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ABSTRACT

The role of anti-programmed cell death protein-1 (PD-1) antibody
camrelizumab in brain metastases (BMs) from lung adenocarcinoma
is uncertain. Herein, for the first time, we report the efficacy of
camrelizumab in a patient with chemotherapy-refractory BMs
from lung adenocarcinoma. A 49-year-old male non-smoker was
admitted with cough and back pain. Primary lung adenocarcinoma
with brain and spinal metastases was diagnosed. The specimen
from CT-guided lung biopsy showed positive expression of PD-
L1 (~20%). The BMs were enlarged after first-line intravenous
pemetrexed/cisplatin and zoledronic acid; whereas second-line
camrelizumab demonstrated impressive complete remission of
the BMs. The intracranial progression-free survival and overall
survival of the patient since immunotherapy were more than 12
months and 20 months, respectively. In addition, we searched
PubMed for relevant studies from inception to May 2020, and a total
of 23 reports enrolling 1187 patients also indicated the promising
efficacy of immunotherapy for BMs from lung cancer. However,
more and better evidence is still needed before a definite conclusion

could be drawn.
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INTRODUCTION

Brain metastases (BMs) account for 10% of
non-small cell lung cancer (NSCLC) patients
at initial presentation; whereas 25%~40%
of the patients develop BMs during their
disease (1). Once formed, BMs hide
behind the blood-brain barrier and become
inaccessible to chemotherapies. In addition,
patients with BMs from NSCLC have largely
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been excluded from trials. Pemetrexed plus
cisplatin is the first-line chemotherapy in
nonsquamous NSCLC. However, the efficacy
of chemotherapy in BMs is limited by tumor
resistance and the blood-brain barrier.

To date, molecular therapy targeting driver
genes and immunotherapy have shown efficacy
in multiple BMs as compared to surgical
resection, whole-brain radiotherapy (WBRT),
and stereotactic radiosurgery (SRS) (2).
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Immune checkpoint inhibitors (ICIs) enhance
the immune response of the body through
inhibiting cytotoxic T-lymphocyte-associated
protein (CTLA-4), programmed cell death
protein-1 (PD-1), or program death ligand-1
(PD-L1)tofightagainstcancers. Camrelizumab
(SHR-1210), a PD-I inhibitor (Jiangsu Hengrui
Medicine Co. Ltd., Lianyungang, China), is
being investigated as a treatment option for
non-squamous NSCLC (3).

To our knowledge, the role of
camrelizumab in BMs from lung cancer has
never been reported before. Herein, we report
the efficacy of camrelizumab in a patient with
chemotherapy-refractory BMs from lung
adenocarcinoma. Meanwhile, the relevant
studies were briefly reviewed.

CASE PRESENTATION

The clinical data were presented anonymously

Jan 2018 Apr 2018

Oct 2018

for privacy concerns. A 49-year-old male non-
smoker was referred to the local hospital due
to 6-week back pain and vomiting in January
2018. His Eastern Cooperative Oncology
Group (ECOG) performance status score on
admission was 1. Laboratory tests only showed
slightly elevated carcinoembryonic antigen
(CEA). Further computed tomography (CT)
revealed a lung mass and spine metastatic
lesions (Figure 1). CT-guided percutaneous
lung biopsy confirmed the pathological
diagnosis of primary lung adenocarcinoma.
In addition, the specimen revealed positive
expression of PD-L1 about 20% and negative
expression of epidermal growth factor
receptor. Further brain magnetic resonance
imaging (MRI) showed three isolated
lesions <I cm in diameter without obvious
surrounding edema.

After a multidisciplinary evaluation, first-
line intravenous pemetrexed (500 mg/m? of
body surface area) and cisplatin (75 mg/m? of

I Feb I2020

| |
AP X 4 + Thoracic RT Camrelizumab X 8
+ Zoledronic acid + Zoledronic acid

Camrelizumab X 11 Zoledronic acid for a total of 2 years
+ Zoledronic acid

Figure 1. The MRI images of the brain metastases and the CT images of the lung tumor and spinal

metastases.

Note: The BMs showed progressive disease after chemotherapy (April 2018) but a complete remission
following immunotherapy (May 2019). In addition, a partial remission of the lung tumor and stable disease
of the spinal metastases were shown during immunotherapy.
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body surface area) plus zoledronic acid (4 mg
every month) were administered. Concurrent
local thoracic radiotherapy was also initiated
(a total of 30 Gy by 10 fractions). The serum
CEA was decreased significantly at first but
increased after 4 cycles of chemotherapy
(Figure 2). Meanwhile, the obvious 3 brain
lesions were enlarged (progressed disease,
PD) simultaneously; whereas the lung tumor
and spine metastases indicated stable diseases
(SD) according to Response Evaluation
Criteria in Solid Tumors (RECIST 1.1).

800
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400

300

Serum CEA (ng/mL)

200

Figure 2. The change of serum carcinoembryonic
antigen during the treatment.

The patient refused cranial radiotherapy
for personal reasons. Considering his
compromised performance status, second-
line camrelizumab (200 mg once, every 2
weeks) instead of paclitaxel was started
in April 2018, which was scheduled to
be continued until PD or intolerable/
uncontrolled adverse events. Partial remission
of the lung tumor was demonstrated after 8
cycles of immunotherapy. In addition, the
serum CEA was decreased significantly and
maintained stable (Figure 2). Nevertheless,
the camrelizumab was discontinued due to
moderate headache of the patient for nearly
a month, without hemoptysis, dyspnea, or
chest pain. Grade II rashes, leukopenia, and
grade III fatigue according to National Cancer
Institute Common Terminology Criteria for
Adverse Events version 4.0 were recorded.
Best supportive care along with granulocyte-
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colony stimulating factor was administered.
Prophylactic antibiotics were avoided due to
the continually normal temperature of the
patient and the negative culture of the sputum.

One and a half months later, camrelizumab
was re-challenged for another 11 cycles. A
complete remission (CR) of the 3 cranial
lesions was indicated in May 2019. The
patient was followed up without further
treatment. He showed a satisfactory quality
of life. Restaging in February 2020 by
chest and abdomen CT did not show newly
emerged lesions (Figure 1). Furthermore,
the serum CEA remained stable (Figure 2).
Thus, the patient got more than 12 months of
intracranial progression-free survival (PFS)
and 20 months of overall survival (OS) since
the initiation of camrelizumab.

DISCUSSION

The present case firstly revealed the
efficacy of camrelizumab on BMs from
lung adenocarcinoma. There is currently no
consensus or guideline concerning the optimal
regimen for NSCLC patients with BMs. Only a
small percentage of patients could benefit from
surgery or SRS. Immunotherapy has shown
impressive results in patients with PD-L1
expression in tumor cells, which can be further
enhanced by radiotherapy and traditional
chemotherapy (4, 5). ICIs have changed the
treatment landscape for NSCLC (6). A meta-
analysis of 17 studies showed that concurrent
SRS and ICIs may improve the efficacy for BMs
(7). Similarly, a review indicated that a subset of
patients with BMs benefited from the addition
of ICIs to radiotherapy and surgery (8).

We searched PubMed and Google
Scholar for published articles up to May
2020 regarding ICIs for the treatment of
BMs from lung cancer. Finally a total of 23
reports including 2 RCTs (NCT02085070 and
NCT02008227), 9 cohort studies, and 12 case
reports enrolling 1187 patients were retrieved
(Table 1). Some but not all the reports
provided detailed survival information.

Iran J Immunol Vol. 18, No. 2, June 2021



Camrelizumab in brain metastases

BIWOUR pUB S9SBO G (179
BOULIRIP ‘BIUAISY YN 6'¢ %6 AIO qEBWINOAIN Ul 9ADISOd DTOSN 0¢ SOLIdS Ose)  8](C ‘UreAnen
SOSBO ¢¢ (61) 020
AN 9T AN AN AN UL 9ARISOd DTOSN 81 Apnys 11040) ‘uag1aqs|ny
(¥4d L pue ad£y 110 (8D
AN 87l (@ D 0) %I1'8T IO qewn[oAIN AN I “DTOSN 1€ [43 Apms p0yo) 00T ‘Sueyz
(%zp Jo
[eAIAINS VS +
13K 1) qewnzijozaje/qewnzijorquod (2]
AN 76 -[810L, AN AN /qewnoAru/qewnwiid] AN DTOSN Sy Apnys 11040) 10T ‘BI1US03]
qewnzijozaje (91)
SuON AN 99 A (%09) 8 /qewnzrjoiquiad/qewnjoAlN YN OTOSN 91 Apmsyioqod 6107 ‘predoys
(%L) €T (%gp Jo 9S8O {7/ Ul
SHV J0J JUdWIBAI) [BAIAINS (44 9 pue (Ade1oyjorper + qeuIN[OAIU) DTOSN (s1)
Jo uoneuruia], 1e3k-1) 9'g AN D ¥) %991 *YIO  ‘syusned QYT ur qEWN[OAIN AN snowenbs-uoN 601 Apnys 11040) 610C ‘ouLI)
spisAydodAy
pue snioo (4d 9 pue (20)
SIIUOWNAUJ 8 AN AD D %E€E YIYO  qewnzijoIquiad/qetun]oAlN  dAIISOJ DTOSN IC Apns 11040 610T “Meyuielg
SoS®d
Apoquue p-yILD-DUe  (%6'79) 6LI (€1
VN 98 L1 %ELT IIO -/+ SIoHqQIuul [71-dd/I-dd Ut 2ABISod DTOSN Y4 Apnys 11040)  610T ‘SYLPUSH
%6C/%6 Yyeap
0130[0INJU-UOU SYS 191ye qewnufid (z1
/o130[0INoU 1BIA-] G AN AN /qewnzijoiquiad /qeun[oAIN AN I90ued Sung €L Apnis 110yo)  glOg Iorue]
[ydepeay SUS + qewnzijozaje (rn
pue eixely 9Ll AN AN /qewnzrjoiquad /qewn[oAIN AN DTOSN LE Apmys y1oyo)  810¢ “eaideyos
(%€€0) S95BD 9%49°Ch (LTT800TOILON) (oD
1 ‘9oueprou] 091 AN AN qewInZI[0Z3)y Ul 9ADISOd DTOSN 19 et ¢ aseyd 10T ‘[993peD
erwoeyIodAy
pue ongryey (0L0S80T0LON)
‘spruowrnoud sjuopuodsar ¢ (¥d 7 pue syoom 7 AI9AD et z oseyd 6)
sIoD AN ur (0°£-7°¢) 8'S D ) %E€E AIYO  (B3/w ) qEWNZI[0IQUIS  JAISO D TOSN 81 ‘lPqe[-uadQ 9107 ‘B19qP[ODH
syjpuowr  syjpuow ‘Sqd djea [01IU0D uoIssdadxa IBIA
(u) SV €29peID) ‘SO [BIURBIORIJU] ISBISIP [BIUBIBIU]  UWIWISII dipndaderay I, 1'1-dd 3dAy aowiny, syd jo roN uSisop ApmiS  “Ioyine Is.aiyg

‘sose)sejaw ulelq Ypum Jasued Bunj 1oy sio03iqiyui Juiodysays aunwwi o syiodal snolnald °| 9|qer

153

Iran J Immunol Vol. 18, No. 2, June 2021



Zhang C et al.

‘par1odarjou YN ‘s103qIyul Jurods[doyo unwwil ‘s[D|
‘[BAIAINS [[BIOAO ‘SO (SOSEBISEIOW [BIURIORIIUI JO 9FUBYD 9} 0 SUIPIOIIL PAIBWSd S d Y3 ‘ST {[BAIAINS 991J-U0IssAIF0Id ‘S d ‘0.l asuodsar 9A1}02[qo YY) ‘BwWourdIed
projewoores Areuownd ‘)SJ {SIUSAD ISIQAPE ‘ST dSISIp dAIssaIZod ‘(I ‘9seasip 9[qels ‘(S ‘uoissiwal [enaed J uorssiwal 93o[dwod ) ‘A103Insorper 9130Lj0919)S
‘SYS ‘Aderoyiorper ureiq ojoym ‘IYGM ‘v ueSnue 934L00ydwA]-], 91X0103140 ‘p-y LD (1edued Suny [[90 [[eWS DTS 190Ued Fun| [[99 [[BWS-UOU ‘) TOSN :SUOIBIAIQQY

AN

AN
AN

AN

AN

AN

QUON

QUON

AN

AN

AN

AN

AN
AN

AN
AN
AN
AN
AN

(sz~9

:98uel) O]

(99
-6'0) L'¢

AN

¢S

(0]
+€C

+0I
9 4

+SC

+C¢C
+¥

LYY Juelsip
{9°¢ (8O0

(T80T

(zald)
S'I1 “[[BI9A0

das1dd1

dd
ko)

as
dd
dd
ko)

dd

SUOIS3[ 167

qEUWN]OAIN

osed |

LIIM + qeunzijoiquidd Ul dAIISOJ BWOUIDIBIOUIPY

SO[0Ad 7 IOJ qRWUN]OAIN
SHYUS + qewnzijozaly

qewnZIjoIqudJ
qewnZI[oIquIdJ
QBWN[OATU + qewunuuIjid]
QEWIN[OAIN
QEWN[OATU JO

S9S.IN0J {7 4 SPIOI3ISOJI}I0))

SdS
+ (qewnjoaru 4+ qewrnwirdr)

31 JO %6'P6 MO /qeWNZI[oIquad/qewn]oAIN

AN

%88 ~dIO

qewnzIjoIquiod/qen[OAIN U QAIISOJ

SYS + qewnuyidr
/qewnzrjoiquiod/qewn|oAIN

%ol

> ‘OAT}ISOJ BWOUIOIBOOUIPY

AN
%S6
‘0AIISOq
%001
“@AINISOq
%S
> 9ANISOJ
%08

BUWIOUIDIBOOUIPY

BWOUIDIBO0USPY

BUWIOUIDIBOOUIPY

J'TOSN
BUWIOUTOIRD

Z OATIISOJ  projeuIodIes

AN

9ANISOJ
Sosed g

AN

BWOUIDIBO0USPY

DTOSN

OTOSN

JTOSN

(13

6l

YL

110da1 ase)

j10da1 ase)
j10da1 ase)

j10do1 ase)
110da1 ase)
j10do1 ase))
110da1 ase)

j10da1 ase))

SALI3S Ase))
SOLISS 3Se))

SALI3S Ase))

(1£) 6107 ‘PIAV

(0€) 610 ‘Suor
(62) 610T ‘ury
(82
6102 “K101dn)
(L2
8107 ‘0qnsiO
(92)
810T ‘UeIPA
(s2)
810T ‘1e[eS
(79)
L10T “Meyonid

(€2
610¢ ‘y3uIg
(49)
610T ‘SYLIPUSH

(17) 810T ‘uay)

Iran J Immunol Vol. 18, No. 2, June 2021

154



"A198Inso1pel 9130.J0319)S ‘SYS ‘Aderoy) uonerper urelq ooym ‘YA 916l suodsar 9A10a[qo PP JBAIAINS [[BIJAO ‘SO [BAIAINS 901J-U0ISSA1301d ‘G :SUONRIAAIQQY

Camrelizumab in brain metastases

SUNIMNIOAX AdeIdyjoIpRI [BIO] WLIB-J[3UIS
BUID 19£10N A0 ‘Sdd 0¢ + (0ITI-gHS) qeWwNZI[pIWwe)  PouoONUaW JON I sseyd 020¢ ¢6016C0LON
une[doqres (O ATV 440d  wre-o[3urs
Bumgy SunImioay AYO [erueIdRnU] ¥9 /paxanuad + qewnzijarued ‘) 171-ad 11 °seyd 610¢ 0601TCY0.LON
ouel] Sunmnoay Sdd [erueIoenU] 001 SYS + qewneAlng ) ATV 4459 I1 sseyd 610¢ 861SS6E0LON
Sunmioax Aderayrouowr [T-Ad/1-Ad-Bue () ¥ TV/ 4404
BulgD 194 10N Sdd [elueIoRnU] oL 10 99 M + 17-dd/1-ad-huy %I<1T-Ad I1 °seyd 810C 6686100081 ALDOMD
[03AXOWNId | wre-9[3uls
By SunImioay SJUSA ISISAPY 0¢ + qetmzIjolquisd %I1<1T-dd 11 °seyd L10T 991SCEC0LON
SoNIOIX0} Jurrul| paxmbai jou st
BoLIoWY Sunmioay asop jo uoniodoig 0€ ‘T®10L SHYS + qewnZIjoIquiag Anamsod [7-ad 11 9seyd 910¢ 69838S8C0.LON
SO ‘Sdd [erueld
BOLIOWY SunINIodY  -BIXO PUB [BIUBIOBIIU] 701 ‘TeI0L SYUS + qewnzZIjoIquiog pauonuawW JON 11 oseyd 910C G8598870.LON
wIe-o[3uIs
BpBUEBD) SunImioay Sdd [elueIoenuU] 09 (£D 0T-S1) SYS + qEWN]OAIN  PAUOHUAW JON 11 °seyd 910¢ Y0¥8L6CO.LON
LIIM/SES
By Sunmiooy Sdd [erueIoRnU] 88 + (qewnupidr + qewn[oAIN)  pauonudw JON  I/1SeUd  9I0T £66969C0.LON
djer osuodsar qewnzIoeAdq wre-o[3uIs
BoLIoWY SunImioay SISe}sejow urelyq €S ‘TeroL, + qewunzijorquisd %I<I'T-dd 11 °seyd 910¢ 6VSI89COLON
we-9[3urs
BILISWY, pajerdwo) Jd0 9 ‘Ie10L (SLYESIN) qewnzijolquiad ) 171-ad I sseyd ¥10¢ 0L0S80C0LON
wIe-o[3uIs
eoowy  pajdjdwo) ¥AO 8¢l qewnzi{ozoy +) 17-dd Iaseyd  €10C 91¥9¥810LON
By pajerdwo) SO ‘Sdd STTl “TeoL [9XB]900D "SA qRUWINZI[0ZA}y  PIUONUSW JON I1I °seqd £10C LTTB00COLON
SunImMIdaI
BOLIOWY JOU ‘0AIIOY SJUQAT] 9SIOAPY 7Ly TeI0L Kdeiayjouowr qeWN[OAIN pauorudwW J0N 1 9seyd 1102 20T¥SHI0LON
S9UI09IN0 JUIW[[01UI usisap
Anuno) snje)s Arewrig pajemnysy uWISHY SNJE)S I[JIUID) Apmy§ B1E) | BEYITRLIEN |

‘sasejsejoll ulelq Yjim sjuaned Jaoues Bunj 1oy Adesayjounwiwi jo sjels) pasajsibal ay] "z ajqeL

155

Iran J Immunol Vol. 18, No. 2, June 2021



Zhang C et al.

In general, the intracranial objective response
rate using immunotherapy was 9%~94.9%;
whereas the PFS and OS were 1~24 months
and 0.9~26 months, respectively. Major
patients showed a positive expression of PD-
LI in the tumor specimen. However, a pooled
analysis for prognostic factors of long-term
survival such as the expression of PD-LI,
serum CEA, and first response time was not
applicable due to lacking the original data.
Based on the findings from the literature
review, ICIs could be considered for selected
patients with chemotherapy-refractory BMs
from lung cancer. However, considering the
overall low quality of the evidence from the
retrieved studies, well-designed researches are
needed before a guideline or recommendation
could be drawn. The registered trials of
immunotherapy using ICIs for BMs from
lung cancer were shown in Table 2.

In summary, we report the efficacy of
camrelizumab in a patient with chemotherapy-
refractory metastatic lung adenocarcinoma.
Further high-quality trials are warranted.
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