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Abstract: There are increasing numbers of synchronous multiple primary lung cancer
(SMPLC) patients in clinical practice, with most lesions presenting as ground-glass opacity
(GGO). For SMPLC patients, surgical resection should be a prior option for all lesions
suspected of being malignant, if medically and technically feasible. However, it is frequently
a dilemma for the management of residual GGO lesions that were unresected simultaneously
with the main tumor in SMPLC patients. We report a case of SMPLC, in which the patient
underwent surgical resection of the major lesion with EGFR mutation and then received
compelling EGFR-TKI treatment for one enlarging residual GGO lesion after 12 months
since operation. Furthermore, a comprehensive literature review about the risk for the
progress of GGOs unresected simultaneously with the main lesion and the management of
these residual GGOs was also summarized. With the treatment of EGFR-TKI gefitinib for 3
months, the biggest residual GGO lesion (more than 10mm) achieved a complete response
(CR), three lesions reduced in size, and the other three lesions remained stable in this case.
Surgical resection for major lesion and EGFR-TKI treatment on unresected GGOs might
bring favorable outcome for patients with EGFR-mutated multifocal lung cancer. This
strategy is safe and effective, which could be a promising therapeutic approach for unresect-
able GGO lesions in EGFR-mutated SMPLC patients after primary surgery. Notably, folate
receptor-positive circulating tumor cell (FR*-CTC) for therapeutic monitoring was more
sensitive for GGO-featured lung adenocarcinoma than serum markers.

Keywords: multiple primary lung cancer, ground-glass opacity, epidermal growth factor
receptor-tyrosine kinases inhibitor, folate receptor-positive circulating tumor cell, literature

review

Plain Language Summary

Previous studies had revealed that chemotherapy and anti-PD-1/PD-L1-based treatment were
not sensitive to the lung cancer presenting as ground-glass opacity (GGO) in computed
tomography (CT). Notably, in our reported case, EGFR-TKI showed activity on unresected
GGO lesions in an EGFR-mutated multiple primary lung cancer (MPLC) patient.

In this study, we presented a novel strategy for the treatment of a case with EGFR-mutant
multifocal lung cancer and had multiple GGO lesions remained after the initial operation. We
used surgical resection for the major lesion which was the most invasive, and continued gefitinib
treatment for unresectable GGO lesions, avoiding the invasive examination like biopsy.
Surprisingly, with the treatment of EGFR-TKI gefitinib for 3 months, the enlarging unresected
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GGO lesion (more than 10mm) achieved a complete response. So
far, this patient is still alive and has achieved remission for 8
months. We believe this strategy is safe and effective, which
could be a promising approach for the treatment of the residual
GGO lesions in MPLC patients after resection of main tumor,
especially for those who were unsuitable or unwilling to receive

one more operation.

Introduction

Ground-glass opacity (GGO), defined as a hazy area of
increased attenuation in the chest CT, can be caused by
various diseases such as interstitial diseases, inflammation,
fibrosis, or neoplastic proliferation of lung.! Synchronous
multiple GGOs are defined as >2 GGO lesions found at the
same time in a single patient,” which is increasingly
detected with use of high-resolution computed tomography
(CT) scan.® As reported in previous clinical series, around
20-30% of GGO lesions resected were found to be accom-
panied by multiple other less invasive GGO lesions.* For
patients with synchronous multiple primary lung cancer
(SMPLC) presenting as multifocal GGOs, it is always
a dilemma to simultaneously remove all lesions® and the
management of the unresected GGOs after resection of the
major tumor remains controversial. One routine option is
to resect the major lesion(s), followed by selective resec-
tion or surveillance of the remaining lesions.>® However,
in some conditions, surgical therapy on residual GGO
lesions was unfeasible for those patients with poor pul-
monary function and tolerance after resection of the major
tumor. Therefore, an effective intervention was essential
for SMPLC patients with high risk of progression of
unresected lesions, especially for those who were unsuita-
ble or unwilling to receive one more operation.

In the present study, we reported a case of SMPLC, in
which the patient underwent surgical resection of the
major lesion harboring EGFR mutation and then received
EGFR-TKI treatment for one enlarging residual GGO
lesion after 12 months since the initial operation, with
addition,

a comprehensive literature review about the risk for the

a  favorable outcome observed. In
progress of GGOs which were unresected simultaneously
with the main tumor, and the management of these resi-

dual GGOs in SMPLC patients was summarized.

Case Presentation

In September 2018, a 66-year-old asymptomatic never-
smoker male was admitted to our hospital because of
bilateral lung GGO lesions, which were initially detected

on a routine health checkup 4 years ago. This patient
received the treatment of traditional Chinese medicine
for nearly 2 years, while his bilateral lung lesions had no
changes in previous CT checkups. The chest CT (Imm
thickness) shaped GGO-
predominant lesions in the left lower lobe (LLL) and left

revealed two irregularly
upper lobe (LUL) of the lung which measured 18x10 mm
and 11x8mm, respectively, and six GGO lesions of vari-
able sizes (3-9mm) in all lobes of both lungs except the
right middle lobe (Figure 1A and B). Mediastinal and hilar
lymph nodes did not enlarge.

The medical history of this patient included hyperten-
sion and coronary heart disease. Additionally, his sister
was diagnosed definitely with lung adenocarcinoma 5
years ago, harboring EGFR L858R mutation at exon 21.
Considering his bilateral multiple lung nodules, it was
difficult to remove all lesions simultaneously in this
patient. Systemic general examination including abdomen-
thorax CT and brain MRI, etc, was done for exclusion of
distant metastasis, evaluating surgical possibility and there
was nothing abnormal found. Afterwards, this patient
underwent LLL lobectomy and mediastinal lymph node
dissections through a biportal video-assisted thoracic
operation. Histopathologic examination showed a -
12x6x4 mm minimally invasive adenocarcinoma (MIA)
of the LLL and the invasive range of tumor was about
4mm. All resected lymph nodes were negative. A 20-
mutations-panel genetic test included EGFR et al by
means of next-generation sequencing indicated the EGFR
L858R mutation at exon 21, with an abundance of 9.97%.
Combining his histopathologic examination results of
stage I lung cancer (TIbNOMO, MIA) and clinical char-
acter that these GGO lesions in his bilateral lung were
located in different lobes, he was diagnosed as synchro-
nous multiple primary lung cancer according to the
ACCP’ and TASLC? criteria. After discharge, close post-
operative surveillance and regular CT checkup were con-
ducted for the remained GGO lesions.

In March 2019, 6 months after surgery, this patient
underwent his first postoperative CT reexamination, show-
ing that the LUL GGO lesion enlarged to 13x9 mm and
other lesions had no changes in size. Meanwhile, he
received the detection of folate receptor-positive circulat-
ing tumor cell (FR*-CTC) on his own, and the FR+-CTC
count was 6.2 FU/3mL (the reference value was<8.7 FU/
3mL). Afterwards, he did not receive any treatment and
continued to follow up for 6 months until his FR+-CTC
count was much higher than the reference value in
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Figure | The examination results of CT, serum tumor marker and FR+-CTC were described in chronological order, included the time before operation, follow-up without
medication and after EGFR-TKI treatment. (A and B). CT image of unresected GGO lesions in left upper lobe (LUL) and right upper lobe (RUL) in patients, showing the
enlargement and remission of lesions. The yellow arrows in A and B pointed to the location of lesions in the CT images. (C and D). Line chart showed the changes in value

of serum tumor marker and FR+-CTC in different periods of time.

submit your manuscript 979

Cancer Management and Research 2021:13
Dove


http://www.dovepress.com
http://www.dovepress.com

Cheng et al

Dove

examination (29.2 FU/3mL) in August 2019 and without
any changes in CT image during this period. Notably,
except the result of preoperational detection was higher
than the reference value for once, all serum tumor markers
value of this patient included NSE and CEA et al were
persistently within normal value during the whole follow-
up (Figure 1C and D).

Thus, in September 2019, this patient came to our
department for treatment again. In comprehensive consid-
eration of his medical history and all check-up results
included CT and FR"-CTC, we suggested him to undergo
the treatment of first-generation EGFR-TKI gefitinib
(250mg, once daily). In December 2019, the patient
underwent the examination of CT and FR+-CTC again
after the
Surprisingly, we found that the LUL lesion achieved com-

treatment of gefitinib for 3 months.
plete response (CR) in terms of the RECIST criteria,®
three lesions had a reduction in size and the other three
lesions remained with no changes in size. Furthermore, his
FR+-CTC count was 3.8 FU/3mL, which reached the low-
est value in three times of examination and was signifi-
cantly lower than the reference value. This patient is
currently receiving maintenance gefitinib treatment and
has been in remission for 8 months, without any adverse
events observed.

Discussion and Literature Review

In terms of the natural history of GGOs, larger tumor size
(diameter larger than 10 mm),” greater CT attenuation,'® or
various specific structural features (bubble lucency'' and
solid proportion'?) are associated with risk of progression.
If medically and technically feasible, surgical resection
should be performed for all lesions suspected of being
malignant, as an effective treatment approach for
SMPLC patients.'® However, it is unfeasible to remove
all lesions in this case and the biggest enlarged GGO
lesion was located in left lung that has undergone lobect-
omy for once. Therefore, EGFR-TKI therapy as a novel
treatment strategy was adopted on unresected GGO lesions
of this patient, which was mainly based on the three
following points: 1) The resected lesion in LLL indicated
sensitive EGFR mutation with gene test; 2) The biggest
residual GGO lesion in LUL showed enlargement in size
at the first-time CT check-up after surgery; 3) FR'-CTC
count of this patient performed much higher than the
reference value, which revealed that there were active
malignant lesions in the patient. Notably, this patient

achieved a CR of the LUL lesion and significant remission
of other unresected lesions.

For SMPLC patients, it is still a dilemma for the
management of residual GGO lesion(s), which were not
resected simultaneously with the main tumor in the initial
surgery. When there is uncertainty, personal opinion and
experience should not influence decision-making, on the
contrary decision should be taken by a multidisciplinary
team containing the thoracic surgeon, oncologist, radiolo-
gist and so on."* According to Kobayashi et al,'* approxi-
mately 20% of pure GGOs and 40% of part-solid GGOs
gradually increased with the size or solid component. In
a series of studies reporting the fate unresected GGO
lesions with the duration of follow-up >2 years, the pro-
gressed rate ranged from 0% to 32.8%.>>"'>"'® Therefore,
close postoperative surveillance was essential for these
patients harboring unresected GGO lesions. Publications
reporting the management and fate of unresected GGO
lesions in SMPLC patients are summarized in Table 1.

Various studies have detailed the treatment strategy of
SMPLC. Shimada et al® noted that for multiple GGO-
dominant lesions scattered throughout multiple lobes, sur-
gical resection for the main lesion and easily accessible
solid nodules by limited resection is preferred. Stereotactic
body radiation therapy (SBRT) or continuous monitoring
throughout the postoperative follow-up period is adopted
for lesions with a diameter not larger than 10 mm, or
without an emerging solid portion. Recently, Shimada et -
al'® reported that 38 out of 116 SMPLC patients harboring
unresected GGOs occurred progression after the initial
surgery, and ultimately 30 underwent surgery, 1 had radio-
therapy and the rest 7 remained in surveillance. Gao et al'®
retrospectively analyzed the treatment outcomes in 70
patients with unresected GGOs after resection of a pNO
dominant tumor, with 5 (7.1%) underwent surgical resec-
tion and 6 (8.6%) received stereotactic radiotherapy. In
general, continuous monitoring plus surgery or SBRT
when the unresected GGOs performed progression was
currently a frequent treatment strategy for SMPLC
patients. However, a considerable proportion of SMPLC
patients were unfeasible to receive further surgical therapy
on unresected GGO after their primary operation, due to
the poor pulmonary reserve or tolerance (such as advanced
age or comorbidities). Besides, numerous patients prefer
conservative treatment to surgery or radiotherapy in clin-
ical practice, considering the body-invasion and
complications.'®?° Therefore, an effective and non-
invasive intervention was needful for these patients with
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a high risk of progression of unresected lesions, especially
for these who were unsuitable or unwilling to receive one
more operation.

So far, there are no established guidelines of the adju-
vant or systemic treatment for SMPLC. Finley et al'
reported results of 175 patients that underwent surgical
resection for synchronous multiple GGOs. Twenty-five
patients (14.3%) were given adjuvant therapy; 17 received
chemotherapy and 8 underwent external radiotherapy.
However, Zhang et al*? retrospectively included patients
who had GGO-featured lung cancer before undergoing
chemotherapy for other concurrent malignancies; even-
tually, all the GGO lesions either remained unchanged or
enlarged and no chemotherapy-induced histopathologic
response (necrosis, fibrosis or inflammation) was observed
in any of the resected GGO lesions. Similarly, Lu et al*
evaluated the response of persistent GGOs in lung adeno-
carcinoma patients treated with platinum-based che-
motherapy and concluded that GGOs were insensitive to
the chemotherapy.

In recent years, immune checkpoint inhibitors (ICIs)
targeting programmed cell death protein 1 (PD-1) and its
ligand (PD-L1) have been proven its significant efficacy
on advanced non-small cell lung cancer (NSCLC).**?*
Jiang et al*® observed the effect of anti-PD-1/PD-LI-
based therapy on 37 synchronous GGOs from 18 advanced
lung adenocarcinoma (LUAD) patients. However, only
three mixed GGOs (8.1%) showed response to the anti-
PD-1/PD-L1-based treatment, indicating that GGOs may
not be sensitive to anti-PD-1/PD-L1-based monotherapy or
combinatorial therapy. In 2020, Liang et al reported a case
in which the perioperative chemotherapy combined with
anti-PD-1 immunotherapy led to a good survival benefit in
a patient with stage IIIB NSCLC.?” However, whether the
chemoimmunotherapy shows effect on early-stage lung
cancer presenting as GGO lesions was unclear and worth
exploring in the future studies.

Currently, few studies reported the potency of molecu-
lar targeted therapy on GGO lesions of lung cancer, but
some cases demonstrated the favorable efficacy of EGFR-
TKIs on GGOs in EGFR-mutated SMPLC patients. In
2016, Ye et al*® reported a case of SMPLC who underwent
surgical resection of the gefitinib-insensitive peripheral
lesion and continued gefitinib treatment for the residual
gefitinib-sensitive GGO lesions. This patient achieved CR
and has been free of disease for 1.5 years. Similarly, in our
present case, radical resection for all bilateral multiple
GGO lesions was not feasible for this patient; thus, EGFR-

TKI was administrated for treatment of the enlarging
malignant GGO lesion. This case helped emphasize the
role of EGFR-TKI and provide a non-invasive therapeutic
approach for unresected GGO lesions in EGFR-mutated
SMPLC patients. Previous multicenter trials®®>' have
released the latest data of adjuvant EGFR-TKIs in patients
with completely resected EGFR-mutant NSCLC. Notably,
ADAURA trial published in NEJM?® confirmed that for
patients with early-stage (IB-IIIA) resected EGFR-mutant
NSCLC, adjuvant EGFR-TKIs led to significantly longer
disease-free survival (DFS) compared with that for che-
motherapy. Recently, osimertinib was recommended as an
adjuvant regiment for resected stage IB-IIIA NSCLC
patients by NCCN guideline.*” Therefore, for these EGFR-
mutated MPLC patients harboring earlier-stage unresect-
able tumor presenting as GGO lesions, with more prospec-
tive studies conducted and proved, the therapy of EGFR-
TKIs might be a potential drug covered by medical insur-
ance in the future at worldwide.

Screening and monitoring of GGOs and small lesions
is a problem in clinical practice. The maximum standar-
dized uptake value (SUVmax) in PET/CT is closely
related to cancer proliferation, progression, and metastasis,
and its value reflects the invasiveness of tumors.™
Previous literatures®* have demonstrated that lesions with
invasive CT morphologic features, such as lobulation sign,
pleural indentation sign, and vascular convergence sign
were prone to have higher SUVmax than that of GGOs
without these signs. However, the sensitivity of PET/CT
for differentiating the malignancy of GGOs might not be
adequate. Kim et al*® reported that in a cohort with multi-
ple GGO-predominant lesions, only 27% (21/78) among
these GGOs showed hypermetabolism. In addition, adeno-
carcinoma with bronchioloalveolar carcinoma (BAC) fea-
tures was considered as the main cause of false-negative
finding on PET/CT in Wu et al study.*® Therefore, the
necessity of PET/CT in early-stage lung cancer presenting
as GGOs was still under debate and several recent studies
have demonstrated that PET/CT did not appear to offer
a clear advantage in lung cancer manifesting as predomi-
nant GGOs because of low prevalence of lymph nodes or
distant metastasis.>”**

In comparison with the PET/CT and serum tumor mar-
ker, FR*-CTC seemed a more sensitive biomarker to
reveal the tumor burden in early-stage lung cancer. In
brief, CTCs were negatively enriched from the 3 mL of
blood sample by immunomagnetic depletion of leukocytes
and then labeled with the proprietary probe (conjugates of
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a tumor-specific folic acid ligand and a synthesized oligo-
nucleotide). The procedure of FR+CTC analysis was in
substantial agreement as mentioned in  other
publications.?*** Previous studies®” ** demonstrated that
FR'-CTC level in the peripheral blood could differentiate
benign from malignant pulmonary nodules with
a sensitivity of 73.2%-82.7% and a specificity of 68.8%-
89.5%, which showed a higher diagnostic efficiency com-
pared with the serum tumor markers, indicating that the
FR'-CTC could be a feasible diagnostic biomarker in
patients with NSCLC. Additionally, the FR*-CTC detec-
tion was useful for the determination of the invasiveness

*2 the surveillance of

of lung nodules preoperatively,
NSCLC patients after tumor resection,®® the dynamic
monitoring in patients treated with anti-tumor drugs,** as
a supplement or alternative to CT scanning. Therefore, we
reasonably considered that the FR™-CTC detection is
a reliable method for the diagnosis and monitoring of

GGOs.

Conclusion

Previous studies had revealed that chemotherapy and anti-
PD-1/PD-L1-based treatment were not sensitive to the
GGO lesions. Notably, in our reported case, EGFR-TKI
showed activity on unresected GGO lesions in an EGFR-
mutated SMPLC patient.

In conclusion, we presented a novel strategy for the
treatment of a case with EGFR-mutant SMPLC and had
multiple GGO lesions remained after the initial operation.
We used surgical resection for the major lesion which was
the most invasive, and continued gefitinib treatment for
unresectable GGO lesions, avoiding the invasive examina-
tion like biopsy. What is more, close CT check-up played
an important role in the surveillance of tumor and the FR
+-CTC seemed a promising biomarker to reveal the tumor
burden in this case and needed to be further validated
prospectively. So far, this patient is still alive and has
achieved remission for 8 months. We believe this strategy
is safe and effective, which could be a promising approach
for the treatment of unresected GGO lesions in SMPLC
patients after resection of the main tumor, especially for
those who were unsuitable or unwilling to receive one
more operation.
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upper lobe; ICIs, immune checkpoint inhibitors; PD-1,
programmed cell death protein 1; NSCLC, non-small cell
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mally invasive adenocarcinoma.
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