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Micropapillary morphology is an indicator of poor prognosis
in patients with urothelial carcinoma treated with transurethral
resection and radiochemotherapy
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Abstract Purpose of this study was to evaluate prognostic im-
pact of rare variants of urothelial bladder cancer (BC) after treat-
ment with combined radiochemotherapy (RCT). To this end tu-
mour tissue of 238 patients with urothelial carcinoma (UC) treat-
ed with transurethral resection of the bladder (TUR-B) and RCT
with curative intent was collected. Histomorphological analysis
included re-evaluation and semi-quantitative assessment of rare
UC subtypes. Additionally, human epidermal growth factor re-
ceptor 2 (HER2) chromogenic in situ hybridisation (CISH) was
performed in tumours with a micropapillary component exceed-
ing 30 %. Long-term follow-up was available for 200 patients
(range 3–282 months). Variant UC histology was found in 45 of
238 tumours, most frequently micropapillary UC (N = 17) in-
cluding cases with a small fraction of tumourwithmicropapillary
morphology. The mere presence of micropapillary morphology

did not affect prognosis. In tumours with extensive (≥30 %)
micropapillary morphology (N = 8) Kaplan-Meier analysis re-
vealed significantly worse cancer specific survival (CSS)
(P = 0.002) compared to conventional UC (mean survival times
97months and 229months, respectively). Univariate Cox regres-
sion analysis of cases with ≥30 % micropapillary morphology
revealed a hazard ratio of 4.726 (95%CI 1.629–13.714) for CSS
(P = 0.004). CISH revealed HER2 gene amplification in 3/10
tumours with ≥30 % micropapillary component. In conclusion,
for BC treated with TUR-B and RCT, the presence of
micropapillary morphology in more than 30 % of the tumour is
an adverse prognostic factor. Further studies are needed to eval-
uate a potential benefit of different, especially multimodal treat-
ment strategies for micropapillary UC and also other subtypes of
UC. Her2 represents a promising therapeutic target in a subset of
micropapillary UC.
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Introduction

Bladder cancer (BC) belongs to the most commonly diag-
nosed cancers worldwide, with 429,000 new cases and
165,000 deaths reported in 2012 [1]. The most frequently
diagnosed histologic type of BC is urothelial carcinoma
(UC), of which conventional UC represents about 90 % of
BCs in Western European countries and the US. However,
approximately 10 % of BCs show UC with aberrant morphol-
ogy or are non-UC, as defined by the WHO classification of
2004 [2]. Among the latter, squamous and glandular differen-
tiation are quite commonly found but there are also rare var-
iants, e.g. the micropapillary variant of UC, which has a
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documented frequency of 0.6–8 % [2–6]. Consistent with
micropapillary tumours in other organs, micropapillary UC
is associated with advanced clinical and pathological stage
and a high likelihood of lymph node metastasis at initial diag-
nosis, resulting in a high risk of understaging for those tu-
mours [7–9]. However, data on outcome of micropapillary
UC are controversial since some studies document aggressive
behaviour and poor outcome, while others report no difference
in overall and recurrence-free survival compared to conven-
tional UC [5, 7, 10].

For a subset of BCs, i.e. pure squamous cell carcinoma
(SCC), pure adenocarcinoma and small cell neuroendocrine car-
cinoma, treatment is adjusted according to the histologic type of
tumour [11]. Recently, interest in rareUC subtypes has increased,
the majority of studies focusing on their prognostic impact.
However, the number of studies dealing with treatment modali-
ties for micropapillary and other rare subtypes of UC is very
limited. It seems that there is general consensus for aggressive
treatment of micropapillary UC also in a non-muscle-invasive
stage, for which early radical cystectomy with urinary diversion
has been recommended as therapy of choice [12, 13].
Recommendations for neoadjuvant chemotherapy are controver-
sial, especially due to studies investigating therapy response [7,
14, 15]. However, current therapy recommendations are based
mostly on studies investigating outcome after cystectomywith or
without (neo-) adjuvant chemotherapy. For micropapillary and
other variant histology UCs, however, a very low number of
studies on alternative treatment strategies has been conducted
and this may be one of the reasons why therapy alternatives are
lacking for subtypes of UC.We investigated the outcome of rare
histologic variants of UC compared to that of conventional UC in
a series of patients treated with transurethral resection of the
bladder (TUR-B) combined with subsequent radiochemotherapy
(RCT), as a bladder-sparing treatment optionwith curative intent.

This organ-sparing treatment approach has been shown to
achieve in well-selected patients clinical outcome comparable
to that of radical cystectomy [16]. We re-evaluated
histomorphology of the tumours of patients treated with TUR-
B and RCT according to the BErlanger Schema^ between 1982
and 2005, with emphasis on long-term follow-up in rare subtypes
of UC. Furthermore we investigated amplification of the HER2
gene in micropapillary subtype of UC, as it has been reported in
this subset of tumours before [17–19]. Moreover, several (pre-)
clinical trials are in progress investigating the impact of Her2-
targeted therapies in UC, as mentioned in a recent study [19].

Methods

Paraffin embedded TUR-B specimens of 238 patients (mean
patient age at diagnosis 65.2 years, range 32.77–87.95 years,
median 66.0 years) with UC of the bladder were obtained from
the archives of the participating institutions. All patients had been

treated with TUR-B and RCTwith curative intent, according to
the so-called BErlanger Schema^, a treatment regimen
established at the Department of Radiation Oncology,
Erlangen, during the last 30 years [16]. In case of initial R1
resection, re-TUR-B was performed before initiation of RCT.
More than 95 % of patients received chemotherapy based on
cisplatin or carboplatin alone or in combination with 5-
Fluorouracil (5-FU) or combined cisplatin and carboplatin.
Complete clinical follow-up data of 200 patients (mean
follow-up time 77.69 months, median 60 months, range 3 to
282 months) were collected between 1982 and 2014 by the
Department of Radiation Oncology, Erlangen, and the Cancer
Registry, Erlangen. Histopathological evaluation of
haematoxylin and eosin stained tissue slides from each of the
238 cases was performed by two experienced uropathologists
(S.B., A.H.) including staging according to the current TNM
classification [20], documentation of the presence or absence
of carcinoma in situ and grading and assessment of rare vari-
ants of UC, both according to the current WHO classification
2016 [2]. Additionally, grading according to the previous
WHO classification 1973was performed [21]. Analysis of rare
histological subtypes of UC included semi-quantitative assess-
ment of the amount of variant histology in four categories
(<10%, ≥10 %, ≥30%, ≥50%), according to a previous study
by Compérat et al. [9], who found variable survival rates de-
pending on the amount micropapillary morphology. Tumours
with partial squamous and/or glandular differentiation were
not considered in the variant histology group but were includ-
ed into the conventional UC group. All other UC variants were
completely excluded from survival analysis. Cases with pure
SCC or adenocarcinoma were excluded from the study.

AdditionalHER2CISH analysis using a ZytoDot 2C SPEC
ERBB2/CEN 17 Probe and ZytoDot-2C-CISH-System
(ZytoVision, Bremerhaven, Germany) was done on tumours
with a micropapillary proportion of ≥30 % according to the
recommendations of the manufacturer. Evaluation of the
CISH results was performed on one tumour section on the
tumour area identified as micropapillary. Cases were regarded
as amplified if the HER2:CEN17 signal ratio was ≥2.2. When
the HER2:CEN17 signal ratio was <2.2, HER2 was also
regarded as amplified when the specific HER2 signals
exceeded 6 signals per cell on average. In accordance to the
current guidelines of HER2-testing in breast cancer [22], a
total of at least 20 tumour cells were evaluated.

Statistical analyses

Cancer-specific survival (CSS) was estimated using the
Kaplan-Meier product limit method. Survival rates for pa-
tients with or without micropapillary morphology were com-
pared using the log-rank test. Univariate Cox proportional
hazards models were used to define the influence of
micropapillary morphology on CSS. For comparison of
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categorical variables, Fisher exact and Chi-square test statis-
tics were used. All tests were performed as two-sided and
p-values below 0.05 were considered as statistically signifi-
cant. Statistical analyses were performed with SPSS Ver. 21.0
(IBM SPSS, Chicago, IL). Statistical analysis was restricted to
cases with micropapillary variant of UC and conventional UC,
due to small numbers and limited follow-up data of the
remaining rare subtypes.

Results

Rare UC histological subtypes detected in this patient cohort
were invasive micropapillary, plasmacytoid, nested type, neuro-
endocrine, sarcomatoid, clear cell and lymphoepithelioma-like.
Distribution of variant morphologies in our cohort is shown in
Table 1. Patient and tumour characteristics are summarized in
Table 2. Any variant morphology was found in 45 of 238 cases.
Themost frequent rare variant (17 cases) wasmicropapillaryUC.
In 10 of these tumours abundant (≥30 %) micropapillary mor-
phologywas found (Fig. 1). Complete follow-up data were avail-
able for 8 of 10 tumours with an abundant micropapillary
component.

Statistical evaluation of CSS in both non-muscle-invasive
and muscle-invasive tumours revealed a significant difference
between tumours with ≥30 % of micropapillary component
(N = 8) and conventional UC (P = 0.002). In muscle-invasive
tumours, no significant differences in CSS were found be-
tween conventional UC and UC with a micropapillary com-
ponent <30 % (Kaplan-Meier analysis; log Rank test:
P = 0.124). However, a significant difference in CSS was
found in the muscle-invasive subgroup for patients whose
tumours exhibited a micropapillary component of ≥30 %
(N = 8) compared with conventional UC (Kaplan-Meier anal-
ysis; log Rank test:P = 0.010) (Fig. 2). Themean survival time
was 97 months for patients with ≥30 % micropapillary mor-
phology and 229 months for patients with conventional UC if
tumours for all tumour stages taken together. For the muscle-
invasive subgroup, the mean survival time was 97 months for

patients with ≥30 % micropapillary morphology compared to
221 months for patients with conventional UC. In univariate
Cox proportional hazards regression analysis ≥30 %
micropapillary morphology was associated with a hazard ratio
(HR) of 4.726 (95 % CI 1.629–13.714) for CSS (P = 0.004).

HER2 gene amplification by CISH was found in 3 of 10
(30 %) of tumours with ≥30 % micropapillary component
(Fig. 3). The HER2:CEN17-ratio was >3 in each of the 3

Table 1 Histomorphological subtypes of the UC (distribution of
histological patterns including rare subtypes)

Histology n (%)

micropapillary 17 (7.1)

plasmacytoid 3 (1.3)

nested type 5 (2.1)

neuroendocrine 4 (1.6)

sarcomatoid 10 (4.2)

others (clear cell, lymphoepithelioma-like) 6 (2.5)

conventional 193 (81.1)

Sum 238

Table 2 Patient/Tumour characteristics (significant p-values printed in
bold letters). CSS = Cancer specific survival; CIS = Carcinoma in situ;
NMIBC = non muscle-invasive bladder cancer; MIBC =muscle-invasive
bladder cancer; for statistical analysis Fisher’s exact test and χ2test were
applied. *Conventional UC include UC with a < 30 % micropapillary
component

Variable n micropapillary
subtype
≥30 % (n)

conventional
(n)*

p

gender 0.796
female 34 2 32
male 166 8 158

stage 0.048
T1 77 0 77
T2 97 7 90
T3 17 2 15
T4 7 1 6
unknown 2 0 2

NMIBC vs MIBC 0.010
NMIBC 77 0 77
MIBC 121 10 111
unknown 2 0 2

Grading (WHO 1973/2016) 0.430
G2/high grade 11 0 11
G3/high grade 186 10 176

Resection status 0.068
R0 83 1 82
R1 74 7 67
R2 32 2 30
unknown 11 0 11

multifocality 0.598
yes 85 6 79
no 94 3 91
unknown 21 1 20

concomitant CIS 0.035
yes 120 8 112
no 64 0 64
unknown 16 2 14

Lymphatic vessel invasion <0.001
L0 109 0 109
L1 81 10 71
unknown 10 0 10

Blood vessel invasion 0.737
V0 166 9 157
V1 26 1 25
unknown 8 0 8

involvement of regional
lymph nodes

0.508

cN0 172 8 164
cN1–3 9 0 9
unknown 19 2 17

distant metastasis 0.018
cM0 162 5 157
cM1 31 4 27
unknown 7 1 6

CSS 0.006
alive 158 4 154
died of disease 29 4 25
unknown 13 2 11
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cases. In one of the tumours, evaluation was not possible due
to lack of residual tumour tissue on the paraffin block.

Discussion

According to the current guidelines for BC, a deviation from the
standard treatment schemes of conventional UC is recommended
for small cell neuroendocrine carcinoma, pure SCC, and pure
adenocarcinoma of the bladder [11, 13]. Other subtypes e.g.
plasmacytoid or micropapillary UC are associated with aggres-
sive clinical behaviour and have been the subject of growing
interest recently. However, there are no sufficient data yet to
justify alternative treatment strategies for such cases. Evidence
on how to treat rare variants of UC is scarce, not only because of
the limited number of studies but also due to limited patient
numbers in these studies. For micropapillary UC, most studies
report an associationwith advanced clinical and pathologic stage,
high nuclear grade and multifocal disease [10, 23]. This shaped

the general opinion towards treating those tumours aggressively
by rapid cystectomy with or without adjuvant chemotherapy.
This opinion is based on studies, almost exclusively investigating
patient outcome after cystectomy, whereas studies on alternative
therapy schemes without cystectomy are very rare. Kamat et al.
reported aggressive clinical behaviour of micropapillary UC and
in addition report that micropapillary carcinoma is refractory to
BCG instillations and recommended radical cystectomy in cases
with surgically resectable disease [24]. Furthermore, for non-
metastatic muscle invasive micropapillary UC a response rate
to neoadjuvant chemotherapy of 45 % has been reported [15].
One also needs to take in account that UC patients are frequently
of advanced age at diagnosis and commonly suffer from co-
morbidities. Therefore, some patients might not qualify for ag-
gressive treatment regimens like radical cystectomy with urinary
diversion and aggressive (usually cisplatin-based) chemotherapy.

Recent studies on management of BC patients with multi-
modal therapy regimens combining radiotherapy with a bladder
sparing approach have shown outcome comparable to that of
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Fig. 2 Kaplan-Meier Analysis
for cancer specific survival:
Comparison of UC patients with
either conventional or
micropapillary subtype (≥30 % of
micropapillary component) of
muscle-invasive bladder cancer

Fig. 1 UC with micropapillary
differentiation (A): Patient ID
240: H&E, ×100; (B): Patient ID
444: H&E, ×100
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radical cystectomy in selected patients [16, 25, 26]. However, to
our knowledge, none of these included survival analysis of pa-
tients with rare variants of UC. Johansson et al. presented a large
prospective cohort of rare variants of UC including a subgroup of
20 cases of micropapillary BC, treated with external beam irra-
diation [5] and concluded that radiotherapy with or without com-
bined chemotherapy is ineffective in this subtype. In this study 4
patients received chemotherapy (3 platin-based), 7 patients radio-
therapy alone after TUR-B and 9 cystectomy. In our patient
cohort in contrast, a highly standardized tri-modal approach with
TUR-B andRCT, including platin-based chemotherapy, was per-
formed [16] which makes the results difficult to compare. In
addition, Johansson et al. did not take into account the relative
proportion of micropapillary morphology in the tumours and
included cases with a relatively small amount (≤10 %).

Overall, histological variants of UC are poorly identified and
even among experienced genitourinary pathologists only mod-
erate interobserver concordance has been documented for
micropapillary UC [27]. One of the most problematic issues
in identifying small areas of micropapillary morphology is the
existence of focal areas with a prominent retraction artefact,
which mimicks micropapillary morphology. This phenomenon
is frequently found in early invasive BC and may lead to over-
diagnosis of micropapillary UC [28]. Studies investigating the
impact of the proportion of micropapillary morphology report
that a high proportion of micropapillary morphology is associ-
ated with advanced tumour stage and poor prognosis [4, 9, 29].
We found comparable results, micropapillary morphology only
exceeding 30 % being associated with poor prognosis.
Nevertheless, it has been recommended to report even a low
percentage (<10 %) of micropapillary component in TUR-B
specimen, in view of the risk of sampling error and subsequent
upstaging after cystectomy [9]. Moreover, most existing studies
did not distinguish between non-muscle invasive and muscle-
invasive tumours or even included non-muscle-invasive tu-
mours, without taking into account that the most important
prognostic factor is tumour stage [2]. Our results show that,
even after correcting for tumour stage by excluding pT1 tu-
mours which were all conventional UC, patients with
micropapillary UC have poorer CSS than those with

conventional UC. However, survival rates of our patients with
UC with an extensive micropapillary component were better
than those in other studies [30].

The main limitation of our study is the small number of
cases with extensive micropapillary differentiation. However,
most studies investigating variant morphology in BC present a
low number of cases due to the low frequency of rare subtypes
of UC. Furthermore, histomorphological analysis was per-
formed on TUR-B specimens, with well-known limitations
in representativity and evaluation of tumour stage. The
strength of our study is the large and unique cohort of patients
treated with a highly standardized tri-modal treatment scheme
with TUR-B and platin-based RCT within a bladder sparing
approach, with long-term follow-up. In addition, we found in
3 tumours (30 %) with a micropapillary component of ≥30 %
amplification of the HER2 gene, which is in agreement with
other publications documenting HER2 amplification in 15–
42 % of micropapillary UC. This suggests that Her2 is a po-
tentially important therapy target in those patients [17, 18].

In summary, we show that a micropapillary component
≥30 % in UC represents a negative prognostic factor for
CSS in UC patients treated with TUR-B and RCT.
Micropapillary UC has a high propensity for lymphovascular
invasion [31], which is responsible for progression through
metastatic spread and poor survival. This calls for early ag-
gressive treatment of micropapillary UC. For micropapillary
UC treated with radical cystectomy and adjuvant chemother-
apy reported overall survival rates are worse than for our pa-
tient cohort [30]. We contend that, in addition to recommen-
dations to treat micropapillary UC aggressively with radical
surgery and adjuvant chemotherapy [7, 10, 24], RCT should
be considered an additional therapeutic approach for these
tumours. This impact on therapeutic decision-making and
prognosis underlines the importance of identifying rare vari-
ants of BC. Finally, Her2 protein may represent a most prom-
ising therapy target for the subset of about 30 % of
micropapillary UC that harbour an amplification of the
HER2 gene. Larger prospective studies are needed to confirm
our results and to evaluate the prognostic impact not only of
micropapillary but also of other variants of UC.

Fig. 3 UC with micropapillary
differentiation revealing HER2
gene amplification (A): Patient ID
15: ×400; (B): Patient ID 184:
×630 (Oil)
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