similar to those with a predominant high-grade pattern;
thus, these tumors should be classified as
differentiated.® Although several clinical trials (ie,
NCT03254004 and NCT03351842) are ongoing to evaluate
the efficacy of adjuvant treatment in these settings, whether

poorly

the efficacy of first line systemic therapy in patients with
high-grade patterns is different from that of the other ade-
nocarcinoma subgroups is still largely unknown.

Aimed to investigate the clinicopathological characteris-
tics of high-grade pattern adenocarcinoma and its association
with the efficacy of first-line treatment, we retrospectively
collected 239 patients with adenocarcinoma in this study.

Patients and Methods

Patient Population and Study Design

From June 2015 to June 2017, 115 patients with high-grade
pattern adenocarcinoma (any tumor with more than 20%
solid, micropapillary, or complex glandular patterns) who
underwent surgical resection and relapsed were collected
from Shanghai Pulmonary Hospital, Tongji University
School of Medicine. We randomly selected 124 patients
with other adenocarcinoma subgroups in the same period
as the comparator.® The inclusion criteria were as follows:
(1) previous surgery. (2) Pathologically diagnosed as an
invasive adenocarcinoma. (3) Patients with recurrent I11B/
IV NSCLC (4) received standard first-line chemotherapy or
first-generation epidermal growth factor receptor—tyrosine
kinase inhibitors (EGFR-TKIs). Patients should have eva-
luable lesions according to the response evaluation criteria
solid tumor criteria (RECIST) version 1.1."® The study was
approved by the ethics committee of Shanghai Pulmonary

Hospital according to the Declaration of Helsinki, and
informed consent was obtained from each patient.

Pathologic Evaluation

All resected specimens were fixed in 10% formalin and
embedded in paraffin. Serial sections were stained with hema-
toxylin and eosin, and all cases using the semiquantitative
estimation of all patterns of 5% increment as suggested by
the current WHO classification of lung tumors.'® Five patterns
recognized by WHO and nontraditional patterns, such as
cribriform and fused glands (complex glandular patterns),
were included in a total of 100%. All patients were re-staged
according to the eighth edition of the Union for International
Cancer Control (UICC)/American Joint Committee on Cancer
(AJCC) TNM classification for lung cancer.’**' The grading
system was adopted by IASLC.® All samples were reanalyzed
by experienced pathologists (DZ and WC) who were blinded
to the clinical characteristics and prognosis of patients. All of
the slides were reviewed independently by 2 pathologists. If
there was a discrepancy in the results, a third pathologist
reviewed the slide and reached a consensus after discussion.

EGFR Mutation Detection

All mutation analyses were performed at the Shanghai
Pulmonary Hospital, Tongji University School of Medicine,
Shanghai, China. Briefly, DNA from tissue was extracted
using the DNeasy Blood and Tissue Kit or the QIlAamp
DNA FFPE tissue kit (Qiagen, Hilden, Germany). EGFR
mutations were detected by ARMS, as described in our pre-
vious publications (Amoy Diagnostics Co. Ltd., Xiamen,
China).*>**

Clinical Assessment

Clinical information was obtained from patient medical
records. We screened the data, including sex, age, smoking
history, stage, Eastern Cooperative Oncology Group
Performance Status (ECOG-PS) status, histological sub-
type, adjuvant chemotherapy, and first-line therapy. The
objective response rate (ORR) was calculated as the total
percentage of patients with complete response (CR) or
partial response (PR). A clinical evaluation of PFS was
performed from the start of the first-line chemotherapy to
the earliest identifiable sign of disease progression, as deter-
mined using computed tomography or magnetic resonance
imaging using the RECIST or any cause of death. The
overall survival (OS) was measured as the period from the
start of first-line chemotherapy until death from any cause.
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Statistical Analysis

The relationship between categorical parameters was tested
using Pearson’s y* test (Fisher’ s exact test was used when
n<5). The Kaplan—-Meier curve was used to estimate the
distribution of survival, and the Log rank test was used to
analyze the differences between the groups. We used Cox
proportional hazards models for univariate and multivariate
analyses to estimate clinicopathological features. Independent
variables (P<0.10 in the univariate analysis were included in
the multivariate analysis. P-values <0.05 were defined statis-
tically significant. Confidence intervals (Cls) were calculated
using 95% confidence interval (CI). Statistical tests were
performed using SPSS software (version 20.0; IBM
Corporation, Armonk, NY, USA).

Results

Patient Characteristics

From June 1, 2015, to June 1, 2017, total of 1478 patients
were relapsed after surgery. Patients with micropapillary,
solid, acinar, papillary, and lepidic predominant patterns
accounted for 7.9% (117/1478), 32.4% (479/1478), 38.0%
(562/1478),15.7% (232/1478), and 3.0% (44/1478),
respectively (Figure 1). Among them, 115 patients with
high-grade tumors who received first-line chemotherapy or
EGFR-TKIs and documented detailed clinicopathological
features were enrolled for further analysis. We randomly
matched 124 patients of the remaining adenocarcinoma
subgroups as a comparator. Ultimately, 239 patients were

3%

32%

Figure | Distribution of histological subtypes in relapsed patients.

38%

included in this study. A flowchart describing the eligible
study selection was shown in Figure 2. The detail Their
baseline characteristics are presented in Table 1.

The median age of the patients was 51 years, and 134
patients were male. The majority of patients were non-
smokers (69.5%) and had an ECOG PS of 0 to 1 (95.4%)
and stage IV disease (90.0%). Most of the patients
relapsed within one year (78.7%). Moreover, 54.8%
(137/239) patients had EGFR mutations and received first-
generational EGFR-TKIs treatment, total of 45.2% (108/
239) patients received first-line chemotherapies. The base-
line clinicopathological characteristics of the two groups
are shown in Table 1 and Supplementary Table 1.

Association of High-Grade Patterns with
the Outcomes of Chemotherapy

Among the 108 patients who received first-line chemotherapy,
there were no significant differences in age, sex, ECOG-PS
status, and smoking history between the two groups (Table
S2). At the last follow-up of June 15, 2020, 94.4% (102/108)
of patients had disease progression. High-grade patterns group
had a significant shorter PFS (median 4.1 vs 5.4 months,
p=0.007) and OS (median 19.6 vs 23.8m, p=0.048) than the
control group (shown in Figure 3A and B). Consistently,
multivariate analysis also demonstrated that high-grade pat-
terns were independent factors predicting clinical benefit
(HR=1.668, 95% CI 1.096-2.537; p=0.017, Table 2).
Meanwhile, high-grade patterns were also associated with

Lepidic predominant
Acinar predominant
Papillary predominant
Solid predominant

M Micropapillary predominant
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23,673 patients surgically diagnosed with adenocarcinoma from June

2015 to Jlune 2017

1478 patients showed relapse and accepted first-line therapy

Excluded:

-treated with ALK-TKIs or next
generation EGFR-TKIs (n=98)
-lack of complete records (n=885)

A

115 patients with high-grade
patterns received chemotherapy
or EGFR-TKIs

124 patients without high-grade
patterns were randomly
screened as a comparator group

239 patients treated with chemotherapy or EGFR-TKIs were finally
enrolled

108 patients treated with

131 patients treated with EGFR-

chemotherapy TKIls
[ l | [ | |
High-grade High-grade
patterns Cno=r15tr70I patterns Co_n;;ol
n=51 n=64 n=

Figure 2 Flowchart of the patient selection process.

a significantly lower ORR (15.60% vs 36.40%, p=0.029,
Figure 4A).

Association of High-Grade Patterns with

the Outcomes of EGFR-TKIs

Among the 131 patients who received first-line EGFR-TKIS,
48.9% were in the high-grade pattern group and 51.1% were in
the control group. Of these patients, 58.8% (77/131) received
gefitinib, 27.5% (36/131) received erlotinib, and 13.7% (18/
131) received icotinib (Table S3). Patients in the high-grade
pattern group had similar ORR (70.7% vs 72.1%, P=0.703,
Figure 4B), similar PFS (median 11.3 vs 13.9 months,
P=0.065, Figure 3C) and similar OS (median 34.1 vs 29.6
months, P=0.575, Figure 3D) as that of the control group.
Consistently, Cox regression analysis demonstrated that smok-
ing status was the only independent factor that could predict
the outcomes of EGFR-TKIs between the two groups (HR,
1.882; 95% CI, 1.168-3.033; P=0.009, Table 3).

Discussion
To the best of our knowledge, this is the first study to
investigate the distribution of adenocarcinoma with high-

grade patterns and its association with the efficacy of first-
line treatment in patients with NSCLC. We found a high
incidence of 32.4% and 10.9% for solid pattern and micro-
papillary pattern, respectively, in patients with relapsed
NSCLC (Figure 2). More importantly, we found that high-
grade patterns have a significantly lower ORR and shorter
PFS and OS in patients receiving first-line chemotherapy
than the control group, while the difference was not observed
in these patients who received first-line EGFR-TKIs.
Pulmonary adenocarcinoma classification and grading
were found to be associated with prognosis and showed
the potent to guide systemic therapy.'''#!>19242% Thjs
study included the largest cohort of patients with pul-
monary adenocarcinoma who relapsed after surgical
resection. We found a higher incidence of solid and
micropapillary predominant adenocarcinoma compared
to that in the open-source data.'*** Meanwhile, patients

with lepidic-predominant lung adenocarcinoma were

1031 reiterat-
had

a higher risk of recurrence than those with other adeno-

lower in our study than in previous reports,
ing adenocarcinoma with high-grade patterns

: 11
carcinoma subgroups.
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Table | Baseline Characteristics of the Patients

Characteristics All Patients High-Grade Patterns Control P value
(n=239) (n=115) (n=124)

Age, n (%) 0.943
270 42(17.6) 20(17.4) 22(17.7)
<70 197(82.4) 95(82.6) 102(82.3)

Sex, n (%) 0.358
Male 134(56.1) 68(59.1) 66(53.2)
Female 105(43.9) 47(40.9) 58(46.8)

Smoking, n (%) 0.099
Yes 73(30.5) 41(35.7) 32(25.8)
No 166(69.5) 74(64.3) 92(74.2)

ECOG, n (%) 0.424
0-1I 228(95.4) 111(96.5) 117(94.4)
2 11(4.6) 4(3.5) 7(5.6)

Extra-metastases, n (%) 0.846
Yes 92(38.5) 45(39.1) 47(37.9)
No 147(61.5) 70(60.9) 77(62.1)

Adjuvant chemotherapy, n (%) 0.398
Yes 162(67.8) 81(70.4) 81(65.3)
No 77(32.2) 34(29.6) 43(34.7)

Gene, n (%) 0.767
EGFR 131(54.8) 64(55.7) 67(54.0)
EGFRI9DEL 76(31.8) 39(33.9) 37(29.8)
EGFRL858R 55(23.0) 25(21.7) 30(24.2)
KRAS 18(7.5) 11(9.6) 7(5.6)
WT 80(33.5) 36(45.0) 44(35.5)
NA 7(2.9) 3(2.6) 4(3.2)
ERBB2 2(0.8) 1(0.9) 1(0.8)
BRAF 1(0.4) 0(0) 1(0.8)

First-line therapy, n(%) 0.801
Chemotherapy 108(45.2) 51(44.3) 57(46.0)
TKI 131(54.8) 64(55.7) 67(54.0)

Stage, n (%) 0.291
rllB 24(10.0) 14(12.2) 10(8.1)
riv 215(90.0) 101(87.8) 114(91.9)

Time to recurrence after surgery, n (%) 0.084
Less than one year 188(78.7) 85(73.9) 103(83.1)
More than one year 51(21.3) 30(26.1) 21(16.9)

Histological subtype, n (%) <0.001
Lepidic predominant 1(0.4) 0(0) 1(0.8)
Acinar predominant 116(48.5) 34(29.6) 82(66.1)
Papillary predominant 58(24.3) 17(14.8) 41(33.1)
Solid predominant 53(22.2) 53(46.1) 0(0)
Micropapillary predominant 11(4.6) 11(9.6) 0(0)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; KRAS, V-Ki-ras2 Kirsten rat
sarcoma viral oncogene homolog; WT, wild type; NA, not measure; ERBB2, Avian Erythroblastic Leukemia Viral Oncogene Homolog 2; BRAF, v-Raf murine sarcoma viral
oncogene homolog B.
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Figure 3 Kaplan-Meier survival curves for patients in different cohorts. (A) Progression-free survival (PFS) of first-line chemotherapy in epidermal growth factor receptor
(EGFR) wild-type patients with high-grade patterns and in control subjects; (B) overall survival (OS) of first-line chemotherapy in EGFR wild-type patients with high-grade
patterns and control cohorts; (C) PFS curves of first-line EGFR-tyrosine kinase inhibitor (TKI) treatment in EGFR+ patients with high-grade patterns and control cohorts;
(D) OS curves of first-line EGFR-TKI treatment in EGFR+ patients with high-grade patterns and control cohorts.

Due to its aggressive nature,>® the current NCCN

guidelines recommend adjuvant chemotherapy for patients

with stage IB adenocarcinoma with high-grade patterns.

However, few studies have investigated the efficacy of

first-line treatment of micropapillary or solid components.

Our study found that adenocarcinoma with high-grade

patterns (any tumor with more than 20% solid, micropa-

pillary, or complex glandular patterns) had a significantly
lower ORR and shorter median PFS and OS in patients
who received first-line chemotherapy when compared with

the control group. Similar to our studies, Cruz et al found

that the presence of the solid subtype was related to poor

Table 2 Impact of Predictive Factors on Chemotherapy in Univariate and Multivariate Analyses (n = 108)

Univariate Analysis

Multivariate Analysis

Variables Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value
Age (270) 2.019(1.138-3.580) 0.016 1.734(0.972-3.092) 0.062
Gender (male) 1.600(1.027-2.494) 0.038 1.443(0.918-2.268) 0.112
Smoking status (smoker) 0.834(0.549-1.267) 0.395

ECOG (2) 1.391(0.606-3.194) 0.436

Extra metastases (positive) 1.330(0.808-2.189) 0.262

Histological subtypes (high-grade patterns) 1.762(1.162-2.672) 0.008 1.668(1.096-2.537) 0.017
Adjuvant chemotherapy (yes) 1.066(0.711-1.597) 0.758

First-line chemotherapy (platinum based) 1.391(0.641-3.017) 0.404

Gene mutation status (WT) 0.778(0.489—1.238) 0.220

Vascular spread(present) 0.858(0.476—1.545) 0.609

T stage (T3, T4) 1.036(0.595-1.804) 0.899

Nodal state (N2, N3) 1.042(0.662—-1.639) 0.860

Pleural involvement(present) 0.668(0.323-1.382) 0.227

Stage (rlV) 0.937(0.528-1.663) 0.958

Abbreviations: ECOG, Eastern Cooperative Oncology Group; WT, wild type.
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Figure 4 Response to different therapies in different cohorts. (A) Response to first-line chemotherapy in high-grade patterns and control cohorts. (B) Response to first-
generation tyrosine kinase inhibitors (TKIs) in high-grade patterns and control cohorts.
Abbreviations: ORR, objective response rate; PR, partial response; SD, stable disease; PD, progressive disease.

PFS and OS.?” Notably, Campos-Parra et al reported that
patients with micropapillary/solid/papillary-predominant
better
chemotherapy;>® however, a subgroup analysis showed

adenocarcinoma  have a response  to
that patients with high-grade patterns were associated
with shorter PFS and OS. Taken together, these findings
confirmed the benefit of adjuvant chemotherapy in patients
with adenocarcinoma with high-grade patterns and stage
IB. We are still looking forward to the results of several
ongoing randomized trials in this setting.

Currently, targeted therapy has been the standard of

care in patients with advanced NSCLC and EGFR, ALK,

ROS1, BRAF and other mutations.** As for adjuvant
target therapy, both the ADJUVANT and EVAN studies
demonstrated that gefitinib or erlotinib had longer disease-
free survival than chemotherapy in patients with stage II to
ITIA.*>3¢ Recently, in the ADURA study, osimertinib was
associated with significantly longer disease-free survival,
even in EGFR-mutant patients with stage IB NSCLC as
adjuvant treatment.’’ Our study investigated the efficacy
of EGFR-TKIs according to different histological subtypes
and observed similar ORR, PFS, and OS, which supports
the potency of adjuvant EGFR-TKIs rather than che-
motherapy for patients with stage IB with EGFR mutation

Table 3 Impact of Predictive Factors on EGFR-TKIs in Univariate and Multivariate Analyses (n = 131)

Univariate Analysis Multivariate Analysis
Variables Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value
Age (270) 0.877(0.519-1.483) 0.625
Sex (female) 1.052(0.708-1.563) 0.801
Smoking status (smoker) 1.947(1.209-3.138) 0.006 1.882(1.168-3.033) 0.009
ECOG (2) 1.491(0.546—4.070) 0.436
Extra-metastases (positive) 0.859(0.575-1.282) 0.447
Histological subtypes (high-grade patterns) 1.450(0.974-2.159) 0.067 1.395(0.936-2.080) 0.102
EGFR mutations (19DEL) 1.183(0.792-1.768) 0412
Targeted therapy (Gefitinib) 1.198(0.962—1.491) 0.106
Vascular spread(positive) 1.066(0.661-1.710) 0.794
T stage (T3, T4) 1.317(0.795-2.182) 0.285
Nodal state (N2, N3) 1.166(0.751-1.810) 0.494
Pleural involvement(present) 0.570(0.278-1.171) 0126
Stage (rlV) 1.025(0.496-2.118) 0.946
Abbreviations: ECOG, Eastern Cooperative Oncology Group; |9DEL, exon 19 deletion.
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and high-grade pattern adenocarcinoma. Moreover, Cox
regression analysis demonstrated smoking status was the
only independent factor for the outcomes of EGFR-TKIs.
However, EGFR-TKIs have a significant effect in slowing
down disease’s progression in elderly patients with
advanced NSCLC in another study.*® The inconsistence
might be due to the limited sample size in our study.

There are several limitations to this study. Firstly, this
was a single institutional retrospective study with a limited
number of patients, targeted group did not collect suffi-
cient sample size for subgroup analysis for rare mutations
other than the common EGFR mutations, which inevitably
results in selection bias, and large-scale studies, especially
prospective studies, are needed. Secondly, only patients
who received first-generation EGFR-TKIs were included,
and the results could not be generalized to patients receiv-
ing 2nd/3rd generation EGFR-TKIs. Thirdly, we did not
perform rebiopsy after recurrence. However, due to a high
proportion (78.7%) of patients relapsed within one year,
the pathological classification from the resection samples
could represent the relapse situation in the majority of
patients. Forthly, we did not detect other biomarkers that
might affect the efficacy. For example, Chabon et al found
that ctDNA levels were associated with radiologic appear-
ance in lung adenocarcinomas.®

Conclusion

In conclusion, an adenocarcinoma with high-grade patterns
is more likely to relapse after resection. Importantly, it is
associated with inferior outcomes to first-line chemotherapy
in patients with relapsed lung cancer. However, no differ-
ence in efficacy was observed after treatment with EGFR-
TKIs, which might shed light on the future direction of
adjuvant anti-cancer treatment in patients with early-stage
adenocarcinoma with high-grade patterns.

Abbreviations

ECOG, Eastern Cooperative Oncology Group; EGFR-
TKI, epidermal growth factor receptor-tyrosine kinase
inhibitor; KRAS, V-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog; WT, wild type; NA, not measure;
ERBB2, Avian Erythroblastic Leukemia Viral Oncogene
Homolog 2; BRAF, v-Raf murine sarcoma viral oncogene
homolog B; ECOG-PS, Eastern Cooperative Oncology
Group Performance Status; ORR, objective response rate;
CR, complete response; PR, partial response; PFS, pro-
gression-free survival; OS, overall survival.
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