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ABSTRACT
Background Based on its viral- associated or UV- 
associated carcinogenesis, Merkel cell carcinoma (MCC) is 
a highly immunogenic skin cancer. Thus, clinically evident 
MCC occurs either in immuno- compromised patients or 
based on tumor- intrinsic immune escape mechanisms. 
This notion may explain that although advanced MCC 
can be effectively restrained by treatment with PD- 1/
PD- L1 immune checkpoint inhibitors (ICIs), a considerable 
percentage of patients does not benefit from ICI therapy. 
Biomarkers predicting ICI treatment response are currently 
not available.
Methods The present multicenter retrospective study 
investigated clinical and molecular characteristics in 
114 patients with unresectable MCC at baseline before 
treatment with ICI for their association with therapy 
response (best overall response, BOR). In a subset of 21 
patients, pretreatment tumor tissue was analyzed for 
activation, differentiation and spatial distribution of tumor 
infiltrating lymphocytes (TIL).
Results Of the 114 patients, n=74 (65%) achieved 
disease control (BOR=complete response/partial response/
stable disease) on ICI. A Bayesian cumulative ordinal 
regression model revealed absence of immunosuppression 
and a limited number of tumor- involved organ systems 
was highly associated with a favorable therapy response. 
Unimpaired overall performance status, high age, normal 
serum lactate dehydrogenase and normal serum C reactive 
protein were moderately associated with disease control. 
While neither tumor Merkel cell polyomavirus nor tumor 
PD- L1 status showed a correlation with therapy response, 
treatment with anti- PD- 1 antibodies was associated with 
a higher probability of disease control than treatment with 
anti- PD- L1 antibodies. Multiplexed immunohistochemistry 
demonstrated the predominance of CD8+ effector and 
central memory T cells (TCM) in close proximity to tumor 
cells in patients with a favorable therapy response.
Conclusions Our findings indicate the absence of 
immunosuppression, a limited number of tumor- affected 
organs, and a predominance of CD8+ TCM among TIL, as 

baseline parameters associated with a favorable response 
to PD- 1/PD- L1 ICI therapy of advanced MCC. These factors 
should be considered when making treatment decisions in 
MCC patients.

INTRODUCTION
Merkel cell carcinoma (MCC) is a rare, highly 
aggressive neuroendocrine skin cancer. MCC 
carcinogenesis is associated either with the 
Merkel cell polyomavirus (MCPyV), predom-
inantly in cases occurring in the northern 
hemisphere, or with chronic UV- exposure.1 
MCC is highly immunogenic due to the pres-
ence of either MCPyV- derived antigens or 
UV- associated neoantigens. Thus, clinically 
manifest advanced MCC is mostly observed 
in immunocompromised and immunose-
nescent patients or occurs based on tumor- 
intrinsic immune escape mechanisms. Still, 
a high therapeutic activity of PD- 1/PD- L1 
immune checkpoint inhibitors (ICIs) with 
durable objective responses in about 50% 
of patients has been observed.2 Despite this 
major improvement in the therapy outcome 
of advanced MCC patients, this observa-
tion also implies that half of the patients do 
not experience a long- term benefit from 
ICI therapy. Clinically applicable predic-
tive biomarkers of ICI therapy response are 
just starting to emerge: (1) in a trial testing 
neoadjuvant nivolumab, both pathological 
complete response (CR) and radiographic 
tumor regression at the time of surgery were 
correlated with improved recurrence- free 
survival,3 and (2) Kacew et al reported that 
a limited disease stage at ICI therapy start 
was associated with a favorable response.4 
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However, the study also showed that, unlike in other 
cancers, neither tumor mutational burden nor copy- 
number alterations in MCC tumor tissue predicted ICI 
therapy outcome. Similarly, a recent study by us character-
izing 41 MCC patients receiving PD- 1/PD- L1 ICI demon-
strated that predictive markers of ICI therapy response 
established in other cancer entities such as neutrophil- 
to- lymphocyte ratio, metastatic stage and site of the 
primary were not associated with ICI response in MCC.5 
However, our comprehensive dynamic molecular anal-
ysis of pretreatment tumor tissue demonstrated that not 
only the density of the immune cell infiltrate, but rather 
its functional properties correlated with the response to 
ICI therapy. In particular, the predominance of central 
memory T (TCM) cells with a diverse T- cell receptor (TCR) 
repertoire were associated with a favorable treatment 
outcome.5 On the other hand, we did not observe any 
predictive potential on previously suggested molecular 
biomarkers such as tumor PD- L1 expression or MCPyV 
status.2 5 6 Thus, with the present study we aimed at testing 
clinically well applicable predictive biomarkers in a 
larger patient cohort (114 MCC patients, although these 
included 41 patients from our earlier study5 by expanding 
our initial oligocentric approach to a multicentric study, 
but also limiting the complexity of the molecular anal-
yses to those showing the highest predictive value in our 
previous study.

MATERIALS AND METHODS
Patients and samples
One hundred and fourteen (n=114) patients treated 
between May 2018 and July 2020 at 11 MCC referral 
centers (Bochum, Buxtehude, Erlangen, Essen, Heidel-
berg, Homburg, Lübeck, Mainz, Regensburg, Stockholm, 
Tübingen) were retrospectively identified according 
to the following selection criteria: histopathologically 
confirmed diagnosis of MCC, treatment with PD- 1/PD- L1 
ICI for unresectable advanced disease, and complete 
follow- up documentation of ICI therapy outcome 
including best overall response (BOR), progression- free 
(PFS) and overall (OS) survival. BOR was determined 
according to RECIST V.1.1.7 PFS and OS were defined 
as time from therapy start until disease progression or 
death, respectively; if no such event occurred, the date of 
the last patient contact was used as endpoint of survival 
assessment (censored observation). Detailed clinical 
parameters at baseline of ICI therapy were collected from 
the patients’ medical charts; it is important to note that a 
subgroup of 41 patients had already been described in an 
earlier study5 (online supplemental table S1). Immuno-
suppression was assigned to patients suffering from hema-
tological neoplasia or to patients treated with multiple 
drugs for multiple cancers or immunosuppressive medi-
cations. If available, pretreatment samples of formalin- 
fixed paraffin- embedded (FFPE) tumor tissue from the 
studied patients were collected for molecular analysis.

Detection of MCPyV DNA
Detection of MCPyV DNA was performed as previously 
described by TaqMan Real- Time qPCR using the following 
large T- antigen (LTA) specific primers and TaqMan 
probe: forward primer; CCA AAC CAA AGA ATA AAG 
CAC TGA; reverse primer, TCG CCA GCA TTG TAG TCT 
AAA AAC, and probe: FAM- AGC AAA AAC ACT CTC 
CCC ACG TCA GAC AG- BHQ1.5

Multiplex immunofluorescence staining
Multiplex immunofluorescence staining of FFPE tumor 
tissue was performed using the Opal chemistry (Perkin-
Elmer, Waltham, USA, Cat.No.: OP7TL4001KT) with two 
panels of antibodies, ie, against CD4, CD8, CD20, Foxp3 
and CD68 (panel 1), or CD27, GZMB, TCF1, CD45RA 
and CD45RO (panel 2). Synaptophysin served as tumor 
marker in either panels. Briefly, after deparaffinization 
and fixation, 3 µm tumor sections were processed with 
retrieval buffers for 15 min in an inverter microwave 
oven. Thereafter, sections were incubated with the anti-
body diluent for 10 min at room temperature, followed 
by incubation with the primary antibody for 30 min. 
After applying Opal polymer HRP secondary antibody 
and Opal fluorophore solution each for 10 min, anti-
bodies were removed by microwave treatment before a 
further round of staining. The antibodies, their dilutions, 
the respective retrieval buffers as well as the sequence 
of usage are described in detail in online supplemental 
table S2. Visualization of the different fluorophores was 
achieved on the Mantra Quantitative Pathology Imaging 
System (PerkinElmer). For each tumor sample, quan-
tification of the different cell types was performed at 
medium magnification on three randomly selected 
areas located either in the juxtatumoral or intratumoral 
region in a semiautomatic fashion with the InForm 
Tissue Analysis software (Akoya Biosciences, Menlo Park, 
USA). Since tumor samples were received from different 
pathology institutes, the quality of the FFPE material was 
not uniform, resulting in variations in fluorescence inten-
sity from sample to sample. To avoid quantification errors 
due to these intensity variations, the InForm tissue anal-
ysis software was trained on tumor tissue samples from the 
respective sources, thus developing an algorithm based on 
the median of the determined intensities. Subsequently, 
training of the software was performed on five different 
MCC tissue samples to recognize staining patterns/cell 
types. Finally, a principal components analysis was used 
to visualize possible pattern of the immunofluorescence 
staining results across the samples as suggested by Shen et 
al.8 Annotation by the different pathology institutes the 
samples were received from no significant batch effect 
was observed indicating the initial training of the InForm 
software was sufficient.

Two independent observer, blinded to ICI response, 
monitored the quantification analysis and classified 
the respective cell types in relation to all nucleated 
cells per sample into five categories: 0%, >1%, 1%–5%, 
5%–10% and >10%. Disagreements were resolved by 
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taking the opinion of a third observer into consider-
ation. Markers used for the quantification of the different 
immune cell types are listed in online supplemental 
table S3 and the raw data of the quantification analysis 
by InForm Tissue Analysis software is provided in online 
supplemental table S4 and S5 for panel 1 and panel 2, 
respectively.

STATISTICAL ANALYSES
A Bayesian cumulative ordinal regression model was 
applied for predicting PD- 1/PD- L1 ICI therapy response 
in MCC patients. The model was fit with a dataset consisting 
of 114 patients and 15 clinical parameters; year of treat-
ment and participation in a clinical trial were considered 
as possible confounders (table 1). Model parameters 
were described with probability distributions that take 
into account the uncertainty of the estimates. Treatment 
response was classified into CR, partial response (PR), 
stable disease (SD) and progressive disease (PD) on an 
ordinal scale. We applied a cumulative ordinal regression 
model to the data, which takes the ordinal nature of the 
response variable into account. Compared with other 
approaches that incorrectly treat the response variable 
as metric (such as linear regression) or nominal (eg, by 
binarizing the response variable), this may lead to more 
precise inference and therefore reduces over- or underes-
timation of effect sizes.9 The cumulative regression model 
regards the tendency of a patient to respond to treatment 
as a latent (=unobserved) variable that is determined by 
the patient characteristics. The model is described by 
the following formula:  i = βage.xi,age + βLDH.xi,LDH . . . .  ; in 
which    is the location of the latent variable for patient 
i,  βage  is the β coefficient for the predictor age and  xi,age  
is the indicator variable of patient i for age. The β coef-
ficient of the predictor provides information on whether 
or not a predictor is associated with a higher probability 
of treatment response. Student t- priors with 7 degrees of 
freedom and a SD of 1 were chosen as weakly informa-
tive priors for the β coefficients. Model fit is performed 
numerically by Markov chain Monte Carlo.10 The width of 
the distribution gives an impression of the uncertainty of 
the estimate: a distribution tightly concentrated around a 
value means that the dataset allows for a precise estimate 
of that parameter, while a broader distribution means 
that the data is consistent with a wide range of parameter 
values. Average predictive comparisons are calculated 
as expected changes in response associated with a unit 
difference in one of the inputs. They were calculated with 
respect to having at least a PR to treatment, for example, 
for immunosuppression, values between −0% and −40% 
denote that comparing a patient with immunosuppres-
sion to an otherwise identical patient without immuno-
suppression, the patient with immunosuppression has (on 
average) a 0%−40% lower probability of having at least 
a PR to treatment. Fitting the model to the dataset was 
done with the R software package ‘brms’, which utilizes 
‘Stan’ in the background.11 Missing values were estimated 

by multiple imputation with the R package ‘mice’.11–13 
The imputed data values are consistent with the observed 
data (online supplemental figure 1). Using leave- 
one- out cross- validation (LOO), this model has a similar 
(expected log- predictive density (ELPD), a measure of its 
ability to generalize to unseen data) as a sequential model 
without category- specific effects, meaning that including 
category- specific effects does not improve model perfor-
mance and the proportional odds assumption does not 
have a strong effect on the model conclusions. In the 
following, we report the detailed results for LOO and 
ELPD for completeness (online supplemental figure 2). 
A detailed description is given in online supplemental 
materials and methods. Transparent Reporting of a multi-
variable prediction model for Individual Prognosis or 
Diagnosis reporting guidelines were followed to develop 
the predictive model, including patient selection.14

Kaplan- Meier plots were generated with R V.3.5.1 using 
the package ‘survival’ (V.2.44–1.1 and survminer V.0.4.6). 
All patients with PFS and/or OS of more than 36 months 
are censored without having a respective event, because 
the data beyond this period is very sparse. Log rank test is 
used to calculate p values.

For statistical testing of T- cell abundance in MCC tumor 
tissue, p values were determined by beta regression with 
R V.4.0.2 and packages ‘lmtest’ and ‘betareg’ (V.0.9–38 
and V.3.1–4).

For statistical testing of the distance between tumor 
cells and CD8+ T cells in tumor tissue, the unpaired two- 
tailed Student’s t- test, calculated in GraphPad Prism V.5 
(San Diego, USA) was applied.

RESULTS
Patient characteristics, response to ICI and survival outcomes
A total of 114 patients treated with PD- 1/PD- L1 ICI 
(avelumab, n=57; nivolumab, n=13; pembrolizumab, 
n=44) for unresectable advanced MCC were identified 
at 11 MCC referral centers in Germany and Sweden. 
Detailed patient characteristics are given in table 1. Of 
114 patients, 54 (47%) experienced an objective response 
(BOR=CR/PR), and 74/114 patients (65%) a disease 
control (BOR=CR/PR/SD) on ICI (figure 1A). When the 
entire patient cohort was divided by type of therapy, in the 
cohort treated with the anti- PD- L1 antibody avelumab, 
22/57 patients (39%) experienced an objective response 
and 33/57 patients (58%) disease control; in the cohort 
treated with the anti- PD- 1 antibodies pembrolizumab or 
nivolumab, an objective response was observed in 32/57 
patients (56%) and disease control in 41/57 patients 
(72%). Of 114 patients, 37 (32%) died within a median 
follow- up time of 12.0 (±2.41, 95% CI) months. Kaplan- 
Meier estimates for PFS and OS categorized by BOR (CR, 
n=24; PR, n=30; SD, n=20; and PD, n=40) revealed a clear 
separation of the curves for patients experiencing disease 
control (CR/PR/SD) as BOR compared with those 
presenting a primary progression on therapy (online 
supplemental figure 3). The median PFS and OS in the 
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Table 1 Patient and tumor characteristics at baseline of anti- PD- 1/PD- L1 therapy

All patients n=114 (100%)
Disease control (BOR=CR/PR/
SD) n=74 (100%)

Disease progression (BOR=PD) 
n=40 (100%)

Patient characteristics

Gender

  Male 82 (72%) 54 (73%) 28 (70%)

  Female 32 (28%) 20 (27%) 12 (30%)

Age

  <70 40 (35%) 24 (32%) 16 (40%)

  ≥70 74 (65%) 50 (68%) 24 (60%)

Overall performance status (ECOG)

  0 64 (56%) 47 (64%) 17 (43%)

  ≥1 49 (43%) 26 (35%) 23 (57)

  Not available 1 (1%) 1 (1%) 0 (0%)

Immunosuppression

  No 92 (81%) 64 (86%) 28 (70%)

  Yes 22 (19%) 10 (14%) 12 (30%)

LDH (blood)

  Normal 43 (38%) 32 (43%) 11 (28%)

  Elevated 67 (59%) 39 (53%) 28 (70%)

  Not available 4 (3%) 3 (4%) 1 (2%)

CRP (blood)

  Normal 30 (26%) 21 (28%) 9 (23%)

  Elevated 55 (48%) 31 (42%) 24 (60%)

  Not available 29 (26%) 22 (30%) 7 (16%)

NLR (blood)

  ˂ 4 54 (47%) 36 (49%) 18 (45%)

  ≥4 35 (31%) 20 (27%) 15 (38%)

  Not available 25 (22%) 18 (24%) 7 (17%)

Tumor characteristics

Localization of primary

  Head and neck 24 (21%) 17 (23%) 7 (17%)

  Extremities 44 (39%) 27 (36%) 17 (43%)

  Trunk 19 (17%) 12 (16%) 7 (17%)

  Unknown primary 15 (13%) 9 (12%) 6 (15%)

Metastatic stage (AJCC)

  M0 17 (15%) 11 (15%) 6 (15%)

  M1a 36 (32%) 23 (31%) 13 (32%)

  M1b/M1c 61 (53%) 40 (54%) 21 (53%)

Organs involved

  1 51 (45%) 38 (51%) 13 (32%)

  >1 63 (55%) 36 (49%) 27 (68%)

MCPyV status (tumor)

  Negative 10 (9%) 6 (8%) 4 (10%)

  Positive 32 (28%) 20 (27%) 12 (30%)

  Not available 72 (63%) 48 (65%) 24 (60%)

PD- L1 (tumor)

  Negative 17 (15%) 11 (15%) 6 (15%)

Continued
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control group were 12.1 and 15.9 months, and 1.4 and 3.9 
months, respectively, in the progression group.

On the finding of this clear separation in survival 
probabilities between patients responding with disease 
control (BOR=CR/PR/SD) and patients responding with 
disease progression (BOR=PD), we performed all further 
molecular analyses on the association of clinical and 
molecular characteristics with therapy response based 
on the discrimination between these two patient groups 
(ie, disease control group vs disease progression group). 
Due to the limited number of samples, we refrained from 

forming further subclusters taking the degree of response 
into account.

Baseline clinical parameters are associated with a favorable 
response to ICI therapy
Most predictive models dichotomize response to therapy, 
which neglects the extent of the response. To over-
come this limitation, we developed a Bayesian model 
that instead of dichotomizing the therapy response into 
two groups, that is, regression versus progression, rather 
reflects the established clinical response evaluation 

All patients n=114 (100%)
Disease control (BOR=CR/PR/
SD) n=74 (100%)

Disease progression (BOR=PD) 
n=40 (100%)

  Positive 21 (18%) 12 (16%) 9 (23%)

  Not available 76 (67%) 51 (69%) 25 (62%)

Therapeutic interventions

  Previous radiotherapy

  No 55 (48%) 35 (47%) 20 (50%)

  Yes 59 (52%) 39 (53%) 20 (50%)

Previous chemotherapy

  No 83 (73%) 53 (72%) 30 (75%)

  Yes 31 (27%) 21 (28%) 10 (25%)

PD- 1/PD- L1 inhibitor therapy

  Avelumab 57 (50%) 33 (45%) 24 (60%)

  Nivolumab 13 (11%) 10 (13%) 3 (8%)

  Pembrolizumab 44 (39%) 31 (42%) 13 (32%)

AJCC, American Joint Committee on Cancer; BOR, best overall response; CRP, C reactive protein; ECOG, Eastern Cooperative 
Oncology Group; LDH, lactate dehydrogenase; MCPyV, Merkel cell polyomavirus; NLR, neutrophil to lymphocyte ratio.

Table 1 Continued

Figure 1 Response of n=114 advanced MCC patients on PD- 1/PD- L1 immune checkpoint inhibition therapy. Waterfall plot 
depicting the best overall response (BOR) as change in the sum of the longest diameters of target lesions from baseline to BOR. 
Each bar, color coded by therapeutic antibody, represents an individual patient. The pointed vertical line discriminates patients 
with disease control (BOR=CR/PR/SD) from patients with disease progression (BOR=PD). CR, complete response; MCC, Merkel 
cell carcinoma; PD, progressive disease; PR, partial response; SD, stable disease.
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criteria in solid tumors (RECIST): CR, PR, SD, and PD.7 
Resulting from this Bayesian model, we found the absence 
of immunosuppression as well as a limited number of 
organs (1 vs>1) involved into disease spread as the stron-
gest predictors of a favorable response to PD- 1/PD- L1 
ICI therapy (figure 2). Interestingly, the involved organ 
type, for example, soft tissue versus visceral, showed less 
predictive power. These calculations indicate that immu-
nocompetent patients or patients with only one affected 
organ have probability to achieve disease control on ICI 
treatment, that is by about 20% higher (0%–40% increase 
contains almost all the probability). Additionally, an 
unimpaired overall performance status (Eastern Coop-
erative Oncology Group (ECOG)=0), patient age of 70 
years and above, as well as normal lactate dehydrogenase 
(LDH) and C reactive protein (CRP) serum levels were 
associated with a higher probability of disease control 
on ICI, but to a lower extent. Interestingly, patients’ sex, 
localization of the primary, pretreatment with radiation 
or chemotherapy, and MCPyV status or PD- L1 expres-
sion of the tumor revealed no relevant association with 
ICI therapy response. Similarly, when we tested if year 
of treatment and participation in a clinical trial were 
possible confounders, no impact on the therapeutic 
outcome was observed. Surprisingly, in our investigated 
patient cohort with an equal distribution of PD- L1 and 
PD- 1 ICI therapies (see table 1), the use of anti- PD- 1 anti-
bodies for ICI therapy was associated with a higher prob-
ability of a favorable therapy response (figure 2). Notably, 
the distribution of relevant patient and tumor character-
istics, particularly immunosuppressive state, number of 
organs involved with disease, impaired ECOG status, and 
elevated serum LDH and CRP were equally distributed 
among the two treatment cohorts, that is, anti- PD- 1 and 
anti- PD- L1 antibody ICI (online supplemental table S6).

Pretreatment dense intratumoral infiltrates of CD8+ TCM are 
associated with a favorable response to ICI
We recently demonstrated by transcriptomics, spatial 
proteomics and TCR sequencing of sequential tumor 
biopsies under PD- 1/PD- L1 ICI therapy that a predom-
inance of TCM with a diverse TCR repertoire and the 
ability to expand on ICI is associated with a favorable 
therapy response.5 This approach allows a good under-
standing of the complex immune biology of MCC, but 
is difficult to use in the clinical routine of patient care. 
In order to establish clinically well applicable predic-
tive biomarkers, we here limited the complexity of our 
molecular investigations to multiplexed immunohisto-
chemistry of pretreatment FFPE tumor tissue in order to 
extract the most important cell type characteristics for 
therapy response, which can be realistically analyzed as 
predictive biomarker in the future. Phenotyping of the 
immune infiltrate of pretreatment tumor tissue samples 
of 21 patients, including some tumors from our earlier 
report,5 (11 patient with disease control, 10 patients with 
disease progression) for the expression of CD4, CD8, 
CD20, Foxp3, and CD68 showed that dense immune cell 

infiltration, particularly by CD8+ T cells, correlated with a 
favorable ICI therapy response (figure 3A,B). Significantly 
more CD8+ T cells were infiltrating the juxtatumoral area 
(p=0.02) and higher number of cytotoxic T cells were 
present in the intratumoral area (p=0.16) of patients 
achieving disease control (figure 3C, online supplemental 
figure 4). Figure 3D illustrates how the spatial distribution 
of the tumor- infiltrating CD8+ T cells was measured as the 
distance between the nuclei of CD8+ T cells and synapto-
physin+ MCC cells. For distance analysis, tumor samples 
with CD8+ T cells that were less than 1% of total cells had 
to be excluded, because in these cases it was not possible 
to measure the distance of at least 20 different tumor/T- -
cell pairs. In patients with disease control, CD8+ T cells 
were in direct and close contact with the tumor cells with 
a mean distance length of 13.24 µm, whereas the mean 
distance length was significantly higher in patients with 
disease progression (22.00 µm, p=0.009) (figure 3E). 
Moreover, in patients showing disease progression, the 
CD8+ T cells were mostly restricted to the juxtatumoral 
stromal space, and only rarely within the tumor tissue. We 
did not detect significant differences in the amount or 
distribution of regulatory T cells (CD4+FoxP3+), B cells 
(CD20+), and monocytes/macrophages (CD68+) between 
tumor tissues of patients with disease control and patients 
with disease progression. However, with respect to 
CD20+ B cells within the cellular immune infiltrate, it is 
important to note that their frequency varied strongly 
between samples.

Staining for CD27, GZMB, TCF1, CD45RA and 
CD45RO allows a precise distinction of TCM and effector 
T cells with TCM characterized by colocalization of CD27, 
TCF1 and CD45RO. Indeed, only in pretreatment tumors 
from patients with disease control, we observed a clear 
co- localization of these TCM markers (figure 4). More-
over, quantification of T- cell subtypes confirmed a higher 
percentage of TCM of total tumor infiltrating lymphocytes 
(TILs) number in the intratumoral infiltrate as well as 
in the juxtatumoral area (table 2). Effector T cells char-
acterized by colocalization of GZMB and CD45RA were 
also more frequently observed in the cellular tumor 
infiltrate of pretreatment tumor tissue of patients with 
disease control than in those with disease progression; 
however, the difference was less evident (p=0.07; online 
supplemental figure 5). It should be noted that CD45RA 
re- expression has also been described in terminally differ-
entiated T cells characterized by decreased proliferative 
capacity, increased senescence signaling in vitro.15

DISCUSSION
To find predictors, which assess the individual probability 
of success of PD- 1/PD- L1 ICI in MCC, we collected clin-
ical information on 114 accordingly treated patients and 
established the spatial distribution of tumor infiltrating T 
cells as well as their activation and differentiation status 
in pretreatment FFPE tumor tissue samples by two IHC 
panels. We developed a Bayesian cumulative ordinal 
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Figure 2 Best overall response (BOR) to anti- PD- 1/PD- L1 therapy in correlation to baseline clinical patient and tumor 
characteristics. The correlations are visualized by average predictive comparisons calculated by a Bayesian cumulative ordinal 
regression model. While the presented data refer to the full model using four categories of response: CR, PR, SD, and PD, to 
ease interpretation we mapped the obtained results by average predictive comparisons on a single probability scale for disease 
control (BOR=CR/PR/SD) and disease progression (BOR=PD) as a probability distribution, given as the percentage of average 
predictive comparison. The 95% credibility intervals are colored in light blue. Distinct parameters are marked as reference (Ref), 
described as vertical blue lines set at 0% average predictive comparison. CR, complete response; CRP, C reactive protein; 
ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; MCPyV, Merkel cell polyomavirus; NLR, neutrophil 
to lymphocyte ratio; PD, progressive disease; PR, partial response; SD, stable disease.
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Figure 3 High density of tumor- infiltrating CD8+ central memory T cells in close proximity to tumor cells in MCC patients 
showing disease control (CR/PR/SD) on PD- 1/PD- L1 ICI phenotyping of the cellular immune infiltrate present in MCC tumor 
lesions obtained at baseline of ICI therapy of a representative patient responding with disease control (A) and disease 
progression (B) was done by multiplexed immunohistochemistry- based staining using antibodies against CD4 (green), CD8 
(yellow), CD20 (red), FOXP3 (orange), CD68 (magenta), and the MCC marker synaptophysin (SYN) (cyan); nuclei are stained 
with DAPI (blue). depicted are merged images at ×20 magnification. (C) Percentage of CD8+ T cells in pretreatment tumor 
tissue from patients showing disease control and those showing disease progression in the juxtatumoral and intratumoral 
area. P values were determined using beta regression. (D) Measurement of the distance between CD8+ T cells and tumor cells. 
(E) Mean value of the distance between CD8+ T cells and tumor cells for patients showing disease control and those showing 
disease progression. P values were determined using unpaired, two- tailed Student’s t- test. CR, complete response; ICI, immune 
checkpoint inhibitor; MCC, Merkel cell carcinoma; PR, partial response; SD, stable disease.
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regression model that includes the distance between clin-
ical characteristics and thereby appropriately accounts 
for category order. This model avoids problems such 
as dichotomizing the outcome or treating the distance 
between the categories as equal, and thus uses the avail-
able data efficiently. It revealed the absence of immuno-
suppression and the metastatic involvement of a limited 
number of organ systems as characteristics predicting 
disease control on PD- 1/PD- L1 ICI therapy with the 
highest probability. Additional characteristics associated 
with treatment response were age, overall performance 
status, serum LDH and serum CRP, as well as a brisk intra-
tumoral infiltrate by TCM (figure 5). However, both the 
data model and the missing data model rely on assump-
tions about the data generating process, for example, 
that data are missing at random. Even if the implications 
of these assumptions have been evaluated carefully, all 
results are still conditioned on the underlying model and 
should be interpreted with this in mind.

The expanded patient cohort under investigation 
of n=114 that allowed fitting a more complex Bayesian 
model supported our previously published observations 
in 41 patients.5 The positive effect of an intact immune 
system observed in either study was also reported from 
the avelumab expanded access program for metastatic 
MCC patients in which immunocompromised patients 
achieved a lower response rate with shorter durations of 
response.16 It should be noted that other characteristics 

associated with a lower probability of response, such as 
a limited performance status (ECOG >0) or an elevated 
serum CRP, are also likely to reflect an impaired immune 
status of the respective patient. Similarly, an elevated 
serum LDH level and a higher number of involved organs 
are not to be interpreted only as markers of a higher 
tumor load. Notably, in our previous report, we dichoto-
mized the number of involved organs up to two or more, 
these groups did not show a clear association with the 
probability of response but had broad posterior intervals; 
in contrast, the larger cohort is consistent with the involve-
ment of only one organ being a strong positive predictive 
marker. Patient age of 70 years and above was also found to 
be associated with a higher probability of disease control, 
but to a lesser extent. A positive correlation of response to 
anti- PD- 1 therapy and patient age ≥60 years was described 
in melanoma.17 In this respect, it is important to note that 
chronological age does not necessarily reflect immuno-
logical age. One factor that correlates better with biolog-
ical/immunological age than chronological age is frailty, 
which directly describes a person’s health status.18 For 
example, the process of inflammation is a predictor for 
frailty and one of the key cell types believed to facilitate 
an inflammatory phenotype are tumor- infiltrating macro-
phages, which are often detected in MCC tissue.19 Other 
clinical characteristics such as sex, primary site, prior radi-
ation or chemotherapy, PD- L1 expression by tumor cells, 
and tumor MCPyV status did not show relevant associa-
tion to PD- 1/PD- L1 ICI response. These observations are 
in line with the results from a study scrutinizing 37 MCC 
patients receiving ICI.20

Functional characterization of the immunological infil-
trate of pretreatment tumor tissue revealed that in partic-
ular the presence of TCM in close proximity to tumor cells 
was associated with a favorable response to ICI therapy. It 
is important to note that because the tumor samples were 
received from different pathology institutes, the quality 
of the FFPE material was not uniform, resulting in vari-
ations in fluorescence intensity from sample to sample. 
To avoid quantification errors due to these intensity vari-
ations, the InForm tissue analysis software was trained on 
tumor tissue samples from the respective sources, thus 
developing an algorithm based on the median of the 
determined intensities. Moreover, the observation was 
consistent with our previous work, where we performed 
transcriptomics, spatial proteomics and TCR sequencing 
of sequential tumor biopsies before and under ICI therapy 
of rather uniform quality. These observations confirm the 
robustness of the chosen approach and the importance of 
TCM as one of the effectors of response to ICI therapy. The 
superior antitumor efficacy of TCM cells can be explained 
by their low activation threshold, rapid proliferative and 
differentiation capacity on cognate activation, as well as 
their capacity for long- term persistence facilitating immu-
nologic memory.21 22 Indeed, since TCM cells are the major 
source of secondary effector cells during a recall response, 
the duration of anti- tumor immune responses depends 

Figure 4 Predominance of central memory T cells (TCM) 
among tumor- infiltrating lymphocytes of patients showing 
disease control (CR/PR/SD) on PD- 1/PD- L1 ICI therapy. 
Multiplexed immunofluorescence staining of pretreatment 
tumor tissue from a representative patient showing disease 
control (A) and disease progression (B) using antibodies 
against CD27 (green), GZMB (yellow), TCF1 (red), CD45RA 
(orange), CD45RO (magenta), and the MCC marker 
synaptophysin (SYN) (cyan); nuclei are stained with DAPI 
(blue). Depicted are merged images at ×20 magnification. To 
visualize the colocalization of CD27, TCF1 and CD45RO, an 
enlarged image view is shown. CR, complete response; ICI, 
immune checkpoint inhibitor; MCC, Merkel cell carcinoma; 
PR, partial response; SD, stable disease.
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on their presence.23 This is consistent with our present 
and recent findings as well as with further studies showing 
TCM characteristics to be effectively reactivated.24–27 Toews 

et al demonstrated that TCM- derived CAR T cells showed 
an augmented antitumor immunity against neuroblas-
toma cells under PD- 1 blockade and subsequently formed 

Table 2 Quantification of the cellular tumor infiltrate characterized by multiplex immunohistochemistry staining

Pretreatment MCC tumor tissue samples

Response to CPI

Total leucocyte no per observed area
TCM in % of total lymphocyte no per 
observed area

Juxtatumoral Intratumoral Juxtatumoral Intratumoral

Disease control PR 2121 731 4.7 2.2

CR 1510 989 3.0 2.7

CR 1813 3519 0.0 22.0

SD 5436 9405 18.0 11.7

PR 1902 2162 6.7 8.0

PR 1451 97 13.0 26.7

SD 115 283 23.0 33.0

CR 1 14 0.0 0.0

PR 1846 6030 0.0 11.0

PR 1681 2080 13.0 11.7

CR 2261 428 33.0 36.7

Mean value 1831 2340 10.4 15.1

Disease 
progression

PD NA 0 NA 0.0

PD 44 54 0.0 0.0

PD 1125 124 0.0 0.0

PD 239 170 12.0 15.0

PD 3831 2478 22.0 13.0

PD 316 376 17.0 10.0

PD 0 13 0.0 0.0

PD 2438 287 3.7 0.5

PD 403 62 2.0 1.7

PD 159 66 0.0 0.0

Mean value 950 363 6.3 4.0

Tumor tissue samples were obtained from MCC patients prior to the start of PD- 1/PD- L1 immune checkpoint inhibitor therapy. Lymphocytes 
were identified based on CD45RA+ or CD45RO+ staining and the sum of both signals were used for the quantification of the total lymphocyte 
number per sample per observed area. TCM were determined based on the triple CD27+TCF1+CD45RO+ staining.
CPI, checkpoint inhibition; CR, complete response; MCC, Merkel cell carcinoma; PD, progressive disease; PR, partial response; SD, stable 
disease; TCM, central memory T- cells.

Figure 5 Schematic overview on relevant clinical and molecular parameters determined before treatment and their predictive 
value on PD- 1/PD- L1 ICI therapy response. CRP, C reactive protein; ECOG, Eastern Cooperative Oncology Group; ICI, immune 
checkpoint inhibitor; LDH, lactate dehydrogenase.
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a resident memory T- cell subset following tumor chal-
lenge.28 In non- small cell lung cancer patients treated with 
nivolumab, a longer PFS was observed in patients with 
a high TCM/TEFF- cell ratio in the circulation, suggesting 
an enrichment of peripheral circulating TCM subpopula-
tions also as a potential positive predictive marker.29 Simi-
larly, in hepatocellular carcinoma patients, according 
to midterm clinical trial results, an extended median 
relapse- free survival was associated with an increased TCM- 
subpopulation.22 Moreover, Siddiqui et al reported the 
presence of a TCF1+PD- 1+CD8+ T- cell subpopulation in 
the circulation of melanoma patients and among TILs of 
primary melanomas. In conclusion, the success of PD- 1/
PD- L1 ICI therapy seems not to depend on the rejuvena-
tion of differentiated exhausted T cells, but rather on the 
proliferation of the less- differentiated memory- like CD8+ 
T cells.30

Long- lived memory T- cell formation and maintenance 
are driven by transcription factors like FOXO1, EOMES 
and TCF1. In particular, TCF1 was identified as the master 
regulator of genes, inducing serial T- cell reactivation and 
self- renewal. With respect to the limited predictive value 
of the presence of granzyme- expressing T cells in the 
tumor infiltrate, recently a granzyme- positive subpopula-
tion of CD8+ T cells associated with age- related dysfunc-
tion of the immune system has been described.31 These 
cells are characterized by a pronounced tissue- homing 
capacity and a high clonality, that is, expressing only a 
limited diversity of TCRs, which might be of particular 
relevance for MCC, since this tumor affects mainly the 
elderly population. Indeed, we have shown in previous 
studies that high clonality of TIL in MCC is both a nega-
tive prognostic and predictive biomarker.5 32

In conclusion, our results provide a number of clini-
cally well applicable baseline biomarkers associated with 
PD- 1/PD- L1 ICI therapy response in patients suffering 
from advanced MCC. On a functional level, we confirmed 
the predominance of TCM among TILs in patients with 
a favorable ICI therapy response; a factor which can be 
determined on FFPE tissue.
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Supplementary Table S1. Detailed patient characteristics at baseline, during anti-PD-1/PD-L1 therapy, and follow-up. 

Pat 

ID 

 

Age 

(years) 

at 

baseline 

Sex 

ECOG  

at 

baseline 

Immuno-

suppression  

Serum 

LDH at 

baselin

e 

Serum 

CRP at 

baseline 

neutro 

lympho 

ratio at 

baseline 

Locali-

sation of 

primary 

M stage 

at 

therapy 

start 

Organs 

involved 

MCPyV 

status 

(tumor) 

PD-L1 

expression 

(tumor) 

Previous 

chemo-

therapy 

Previous 

radio-

therapy 

Immune 

Checkpoint 

Inhibitors 

Best 

Response 

Trial of 

partici-

pation 

Year  

of 

treatment 

1 86 M 0 No normal elevated ≥4 head + neck M0 1 nd nd No No Avelumab PD No 2018 

2 81 M 1 

Yes (CLL; 

Prostate Cancer) elevated elevated nd extremities M1a 2 positive negative No No Avelumab PD               No 2018 

3 79 F 1 No normal normal <4 head + neck M1c 1 positive negative Yes Yes Pembrolizumab PD No 2016 

4 70 M 1 No elevated elevated <4 extremities M0 2 positive nd No No Avelumab PD No 2019 

5 83 M 1 No normal normal <4 head + neck M1a 2 negative positive No No Avelumab PD No 2018 

6 68 F 1 

Yes 

(azathioprine, 

corticosteroids 

(rheumatoid 

arthritis, 

systemic lupus 

erythematodes, 

Hashimoto 

thyroiditis)) elevated normal ≥4 extremities M1c 2 positive negative No Yes Avelumab PD No 2017 

7 66 M 0 No normal elevated <4 trunk M1a 1 nd nd No No Avelumab PD Yes 2017 

8 62 M 0 No elevated normal <4 unknown M0 1 positive positive No No Avelumab PD Yes 2017 

9 76 M 1 No elevated elevated ≥4 unknown M1a 1 nd nd Yes No Avelumab PD Yes 2015 

10 71 F 4 

Yes (tacrolimus, 

corticosteroids 

(kidney 

transplantation)) elevated elevated <4 head + neck M1c 2 

 

 

 

negative positive No No Nivolumab PD   2015 

11 76 F 0 No normal nd ≥4 trunk M1c 3 nd nd No Yes Pembrolizumab PD No 2017 

12 75 M 1 Yes (CLL) normal nd nd unknown  M1b 2 positive nd No No Pembrolizumab PD No 2018 

13 77 F 1 No elevated nd nd unknown  M1b 2 nd nd No No Pembrolizumab PD Yes 2019 

14 86 M 0 No elevated nd nd unknown  M1c 3 nd nd No No Pembrolizumab PD Yes 2019 

15 67 F 1 No elevated elevated ≥4 head + neck M1a 1 positive positive No Yes Pembrolizumab PD No 2016 

16 66 F 1 No elevated elevated <4 unknown M0 2 nd nd Yes Yes Pembrolizumab PD No 2016 

17 72 M 1 No elevated elevated <4 extremities M1a 1 positive negative Yes Yes Pembrolizumab PD No 2016 

18 62 M 0 No elevated elevated ≥4 extremities M1c 2 nd nd No Yes Avelumab PD Yes 2016 

19 79 M 0 No elevated elevated <4 trunk M1c 3 nd nd No No Avelumab PD No 2018 

20 68 M 1 

Yes (azathioprine 

(myasthenia 

gravis)  
elevated elevated nd head + neck M0 1 positive negative No Yes Nivolumab PD No 2017 

21 64 M 0 

Yes (NH-

Lymphom) normal nd <4 extremities M1c 4 nd nd No Yes Avelumab PD No 2018 

22 77 M 0 Yes (CLL) elevated normal <4 extremities M1a 1 nd nd No No Avelumab PD No 2019 
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23 83 M 1 No elevated elevated ≥4 extremities M0 1 nd nd Yes No Avelumab PD Yes 2015 

24 75 M 2 No normal elevated ≥4 extremities M1c 2 negative nd No Yes Avelumab PD No 2018 

25 56 M 1 No normal nd <4 extremities M1a 2 nd nd No Yes Pembrolizumab PD No 2016 

26 74 M 0 No elevated elevated ≥4 extremities M1c 5 nd nd Yes Yes Avelumab PD Yes 2015 

27 75 F 1 No elevated normal ≥4 unknown M1a 1 positive negative Yes No Pembrolizumab PD No 2016 

28 82 F 1 No elevated normal <4 extremities M1a 2 nd positive No Yes Avelumab PD No 2018 

29 83 M 3 No elevated elevated ≥4 unknown M1c 2 nd nd No Yes Avelumab PD No 2019 

30 59 M 0 Yes (CLL) normal normal <4 extremities M1a 2 positive positive No No Nivolumab PD No 2017 

31 66 F 2 No elevated elevated <4 trunk M1a 1 nd nd No No Avelumab PD Yes 2017 

32 56 F 0 No elevated normal <4 extremities M1c 3 nd nd No Yes Avelumab PD Yes 2016 

33 78 F 0 No nd nd nd trunk M1c 3 nd nd Yes Yes Avelumab PD No 2017 

34 37 M 0 No normal elevated <4 trunk M1b 2 nd positive Yes Yes Avelumab PD Yes 2015 

35 85 M 1 No elevated elevated <4 extremities M1c 4 positive positive No No Pembrolizumab PD No 2017 

36 66 M 1 Yes (CLL) elevated elevated nd trunk M1a 1 negative positive No No Pembrolizumab PD No 2018 

37 53 M 1 

Yes (MTX in 

clippers 

syndrome and 

steroids) elevated elevated ≥4 extremities M1c 3 nd nd No Yes Avelumab PD No 2018 

38 80 M 0 No elevated elevated ≥4 unknown M1c 2 nd nd No Yes Avelumab PD Yes 2017 

39 80 M 0 

Yes (rheumatoid 

arthritis (until 

11/2016 MTX + 

Ankinra, 

prednisolone 

5mg daily)) elevated elevated ≥4 head + neck M1c 5 nd nd Yes Yes Pembrolizumab PD   2016 

40 69 M 0 

Yes (CML, 

osteomyelofibros

is) elevated elevated ≥4 extremities M1c 2 nd nd No No Avelumab PD   2017 

41 68 M 0 Yes (CLL) elevated elevated nd unknown M1a 1 nd nd Yes No Pembrolizumab SD No 2017 

42 77 M 1 

Yes (CLL, 

melanoma) normal elevated ≥4 head + neck M1c 1 negative positive Yes Yes Pembrolizumab SD No 2016 

43 75 M 0 No elevated elevated <4 extremities M0 1 nd nd Yes No Avelumab SD No 2018 

44 78 M 1 No elevated elevated <4 extremities M1c 3 nd negative Yes No Avelumab SD Yes 2015 

45 48 F 0 No normal normal <4 unknown M1a 1 positive positive Yes Yes Pembrolizumab SD No 2017 

46 76 M 0 No normal normal <4 head + neck M1c 3 negative positive No No Avelumab SD No 2018 

47 72 F 0 No elevated elevated ≥4 head + neck M1a 1 positive negative Yes Yes Nivolumab SD Yes 2015 

48 60 F 0 No normal nd <4 extremities M1c 4 nd nd No No Avelumab SD No 2019 

49 83 M 1 No elevated elevated <4 unknown M1c 4 nd nd Yes Yes Pembrolizumab SD No 2014 

50 82 M 0 No normal elevated <4 head + neck M0 1 nd nd Yes No Avelumab SD Yes 2016 
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51 63 M 0 No elevated nd <4 extremities M1c 4 nd nd No Yes Avelumab SD No 2018 

52 90 F 2 No elevated elevated nd head + neck M0 1 nd nd No No Avelumab SD No 2017 

53 80 F 0 

Yes (non-

Hodgkin 

lymphoma 

(cyclophosphami

de, doxorubicine, 

vincristine, 

prednisone); anal 

carcinoma) 
normal normal <4 head + neck M1c 2 negative negative No No Nivolumab SD No 2017 

54 78 M 0 

Yes (CLL, 

melanoma) elevated normal <4 extremities M1c 2 positive nd No Yes Pembrolizumab SD No 2017 

55 79 M 0 No elevated elevated ≥4 extremities M1c 3 nd nd No Yes Pembrolizumab SD   2017 

56 83 F 1 

Yes (multiple 

myeloma, 

polycythemia 

vera) elevated elevated <4 extremities M1c 2 nd nd No Yes Avelumab SD   2017 

57 73 M 1 No elevated elevated ≥4 trunk M1c 4 negative positive Yes Yes Avelumab SD Yes 2016 

58 68 M 0 No normal nd <4 unknown M1a 1 nd nd No No Avelumab SD No 2018 

59 70 M 0 No elevated elevated <4 extremities M1a 1 positive positive Yes Yes Pembrolizumab SD No 2016 

60 69 F 2 No normal normal <4 head + neck M1c 2 nd nd No No Avelumab SD No 2018 

61 82 M 1 No normal nd <4 head + neck M1c 3 nd nd No No Avelumab PR No 2017 

62 86 M nd No normal normal <4 extremities M0 1 nd nd No No Avelumab PR No 2018 

63 71 M 0 No elevated normal <4 extremities M1a 2 positive positive No Yes Pembrolizumab PR No 2017 

64 89 M 0 

Yes (non-small 

cell lung cancer; 

prostate cancer ) normal normal <4 trunk M1c 3 positive negative No Yes Pembrolizumab PR No 2017 

65 65 M 0 No normal nd <4 extremities M1a 1 positive negative No Yes Nivolumab PR Yes 2016 

66 73 M 0 No normal normal ≥4 extremities M1a 1 nd nd No Yes Nivolumab PR No 2015 

67 90 M 1 No elevated elevated ≥4 head + neck M1c 2 nd nd No Yes Pembrolizumab PR   2017 

68 74 M 1 No elevated elevated ≥4 extremities M1c 2 positive negative Yes Yes Pembrolizumab PR No 2015 

69 57 F 0 No normal normal <4 extremities M1a 1 nd nd No No Avelumab PR No 2018 

70 68 M 0 No normal normal ≥4 head + neck M1c 3 negative negative Yes No Avelumab PR Yes 2015 

71 59 M 0 no normal nd nd unknown  M1b 3 nd nd Yes Yes Pembrolizumab PR No 2017 

72 55 M 0 No elevated elevated ≥4 unknown M1c 2 nd nd No Yes Pembrolizumab PR No 2016 

73 85 M 0 No elevated nd <4 trunk M1c 1 nd nd No Yes Pembrolizumab PR No 2016 

74 76 M 0 No elevated elevated <4 extremities M1c 2 nd positive Yes No Pembrolizumab PR No 2015 

75 86 M 1 No elevated elevated ≥4 trunk M1c 2 positive positive No No Pembrolizumab PR   2017 
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76 84 M 1 No elevated normal ≥4 trunk M1c 4 positive positive No Yes Avelumab PR No 2018 

77 61 M 0 No elevated normal <4 head + neck M1c 3 nd nd No Yes Avelumab PR Yes 2016 

78 76 M 0 No normal elevated <4 unknown M1a 1 nd nd No Yes Pembrolizumab PR    2017 

79 48 M 1 

Yes 

(promyelocytic 

leukemia) elevated elevated <4 trunk M0 1 positive negative No Yes Avelumab PR No 2018 

80 85 M 1 No elevated nd nd unknown  M1c 3 positive nd No Yes Pembrolizumab PR Yes 2019 

81 50 M 1 No elevated elevated ≥4 extremities M0 1 positive positive Yes No Nivolumab PR No 2016 

82 71 F 1 No normal nd nd unknown  M1a 1 nd nd No No Pembrolizumab PR Yes 2019 

83 52 M 0 No elevated elevated ≥4 trunk M1a 1 nd nd No Yes Avelumab PR No 2018 

84 82 M 1 

Yes (renal cell 

carcinoma, 

urothelial 

carcinoma) elevated elevated <4 extremities M1a 1 nd negative No Yes Avelumab PR   2018 

85 76 M 1 Yes (CLL) nd nd nd unknown  M1a 1 nd nd Yes No Nivolumab PR No 2016 

86 82 F 2 No elevated nd nd unknown  M1c 3 nd nd No No Pembrolizumab PR No 2017 

87 82 M 0 No elevated nd nd unknown  M1c 2 positive nd No No Pembrolizumab PR No 2019 

88 77 M 0 No normal elevated ≥4 head + neck M1c 1 nd nd No Yes Pembrolizumab PR   2016 

89 75 F 1 No elevated elevated ≥4 extremities M1b 1 nd nd No No Avelumab PR   2018 

90 87 M 1 No elevated elevated <4 extremities M0 1 nd nd No No Avelumab PR No 2017 

91 65 M 0 No normal normal <4 head + neck M1c 1 nd nd No No Avelumab CR Yes 2017 

92 59 M 1 No normal normal <4 unknown M1c 2 nd positive Yes Yes Pembrolizumab CR No 2016 

93 96 M 1 No normal nd ≥4 trunk M0 1 nd nd No No Avelumab CR No 2018 

94 64 M 0 No normal elevated <4 trunk M1c 1 nd nd No Yes Pembrolizumab CR No 2016 

95 61 F 0 

Yes (azathioprine 

(myasthenia 

gravis)) elevated elevated <4 trunk M1c 1 nd nd No Yes Pembrolizumab CR No 2016 

96 69 M 1 No elevated normal <4 extremities M1a 2 positive negative Yes Yes Avelumab CR Yes 2016 

97 79 M 0 No elevated normal ≥4 extremities M1a 1 nd nd No Yes Nivolumab CR Yes 2016 

98 57 F 0 No normal nd ≥4 unknown M1c 3 positive negative No Yes Nivolumab CR Yes 2015 

99 76 M 0 No elevated elevated <4 extremities M1a 1 negative nd No No Pembrolizumab CR No 2017 

100 72 F 0 No normal elevated ≥4 extremities M1a 1 nd positive Yes Yes Avelumab CR No 2017 

101 71 M 0 No normal normal <4 extremities M0 2 nd nd No Yes Avelumab CR No 2018 

102 79 F 0 No elevated normal <4 trunk M1a 2 positive nd No Yes Avelumab CR Yes 2016 

103 83 F 1 No elevated elevated ≥4 unknown M1a 2 nd nd No No Pembrolizumab CR   2017 

104 80 M 0 No normal normal <4 head + neck M1c 1 nd nd No Yes Avelumab CR   2017 
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105 60 M 0 No elevated elevated nd extremities M1c 5 nd nd Yes Yes Pembrolizumab CR No 2016 

106 82 F 0 No nd nd nd extremities M1c 2 nd nd No No Avelumab CR No 2018 

107 62 M 0 No normal nd nd extremities M1c 1 nd nd No No Pembrolizumab CR No 2016 

108 75 F 1 No normal nd nd head + neck M1c 2 nd nd Yes No Pembrolizumab CR No 2017 

109 83 F 0 No normal nd nd head + neck M0 1 nd nd No No Avelumab CR No 2018 

110 83 M 0 No normal normal nd head + neck M0 1 nd nd No No Avelumab CR No 2018 

111 79 M 0 No nd nd nd trunk M1a 1 nd nd No Yes Avelumab CR No 2017 

112 77 M 0 No elevated nd nd unknown  M1c 2 positive nd No No Nivolumab CR No 2016 

113 77 F 0 No elevated nd nd unknown  M1a 1 positive nd No No Pembrolizumab CR No 2017 

114 64 M 0 No normal nd nd unknown  M1a 1 positive nd No No Nivolumab CR No 2017 

Characteristics of total patient cohort (n=118). Best response is related to the anti-PD-1/PD-L1 therapy. Patients are sorted according to their change in sum of longest 

diameters of target lesions from baseline to best response (see Figure 1). Abbreviations: M – male; F – female; CLL – chronic lymphocytic leukemia; CML – chronic 

myelogenous leukemia; CR – complete response, PR – partial response; SD – stable disease; PD – progressive disease; nd – no data available. 
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Supplementary Table S2. Antibodies and procedures used for multiplex immunohisto-
chemical staining  

Position Antibody Clone/Company Dilution Incubation AG
1
 

retrieval  

TSA
3 

dye 

Panel 1       
1 CD4 PerkinElmer 1:50 30 min AR2 9 520 
2 CD8 PerkinElmer 1:100 30 min AR 9 570 
3 CD20 PerkinElmer 1:200 30 min AR 6 540 
4 FoxP3 PerkinElmer 1:400 30 min  AR 6 620 
5 CD68 PerkinElmer 1:1000 30 min AR 6 650 
6 SYN SP11/Abcam 1:1000 Over night AR 6 690 
Panel 2       
1 CD27 EPR8569/Abcam 1:2000 30 min AR 9 520 
2 GZMB ab4059/Abcam 1:100 30 min AR 6 570 
3 TCF7 C63D9/Cell Signaling 1:100 30 min ÂR 6 540 
4 CD45RA 4KB5/Santa Cruz 1:500 30 min AR 6 620 
5 CD45R0 UCHL1/Novus Bio. 1:1000 30 min AR 9 650 
6 SYN SP11/Abcam 1:1000 Over night AR 6 690 
 

1AG: antigen; 2AR: antigen retrieval buffer with pH 6 (AR6) and pH 9 (AR9); SYN: synaptophysin; 3TSA: 
Tyramide Signal Amplification 
 
 
Supplementary Table S3. Markers for detection/quantification of immune cell types in MCC 
tissue. 
  

Cell type Used markers for detection/quantification 

Leukocytes CD45RA(+) or CD45RO(+) 
Regulatory T cells CD4(+)FoxP3(+) 

Central memory T cells CD27(+)TCF1(+)CD45RO(+) 
Effector T cells GZMB(+)CD45RA(+) 

Monocytes/macrophages CD68(+) 
B cells CD20(+) 
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Supplementary Table S4. Mean percentage of positively stained cells to total cell number per analysed area for each analyzed MCC samples. For quantification 

analysis three randomly chosen tissue regions at the juxta-tumoral area as well as in the intra-tumoral area were processed in a semi-automatic fashion by InForm 

Tissue Analysis software.  
 
 

Response 
to ICI 

total cell number  
(in three tissue 

regions) 

% to total cell number for all three fields 

Ø CD4(+)  ØFoxP3(+)  Ø CD4(+)FoxP3(+)  Ø CD8(+)  Ø CD20(+)  Ø CD68(+)  

Juxta-

tumoral 

 

Intra-

tumoral 

 

Juxta-

tumoral 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumoral 

PR 7034 6042 1,94 0,83 1,98 0,69 1,97 0,68 7,97 4,63 5,40 2,60 3,20 1,99 

CR 7019 6710 0,94 14,22 6,26 3,91 3,27 2,13 30,20 20,57 16,77 13,01 2,05 1,54 

SD 5845 6390 0,63 0,90 1,76 1,32 0,03 0,03 10,50 12,79 4,41 4,14 2,94 3,91 

PR 5443 5167 1,52 1,38 1,60 1,23 0,49 0,55 12,46 10,52 2,76 2,11 4,14 4,47 

PR 5160 7304 3,60 0,09 2,75 0,26 1,47 0,19 3,58 0,23 2,01 0,03 3,51 0,64 

SD 6414 8940 0,16 0,02 1,76 1,32 0,43 0,00 2,58 0,20 1,27 0,18 1,89 0,29 

CR 3196 4847 1,02 1,05 2,61 3,38 0,83 0,83 3,30 7,27 0,21 0,40 1,55 3,60 

PR 4703 7812 5,37 0,00 0,00 0,00 0,00 0,00 31,20 7,33 0,00 0,00 3,73 0,30 

PR 3604 4782 0,50 2,25 0,00 0,00 0,00 0,00 11,92 9,04 0,40 1,00 1,75 1,00 

CR 4434 5039 0,25 0,30 0,00 0,00 0,00 0,00 14,21 2,65 0,00 0,00 3,50 0,45 

PR 3005 2707 9,30 3,90 0,90 1,10 0,90 1,10 42,62 15,88 4,65 0,22 4,98 3,56 

PD - 5114       - 0,00          - 0,15      - 0,00    - 0,96        - 0,00           - 0,60 

PD 4366 5065 0,11 0,00 0,13 0,00 0,08 0,00 0,00 0,07 0,00 0,00 0,28 0,39 

PD 4302 4052 1,46 0,33 2,53 1,79 0,81 0,23 3,30 0,63 0,20 0,08 2,27 1,57 

PD 3184 4720 2,86 2,66 3,35 2,30 2,80 2,02 6,63 3,12 6,04 2,06 1,76 1,12 

PD 7849 6980 1,32 1,91 0,49 0,24 0,27 0,14 6,23 7,90 7,47 4,32 1,18 2,10 

PD 2644 6392 11,20 3,45 0,00 0,00 0,00 0,00 8,00 7,88 0,10 1,05 18,30 9,10 

PD 3518 3648 2,00 0,10 0,00 0,00 0,00 0,00 9,04 6,15 0,00 0,00 1,73 0,35 

PD 4531 5983 0,15 0,05 0,00 0,00 0,00 0,00 19,50 6,50 6,25 0,00 7,95 0,40 

PD 4227 5709 0,40 0,00 0,00 0,00 0,00 0,00 2,59 0,96 0,00 0,00 5,50 0,20 

PD 3218 3146 0,20 0,55 0,00 0,00 0,00 0,00 8,00 1,05 0,10 0,10 4,45 0,75 
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Supplementary Table S5. Mean percentage of positively stained cells to total cell number per analysed area for each analyzed MCC samples. For 

quantification analysis of three randomly chosen tissue regions at the juxta-tumoral area as well as in the intra-tumoral area were processed in a semi-

automatic fashion by InForm Tissue Analysis software.  
 
 

Respon
se to ICI 

total cell 
number  

(in three tissue 
regions) 

% to total cell number for all three fields  

Ø CD45RO(+)  Ø CD45RA(+)  Ø CD27(+)  Ø TCF7(+)  
Ø 

CD27(+)TCF7(+)
CD45RO(+)  

Ø GZMB(+)  
Ø 

GZMB(+)CD
45RA(+) 

Juxta-

tumoral 

 

Intra-

tumoral 

 

Juxta-

tumor

al 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumoral 

Juxta-

tumoral 

Intra-

tumor

al 

Juxta-

tumoral 

Intra

-

tum

oral 

PR 7182 6571 26,33 9,19 3,20 1,94 13,63 11,41 7,30 2,62 1,39 0,24 0,17 0,07 0,00 0,00 

CR 6943 7694 15,92 10,72 5,83 2,14 5,54 4,68 3,97 2,33 0,65 0,35 4,19 3,77 0,99 0,64 

SD 6992 6464 0,06 34,64 25,87 19,80 11,97 41,78 5,57 23,73 0,00 11,98 0,30 3,40 0,10 1,73 

PR 5727 7196 46,29 68,40 48,63 62,30 19,53 17,59 66,97 64,60 17,09 15,29 6,40 4,39 3,50 2,63 

PR 5665 6431 30,33 29,15 3,25 4,46 48,10 17,83 8,07 8,45 2,25 2,69 2,58 1,53 0,11 0,08 

SD 4908 6575 22,27 0,87 7,30 0,60 12,76 0,60 15,73 0,30 3,84 0,39 0,43 0,23 0,23 0,17 

CR 6234 6641 1,05 3,20 0,79 1,06 2,43 4,23 1,93 2,87 0,42 1,41 1,43 5,21 0,30 0,76 

PR 3370 3178 0,03 0,43 0,00 0,00 0,00 0,33 0,00 0,27 0,00 0,00 0,67 7,66 0,00 0,00 

PR 7442 7688 10,30 40,73 14,50 37,70 0,07 3,00 0,00 0,03 0,00 8,63 2,40 0,63 0,10 0,20 

CR 4622 5001 25,33 34,20 11,03 7,39 4,70 3,57 14,57 18,61 4,73 4,87 2,53 4,15 1,01 1,52 

PR 6429 5660 17,33 5,98 17,83 1,58 8,45 1,07 23,96 2,33 11,61 2,77 0,77 1,77 0,52 0,22 

PD  - 3758  - 0,00    - 0,00     - 0,00    - 0,00  0,00     - 0,00   - 0,00 

PD 4379 4131 0,90 0,70 0,10 0,60 0,17 0,23 0,03 0,03 0,00 0,00 0,20 0,80 0,05 0,60 

PD 5559 5342 8,60 1,05 11,63 1,27 0,87 1,60 0,00 0,00 0,00 0,00 2,10 0,17 2,03 0,17 

PD 3324 4748 4,39 0,98 2,80 2,60 15,40 9,39 7,07 6,49 0,86 0,54 1,53 0,73 0,37 0,30 

PD 7149 6999 25,12 13,47 28,47 21,93 17,97 7,35 5,80 2,65 11,79 4,60 0,27 0,13 0,03 0,07 

PD 4178 4513 5,20 7,23 2,37 1,10 1,80 1,17 10,33 3,87 1,29 0,83 0,45 0,13 0,12 0,07 

PD 6552 8078 0,00 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

PD 6834 6977 31,99 3,09 3,69 1,03 32,37 3,22 8,69 0,28 1,32 0,02 24,42 3,70 2,26 0,46 

PD 6422 6715 5,97 0,67 0,30 0,26 3,22 1,48 5,33 0,42 0,13 0,02 3,08 1,48 0,14 0,08 

PD 4835 4637 2,30 0,87 0,99 0,55 0,47 0,48 0,42 0,51 0,00 0,00 1,80 1,33 0,51 0,43 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-003198:e003198. 10 2022;J Immunother Cancer, et al. Spassova I



Supplementary Table S6: Clinical variable values comparing patients with PD-1 blockade to those 

with PD-L1 blockade. 

  

All patients       

N=114 (100%) 

PD-1 inhibitor therapy  

n=57 (100%) 

PD-L1 inhibitor therapy      

n=57 (100%) 

Patient characteristics       

Sex       

male 82 (72%) 40 (70%) 42 (74%) 

female 32 (28%) 17 (30%) 15 (26%) 

Age       

˂ 70 40 (35%) 19 (33%) 21 (37%) 

≥ 70 74 (65%) 38 (67%) 36 (63%) 

Overall performance status 

(ECOG)       

0 64 (56%) 32 (56%) 32 (56%) 

≥1 49 (43%) 25 (44%) 24 (42%) 

Immunosuppression       

no 92 (81%) 44 (77%) 48 (84%) 

yes 22 (19%) 13 (23%) 9 (16%) 

LDH       

normal 43 (38%) 21 (37%) 22 (39%) 

elevated 67 (59%) 35 (61%) 32 (56%) 

CRP       

normal 30 (26%) 11 (19%) 19 (33%) 

elevated 55 (48%) 27 (47%) 28 (49%) 

NLR       

˂ 4 54 (47%) 22 (39%) 32 (56%) 

≥ 4 35 (31%) 17 (30%) 18 (32%) 

Tumor characteristics       

Localization of primary       

head and neck 24 (21%) 11 (19%) 13 (23%) 

extremities 44 (39%) 17 (30%) 27 (47%) 

trunk 19 (17%) 7 (12%) 12 (21%) 

unknown  15 (13%) 10 (18%) 5 (9%) 

Metastatic stage (AJCC)       

M0 17 (15%) 3 (5%) 14 (25%) 

M1a 36 (32%) 21 (37%) 15 (26%) 

M1b/M1c 61 (53%) 33 (58%) 28 (49%) 

Organs onvolved       

1 51 (45%) 26 (46%) 25 (44%) 

> 1 63 (55%) 31 (54%) 32 (56%) 

MCPyV status (tumor)       

negative 10 (9%) 5 (9%) 5 (9%) 

positive 32 (28%) 24 (42%) 8 (14%) 

n.d. 72 (63%) 28(49%) 44 (77%) 

PD-L1 (tumor)       

negative 17 (15%) 10 (17%) 7 (12%) 

positive 21 (18%) 13 (23%) 8 (14%) 

n.d. 76 (67%) 34 (60%) 42 (74%) 

Therapeutic interventions       

Previous radiotherapy       

no 55 (48%) 24 (42%) 31 (54%) 

yes 59 (52%) 33 (58%) 26 (46%) 

Previous chemotherapy       

no 83 (73%) 38 (67%) 45 (79%) 

yes 31 (27%) 19 (33%) 12 (21%) 

Therapy response       

CR 24 (21%) 13 (23%) 11 (19%) 

PR 30 (26%) 19 (33%) 11 (19%) 

SD 20 (18%) 9 (16%) 11 (19%) 

PD 40 (35%) 16 (28%) 24 (43%) 

Abbreviations: AJCC, American Joint Committee on Cancer; ECOG, Eastern Cooperative Oncology Group; 

LDH, lactate dehydrogenase; MCPyV, Merkel cell polyomavirus; NLR, neutrophil to lymphocyte ratio. 
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Supplementary Figure 1

Scatter plots comparing the actually observed data with 30 imputed data sets of clinical parameters with missing

values in the Bayesian ordinal regression model. CRP – C-reactive protein; LDH – Lactate dehydrogenase; 

MCPyV – Merkel cell polyomavirus.

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-003198:e003198. 10 2022;J Immunother Cancer, et al. Spassova I



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-003198:e003198. 10 2022;J Immunother Cancer, et al. Spassova I



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-003198:e003198. 10 2022;J Immunother Cancer, et al. Spassova I



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-003198:e003198. 10 2022;J Immunother Cancer, et al. Spassova I



R
e
sp
o
n
d
e
r

GZMB

CD45RA 

DAPI

N
o
n
-R
e
sp
o
n
d
e
r

GZMB

CD45RA

DAPI

CD45RA

Supplementary Figure 5

A

B

CD45RA

Excerpt of the multiplexed immunofluorescence staining of pre-treatment tumor tissue from a 

representative patient with disease control (A) and disease progression (B). Left: Co-expression 

of CD45RA (orange) and GZMB (yellow) displays high abundance of effector T cells in disease 

control. Right: Overall elevated presence of CD45RA positive cells in therapy responding 

patients.(20x magnification, DAPI counterstain) 
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Applying a cumulative ordinal regression model to

infer possible biomarkers associated with response

to PD-1/PD-L1 inhibition in Merkel cell carcinoma

Summary

Merkel cell carcinoma a is type of neuroendocrine skin cancer that in some cases can be treated with

anti-PD-1/PD-L1 antibodies that act as immune checkpoint inhibitors and therefore enhance immune

response against tumor cells. In an effort to identify biomarkers that distinguish treatment responders

from non-responders, data of 114 patients had been collected and analyzed using a cumulative ordinal

regression model. Conditioned on the model and the observed data, there is moderate statistical

evidence that absence of immunosuppression, usage of anti-PD-1 antibodies (as opposed to anti-

PD-L1 antibodies), and limited spread of the main tumor are associated with a higher probability of

responding to the treatment.
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1. Dataset

The dataset had been collected from 4 patients with

Merkel cell carcinoma. All patients were either treated

with anti-PD-1 or anti-PD-L1 antibodies and treatment

response was classified into progressive disease (PD),

stable disease (SD), partial response (PR) and complete

response (CR). In total, there are 19 different predictors:

– gender (categorical: male, female)

– primary localisation

(categorical: head + neck, occult, extremities,

trunk)

– immunosuppression (binary)

– tumor PD-L1 expression (binary)

– MCPyV+ status (binary)

– prior chemotherapy (binary)

– prior radiotherapy (binary)

– checkpoint inhibition (categorical: PD-1, PD-L1)

– metastasic stage (categorical: M0, M1a, M1b/M1c)

– ≥ 2 organs involved (binary)

– elevated LDH levels (binary)

– elevated CRP levels (binary)

– neutrophil count at therapy start (numeric)

– lymphocyte count at therapy start (numeric)

– neutrophil/lymphocyte ratio (NLR) ≥ 4 (binary)

– ECOG performance status ≥ 1 (binary)

– age ≥ 70 years (binary)

– year of therapy start (ordered categorical)

– participation in a clinical trial (binary)

2. Introduction

To analyze these data, we fit a Bayesian model. This has

several advantages:

A unique feature of Bayesian statistics is that it al-

lows to describe model parameters with probability dis-

tributions. This means that instead of point estimates

(with more or less reliable standard deviations) we obtain
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Applying a cumulative ordinal regression model to infer possible biomarkers associated with response to
PD-1/PD-L1 inhibition in Merkel cell carcinoma — 3/6

the latent variables nor the tresholds are fixed values (as

shown in Fig. 1), but follow some distribution of values

that are consistent with the observed data.

In formula notation, the model can be written as:

µi = βage · xi, age +βLDH · xi, LDH . . .

p(PD)i =
∫ τ1

−∞

logistic distribution(µi,1)dx

p(SD)i =
∫ τ2

τ1

logistic distribution(µi,1)dx

p(PR)i =
∫ τ3

τ2

logistic distribution(µi,1)dx

p(CR)i =
∫

∞

τ3

logistic distribution(µi,1)dx

(1)

,

where

– µi is the location of the latent variable for patient

i,

– βage is the β coefficient for the predictor age,

– xi, age is the indicator variable of patient i for age

(in this case, 0 if patient i’s age is ≥ 70 years, 1

otherwise),

– p(PD)i is the probability of a progressive disease

response

– τ1, τ2, τ3 are the three estimated tresholds.

The β coefficients of the predictors are of main inter-

est in this analysis, as they give information on whether

or not a predictor is associated with a higher probability

of responding to the treatment. A more comprehensive

explanation of ordinal regression models that is also

accessible without a background in statistics is given

in [2].

3.2 Model fitting

Fitting the model to the dataset was done with the R

software package ’brms’ [3], which utilizes ’Stan’ [4]

in the background. Student t priors with 7 degrees of

freedom and a standard deviation of 1 were chosen as

weakly informative priors for the β coefficients. This

is in line with the Stan prior choice recommendations 1.

The t distribution has a similar shape as the normal dis-

tribution, but with higher density in the tail areas. In this

1https://github.com/stan-dev/stan/wiki/Prior-Choice-

Recommendations

way, we rule out unreasonably large parameter values

(e.g. anything larger than 10-15 for coefficients on the

log-odds scale), but the model is still flexible enough

to allow for values that might make sense. Model fit is

performed numerically by Markov chain Monte Carlo.

In total, 2000 samples from 4 different Markov chains

were generated. We use the split-R̂ diagnostic [5, 6] to

identify possible Markov chain convergence issues. All

parameters satisfied R̂ < 1.01, the effective sample size

Neff [7] exceeded 1000 in all cases.

4. Model results

Figure 2 shows marginal posterior distributions of the

estimated β coefficients. Values larger than 0 denote

that these predictors favor a response to the treatment,

whereas values less than 0 favor treatment non-response.

The width of the distribution gives an impression of

the uncertainty of the estimate: A distribution tightly

concentrated around some value means that the dataset

allows for a precise estimate of that parameter, while

a broader distribution means that the data is consistent

with a wide range of parameter values.

Please note that all these estimates are conditioned

on the model and the observed data, which means that

they are not a statement about the general population of

patients with Merkel cell carcinoma.

Most of estimates include 0, which means that the

absence of association between that predictor and the

treatment response is a reasonable explanation for the

observed data. The widths of the distributions are also

broad, so while no effect is a possible explanation, it

could also be quite large.

Notable exceptions are the predictors immunosup-

pression and organs involved, where most of the proba-

bility mass is located at values less than 0 (denoting they

are associated with a decreased probability of treatment

response); and the use of an anti-PD-1 antibody, where

most of the probability mass is located at values greater

than 0 (denoting it is associated with an increased proba-

bility of treatment response), as compared to checkpoint

inhibition with an anti-PD-L1 antibody.

4.1 Average Predictive Comparisons

As with logistic regression models, the β coefficients of

cumulative ordinal regression models are in units of log-

odds, which means that a value of 1 of the corresponding

predictor increases the expected log-odds of the next

higher response category by 1.
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This has the disadvantage that it is difficult to have

an intuition about the effect size, i.e. whether an increase

in the log-odds by 1 corresponds to a large, moderate or

small change. To circumvent this issue, we show aver-

age predictive comparisons in addition to the regression

coefficients.

Briefly, average predictive comparisons are calcu-

lated as the expected change in the response associated

with a unit difference in one of the inputs. A technical

description of average predictive comparisons is given

in [8]. In this analysis, it allows us to reinterpret the

regression coefficients (which are in units of log-odds)

into a summary that is on the probability scale.

Figure 2 shows average predictive comparisons for

each of the model inputs. They were calculated with

respect to having at least a partial response to the treat-

ment, e.g. for immunosuppression, values between -0%

and -40% denote that comparing a patient with immuno-

suppression to an otherwise identical patient without

immunosuppression, the patient with immunosuppres-

sion has (on average) a 0% to 40% lower probability of

having at least a partial response to treatment.

As a result of the limited sample size, the uncertainty

around the estimates is rather large. It also shows that

just because a predictor includes 0%, it should not be

confused with having no association with the treatment

response, because the data is still consistent with large

effect sizes in either direction.

5. Imputing missing values

The dataset contains missing values in some of the pre-

dictors. Standard practice is usually to delete them, either

by row-wise exclusion (removing all samples that con-

tain any missing value), or by removing the predictors

that contain missing values.

With only 114 patients, removing all samples that

contain missing values would mean to remove import

information.

As a more sensible approach, multiple imputation

with the R package mice [9] was used instead. In multi-

ple imputation, several imputed versions of the dataset

are created where the missing values are replaced with

plausible values. The imputed datasets are identical for

the non-missing entries, but differ in the imputed values.

The uncertainty about the missing values is reflected in

the degree of variation between the datasets.

To translate these different datasets into as single

estimate, we simply fit the model independently on each

dataset and combine the posterior samples of each model

fit. In this way, the uncertainty of the missing values

propagates directly into uncertainty of the estimates.

6. Model testing

A useful way to test Bayesian models is called poste-

rior predictive check. In posterior predictive checks, the

inferred parameter estimates are used to sample an arbi-

trary number of new datasets that are generated under

the model’s assumptions. By comparing these datasets

to the actually observed dataset, it is possible to identify

aspects of the data that the model fails to capture.

One possible way to perform a posterior predictive

check for the model described here is to compare the

observed proportion of the different treatment response

categories to the proportion of treatment response cat-

egories expected under the model’s assumptions. Fig-

ure 3 shows a histogram of the proportion of patients

with progressive disease, stable disease, partial response

and complete response in the generated datasets with the

actually observed proportions highlighted in blue. The

observed proportions lie directly in the center of what is

expected by the model.

Another form of posterior predictive check focuses

on individual predictions instead. For each patient, the

expected probability that a given patient has at least a

partial response to the antibody treatment is calculated.

If the model produces reasonable estimates, we expect

that patients with a higher estimated probability really do

respond more frequently to the treatment than patients

with a lower estimated probability.

Figure 4 shows a so-called calibration plot. All 114

patients were sorted according to their expected probabil-

ity of having at least a partial response to the treatment

and placed into 7 distinct bins. For each bin, the mean

probability of having a partial response is plotted against

the observed proportion of patients in that bin which at

least partially respond to the treatment. As each uncer-

tainty interval around the observed proportion touches

the diagonal line, this type of posterior predictive check

shows again no large discrepancies between expected

and observed data.

In conclusion, the posterior predictive checks show

that the clinical data is consistent with data expected

under the model’s assumptions.
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Figure 3. Expected proportion of each response

category under the model (histogram) vs. observed

proportion (blue line).
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Figure 4. Calibration plot of proportion of patients with

at least a partial response to the treatment.
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