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Abstract

Molecular targeted drugs and immune checkpoint blockades are not indicated for all advanced non-small cell lung cancer
(NSCLC) cases. For such patients, cytotoxic drugs are the main treatment, and the prognosis remains poor. We present a
valuable case of advanced NSCLC that was potentially permanent cured by pemetrexed maintenance chemotherapy.

Key Clinical Message

Pemetrexed has significant efficacy for some non-squamous non-small cell lung cancer cases, as demonstrated
in the current case. For those patients, pemetrexed administration should be carefully considered.

1. Introduction

Molecular targeted drugs and immune checkpoint blockades have remarkably improved outcomes for patients
with advanced non-small cell lung cancer (NSCLC) (1, 2). However, those drugs are not indicated for all
advanced NSCLC cases. For such patients, cytotoxic drugs are the main treatment, and the prognosis
remains poor.

Here, we report a patient with advanced non-squamous (non-Sq) NSCLC and malignant pleural effusion
who was treated with cytotoxic drugs: cisplatin-based induction chemotherapy, followed by pemetrexed
maintenance therapy (PMT), to which she achieved a durable complete response (CR) for six years to date,
after discontinuing all drug treatments.

2. Clinical Case

A 46-year-old Japanese woman with a 12-pack/year smoking history with no asbestos exposure, presented
with a chronic dry cough at a neighborhood hospital. Her chest images showed diffuse thickening of the right
pleura with pleural effusion (Fig. 1A–C). After excluding infectious diseases, she was suspected to have a
malignant disease, because of the positive cytology of her right pleural effusion. A percutaneous right-pleural
biopsy examination revealed stage IV (T4N2M1a) non-Sq NSCLC (Fig. 2A, B) with immunostaining was
positive for Ber-EP4 (Fig. 2C) and slightly positive for CEA (data not shown) as carcinoma markers, and
negative immunostaining for calretinin (Fig. 2D) and D2-40 (data not shown) as mesothelioma markers.
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In that hospital, she was first treated with gefitinib, an epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitor, as non-Sq NSCLC in a young Japanese woman might reasonably be expected to have an
EGFR mutation. However, her tumor did not improve, and was subsequently found to have no EGFR
mutation. Gefitinib treatment was stopped after four weeks.

For her second-line treatment, she was referred to our hospital. On admission, drainage to her right pleural
space was not feasible, as the prolonged pleural effusion had produced a sclerosing tumor. As systemic
chemotherapy, cisplatin (75 mg/m2) and pemetrexed (500 mg/m2) were started, which led to a good partial
response after the second cycle, as shown by computed tomography (Fig. 3A,B). Bevacizumab was suggested
but not added to this regimen, due to patient’s refusal in consideration for its adverse effects (AEs). She
received PMT (500 mg/m2, every 21 or 28 days) followed by four cycles of the induction regimen of cisplatin
and pemetrexed, and her pleural lesion continued to diminished, resulting in a CR at the 29th PMT cycle
(Fig. 3C, D). Her serum carcinoembryonic antigen (CEA) had been elevated (198 ng/mL at its zenith)
during her second-line treatment, but had normalized with the success of PMT. She had not suffered any
severe AE that would have required stopping chemotherapy, but did experience grade 2 hepatic dysfunction
and grade 1 edema.

Although PMT was stopped at the 32th cycle at her insistence, she has retained a durable CR without
recurrence for 73 months to date (Fig. 4A–D). She has survived for eight-and-a-half years from the diagnosis
of advanced non-Sq NSCLC, and has remained disease-free without drug therapy for six years.

3. Discussion

This case required a differential diagnosis between primary lung cancer and malignant pleural mesothelioma,
because of the diffuse right-side pleural thickening and effusion shown on her chest images. Immunostaining
for at least 2 carcinoma markers (Ber-EP4: positive; CEA: slightly positive) and 2 mesothelial markers
(calretinin and D2-40: both negative) was useful for this patient’s diagnosis (3). Elevated serum CEA (a
negative tumor marker for mesothelioma) also helped rule out malignant pleural mesothelioma. She was
diagnosed as non-Sq NSCLC for having no cytological cornification, in a difficult condition of determining
exact histological type with artifact.

Administering PMT after an induction combination of cisplatin and pemetrexed reportedly has a survival
benefit for patients with advanced non-Sq NSCLC (4), and so PMT has become a standard chemotherapy for
those patients. In the above-mentioned phase III trial, the median number of maintenance cycles in the PMT
arm was 7.9; 28% in the PMT arm received > 10 cycles of maintenance therapy, 10% received >20 cycles,
and 4% received > 30 cycles. Median overall survival (from the start of maintenance treatment) in the PMT
arm was 13.9 months (4, 5). In the present case, the patient could have received the 32 cycles of PMT after
the induction chemotherapy of cisplatin and pemetrexed for four cycles. She had mild AEs—grade 2 hepatic
dysfunction and grade 1 edema—which were in line with previous reports of PMT (4, 5). Considering the
absence of severe AEs, the high effectiveness of PMT, and her strong motivation for the therapy, she could
have received PMT for a longer period.

As pemetrexed has been shown to be effective against non-Sq NSCLC (6, 7) and malignant pleural mesothe-
lioma (8), and is therefore often used to treat these diseases. CR outcomes have been attributed to peme-
trexed in some reports of non-Sq NSCLC and malignant pleural mesothelioma (9, 10). In this case, the
patient reached in a CR, with the disappearance of pleural malignancy, by PMT use, in addition to keeping
a longer CR than in previous reports—73 months after discontinuing PMT. This case implies the possibility
of a permanent cure of non-Sq NSCLC through the cytotoxic chemotherapy; PMT.

Pemetrexed is a multitargeted antifolate that inhibits multiple enzymes, such as thymidylate synthase (TS)
and dihydrofolate reductase (DHFR). TS and DHFR expressions negatively correlate with the treatment
efficacy of pemetrexed in NSCLC patients; non-Sq NSCLC patients with low TS and DHFR expression levels
tend to have high responsiveness (10, 11, 12). In addition, up-regulated TS gene expression has a function
in acquired pemetrexed resistance in NSCLC (10, 13). In contrast, NSCLC that harbors translocation of the
anaplastic lymphoma kinase (ALK ) gene has been shown to be highly responsive to pemetrexed (14), which

2



P
os

te
d

on
A

ut
ho

re
a

11
Se

p
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

98
58

93
.3

02
48

12
9

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

suggests that this patient’s tumor is likely to have aALK translocation, although the lack of an appropriate
specimen precludes testing for ALK translocation. If the patient ever has a disease recurrence, she might
undergo re-biopsy to ascertainALK translocation, and TS and DHFR expression.

4. Conclusion

We present a valuable case of advanced non-Sq NSCLC, treated with pemetrexed which led to a CR and long-
term survival without recurrence for six years so far, after discontinuing all the drug treatments. Pemetrexed
has significant efficacy for some non-Sq NSCLC cases, as demonstrated in the current case. For the patients
with advanced non-Sq NSCLC, pemetrexed administration should be carefully considered.
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A, Cuffe S, O’Brien M, Rao S, Hotta K, Leiby MA, Lubiniecki GM, Shentu Y, Rangwala R, Brahmer JR;
KEYNOTE-024 Investigators. Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-
Cell Lung Cancer. N Engl J Med . 2016;375(19):1823-1833.
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Figure legends

Figure 1. Radiological findings at admission to our hospital. Chest X-ray showed decreased radiolucency in
the right upper-peripheral, middle and lower lung fields with dullness at the right costophrenic angle (A).
Chest computed tomography shows diffuse thickening of the right pleura with effusion (B, C).

Figure 2. Percutaneous pleural biopsy specimen shows (A, B) no cornification in non-Sq NSCLC; (C), positive
staining for Ber-EP4 (carcinoma marker); (D) negative staining for calretinin (mesothelioma marker). (A:
hematoxylin/eosin staining, 4x original magnification; B–D: 20x original magnification.)

Figure 3. Chest computed tomography shows improved pleural disease after cytotoxic chemotherapy (A, B:
after two cycles of cisplatin and pemetrexed) (C, D: after 29 cycles of maintenance pemetrexed, leading to
a complete response).

Figure 4. Proton emission tomography, two months after discontinuing maintenance pemetrexed, shows no
enhanced signal throughout the body (A). Chest X-ray after 51 months (B) and chest computed tomography
at 54 months after discontinuing PMT show no recurrence (C, D).

4



P
os

te
d

on
A

ut
ho

re
a

11
Se

p
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

98
58

93
.3

02
48

12
9

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

Hosted file

PEM-CR. Clinical Case Reports (Fig. 1) (Makoto Furugen).ppt available at https://authorea.
com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-
without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-
small-cell-lung-cancer

Hosted file

PEM-CR. Clinical Case Reports (Fig. 2) (Makoto Furugen).ppt available at https://authorea.
com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-
without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-
small-cell-lung-cancer

Hosted file

PEM-CR. Clinical Case Reports (Fig. 3) (Makoto Furugen).ppt available at https://authorea.
com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-
without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-
small-cell-lung-cancer

Hosted file

PEM-CR. Clinical Case Reports (Fig. 4) (Makoto Furugen).ppt available at https://authorea.
com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-
without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-
small-cell-lung-cancer

5

https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer
https://authorea.com/users/356112/articles/479096-a-long-term-survivor-keeping-in-a-complete-response-without-treatment-after-pemetrexed-maintenance-therapy-for-advanced-non-squamous-non-small-cell-lung-cancer

