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Abstract

Contrary to the long held belief that chemotherapy is immunosuppressive, emerging evidence 

indicates that the anticancer activity of cisplatin is not limited to its ability to inhibit mitosis, but 

that cisplatin also has important immunomodulatory effects. We therefore methodically examined 

the relevant preclinical literature and identified four main mechanisms of cisplatin-induced 

antitumor immunomodulation: (1) MHC class I expression upregulation; (2) recruitment and 

proliferation of effector cells; (3) upregulation of the lytic activity of cytotoxic effectors; and (4) 

downregulation of the immunosuppressive microenvironment. Cisplatin-based combination 

chemotherapy’s antitumor immunomodulatory effects are also beginning to be harnessed in the 

clinic; we therefore additionally reviewed the applicable clinical literature and discussed how 

monitoring various components of the immune system (and their responses to cisplatin) can add 

new levels of sophistication to disease monitoring and prognostication. In summation, this 

growing body of literature on cisplatin-induced antitumor immunomodulation ultimately 

highlights the therapeutic potential of synergistic strategies that combine traditional chemotherapy 

with immunotherapy.

Introduction

The history of cisplatin (CDDP) dates back more than 160 years. Cisplatin was first 

synthesized by Michel Peyrone in 1845; some 50 years later, it played a pivotal role in the 

establishment of Alfred Werner’s theory of coordination chemistry, for which he won a 

Nobel Prize in 1913 (1). Then, in the mid-1960s, University of Michigan biophysicist 

Barnett Rosenberg unexpectedly discovered that CDDP could inhibit cellular division in 

Escherichia coli (2–4). Subsequently, Rosenberg became interested in testing CDDP for 

anticancer activity; he would go on to demonstrate the molecule’s potent antitumor activity 

in a murine model of sarcoma (5, 6). Rosenberg’s promising results in mice paved the way 
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for trials in humans and ultimately led to CDDP becoming one of the most widely-used 

chemotherapeutic agents in clinical practice today.

The anticancer activity of CDDP is not merely limited to its ability to cross-link DNA and 

inhibit mitosis (these events, in turn, lead to apoptosis). Rather, we are now learning that 

CDDP also has immunomodulatory effects. These effects may be quite important for 

combating tumors and stand in stark contrast to the more well-known immuno-(killing of 

circulating lymphocytes) and myelosuppressive (bone marrow impairment) actions of most 

chemotherapies (including CDDP). What is more, our improved understanding of this 

CDDP-induced antitumor immunomodulation comes at a time when emerging antineoplastic 

strategies are increasingly engaging the immune system directly (e.g., check-point blockade 

and adoptive T-cell therapies). Interestingly, recent developments in oncology involve 

synergizing such novel immunotherapies with conventional chemotherapeutics such as 

doxorubicin and CDDP-based treatments. These combinations may have initially sought to 

exploit CDDP’s direct cytotoxic effects; but, as we are now learning, such combinations also 

serendipitously harness CDDP’s ability to favorably modulate the immune system. 

However, fully exploiting the potential benefits of these new CDDP-combined modalities 

first requires a thorough understanding of how CDDP itself interacts with the immune 

system. We therefore methodically examined both the current preclinical and clinical 

evidence addressing CDDP-mediated antitumor immunomodulation and herein summarize 

the relevant contemporary literature. In doing so, we identified four main mechanisms by 

which CDDP could modulate the immune system to further promote the drug’s antitumor 

efficacy: 1) CDDP upregulates MHC class I expression; 2) CDDP promotes the recruitment 

and proliferation of effector cells; 3) CDDP upregulates the lytic activity of cytotoxic 

effectors; and 4) CDDP downregulates the immunosuppressive microenvironment (Fig. 1).

While a recently published article in this journal examined the molecular pathways 

underlying the immunogenic effects of platinum-based chemotherapeutics, our review 

focuses solely on CDDP and its interactions with the solid tumor microenvironment and the 

influence on outcomes (7).

Preclinical Evidence

CDDP upregulates MHC class I expression

The fundamental mechanism by which the immune system attempts to keep tumor cells at 

bay is through recognition of cancer cell’s major histocompatibility complex (MHC) class 

I:peptide complex by a cytotoxic T-cell (CTL). When a CTL recognizes this complex via its 

T-cell receptor it becomes activated and is able to perform its cytotoxic function against the 

tumor cell. It is now well-established that many cancers attempt to avoid such immune 

recognition by downregulating their expression of MHC class I molecules (Fig. 1). A 

number of groups, however, have recently demonstrated that CDDP may improve the ability 

of CTLs to recognize cancer cells by upregulating the tumor cells’ MHC class I expression. 

Gameiro et al. showed that MHC class I expression increased more than 50% in the H1703 

and A549 lung cancer cell lines after the cells were treated with a single, sublethal dose of 

CDDP/vinorelbine (8). A similar increase in MHC class I expression was observed with 
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human head and neck squamous cell cancer (HNSCC) cell lines exposed to clinically-

translatable doses of CDDP plus 5-fluorouracil (9).

It should be pointed out that the aforementioned studies used CDDP in translational settings 

and in combination with other standard agents (as do several other works cited in this 

review). While the observed results cannot be fully attributed to CDDP’s actions alone, they 

nevertheless highlight the important immunological impact such real-world, CDDP-based 

regimens may have. Still, a single, relatively low dose of CDDP has been demonstrated to 

elevate the expression of total cellular MHC class I in breast cancer ZR-75-1 cells (10); 

MHC class I expression was likewise increased with exposure of HPV-16 E7-expressing 

TC-1 murine tumor cells to CDDP in vitro (11).

Comparable results have been shown in vivo translating into improved antitumor efficacy. 

Using a murine model of plasmacytoma, Nio et al. subcutaneously inoculated cancer cells 

that were pretreated with either CDDP or an ethanol control (12). The potential to reject 

tumor was lower in mice injected with control tumor cells and flow cytometry demonstrated 

that the tumor cell expression of the MHC class I antigens, H-2Dd and H-2Kd, was 

enhanced with CDDP treatment (12). MHC class I expression in response to systemic 

CDDP treatment was demonstrated in a murine colorectal cancer (CRC) model (13). 

Cisplatin administered at IC50 doses increased the expression of MHC class I molecules in 

two human CRC cell lines (COLO 201 and colon 26) in vitro, analogous MHC class I 

upregulation was observed on cancer cells harvested from colon-26-tumor-bearing mice 

treated with CDDP (13).

Interestingly, CDDP’s ability to upregulate MHC class I expression may not be limited to 

just tumor cells but, as Jackaman et al. illustrated, CDDP may also increase MHC class I 

expression on antigen presenting cells (APCs) (14). In a murine mesothelioma model, the 

authors treated tumor-bearing mice with either two doses of CDDP or a PBS control and 

demonstrated that tumor-associated CD11c+ dendritic cells from mice treated with CDDP 

had greater MHC class I expression than did the dendritic cells from control mice (14).

Thus, accumulating evidence intriguingly suggests that even small, single doses of CDDP 

can be effective in upregulating MHC class I expression, both on tumor targets and on host 

APCs. Since the kinetics of this modulation are only on the order of several days, one can 

envision treatment scenarios in which a small “MHC-priming” dose of CDDP could be 

given prior to a complementary immunotherapy.

CDDP promotes recruitment and proliferation of effector cells

Although MHC class I expression is vital for CTL activation, the ability of the immune 

system to combat tumor is also dependent on the capacity of immune effector cells 

(including CTLs) to home to and accumulate within the tumor microenvironment. Mounting 

preclinical evidence now suggests that CDDP may promote the recruitment and subsequent 

proliferation of these effector cells (Fig. 1).

Chang et al. studied the immunomodulatory effects of dose-dense combination CDDP/

paclitaxel (i.e., condensing the intervals between treatments) in a murine model of CDDP-
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resistant ovarian cancer (15). The investigators found that this dosing regimen yielded 

greater intratumoral F4/80+ macrophage and CD8+ T lymphocyte recruitment than did a 

standard dosing regimen; they concluded that this improved effector recruitment was 

responsible for enhanced antitumor efficacy (15). Nevertheless, traditional dosing regimens 

still appear to yield analogous results, even if to a lesser extent. For example, HPV-16 E7-

expressing TC-1-tumor-bearing mice treated with two 10μg/kg CDDP doses had greater 

numbers of spleen-infiltrating E7-specific CD8+ T-cells than did untreated animals (11).

Notably, such CDDP-mediated recruitment has also been observed when CDDP is 

combined with adoptive immunotherapy. For example, Chen et al. examined the use of 

CDDP as a preconditioning agent for murine B16 melanoma xenografts treated with 

intravenously-administered cytokine-induced killer (CIK) cells (16). CIK cells are 

CD3+CD56+, non-MHC-restricted, natural killer-like T lymphocytes (17). Cisplatin 

pretreatment augmented the homing ability of CIK cells into tumors, tumor-draining lymph 

nodes (TDLNs), and spleen tissues (16). Moreover, endogenous effector cells – CD3+ T 

lymphocytes – also had increased intratumoral accumulation after CDDP pretreatment (16). 

These researchers also demonstrated enhanced intratumoral CD3+ T-cell accumulation with 

CDDP treatment and with combined CDDP/adoptive CIK therapy (as compared to controls) 

in a murine model of CRC (18). A combination of platinum doublet therapy (CDDP plus 

vinorelbine) with a recombinant yeast-CEA vaccine in a murine lung tumor model 

transgenic for CEA showed that both CD4+ and CD8+ CEA-specific T-cell proliferation was 

enhanced with combination vaccine/doublet therapy as compared to vaccine alone (19).

Though pretreatment with “priming” doses of CDDP can exert positive effects on the 

recruitment and proliferation of effector cells, similar CDDP-induced immunomodulation 

can be achieved by giving the drug adjuvantly, after immunotherapy. Fridlender et al. 

investigated the immune effects of CDDP plus gemcitabine when given as “boost” therapy 

to mice with orthotopic malignant pleural mesothelioma (MPM) or lung adenocarcinoma 

that were initially treated with adenoviral-based immunogene therapy (20). Adjuvant CDDP/

gemcitabine therapy markedly increased numbers of antigen-specific, activated CD8+ T-

cells both systemically and intratumorally (20). This treatment regimen also significantly 

increased the ratio of “antitumorigenic” M1 to “protumorigenic” M2 tumor-associated 

macrophages within the experimental mice (20).

Cisplatin-mediated, T-cell infiltration has also been studied in the setting of check-point 

blockade. For instance, Wu et al. investigated the antitumor and immunomodulatory effects 

of CDDP and combined CDDP/CTLA-4 blockade in a murine mesothelioma model (21). 

When quantifying relative numbers of tumor-infiltrating CD3+ T-cells, the authors found 

that mice treated with CDDP had significantly increased intratumoral T-cell infiltration than 

did untreated controls (21). Moreover, they noted that this effect became even greater when 

CDDP was combined with CTLA-4 blockade – an example of the synergistic potential of 

CDDP (21). CDDP has also been combined with PD-1 checkpoint blockade. Specifically, 

CDDP used in conjunction with PD-1 checkpoint blockade and CD137 (a T-cell 

costimulatory molecule) agonist antibody resulted in enhanced antitumor efficacy in a 

murine model of ovarian cancer (22). Interestingly, these beneficial effects were not seen 

when PD-1 blockade was excluded from the regimen (22). Qin et al. showed that CDDP 
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leads to the upregulation of PDL-1 (the corresponding ligand to PD-1) in tumor cells; an 

effect also noted with the use of other chemotherapeutic agents (23, 24). The role of CDDP 

on PDL-1 and its combined use with PD-1 blockade both necessitate further investigation.

Cisplatin can therefore act either alone or, perhaps more powerfully, in concert with various 

novel immunotherapies to induce the upregulation of numerous endogenous immune 

effectors as well as to improve the recruitment of other adoptively-transferred cells. In fact, 

our own data demonstrate concordant beneficial effects: CDDP also aids in recruiting 

adoptively-transferred chimeric antigen receptor (CAR)-transduced T-cells. Interestingly, 

there is some evidence that suggests that CDDP may exert some of these recruiting/

proliferative effects via more circuitous paths. Using an in vitro model, Hu et al. examined 

the functional consequence of CDDP treatment on CD14+ monocytes (rather than the effect 

of the drug on tumor or effector cells directly) and the subsequent capacity of these cells to 

activate CD4+ T lymphocytes (25). Cisplatin treatment led to an increased monocyte-

induced CD4+ proliferation and the effect was largely mediated by the increased production 

of IFN-β (25). As a corollary, other studies showed that CDDP-treated mice bearing TC-1 

tumors had considerably higher percentages of intratumoral CD11c+ dendritic cells (which, 

like monocytes, also serve as APCs) than did untreated tumor-bearing mice (26).

Therefore, CDDP may not only improve the recruitment and proliferation of immune 

effectors such as T-cells and adoptively-transferred CIKs, but it may also upregulate the 

accumulation of certain APCs as well – APCs that, as we learned in the previous section, 

have already had their MHC class I expression modulated by their exposure to CDDP. It is 

tempting to speculate that these now-proliferating, MHC-class-I-upregulated APCs may 

then go on to induce additional T-cell activation and accumulation.

CDDP upregulates the lytic activity of cytotoxic effectors

After successfully homing to the tumor microenvironment, cytotoxic effector cells then 

undertake their cytolytic functions. CTL-mediated killing typically occurs via the release of 

perforin and granzymes from the CTL and/or through the interaction between Fas 

(expressed on target cells) and FasL (a CTL cell-surface protein). Both the perforin/

granzyme and Fas/FasL mechanisms involve activation of the caspase cascade and 

ultimately induce tumor-cell apoptosis. The immunomodulatory effects of CDDP have also 

been shown to extend into this aspect of tumor immunology (Fig. 1).

Markasz et al. undertook an expansive study of 29 frequently used chemotherapeutic agents, 

found giving CDDP in vitro at concentrations comparable to the maximally achieved 

therapeutic concentrations seen in clinical practice resulted in enhanced CTL-mediated 

killing of lymphoblastoid cell lines, as measured by a standard 51Cr release assay (27). 

Similar in vitro observations were made in CRC (28). Pretreating a primary colon 

adenocarcinoma cell line, SW480, with CDDP increased both ICAM-1 and Fas expression, 

resulting in enhanced antigen-specific CTL (i.e., ras oncogene-specific CD8+)-mediated 

tumor lysis (28). This improved lytic activity with CDDP was found to involve both Fas-

dependent and -independent mechanisms and was accompanied by an increase in caspase-3-

like protease activity (28).
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In their in vitro study of platinum doublet therapy (CDDP/vinorelbine) in five human lung 

carcinoma cell lines (discussed earlier), Gameiro et al. found that sublethal exposure of 

cancer cells to CDDP/vinorelbine increased their sensitivity to perforin/granzyme-mediated 

CTL killing (8). This group made similar observations when CDDP/vinorelbine was used in 

combination with a recombinant yeast-CEA vaccine in a murine lung tumor model (19). 

HNSCC cells exposed to the combination sublethal CDDP/5-FU were also more susceptible 

to antigen-specific, MHC-restricted cytotoxic T-cell killing (9). A recent study examining 

the use of CDDP in combination with the chemosensitizer vitamin B6 precursor, pyridoxine, 

demonstrated that the synergistic cytotoxicity observed in vitro against non-small cell lung 

cancer (NSCLC) can translate into improved antitumor efficacy in vivo (29). When given to 

immunocompetent mice bearing NSCLC tumors, the CDDP/pyridoxine regimen resulted in 

a 45% cure rate; when given to athymic tumor-bearing mice, this combination CDDP 

treatment failed to avoid tumor growth and to prolong overall survival, thereby implying 

that the observed therapeutic effects relied on the presence of thymic-derived T lymphocytes 

(29).

At the mechanistic level, it appears that CDDP and pyridoxine do not only mediate a 

synergistic cytotoxic effect but that they also cooperate in the induction of immunogenic cell 

death (ICD) hallmarks. CDDP plus pyridoxine induced more endoplasmic reticulum (ER) 

stress protein Calreticulin exposure, HMGB1 exodus, and ATP release than did either of the 

two agents alone. With regard to Calreticulin exposure, both agents interacted 

synergistically to elicit ER stress at the level of the phosphorylation of eIF2α, which 

constitutes a stringent requirement for Calreticulin to be exposed. Indeed, CDDP and 

pyridoxine induced a higher level of eIF2α phosphorylation, if combined rather than used 

separately.

Considerable evidence therefore exists supporting the notion that CDDP increases a tumor 

cell’s sensitivity to antigen-specific CTL attack. One possible explanation for this 

repeatedly-observed phenomenon was explored by Ramakrishnan et al., who reported that 

pretreated tumor cells were sensitized to CTL-mediated lysis in particular due to the cancer 

cells’ increased permeability to granzyme B after CDDP exposure (30). Of note, this 

increased permeability allowed antigen-specific CTLs to kill not only antigen-expressing 

tumor cells, but also neighboring tumor cells not expressing the tumor antigen (30). In 

addition, the authors demonstrated that this effect was perforin-independent and mediated 

via the upregulation of mannose-6-phosphate receptors on the tumor cells (30).

Therefore, cisplatin exerts its antitumor immunomodulation on effector cells via several 

mechanisms: it can improve the lytic activity of endogenous CTLs, induce antigen-

independent tumor bystander kill, and can even promote the lytic efficacy of adoptively-

transferred CIKs.

CDDP downregulates the immunosuppressive microenvironment

The immunological microenvironment of a tumor is composed of elements from two 

competing forces – those that promote tumor eradication (“pro-immune” factors like CTLs) 

and those that promote tumor progression (e.g., immunosuppressive Tregs and other 

suppressor cells). The studies outlined thus far illustrated how CDDP can promote various 
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pro-immune elements to tip this balance in favor of tumor eradication. However, cancer kill 

can also be promoted by downregulating the immunosuppressive components of the tumor 

microenvironment (Fig. 1).

Multiple groups have shown that CDDP can perform such downregulation. For example, as 

described above, Tseng et al. treated TC-1-tumor-bearing mice with CDDP, and showed that 

treatment with CDDP significantly reduced the levels of myeloid-derived suppressor cells 

(MDSC) and Tregs in tumor-bearing mice (11). Cisplatin also favorably modulates the 

immunosuppressive milieu when used in the setting of combination chemotherapy. In their 

study of the immunomodulatory effects of dose-dense CDDP/paclitaxel (discussed earlier), 

Chang et al. showed that this combined therapy significantly reduced the number of MDSCs 

as well as the number of Treg cells found in tumor-bearing mice (15). Gameiro et al. 

demonstrated that a single intraperitoneal dose of CDDP/vinorelbine induced a transient 

modulation of Treg function and markedly reduced the absolute number of Tregs available 

for immune suppression (19).

A number of researchers studying immunotherapies that are used in conjunction with CDDP 

have drawn similar conclusions. Chen at al used CDDP as a preconditioning agent in their 

study on adoptive CIK cell therapy (mentioned earlier) and observed a significant depletion 

of MDSCs in the TDLNs of CDDP-preconditioned mice (16). Parallel observations were 

made in a related study in which the ratio of intratumoral FoxP3+ Tregs to CD3+ 

lymphocytes was significantly reduced with CDDP treatment alone and when CDDP was 

combined with adoptive CIK therapy (18). Fridlender et al. saw similar reductions in Treg 

numbers in the spleens of mice treated with boost CDDP after initial adenoviral 

immunogene therapy (20).

It is intriguing that CDDP dually promotes the function and quantity of effector immune 

cells while simultaneously counteracting numerous immunosuppressive forces; the detailed 

mechanisms of these effects are still being investigated. Nevertheless, armed with the 

preclinical observations detailed above, we next examined the clinical literature for further 

evidence demonstrating the antitumor immunomodulatory effects of CDDP.

Clinical Evidence

Table 1 provides an overview of the clinical literature that supports CDDP-induced 

antitumor immunomodulation.

Chang et al., in their previously-mentioned study on the immunomodulatory effects of dose-

dense CDDP/paclitaxel, also examined the use of this regimen in 14 patients with relapsed 

platinum-resistant ovarian cancer (15). During the course of treatment, the authors serially 

collected patient serum for IFN-γ and IL-2 quantification – both of which were used as 

surrogates for cytotoxic CD8+ T-cell activity (15). Of the four patients with disease control, 

the authors determined that three had serum levels of IFN-γ and IL-2 associated with 

cytotoxic CD8+ T-cell activity (15). Increases in serum IL-2 concentrations have similarly 

been observed in responders to CDDP-based therapy in stage III/IV, therapy-naïve NSCLC 

(31). Koufos et al. isolated the peripheral blood mononuclear cells of 32 such patients and 

tested the cells for the production of various immunological factors before and after 
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treatment; the authors found that responders had significant increases in IL-2 as compared to 

non-responders and that patients who responded to treatment and had significant increases in 

IL-2 production had significantly greater median survival (31).

The antitumor immunomodulatory effects of CDDP with respect to both effector and 

suppressor cells have also been addressed in the clinical literature. Antonia et al. studied 29 

patients with extensive-stage small cell lung cancer treated with a p53 cancer vaccine in 

combination with CDDP-based chemotherapy (32). Here, the authors noted p53-specific T-

cell responses in 57.1% of patients following vaccination; a higher (61.9%) objective 

clinical response rate was observed for patients then receiving chemotherapy after 

vaccination (32). Roselli et al. sought to study the effects of adjuvant CDDP-based 

chemotherapy on the number and function of Tregs in 14 patients with NSCLC (stages IB, 

II, and IIIA) (33). The authors found that the ratio between effector CD4+ T-cells and Tregs 

significantly increased in patients receiving CDDP plus vinorelbine; they further determined 

that the immunosuppressive activity of the Tregs was reduced in the majority of these 

patients (33). Similar observations were made in a study of 18 therapy-naïve squamous cell 

esophageal carcinoma patients (34). Specifically, patients who received neoadjuvant 

CDDP/5-FU had significantly higher numbers of stromal and intratumoral CD4+ T-cells 

than did the patients not receiving neoadjuvant treatment (34). In addition, the authors found 

that the number of stromal CD8+ T-cells was also significantly higher in the neoadjuvant 

group (34).

The aforementioned clinical findings were made in the “real world” arena of clinical trials 

(as opposed to a highly controllable preclinical setting) and lend credibility to the 

monitoring of serum cytokines and/or the quantification of infiltrating or circulating immune 

cells in gauging the immune responses (both positive and negative) to CDDP.

Conclusions

Increasing preclinical and clinical evidence supports the belief that the anti-cancer activity 

of CDDP is not simply due to its ability to cross-link DNA and cause apoptosis. In fact, 

CDDP can favorably modulate the immune system, both in isolation and in concert with 

emerging immunotherapies. We now know that (1) even small, sublethal doses of CDDP 

can upregulate MHC class I expression on tumor cells and APCs; (2) CDDP exposure may 

improve the recruitment and proliferation of immune effectors such as T-cells and 

adoptively-transferred CIKs, as well as certain APCs; (3) CDDP can augment the lytic 

activity of endogenous and adoptively-transferred effector cells and can even induce 

antigen-independent bystander kill; and (4) CDDP can favorably downregulate 

immunosuppressive players in the tumor microenvironment, both by itself and 

synergistically with new immunotherapies. Furthermore, we are now witnessing how 

CDDP’s antitumor immunomodulatory effects are being harnessed clinically, adding new 

levels of sophistication to disease monitoring and prognostication. The observations 

summarized above thus lay the foundation for further investigations that might take 

advantage of CDDP’s potential synergism with novel immunotherapies like checkpoint 

blockade and adoptive T-cell therapy. In addition to exploring the specific pathways of these 

phenomena in preclinical models, it will be critically important to study the kinetics of 
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CDDP’s immunomodulatory influence in patients, as high doses of the drug may negatively 

impact immune cells. The above-described literature therefore reveals to us additional 

mechanisms by which CDDP combats tumor – mechanisms that are yet to be exploited in 

treating solid tumors.
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Figure 1. 
Preclinical evidence demonstrates CDDP-induced antitumor immunomodulation occurs via 

four mechanisms. MDSC, myeloid-derived suppressor cells; TIL, tumor-infiltrating 

lymphocytes.

de Biasi et al. Page 12

Clin Cancer Res. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

de Biasi et al. Page 13

T
ab

le
 1

Su
m

m
ar

y 
of

 c
lin

ic
al

 li
te

ra
tu

re
 w

ith
 d

at
a 

in
di

ca
tin

g 
ci

sp
la

tin
-i

nd
uc

ed
 a

nt
itu

m
or

 im
m

un
om

od
ul

at
io

n.

St
ud

y
P

at
ie

nt
s 

(N
)

T
ar

ge
t 

M
al

ig
na

nc
y

In
te

rv
en

ti
on

s
Im

m
un

ol
og

ic
al

 S
tu

di
es

R
es

ul
ts

C
ha

ng
 e

t a
l. 

(1
5)

14
R

el
ap

se
d 

pl
at

in
um

-r
es

is
ta

nt
 

ov
ar

ia
n 

C
A

D
os

e-
de

ns
e 

(D
D

) 
vs

. m
ax

im
um

-
to

le
ra

te
d-

do
se

 C
D

D
P/

pa
cl

ita
xe

l 
re

gi
m

en
s

Im
m

un
e 

ce
ll 

su
bs

et
 a

na
ly

si
s 

an
d 

cy
to

ki
ne

 p
ro

fi
le

s
D

D
 r

eg
im

en
: 1

) 
W

as
 le

ss
 to

xi
c 

to
 im

m
un

e 
sy

st
em

; 2
) 

R
ed

uc
ed

 im
m

un
os

up
pr

es
si

ve
 m

ic
ro

en
vi

ro
nm

en
t; 

3)
 

T
ri

gg
er

ed
 m

ac
ro

ph
ag

e 
an

d 
tu

m
or

-s
pe

ci
fi

c 
C

D
8 

T
-c

el
l 

re
sp

on
se

s

K
ou

fo
s 

et
 a

l. 
(3

1)
32

St
ag

e 
II

I/
IV

, t
he

ra
py

-n
aï

ve
 

N
SC

L
C

C
D

D
P/

pa
cl

ita
xe

l/i
 f

os
fa

m
id

e
Sy

st
em

ic
 im

m
un

e 
re

sp
on

se
s 

(i
.e

., 
cy

to
ki

ne
s)

1)
 T

re
at

m
en

t r
es

po
nd

er
s 

ha
d 

si
gn

if
ic

an
tly

 g
re

at
er

 
in

cr
ea

se
s 

in
 I

L
-2

 th
an

 d
id

 n
on

-r
es

po
nd

er
s

A
nt

on
ia

 e
t a

l. 
(3

2)
29

E
xt

en
si

ve
-s

ta
ge

 s
m

al
l c

el
l 

lu
ng

 C
A

p5
3 

ca
nc

er
 v

ac
ci

ne
 c

om
bi

ne
d 

w
/ 

ci
sp

la
tin

-b
as

ed
 c

he
m

ot
he

ra
py

Ph
en

ot
yp

e 
&

 f
un

ct
io

n 
of

 T
-c

el
ls

, 
D

C
s,

 a
nd

 im
m

at
ur

e 
m

ye
lo

id
 c

el
ls

 
w

er
e 

an
al

yz
ed

 &
 c

or
re

la
te

d 
w

/ A
g-

sp
ec

if
ic

 im
m

un
e 

re
sp

on
se

s

1)
 A

g-
sp

ec
if

ic
 T

-c
el

l r
es

po
ns

es
 to

 v
ac

ci
ne

 s
ee

n 
in

 
57

.1
%

; o
ne

 p
at

ie
nt

 w
/ c

lin
ic

al
 r

es
po

ns
e;

 2
) 

H
ig

h 
ra

te
 

(6
1.

9%
) 

of
 o

bj
ec

tiv
e 

cl
in

ic
al

 r
es

po
ns

es
 to

 
ch

em
ot

he
ra

py
 g

iv
en

 im
m

ed
ia

te
ly

 a
ft

er
 v

ac
ci

na
tio

n

R
os

el
li 

et
 a

l. 
(3

3)
14

St
ag

e 
IB

-I
II

A
 N

SC
L

C
A

dj
uv

an
t C

D
D

P/
vi

no
re

lb
in

e
N

um
be

r 
&

 f
un

ct
io

n 
of

 p
er

ip
he

ra
l-

bl
oo

d 
T

re
gs

1)
 S

ig
ni

fi
ca

nt
 d

ec
re

as
e 

in
 p

er
ip

he
ra

l T
re

gs
 a

ft
er

 
su

cc
es

si
ve

 tr
ea

tm
en

t c
yc

le
s;

 2
) 

T
re

at
m

en
t 

si
gn

if
ic

an
tly

 in
cr

ea
se

d 
C

D
4 

T
ef

f:
T

re
g 

ra
tio

; 3
) 

M
ar

ke
d 

de
cr

ea
se

 in
 im

m
un

os
up

pr
es

si
ve

 a
ct

iv
ity

 o
f 

ci
rc

ul
at

in
g 

T
re

gs
 o

bs
er

ve
d 

in
 a

ll 
pa

tie
nt

s 
af

te
r 

tr
ea

tm
en

t

T
su

ch
ik

aw
a 

et
 

al
. (

34
)

18
T

he
ra

py
-n

aï
ve

 e
so

ph
ag

ea
l 

sq
ua

m
ou

s 
ce

ll 
ca

rc
in

om
a

N
eo

ad
ju

va
nt

 C
D

D
P/

5-
FU

H
L

A
 c

la
ss

 I
 h

ea
vy

 c
ha

in
, C

D
4,

 
C

D
8,

 T
re

g 
in

fi
ltr

at
e

C
om

pa
re

d 
to

 n
on

-n
eo

ad
ju

va
nt

 c
on

tr
ol

s,
 n

eo
ad

ju
va

nt
 

pa
tie

nt
s 

ha
d:

 1
) 

Si
gn

if
ic

an
tly

 m
or

e 
st

ro
m

al
 &

 
in

tr
at

um
or

al
 C

D
4 

T
-c

el
ls

; 2
) 

si
gn

if
ic

an
tly

 m
or

e 
st

om
al

 C
D

8 
T

-c
el

ls
; 3

) 
H

L
A

 c
la

ss
 I

 e
xp

re
ss

io
n 

m
or

e 
do

w
nr

eg
ul

at
ed

 in
 c

on
tr

ol
s 

th
an

 in
 n

eo
ad

ju
va

nt
 

pa
tie

nt
s

Clin Cancer Res. Author manuscript; available in PMC 2015 November 01.


