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ABSTRACT

BACKGROUND: The Glasgow prognostic score (GPS) is an established inflammatory prognostic index in cancer patients. Most studies
have only measured GPS at baseline (B-GPS). Effective cancer therapy may reduce inflammation, and we investigated whether re-assessing
GPS after first-line chemotherapy (E-GPS) provided more prognostic information than B-GPS in a phase Il trial of advanced non-squamous
non-small cell lung cancer (NSCLC).

METHODS: Glasgow prognostic score was assessed before and after carboplatin/vinorelbine chemotherapy. When assessing GPS, C-reac-
tive protein (CRP)= 10mg/L and albumin <35mg/L are defined as abnormal values. GPS 0O: both values normal, GPS 1: one abnormal value,
and GPS 2: both values abnormal.

RESULTS: Glasgow prognostic score at baseline and E-GPS were available in 138 patients. Median age was 67 years, 51% were women,
and 94% had performance status 0-1. B-GPS was not a statistically significant prognostic factor (B-GPS 1 vs 0: hazard ratio [HR] =1.32, 95%
confidence interval [Cl]=0.9-2.0; B-GPS 2 vs 0: HR=1.46, 95% CIl=0.9-2.3), while E-GPS was (E-GPS 1 vs 0: HR=1.57, 95% Cl=1.0-2.4;
E-GPS 2 vs 0: HR=2.77, 95% Cl=1.7-4.5). E-GPS was associated with treatment response (P<.01), whereas B-GPS was not.

CONCLUSION: Glasgow prognostic score at baseline after first-line chemotherapy provided more prognostic information than baseline

GPS in patients with advanced non-squamous NSCLC and was associated with treatment response.
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Background

Inflammation plays an essential role in cancer development
and progression,’ and the development and maintenance of
a systemic inflammatory response has been consistently
associated with poorer outcome in both early and advanced
disease.*

Glasgow prognostic score (GPS) is an inflammatory score
based on values of C-reactive protein (CRP) and albumin.’
Mounting evidence has shown that it is an independent prog-
nostic factor in numerous cancers, different disease stages, and
treatment settings.!3 An important aspect is that it is objec-
tively assessed, affordable, and easy to implement in clinical
practice.

Almost all previous studies have measured GPS only once and
mainly before start of treatment (at baseline, “B-GPS”).>-911-23
However, GPS is believed to reflect inflammation as an expression

of cancer activity, and hence, in patients who respond to cancer
treatment, a reduction in inflammation and thereby in GPS is to
be expected.* Thus, GPS measured after treatment (at evaluation,
“E-GPS”) might capture the effect of treatment and be a more
precise prognostic factor than B-GPS.

Lung cancer is marked by high inflaimmation and poor
survival,#?5 and a high proportion of patients have elevated
GPS as compared with other cancer types.?® Therefore, in a
randomized phase III trial comparing immediate mainte-
nance pemetrexed with pemetrexed at progression in patients
with advanced non-squamous non-small cell lung cancer
(NSCLC),? we measured B-GPS and E-GPS after induc-
tion chemotherapy. The aims were to assess whether E-GPS
provides better prognostic information than B-GPS and
whether there were associations between response to chemo-

therapy and B-GPS, E-GPS, or change in GPS.
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Methods
Approvals

This open randomized phase III multicenter trial was approved
by the Regional Committee for Medical Research Ethics in
Central Norway (ID 2013/645, approved on June 17, 2013)
and The Norwegian Medicines Agency.

Patients

From May 2014 to September 2017, a total of 232 patients
were enrolled at 19 hospitals in Norway. Eligible patients were
treatment naive, had stage IIIB-IV non-squamous NSCLC,
no known activating EGFR-mutation or ALK-translocation,
WHO performance status (PS) 0-2, and adequate bone mar-
row/liver/kidney function. Patient were to receive 4 courses of
induction chemotherapy with carboplatin AUC 5 (Calvert’s
formula) IV and vinorelbine 25 mg/m? IV day 1 and vinorel-
bine 25mg/m? IV or 60mg/m? PO day 8, every 3 weeks.
Patients who completed 4 courses, had PS 0-2 and non-pro-
gression were randomized to immediate maintenance peme-
trexed therapy or observation. Pemetrexed was the treatment of
choice at progression. Patients who were not randomized were
treated according to each hospital’s routines. The study closed
prematurely when immunotherapy became available in Norway
and replaced pemetrexed as standard relapse treatment. In the
randomized trial, there was no significant difference in overall
survival (OS) (P=.10) between treatment arms. Thus, in the
present study, all patients were analyzed as one cohort.?

For our main analyses, we included patients who received 3
or 4 courses of carboplatin/vinorelbine if GPS was scored both
at baseline and evaluation (main study cohort) (Figure 1).In a

sensitivity analysis of B-GPS and survival, we included all
patients with a B-GPS, independent of number of completed
chemotherapy courses (Figure 1).

Glasgow prognostic score

According to the GPS, an elevated CRP of =10mg/L and
hypoalbuminemia of <35mg/L are considered abnormal val-
ues. If both values are normal, GPS is 0. If one value is abnor-
mal, GPS is 1,and when both are abnormal, GPS is 2. A higher
score is associated with shorter survival.5

Blood samples for assessing GPS were collected within
2weeks before chemotherapy commenced (B-GPS) and within
3 weeks after the last chemotherapy course was administered

(E-GPS).

Endpoints

Overall survival was defined as time from inclusion until death
of any cause in the analyses with B-GPS and as time from
evaluation after first-line chemotherapy until death of any
cause in analyses with E-GPS. Response to treatment was
assessed according to the Response Evaluation Criteria in

Solid Tumors (RECIST) version 1.1.27

Statistical considerations

Survival was estimated using the Kaplan-Meier method and
compared using the Cox proportional hazard model. To assess
the prognostic value of B-GPS and E-GPS in our main study
cohort, multivariable Cox proportional hazards models for sur-
vival were adjusted for sex, age (continuous variable), and stage of
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Table 1. Patient characteristics of all patients in the main study cohort.

GPS AT BASELINE (B-GPS)

GPS AT EVALUATION (E-GPS)

MAIN STUDY
COHORT
NEREL:] B-GPS 0
N (%)
Age Median (range) 67 (47-83) 65 (47-83)
Sex Male 68 (49) 30 (55)
Female 70 (51) 25 (45)
Stage Illb 8 (6) 3(5)
I\ 130 (94) 52 (95)
WHO PS 0 50 (36) 28 (51)
1 80 (58) 24 (44)
2 8 (6) 3 (5)
Randomization No 58 (42) 21 (38)
Observation 38 (28) 18 (33)
Maintenance 42 (30) 16 (29)
Received No 102 (74) 37 (67)
immunotherapy after
chemotherapy Yes 36 (26) 18 (33)

GPS, Glasgow Prognostic Score; WHO PS, WHO Performance Status.

disease (IIT vs IV). In addition, we adjusted for PS scored at
baseline when examining B-GPS, and PS at evaluation in mod-
els with E-GPS. Performance status at evaluation was missing
for 6 patients who were excluded from multivariable analyses.

As E-GPS was not measured in all patients with a B-GPS,
we performed sensitivity survival analyses including all patients
with a B-GPS (n=208) to account for a potential selection
bias.

Finally, we performed sensitivity survival analyses in the
main study cohort (n=138), adjusting for randomization (no/
observation-arm/maintenance-arm), and whether patients
received immunotherapy after chemotherapy, as this has been
shown to significantly improve survival in some patients with
advanced NSCLC.2829

Associations between B-/E-GPS and response to chemo-
therapy were compared using Pearson’s chi-square test or
Fisher’s exact test. A 2-sided P<<.05 was considered statisti-
cally significant. SPSS Version 27.0 (Armonk, NY: IBM Corp)
was used for all statistical analyses.

Results
Patients

For 138 (59%) of the 232 patients enrolled in the randomized
controlled trial (RCT), both B-GPS and E-GPS were availa-
ble. These patients were included in the present study as our
main study cohort. B-GPS was measured in an additional 70

68 (56-81) 66 (50-82) 65 (47-81) 68 (51-83) 66 (50-77)
24 (45) 14 (47) 26 (44) 25 (50) 17 (59)
29 (55) 16 (53) 33 (56) 25 (50) 12 (41)
3 (6) 2(7) 6 (10) 2 (4) -

50 (94) 28 (93) 53 (90) 48 (96) 29 (100)
16 (30) 6 (20) 26 (44) 18 (36) 6 (21)
33 (62) 23 (77) 30 (51) 29 (58) 21 (72)
4 (8) 1(3) 3 (5) 3 (6) 2(7)
25 (47) 12 (40) 17 (29) 22 (44) 19 (66)
10 (19) 10 (33) 22 (38) 13 (26) 3 (10)
18 (34) 8 (27) 20 (34) 15 (30) 7 (24)
43 (81) 22 (73) 38 (64) 40 (80) 24 (83)
10 (19) 8 (27) 21 (36) 10 (20) 5 (17)

patients, who were also included in sensitivity analyses, whereas
24 patients had no GPS measures and were excluded alto-
gether (Figure 1).

In our main study cohort, median age was 67 years (range,
47-83), 70 (51%) were women, 130 (94%) had stage IV dis-
ease, and 50 (36%), 80 (58%), and 8 (6%) had PS 0, 1, and 2,
respectively (Table 1). After completing induction chemo-
therapy, 80 (58%) of the patients were randomized to imme-
diate maintenance pemetrexed therapy (n=42) or observation
(n=38). Thirty-six (26%) of the patients received immuno-
therapy after the study therapy (Table 1). Mean follow-up
time was 14.1 months (95% confidence interval [CI]=12.3-
15.9). Eighteen of 138 patients were alive when follow-up
was completed.

In our main study cohort, 55 (40%) patients had B-GPS 0,
53 (38%) B-GPS 1, and 30 (22%) B-GPS 2. At evaluation
after induction chemotherapy, 59 (43%) patients had E-GPS 0,
50 (36%) E-GPS 1,and 29 (21%) E-GPS 2 (Table 1). Patients
with B-GPS 0 were more likely to have PS 0 than patients with
B-GPS 1-2. Otherwise, baseline and treatment characteristics
were balanced between patients with B-GPS 0, 1, and 2.

Seventy-three patients (53%) had no change in GPS.
Thirty-three patients (24%) improved their GPS; 19 (14%)
from 1 to 0,8 (6%) from 2 to 1,and 6 (4%) from 2 to 0. Glasgow
prognostic score deteriorated in 32 (23%) patients; 19 (14%)
from 0 to 1,2 (1%) from O to 2, and 11 (8%) from 1 to 2.
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Figure 2. (A) B-GPS and overall survival in the main study cohort.* (B) E-GPS and overall survival in the main study cohort.** B-GPS indicates Glasgow
Prognostic Score at baseline; Cl, confidence interval; E-GPS, Glasgow Prognostic Score at evaluation; HR, hazard ratio; OS, overall survival. *Measured
from baseline. **Measured from the time of evaluation after induction chemotherapy.

Baseline characteristics of the 70 patients included in the
sensitivity analysis and the 24 excluded patients (Figure 1)
were comparable to the characteristics of the main study cohort

(Supplementary Table).

Owerall survival

B-GPS and survival. Overall, median OS was 10.6 months
(95% CI: 9.2-11.9) in the main study cohort (n=138).
Patients with B-GPS 0, 1, and 2 had median OS of 13.5 (95%
CI: 9.9-17.1) months, 9.8 (95% CI: 8.0-11.6) months, and
8.7 (95% CI: 5.8-11.6) months, respectively (Figure 2A).
There were no statistically significant differences in OS
according to B-GPS in univariable or multivariable analyses
(Figure 2A and Table 2), nor in a post hoc multivariable anal-
ysis in which B-GPS 1 and 2 were pooled and compared with
B-GPS 0 (hazard ratio [HR]=1.27, 95% CI: 0.87-1.88,
P=.22 in multivariable analysis).

Sensitivity survival analysis of all patients with B-GPS
measured (n=208) showed that patients with B-GPS 0, 1, and
2 had median OS of 13.8 (95% CI: 11.1-16.5) months, 7.1
(95% CI: 4.8-9.4) months, and 8.2 (95% CI: 7.1-9.3) months,
respectively. For this group, the lower survival in patients with
B-GPS 1 compared with B-GPS 0 reached statistical signifi-
cance (HR=1.51, 95% CI: 1.1-2.1, P=.01) (Supplementary
Figure).

In the final sensitivity multivariable survival analysis of the
main study cohort (n=138) adjusting for randomization and
whether patients later received immunotherapy, B-GPS was
still not a significant prognostic factor (data not shown).

E-GPS and survival. Overall, median OS from evaluation
after first-line chemotherapy was 7.7 months (95% CI: 6.3-
9.2). Patients with E-GPS 0, 1, and 2 had median OS of 10.5
(7.4-13.6) months, 7.1 (4.8-9.3) months, and 3.5 (0.2-6.7)
months, respectively. Higher E-GPS was significantly associ-
ated with shorter survival time; HR=1.57 (95% CI: 1.04-2.37,
P=.03) for E-GPS 1 as compared with E-GPS 0, and
HR=2.77 (95% CI: 1.73-4.45, P<.01) for E-GPS 2 as com-
pared with E-GPS 0 (Figure 2B). In the multivariable analy-
sis, the survival difference between E-GPS 2 vs 0 remained
statistically significant (P<<.01), while there was a trend
toward a significant difference between E-GPS 1 and 0
patients (P=.08) (Table 3).

In the sensitivity multivariable survival analysis adjusting
for randomization and whether patients received subsequent
immunotherapy, E-GPS but not B-GPS remained a signifi-
cant prognostic factor (data not shown).

GPS and response to induction chemotherapy

At evaluation after induction chemotherapy, 38 patients (28%)
had partial response (PR), 48 (35%) had stable disease (SD), 48
(35%) had progressive disease (PD), and 4 (3%) were not eval-
uable (Table 4).

B-GPS was not significantly associated with treatment
response (P=.54), whereas E-GPS was (P<.01). Forty-one
percent of patients with E-GPS 0 had achieved a PR, while
corresponding numbers among patients with E-GPS 1 and
E-GPS 2 were 21% and 14%, respectively. Furthermore, change

in GPS was associated with treatment response (P=.01).
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Table 2. Univariable and multivariable analyses of B-GPS and overall survival in the main study cohort.2

UNIVARIABLE ANALYSIS MULTIVARIABLE ANALYSIS
HR 95% ClI P-VALUE 95% CI P-VALUE
GPS at baseline (B-GPS) 0 55 1 1
1 53 1.32 0.88-1.98 19 1.27 0.83-1.93 .27
2 30 1.46 0.91-2.34 12 1.29 0.77-2.14 .33
Age (continuous) 138 1.01 0.98-1.03 .60 1.00 0.97-1.08 91
Sex Female 70 1 1
Male 68 1.14 0.80-1.63 47 1.14 0.79-1.65 47
Disease stage Illb 8 1 1
v 130 1.04 0.51-2.13 .92 1.03 0.50-2.14 .93
WHO-PS at baseline 0 50 1 1
1 80 1.48 1.01-2.18 .05 1.40 0.92-2.12 12
2 8 2.67 1.25-5.72 .01 2.53 1.15-5.56 .02

Cl, confidence interval; GPS, Glasgow Prognostic Score; HR, hazard ratio; WHO PS, WHO Performance Status.
aMeasured from baseline.

Table 3. Univariable and multivariable analyses of E-GPS and overall survival in the main study cohort.2

UNIVARIABLE ANALYSIS MULTIVARIABLE ANALYSIS
95% Cl P-VALUE 95% Cl P-VALUE

GPS at evaluation (E-GPS) 0 59 1 1

1 50 1.57 1.04-2.37 .03 1.47 0.96-2.27 .08

2 29 2.77 1.73-4.45 <.01 2.11 1.26-3.57 <.01
Age (continuous) 138 1.01 0.98-1.03 .69 1.00 0.97-1.03 .99
Sex Female 70 1 1

Male 68 117 0.81-1.66 42 1.25 0.86-1.83 .24
Disease stage Ilib 130 1 1

I\ 8 112 0.54-2.29 .76 0.84 0.40-1.77 .65
WHO-PS at evaluation® 0 26 1 1

1 77 2.38 1.39-4.01 <.01 214 1.23-3.73 <.01

2 21 475 2.46-9.18 <.01 4.52 2.31-8.82 <.01

3 6 26.91 9.61-75.34 <.01 18.52 6.28-54.58 <.01

4 2 7.75 1.75-34.32 <.01 10.71 2.28-50.17 <.01

Cl, confidence interval; GPS, Glasgow Prognostic Score; HR, hazard ratio; WHO PS, WHO Performance Status.
aMeasured from the time of evaluation after induction chemotherapy
bMissing in 6 patients.

Among patients with improved GPS, 45% had achieved a PR, Discussion
among those with stable GPS, 26% had a PR, while 13% of In this study of patients with advanced non-squamous NSCLC,
those with worse GPS had a PR. we found that GPS assessed at evaluation after 3 or 4 courses
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Table 4. B-GPS, E-GPS, and change in GPS and response to first-line chemotherapy in the main study cohort.

CHANGE IN GPS
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GPS AT BASELINE (B-GPS)

STABLE GPS IMPROVED GPS

WORSENED GPS

15 (45)

19 (26)

4 (13)

10 (21) 4 (14)

24 (41)

11 (21) 11 (38)

16 (30)

Partial response 38 (28)

12 (36)

10 (32) 26 (36)

19 (40) 7 (25)

22 (38)

20 (38) 8 (28)

20 (38)

48 (35)

Stable disease

5 (15) 01

27 (37)

19 (40) 17 (61) -0 16(50)

(1)

12

.54

17 (32) 21 (40) 10 (34)

48 (35)

Progressive
disease

2 (6)

1(1)

2(1)

2(1)

4(3)

Not evaluable

of first-line platinum-doublet chemotherapy (E-GPS) was
prognostic for survival, whereas GPS at baseline (B-GPS) was
not. Furthermore, patients with a low E-GPS and those with
an improved GPS from baseline until evaluation after chemo-
therapy had higher response rates to chemotherapy than other
patients. There was no significant association between B-GPS
and response to chemotherapy.

Studies of the prognostic role of GPS in cancer comprise
more than 70000 patients,” but only a few have looked at the
impact of GPS measured during or after treatment: Three
small studies (n=24-64) reported that elevated GPS measured
3 to 6weeks after initiation of immune checkpoint inhibitor
therapy was associated with poor survival in advanced
NSCLC3031 and renal cell carcinoma.3? Others have found
that elevated GPS after initiation of palliative chemotherapy
for colorectal cancer3? and after surgery for localized NSCLC34
and gastric cancer'> was associated with poor prognosis. A
study of patients with advanced head and neck cancer found
that GPS after concurrent chemoradiotherapy was associated
with recurrence free and overall survival, whereas pretreatment
GPS was not.3> Moreover, elevated modified GPS (mGPS)
after neo-adjuvant chemotherapy before surgery for adenocar-
cinoma of the esophagogastric junction was associated with
reduced survival, whereas pre-neo-adjuvant mGPS was not.1®
Overall, these studies corroborate the results of our study. In
contrast, Forrest and colleagues studied patients with inopera-
ble NSCLC treated with chemotherapy!! and found that
B-GPS was associated with survival, whereas GPS measured 3
to 6 months after inclusion was not. However, only a minority
(42%) of patients received active cancer treatment and a minor-
ity (38%) had GPS measured during follow-up.

Most previous studies of NSCLC have found B-GPS to be
a prognostic factor,>®10-132223 but many studies have pooled
B-GPS categories when running the analyses,®819:30,3637 which
limits the evidence for the prognostic value of each of the 3
different GPS values. Furthermore, most included relatively
unselected populations, only subsets of patients received cancer
treatment,>!! and many included patients with PS of 3 or
4.61122.23 OQur main analyses only included patients who com-
pleted 3 or 4 courses of chemotherapy, and the majority (94%)
had a PS of 0 to 1. Thus, it is possible that B-GPS provides less
prognostic information in patients who are considered fit for
systemic cancer treatment than in less selected cohorts includ-
ing cancer patients unfit for palliative chemotherapy, because
there might be less variation in prognostic/predictive factors
including B-GPS. The potential impact of patient selection
might explain why there was a statistically significant survival
difference between B-GPS 0 and 1 in our expanded cohort (all
208 with a B-GPS), while this was not the case in the main
study cohort.

To the best of our knowledge, no studies have assessed
E-GPS and response, but neutrophil-to-lymphocyte ratio
(NLR) and CRP after targeted therapy or immune checkpoint
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blockade were associated with overall response rate in advanced
renal cell carcinoma.32383% Although treatments, settings, and
design are different, these studies support the hypothesis that
E-GPS holds more prognostic information than B-GPS
because it incorporates the treatment effect. A possible expla-
nation, as hypothesized, is that effective systemic therapy
reduces the cancer-induced inflammation. On the contrary,
systemic inflammation might reduce the effect of chemother-
apy, possibly due to influence on tumor microenvironment.*0
However, our study was not designed to investigate underlying
mechanisms.

The main limitation of our study is the sample size.
Furthermore, we cannot rule out that our results might have
been influenced by a selection bias. There were only lab values
for assessing E-GPS in 138 of the 232 patients included in the
trial, and most common reasons for not measuring E-GPS
were death, progression, or poor PS. The time frames for meas-
uring CRP and albumin were generous. There was only a trend
toward a statistically significant difference between E-GPS 0
and 1 patients in the multivariable survival analysis (P=.08).In
sensitivity analyses including all patients with B-GPS meas-
ured (n=208), there was a statistically significant difference in
survival between patients with B-GPS 0 and 1, possibly indi-
cating that B-GPS have less prognostic value among cancer
patients who tolerate palliative chemotherapy than in less
selected populations including patients unfit for such therapy.
Finally, GPS might also be influenced by malnutrition and side
effects from chemotherapy such as nausea and anorexia, and
one study shows that patients with a poor B-GPS experience
more toxicity from cancer therapy.!3 Unfortunately, our study
was not designed to investigate such complex interactions.

Another limitation of our study is that subsequent treat-
ment differed largely between the participants, especially as
immunotherapy was introduced during the study period.
However, this is not likely to affect our results, as it would
rather be a mediator than a confounder of the association
between GPS and OS. And in sensitivity analysis adjusting for
group in our original RCT (randomized to pemetrexed main-
tenance therapy, randomized to observation, or did not meet
criteria for randomization) and whether patients received
immunotherapy or not, the prognostic value of E-GPS
remained stronger than for B-GPS (data not shown). Platinum-
doublet chemotherapy alone is no longer standard primary
treatment for advanced NSCLC, but our and previous studies
have demonstrated associations between E-GPS and response
to treatment and survival in patients with several cancers
receiving different therapies, indicating that E-GPS reflects
treatment effect independently of treatment modality. Finally,
CRP and albumin, and thereby GPS, could have been influ-
enced by other factors, ie, infection, inflammation, comorbidity,
nutrition, and medication (eg, corticosteroids), but our study
was not designed to collect such data. On the contrary, this also
applies to most previous studies of GPS.611,23,31-37

The main strength of our study is that we have investigated
a relatively uniform patient population. Furthermore, the dif-
ferences in survival between the 3 E-GPS categories are rela-
tively large and clinically meaningful and might guide clinicians
when planning follow-up intervals of patients, when consider-
ing maintenance therapy, or switching ongoing treatment.
However, the clinical value of E-GPS and how it should be

used needs to be further evaluated, ideally in prospective trials.

Conclusion

To conclude, we found that E-GPS was a stronger prognostic
factor than B-GPS and that E-GPS, but not B-GPS, was sig-
nificantly associated with response to chemotherapy in patients

with advanced non-squamous NSCLC.
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