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Abstract

Purpose: There is increasing evidence that a persistent sys-
temic inflammatory response predicts lower survival in pa-
tients with malignant disease. The modified Glasgow Prog-
nostic Score (mMGPS) is defined by a combination of elevated
C-reactive protein (CRP) (>10 mg/L) and hypoalbuminemia
(<35 g/L). It is considered as an independent prognostic
marker in several organ malignancies. The aim of this study
was to investigate the value of mGPS in metastatic penile
carcinoma in predicting treatment response and survival.
Methods: One hundred and fifty-six patients with penile car-
cinoma treated with chemotherapy were included in this
retrospective study. The mGPS before chemotherapy was
classified into 3 groups (mGPS 0 [CRP <10, any albumin],
mGPS 1 [CRP >10 mg/L, albumin >35 g/L], and mGPS 2 [CRP
>10 mg/L, albumin <35 g/L]). Overall survival and disease-
free survival were calculated by Kaplan-Meier analysis and

chemotherapy toxicity by CTC criteria. Univariate Cox pro-
portional hazards models were calculated to estimate the
effect of each predictor on OS and DFS. Results: Survival was
significantly different in the 3 mGPS classes, with mGPS 0
patients showing the best treatment response and survival.
Univariate analysis showed that mGPS (p < 0.0001), tumor
stage (p = 0.004), and venous and lymphatic invasion (p =
0.011) were factors independently associated with progno-
sis. The response to chemotherapy differed significantly be-
tween mGPS groups (mGPS 0, 36/51 [71%]; mGPS 1, 24/70
[34%]; mGPS 2, 9/35[26%)], p = 0.03 and p = 0.37, respective-
ly). mGPS was significantly associated with chemotherapy-
associated toxicity, with treatment adaptation (p < 0.01) and
toxicity-related deaths (p = 0.028). Conclusions: Systemic in-
flammatory response and nutritional status as expressed by
the mGPS are independent predictors of treatment re-
sponse, chemotherapy-associated toxicity, and survival in
metastatic penile carcinoma. In addition to other known
pathological markers of tumor aggressiveness, the mGPS
can be used as a clinical predictor of prognosis.
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Introduction

Penile squamous carcinoma is an aggressive disease
with rapid invasive growth and early lymphatic metasta-
sis. Its development is associated with either an infection
with human papilloma virus or with chronic inflamma-
tion [1]. Survival with adequate treatment is high in local-
ized disease (relative 5-year overall survival with pTis/
pTa 97%, with pT1 90%). With all stages of regional
lymph node metastases (pN1-3), survival is reduced to
about 46% [2, 3]. The presence of extranodal extension
and lymphovascular invasion is correlated with a signifi-
cantly higher risk of death and tumor recurrence in pa-
tients with penile carcinoma and inguinal lymph node
metastasis [4]. However, with adequate treatment in lim-
ited lymph node disease, survival can be much better [5]
[5-8].

Systemic chemotherapy is used for the neoadjuvant
and/or adjuvant treatment of regional lymph node dis-
ease in conjunction with surgical lymphadenectomy as
well as for systemic metastatic disease. In the latter case,
chemotherapy treatment is mostly palliative. Established
regimens are cisplatin and taxane based with the combi-
nation of paclitaxel, cisplatin, and 5-fluorouracil mostly
used in Europe [9] and that of cisplatin, paclitaxel, and
ifosfamide in the USA [10].

There is a systemic tumor response in many patients.
Also, patients receiving chemotherapy commonly experi-
ence some weight loss and some inflammatory response
in the context of the cancer cachexia syndrome [11, 12].
This is characterized by elevated resting energy expendi-
ture, loss of lean tissue mass, and functional decline [12].
C-reactive protein (CRP) is a marker of systemic inflam-
mation and has been related to most of the aforemen-
tioned signs of nutritional depletion as well as overall sur-
vival [13]. Albumin represents a negative acute-phase
protein, and its level decreases as CRP increases [12]. Loss
of lean tissue mass is also related to hypoalbuminemia
which in turn is related to weight loss, increased morbid-
ity, and adverse outcomes in patients with malignant dis-
ease [12, 14].

Several studies support that the combination of CRP
and serum albumin termed the modified Glasgow Prog-
nostic Score (mGPS) predicts survival independently of
tumor stage and other scoring systems [15, 16]. The orig-
inal Glasgow Prognostic Score (GPS) is composed of a
combination of increased CRP levels in the serum (>10
mg/L) and/or the presence of hypoalbuminemia (<35
g/L).In 2007, the GPS (mGPS) was modified, since hypo-
albuminemia alone had no significant prognostic signifi-
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Table 1. Baseline characteristics of included patients

Characteristics Included patients (n = 156)

Mean age (SD), years 65.4(13.8)
T-stage, n (%)

pT1 0

pT2 107 (69)

pT3 43 (28)

pT4 6 (4)
N-stage, n (%)

pN1 57 (37)

pN2 75 (48)

pN3 24(15)
Distant metastasis, n (%)

cMO 112(72)

cM+ 44 (28)
Grading, n (%)

G1 0

G2 57 (37)

G3 99 (63)
Neoadjuvant chemotherapy, n (%)

Yes 22 (7)

No 134 (83)
Inguinal lymphadenectomy, n (%)

Yes 156 (100)

No 0
Adjuvant chemotherapy, n (%)

Yes 156 (100)

No 0
Follow-up (range), months

67.8 (1-89.5)
DFS 68.1(1-89)

DFS, disease-free survival; OS, overall survival.

cance in patients with colorectal cancer [17]. We there-
fore used the current mGPS. In our study, we examined
this question for metastatic penile cancer.

Materials and Methods

This is a retrospective study of all patients who were treated
with chemotherapy for metastatic penile cancer in the Department
of Urology of the Rostock University Medical Center between 2005
and 2019. Included patients had pathologically confirmed meta-
static disease with regional lymphatic spread and/or systemic me-
tastases. Patients with additional chronic inflammatory disease
and/or active infections were excluded. The included patients have
given their written informed consent.

Demographic, pathological, and laboratory parameters before
the start of chemotherapy were retrospectively collected from the
patients’ records. All patients received standard cisplatin- and tax-
ane-based chemotherapy, the majority with cisplatin, paclitaxel,
and 5-fluorouracil. Tumor stages are given according to the TNM
classification of the Union for International Cancer Control
(UICC, eighth edition). Patients operated before 2017 were reclas-
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sified with respect to the eighth edition of the UICC after consulta-
tion of a pathologist.

All patients were regularly followed up with physical examina-
tion and CT or 18-FDG-CT/PET every 3 months for the first 2
years and every 6 months until 5 years after chemotherapy. CRP
and serum albumin were measured 1 day before the beginning of
chemotherapy.

The mGPS was determined as described previously by McMil-
lan et al. [18]. Patients were stratified into 3 mGPS groups: mGPS
0 (CRP <10, any albumin), mGPS 1 (CRP >10 mg/L, albumin >35
g/L), and mGPS 2 (CRP >10 mg/L, albumin <35 g/L). To illustrate
the effects of pathological albumin and CRP on overall survival
and disease-free survival (DFS), the score groups were dichoto-
mized (mGPS 0 vs. mGPS 1 + 2).

Overall survival was defined as the time between the beginning
of chemotherapy and cancer-related death. Death from causes oth-
er than penile cancer or survival until the end of follow-up after 5
years was classed as censored observations. The follow-up period
was limited to 5 years, so censorship was set at that time. These
patients were considered cured. Longer follow-up data were avail-
able for some patients. The other still living patients were no longer
actively followed up after 5 years.

Prediction of Response and Survival in
Penile Cancer by mGPS

DEFS was defined from the beginning of chemotherapy until the
first evidence of progression. Median follow-up was estimated by
the reverse Kaplan-Meier method. Kaplan-Meier curves were plot-
ted to investigate differences in OS and DFS between the 3 mGPS
groups. Univariate Cox proportional hazards models were calcu-
lated to estimate the effect of each predictor on OS and DFS. All
tests were 2-sided, and p values <0.05 were considered significant.
All statistical analyses were performed with the statistical software
IBM SPSS Statistics 25 (Version 2017).

Results

One hundred and fifty-six patients were included. The
mean age was 65.4 years (+13.8 SD). In 99 patients (63%),
the primary tumor grade was G3 and in 107 (69%) the
primary tumor stage T2. All patients had nodal metasta-
sis, and 44 patients (28%) in addition had evidence of dis-
tant metastases (Table 1; Fig. 1a, b). Patients who under-
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went surgery after 2013 and had distant metastases (n =
22) received neoadjuvant chemotherapy prior to inguinal
lymphadenectomy. The investigations regarding the
mGPS were performed before the start of the first cycle of
adjuvant chemotherapy. The median follow-up was 67.8
months (1-89.5 months) for OS and 68.1 months (1-89
months) for DFS. Fifty-one patients (32.7%) fell into
group 0 mGPS, 70 (44.9%) into group 1, and 35 (22.4%)
into group 2 (Table 2).

Univariable Cox proportional hazard regression
showed that hypoalbuminemia was associated with lower
OS and DFS (p = 0.05 and p = 0.03). Significant differ-
ences for OS and DFS were seen between mGPS group 0
versus group 1 and group 2 (p =0.015 for OSand p=0.019
for DFS). Based on univariable Cox regression analysis,
hypoalbuminemia, tumor differentiation, and mGPS
were identified as significant prognostic factors for OS
and hypoalbuminemia, mGPS, and T-stage for DFS, re-
spectively (Table 3).

The response to chemotherapy differed between
mGPS groups (36/51 [71%] in group 0, 24/70 [34%] in
group 1, and 9/35 [26%] in group 2). These differences
were statistically significant (p < 0.01) (Table 4).

mGPS was also significantly associated with chemo-
therapy-associated toxicity, with resultant treatment
modifications and with treatment-related deaths (Tables
5, 6). A higher mGPS correlated with higher toxicity as
measured by Common Toxicity Criteria (CTC) and con-
sequently with the adaptation of further treatment. Thus,
the mGPS class was significantly associated with the need
for dose reductions, treatment discontinuations (p <
0.01), and also toxicity-related deaths (p = 0.028).

Discussion

To the best of our knowledge, this is the first study as-
sessing the value of calculating the mGPS in patients with
metastatic penile cancer. There are some markers of sys-
temic inflammatory response, for example, cytokines,
differential blood counts, and some serum proteins that
have been reported to have prognostic value in some ma-
lignant diseases [19-23]. It seems that tumor-associated
inflammation, both locally in the tumor microenviron-
ment and systemically as a host response, does have prog-
nostic significance [24-26].

In addition, there is a relationship between the sys-
temic inflammatory response and nutritional status, and
this also has been reported to be of prognostic signifi-
cance [27, 28]. Not surprisingly therefore, the combina-
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Table 2. Serum albumin, CRP, and GPS before adjuvant chemo-
therapy

Characteristics Included patients (n = 156)

preT-albumin Mean 41.3 (+SD 6.6)

<35.0 g/L, n (%) 66 (42)

>35.0 g/L, n (%) 90 (58)
preT-CRP Mean 5.6 (+SD. 4.1)

<10 mg/L, n (%) 82 (53)

>10 mg/L, n (%) 74 (47)
preT-mGPS, n (%)

0 51(33)

1+2 105 (67)

mGPS, modified Glasgow Prognostic Score.

tion of a systemic inflammatory response and malnutri-
tion is associated with poor outcome in patients with ad-
vanced cancer stages. There is an obvious association
between advanced malignancy and malnutrition. The
role of hypoalbuminemia in this context may be multifac-
torial as it is also decreased in response to systemic in-
flammatory reactions.

Recent studies have reported that inflammation-based
prognostic scores, including the mGPS, are useful scoring
systems for the prognostication in cancer patients [21-23,
29-33]. The mGPS combines albumin and CRP into a
prognostic stratification system combining an assess-
ment of inflammatory response and nutritional status
and may therefore be particularly useful for predicting
clinical outcomes in cancer patients. The neutrophil-to-
lymphocyte ratio before inguinal lymph node dissection
might be useful for predicting the prognosis of patients
with penile squamous cell carcinoma [33]. A study by
Djajadiningrat et al. [34] showed no association between
BMI of penile cancer patients and their disease stage at
the time of treatment.

Our results demonstrate that patients with higher
mGPS at baseline had significantly shorter survival com-
pared to patients with lower mGPS. These results are con-
sistent with studies in other malignancies [21, 35, 36]. In
the present study, patients with higher mGPS had shorter
survival, poorer response to therapy, and a higher rate of
chemotherapy toxicity. This suggests that the mGPS is a
particularly useful prognostic marker that gives a lot of
information about the expected fate of a given patient
with metastatic penile carcinoma who is considered a
candidate for chemotherapy.

Our study has obvious limitations in that it is a retro-
spective data collection. The retrospective design implies
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Table 3. Multivariate Cox regression
analysis to estimate the influence of GPS
and clinicopathological parameters on
the OS and DFS

Table 4. Correlation between mGPS and
response rate

Table 5. Relationship between mGPS and therapy-related toxicities

preT p value HR 95% Cl
0s
preT-albumin (=35.0 g/L vs. <35.0 g/L) 0.05 0.53 0.31-0.85
Grading (G2 vs. G3) 0.01** 0.48 0.33-0.77
mGPS (1+2 vs. 0) 0.015 1.76 1.10-2.87
DFS
preT-albumin (=35.0 g/L vs. <35.0 g/L) 0.03 0.51 0.33-0.80
T-stages (pT2 vs. pT3) 0.05 0.57 0.35-0.87
mGPS (0 vs. 1+2) 0.019 1.66 1.11-2.53

DFS, disease-free survival; OS, overall survival; mGPS, modified Glasgow Prognostic

Score. ** Indicates statistical significance.

mGPS Patients Responserate  pvalue Clinical benefit p value
(n=156) (CR+PR), n (%) (CR+ PR +SD), n (%)

mGPS 0 51 36 (71) 0.05 39(76) 0.03

mGPS 1 70 24 (34) 0.25 35(50) 0.37

mGPS 2 35 9 (26) 12 (34)

mGPS, modified Glasgow Prognostic Score; CR,complete remission; PR, partial remission;

SD, stable disease.

Toxicities (CTC) >grade2 mGPSO0(n=51),n(%) mGPS1(n=70),n(%) mGPS2(n=35),n(%) pvalue
Anemia 5(9) 24 (34) 21 (60) <0.01**
Neutropenia 6(12) 32 (46) 30 (86) <0.01**
Nausea/emesis 8(16) 25 (36) 23 (74) <0.01**
Anorexia 8(16) 26 (37) 21 (60) <0.01**
Mucositis 3(6) 7 (10) 12 (34) <0.05
Fatigue 9(18) 21 (30) 17 (49) <0.01**
Neurotoxicity 4(8) 10(14) 15 (43) <0.01**
mGPS, modified Glasgow Prognostic Score. ** Indicates statistical significance.
Table 6. Association of mGPS and toxicity-related therapy modifications
Toxicity variables mGPS O (n=51) mGPS1(n=70) mGPS2(n=35) pvalue
Toxicity-related therapy modifications, n (%) 5(10) 15 (21) 17 (49) <0.01**
Dose delay 2 6 5 0.028
Dose reduction 2 5 5
Therapy demolition 1 4 7
Toxicity-related death, n (%) 0 1(1) 5(14)
mGPS, modified Glasgow Prognostic Score. ** Indicates statistical significance.
Prediction of Response and Survival in Urol Int 2023;107:489-495 493
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the risk of unidentified confounding factors, that of miss-
ing data, and the potential for miscoding of data. It would
therefore be useful to validate our findings in a prospec-
tive study.

This study demonstrates that malnutrition and sys-
temic inflammatory response to malignant disease, as de-
termined by the mGPS, are significant independent pre-
dictors of survival, chemotherapy response, and chemo-
therapy-related toxicity in patients with penile cancer.
This is an important finding as there are clinical implica-
tions. The mGPS may be used to assess individual pa-
tients and better counsel them regarding their prognosis
if they undergo chemotherapy. Then, the patients’ nutri-
tional status can be improved therapeutically, and this
might improve treatment response and perhaps reduce
toxicity of chemotherapy.

The role of the inflammatory response to malignant
disease is complex, and it is not easily modifiable by ther-
apeuticinterventions. Thus, at present, only targeting the
nutritional status may improve an individual patient’s
prognosis with chemotherapy in metastatic penile can-
cer.

Conclusion

mGPS is a useful clinical marker of outcome in pa-
tients with metastatic penile cancer who are candidates
for chemotherapy. It correlates with tumor differentia-
tion and stage, survival, treatment response, and chemo-
therapy toxicity.

Clinical Practice Points

« Penile squamous carcinoma is an aggressive disease.

« Systemic chemotherapy is used for the neoadjuvant
and/or adjuvant treatment of regional lymph node dis-
ease in conjunction with surgical lymphadenectomy as
well as for systemic metastatic disease.

 Systemic inflammatory response and nutritional sta-
tus as expressed by the mGPS are independent predic-
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