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Abstract
Background: The prognosis of sarcoma patients is associated with symptom duration, patient age as 
well as tumour grade, size and depth. The modified Glasgow Prognostic Score (mGPS) is a validated 
prognostic indicator in various carcinomas, including renal, gastric, colorectal and hepatocellular 
carcinomas as demonstrated by several meta-analyses. The mGPS takes into account a patient’s pre-
operative CRP and albumin values to calculate a score from 0 to 2 that correlates with their overall 
outcome. A score of 2 is associated with a poorer outcome in certain cancers. To date there is little 
evidence supporting this correlation in the sarcoma patient group.

Purpose: We therefore asked if the markers of systemic inflammatory response (mGPS) are reliable 
as a prognostic indicator for patients with a diagnosis of a Soft Tissue Sarcoma (STS) and would 
incorporating these markers into every day practice for future STS patients be beneficial.

Methods: All patients with a STS diagnosis presenting to our regional unit during the calendar years 
2010-2014 were included. These patients were identified using our prospectively collected MSK 
oncology database. We performed a retrospective electronic case note review examining patient 
demographics, preoperative blood results including CRP and albumin and oncological outcomes. 
Patient outcomes were grouped as follows: no recurrence, local recurrence, metastatic disease and 
death. The data was analyzed using uni- and multivariate analysis.

Results: There were 85 patients who met the inclusion criteria. Of these 56% were female and 55% 
were aged over 50 years. 94% of tumours were high grade (Trojani 2/3) and 74% were >5 cm. 48 
patients had an mGPS score of 0, 15 had an mGPS of 1 and 22 had an mGPS of 2. On univariate 
analysis, mGPS was the only statically significant result with regards to the cancer specific survival, 
p=0.02. With regards to overall survival the mGPS and size of the tumour were both statistically 
significant p ≤ 0.001 and P=0.016 respectively. In addition, on univariate analysis, we also found a 
statistically significant association between CRP, albumin, tumour size and neutrophil count to the 
development of metastasis and death.

Conclusion: This study has shown that pre-treatment CRP and albumin level (mGPS) are important 
factors in predicting oncological outcome. The numbers of cases of local recurrence were too few 
for any association to be identified. A score of 0 relates to an improved prognosis whilst a score 
of 2 relates to an increased risk of developing metastatic disease and death. mGPS as a prognostic 
indicator was not affected by either the tumour size or grade. The group of patients with an mGPS 
score of 1 was not large enough for any statistically significant conclusions to be drawn. Although 
we did not find histological tumour grade to directly relate to the oncological outcome, this has 
been previously demonstrated. We believe that a pre-operative mGPS should be calculated to help 
predict oncological outcome and in turn influence management. Further work is being undertaken 
with a larger cohort.

Introduction
Background

Non-epithelial or connective tissue malignant tumours are known as sarcomas [1]. In the UK, 
3272 new cases of Soft Tissue Sarcomas (STS) were diagnosed in 2010 compared with 582 new 
cases of bone sarcoma in 2013 [2,3]. In Scotland, the incidence of sarcoma is 200 new cases per 
year. The improvements in data recording and diagnosis substantiate the documented incline in 
STS occurrence in the UK since the 1990’s [3]. Traditionally the prognosis of STS patients has 
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been associated with factors such as duration of symptoms, age 
and radiotherapy as well as tumour grade, size, depth and margin 
[4]. However, these factors fail to accurately predict recurrence or 
survival. Prognosis in the orthopaedic oncology patient therefore 
remains problematic.

There is now good, consistent evidence that the presence of a 
systemic inflammatory response is a major factor underlying a cancer 
patient’s decline [5]. The modified Glasgow Prognostic Score (mGPS) 
combines pre-operative C reactive protein and albumin levels to 
give the patient a score of 0-2 with a higher score being associated 
with a poorer prognosis. The mGPS has been in use for over 15 
years worldwide. It has been utilized by other specialties, as these 
markers are strong prognostic indicators of gastric, renal, colorectal 
and hepatocellular carcinomas. There are several meta-analysis’ in 
support of its prognostic value [4,6,7].

Rationale
There is little evidence regarding the association between the 

modified Glasgow Prognostic Score (mGPS) and the survival of 
patients with STS. A study conducted by T. Nakamura et al. [8] 
exhibited association between tumour aggressiveness and elevated 
mGPS but the study did not present any statistically significant results 
as only a small number of their patients had complete clinical data 
[8].

Another study by R. Morhij et al. [9] found an association 
between mGPS and both soft tissue and bone sarcomas in our unit. 
This was a pilot study with historical data and generally low numbers 
that provided a foundation for further work to be carried out [9].

Questions
Equipped with a correlation observed in other specialties, this 

study therefore asked if the markers of Systemic Inflammatory 
Response (mGPS) are reliable as a prognostic indicator for patients 
with a diagnosis of a Soft Tissue Sarcoma (STS) and would 
incorporating these markers into every day practice for future STS 
patients be beneficial? [2,3].

Patients and Methods
Patients who had elective resection of a primary STS with or 

without post-operative radiotherapy in the West of Scotland between 
the calendar years January 2010 and December 2014 were entered 
into the study. A specialist nurse identified patients through the West 

of Scotland sarcoma database where information on new sarcoma 
cases is prospectively collated. An electronic case note review was 
performed for all patients who met the inclusion criteria.

Any patient with metastatic disease at presentation, less than 
2 years of follow up, a low grade tumour (atypical lipomatous 
tumour/dermatofibrosarcoma protuberans) or incomplete data 
were excluded to avoid selection and transfer bias. Pre-operative 
blood results including C-reactive protein, albumin, white cell 
count, neutrophil, lymphocyte and platelet count were collected. 
The modified Glasgow Prognostic Score (mGPS) was calculated. A 
score of 2 is allocated to those who have elevated CRP levels (>10 
mgl-1) and low albumin levels (<35 gl-1); a score of 1 is given to those 
who only have elevated CRP levels (>10 mgl-1) and a score of 0 is 
given to those who have normal CRP levels [5]. In keeping with the 
Scottish Sarcoma Managed Clinical Network Guidelines we followed 
up these patients at recommended intervals post operatively [10]. The 
frequency of follow up was dependent on the histological grade of 
the tumour. The minimum follow up period was 2 years. No patients 
were lost to follow up.

Clinical letters, imaging and histology results were used to 
gather information on recurrence and survival. Local recurrence was 
characterized by the same histological type of sarcoma recurring in 
the same region and confirmed by biopsy. Metastases to other areas 
were diagnosed from routine chest X-rays or CT scans. Finally we 
wished assess if there was any correlation between the pre-operative 
mGPS and the cancer specific survival for each patient.

Statistical analysis
To answer question one, grouping of the variables was carried 

out using standard thresholds. Deaths up to April 2017 were included 
in the analysis. Univariate survival analysis was carried out using 
the Kaplan-Meir survival analysis and log rank test for statistical 
significance. A P-value of <0.05 was considered statistically significant. 
Multivariate analysis was performed using a Cox proportional hazards 
model with a stepwise backward procedure to derive a final model 
of the variables that had a significant independent relationship with 
survival. To remove a variable from the model, the corresponding 
P-value had to be >0.1 on univariate analysis. Inter-relationships 
between variables were assessed using contingency table analysis with 
the Chi square test for trend as appropriate. Analysis was performed 
using SPSS software (Version 17.0.0. SPSS Inc, Chicago, IL, USA).

Figure 1: The relationship between the mGPS (0,1,2 from top to bottom) 
and cancer-specific survival in patients undergoing curative resection for soft 
tissue sarcoma.

Figure 2: The relationship between the mGPS (0,1,2 from top to bottom) 
and overall survival in patients undergoing curative resection for soft tissue 
sarcoma.
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Results
Research questions one

As the mGPS score increased, the prognosis was adversely 
affected as seen in the Kaplan Meier survival curve. 113 patients were 
identified, 85 patients met the inclusion criteria. Patient characteristics 
are seen in Table 2. The majority of patients displayed no evidence 
of a systemic inflammatory response in their pre-operative blood 
results. 48 patients had an mGPS score of 0,15 had an mGPS of 1 
and 22 had an mGPS of 2. Normal and abnormal parameters of the 
pre-operative markers are shown in box 1 and 2 below. The average 
follow up for our patients was 39 months and 65%, remained disease 
free. The mean follow-up of recurrence free survivors was 33 (range 
87-0.5) months and the mean follow-up of cancer specific survivors 
was 38 (range 87-1.5) months. Table 3 illustrates the outcome of the 
85 patients in this study. The relationship between clinicopathological 
characteristics and cancer recurrence or metastatic survival in 
patients following potential curative resection of their soft tissue 
sarcoma is shown in Table 4. On univariate analysis the mGPS alone 
was significantly associated with cancer recurrence or metastatic 
survival. With regards to the overall survival the mGPS, tumour size, 
platelet-lymphocyte ratio and neutrophil-lymphocyte ratio were all 
found to be statistically significant.

On a multivariate analysis the mGPS was the only variable 
associated with cancer recurrence or metastatic survival. This was 
completely independent of both tumour size and grade. Univariate 
analysis of the variables for recurrence free survival displayed no 
statistical significance in any aspect. Hence, multivariate analysis was 
not performed. The cancer specific survival and hazard curves are 
shown below in Figures 1 and 2.

Research question two
As demonstrated by question one, the mGPS is a reliable indicator 

determining a soft tissue sarcoma patient’s outcome (disease free, 
local recurrence, metastasis, death). This scoring system can therefore 
be used during the work up of these patients. If a patient has a score 
of 2 they have a high risk of poor oncologic outcome including 
distant metastasis. The mGPS will help us in decision making when 
prioritizing treatment modalities for these patients. For example, 
a patient with an mGPS of 2 with indeterminate lung lesions: one 
may consider going ahead with neo adjuvant radiotherapy and not 
with major surgery initially. This would allow more time for the 
indeterminate lung lesions to declare themselves prior to any morbid 
surgery).

Discussion
CRP is an inflammatory marker and in the setting of tissue 

inflammation, such as during tumour growth, large amounts of 
inflammatory cytokines, mainly interleukin 1 and 6 are produced 
stimulating the hepatocytes to produce more CRP9. Besides being a 
biomarker for inflammation, it serves as an important cytokine for 
cellular and biological processes in host defense. Albumin levels not 
only reflect a systemic inflammatory response but also the amount of 
lean tissue in the host. Previous work has demonstrated that albumin 
levels reflect the nutritional and functional status of the patient. Low 
albumin levels are linked to an increase patient decline independent 
of tumour stage. Patients with an mGPS of 2, which implies there is 
the presence of hypoalbuminaemia, should be given a “pre-cachexic” 
status and there outcome can be so poor that they should be identified 
early in their treatment and offered multimodal therapy [5].

There were limitations that were encountered during this study, 
in particular the retrospective nature of it. Although care was taken 
to avoid bias by reviewing multiple case notes for the same patient 
to ensure accurate information was extracted, there were inevitably 
patients that had missing data, in particular incomplete blood 
results. If a higher proportion of patients with complete datasets had 
been present, we may have demonstrated a stronger independent 
prognostic value for mGPS, specifically those with a mGPS of 1, when 
compared to other studies [7,11]. This study was conducted in a single 
centre and although it is the largest MSK oncology unit in Scotland, 
we still had a modest sample size of 85 patients. Future work is needed 
to perform a similar study, ideally as a randomized control trial, in 
other centers and to better validate the results.

Modified Glasgow Prognostic Score  

Biochemical Measurements Score

CRP <10 mg/L and Albumin >35 g/L 0

CRP <10 mg/L and Albumin <35 g/L 0

CRP >10 mg/L 1

CRP >10 mg/L and Albumin <35 g/L 2

Table 1: mGPS scoring system.

Patient Characteristic Number

Age  

 <50 38

 >50 47

Sex  

Female 48

Male 37

Size  

< 5cm 23

> 5cm 62

Trojani Grade  

 I 5

II 22

III 58

Resection type  

Wide local 74

Ablative 11

mGPS  

 Low (0) 48

 Intermediate (1) 15

High (2) 22

Table 2: Patient characteristics.

Patient outcome at mean follow uo Number/Percentage

Disease free 55 (65%)

Local tumour recurrence 4 (5%)

Metastasis 30 (35%)

Died of disease 22 (26%)

Died other cause 5 (6%)

Table 3: Patient outcomes at mean follow up of 39 months.
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The results of this study show that the mGPS was an important 
factor in predicting cancer recurrence in soft tissue sarcoma patients 
prior to adjusting for confounders or taking into account other possible 
risk factors. It was not affected by tumour size or grade. This study 
showed that an mGPS of 2 had a stronger prognostic representation 
compared to an mGPS of 1 in all analysis. This is illustrated by the large 
distribution of metastatic patients between the two extremes, score 0 
and 2, of the mGPS leaving a very modest 15 patients with an mGPS 
score of 1. Since p value <0.05 across univariate and multivariate for 

Variable 85(100%)
Cancer-specific survival Overall survival

P-value (log rank test) P-value (log rank test)

Age    

<50 38(45%)   

> 50 47(55%) 0.837 0.742

Sex    

Female 48(56%)   

Male 37(44%) 0.448 0.183

Size    

< 5cm 23(27%)   

> 5cm 62(73%) 0.161 0.016

Trojani Grade    

 I 5(6%)   

II 22(26%)   

III 58(68%) 0.229 0.057

Resection type    

Wide local 74(87%)   

Ablative 11(13%) 0.448 0.084

mGPS    

Low (0) 48(56%)   

Intermediate (1) 15(18%)   

High (2) 22(26%) 0.02 <0.001

Platelet Lymphocyte Ratio    

Low 25(29%)   

Intermediate 44(52%)   

High 16(19%) 0.491 0.019

Neutrophil Lymphocyte Ratio    

Low 68(80%)   

High 17(20%) 0.066 <0.001

Table 4: The relationship between clinicopathological variables and survival in patients undergoing potentially curative resection for soft tissue sarcoma; univariate 
survival analysis.

Variable
Cancer-specific survival Overall survival

HR (95% CI) P-value HR (95% CI) P-value

Size of tumour ----- ----- 2.45(0.50-12.0) 0.268

Trojani Grade ----- ----- 1.93(0.58-6.44) 0.283

Resection type ----- ----- 1.27(0.44-3.67) 0.663

PLR ----- ----- 0.65(0.27-1.57) 0.337

NLR 1.35(0.55-3.33) 0.516 2.18(0.71-6.68) 0.172

mGPS 1.79(1.14-2.83) 0.012 2.42(1.25-4.69) 0.009

Table 5: The relationship between clinico-pathological variables and survival 
in patients undergoing potentially curative resection for soft tissue sarcoma; 
multivariate survival analysis. Normal parameter

WCC ≤ 11 x 109/L 

Neutrophil ≤ 7.5 x 109/L 

Lymphocyte ≤ 3 X 109/L 

Platelets ≤ 400 x 109/L 

CRP ≤ 10mg/L

Albumin ≥ 35g/L

Abnormal parameter

WCC >11 x 109/L

Neutrophil >7.5 x109/L

Lymphocyte >3 X109/L

Platelets >400 x 109/L

CRP >10mg/L

Albumin <35g/L

Boxes 1 & 2: Normal and abnormal blood parameters respectively.

mGPS score 0 and 2, it can be predicted that having a larger group of 
patients with a score of 1 would likely show a statistical significance. 
Other studies demonstrated that histological tumour grade served as 
an independent prognostic factor for recurrence and survival but it 
was not proven in this study [4,8]. The majority of patients who were 
entered into this study had a high-grade tumour (Trojani 2 or 3) so 
this skewed the outcome of the study to the point where only tumour 
recurrence or metastasis was possible with a high grade tumour. This 
study showed that tumour size, when compared with tumour grade, 
is an independent risk factor for cancer recurrence or metastasis. This 
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overall result is consistent with other studies that have proposed that 
mGPS, as well as tumour size were independently associated with 
poorer clinical outcome for cancer recurrence or metastatic survival 
[11,13]. The neutrophil-lymphocyte ratio and platelet-lymphocyte 
ratio also had a p value of <0.005 with regards to overall survival. 
This correlates with published work by Guthrie et al showing that an 
elevated neutrophil-lymphocyte ratio correlated with a poorer cancer 
specific survival outcome [4]. However, his study also noted the 
superior prognostic value of mGPS for survival outcomes in a variety 
of tumour types [14], which was displayed in this study.

As we have demonstrated a clear link between prognosis in 
soft tissue sarcoma patients and mGPS, as also found in previous 
studies, we feel it would be extremely beneficial to include this in 
the management of these patients. It would not only give the patient 
more information about the vitally important question of prognosis, 
but it would allow their treatment to be tailored further. Patients 
with an mGPS of 2 could be targeted to optimize their nutrition and 
functional status, perhaps facilitating a safer perioperative period. 
Alternatively, a non-surgical multi-modal strategy may be deemed 
more appropriate to reduce the morbidity of a major operation if the 
prognosis is felt to be so poor.

Conclusion
In conclusion, the modified Glasgow Prognostic score is cheap, 

reliable, reproducible and highly sensitive prognostic indicator for 
soft tissue sarcoma patients. This study has shown that a relationship 
between the mGPS and poorer cancer specific survival does exist. This 
relationship is independent of both the size and grade of the tumour. 
We would recommend that pre-operative assessment of the mGPS 
should be carried out in every day practice during the routine work 
up of a patient with a diagnosis of a soft tissue sarcoma. This will allow 
clinicians to cater the treatment and follow-up protocol for each 
individual patient. We acknowledge that our results be multifactorial 
and that our study had low numbers. Further work, possibly across 
multiple units, is required to validate these results.
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