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Abstract 

Pemetrexed is an antifolate agent that is regarded as an alternative second-line chemothera-

py against advanced or metastatic urothelial carcinoma (UC). However, there is limited in-

formation on pemetrexed in a third-line setting. We report a case of metastatic UC treated 

with pemetrexed as third-line chemotherapy following gemcitabine and cisplatin (GC) and 

gemcitabine and docetaxel (GD) therapies. A 73-year-old man with a history of transurethral 

resection of bladder carcinoma presented with pollakiuria. CT revealed a mass in the left 

renal pelvis that had invaded into the parenchyma of the left kidney, as well as para-aortic 

and mediastinum lymph node enlargement. Urinary cytology of the lesion in the left renal 

pelvis revealed UC. Thus, the patient was diagnosed with left renal pelvic carcinoma 

(cT3N2M0). After having received 4 courses of GC therapy, another mediastinum lymph node 

was enlarged. He subsequently received 3 courses of GD therapy as second-line chemother-

apy, which showed little efficacy against the metastatic lesions. The patient was administered 

3 courses of pemetrexed as third-line chemotherapy; however, its effect on tumor reduction 

was not sufficient. Finally, metastasis to the liver was observed, and he died 21 months after 

initiation of chemotherapy. For pathological confirmation, needle biopsy of a metastatic 

lymph node performed after death revealed high-grade UC and a high positivity of pro-
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grammed death ligand 1 (PD-L1) in the tumor, which suggested that he could have benefited 

from anti-PD-L1 antibody immunotherapy. This report describes the outcome of pemetrexed 

treatment and proposes another possible candidate as third-line chemotherapy against met-

astatic UC. © 2015 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Platinum-based combination chemotherapies were established for advanced or meta-
static urothelial carcinoma (UC) more than 2 decades ago [1]. Methotrexate, vinblastine, 
doxorubicin, and cisplatin (MVAC) regimen was a standard first-line treatment for advanced 
or metastatic UC until 2000, but gemcitabine and cisplatin (GC) therapy has replaced it due 
to its lower level of toxicity and similar efficacy [1]. Progression-free survival (PFS) associat-
ed with MVAC and GC therapies was 8.3 and 7.7 months, respectively, and overall survival 
(OS) was 15.2 and 14.0 months, respectively, which indicated that cisplatin-based chemo-
therapy has a limited effect on survival. Several new regimens have recently been developed 
as second-line chemotherapy for advanced or metastatic UC with moderate outcome [2–6]; 
however, their efficacy was not sufficient to be established as a standard second-line treat-
ment. 

At our institute, we have been treating cisplatin-resistant advanced or metastatic UC 
with gemcitabine and docetaxel (GD) chemotherapy since 2006 despite it only showing 
moderate outcome [5], due to the lack of treatment options for patients who demonstrate a 
good performance status following GC or GD therapy. Recently, immunotherapies using 
checkpoint blocking antibodies, such as those against programmed death ligand 1 (PD-L1), 
have been gaining attention as alternative treatment for drug-resistant tumors.  

Ours is the first report to demonstrate a case of metastatic UC treated with pemetrexed 
as third-line chemotherapy following GC and GD therapies, and a new strategy against meta-
static UC is also discussed. 

Case Report 

Our male patient underwent transurethral resection of bladder carcinoma at the age of 
64, but he ceased periodical follow-up after surgery. At 73 years of age, he presented with 
pollakiuria and visited our hospital. Urinalysis showed >100 white blood cells/high-power 
field and 30–49 red blood cells/high-power field. No bladder tumor was detected by cystos-
copy. On enhanced CT, the left kidney had less radiocontrast effect than the right kidney at 
equilibrium phase, and a defect in the left pelvis was evident at delayed phase. In addition, 
the para-aortic and mediastinum lymph nodes were enlarged to a maximum of 35 mm. Ret-
rograde pyelography showed an irregularity of the wall of his left calices, and urinary cytol-
ogy of the left pelvis showed UC. Thus, he was clinically diagnosed with left pelvic carcinoma, 
and the clinical stage was cT3N2M0. 

After providing informed consent, he started GC therapy as first-line systemic chemo-
therapy. After finishing 2 courses of GC therapy, the left pelvic carcinoma and the metastatic 
lymph nodes had regressed. However, following another 2 courses of GC therapy, CT showed 
another mediastinum lymph node enlargement, and thus, the case was classified as progres-
sive disease. The patient received 3 courses of gemcitabine 800 mg/m2 and docetaxel 40 
mg/m2 administered intravenously on days 1 and 8 as second-line chemotherapy according 
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to the protocol at our institute. However, little efficacy against the mediastinum lymph node 
lesions was seen, and further, another mediastinum and the cervical lymph nodes were en-
larged. The case was classified as progressive disease with failure of second-line GD chemo-
therapy. Pemetrexed 500 mg/m2 every 3 weeks was suggested as third-line chemotherapy 
for metastatic UC with the approval of the Institutional Review Board at Nagoya City Univer-
sity Hospital (approval No. 41-12-0009). After informed consent, the patient received 3 
courses of third-line pemetrexed therapy; however, its effect on tumor growth reduction 
was insufficient. Finally, metastasis to the liver was observed, and he died 21 months after 
initiation of the first-line chemotherapy. For pathological confirmation, needle biopsy of the 
metastatic cervical lymph node was performed after death. The final pathological findings 
revealed high-grade UC (fig. 1a). Furthermore, immunostaining for PD-L1 expression in the 
metastatic cervical lymph node taken after death demonstrated a >5% positivity in the tu-
mor (fig. 1b, c). 

Discussion 

Pemetrexed is an antifolate agent that is included in the same antitumor drug category 
as methotrexate [7]. The latter has been used for advanced or metastatic UC together with 
vinblastine, doxorubicin, and cisplatin more than 2 decades ago. Pemetrexed inhibits thymi-
dylate synthase and folate-dependent enzymes involved in purine synthesis [7]. Its mecha-
nism of action differs from gemcitabine which acts as a nucleoside analog [8], from cisplatin 
which causes crosslinking of DNA purine bases, and from docetaxel which binds to the β-
subunit of tubulin and interferes with mitosis [9]. 

Three trials have evaluated the role of pemetrexed against advanced or metastatic UC in 
a second-line setting. Galsky et al. [10] performed a phase 2 trial of pemetrexed (500 mg/m2 
every 21 days) in metastatic UC patients who had previously received platinum-based ther-
apy. This study was closed because of a low objective response rate (ORR) at 8%, but the 
incidence of grade ≥3 adverse events was relatively low (neutropenia 20%, febrile neutro-
penia 15%, and thrombocytopenia 20%). Sweeny et al. [7] conducted a phase 2 trial using 
pemetrexed (500 mg/m2 every 21 days) for the treatment of patients with advanced UC. 
They reported an ORR of 28%, a median PFS of 2.9 months, and a median OS of 9.6 months. 
The incidence of grade ≥3 adverse events was <10% (neutropenia 8.5%, thrombocytopenia 
8.5%, and anemia 4.3%). Von der Maase et al. [11] treated 47 patients every 21 days with 
gemcitabine 1,250 mg/m2 on days 1 and 8, and pemetrexed 500 mg/m2 on day 1. This phase 
2 study showed an ORR of 28% and a median OS of 10.3 months. These results were some-
what better than the single-agent use of pemetrexed; however, the incidence of grade ≥3 
adverse events was much higher (neutropenia 38%, febrile neutropenia 17%, thrombocyto-
penia 9%, and anemia 19%) including one toxic death due to neutropenic sepsis. 

Recently, GC combination chemotherapy has become a standard treatment for advanced 
or metastatic UC, which results in a median OS of 14.0 months and a median PFS of 7.7 
months [1]. For second-line chemotherapy for advanced or metastatic UC, only vinflunine 
has been validated to extend OS (vinflunine 6.9 months vs. best supportive care 4.3 months); 
however, it is approved only in the European Union [2]. A number of reports focus on sec-
ond-line chemotherapy for advanced or metastatic UC which contains a single agent or a 
combination of gemcitabine, carboplatin, paclitaxel, docetaxel, ifosfamide, and pemetrexed. 
We summarized the regimens recently reported for advanced or metastatic UC in a second-
line setting in table 1 [2–7]. Their ORR was 21.7–47.4%, median PFS 2.9–4.4 months, and 
median OS 4.8–10.8 months. All of them were somewhat effective, but none of them were 
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sufficiently effective to be established as a second-line treatment for advanced or metastatic 
UC. 

At our institute, we have used GD therapy as second-line treatment since 2006 (gem-
citabine 800 mg/m2 and docetaxel 40 mg/m2 administered intravenously on days 1 and 8, 
every 21 days), and a therapeutic benefit was reported [5]. However, the efficacy of this type 
of chemotherapy is limited, and there is a need to adopt an alternative treatment following 
the failure of second-line chemotherapy. We chose a single-agent therapy using pemetrexed 
for several reasons. First, it is an antifolate agent of the same class as the one in MVAC thera-
py which had been previously used for advanced or metastatic UC. Second, its antitumor 
mechanism is different from that of gemcitabine, cisplatin, and docetaxel. Finally, its toxicity 
profile is tolerable and it is thus suitable for outpatient administration. We used pemetrexed 
as third-line treatment for 4 cases of metastatic UC including the current case, as summa-
rized in table 2. In all 4 cases, the median PFS was 1.9 months, and ORR was 0%. There was 
no occurrence of grade ≥4 or adverse event, but the efficacy of pemetrexed as a single agent 
was not satisfactory as third-line treatment in metastatic UC. Further suitable regimens or 
new drugs are desirable. 

New candidate anticancer drugs include those used in cancer immunotherapy, such as 
checkpoint blocking antibodies which have recently been reported in several cancers, in-
cluding melanoma, non-small cell lung cancer, ovarian cancer, and renal cell cancer [13]. In 
the immune system, T cells activated by antigen-presenting cells express programmed death 
1 (PD1) after antigen exposure in the peripheral tissue. The ligand of PD1, PD-L1, is ex-
pressed on the surface of tumor cells, and the PD1 receptor-ligand interaction results in the 
negative regulation of T cells in the tumor microenvironment. Blockade of PD-L1 results in 
the activation of T cells, leading to apoptosis [14]. A recent phase 1 study revealed that pa-
tients who had >5% of PD-L1-positive tumor cells had a high ORR (43%) to anti-PD-L1 anti-
body immunotherapy [14]. In the current case, PD-L1 expression in the metastatic cervical 
lymph node taken after death was >5% (fig. 1c). This indicated that anti-PD-L1 antibody 
immunotherapy could have been an appropriate alternative treatment for this case after the 
acquirement of resistance to several drugs including cisplatin or taxon. 

Conclusion 

We treated this case of metastatic UC with pemetrexed as third-line chemotherapy after 
the failure of GC and GD therapies. However, the single-agent pemetrexed treatment was not 
efficacious, and the patient eventually died. We later demonstrated a high ratio of PD-L1-
positive cancer cells in the patient’s metastatic cervical lymph node taken after death, which 
implied that anti-PD-L1 antibody immunotherapy could have been an appropriate alterna-
tive treatment. Further studies on the failure of systemic cisplatin-based chemotherapy 
should be carried out in the future. 

Statement of Ethics 

This study was conducted in accordance with the Declaration of Helsinki. 
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Table 1. Comparison of recent trials of second-line treatment for advanced or metastatic UC 

     
     
Regimen Patients, n ORR patients,  

n (%) 

Median PFS,  

months 

Median OS,  

months 

     
     
Carboplatin/paclitaxel [3] 35 10 (32.3) 3.7 07.9 

Gemcitabine/paclitaxel [4] 41 17 (41.5) 3.1 08.0 

GD [5] 38 18 (47.4) 4.4 10.8 

Gemcitabine/ifosfamide [6] 23 05 (21.7) 3.5 04.8 

Pemetrexed [7] 47 13 (27.7) 2.9 09.6 

     
     
 

 
Table 2. Profiles of patients who underwent pemetrexed therapy as third-line treatment for metastatic UC 

      
      Case No. Age, 

years 
ECOG  
PS 

Duration of 
first-line  
treatment, 
months 

Duration of 
second-line 
treatment,  
months 

Median PFS 
of patients on 
pemetrexed, 
months 

      
      
1 77 1 10.8 33.6 1.6 

2 75 1 03.4 25.8 3.0 

3 77 1 04.3 01.8 0.9 

Current case 73 1 07.1 05.1 2.1 

            Median 76 – 05.7 15.5 1.9 

      
      
All 4 cases were initially treated with platinum-based chemotherapy 

as first-line and GD as second-line treatment. ECOG PS = Eastern Co-

operative Oncology Group performance status. 

 
 
 

 

 

 

Fig. 1. a High-grade UC. HE staining. b, c Immunohistochemistry for PD-L1. c Magnified image of the inset 

in b. 
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