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Chapter 2
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Elisabeth G.E. de Vries

Preface
This chapter was written and published in 2015. It shows the progress of research and 
the thoughts on immunotherapy in breast cancer at that time. Since publication of 
this chapter large studies with immune checkpoint inhibitors have been performed in 
patients with breast cancer. In chapter 8, we discuss some aspects of the progress in 
immunotherapy in breast cancer that has been achieved in the years after publication 
of this review.

Immunotherapeutic options on the 
horizon in breast cancer treatment



ABSTRACT 

It is increasingly acknowledged that breast cancer can be an immunogenic disease. 
Immunogenicity appears to differ between subtypes. For instance, in triple negative breast 
cancer (TNBC) and HER2-positive breast cancer tumor infiltrating lymphocytes (TILs) are 
prognostic and predictive for response to chemotherapy containing anthracyclines, 
but in other subtypes they are not. Preclinical evidence suggests important immune 
based mechanisms of conventional chemotherapeutics, in particular anthracyclines. 
Early clinical studies with monoclonal antibodies targeting programmed death protein 
1, programmed death-ligand 1 and cytotoxic T-lymphocyte-associated antigen 4 have 
shown anti-tumor efficacy. Tumor vaccines designed to increase the body’s own anti-
tumor immunity have shown an increased anti-tumor immunity, however clinical 
efficacy has not yet been demonstrated. Novel strategies will likely follow. In light of the 
increased interest in immune modulation, this review focuses on predictive immune-
based biomarkers, immune-mediated effects from conventional therapies, as well as 
recent results and ongoing studies concerning immunotherapies in breast cancer.
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INTRODUCTION

Breast cancer is the most common cancer in women and represents a major public 
health issue with 1.38 million cases and 458,000 deaths yearly worldwide.1 Despite 
clear advances in the treatment of metastatic breast cancer patients, most patients 
still die of their disease.2 Drug choices are based on tumor characteristics. Breast 
cancer biology is essentially dictated by the estrogen receptor (ER), human epidermal 
growth factor receptor 2 (HER2), and proliferation. Therefore ER and HER2 targeting 
compounds, and chemotherapy are the cornerstones of today’s treatment.3 For all 
these systemic treatment strategies eventually resistance will develop requiring new 
treatment consideration.4 Furthermore, targeted agents for triple negative breast 
cancer (TNBC), defined by the absence of ER, progesterone receptor (PR) and HER2 
expression, are lacking in standard practice. This subtype is still notoriously difficult to 
treat, and maintains a poor prognostic outcome. Therefore, despite advances in this 
field, additional strategies are needed. A focus on potential tumor targets outside the 
breast cancer cell are clearly of interest. In this respect, the potential exploitation of the 
immune system for anti-cancer effect, is rapidly gaining interest. 

Cancer immunotherapies, including treatments aiming to stimulate immune cells 
to attack tumors, have undergone enormous developments recently. They were 
announced “Breakthrough of the Year 2013” by the editors of Science.5 In this era, 
certain cancer types, such as metastatic melanoma, may even become curable in 
selected patients. The initial enthusiasm for immune checkpoint inhibitors is mainly 
based on results obtained in melanoma, lung cancer, bladder cancer and renal cell 
carcinoma.6 But also in breast cancer, preliminary data from the first clinical studies 
is encouraging. Interestingly, conventional breast cancer treatments, including some 
chemotherapy regimens and the anti-HER2 targeting antibody trastuzumab, derive part 
of their effect from interacting with the immune system. The role of tumor infiltrating 
lymphocytes (TILs) in treatment response is increasingly recognized. Improved insight 
in the connection between the immune system and breast cancer may support optimal 
treatment and outcome. 

The present review focuses on predictive immune-based biomarkers, immune-
mediated effects from conventional therapies, as well as recent results and ongoing 
studies concerning immunotherapies in breast cancer. 
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SEARCH STRATEGY

An English language literature search was conducted in the period of September 2014 
until June 2015 that included PubMed and the ClinicalTrials.gov database. Abstracts of 
the American Society of Clinical Oncology (ASCO) annual meetings, San Antonio Breast 
Cancer symposium, American Association of Cancer Research (AACR) annual meeting 
and the annual congresses of the European Society of Medical Oncology (ESMO) were 
checked. The search strategy focused on all immunotherapies in a breast cancer setting. 
Reference lists of relevant publications were checked.

TUMOR IMMUNITY AND BREAST CANCER SUBTYPES

The interaction of the immune system with tumor cells in breast cancer appears to be 
breast cancer subtype specific (Fig. 1). TNBC and HER2-positive breast cancer harbor 
higher genomic instability compared to the St. Gallen defined luminal A and B subtypes, 
leading to increased DNA damage or mutational load.7-9 Emerging evidence indicates 
that a higher mutational load causes production of higher tumor-specific antigen levels 
and can elicit stronger immune responses.10-12 This response starts with increased 
recognition of tumor-specific antigens by the innate immune system, particularly natural 
killer (NK) and dendritic cells. Activated dendritic cells migrate to the lymph nodes, 
where they activate T cells.13 Upon activation T cells migrate to the tumor and initiate a 
tumor-specific immune response. This tumor-specific immune response is considered 
an important contributor to tumor immunity.14,15 For an extensive review on tumor 
immunology see Dunn et al.16 When the immune system fails to eradicate all cancer 
cells, the less immunogenic cells survive and tumors can escape the immune system.17 T 
cell inhibiting immune checkpoints play an important role in this escape. The binding of 
programmed cell death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated protein 
4 (CTLA-4) on T cells with programmed death ligand 1 (PD-L1) and CD80 respectively 
on tumor cells can strongly decrease T cell activity. In breast cancer upregulation of 
these immune checkpoints was detected with immunohistochemistry.18-20 Furthermore 
aberrant expression of major histocompatibility complex II (MHC II) has been related 
to reduced tumor immunity.21 This indicates the tumor MHC II antigen presentation 
pathway is an important component of tumor immunity. The TNBC and HER2-positive 
breast cancer subtype elicit stronger immune responses and are hypothesized to be 
more dependent on these resistance mechanisms.10
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2014). sTILs of N60% were associated with increased disease free survival
in patients treated with chemotherapy alone (Hazard ratio (HR) 0.20;
p = 0.007), but not in patients treated with concurrent trastuzumab. In
the smaller phase III FinHER adjuvant trial 232 early breast cancer

patients with HER2-positive tumors were randomized to chemotherapy
with or without 9 weeks of trastuzumab infusions (Joensuu et al.,
2006). Here a 10% increase of sTILs was associated with an 18% reduction
in the relative risk of distant disease free survival after treatment

Fig. 1. Cells of the innate immune system are recruited by tumor cell stress signals caused by DNA damage and inflammatory cytokines released by stromal cells as a response to tumor
growth. Higher levels of DNA-damage cause stronger activation of NKs and dendritic cells. A proportion of tumor cells is killed by NK, γδ T cells, NKT cells andmacrophages. Macrophages
andNKs causematuration of dendritic cells that becomehighly activated by ingesting tumor antigen fromdying tumor cells. In the lymph nodes these cells activate tumor specific T helper
1 CD4+ cells, and facilitate development of CD8+ T cells. These cells migrate to the tumor, where the CD8+ T cells cause tumor cell death. Eventually tumor cells can escape the immune
system. Upregulation of PD-L1, PD-L2 and CTLA-4 is thought to be important for this process in breast cancer.When PD-L1 or PD-L2 binds to PD-1, or CTLA-4 to CD80 or CD86 on T cells or
antigen presenting cells, anergy, apoptosis, exhaustion and conversion of T cells to Treg cells arise. This immune resistance is considered to be especially present in TNBC andHER2-positive
breast cancer, because the larger amount of DNA-damage in these subtypes results in stronger immune responses, forcing tumor cells to defend themselves more potently against the
immune system. It is hypothesized that thismechanism renders TNBC andHER2-positive breast cancer particularly sensitive to immunotherapy, in comparison to other breast cancer sub-
types. Abbreviations; TNBC: triple negative breast cancer; HER2: human epidermal growth factor receptor 2; NK: natural killer cell; Treg: regulatory T cell; NKT: Natural killer T cell; DC:
dendritic cell; CTLA-4: cytotoxic T-lymphocyte-associated protein 4; PD-1: Programmed cell death protein 1; PD-L1: Programmed death-ligand 1.

92 J.M. van Rooijen et al. / Pharmacology & Therapeutics 156 (2015) 90–101

Figure 1. Cells of the innate immune system are recruited by tumor cell stress signals caused by DNA damage 
and inflammatory cytokines released by stromal cells as a response to tumor growth. Higher levels of DNA-
damage cause stronger activation of NKs and dendritic cells. A proportion of tumor cells is killed by NK, γδ T 
cells, NKT cells and macrophages. Macrophages and NKs cause maturation of dendritic cells that become highly 
activated by ingesting tumor antigen from dying tumor cells. In the lymph nodes these cells activate tumor 
specific T helper 1 CD4+ cells, and facilitate development of CD8+ T cells. These cells migrate to the tumor, where 
the CD8+ T cells cause tumor cell death. Eventually tumor cells can escape the immune system. Upregulation of 
PD-L1, PD-L2 and CTLA-4 are thought to be important for this process in breast cancer. When PD-L1 or PD-L2 
binds to PD-1, or CTLA-4 to CD80 or CD86 on T cells or antigen presenting cells, anergy, apoptosis, exhaustion 
and conversion of T cells to Treg cells arise. This immune resistance is considered to be especially present in 
TNBC and HER2-positive breast cancer, because the larger amount of DNA-damage in these subtypes results 
in stronger immune responses, forcing tumor cells to defend themselves more potently against the immune 
system. It is hypothesized that this mechanism renders TNBC and HER2-positive breast cancer particularly 
sensitive to immunotherapy, in comparison to other breast cancer subtypes. Abbreviations; TNBC: triple negative 
breast cancer; HER2: Human Epidermal growth factor Receptor 2; NK: natural killer cell; Treg: regulatory T cell; NKT: 
Natural killer T cell; DC: dendritic cell; CTLA-4: cytotoxic T-lymphocyte-associated protein 4; PD-1: Programmed 
cell death protein 1; PD-L1: Programmed death-ligand 1.
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BIOMARKERS 

Infiltration of lymphocytes has prognostic and predictive value in the TNBC and HER2-
positive subtypes, contrary to the luminal subtypes. In the BIG 02-98 trial 2,009 lymph 
node positive breast cancer patients were treated with anthracycline containing 
adjuvant chemotherapy. Stromal TILs (sTILs), defined as the percentage of tumor 
stroma containing lymphocytic infiltrate, were only related to outcome in the 256 
TNBC patients.22 For every 10% increment in the number of sTILs in TNBC, there was a 
reduction of risk of recurrence of 14%, for distant recurrence of 18% and for death of 
19%. These findings have been verified in another retrospective analysis using tissues 
from two high-quality data sets sized n=190 and n=291 obtained from adjuvant phase III 
trials in predominantly lymph node positive breast cancer.23 sTILs were to some degree 
present in 80% of the tested tumors.24 In the neo-adjuvant setting TILs had prognostic 
and predictive value as well. For example, in a cohort of 474 patients with stage II – III 
TNBC, a high TIL score was associated with pathologic complete response (pCR) after 
anthracycline-based treatment (pCR 34% versus 10% in high TILs compared to low TILs, 
p = 0.004).25 sTILs were predictive for pCR in 580 patients with TNBC or HER2-positive 
breast cancer who received doxorubicin and paclitaxel with or without carboplatin in 
the neoadjuvant GeparSixto trial (pCR >60% TILS: 59.0%, pCR <60% TILs: 33.8%, p <.001) 
and predicted a larger increase in pCR with addition of carboplatin to treatment (odds 
ratio (OR) high TILs = 3.71, OR low TILs = 1.01, p = 0.002).26 In both the TNBC and HER2-
positive subgroup sTILs per 10% increment were predictive for objective response 
(TNBC: OR = 1.15, p = 0.004; HER2-positive OR = 1.30, p < 0.001).

Specific subsets of TILs seem to be important for prediction of pCR in TNBC. In several 
studies a CD8+ T cell infiltrate has been associated with improved relapse- and 
disease-specific survival.27,28 For example, in 130 TNBC patients receiving neoadjuvant 
chemotherapy a higher pre-treatment ratio of CD8+/CD4+ T cells,  and CD8+/FOXP3+ cells 
corrrelated with pCR. (2.75 vs 0.99, p = 0.003; HR = 2.00, p = 0.049).29 Also, data suggests 
B cell gene expression signatures to be correlated with increased PFS in basal-like and 
HER2-positive breast cancer.30 Indicating that a specific anti-tumor B and cytotoxic T cell 
response in TNBC might be present. 

sTILs have been proposed as the immune based biomarker in breast cancer, because 
their presence can be easily determined using a single hematoxylin and eosin stained 
slide, their prognostic and predictive value is as reliable as that from intratumoral TILs, 
and the good inter-observer correlation among expert pathologists.24,31
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The predictive benefit of sTILs in trastuzumab treated HER2-positive breast cancer is still 
unclear. In a retrospective analysis of the N9831 trial, in which 945 patients with HER2-
positive node-positive, or high-risk node-negative early breast cancer were randomized 
between treatment with chemotherapy (containing 4 cycles of doxorubicin plus 
cyclophosphamide followed by paclitaxel), or the same chemotherapy with concurrent 
trastuzumab, the impact of sTILs was analyzed.32 sTILs of >60% were associated with 
increased disease free survival in patients treated with chemotherapy alone (Hazard 
ratio (HR) 0.20; p = 0.007), but not in patients treated with concurrent trastuzumab. 
In the smaller phase III FinHER adjuvant trial 232 early breast cancer patients with 
HER2-positive tumors were randomized to chemotherapy with or without 9 weeks of 
trastuzumab infusions.33 Here a 10% increase of sTILs was associated with an 18% 
reduction in the relative risk of distant disease free survival after treatment including 
trastuzumab (HR 0.82, 95% CI 0.56 – 1.16, p = 0.025).34 In the N9831 trial immune 
function was also assessed using whole-transcriptome gene analysis with different 
immune related pathways, including T cell receptor signaling in CD8+ T cells, interferon 
gamma pathway and the tumor necrosis factor receptor signaling pathway. Addition of 
trastuzumab to chemotherapy improved relapse free survival in patients with expression 
of these genes (HR = 0.55, p = 0.0005), but not in patients in whom expression was 
absent (HR = 0.99, p = 0.91).35 On the contrary, in 723 HER2-positive breast cancer 
specimens only patients with low TILs benefitted from adjuvant trastuzumab addition to 
anthracycline based chemotherapy (HR = 0.61, p = 0.003).36

Other biomarkers of interest are expression of PD-1 and PD-L1. In a tumor tissue 
microarray of a heterogeneous group of 660 breast cancer patients PD-1 positive TILs 
were associated with reduced overall survival (OS) (HR = 2.736, p < 0.0001), lymph node 
status, and tumor size, grade, and TNM-stage.37 The association with decreased survival 
was largest in the luminal HER2-positive (HR = 3.689, p = 0.0009) and basal-like subtype 
(TNBC) (HR = 3.140, p < 0.0001). A study in 218 therapy naive early breast cancer 
patients, who underwent surgical treatment followed by radiotherapy and standard 
adjuvant therapy, showed that PD-1 expression in the primary tumor microenvironment 
correlated with unfavorable tumor characteristics, including histological grade, TNM-
stage, and the TNBC subtype.38 Univariate analysis showed a correlation between PD-1 
and OS (HR = 3.29, p = 0.002), but this was not the case with multivariate analysis (HR = 
2.06, p = 0.091). In the previously mentioned GeparSixto trial messenger RNA in tumor 
tissue from 12 immune-related genes was measured. In 314 TNBC PD-1, PD-L1, CTLA-
4, and its ligand CD80 messenger RNA were all predictive for increased pCR. In 266 
HER2-positive breast cancer only PD-1, PD-L1, and CTLA-4 were predictive for pCR.26 All 
markers were positively associated with increased TILs. After correction for presence 
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of sTILs only PD-L1 and CD80 remained predictive for pCR in TNBC (PD-L1 odds ratio 
1.45; p = 0.04; CD80 odds ratio 1.93; p = 0.005). Retrospective analysis of two tissue 
microarrays with a fluorescent RNAscope assay of 636 early breast cancer patients 
showed PD-L1 mRNA levels correlated with TILs and clinical outcome.39 In ~57% of the 
tumors PD-L1 expression was detected. In multivariate analysis tumor PD-L1 mRNA 
expression was associated with longer disease free survival. 

Interpretation of data is hampered by the fact that different PD-L1 expression assays, 
measuring PD-L1 on different cells (tumor versus immune cells) with different cut-off 
points have been used. Furthermore assessment of PD-L1 expression is complicated 
by high intra- and intertumoral heterogeneity of expression.40 The expression of PD-L1 
and PD-1 is thought to be highly dynamic, creating an additional challenge in the search 
for adequate biomarkers.

Recently the potential of immune checkpoint inhibitors to treat patients with mismatch 
repair-deficient tumors was shown. Treatment with the PD-1 blocking antibody 
pembrolizumab in mismatch repair-deficient colorectal patients resulted in a higher 
immune-related objective response rate (4 of 10 vs. 0 of 18 patients), immune-related 
progression-free survival rate (7 of 9 vs. 2 of 18 patients), and overall survival (HR = 0.22, 
p = 0.05) compared to mismatch repair-proficient patients.41 Patients with mismatch 
repair-deficient noncolorectal cancer had responses similar to those of patients with 
mismatch repair-deficient colorectal cancer (immune-related objective response rate, 
71%, 5 of 7 patients; immune-related progression-free survival rate, 67%, 4 of 6 patients). 
Immunohistochemical analysis of tissue microarrays of 226 TNBC tumors showed loss 
of mismatch repair proteins in 1.8% of patients. None of the 90 non-TNBC breast cancer 
patients showed loss of these proteins. Although infrequent in breast cancer, mismatch 
repair-deficiency may be another criterium on which to select patients for immune 
checkpoint inhibitors in the future.42

IMMUNOLOGIC ASPECTS OF CURRENT THERAPEUTIC 
INTERVENTIONS IN BREAST CANCER

Immunologic aspects of chemotherapy 
It is increasingly recognized that chemotherapeutic agents can elicit immune responses 
and that a functional immune system can even be crucial for their efficacy (Table 1), which 
has been extensively reviewed.43,44 Preclinical data suggests that anthracyclines have 
important immune mediated antitumor mechanisms.10 For example in mice inoculated 
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with syngeneic tumor cell lines efficacy of doxorubicin was partly dependent on 
increased proliferation of cytotoxic T lymphocytes (CTLs) and γδ T cells in tumor draining 
lymph nodes, resulting in higher levels of intratumoral interferon-γ and interleukin (IL)-
17.45,46 Blockade of interferon-γ, IL-1, and IL-17, or depletion of CTLs diminished anti-
tumor effects of doxorubicin.47,48 Furthermore, increased gene and protein expression 
of CD8α, CD8β, and interferon-γ in 114 primary breast cancers was associated with 
increased pCR rates after epirubicine treatment (interferon-γ: HR = 0.69, p = 0.016; 
CD8α: HR = 0.72, p = 0.005; CD8β: HR = 0.65, p = 0.049). Doxorubicin can also trigger a 
mechanism called ‘immunogenic cell death’, in which increased calreticulin expression, 
and ATP and HGMB release, lead to activation of dendritic cells, resulting in increased 
anti-tumor T cell activity.44

Therapy with taxanes is also influenced by immune based antitumor mechanisms. In 
30 metastatic breast cancer patients treated with either docetaxel or paclitaxel (despite 
complementary steroids as premedication) an increase in NK- and CTL-cytotoxicity, 
Granulocyte-macrophage colony-stimulating factor (GM-CSF), interferon-γ, and plasma 
IL-6 levels was seen after the last treatment cycle.49 In mice paclitaxel decreased 
the number and viability of regulatory T cells (Tregs), but not of effector T cells. It also 
increased the permeability of tumor cells for granzymes, making them more susceptible 
to CTLs.50,51

Contrary to high dose cyclophosphamide, which is immunosuppressive, metronomic 
cyclophosphamide (50 mg orally daily for 3 months) in 12 heavily pretreated metastatic 
breast cancer patients transiently decreased Treg levels, and increased CD4+ and CD8+ 
T cell proliferation and the number of patients with tumor-reactive T cells increased 
from 26% to 88% in whole blood samples (p = 0.02).52 Within this small sample size, a 
correlation between tumor-specific T cells and response to treatment and OS was seen 
(p = 0.027). Tumor grade, hormone receptor expression, and Ki-67, and HER2-levels did 
not correlate with clinical outcome.51 Low dose cyclophosphamide (< 200 mg/m2 every 
4-6 week intravenously) reverted Treg-induced immunological tolerance and enhanced 
delayed-type sensitivity after vaccination with a HER2-mediated vaccine low-dose 71% 
of patients, high dose 14%, p = 0.003).52,53
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Table 1. Immunologic mediated anti-tumor efficacy of the conventional therapeutic agents in breast cancer.

Conventional 
therapeutic 
interventions

Anti-tumor immunologic effect Refs

Anthracyclines Favor proliferation of CTL and IL-17 producing γδ T cells, induce 
immunogenic cell death, increase dendritic cell antigen presentation

45,46,111-

113

Taxanes Increase amount of NKs, CTLs and interferon-γ. Decrease IL-1, tumor 
necrosis factor, and prostaglandin E2. Selectively inhibit STAT3 signaling. 
Decrease Tregs and increases T cell infiltration

49-51,113-

115

Cyclophos-phamide Treg depletion. ‘Metronomic’ therapy causes selective depletion of circulating 
Treg, and inhibits their inhibitory function

113,116

5-Fluorouracil Decreases myeloid derived suppressor cells in spleen and tumor by inducing 
apoptosis

113,117

Methotrexate Increases dendritic cell antigen presentation IL-12 dependently 113

Vinorelbine Increases dendritic cell antigen presentation IL-12 independently 118

Gemcitabine Increases CTL activity by HLA1 expression, stimulates differentiation of 
dendritic cells, stimulates immune cells in tumor microenvironment by 
apoptosis of tumor cells and suppression of humoral immunity

119,120

Carboplatin Decrease Tregs and increase CTL, induce IL-10–producing macrophages, 
increase STAT3 levels

54,55,121

Tamoxifen TGF β induces Tregs and suppression of CTLs. 122

Non-steroidal 
aromatase inhibitor

Decreases Tregs directly, shift from T helper 2 cells to T helper 1 cells by 
decreasing plasma estrogen levels.

123-125

Everolimus Immunosuppression by enhancing Tregs and inhibition of interferon-α by Toll 
like receptor 7 and 9

126-129

Trastuzumab Stimulates HER2 specific CTL (ADCC), enhances tumor lysis by HER2 
specific CD8+ CTLs, increases NKs, granzymes and dendritic cells in tumor 
microenvironment.

60,130,131

Bevacizumab Causes conversion of immunosuppressive macrophages into 
immunostimulatory macrophages and facilitates CTL to enter the tumor 
microenvironment. Reduces circulating Tregs.

132,133

γ-Radiation Induces immunogenic cell death by apoptosis via adenosine tri-phosphate 
and high-mobility group protein B1 secretion and calreticulin expression. 

134

Bisphosphonate Inhibits tumor-associated macrophages, indirectly activates γδ T cells, and 
primes immune cells to produce cytokines when exposed to IL-1 or Toll like 
receptor ligands.

135-139

Abbreviations: CTL: cytotoxic T lymphocyte, IL: interleukin, NK: natural killer cell, Treg: regulatory T cell, HER2: 
human epidermal growth factor receptor 2, ADCC: Antibody-dependent cell-mediated cytotoxicity, STAT3: signal 
transducer and activator of transcription 3. TGF: transforming growth factor, HLA: human leukocyte antigen.
 

TILs probably have a predictive value for clinical outcome in the neo-adjuvant treatment 
of TNBC or HER2-positive breast cancer with carboplatin.26 However, no molecular 
link with the immune system has been described in breast cancer. In 13 patients with 
advanced primary ovarian carcinoma, carboplatin decreased the percentage of Tregs and 
increased the amount of interferon-γ producing CD8+ T cells 12-14 days after treatment.54 
Carboplatin could induce immunogenic cell death in tumor cells from these patients, 
resulting in strong activation of dendritic cells, causing proliferation and activation of 
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tumor-specific CD8+ T cells in vitro. Furthermore, other platinum based compounds 
such as oxaliplatin and cisplatin have also shown anti-tumor efficacy through activation 
of immunogenic cell death.55

Immunologic aspects of anti-HER2 targeting therapy 
Trastuzumab has improved OS in patients with early stage and advanced HER2-positive 
breast cancer.56,57 It reduces HER2 signaling through the phosphatidylinositol 3-kinase 
(PI3K) and mitogen-activated protein kinase (MAPK) cascades, which eventually leads 
to cell cycle arrest and apoptosis.58 Furthermore trastuzumab promotes apoptosis in 
vivo through a process called antibody dependent cellular cytotoxicity (ADCC). ADCC 
is mediated via immunoglobulin gamma Fc region receptor III on the cell surface of 
NK cells which binds to the Fc portion of the antibody. The antigen recognizing Fab 
portion of the IgG is attached to the tumor cell initiating a sequence of cellular events 
culminating in the release of cytotoxic granules containing perforin and granzymes.59 
In 23 patients treated with neo-adjuvant trastuzumab for HER2-positive early breast 
cancer, the numbers of tumor-associated NK cells and the degree of lymphocyte 
expression on the surgical specimens were higher compared to 23 patients treated 
without trastuzumab.60 Furthermore in 26 patients with HER2-positive metastatic breast 
cancer, response after six months trastuzumab treatment correlated with higher levels 
of NK cells and higher ADCC activity in the circulation measured using a cytotoxicity 
assay. However, after 12 months progression free survival (PFS) correlated only with NK 
activity in the circulation, suggesting that the longer protection against tumor expansion 
might be mediated by pure NK activity.61 In 10 patients with HER2-positive metastatic 
breast cancer treated with trastuzumab and IL-2, IL-2 stimulated cytokine release by NK 
cells in vitro and increased NK cell killing of tumor cells. However, this was not correlated 
with clinical response.62 In 29 patients with HER2-positive breast cancer ADCC levels and 
NK cell count measured with a cytotoxicity assay in blood respectively increased six-fold 
and two-fold after combination therapy with trastuzumab and paclitaxel compared to 
trastuzumab alone.63 These findings may contribute to the known synergistic activity of 
trastuzumab and taxanes.49 

UPCOMING IMMUNE MEDIATED INTERVENTIONS 
IN BREAST CANCER

Immune checkpoint blockade
Ipilimumab, a monoclonal antibody blocking CTLA-4 is already part of standard of care 
in the treatment of metastatic melanoma.64 CTLA-4 inhibits the cytotoxic effects of CTLs. 
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Increased expression of CTLA-4 on T cells in breast cancer patients might explain the 
evasion of anti-tumor immune responses.20 In mice mammary cancer models CTLA-4 
inhibition stimulates T cell proliferation.65-68 Only two studies with CTLA-4 blocking agents 
in breast cancer patients have been performed. An exploratory study in 18 patients with 
predominantly hormonal receptor-positive early stage breast cancer showed a modestly 
increased ratio of CD8+ to Treg cells in tumor specimen of patients who underwent 
mastectomy after pretreatment with ipilimumab and cryotherapy, while pretreatment 
with cryotherapy or ipilimumab alone did not increase this ratio. Cryotherapy causes a 
release of tumor antigen. It was therefore hypothesized that ipilimumab might increase 
the response against these antigens.69 In another phase I study the combination of 
tremelimumab and exemestane was explored in 26 postmenopausal metastatic breast 
cancer patients. Treatment was well tolerated and resulted in stable disease of more 
than 12 weeks in 11 of 26 patients (42%). In nine of the 26 patients, recruited at a 
single center, peripheral blood lymphocyte subsets were determined before and after 
treatment. An increase of activated CD4+ T cells of more than 50% was seen in six 
patients, a similar increase in activated CD8+ T cells was seen in five patients. Across 
these nine patients the median decrease of Tregs was 70%.70 Together, these data show 
that CTLA-4 blocking may be of interest to combine with other therapies in breast cancer.
PD-L1 on breast cancer cells can inhibit T cells responses by binding to PD-1 on 
activated T cells. Already a wealth of knowledge is obtained in various tumor types with 
anti-PD-1 and anti-PD-L1 antibody treatment. The Food and Drug Administration (FDA) 
has approved anti-PD-1 antibody pembrolizumab for use in advanced melanoma. Anti-
PD-1 antibody nivolumab was approved for use in non-small-cell lung cancer (NSCLC). 
The anti-PD-L1 antibody MPDL3280A has been granted breakthrough approval for 
PD-L1 positive NSCLC and metastatic bladder cancer.71 In breast cancer samples that 
were immunohistochemically subtyped according to the 2011 St. Gallen consensus, 
PD-1 positive TILs were most often found in the basal-like (27.4%) and HER2-positive 
subtype (23.2%).9,37,38 In 1980 breast tumors from the METABRIC dataset PD-L1 protein 
expression was most frequently seen in basal-like tumors (19%) and correlated with 
higher infiltration of both CTLs and Tregs.

72 These data, in combination with the previously 
mentioned predictive value of PD-1 and PD-L1, suggest the largest effect of PD-1- and 
PD-L1-targeting agents can be expected in these subtypes. Anti-rat-PD-1 and anti-rat-
HER2 antibodies had a synergistic effect against rat HER2-positive mouse breast tumors 
in a mouse model.73,74

Two agents targeting the PD-1 and PD-L1 have been studied in breast cancer. 
Pembrolizumab (also known as MK-3475 and lambrolizumab) is a humanized 
monoclonal IgG4-kappa antibody that blocks PD-1 signaling.75 In a phase Ib study of 
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the 32 evaluable patients with PD-L1 positive recurrent or metastatic TNBC preliminary 
results showed a partial response in 16.1% of patients, stable disease in 9.7% and 
64.5% with progressive disease.76 One of the responders stopped therapy prematurely, 
all other responders and three patients with stable disease were still on treatment. 
17.2% of the patients experienced at least one serious adverse event, and one patient 
died due to disseminated intravascular coagulation. Other side effects that occurred 
were grade 3 anemia, headache, aseptic meningitis, and pyrexia (NCT01848834). The 
optimal dosing of pembrolizumab in combination with trastuzumab is currently studied 
in a phase Ib study in HER2-positive metastatic breast cancer patients (NCT02129556).
MPDL3280A, a human IgG1 anti-PD-L1 monoclonal antibody with an engineered Fc 
receptor, preventing it from causing ADCC, has been evaluated in a phase I study in 27 
pretreated patients with PD-L1 positive metastatic TNBC.77 PD-L1 expression on tumor-
infiltrating immune cells was evaluated by immunohistochemistry in tumor biopsies 
and PD-L1 expression was scored 0 to 3. 11% of patients experienced grade 3-5 
related adverse events (five grade 3 events: adrenal insufficiency, neutropenia, nausea, 
vomiting, decreased white blood cell count; one grade 5 event: pulmonary hypertension 
in a patient with an atrial septal defect). Among 21 efficacy-evaluable patients with a PD-
L1 IHC 2 or 3 score (13 IHC 2 and 8 IHC 3), the unconfirmed RECIST response rate was 
24% (95% CI, 8% to 47%). Response duration ranged from 0.1+ to 41.6+ weeks. Median 
response duration was not yet reached. Patients with evidence of durable nonclassical 
responses suggestive of pseudoprogression were also observed. A phase III study in 350 
metastatic breast cancer patients researching combination treatment with MPDL3280A 
and Nab-paclitaxel is currently recruiting patients (NCT02425891).

Multiple agents against PD-1 are currently evaluated in clinical trials. Nivolumab (previously 
known as BMS-936558) is a fully human IgG4 monoclonal antibody targeting PD-1. Safety 
and efficacy are being evaluated in a phase I/II study (n=410) (NCT01928394) in solid 
tumor patients, including patients with TNBC, and in combination with nab-paclitaxel in 
metastatic breast cancer patients (NCT02309177). Patients receive the drug as single 
agent, or in combination with the CTLA-4 blocking monoclonal antibody ipilimumab. A 
second drug targeting PD-1 is the monoclonal antibody AMP-514 (MEDI0680). A phase I 
study in metastatic breast cancer (NCT02013804) is recruiting patients. 

BMS-936559, a fully human IgG4 anti-PD-L1 monoclonal antibody, has been studied 
in 207 patients with solid tumors, including four with breast cancer. 9% of patients 
experienced grade 3-4 treatment-related toxic effects, which is lower than so far reported 
in anti-PD-1 therapy. In the four breast cancer patients efficacy was not determined.78 
MEDI4736, another anti-PD-L1 antibody has shown an acceptable safety profile with 
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only grade one or two toxicities.79 Currently phase III trials in NSCLC are ongoing.80

Anti-PD-1/PD-L1 agents are more effective in tumor types with higher mutational load, 
such as NSCLC and melanoma.81 In melanoma response to CTLA-4 blocking antibodies 
correlated (p = 0.01) with mutational load.82 In breast cancer high genomic instability 
is seen in TNBC due to double strand DNA-repair deficiencies.7 This subtype also 
expresses highest levels of PD-L1 in all breast cancer types.37,72 According to present 
thinking this might increase effectiveness of checkpoint inhibitors in this subtype (Fig. 1). 
However, PD-L1 expression is not necessary for response to PD-1 targeted therapies, as 
a study in 175 solid tumor patients showed 13% of 60 PD-L1 negative patients with solid 
tumors treated with PD-1 blocking antibody MPDL3280A responded to treatment. This 
indicates careful selection of patients will be essential to maximize efficacy of anti-PD-1, 
and anti-PD-L1 therapy.71

Tumor vaccines 
Some degree of immune response against breast cancer antigens can be demonstrated 
in most breast cancer patients. Therefore amplification of these weak responses by 
tumor vaccines might cause an effective anti-tumor immune response. Different HER2-
mediated vaccines in breast cancer have been studied in high-risk early breast cancer 
following standard of care therapy. The treatment was mostly well tolerated. Higher 
tumor-specific T cell proliferations prior and after vaccination have been associated with 
reduced recurrences, however no significant differences in disease free survival were 
seen.83-85 Furthermore, results suggest that in this setting any degree of HER2 expression 
may be sufficient for HER2-mediated vaccine efficacy.  Other stimulatory mechanisms 
have yet to be identified and may be required to optimize selection of patients.

Mammaglobin-A is a breast cancer associated antigen with high tissue specificity, it is 
overexpressed in 40 - 80% of breast tumors. In a phase I trial the mammaglobin-A 
vaccine was studied in metastatic breast cancer patients with stable disease.86 In 14 
patients an increase in mammaglobin-A specific CTLs was seen. No significant adverse 
events occurred. Although this study was not powered to evaluate PFS, improved PFS 
was seen in vaccinated patients compared to patients who met the eligibility criteria, 
but were not vaccinated because of unsuitable HLA phenotype (6-months PFS 53% vs. 
33%; p = 0.011). In seven metastatic breast cancer patients a mammaglobin-A vaccine 
decreased the percentage of Tregs from 19% to 10% of CD4+ T cells and increased IFN-γ 
production by mammaglobin-A-specific CD4+ T cells (p < 0.0001) after treatment.86

MUC-1 is aberrantly expressed in breast cancer. An anti-MUC-1 based vaccination 
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elicited a strong immune response in metastatic breast cancer patients.87,88 A phase 
III trial in 1,028 metastatic breast cancer patients who had at least stable disease 
after first line chemotherapy was conducted.89 After receiving one Treg depleting dose 
of cyclophosphamide (300 mg/m2 intravenously) patients were randomized between 
the MUC-1 vaccination or placebo. No difference in recurrence free survival or OS 
was found. However, a post-hoc analysis showed that concomitant endocrine therapy 
increased median survival from 30.7 months to 36.5 months (p = 0.029).90 This survival 
advantage might be due to interaction between the MUC-1 and ER pathways ultimately 
leading to more immunogenicity, but prospective validation is needed.

Treatment of 12 heavily pretreated metastatic breast cancer patients with PANVAC, 
a DNA-based cancer vaccine targeting CEA, MUC-1, and three T cell co-stimulatory 
molecules treatment resulted stable disease in four patients and a complete response 
in one. Of six patient enough peripheral blood mononuclear cells were available for flow 
cytometric analysis at day 71 after treatment. In three of these patients an increased 
ratio of effector T cells/T  regs was observed.91 Currently, a randomized phase II study in 
adults with metastatic breast cancer evaluating docetaxel alone, or in combination with 
the PANVAC vaccine is ongoing (NCT00179309). 

Antibodies and T lymphocytes engineering 
Bispecific T cell engagers are a class of artificial bispecific single chain monoclonal 
antibodies. They couple a tumor-specific antigen, for example CD19 or CEA, on one 
arm and recruit and activate T cells through CD3 of the T cell receptor complex via the 
other arm. This results in close-targeted cell-cell contact enabling T cell mediated tumor 
cell killing. Blinatumomab, a CD19-specific antibody, induced a complete response in 
32% of the patients with treatment-refractory acute lymphoblastic leukemia and was 
granted accelerated approval by the FDA.92 In a phase I study an anti-HER2 and anti-
CD3 bispecific antibody armed with activated T cells was studied in combination with 
IL-2 and GM-CSF in 23 heavily pretreated metastatic breast cancer patients.93 Activated 
T cells were expanded using leukapheresis. No dose-limiting toxicities were observed. 
CTLs and serum interferon-gamma increased during treatment indicating immunogenic 
response. At 14.5 weeks 13 out of 22 evaluable patients had stable disease and nine 
had progressive disease. Median OS was 36.2 months (57.4 months for HER2 3+ group 
and 27.4 months for HER2 0 – 2+ group). Further results have to be awaited. MEDI-565 
(also known as MT111) is a bispecific T cell engager antibody binding carcinoembryonic 
antigen (CEA) and CD3 to induce T cell mediated killing of CEA expressing tumor cells. 
It is currently being evaluated in refractory gastrointestinal cancer in a phase I trial 
(NCT01284231). Elevated serum levels of CEA are present in 8-34% of breast cancers, 
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depending on assays used. In 1,681 breast cancer patients preoperative elevated 
serum CEA was an independent predictor for worse OS after a median follow-up of 37.2 
months, even after correction for stage (HR = 2.601, p < 0.001).94,95 Overall this might 
make CEA a suitable target for immunotherapy in breast cancer.96 MT110 is a bispecific 
T cell engager designed to link epithelial cell adhesion molecule (EpCAM) expressing 
cells and T cells. EpCAM is widely expressed in solid tumors, including breast cancer. 
Results of phase I trials are being awaited (NCT00635596).

Another new approach to activate anti-tumor immunity is to use T cells engineered to 
express artificial chimeric antigen receptors (CARs). They are constructed using T cells 
removed from patients and modified ex vivo to become highly selective for cancer-specific 
antigens. CARs have already proven antitumor efficacy in lymphoblastic leukemia.97 The 
use of CAR-T cell therapy targeting other cancers is currently being explored. Potential 
limitations are the induction of antigen-specific toxicities through targeting of normal 
tissues expressing the target-antigen, and the extreme potency of CAR-T cell treatments 
resulting in life-threatening cytokine-release syndromes.98 A trastuzumab-based HER2-
specific T cell antibody has shown anti-tumor efficacy in different transgenic mouse 
models through T cell activation and subsequent lysis of HER2-expressing tumor 
cells.99 Interestingly, PD-L1 expression was associated with reduced T cell recruitment 
and reduced efficacy. This could be restored by addition of an anti-PD-L1 antibody to 
treatment. Currently safety studies with a cMET redirected CAR in metastatic breast 
cancer (NCT01837602), a mesothelin redirected CAR in solid tumors100 and a CEA 
redirected CAR in solid tumors expressing CEA (NCT02349724) are ongoing. 

IMP321, a recombinant soluble LAG-3 immunoglobulin fusion protein binds to MHC 
class II, leading to activation of dendritic cells. In a phase I study with 30 predominantly 
HER2-negative metastatic breast cancer patients combination treatment with paclitaxel 
was studied. Treatment was well tolerated. With a 6-month PFS of 90% efficacy was 
suspected, warranting further prospective testing.101

Mesothelin-targeting therapies
Mesothelin is a cell-surface glycoprotein present on mesothelial cells. In refractory 
mesothelioma an immunotoxin targeting mesothelin caused durable major 
tumor regression and it elicits T cell responses in a variety of other tumors.102 
Immunohistochemical analysis of 99 archival tumor tissues showed mesothelin 
overexpression in 67% of TNBC but <5% in ER positive of HER2-positive breast 
cancer.103 In a cohort of 844 early breast cancer patients treated with standard of care, 
tumor mesothelin RNA levels as measured by whole-transcriptome sequencing were 
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associated with worse OS after adjusting for lymph nodes and tumor size (HR = 3.06, 
95% CI 1.40-6.68).104 These findings provide the rationale to adapt existing mesothelin 
targeted therapies into novel treatment strategies for TNBC. Moreover, RG7787, a 
mesothelin-targeted recombinant immunotoxin induced a 95% cell kill in HCC70 and 
SUM149 breast cancer cell lines.105 Currently no mesothelin targeting studies are 
ongoing in breast cancer.

FUTURE PERSPECTIVES

At present, knowledge about the interaction between immunity, carcinogenesis and 
tumor biology is rapidly increasing. The predictive and prognostic value of TILs and 
immune-mediated effects of conventional chemotherapy underline the importance 
of the immune system for the current treatment of breast cancer. The first clinical 
data from new immune-mediated therapies in breast cancer are available and 
especially promising for TNBC and HER2-positive breast cancer, possibly due to higher 
immunogenicity of these subtypes (Table 2).7 Efficacy of immune checkpoint inhibitors 
in metastatic breast cancer shows the great promise of immunotherapy, but other 
strategies, including the first vaccine studies, have shown limited efficacy. Particularly 
interesting are the targeted T cells in current clinical testing, such as the cMET RNA CAR 
(Table 3). A logical next step would be to combine new (immune-mediated) treatment 
strategies to maximally support tumor infiltrating T cells and overcome resistance. For 
example, in metastatic melanoma combined inhibition of T cell checkpoint pathways by 
nivolumab and ipilimumab lead to an objective response rate of 61% in a double-blinded 
study.106 Fascinating in this perspective is the ability of taxanes and cyclophosphamide 
to selectively decrease activity and presence of Tregs, which might potentially help to 
overcome immune tolerance often responsible for failure of breast cancer vaccines.49

Biomarkers to select patients who will benefit from immunotherapy are needed, as 
shown by the large differences in immunogenicity between breast cancer subtypes. 
This is underlined by the prognostic value of sTILs and PD-1 and PD-L1 in selected 
subgroups only. The highly dynamic nature of PD-L1 complicates the validation of this 
target as a relevant marker. 

2

33

Immunotherapeutic options on the horizon in breast cancer treatment



Table 2. Current and potential future immune mediated treatment options in breast cancer

Current treatment options Treatment options in advanced 
clinical trials

Potential future treatment 
options

Chemotherapy
Anthracyclines
Taxanes
Cyclophosphamide

Tumor vaccines
HER2 mediated
Mammaglobin-A mediated

Tumor vaccines
PANVAC vaccine
MUC-1 mediated
HER2 mediated

Antibodies
Anti-HER: trastuzumab

Antibodies
CTLA-4: Ipilimumab
PD-1: Pembrolizumab, nivolumab
PD-L1: MPDL3280A
OX40: Anti-OX40

Antibodies
CTLA-4: Tremelimumab
PD-1: Nivolumab
PD-1: AMP-514 (MEDI0680)
PD-L1: BMS-936559
IDO: INCB024360
Phosphatidylserine: Bavituximab
KIR: IPH2102

γ-Radiation T cell engineering
HER2 specific BiTE armed-activated 
T cell

T cell engineering
CEA-specific BiTEs
Mesothelin immunotoxin
Viral vectors
LV305

Abbreviations: HER2: human epidermal growth factor receptor 2, CTLA-4: cytotoxic T-lymphocyte-associated 
protein 4, PD-1: Programmed cell death protein 1, PD-L1: Programmed death-ligand 1, IDO: indoleamine-2,3-
dioxygenase, KIR: Inhibitory killer immunoglobulin-like receptors.

Table 3. Currently listed immunotherapy trials in the ClinicalTrials.gov database in breast cancer patients

Trials currently ongoing in breast cancer ClinicalTrials.gov identifier
Conventional 
therapies

Immunologic effects cyclophosphamide & stereotactic 
body radiotherapy NCT02441270

Immune checkpoint 
inhibitors

Anti-PD-1: 
Pembrolizumab

Anti-PD-L1: 
MEDI4763
MPDL3280A

Anti-OX40:
Anti-HER2:

Trastuzumab
Toll like receptor 7 agonist:

Imiquimod
Indoleamine 2,3-dioxygenase:

Indixymod
Immunologic adjuvant:

OPT-821 & OPT822

NCT02447003, NCT02411656, 
NCT02129556, NCT02303366

NCT02489448
NCT02425891
NCT01862900

NCT00393783

NCT01421017

NCT01792050

NCT01516307
Immune cell 
transfer

Autologous Peripheral stem cells

Autologous TILs
Natural killer activated dendritic cells
Dendritic cell vaccine & hematopoietic stem cell 
tansfer
HER2 peptide vaccine & ex vivo expanded HER2-
specific T cells

NCT02183805, NCT00003927, 
NCT00003042

NCT00301730
NCT02491697
NCT01782274

NCT00791037
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Table 3. Continued.
Trials currently ongoing in breast cancer ClinicalTrials.gov identifier
T cell engineering Anti-CD3/HER2 Bi-armed T cells

Anti-cMET RNA CAR T cells
NCT01022138, NCT01147016
NCT01837602

Trials currently ongoing in solid tumors, including breast cancer patients
Immune checkpoint 
inhibitors

Anti-PD-1:
Nivolumab
Pembrolizumab
Pembrolizumab & PLX3397

Anti-PD-L1: 
MPDL3280A
Avelumab

Anti-PD-L1 & anti-CTLA-4:
Nivolumab & ipilimumab

Colony stimulating factor 1 receptor:
RG7155 

NCT02309177
NCT02303990, NCT01848834 
NCT02452424

NCT01375842, NCT02478099
NCT01772004

NCT01928394, NCT02453620

NCT01494688
Immune cell 
transfer

Autologous T cells
Autologous natural killer T cells

NCT01462903, NCT01174121, 
NCT00002854
NCT01801852  

Vaccines Peptide vaccines:
HER2
MUC-1
Other

Dendritic cell vaccines:
HER2
Other

Virus-based:
HER2
MUC-1
Brachyury & T cell costimulatory molecules

Other:
Yeast-based

NCT01376505, NCT02276300
NCT02270372 
NCT01606241, NCT00088413, 
NCT02019524

NCT01730118, NCT02473653
NCT01042535, NCT01522820, 
NCT01291420

NCT01526473
NCT02140996
NCT02179515

NCT01519817
T cell engineering Mesothelin-targeted T cells

Genetically modified anti-CEA T cells
Anti-CEA CAR T cells
Anti-HER2 CAR T cells
Ny-ESO-1 T cell receptor transduced T cells

NCT02414269
NCT01723306
NCT02349724, NCT02416466
NCT01935843
NCT02457650

Other PD-L1 as a biomarker
Pembrolizumab & virus-based P53 vaccine
Intrapleural AdV-tk & valacyclovir

NCT01660776
NCT02432963
NCT01997190

Abbreviations: PD-1: Programmed cell death protein 1; PD-L1: Programmed death-ligand 1; HER2: Human 
epidermal growth factor receptor 2; TIL: Tumor infiltrating lymphocyte; MUC-1: Mucin 1, cell surface associated; 
GM-CSF: Granulocyte-macrophage colony-stimulating factor; CAR: Chimeric antigen receptors; CD3: Cluster 
of differentiation 3; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; CEA: Carcinoembryonic antigen; Ny-
ESO-1: Autoimmunogenic cancer antigen; AdV-tk: Adenovirus-mediated herpes simplex virus thymidine kinase; 
RNA: Ribonucleic acid.

2

35

Immunotherapeutic options on the horizon in breast cancer treatment



Figure 2. Immune-related drug targets of current and potential future breast cancer treatments. PD-1 antibodies 
(pembrolizumab, nivolumab and AMP-514) and PD-L1 antibodies (MPDL3280A (atezolizumab), MED14736 and 
BMS936559) potentiate anti-tumor T cell response by impairing the tumor inhibitory PD-1 / PD-L1 axis. CTLA-4 
antibodies (ipilimumab, tremelimumab) impair the T cell inhibitory signal of CTLA-4 through binding of CD80 
present on tumor cells. Targeted T cells such as anti-CEA or anti-cMET CARs and BiTES (MT110 and MEDI-565) 
have enhanced anti-tumor efficacy through genetically modified T cells. Trastuzumab stimulates HER2 specific 
CTL (ADCC) and enhances tumor lysis by HER2 specific CD8+ CTLs. Cyclophosphamide and paclitaxel cause 
selective depletion of circulating Treg and inhibit their anti-tumor inhibitory function. Vaccines amplificate the 
present immune response against breast cancer antigens. Anthracyclines, oxaliplatin and radiotherapy have 
anti-tumor efficacy through a cascade called ‘immunogenic cell death’ resulting in activation of dendritic cells 
stimulating anti-tumor T cell activity. Abbreviations; NK: natural killer cell; T  reg: regulatory T cell; NKT: Natural 
killer T cell; DC: dendritic cell; CTLA-4: cytotoxic T-lymphocyte-associated protein 4; PD-1: Programmed cell death 
protein 1; PD-L1: Programmed death-ligand 1; CAR: T cells engineered to express artificial chimeric antigen 
receptors; BiTES: bispecific single chain monoclonal antibodies; HER2: Human Epidermal growth factor Receptor 
2; MUC-1: mucin MUC-1; PANVAC: vaccine containing human genes that cause production of CEA and MUC-1; 
cMET: hepatocyte growth factor receptor.

Trials protocols have to be optimized for immunotherapies research, as immune 
checkpoint inhibitors can cause an influx of immune cells, resulting in increased size of 
tumors that are responding to treatment, contrary to conventional chemotherapeutics. 
Response following treatment with ipilimumab in metastatic melanoma could appear 
with first a period of durable stable disease or even with tumor growth later followed 
by a slow steady decrease in total tumor burden.107,108 Therefore response is often 
detected later compared to treatment with conventional agents. Immune-related 
response criteria have been proposed to uniformly assess tumor response.  Progression 
is defined by a 25% increase in tumor burden in two consecutive observations 4 weeks 
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apart addressing for possible early tumor growth in responding patients.107 Secondly, 
more rational decision-making of treatment dose has to precede new trials. In 41% 
of non-first in human immune checkpoint studies the dose differed from the earlier 
recommended by phase I studies, in 28% without stating a motivation. This could hinder 
results, delaying good results.

While new treatment options are applied in daily practice, important ongoing 
epidemiologic trends can play a role in the meantime as well. For example the incidence 
of obesity and insulin resistance are increasing rapidly worldwide. Preclinical work 
suggests that obesity can impair the efficacy of dendritic cell dependent antitumor 
immunotherapies.109 Furthermore smoking is associated with a high mutational load 
in breast cancer, however impact on immune recognition and antitumor efficacy is 
unknown.110
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