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MHC I Expression Predicts Response to
Checkpoint Inhibitors in Metastatic
Urothelial Carcinoma but Lacks Prognostic
Value in Localized Disease
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Abstract.
BACKGROUND: Loss of MHC I expression is a tumoral escape mechanism, part of the process of immunoediting. MHC
expression patterns and their prognostic and predictive value have not been studied in urothelial carcinoma of the bladder
(UC) so far.
OBJECTIVE: To correlate the expression of MHC I and MHC II with prognosis after curative treatment, response to
chemotherapy and checkpoint inhibition.
PATIENTS AND METHODS: We analyzed different patient cohorts for their expression of MHC I(HLA-A/B/C) and II
(HLA-DR/DP/DQ) and examined potential correlations with prognosis and response to cisplatin-based chemotherapy or
PD-1/PD-L1 directed immunotherapy.
RESULTS AND LIMITATIONS: Overall, MHC expression was analyzed in 246 patients, and complete MHC I loss was
seen in 29.7% of patients. In 35% of patients aberrant tumoral expression of MHC II was observed. In a homogeneous cohort
of 149 patients with cystectomy with curative intent there were no significant differences in survival between the MHC
expression groups. MHC I+ and MHC II+ patients had higher infiltration densities with CD8+ T effector cells.
An analysis of 77 additional patients (cohort II) with neoadjuvant chemotherapy revealed no associations of MHC status
with response defined as < pT2 pN0 in the cystectomy specimen. Lastly, we analyzed 26 patients with metastatic disease
treated with PD-1/PD-L1 directed immunotherapy (cohort III, best response: 11 PD, 5 SD, 10 OR) and observed responses
exclusively in MHC I+ patients (10/19 patients, 52.6). All four MHC I+ /MHC II+ /PD-L1+ patients had a progression-free
interval of at least 12 months.
CONCLUSIONS: Tumoral MHC I expression is frequently lost in UC. We found no association with prognosis or response
to cisplatin-based chemotherapy but response to checkpoint inhibitors was limited to MHC I+ patients.
Keywords: Bladder cancer, immunotherapy, MHC expression
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PATIENTS AND METHODS
Patients

D

Harnessing the immune system is a major constituent in the treatment of urothelial carcinoma
(UC). In recent years immune-modulating antibodies directed against PD-1 or PD-L1 have become the
second most important treatment for metastatic disease after cisplatin-containing chemotherapy [1–5].
Although long-lasting responses can be seen in a
minority of patients, response rates do not exceed
30% in an unselected patient population. The rate of
patients with an objective response can be augmented
by grouping according to the intratumoral PD-L1 status [6]. Nevertheless, reliable and widely accepted
response markers are lacking.
PD-L1 antibodies deploy their efficacy by reactivating CD8-positive cytotoxic T cells which recognize tumor-associated or tumor-specific antigenic
structures on the surface of tumor cells [7, 8]. For
recognition and finally elimination of cancer cells
cytotoxic T cells need the interaction of CD 8 and
MHC I, on which intracellular antigenic fragments
are presented. MHC I loss is a well-described and
accepted escape mechanism in the model of cancer
immunoediting [9–11]. A better prognosis of patients
with MHC I+ tumors has been shown in a plenty of
tumor entities [12]. In bladder cancer there has been
only one analysis published so far showing a trend
to better outcome but lacking statistical significance
because of the low number of patients [13, 14].

It has been shown recently that a subset of human
tumors atypically expresses MHC II, which is usually present on professional antigen-presenting cells
like macrophages or dendritic cells to prime CD4 T
cell responses. In the majority of published series
this MHC II expression has been shown to be associated with a better prognosis or increased likelihood
of response to PD1/PDL1 antibodies [10, 15, 16].
Furthermore, there is an increasing body of evidence that links the efficacy of conventional cytotoxic
chemotherapy with modulation of the immune system [17–19].
To comprehensively analyze the impact of MHC
expression in urothelial carcinoma we wanted to
address the prognostic role in localized bladder cancer and the predictive role for both conventional
cytotoxic chemotherapy and PD-1/PD-L1 based
immunotherapy.

O
O

INTRODUCTION

PR

2

EC

TE

All patients were treated for urothelial carcinoma
in a single university hospital (Department of Urology, Klinikum rechts der Isar, Munich, Germany).
Different patient populations without overlap were
analyzed to approach different questions.
Cohort I included 149 patients who received cystectomy for invasive urothelial carcinoma (pT1-pT4)
in curative intent without neoadjuvant treatment
and lack of distant metastases as described earlier
[20]. Adjuvant treatment was permitted based on
the decision of the treating physicians. Patients with
non-urothelial tumours, perioperative death within 60
days, lack of pelvic lymphadenectomy, and older than
85 years at the time of surgery were excluded from
the study. Survival data were obtained retrospectively.
The follow-up time was defined as the time from radical cystectomy to either death or the time of the last
follow-up contact. Detailed patient characteristics are
shown in Table 1. Tissue analysis was performed
using tissue microarrays with a diameter of 1 mm
as published previously [20].
Cohort II included 77 patients who received preoperative chemotherapy before cystectomy with
curative intent. The indication for the use of preoperative chemotherapy were hints in the imaging
studies for either locally advanced tumor growth
(cT3/cT4) or lymph node metastases (cN+). Patients
with distant metastases or non-urothelial histology
were excluded. The combination of gemcitabine and

Category

17 (11.4%)
54 (36.2%)
56 (37.6%)
22 (14,8%)
104 (69.8%)
45 (30.2%)
68 years (35–85)
114 male
35 female

O
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R
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Table 1A
Characteristics of 149 patients in cohort I

C

N stage

Mean age
Gender

T1
T2
T3
T4
N0
N+

Table 1B
Frequency of objective responses in patients with PD-1/PD-L1directed treatment dependent on their MHC and PD-L1 status in
cohort III
Marker

Status

MHC I

Positive
negative
positive
negative
positive
negative

MHC II
PD-L1

Responders

Fraction

10/19
0/7
5/10
5/16
4/6
6/20

52.6%
0%
50%
31%
66%
30%
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Fig. 1. MHC immunohistochemistry.Image A: A case with complete lack of MHC I expression (left) and a case with >50% of MHC I-positive
tumor cells (right). Image B: Same for MHC-II expression (400x magnification in positive cases to show membranous expression.
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cisplatin was used in all patients. Tissue specimens
were taken from both TURB-T before the initiation of chemotherapy and from cystectomy after
chemotherapy.
Cohort III included 26 patients with metastatic
urothelial carcinoma treated with immunotherapy
with a PD-1/PD-L1 antibody in a palliative intention between 2015 and 2019 (14 pembrolizumab, 5
nivolumab, 4 atezolizumab, 3 durvalumab). 20 of the
patients were male, six patients were female, mean
age of the patients was 69 years. Response to the
treatment was assessed using irRECIST criteria. For
the analysis of MHC expression available tissue was
either used from the primary tumor or metastases. In
case of availability of more than one tissue sample we
used the one retrieved directly before the initiation of
immunotherapy.
Patient samples were assembled in tissue microarrays with a core diameter of 1 mm (MTBIO,
Tissuebank of the Technical University of Munich).
Three representative cores per patient were taken

from vital regions of the tumor center to address
potential intratumoral heterogeneity. In case of sparse
tumor tissue whole slides were analyzed (due to the
judgment of JS and KS).
The local ethics committee approved all analyses
(number 321/19), all patients signed written informed
consent.
Immunohistochemistry
Immunohistochemical staining was performed
using an automated stainer (Ventana XT, Ventana
Medical Systems) to evaluate the expression of MHC
I, MHC II and PD-L1. Monoclonal antibodies were
used to detect the expression of MHC I (HLAA/-B/-C, clone EMR8-5, BD Pharmingen), MHC
II (HLA-DR/-DP/-DQ, clone CR3/43, Santa Cruz
Biotechnology) and PD-L1 (clone E1L3N, Cell Signaling) according to the manufacturer’s instructions.
Single staining per slide was performed. Exemplary
images are shown in Fig. 1. Human tonsil was used as
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Survival curves for cancer-specific survival were
estimated using Kaplan-Meier analyses and compared between subgroups using log-rank tests.
All analyses were performed using two-tailed tests
with a significance level of 5%. Comparing nonnormally distributed data between groups a Mannwhitney-U-test was used.

MHC I expression is frequently lost, MHC II is
expressed mainly in MHC I+ patients

C

MHC I/II expression has no prognostic
role in UC
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We examined 149 patients who received a cystectomy in curative intent without neoadjuvant treatment
(cohort 1). 42 patients (28%) were negative for both
MHC I and MHC II (MHC I -/MHC II –), 58 (39%)
were positive for MHC I only (MHC I+ /MHC II–)
and 46 patients (31%) were positive for both (MHC
I+ /MHC II+ ). Only three patients (2%) were positive for MHC II only (MHC I -/MHC II+ ). In MHC
I+ patients the fraction of MHC I+ tumor cells varied
between 5% and 100% with a median of 30% positivity. 72 patients (48.3%) died during the follow-up
period, the median follow-up duration of surviving
patients was 59 months. No significant differences
regarding MHC expression were found dependent on
lymph node status or pT stage (data not shown).
There was no significant association of MHC
expression status with both cancer-specific and overall survival (see Supplementary Figure 1, p = 0.95).
The lack of correlation between MHC expression
and survival persisted after exclusion of 17 patients
with a T1 tumor, in which interpretation of immunohistochemistry and selection of a tumor area for
tissue microarray construction may be challenging
(p = 0.95). Also limiting the analysis to patients with
an expression of MHC I in more than 50% of the
tumor cells (42 of 104 MHC-I-positive patients, 48%)
did not change the results (p = 0.81, for all graphs see
supplementary Figure 1).

TE

Statistical analysis

RESULTS

with a median of 30% in MHC I positive patients and
20% in MHC II positive patients.

D

positive control. FFPE material was used in all cases.
For the evaluation of MHC expression only membranous staining was considered positive. The MHC
I antibody detects only the heavy chain and not the
whole functional complex with beta2-microglobulin
or even antigen.
MHC expression was quantified using the percentage of positive tumor cells. Any expression
exceeding five percent positivity was considered positive. The intensity of MHC staining was classified
in relation to the staining intensity of accompanying lymphocytes (0: no tumoral MHC expression,
1: less intense than lymphocytes, 2: same intensity, 3: higher intensity). The frequency of positive
cells (5–100%) and the intensity of staining (1–3)
were multiplied to gain an H score between 5
and 300.
For the analysis of PD-L1 expression both IC
(immune cell) score and CPS (combined positivity
score) were evaluated and an individual patient considered positive with either CPS > 10 or IC > 5% [21].
CD8 and FOXP3 expression data were used from
a prior publication of cohort 1 [20].
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Taken all the patients from cohorts I-III together we
examined tumoral MHC expression in 246 patients
with UC. MHC I was expressed in 70.7% (174
patients) while MHC II expression occurred in only
35% (86 patients). Thus, MHC I expression was lost
in 29.3% of patients. Complete negativity for both
MHC I and MHC II was observed in 66 patients
(26.8%). Sole MHC II expression without coexpression of MHC I was a rare event and happened in only
six patients (2.4%).
The frequency of positively stained cells varied in
positive patients between 5% and 100% of tumor cells

Both MHC I+ and MHC II+ tumors show a
higher density of intratumoral CD8+ T effector
cells, but not FOXP3+ T cells
We looked at the infiltration density with intratumoral CD8+ T effector and FOXP3+ regulatory
T cells dependent on MHC expression. Therefore
149 patients from cohort 1 were evaluated. We did
not find an MHC-dependent difference in the density of FOXP3+ regulatory T cells (p = 0.48 for MHC
I, p = 0.64 for MHC II). On the other hand, both
MHC I+ and MHC II+ tumors showed a statistically significant increase in the infiltration density
with CD8+ T effector cells compared to tumors negative for MHC I or MHCII, respectively (p = 0.006
for MHC I, p = 0.0002 for MHC II, see Fig. 2).
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MHC expression has no predictive potential in
neoadjuvant chemotherapy

inhibition in 26 patients with metastatic urothelial
carcinoma in cohort 3. Ten of 26 patients (38.5%)
had either a complete or partial response. We found
that objective radiological responses were exclusively seen in MHC I+ patients (10/19 patients,
52.6%) and that responders showed a statistically
significantly increased MHC I expression (p = 0.025,
Fig. 3). Moreover, MHC I+ patients had longer
progression-free survival in comparison to MHC I
negative patients (median 7 vs 3 months, p = 0.069,
Supplementary Fig. 3).
In addition, both MHC II+ and PD-L1+ patients
had a higher likelihood of response (see Fig. 3
and Table 1). Four patients were MHC I+ , MHC
II+ and PD-L1+. All these patients showed an
objective response lasting at least for 12 months.
Three of these patients received pembrolizumab, one
patient nivolumab. Remarkably, all these four patients
showed an H score of 80 for MHC I and at least 40
for MHC II, representing high expression (Supplementary Table 1).
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In the next step we analyzed 77 patients with
urothelial carcinoma of the bladder who received
neoadjuvant chemotherapy before cystectomy in
curative intent (cohort II). 26 patients (34%) showed
a response defined as reaching a pathological tumor
stage < pT2 pN0 in the cystectomy specimen.
We did not find a difference in MHC expression
between responders and non-responders (p = 0.24 for
MHC I, p = 0.51 for MHC II, supplementary Fig. 2).
Thus, MHC expression status failed as a prediction
marker for response to cisplatin-containing neoadjuvant chemotherapy.

PR

Fig. 2. Infiltration density with CD8+ T effector cells (upper image) and FOXP3+ regulatory T cells (lower image) dependent on MHC
expression. 149 patients from cohort 1 were grouped according to their MHC status and the density of infiltrating immune cells determined
by IHC. A significantly higher infiltration density in MHC + patients was found.

PD-L1 positive patients are clustered in the
MHC I+ /MHC II+ group
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We were able to coanalyze PD-L1 expression and
MHC expression in a total of 97 patients (from
cohorts II and III). PD-L1 positivity was found in 3/24
(12.5%) MHC I -/MHC II – patients, 5/36 (13.9%)
MHC I+ /MHC II - patients and in 1/3 MHC I -/MHC
II+ patients. In contrast, 18 of 34 MHC I+ /MHC II+
patients (52.9%) were found to be positive for PD-L1.
Thus, 51.4% (19/37) of MHC II+ patients, but only
13.3% (8/60) of MHC II – patients were positive also
for PD-L1.
Responses to PD-1/PD-L1 antibodies were
limited to MHC I+ patients
We were able to correlate both PD-L1 expression
and MHC expression with response to PD-1/PD-L1

DISCUSSION
The recognition of tumor-specific antigenic structures by cytotoxic CD8-positive T cells depends on
the interaction of the T cell receptor with functionally intact MHC I. Thus, loss of MHC I expression on
the surface of tumor cells has consequences for the
immunogenicity of the tumor and likely for prognosis
and the response to immunotherapy [9–12, 22–24].
We observed complete MHC I loss in almost 30%
of patients in our series of patients with urothelial
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evolution of MHC expression over time. Remarkably,
the frequency of MHC I loss was 30% in localized
disease (cohort I) and 27% in metastatic disease, (26
patients in cohort 3). This is a hint is not necessarily
an integral part of metastatic evolution but an earlier event. Looking at MHC loss it needs to be kept
in mind that there are multiple ways of MHC I loss
besides complete lack of expression, among others
epigenetic downregulation, loss of allelic diversity
and loss of beta2-microglobulin expression [14, 23,
26, 27].
Another reason could be that paracrine signaling
in the tumor microenvironment, for example through
IFNs, is potentially able to restore MHC I expression
that we had missed at the time of our analyses [28].
Indeed, we were able to show an increased CD8 T
effector cell infiltration in MHC I+ patients (Fig. 2),
but in this observation it is unclear if MHC positivity of the tumor attracted tumor-specific T cells
or if recruited T cells induced MHC expression via
cytokine signaling. Additionally, considering T cell
infiltration not only the mere number of T cells is
important but also their location in terms of intratumoral or stromal invasion. Intratumoral T cells are
linked with the expression of MHC I and MHC II and
a strong antitumoral T cell response while the latter
represents T cell exclusion and is linked to a poorer
prognosis [14].
Conventional cytotoxic chemotherapy exerts its
effects in part by modulation of the immune system
[17–19]. Nevertheless, we did not find increased susceptibility to neoadjuvant chemotherapy in patients
with MHC I/II+ tumors. It will be an interesting aspect to monitor changes in tumoral MHC
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carcinoma, in line with other studies [22]. Moreover, we found 86 of 246 patients (35%) positive for
MHC II. Almost all of these patients were also positive for MHC I. This is in line with the findings of
another study with 17/131 MHC II+ UC patients all
of which were also positive for MHC I [14]. Usually limited to professional antigen-presenting cells
MHC II expression by cancer cells is described in
many tumor entities [10, 15]. Its clinical significance
is not completely understood, but MHC II expression has often been linked to a favorable outcome
[16].
Somehow unexpected, we were unable to show a
survival benefit for patients with MHC I+ or MHC
II+ tumors, which was also true when we limited the
definition of MHC I positivity to an expression of
more than 50% of tumor cells or excluded T1 tumors
(Supplementary Figure 1). Analyzing 149 patients
with invasive urothelial carcinoma receiving a cystectomy in curative intent we deem the size and the
homogeneity of our cohort as strengths of our study.
Another trial has correlated MHC expression with
survival in 77 patients, comprised of both invasive
and non-invasive cancers, and did not find a clear
association [14]
Potential reasons why patients with MHC Ideficient tumors do not have a shortened survival are
decreased inhibition of NK cells by reduced MHC
expression [25] and the fact that loss of MHC I
expression obviously does not confer a facilitation of
metastatic tumor growth. All of our patients in cohort
I still had localized disease and it will be of interest
in the future to look for the prognostic relevance of
MHC expression in metastatic patients as well as the

PR

Fig. 3. Responders to PD-1/PD-L1 directed immunotherapy display a higher expression of MHC I (left image, p = 0.025). Responders are
exclusively found in the MHC I + group (right image, responders in green).
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expression conveyed by cisplatin-based chemotherapy because reinduction of MHC I expression by
cisplatin has been described [29].
There is increasing preclinical evidence that loss
of MHC I expression conveys resistance to checkpoint blockade [23, 30] while few clinical trials have
highlighted this issue so far [24, 30, 31]. Our analysis included only 26 patients treated with checkpoint
inhibitors, but we found responses limited to patients
with MHC I+ tumors (Fig. 3). No patient with loss of
MHC I expression showed a response to checkpoint
inhibition.
The frequency of responders was also higher in the
MHC II+ population compared to MHC II - patients
but this difference was smaller than for MHC I. The
observed clustering of patients with PD-L1 positivity, which is a weak predictive marker for response
to immunotherapy, in the MHC I+ /MHC II+ group
underlines the potential positive predictive role of
MHC II expression. All four patients that were positive for MHC I and -II as well as PD-L1 had an
objective response lasting for at least 12 months.
Remarkably, all H scores for MHC I/II expression
in these four patients were over 40 representing high
MHC expression.
A limitation of our study is the use of TMA
sections for MHC staining as the expression in inhomogeneous. Nevertheless, we tried to overcome this
limitation by using triplicate cores in each case.
Thus, our data feed the hypothesis that MHC
expression may serve as a biomarker for the success of checkpoint inhibition, while et seems to be
neither prognostic in localized disease nor predictive
for the success of cisplatin-based chemotherapy. In
the future, deeper understanding of the underlying
immunologic mechanisms may increase the efficacy
of immunotherapy. MHC expression can be restored
by different means, among them not only IFN as
described earlier [28] but also other treatment modalities like chemotherapy or tyrosine kinase inhibitors
[29, 32] Potentially, combination or sequencing of
different treatment modalities with checkpoint inhibition, like already used in urothelial cancer [2] and
renal cell cancer [33] among others, could reinduce
MHC expression and turn tumors more susceptible
to checkpoint inhibition.
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