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ABSTRACT
Background: Immune checkpoint inhibitors have dramatically changed lung
cancer treatment, demonstrating an overall survival benefit. There are limited data
about re-challenge in patients with non-small cell lung cancer. We attempted to
address this question for re-challenge of immune checkpoint inhibitor in patients with
advanced non-small cell lung cancer.
Methods: We retrospectively analyzed 11 patients with advanced non-small cell
lung cancer treated with nivolumab and re-challenged with nivolumab/pemblorizumab
at Kansai Medical University Hospital from December 2015 to December 2017.
Results: Three patients achieved PR and two patients were in SD. These patients
were apt to be good responders to the initial treatment, to develop immune-related
adverse events and to be immediately started on re-challenge with immune checkpoint
inhibitor. The median PFS was 2.7 (range, 0.5–16.1) months. Five patients (45%)
had mild to moderate immune-related adverse events.
Conclusion: Our study shows the effectiveness of re-challenge of immune
checkpoint inhibitors in a subset of non-small cell lung cancer patients. Re-challenge
might become one of treatment option for advanced non-small cell lung cancer.

A few reports of re-challenge of ICPi have been
published in patients with melanoma and involve ipilimumab
monotherapy or combination therapy of ipilimumab and
nivolumab [2, 3, 4, 5]. These reports revealed that rechallenge of ICPi achieved favorable results for some
patients. Interestingly, some patients showed better response
in re-challenge than the initial treatment. These findings
suggest that re-challenge of ICPi may be a promising strategy
in patients with advanced NSCLC. However, data on rechallenge in patients with NSCLC are limited.
The aims of this study were to evaluate the safety
and efficacy of re-challenge of ICPi in patients with
advanced NSCLC and to potentially elucidate factors that
could identify patients that would gain the most benefit
from re-challenge of ICPi.

INTRODUCTION
The development of immune checkpoint inhibitors
(ICPi) has dramatically changed lung cancer treatment,
demonstrating an overall survival benefit. The PD-1
(programmed death-1) blocking antibodies nivolumab and
pembrolizumab are currently approved for advanced nonsmall cell lung cancer (NSCLC). The PDL-1 (programmed
death ligand-1) antibody atezolizumab was also recently
approved for NSCLC. Nivolumab is the first ICPi to
be approved for relapse and refractory NSCLC and has
been the mainstay of treatment for NSCLC since 2015.
Pembrolizumab has been approved for first-line treatment
of NSCLC since 2016 in Japan. A PD-L1 expression level
of >50% is essential for the use of pemblolizumab [1].
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RESULTS

in the initial treatment were appetite loss (n=3) and
diarrhea (n=2), fatigue (n=2), and rash (n=2). The most
common AEs (any grade) in the re-challenge were appetite
loss (n = 4) and fatigue (n= 3), and rash (n=2). Severe AEs
(grade > 3) were not seen in both courses.
The most common irAEs were rash (n=4) and
diarrhea (n=4) and liver dysfunction (n=2).
Severe irAEs (grade > 3) were not seen in both
courses. There was no patient who discontinued treatment
due to AE or irAEs.

Patients
The clinical characteristics of the patients (n = 11;
median age, 66 years, range, 52-73 years; 82% male)
included in this study are shown in Table 1. The patients
were diagnosed with either squamous cell carcinoma (n=3)
or non-squamous cell carcinoma (n=8). Among all patients
with adenocarcinoma, patient had neither an epidermal
growth factor receptor mutation and the echinoderm
microtubule-associated
protein-like
4-anaplastic
lymphoma kinase (EML4-ALK) fusion gene. Only three
patients were analyzed PDL-1 expression. Median number
of previous regimens was four. The median follow-up
period was 18.8(9.1-28.5) months.

DISCUSSION
ICPi have dramatically changed lung cancer
treatment over the past years, demonstrating an overall
survival benefit. The question of re-challenge with the
same therapeutic approach regularly occurs in daily
practice. We attempted to address this question for ICPi in
patients with advanced NSCLC.
In our study, five in eleven patients (45%) achieved
PR or SD, which suggests that a re-challenge of ICPi
might be a promising treatment. However, the question
occurs as to in which patients would gain best benefit from
re-challenge.
One of the parameter which reflects the efficacy of
re-challenge could be the response to the initial treatment
with ICPi. In the report of re-challenge of ICPi in patients
with melanoma, six in eight patients who responded
well in the initial treatment revealed good response to
the re-challenge [6]. In our cohort, four of five patients
who had responded to the initial treatment responded to
the re-challenge. Only one patient (case2) was PD in the
initial treatment and he achieved PR in re-challenge. He
was received chemotherapy and radiation before the rechallenge. Thus, ‘abscopal effect’ might have occurred
by radiation. ‘Abscopal effect’ is the theory about cancer
antigen presentation by radiation. The radiation therapy to
some tumors activates whole body anti-tumor immunity,
and non-irradiated cancer cells also become smaller. There
are three non-randomized trials concerning to ‘abscopal
effect’ in patient with melanoma [7, 8, 9]. In these trials,
patients were received both radiation and ipilibumab.
10-27% of patients developed ‘abscopal effect’, and
13-23% of patients were in SD. Recently, a secondary
analysis of patients with metastatic NSCLC from the
phase I pembrolizumab trial, KEYNOTE-001, showed
that patients who had previously received radiotherapy
had significantly longer PFS and overall survival than
those who did not [10]. Although the precise mechanism
is unknown, radiation might induce antitumor immunity
and bring a better response. However, there is another
patient who was received radiation between the treatments
(case10). This patient did not achieved PR in re-challenge.
Thus, ‘abscopal effect’ might not have occurred in this
patient. The difference between case 2 and case 10 was
different duration to re-challenge. Case 2 was 1.6 months,

The first treatment cycle of ICPi
All patients received nivolumab for the initial
treatment of ICPi. In the initial treatment of ICPi, 5
patients (45%) achieved a partial response (PR) and
2 patients (18%) was in stable disease (SD) (Table 2).
All patients were received Nivolumab for the initial
treatment of ICPi. The median PFS was 4.9(0.7-18.2)
months. Five in eleven patients (45%) revealed mild to
moderate immune-related adverse events(irAEs). Four
of five patients with irAEs achieved PR and one was in
progression disease (PD).

Treatment between the first ICPi and second
ICPi
Ten patients (91%) were received cytotoxic
chemotherapies between the initial ICPi and re-challenge
treatment. One patient was not received any treatment. Eight
in ten patients were given docetaxel based regimens and two
patients were received radiation. Median duration from initial
ICPi to re-challenge of ICPi was 4.2 (1.0-12.7) months.

The re-challenge of ICPi
In the re-challenge of ICPi, ten patients were
administered nivolumab and one was administered
pembrolizumab. Among the total 11 patients, 3 patients
(27%) achieved a PR and 2 patients (18%) were in SD
(Table 2). The median PFS was 2.7 (0.5–16.1) months.
Five patients (45%) had mild to moderate irAEs. Two
of the five patients with irAEs achieved PR, one was in
SD and two were in PD. Three of the five patients who
had developed irAEs in the initial treatment developed
immune-related adverse events(irAEs) in the re-challenge.

Frequency of AEs and irAEs
The frequencies of adverse events(AEs) and irAEs
are shown in Table 3. The most common AEs (any grade)
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Table 1: Patients’ characteristics
Patients characteristics

n=11

Median Age, years(range)

66(52-73)

Male(n)

9

Smorking History(n)

8

Histopathorogy(n)
Adenocarcinoma

8

Squamous

3

Driver Mutation(n)

0

ECOG performance status(n)
0

6

1

5

Median prior chemotherapy before nivolumab(n)

4(2-7)

ECOG: Eastern Cooperative Oncology Group.
Table 2: Course of immune checkpoint inhibitor therapy
Initial treatment of ICPi
patient Histopathology
PDL-1
Type of irAE
number
expression(%) ICPi

Re-challenge of ICPi

Best
PFS
Response (months)

Treatment
Time to Type of irAE
Best
PFS
between
re-challenge ICPi
Response (months)
initial
(months)
treatment and
re-challenge

1

Ad

-

Nivo

+

SD

2.5

VNR

1.2

Nivo

+

PR

11.4

2

Sq

5

Nivo

+

PD

2.1

DTX/RT

1.6

Nivo

+

PR

16.1

3

Ad

20

Nivo

+

PR

18.2

DTX+Bev

3.9

Nivo

-

PR

5.4

4

Ad

-

Nivo

-

PR

8.9

DTX+Ram

7.9

Nivo

+

SD

3.4

5

Ad

-

Nivo

+

SD

4.9

DTX

1.0

Nivo

-

SD

2.1

6

Ad

-

Nivo

-

PD

0.7

DTX

3.9

Nivo

+

PD

3.5

7

Sq

-

Nivo

-

PR

9.4

DTX+Ram

4.7

Nivo

-

PD

1.6

8

Ad

-

Nivo

-

PD

0.8

DTX/nabPTX/S-1/
GEM

12.7

Nivo

-

PD

0.5

9

Sq

-

Nivo

+

PD

1.4

nab-PTX

4.2

Nivo

-

PD

1.1

10

Ad

-

Nivo

-

PR

11.7

DTX/RT

4.6

Nivo

-

PD

1.2

11

Ad

10

Nivo

+

PR

13.6

-

6.1

Pem

+

PD

2.0

ICPi: immune checkpoint inhibitor, PFS: progression free survival, irAE: immune-related adverse event, Ad:
adenocarcinoma, Sq: squamous cell carcinoma, PR: partial response, SD: stable disease, PD: progression disease, VNR:
vinorelbine, DTX: docetaxel, RT: radiation therapy, Bev: Bevacizumab, Ram: Ramucirumab, nab-PTX: nab-paclitaxel, S-1:
Tegafur/Gimeracil/Oteracil, Gem: gemcitabine, Nivo: nivolimab, Pem: pembrolizumab.
whereas, case 10 was 4.6 months. Furthermore, case 2
developed irAEs in the initial treatment, whereas, case 10
did not. Randomized studies in ipilibimab in melanoma
have shown that patients with irAEs have high response
rates and excellent clinical outcome with observation
alone [11, 12]. We previously reported that irAEs might be
www.oncotarget.com

a prospective factor of nivolumab efficacy in patients with
NSCLC [13]. Four in six patients (67%) who developed
irAEs in the initial treatment achieved PR or SD and three
in five patients (60%) in the re-challenge achieved PR or
SD. It suggests that patients who developed irAEs might
achieved better outcome than patients without irAEs.
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Table 3: Frequency of adverse events and immune-related adverse events
a. Adverse Events
n=11

Initial Treatment
Any Grade

Re-challenge

Grade3-4

Any Grade

Grade3-4

Fatigue

2

0

3

0

Diarrhea

3

0

1

0

Appetite loss

3

0

4

0

Nausea

1

0

2

0

Vomiting

0

0

1

0

Constipation

1

0

1

0

Stomatitis

1

0

0

0

Skin Rash

2

0

2

0

Edema

1

0

1

0

Liver dysfunction

1

0

1

0

Pneumonia

1

0

0

0

Glucose intolerance

0

0

1

0

b. Immune-related adverse events
Immune-related adverse events

any grade(n)

skin

rash

4

hepatic

liver dysfunction

2

endocrine

glucose intolerance

1

gastro-intestinal

diarrhea

4

mucositis

1

pulmonary

interstitial lung disease

1

others

edema

1

Thus, the presence of irAEs during the initial treatment
might be a predictive factor of efficacy of re-challenge
of ICPi.
In the duration between the two ICPi treatments,
eight of the ten patients received docetaxel-based
regimens. An important factor in the use of cytotoxic
anticancer drugs is immunogenic cell death (ICD), in
which the cytotoxic anticancer drug or radiotherapy elicits
an immune response leading to cell death of the tumor
cells [14, 15, 16, 17]. Some anti-cancer agents are reported
to induce ICD [18–28]; for example, cyclophosphamide
[18, 19, 20], doxorubicin [21, 22, 23], mitoxantrone [24,
25, 26] and oxaliplatin [15, 27, 28] are considered to
induce ICD. However, we could not find any report of
ICD induced by docetaxel and our results failed to reveal
that the interval treatment regimens impacted the effect of
re-challenge.
Although the length of time required to build the
immune response to ICPi remains unclear, we speculate
www.oncotarget.com

that the establishment of acquired immunity could require
more time than building of spontaneous immunity. Thus,
the duration from the initial treatment to re-challenge
might be important. In the responders to the re-challenge,
the median duration from the initial treatment to the rechallenge was 1.6 months, whereas, non-responder was
4.7 months. This result reveals that the duration between
the initial treatment to the re-challenge might be concerned
to the effectiveness of re-challenge. We assumed that the
building of immune response might have started by the
initial treatment and still kept building even after the initial
treatment failure. Therefore, when the re-challenge starts,
the building of the immune response might have been
completed and immune response might occur promptly.
However, after some interval without ICPi, the immune
response might become reset, thus the response might
be worse after long interval drug withdrawal. Our data
suggests that it may be feasible to restart the re-challenge
within three months from the last of the initial treatment.
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The expression of PD-L1 influence the therapeutic
effect of ICPi [29]. Positivity of PD-L1 is the most
effective status for efficacy of ICPi. However, in
our cohort, not all patients could be analyzed PDL-1
expression because of the condition of the patients, tumor
sites, or insurance limitations. Therefore, in our cohort,
only three patients were analyzed it. It was too small size
to make a conclusion about the relationship between PDL1 expression and effect of ICPi.
This study has some limitations, including its
retrospective design, a single facility, and small sample.
Statistical analysis could not be done due to the small number
of cases. Since the basic experiment has not been carried out,
the detailed mechanism is unknown. Furthermore, we did not
use immune-related response criteria because this was not a
prospective trial and most physicians were not yet familiar
with such criteria. We were also unable to examine the
expression of PD-L1 before treatment for all patients because
of the limitation described above.
In conclusion, our findings suggest that re-challenge
of ICPi is tolerable and safe. Further, re-challenge may
be a promising treatment in some patients who responded
well in the initial treatment or who developed irAEs
in the initial treatment, and the shorter duration to rechallenge may bring better response to re-challenge.
Thus, these patients should be considered for re-challenge.
However, additional studies are needed to identify patient
populations most likely to gain the best benefit from rechallenge of ICPi and to clarify the precise mechanisms
of anticancer immune response.

to have progressive disease, tumor size was carefully
evaluated with reference to the Guidelines for the
Evaluation of Immune Therapy Activity in Solid Tumors
[30]. The evaluation of toxicity was based on the Common
Toxicity Criteria for Adverse Events, version 4.0 [31]. AEs
were evaluated for 12 weeks. irAEs were defined as rash,
diarrhea, colitis, thyroid disorder, hepatitis, arthritis, and
other conditions [32]. Progression-free survival (PFS) was
defined as the time from the start of initial ICPi treatment
to objective disease progression.

CONFLICTS OF INTEREST
T. Kurata received honoraria from Ono
Pharmaceutical and Bristol-Myers Squibb. The other
authors disclosed no potential conflicts of interest.

REFERENCES
1. Herbst RS, Baas P, Kim DW, Felip E, Pérez-Gracia JL,
Han JY, Molina J, Kim JH, Arvis CD, Ahn MJ, Majem
M, Fidler MJ, de Castro G Jr, et al. Pembrolizumab versus
docetaxel for previously treated, PD-L1-positive, advanced
non-small-cell lung cancer (KEYNOTE-010): a randomised
controlled trial. Lancet. 2016; 387:1540-1550.
2. Pollack MH, Betof A, Dearden H, Rapazzo K, Valentine I,
Brohl AS, Ancell KK, Long GV, Menzies AM, Eroglu Z,
Johnson DB, Shoushtari AN. Safety of resuming anti-PD-1
in patients with immune-related adverse events (irAEs)
during combined anti-CTLA-4 and anti-PD1 in metastatic
melanoma. Ann Oncol. 2018; 29:250-255.

PATIENTS AND METHODS

3. Lebbé C, Weber JS, Maio M, Neyns B, Harmankaya K,
Hamid O, O'Day SJ, Konto C, Cykowski L, McHenry
MB, Wolchok JD. Survival follow-up and ipilimumab
retreatment of patients with advanced melanoma who
received ipilimumab in prior phase II studies. Ann Oncol.
2014; 25: 2277-2284.

We conducted a retrospective study of patients with
advanced NSCLC who were treated with single-agent
nivolumab after platinum failure and were received rechallenge of nivolumab/pembrolozumab from December
2015 to December 2017 at Kansai Medical University
Hospital, Osaka, Japan. The initial nivolumab (3 mg/
m2) was administered every 2 weeks until the occurrence
of disease progression, or unacceptable toxicity. After
cessation of the initial treatment of nivolumab, patients
were received nivolumab (3 mg/m2, evert 2 weeks) or
pembrolizumab (200 mg/body, every 3 weeks) as rechallenge until the occurrence of disease progression,
unacceptable toxicity, withdrawal, or death. This study was
conducted in accordance with the Declaration of Helsinki
and the requirements of the institution’s review board.

4. Chiarion-Sileni V, Pigozzo J, Ascierto PA, Simeone E, Maio
M, Calabrò L, Marchetti P, De Galitiis F, Testori A, Ferrucci
PF, Queirolo P, Spagnolo F, Quaglino P, et al. Ipilimumab
retreatment in patients with pretreated advanced melanoma:
the expanded access programme in Italy. Br J Cancer. 2014;
110: 1721-1726.
5. Robert C, Schadendorf D, Messina M, Hodi FS, O'Day S;
MDX010-20 investigators. Efficacy and safety of retreatment
with ipilimumab in patients with pretreated advanced
melanoma who progressed after initially achieving disease
control. Clin Cancer Res. 2013; 19: 2232-2239.
6. Blasig H, Bender C, Hassel JC, Eigentler TK, Sachse MM,
Hiernickel J, Koop A, Satzger I, Gutzmer R. Reinduction of
PD1-inhibitor therapy: first experience in eight patients with
metastatic melanoma. Melanoma Res. 2017; 27: 321-325.

Study assessments
Treatment responses of the patients were evaluated
according to the Response Evaluation Criteria in Solid
Tumors using whole-body computed tomography
performed every 8 to 12 weeks. However, because of the
possibility of pseudo-progression in patients considered
www.oncotarget.com

7. Twyman-Saint Victor C, Rech AJ, Maity A, Rengan R,
Pauken KE, Stelekati E, Benci JL, Xu B, Dada H, Odorizzi
PM, Herati RS, Mansfield KD, Patsch D, et al. Radiation
32302

Oncotarget

and dual checkpoint blockade activate non-redundant
immune mechanisms in cancer. Nature. 2015; 520:
373–377.

18. Schiavoni G, Sistigu A, Valentini M, Mattei F,
Sestili P, Spadaro F, Sanchez M, Lorenzi S, D'Urso
MT, Belardelli F, Gabriele L, Proietti E, Bracci L.
Cyclophosphamide synergizes with type I interferons
through systemic dendritic cell reactivation and
induction of immunogenic tumor apoptosis. Cancer Res.
2011; 71: 768-778.

8. Hiniker SM, Reddy SA, Maecker HT, Subrahmanyam PB,
Rosenberg-Hasson Y, Swetter SM, Saha S, Shura L, Knox
SJ. A prospective clinical trial combining radiation therapy
with systemic immunotherapy in metastatic melanoma. Int
J Radiat Oncol Biol Phys. 2016; 96: 578–588.

19. Sistigu A, Viaud S, Chaput N, Bracc i L, Proietti
E, Zitvogel L. Immunomodulatory effects of
cyclophosphamide and implementations for vaccine
design. Semin Immunopathol. 2011; 33: 369-83.
https://doi.org/10.1007/s00281-011-0245-0.

9. Tang C, Welsh JW, de Groot P, Massarelli E, Chang JY,
Hess KR, Basu S, Curran MA, Cabanillas ME, Subbiah
V, Fu S, Tsimberidou AM, Karp D, et al. Ipilimumab with
stereotactic ablative radiation therapy: phase I results and
immunologic correlates from peripheral T cells. Clin Cancer
Res. 2017; 23: 1388–1396.

20. Chen X, Yang Y, Zhou Q, Weiss JM, Howard OZ, McPherson JM,
Wakefield LM, Oppenheim JJ. Effective chemoimmunotherapy
with anti-TGFβ antibody and cyclophosphamide in a
mouse model of breast cancer. PLoS One. 2014; 9: e85398.
https://doi.org/10.1371/journal.pone.0085398.

10. Shaverdian N, Lisberg AE, Bornazyan K, Veruttipong D,
Goldman JW, Formenti SC, Garon EB, Lee P. Previous
radiotherapy and the clinical activity and toxicity of
pembrolizumab in the treatment of non-small-cell lung
cancer: a secondary analysis of the KEYNOTE-001 phase
1 trial. Lancet Oncol. 2017; 18: 895–903.

21. Casares N, Pequignot MO, Tesniere A, Ghiringhelli F,
Roux S, Chaput N, Schmitt E, Hamai A, Hervas-Stubbs S,
Obeid M, Coutant F, Métivier D, Pichard E, et al. Caspasedependent immunogenicity of doxorubicin-induced tumor
cell death. J Exp Med. 2005; 202: 1691-1701.

11. Postow MA, Chesney J, Pavlick AC, Robert C, Grossmann
K, McDermott D, Linette GP, Meyer N, Giguere JK,
Agarwala SS, Shaheen M, Ernstoff MS, Minor D, et al.
Nivolumab and ipilimumab versus ipilimumab in untreated
melanoma. N Engl J Med. 2015; 372: 2006-2017.

22. Obeid M, Tesniere A, Ghiringhelli F, Fimia GM, Apetoh
L, Perfettini JL, Castedo M, Mignot G, Panaretakis T,
Casares N, Métivier D, Larochette N, van Endert P, et al.
Calreticulin exposure dictates the immunogenicity of cancer
cell death. Nat Med. 2007; 13: 54-61.

12. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey
CL, Lao CD, Schadendorf D, Dummer R, Smylie M,
Rutkowski P, Ferrucci PF, Hill A, Wagstaff J, et al.
Combined Nivolumab and Ipilimumab or Monotherapy in
Untreated Melanoma. N Engl J Med. 2015; 373: 23-34.

23. Fucikova J, Kralikova P, Fialova A, Brtnicky T, Rob L,
Bartunkova J, Spísek R. Human tumor cells killed by
anthracyclines induce a tumor-specific immune response.
Cancer Res. 2011; 71: 4821-4833.

13. Nakaya A, Kurata T, Yoshioka H, Takeyasu Y, Niki M,
Kibata K, Satsutani N, Ogata M, Miyara T, Nomura S.
Neutrophil-to-lymphocyte ratio as an early marker of
outcomes in patients with advanced non-small-cell lung
cancer treated with nivolumab. Int J Clin Oncol. 2018; 23:
634-40. https://doi.org/10.1007/s10147-018-1250-2.

24. Panaretakis T, Kepp O, Brockmeier U, Tesniere A,
Bjorklund AC, Chapman DC, Durchschlag M, Joza N,
Pierron G, van Endert P, Yuan J, Zitvogel L, Madeo F,
et al. Mechanisms of pre-apoptotic calreticulin exposure in
immunogenic cell death. EMBO J. 2009; 28: 578-590.

14. Obeid M, Panaretakis T, Tesniere A, Joza N, Tufi R, Apetoh
L, Ghiringhelli F, Zitvogel L, Kroemer G. Leveraging the
immune system during chemotherapy: moving calreticulin
to the cell surface converts apoptotic death from "silent" to
immunogenic. Cancer Res. 2007; 67: 7941-7944.

25. Sistigu A, Yamazaki T, Vacchelli E, Chaba K, Enot DP,
Adam J, Vitale I, Goubar A, Baracco EE, Remédios
C, Fend L, Hannani D, Aymeric L, et al. Cancer cellautonomous contribution of type I interferon signaling
to the efficacy of chemotherapy. Nat Med. 2014; 20:
1301-1309.

15. Apetoh L, Ghiringhelli F, Tesniere A, Obeid M, Ortiz C,
Criollo A, Mignot G, Maiuri MC, Ullrich E, Saulnier P, Yang
H, Amigorena S, Ryffel B, et al. Toll-like receptor 4-dependent
contribution of the immune system to anticancer chemotherapy
and radiotherapy. Nat Med. 2007; 13: 1050-1059.

26. Michaud M, Martins I, Sukkurwala AQ, Adjemian S, Ma Y,
Pellegatti P, Shen S, Kepp O, Scoazec M, Mignot G, RelloVarona S, Tailler M, Menger L, et al. Autophagy-dependent
anticancer immune responses induced by chemotherapeutic
agents in mice. Science. 2011; 334: 1573-1577.

16. Zitvogel L, Kepp O, Kroemer G. Immune parameters
affecting the efficacy of chemotherapeutic regimens. Nat
Rev Clin Oncol. 2011; 8: 151-160.

27. Tesniere A, Schlemmer F, Boige V, Kepp O, Martins I,
Ghiringhelli F, Aymeric L, Michaud M, Apetoh L, Barault
L, Mendiboure J, Pignon JP, Jooste V, et al. Immunogenic
death of colon cancer cells treated with oxaliplatin.
Oncogene. 2010; 29: 482-491.

17. Vacchelli E, Aranda F, Eggermont A, Galon J, SautèsFridman C, Cremer I, Zitvogel L, Kroemer G, Galluzzi
L. Trial Watch: chemotherapy with immunogenic cell
death inducers. OncoImmunology. 2014; 3: e27878.
https://doi.org/10.4161/onci.27878.

www.oncotarget.com

28. Martins I, Tesniere A, Kepp O, Michaud M, Schlemmer F,
Senovilla L, Séror C, Métivier D, Perfettini JL, Zitvogel L,

32303

Oncotarget

Kroemer G. Chemotherapy induces ATP release from tumor
cells. Cell Cycle. 2009; 8: 3723-3728.

therapy activity in solid tumors: immune-related response
criteria. Clin Cancer Res. 2009; 15: 7412-7420.

29. Teng MW, Ngiow SF, Ribas A, Smyth MJ. Classifying
Cancers Based on T-cell Infiltration and PD-L1. Cancer
Res. 2015; 75: 2139-2145.

31. http://ctep.cancer.gov/protocolDevelopment/electronic_
applications/ctc.htm#ctc_40 [accessed May 16, 2018].
32. Weber JS, Kähler KC, Hauschild A. Management of
immune-related adverse events and kinetics of response
with ipilimumab. J Clin Oncol. 2012; 30: 2691-2697.

30. Wolchok JD, Hoos A, O’Day S, Weber JS, Hamid O, Lebbé
C, Maio M, Binder M, Bohnsack O, Nichol G, Humphrey
R, Hodi FS. Guidelines for the evaluation of immune

www.oncotarget.com

32304

Oncotarget

