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Despite many clinical trials conducted with oncolytic 
viruses, the exact tumor-level mechanisms affecting 
therapeutic efficacy have not been established. Cur-
rently there are no biomarkers available that would 
predict the clinical outcome to any oncolytic virus. To 
assess the baseline immunological phenotype and find 
potential prognostic biomarkers, we monitored mRNA 
expression levels in 31 tumor biopsy or fluid samples 
from 27 patients treated with oncolytic adenovirus. 
Additionally, protein expression was studied from 19 
biopsies using immunohistochemical staining. We found 
highly significant changes in several signaling pathways 
and genes associated with immune responses, such as 
B-cell receptor signaling (P < 0.001), granulocyte mac-
rophage colony-stimulating factor (GM-CSF) signaling 
(P < 0.001), and leukocyte extravasation signaling (P < 
0.001), in patients surviving a shorter time than their 
controls. In immunohistochemical analysis, markers CD4 
and CD163 were significantly elevated (P = 0.020 and 
P = 0.016 respectively), in patients with shorter than 
expected survival. Interestingly, T-cell exhaustion marker 
TIM-3 was also found to be significantly upregulated  
(P = 0.006) in patients with poor prognosis. Collectively, 
these data suggest that activation of several functions of 
the innate immunity before treatment is associated with 
inferior survival in patients treated with oncolytic adeno-
virus. Conversely, lack of chronic innate inflammation at 
baseline may predict improved treatment outcome, as 
suggested by good overall prognosis.

Received 11 June 2015; accepted 23 July 2015; advance online  
publication 15 September 2015. doi:10.1038/mt.2015.143

INTRODUCTION
Numerous clinical trials have been conducted to assess the safety 
and efficacy of oncolytic viruses in treatment of human cancer.1 

Although in early trials the emphasis is always on safety, there have 
also been reports of treatment benefits in many studies. However, 
there is a considerable amount of variation in clinical outcomes in 
different patients.2,3 In the context of immunotherapy, molecular 
characterization of the tumors has yielded promising results in 
identifying factors that contribute to clinical outcome.4 Optimally, 
only patients likely to benefit would receive any given treatment. 
A key realization has been that clinical factors, or the organ of ori-
gin are rarely able to identify such patients. Instead, most available 
biomarkers are based on characteristics of the tumor.

Characterization of tumors can be achieved by compiling dif-
ferent types of information by high-throughput analysis, which 
can incorporate, for example, gene expression analysis and con-
ventional histopathologic evaluation.5,6 Several analyses of cell-
surface receptors and/or mutations in specific oncogenes are 
already in clinical practice.7,8 Technological advances in the fields 
of molecular diagnostics and genome scale analysis are creating 
even more opportunities for information-driven approaches and 
provide a basis for individualized medicine.9,10 For novel technolo-
gies, which may be highly potent but could also be expensive once 
approved, finding biomarkers is a key goal. It has been proposed 
that a biomarker should accompany every new cancer drug.11,12

Human data has revealed that oncolytic viruses exert many of 
their effects through the antitumor immune response they cause, 
instead of through mere lytic effects.3,13 Adenoviruses are known 
to be immunogenic14 and their efficacy is reported to be depen-
dent on the immunological status of the tumor.15 Accordingly, 
understanding the immunological environment of the cancer 
being treated is of paramount importance in the context of onco-
lytic virotherapy. Studies with oncolytic adenoviruses have shown 
that they have stimulating effects on both innate and adaptive 
immunity.13,16,17 There are also reports indicating that baseline 
activation of innate immunity and interferon pathways could pro-
duce an antiviral state in some cancers, consequently blocking the 
therapeutic efficacy of the viruses.18,19 However, at the moment, 
there are no available immunological biomarkers that predict the 

15September2015

175

183

Baseline Immune Activation Predicts Poor Prognosis

Molecular Therapy

10.1038/mt.2015.143

original article

00jan2016

24

1

11June2015

23July2015

© The American Society of Gene & Cell Therapy

Correspondence: Hemminki A, University of Helsinki, Faculty of Medicine, Department of Pathology, Cancer Gene Therapy Group, P.O. Box 21, Helsinki, 
Finland. E-mail: akseli.hemminki@helsinki.fi

Chronic Activation of Innate Immunity Correlates 
With Poor Prognosis in Cancer Patients Treated 
With Oncolytic Adenovirus
Kristian Taipale1, Ilkka Liikanen1, Juuso  Juhila2, Riku Turkki3, Siri Tähtinen1, Matti Kankainen3, Lotta Vassilev1, 
Ari Ristimäki4, Anniina Koski1, Anna Kanerva1,5, Iulia Diaconu1, Vincenzo Cerullo6, Markus Vähä-Koskela1, 
Minna Oksanen1, Nina Linder3, Timo Joensuu7, Johan Lundin3 and Akseli Hemminki1,7–9

1University of Helsinki, Faculty of Medicine, Department of Pathology, Cancer Gene Therapy Group, Helsinki, Finland; 2Oncos Therapeutics, Ltd., 
 Helsinki, Finland; 3Institute for Molecular Medicine Finland (FIMM), University of Helsinki, Helsinki, Finland; 4Department of Pathology, Research 
 Programs Unit and HUSLAB, University of Helsinki and Helsinki University Hospital, Helsinki, Finland; 5Department of Obstetrics and Gynecology, 
Helsinki University Central Hospital (HUCH), Helsinki, Finland; 6Faculty of Pharmacy, University of Helsinki, Helsinki, Finland; 7Docrates Cancer Center, 
Helsinki, Finland; 8Department of Oncology, HUCH, Helsinki, Finland; 9TILT Biotherapeutics Ltd., Helsinki, Finland

Molecular Therapy vol. 24 no. 1, 175–183 jan. 2016 175

mailto:akseli.hemminki@helsinki.fi


© The American Society of Gene & Cell Therapy
Baseline Immune Activation Predicts Poor Prognosis

clinical outcome to an adenovirus-based therapy in human cancer 
patients.

The aim of this study was to assess the baseline cell level char-
acteristics of tumors in patients treated with oncolytic adenovi-
rus. We monitored mRNA expression levels in 31 biopsy or fluid 
samples from altogether 27 patients using RNA microarrays, and 
quantified immunohistochemical (IHC) stainings of 19 biopsies. 
Differentially expressed genes between different clinical categories 
were then identified from the microarray data. Biological func-
tions and pathways present in the tumors were estimated based 
the on gene expression levels. IHC staining results were compared 
between patients with longer and shorter than expected overall 
survivals. Additionally, to identify possible antiviral phenotypes 
in tumors, we evaluated the protein-level expression of a major 
interferon-inducible gene Myxovirus resistance protein A (MxA) 
in an extension cohort of 10 patients. Finally, we evaluated indi-
vidual genes as candidate predictive and prognostic markers for 
oncolytic adenovirus treatment.

RESULTS
Genes are differentially expressed in pretreatment 
samples between several clinical outcome categories
To evaluate gene expression in tumors of patients prior to treat-
ment with an oncolytic adenovirus, mRNA levels were quantified 
in pretreatment samples. Microarray analysis was performed on 31 
pretreatment samples from a total of 27 patients (Supplementary 
Table S1). Out of the 31 samples, 16 samples represented tumor 
biopsies, 8 ascites samples and 7 pleural fluid samples.

Differentially expressed genes between clinical subgroups were 
determined according to sample material (biopsy, ascites, or pleu-
ral fluid), or by using all samples together, with or without sam-
ple-type specific normalization that takes into account expression 

differences between the liquid and solid compartments (Table 1). 
Gene expression profiles from ascites and pleural samples were 
similar while a large number of genes were differentially expressed 
between biopsies and fluid samples. Differences between separate 
cancer types were relatively small, especially after sample-type–
specific normalization.

Grouping of samples based on various clinical outcomes 
and subsequent differential expression analyses of these clinical 
sample groups revealed various genes with a significantly altered 
expression profile, especially in comparisons between categories 
representing the best and the worst outcomes. Most diversity was 
found in outcome categories defined by imaging response, tumor 
marker response and deviation from expected overall survival 
(deltaOS), which was determined by comparison to matched con-
trol patients.20

Pathway enrichment analysis reveals distinct 
biological functions activated in tumors of patients 
with longer and shorter than expected survival
Differential expression of most relevant biological functions used 
in pathway analyses were identified and compared between differ-
ent clinical groups (Supplementary Figure S1). A higher degree 
of pre-existing immune response was observed in groups with 
worse outcomes. In contrast, these groups displayed less cancer-
related gene expression. Statistically most significant differences 
were seen in comparisons with samples from positive and nega-
tive deltaOS patients, in part due to the largest available dataset.

Most significantly altered biological functions were determined 
by comparing gene expression between patients having shorter or 
longer than expected OS (Supplementary Figure S2). Top cat-
egories of differently expressed functions were related to cellular 
growth and proliferation, hematological system development and 

Figure 1  Graphical presentation of top 20 most significantly changed signaling pathways between patients with negative or positive del-
taOS. All of the presented pathways were primarily upregulated in the deltaOS-negative patients compared to deltaOS-positive patients.
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function, cellular movement, tissue and cellular development, cell 
to cell signaling, cancer, and importantly, immune cell traffick-
ing, infection and inflammatory responses. Most of the annotated 
functions associated with immune responses, such as proliferation 
and quantity of lymphocytes and mononuclear leukocytes at base-
line, were increased among patients with shorter than expected 
OS (Supplementary Table S2).

Pathways associated with inflammatory responses 
are significantly altered between patients surviving 
shorter and longer than their matched controls
Pathways that were most significantly changed between patients 
with longer and shorter than expected survival were identified 
(Figure 1). Many of the differentially expressed pathways belonged 
to inflammatory responses. These pathways were all primarily 
upregulated in patients with shorter than expected OS and included 
B cell receptor signaling, PI3K signaling in B lymphocytes, GM-CSF 
signaling, leukocyte extravasation and signaling, role of nuclear 
factor of activated T-cells (NFAT) in regulation of the immune 
response, HMGB1 signaling, complement system and pattern rec-
ognition receptors (Supplementary Figures S3–S6). Interestingly, 
in negative deltaOS patients, many pattern-recognition and com-
plement receptors, such as C3aR (P = 0.06), C5aR (P = 0.11), TLR1  

(P = 0.12), TLR4 (P = 0.07), TLR6 (P = 0.20), TLR7 (P = 0.07), 
TLR8 (P = 0.02), CD79A (P = 0.13), and CD79B (P = 0.15), were 
upregulated, although many of them did not reach statistical sig-
nificance when analyzed individually.

Helper T-cell marker CD4 and macrophage marker 
CD163 are elevated in patients with worse than 
expected overall survival
In order to study the phenotypic relevance of the array findings, 
we performed protein level analyses of immunological variables 
(Figure 2). In addition to clear trends in several markers, T-cell 
marker CD4 (P = 0.020) and macrophage lineage marker CD163 
(P = 0.016) were significantly differentially expressed between 
short and long surviving patients (Figure 2a,b,d). The other 
evaluated macrophage marker CD68 was also elevated in deltaOS 
negative patients, yet not significantly, further suggesting the 
presence of tumor-associated macrophages in patients with worse 
than expected survival.

Correlation analysis for coexpression of stained markers was 
performed separately for deltaOS-negative and -positive patients 
(Supplementary Figure S7). Coexpression of CD3, CD4, and 
CD8 T-cell markers was highly significant in deltaOS-nega-
tive patients. In addition, significant coexpression of the T-cell 

Figure 2 Comparison of immunohistochemical scores between different deltaOS groups. (a) CD68 and CD163 biopsy stainings for baseline biop-
sies taken from two patients O340 (positive outcome in all clinical parameters) and I398 (negative outcome in all clinical parameters). (b–d) Quantitative 
immunohistochemical analyses of different immunomarkers in tumor biopsies. Biopsy scores were compared between negative and positive deltaOS 
patients, and they were significantly different for CD4 (P = 0.020) and CD163 (P = 0.016). Error bars are shown as mean + SEM. *P < 0.05
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activation marker CD25 with several types of T-cells was seen in 
these patients.

Low MxA protein expression on pretreatment tumor 
biopsies trends for improved overall survival
Since several different innate immune receptors were upregu-
lated in patients with shorter than expected survival, we evalu-
ated interferon-stimulated gene expression to address whether 
activated innate immune phenotype in cancer cells reflects out-
come after oncolytic immunotherapy as proposed in preclini-
cal studies.19 Therefore we analyzed major interferon-inducible 
gene Myxovirus resistance protein A (MxA) by IHC in an exten-
sion patient cohort with available pretreatment tissue samples 
(Figure 3a). Patients with lower MxA score of +1 to +2 showed a 
trend for improved overall survival (P = 0.054) over patients with 
the highest MxA score of +3 in this extension cohort, (Figure 3b). 

The average deltaOS was also lower in the group with high MxA 
score (−220 versus 177 days) (Figure 3c).

Genes related to innate immunity are upregulated at 
baseline in patients with worse clinical outcomes
In total, the differentially expressed genes used for pathway analy-
ses contained 1,496 upregulated genes in patients with better than 
expected OS and 1,296 upregulated genes in patients with worse 
than expected OS. We examined the 50 most upregulated genes 
in both groups (Supplementary Tables S3 and S4). The most 
highly upregulated genes in patients with worse than expected OS 
included many genes associated with the innate immune system, 
for example, macrophage markers CD68 (P = 0.009) and CD163 
(P = 0.004), macrophage receptor MARCO (P = 0.006), TLR4 
coreceptor CD14 (P = 0.008), and complement system subcom-
ponent C1q (subunits A, B, and C, P = 0.001–0.005). Interestingly, 

Figure 3 MxA immunohistochemistry on pretreatment tumor biopsies. Low interferon-inducible MxA protein expression on baseline tumor biop-
sies correlates with improved overall survival after oncolytic adenovirus therapy. Ten patients with available baseline biopsy material were grouped 
based on MxA protein expression on pretreatment biopsy samples. (a) Staining panels of the biopsies are grouped in columns based on the assessed 
MxA score. Asterisk indicates strong stromal staining, instead of strong staining at the tumor. Patients C261 and G322 were not involved in the 
microarray analyses. Patient C261 was a 46-year-old male, who was diagnosed with colorectal cancer. He received treatment with CGTG-401 and 
had an overall survival of 123 days. Imaging and marker data were not available. Patient G322 was a 49-year-old female. She was diagnosed with 
gastric cancer and received treatment with CGTG-102. She had an overall survival of 71 days and a progressive disease marker response. Imaging 
response was not available. (b) Patients with the highest MxA score +3 showed shorter overall survival than with score +1 or +2, which was found 
borderline significant (P = 0.054). (c) Average DeltaOS in patients with different MxA scores. The P values were not considered significant. Error bars 
are shown as mean + SEM.
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we also found T-cell exhaustion marker TIM-3 (P = 0.006) to be 
significantly upregulated in deltaOS-negative patients, alongside 
with several other nonsignificantly upregulated T-cell exhaus-
tion markers (Figure 4). We compared these genes in more detail 
between various clinical categories (Supplementary Table S5) 
and found significant differences in expression values in compari-
sons between deltaOS and marker response categories (Table 2).

DISCUSSION
In this study, we have evaluated gene expression patterns in 
pretreatment samples of patients subsequently treated with an 
oncolytic adenovirus. To verify some of the key immunological 
findings on the protein level, IHC stainings were also performed. 
Genes were mapped to pathways, allowing detection of highly 
significant changes in several biological functions and signaling 
pathways between patients with long or short survival. Due to 
relatively small sample size, statistical significance was reached 
only between extremities of the clinical classification. However, 
the findings were consistent across all tested clinical categories. 
Interestingly, many of the most significant results were associ-
ated with different immune functions, especially in patients with 
shorter than expected OS.

Two of the most significantly altered pathways in patients with 
shorter than expected OS were axonal guidance signaling and 
B-cell receptor (BCR) signaling. Axonal guidance signaling has 
been found to be associated with migration and survival of can-
cer cells and the development of tumor vasculature.21,22 Previously, 
it has also been reported that axonal guidance signaling is acti-
vated in T-cell-dependent germinal center B-cells.23 The presence 
of activated B-cells in patients with worse than expected survival 
is further suggested by increased BCR signaling, required for the 
initial antigen recognition and activation of the B-cells. Another 
factor affecting B-cell activation is signaling through Toll-like 
receptors (TLRs),24,25 which we found upregulated. Although 
there were more B-cells in tumors of short surviving patients than 
long surviving patients (average biopsy scores 0.0017 and 0.0007, 
respectively), it was not possible to stain for activated B-cells and 
thus this remains a hypothesis for future studies.

Figure 4 Graphical presentation of genes associated with T-cell 
exhaustion. Positive t-value indicates upregulation in deltaOS-negative 
patients compared to deltaOS-positive patients, whereas negative value 
indicates upregulation in positive deltaOS group. Dashed line indicates 
threshold for significant t-value. Upregulation of TIM-3 in deltaOS-nega-
tive patients was significant (P = 0.006). *P < 0.05
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Table 1 Number of genes found to be differentially expressed in the baseline sample-set

Category Comparisona Ascitesb Biopsyb Pleurab Allc All (nrm)d

Sample material Pleura—Biopsy - - - 1,938 0

Biopsy—Ascites - - - 1,648 0

Pleura—Ascites - - - 0 0

Cancer diagnosis Breast cancer—Pancreatic cancer - - - 1,206 177

Melanoma—Pancreatic cancer - - - 531 116

Ovarian cancer—Pancreatic cancer 0 - - 338 312

Melanoma—Ovarian cancer - 18 - 160 88

Breast cancer—Ovarian cancer - 0 - 136 16

Breast cancer—Melanoma - 24 - 81 46

Gynecological cancers—Other cancers 3 0 0 34 61

Imaging responsee PMD—MMR - 0 - 25 57

SMD—MMR - 0 - 6 3

SMD—PMD - 1 - 1 0

Marker responsef PD—PR - - - 225 600

SD—PR - - - 0 0

SD—PD - 0 - 0 0

Delta OS Negative-positive - 7 - 429 657
aGene is declared as differentially expressed (DE), if its expression is significantly different between the tested groups (P value <0.05). bNumber of DE genes in each 
sample material. Hyphens indicate statistical set too small for statistical testing. cNumber of DE genes in all samples before sample material specific normalization. 
dNumber of DE genes in all samples after sample material specific normalization. eMMR, minor metabolic response; SMD, stable metabolic disease; PMD, progres-
sive metabolic disease. f PD, progressive disease; PR, partial response; SD, stable disease.
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In addition to B-cell-related pathways, GM-CSF signaling was 
significantly increased in patients with worse than expected sur-
vival. This finding is important considering that GM-CSF is used 
as a transgene in many advanced oncolytic virus constructs.17,26,27 
In a recent report by Kanerva et al.,20 certain tumor types were 
characterized as GM-CSF sensitive or insensitive based on clini-
cal findings, and a significant improvement in overall survival was 
seen in the GM-CSF-sensitive group. Elevated GM-CSF produc-
tion at baseline could explain a decreased effect of GM-CSF cod-
ing viruses on non-GM-CSF-sensitive tumors.

In our data, several constituents of the complement system 
were upregulated in patients with short survival. These included 
all soluble C1q subcomponents, C8 and receptors for C3 and C5A. 
The complement system is traditionally recognized as a key player 
in innate immunity, which defends host against microbes by using 
opsonization of pathogens and direct killing by lysis.28 The com-
plement system also acts as a bridge between the innate immune 
response and the subsequent activation of adaptive immunity. 
Complement activation has also been identified in patients with 
different types of cancers.28 Moreover, previous findings suggest 
that complement components may contribute to the immune 
surveillance of malignant tumors and may also promote tumor 
growth.28

Despite the activity of complement, tumor cells seem to be 
resistant to its effects.29 This resistance may be due to the expression 
of membrane complement regulatory proteins (mCRPs), which 
include, for example, SerpinG1, CD35 (complement receptor type 
1 or CR1), CD46 (membrane cofactor protein or MCP), CD55 
(decay-accelerating factor or DAF), and CD59. Previous studies 
demonstrate that various tumor cells express at least one mCRP, 
most often CD46, CD55, or CD59 (refs. 30,31). Interestingly, our 
data show that many mCRPs including SerpinG1, CR1 and com-
plement factor D are upregulated in patients surviving a shorter 
time than their controls, indicating resistance to complement. 
These findings are also compatible with the notion that, even if 
tumor cells are protected against an elevated activation status of 
complement, oncolytic viruses are not. As a consequence, this 
could increase viral clearance at the tumor.

In contrast to other mCRPs, CD46 (or MCP) was upregulated 
in patients with positive deltaOS. Interestingly, CD46 acts also as 
a receptor for serotype 3 adenovirus.32 Many of the viruses used 
in this study were based on the chimeric Ad5/3 backbone, which 
includes the Ad3 knob. Accordingly, it is interesting to hypoth-
esize, that baseline upregulation of CD46 would lead to more 
robust virus infection and replication in patients with longer than 

expected survival. It should be noted, however, that it is not clear 
if CD46 is one of the receptors for 5/3 chimeric adenoviruses.33

Another factor affecting the prognosis of adenovirus treated 
patients could be the presence of tumor-associated macrophages 
(TAMs). In previous reports, these cells have been shown to pro-
mote tumor angiogenesis, invasion, intravasation, and metastasis 
in animal models.34 There are also several reports indicating CD68+ 
or CD68+CD163+ TAMs to be associated with worse clinical out-
comes in different human cancers.35,36 In our data, the presence of 
TAMs and their effect on the prognosis is supported by the list of 
the most upregulated genes in patients with worse than expected 
overall survival, which contains many macrophage-associated 
genes, such as CD14, CD68, and CD163. We also found TAM-
associated genes34 CD34, CCR2, and CSFR1 to be more expressed 
in this patient subset. Moreover, in IHC analysis, the TAM protein 
markers CD68 and CD163 were increased in the biopsy samples 
of these patients (Figure 2a,d).

The main endpoint used in this study was overall survival as 
compared to matched controls (“deltaOS”). Survival is primarily 
a prognostic endpoint, although if treatment increases survival, it 
becomes also a predictive endpoint. Therefore, we consider survival 
a mixed predictive/prognostic endpoint. In contrast, imaging and 
tumor markers constitute pure predictive endpoints. We identified 
possible predictive markers from the baseline gene expression data 
(Table 2). These candidates included macrophage markers, antigen 
receptors, components of the complement and the interferon regu-
latory factor 8 (IRF8). We found significant differences in expres-
sion of these genes in tumor marker response categories. Although 
the findings are preliminary, partly due to the limited availability of 
imaging and marker response data, and because of the confound-
ing effect tumor inflammation has on size based imaging evalu-
ation,37 these genes again point toward the importance of innate 
immunity with regard to tumor response or lack thereof.

MxA protein expression has been shown to be an accurate 
indicator of the antiviral response induced by IFN signaling.38 
Upregulation of MxA expression in tumors has been previously 
found to correlate with virus resistance in animal models.19 
Although post-treatment IFN response is potentially important in 
boosting the development of anti-tumor immunity and combat-
ing tumor immunosuppression,39,40 pretreatment IFN signaling 
marked by MxA expression was associated with shorter overall 
survival in our data (Figure 3). Also, significant upregulation of 
IRF8 in patients with worse than expected survival and patients 
with worse post-treatment marker response suggests that IFN 
signaling is activated at baseline in patients with worse outcome. 

Table 2 Selected genes with potential predictive or prognostic value and their expression values between imaging response, marker response 
and deltaOS comparisons

Clinical categorya Comparisonb

Gene ID

C1QA C1QB C1QC CD46 CD14 TLR8 IRF8 CD68 CD163 TIM-3 MARCO

Imaging response PMD—MMR 2,072 2,403 2,378 −0,832 1,686 1,375 2,584 2,143 1,732 2,296 2,762

Marker response PD—PR 3,272* 4,129* 3,996* −1,736 3,830* 2,935 4,770* 3,469* 4,771* 4,730* 3,631*

DeltaOS Negative—positive 4,794* 5,780* 5,369* −3,329* 4,544* 3,736* 4,444* 4,441* 5,052* 4,731* 4,726*
aImaging and tumor markers constitute pure predictive endpoints while survival is a fusion endpoint influenced by predictive and prognostic variables. bExpression 
values are presented as t-values, which takes into account the size and variation of the sample-set. Positive t-value represents upregulation in progressive disease 
(PD), progressive metabolic disease (PMD) or negative deltaOS categories, whereas negative t-value represents upregulation in partial response (PR), minor meta-
bolic response (MMR), or positive deltaOS categories.
Asterisks (*) indicate significant difference (P ≤ 0.05) between categories.
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High baseline IFN signaling could indicate that the tumor has 
already been detected by the immune system41 and, possibly, an 
extensive immunosuppression has been developed. Another pos-
sible mechanism contributing to inferior prognosis is the antiviral 
response created by IFN signaling.42

Overall, our data is in accord with the notion that a height-
ened baseline immune state indicates that the tumor has pro-
gressed further immunologically, and has consequently developed 
an immunosuppressive micro-environment.43 Several of our find-
ings suggest that one aspect contributing to the immunosuppres-
sion in tumors of short surviving patients could be the activation 
of regulatory B-cells (Bregs). In addition to the BCR and TLR 
signaling described earlier, the differentiation of regulatory Bregs 
is dependent on IL10 (ref. 44). Accordingly, we found the IL10 
receptor to be upregulated in this patient subset. Bregs promote 
immunosuppression through several mechanisms, such as com-
plement mediated chronic inflammation45 and regulation of mac-
rophage phenotype.46 Correspondingly, complement activation 
and macrophage infiltration were seen in patients with worse than 
expected survival. Therefore it is tempting to speculate that the 
activation of regulatory B-cells could represent a pivotal step in 
the development of tumor immunosuppression with a decisive 
impact on the efficacy of oncolytic virotherapy. This could be 
studied by evaluation of this cellular subset with flow cytometry, 
which would enable further characterization of B-cell activation 
markers in addition to CD19 staining seen in IHC. While spec-
imens for flow cytometry were not available in this study, they 
could be collected in future trials.

Together with B-cell-mediated immunosuppression, the 
exhaustion of antitumor T-cells could contribute to the impaired 
effects of adenovirus therapy.47 We found T-cell exhaustion marker 
TIM-3 to be significantly upregulated in patients with worse than 
expected survival. Additionally, several other markers associated 
with T-cell exhaustion, such as PD-L1, PD-L2, CTLA-4, LAG-3, 
GAL-9, CD244, CD69, and CD160 were upregulated, although 
not significantly, in this patient group. It should be noted, how-
ever, that the exact role of CD69 in T-cell function remains to be 
fully clarified.48 Nonetheless, this observation implies that the local 
accumulation of CD4+ cells, which was seen in the IHC analysis, 
could actually represent an exhausted helper T-cell population. 
Since CD4+ T-cells are central for the development of antitumor 
immunity,49 their dysfunction could indicate an unfavorable envi-
ronment for immunostimulatory virotherapy. More specifically, as 
the immune response caused by oncolytic adenoviruses is probably 
at least partly mediated by T-cells,17 exhaustion at baseline could 
effectively diminish the therapeutic effect of the viruses. Without 
immunostimulatory capability, oncolytic adenoviruses would cause 
chiefly local oncolytic effects at tumors, which might compromise 
optimal antitumor effects. This indicates potential benefits in com-
bining oncolytic adenoviruses with checkpoint inhibitors.50–52

The link between immunosuppression and activation of path-
ways related to humoral and innate immunity, such as GM-CSF, 
IFN and complement signaling, requires further investigation. 
Future experiments could also shed light on the complex roles of 
B cells, T-cell exhaustion and tumor infiltrating macrophages in 
the context of virotherapy. Additionally, it would be important to 
study the different tumor infiltrating T-cell populations, such as 

regulatory T-cells, in more detail. The expression of PD-1 was not 
measured due to technical reasons, but this information would be 
highly interesting to study in the context of possible T-cell exhaus-
tion. The data presented here comprises analyses from baseline 
biopsy samples. Thus, further studies with follow-up biopsy sam-
ples and larger patient materials would be useful in investigating 
what happens to the identified variables during oncolytic virus 
treatment. Importantly, our data provide the first comprehensive 
assessment of biopsies from tumors subsequently treated with 
oncolytic adenoviruses. The hypotheses generated herein could 
eventually lead to analyses clarifying the mechanism of action of 
oncolytic viruses in different tumors. Most importantly, we have 
identified candidate prognostic and predictive markers, which can 
be used as a test set for confirmatory studies, possibly resulting in 
biomarkers for selection of patients for oncolytic virotherapy.

In conclusion, the data presented here show that several func-
tions of innate and humoral immunity are associated with inferior 
survival of patients treated with oncolytic adenoviruses. Further 
dissection of these functions, which include B-cell activation and 
differentiation, complement, TAMs, and interferon signaling, 
could yield potential prognostic and predictive biomarkers that 
could help in optimizing the viral treatments. Overall, our data 
indicate that high baseline activity of the immune system at the 
tumor is disadvantageous for oncolytic immunotherapy, because 
it leaves little room for the stimulatory effects of the treatment. 
Tumors featuring high immunological activation at baseline prob-
ably represent tumors that were rather immunogenic at earlier 
stages of carcinogenesis, and therefore were immunoedited and 
developed a high degree of immunosuppression. For such tumors, 
targeting immunosuppression should be incorporated in trial 
design to produce more relevant results, which might help in trans-
forming oncolytic virotherapy from an experimental therapy into 
a conventional, clinically available drug. Moreover, from the point 
of view of tumor immunotherapy, our data indicates that there 
are two types of tumors: (i) Initially immunogenic tumors which 
have developed strong countermeasures including significant 
immunosuppression, and (ii) tumors that are not as immunoed-
ited or immunosuppressive. In the former group, “releasing of the 
brake” with, e.g., checkpoint inhibiting antibodies may be required 
for immunogenic immunotherapy (such as oncolytic viruses) to 
work optimally. “Pressing on the gas” may be sufficient in the latter 
group, allowing effective single agent oncolytic therapy.

MATERIALS AND METHODS
Patient samples. We monitored mRNA expression levels from 31 samples 
collected with ethics committee consent from patients treated with sev-
eral oncolytic adenoviruses in the Advanced Therapy Access Program.53 
Advanced Therapy Access Program was not a clinical trial, and the deci-
sions regarding the therapy were made individually for each patient, based 
on the characteristics of the patient and his or her cancer. Samples were 
collected before any viral therapies, and contained eight ascites fluid, 
sixteen biopsies, and seven pleural fluid samples for microarray analy-
ses (Supplementary Table S1). All biopsies were histologically verified 
by an experienced pathologist and biopsies containing only normal tis-
sue were removed from the data analyses. The biopsy study was positively 
evaluated by the Helsinki University Central Hospital operational Ethics 
committee (Dnro 368/13/03/02/2009) and samples were obtained under 
written informed consent. Some of the other analyses presented here were 
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positively evaluated by the Helsinki University Central Hospital Operative 
Ethics Committee (HUS 62/13/03/02/2013).

Oncolytic adenoviruses. The viruses used in this study have been pub-
lished previously.54–59 All of these viruses are replicating oncolytic adenovi-
ruses, which have been modified for tumor selectivity. CGTG-103 (ref. 54) 
includes Ad5 serotype capsid, whereas viruses CGTG-401 (ref. 55) and 
CGTG-201 (ref. 56) have Ad3 capsid. Viruses CGTG-102 (ref. 57), CGTG-
602 (ref. 58), and CGTG-301 (ref. 59) have chimeric 5/3 serotype capsid. 
Transgenes that have been inserted in the virus constructs are listed in 
Supplementary Table S1. The treatments were predominantly adminis-
tered intratumorally (i.t.). Four patients received all of the treatment dose 
i.t., whereas one patient received the dose completely intravenously and 
1 patient completely intraperitoneally. Remaining patients were treated 
using two or three administration routes. However, majority of these 
patients received most of the treatment i.t.

Response evaluation. The clinical status of patients was classified before 
and after virus treatments. These evaluations allowed us to divide samples 
into clinical categories that were used for statistical evaluations and to 
divide patients to subgroups showing clinical response or lack of response 
after adenoviral treatment. The clinical measurements used in this study 
were cancer diagnosis, imaging response evaluated by positron emission 
tomography with CT (F18-FDG-PET-CT), marker response from patient’s 
serum and deltaOS. Previously described PET criteria37 were used for the 
PET-CT imaging results. DeltaOS was measured as overall survival nor-
malized with control patients’ cancer type–specific median survival time.20 
Patients were divided into negative (survived less than median of matched 
controls) and positive deltaOS categories. The rationale for using deltaOS 
was to convert overall survival statistics to a binary end-point, which was 
needed for pathway enrichment analysis. Additionally, deltaOS allowed 
normalization of survival times in the presence of various tumor types, 
with big differences in prognosis.20

RNA microarrays. Ascites and pleural fluids were collected and kept on ice. 
Then, cells were pelleted from 10–50 ml of fluid by centrifugation 900 rpm 
for 8’ at +4 °C. The pellet was snap-frozen in liquid nitrogen and stored 
at −80 °C until use. Biopsies were collected with biopsy gun and stored in 
RNALater (Life Technologies, Carlsbad, CA) until RNA extraction.

Total RNA was extracted from the samples using TRIZOL Reagent 
(Life Technologies) and sequentially purified with the RNAEAsy Mini 
kit (Qiagen, Hilden, Germany) according standard procedures. Finally, 
RNA was eluated to 30 µl of RNase-free water (Thermo Fisher Scientific, 
Waltham, MA). RNA quantity was evaluated spectrophotometrically by 
using Nanodrop (Thermo Fisher Scientific), and the quality was assessed 
with the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, 
CA). Normally, samples with no evidence for RNA degradation (RNA 
integrity number >8) were kept for further experiments.

Genome-wide gene expression profiling of RNA samples was done 
by hybridizing the RNA to the Illumina HumanHT-12 v4 Expression 
BeadChips arrays (Illumina, San Diego, CA). The labeling and 
hybridization was performed with TotalPrep RNA Labeling Kit (Illumina) 
according to manufacturer´s instructions. BeadChips were washed, 
blocked and stained with streptavidin-Cy3 and scanned with Illumina 
iScan (Illumina) by using manufacturer provided protocols. Genome 
Studio software (Illumina) was used to control the quality of the data. The 
statistical analysis of the microarray data is detailed in Supplementary 
Materials and methods.

Immunohistochemistry. Pre- and post-treatment core needle biopsies 
were collected with written informed consent from patients undergoing 
oncolytic virus treatment. Biopsies were taken in ultrasound or visual 
guidance depending on the location of the tumor. Tissue blocks were sec-
tioned using conventional histological techniques. Serial sections (3.5 µm) 
were taken and mounted on electrically charged glass slides (SuperFrost 

Plus, Menzel-Gläser, Germany). The first set of sections was stained with 
hematoxylin and eosin and further sets were used for immunohistochem-
istry stainings with CD3, CD4, CD8, CD11c, CD19, CD25, CD68, and 
CD163 antibodies were performed according to standard protocols using 
3,3’-diaminobenzidine as detection agent. Collection of biopsies from 
patients undergoing treatment in Advanced Therapy Access Program 
received a positive evaluation by the Helsinki University Central Hospital 
operational Ethics committee (Dnro 368/13/03/02/2009).

IHC analysis. A color information based image processing methodology 
was applied to quantify the IHC stainings. The samples were first digi-
tized with an automated whole-slide scanner (Pannoramic 250 FLASH, 
3DHISTECH, Budapest, Hungary) using a Plan-Apochromat 20× objec-
tive (numerical aperture 0.8) and a VCC-F52U25CL camera (CIS, Tokyo, 
Japan) equipped with three 1,224 × 1,624 pixel Charge Coupled Device 
(CCD) sensors. After digitization, samples were annotated for tumorous 
regions by an experienced pathologist and then automatically analyzed. 
Based on the standard color deconvolution,60 a monochrome chan-
nel (CDAB) was extracted, identifying the image pixels stained with 
3,3’-diaminobenzidine and their staining intensities. A threshold value 
was defined for the CDAB monochrome image to further detect exclu-
sively positively stained cellular regions and to filter out possible unspe-
cific staining. The IHC samples were quantified by calculating a fraction of 
positively stained cellular region in the whole region-of-interest, i.e., tumor 
region. The image-processing pipeline was implemented in matrix labo-
ratory (MATLAB, version R2012b; MathWorks, Natick, MA) numerical 
computing environment.

MxA protein analyses. MxA protein expression was analyzed from an 
extension cohort of 10 patients with available pretreatment tumor biopsy 
samples. Similarly in this cohort, the patients received oncolytic adenovi-
rus treatments after biopsies, and overall survival was recorded starting 
on the day of the first virus treatment. The baseline tumor biopsies were 
assessed for MxA by immunohistochemistry, and the MxA stainings were 
scored by an independent pathologist from scale of 0 to +3.

Statistical analysis of immunohistological data. Statistical analysis 
for MxA and other IHC stainings was performed with SPSS Statistics 
(International Business Machines Corporation, Armonk, NY), Microsoft 
Excel (Microsoft Corporation, Redmond, WA) and GraphPad Prism 
(GraphPad Software, La Jolla, CA). Data from immunohistochemis-
try were analyzed with two-tailed t-test. Correlations between different 
immunomarkers were analyzed using Pearson’s correlation coefficient. For 
MxA results, differences between staining intensity groups were analyzed 
using Mann–Whitney U-test and overall survival data with log rank test. 
P values <0.05 were considered statistically significant.

SUPPLEMENTARY MATERIAL
Table S1. Baseline samples before viral treatments.
Table S2. List of the top 50 biological functions differently activated 
between deltaOS negative and positive patients.
Table S3. List of the 50 most up-regulated genes in patients with 
shorter than expected overall survival.
Table S4. List of the most up-regulated 50 genes in patients with 
longer than expected survival.
Table S5. Genes that may have value as predictive or prognostic 
markers and their expression values (t-value) between different types 
of cancers and used clinical categories.
Figure S1. Heat-map presentations for biological function variation 
in different clinical comparisons.
Figure S2. Graphical presentation of 20 top biological function cat-
egories significantly changed between patients with negative or posi-
tive deltaOS.
Figure S3. Graphical presentation of B Cell Receptor Signaling 
pathway.
Figure S4. Graphical presentation of GM-CSF Signaling pathway.
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Figure S5. Graphical presentation of Leukocyte Extravasation 
Signaling pathway.
Figure S6. Graphical presentation of Role of Pattern Recognization 
Receptors in Recognization of Bacteria and Viruses pathway.
Figure S7. Correlations of different immunomarkers at tumor 
hotspot across all patients with positive and negative deltaOS.
Supplementary Materials and Methods. Microarray data analysis.
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