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Abstract

Background: The rise of immune checkpoint inhibitors (ICIs) has significantly improved lung cancer outcomes; however, 
there is a lack of response prediction protocols. Furthermore, preclinical studies have indicated a promising association 
between metformin, β-blockers (BBs), and improved cancer patient outcomes. 

Objectives: The primary objective of this study was to investigate metformin’s impact on survival outcomes. The 
secondary objectives included assessing myocardial FDG uptake variation (change in standardized uptake value [ΔSUV]) 
during ICI treatment and evaluating the effects of smoking, diabetes, hypertension, and BB usage on survival outcomes.

Methods: This single-arm, unicentric retrospective cohort study evaluated lung cancer patients who started using ICIs from 
July 2016 to December 2021. Inclusion criteria were age 18 years or above, lung cancer treated with ICIs (CTLA-4, PD-1, and 
PD-L1 inhibitors), and having undergone at least two positron emission tomography-computed tomography (PET-CT) scans.

Results: Fifty-eight patients fulfilled all the inclusion criteria. Metformin users presented a 759-day increase in overall 
survival (OS) (p = 0.015). A trend of a 161-day increase in progression-free survival was observed in patients with 
positive myocardial ΔSUV compared to the negative ΔSUV group (p = 0.066), along with a trend of a 285-day increase 
in favor of BB users (p=0.886).

Conclusion: The significant association between metformin use and increased OS suggests metformin as a promising 
adjuvant for ICI therapy. A trend of positive myocardial ΔSUV and improved outcomes may suggest a potential role of 
PET-CT in response prediction; however, larger studies are necessary to solidify this hypothesis.
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by the tumor, thus fostering an enhanced immune defense 
against malignant growth.

Despite limited improvements in 5-year survival rates among 
lung cancer patients, 2-year survival rates have significantly 
increased.2 This improvement can be largely attributed to the 
well-documented efficacy of ICI therapy in enhancing long-
term overall survival (OS) and progression-free survival (PFS).3,4 
In addition to the stand-alone effectiveness of ICI therapy, the 
safety and effectiveness of combination regimens involving 
immunotherapy and chemotherapy,5 platinum-based regimens,6,7 
and/or radiotherapy8,9 have been extensively reported.

However, predicting immunotherapy response and the 
impact of synergistic drugs on treatment outcomes remains 
uncertain. Although some evidence supports the safety 
and efficacy of adjuvant drugs such as β-blockers (BBs),10 
metformin,11 and albendazole12 through murine models, 
retrospective data, and meta-analyses, high-quality clinical 
trials are still needed.

As further research is needed to establish the role of these 
adjuvant drugs, their potential to complement ICI therapy 
and contribute to improved patient outcomes remains a 

Introduction
 Immune system evasion represents a pivotal mechanism 

in carcinogenesis, whereby tumor cells employ various 
mechanisms to elude immune surveillance. These mechanisms 
encompass the downregulation of tumor antigen presentation 
and the exposure of molecules that impede directed 
immune response.1 Notably, lung cancer, the leading cause 
of global cancer-related deaths, is frequently approached 
by the utilization of immune checkpoint inhibitors (ICIs) as 
a treatment modality. These therapeutic agents function by 
impeding the detrimental regulatory mechanisms enacted 

1

https://orcid.org/0000-0002-0761-9856
https://orcid.org/0000-0002-6983-6506
https://orcid.org/0000-0001-6737-1760
https://orcid.org/0009-0007-9626-0630
https://orcid.org/0000-0001-8809-8783
mailto:matheuscoelhotorres@gmail.com


Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240108

Original Article

Torres et al.
ΔSUV, metformin, and survival in immunotherapy

Central Illustration: Variations in Myocardial FDG Uptake and Metformin Use: Implications for Survival 
during Immunotherapy Imagem

Cardiovascular

ABC

Subgroup anlysis
Secondary objectives

58 patients
52% ICI +

chemotherapy
48 ICI

31 patients (53.46%)
Positive ∆SUV

Increased PFS by 161
and OS by 281 days

ACE or ARB,
tabagism, and 
hypertension

No statistically
significant associations

Diabetes

Increase of  
759 days in OS

BBs

Increase of  
285 days in OS

Worse survival
outcomes

Removed from
subgroup analysis

25 patients (43.10%)
Negative ∆SUV

2 patients (3.45%)
No variation

Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240108

Thus, we propose to evaluate the role of adjuvant 
drugs, such as metformin, on ICI therapy prognosis and to 
assess changes in myocardial FDG uptake (MGU) rate in 
advanced lung cancer patients undergoing ICI treatment. 
Our investigation aims to explore MGU’s potential as a 
monitoring tool for immunotherapy response and the 
effects of metformin, BBs, and other drugs on survival in 
immunotherapy.

subject of hypotheses and speculation. Certain positron 
emission tomography-computed tomography (PET-CT) 
models have been proposed to predict immunotherapy 
response by analyzing standardized uptake value variation 
(ΔSUV) and employing PET tracers targeting ICIs, including 
PD-L1. Nevertheless, the absence of standardized evidence 
and ambiguous implications for clinical practice present 
ongoing challenges.13-15

2



Arq Bras Cardiol: Imagem cardiovasc. 2025;38(1):e20240108

Original Article

Torres et al.
ΔSUV, metformin, and survival in immunotherapy

Methods

Study design and participants
This retrospective cohort study is a single-arm, unicentric 

investigation that utilized electronic medical records and PET-CT 
images to evaluate lung cancer patients who initiated ICI treatment 
between July 2016 and December 2021. Inclusion criteria 
included age 18 or above, lung cancer treated with ICIs (Cytotoxic 
T-lymphocyte associated protein 4 - CTLA-4, Programmed Death 
1 PD-1, and Programmed-Death Ligand 1 PD-L1 inhibitors), and 
having undergone at least two PET-CT scans – one at baseline and 
another during the course of treatment.

The primary objective of the study was to assess the 
variation in MGU rate, measured by the ΔSUV, during 
the administration of ICIs and their impact on survival 
outcomes. The secondary objectives aimed to investigate 
the potential positive or negative effects associated with 
smoking, diabetes, hypertension, metformin usage, and 
BB usage on survival outcomes.

Ethical approval for this research was obtained from 
the ethics committee under the registration number CAAE 
47402321.9.0000.5186

Statistical analysis
Descriptive statistics for numerical variables were presented 

as median and interquartile range, while categorical variables 
were described using absolute and relative frequencies. The 

Mann-Whitney test was employed to compare medians 
between groups. PFS and OS were estimated using the Kaplan-
Meier method, and the log-rank test was utilized to compare 
survival curves. The significance level (alpha) was set at 0.05.

Results
Among the 114 patients with lung cancer who underwent 

immunotherapy at our medical center, 58 patients met the 
inclusion criteria. Of these, 25 were female and 33 were 
male, with a median age of 68 years (standard deviation 
[SD] ±10). The median body mass index was 26 (SD ±4), 
and the median interval from baseline PET scan to treatment 
start was 27 days (SD ±47). 

Nearly 52% of the patients received immunotherapy 
in combination with chemotherapy, while the remaining 
48% received immunotherapy alone. Within our sample, 
31 patients (53.45%) exhibited a positive ΔSUV, indicating 
an increase in MGU. Conversely, 25 patients (43.10%) 
showed a negative ΔSUV, indicating a decrease in MGU. 
Two patients (3.45%) had no SUV variation and were 
excluded from the subgroup analysis. The subgroups with 
positive and negative ΔSUV were comparable, except 
for a prolonged interval between baseline PET scan and 
treatment start in the negative ΔSUV group. Detailed clinical 
and demographic data are shown in Table 1, and Table 2 
shows the histological and treatment characteristics of the 
study population.

Table 1 – Demographic characteristics and subgroup distribution of the study population (n = 58), +δSUV and –δSUV subgroups.

Global study population ΔSUV+ ΔSUV–

Median SD Median Median

Age, yrs 68 ±10 67.0096 68.5336

BMI, kg/m2 26 ±4 26.01 26.26

Interval between baseline PET and 
treatment start, days

27 ±47 31.58 52.52

Sex N % N % N %

Female 25 43 14 45.16 10 40

Male 33 57 17 54.84 15 60

Comorbidities N % N % N %

Hypertension 28 48 14 45.16 12 48

Diabetes 12 21 5 16.12 7 28

Tabagism 43 74 21 67.74 20 80

Coronary disease 4 7 2 6.45 2 8

Heart failure (HF) 1 2 0 0 1 4

Drug usage N % N % N %

BBs 14 24 7 22.58 6 24

ACE/ARB 17 29 9 29.03 7 28

Metformin 8 14 3 9.68 4 16

Anticoagulants 3 5 3 9.68 0 0

SUV: standardized uptake value; SD: standard deviation; BMI: PET: positron emission tomography-computed tomography; HF: Heart failure; BB: β-blockers; 
ACE/ARB: angiotensin-converting enzyme/Angiotensin II receptor blockers.
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Among the documented comorbidities, the highest 
prevalence was observed for tabagism (74%), followed 
by hypertension (48%) and diabetes (21%). The most 
commonly used drugs were angiotensin-converting enzyme 
(ACE) inhibitors or Angiotensin II receptor blockers (ARBs) 
(29%), BBs (24%), and metformin (14%).

Regarding the primary outcome, the overall median ΔSUV 
was +0.05. Within the disease control group, the median ΔSUV 
was +0.48, indicating an increase in MGU. In contrast, the 
disease progression group exhibited a median ΔSUV of –0.66.

When comparing patients with a positive myocardial 
ΔSUV to those with a negative ΔSUV, there was a median 
prolongation of PFS by 161 days in favor of the positive 
myocardial ΔSUV group (p = 0.066). Additionally, an 
increase of 281 days in OS was observed in the positive 
myocardial ΔSUV group (p = 0.256) (Figure 1).

Furthermore, diabetic patients demonstrated a 
noteworthy increase of 759 days in OS (p = 0.023). In 
subgroup analysis, a trend toward even more favorable 
outcomes was observed in metformin users (p = 0.015) 
(Figure 2). Additionally, a non-statistically significant trend 

of prolongation in OS by 285 days was noticed among BB 
users (p = 0.886) (Figure 3).

However, no statistically significant associations were 
found between the usage of ACE inhibitors or ARBs, tobacco 
use, or hypertension and OS or PFS.

Discussion
The well-documented ability of Fluorodeoxyglucose F 18 

(18F-FDG) PET-CT to identify tissue inflammation—a hallmark 
of immune-related adverse events (irAEs)—indicates its potential 
for the early detection of subclinical irAEs. Moreover, PET-CT 
may play a crucial role in confirming suspected irAEs, including 
myocarditis, by revealing heterogeneous and moderate-to-high 
increases in 18F-FDG uptake within the left ventricle (LV).16,17

The disparity observed in the average cardiac ΔSUV 
between the disease control group and the disease progression 
group within our study suggests a potential association between 
increased SUV following treatment and improved responses 
to immunotherapy. This finding is further substantiated by the 
median prolongation of 161 days in PFS (p = 0.066) and 281 

Table 2 – Histological and treatment characteristics of the study population.

Global study population ΔSUV+ ΔSUV–

Histology N % N % N %

Adenocarcinoma 43 74 23 74.19 18 72

SCC 4 7 2 6.45 2 8

NSCLC 5 9 2 6.45 2 8

Others 6 10 4 12.9 3 12

Immunotherapy N % N % N %

Atezolizumab 14 24 6 19.35 8 32

Durvalumab 5 9 3 9.68 1 4

Nivolumab 13 22 7 22.58 6 24

Pembrolizumab 26 45 15 48.38 10 40

Treatment type N % N % N %

QT-IO 30 52 17 54.84 12 48

IO 28 48 14 45.16 13 52

Treatment line N % N % N %

1st line 35 60 19 61.29 14 56

Subsequent lines 23 40 12 38.71 11 44

Tumor genetic analysis N % N % N %

ALK/EGFR 9 15 4 12.9 4 16

Without mutation 23 40 14 45.16 10 40

Unknown 26 45 13 41.94 11 44

PD-L1: >50% 8 14 3 9.68 4 16

PD-L1: 1%–50% 9 15 8 25.81 1 4

PD-L1: <1% 10 17 6 19.35 7 28

PD-L1: unknown 31 53 14 45.16 13 52

SUV: standardized uptake value; SCC: squamous cell carcinoma; NSCLC: Non-small cell lung cancer; QT-IO: Chemotherapy in combination with Immunotherapy;
ALK/EGFR: Anaplastic Lymphoma Kinase (ALK) or Epidermal Growth Factor Receptor (EGFR) mutations.
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days in OS (p = 0.256) among patients exhibiting a positive 
ΔSUV. These results highlight the potential utility of ΔSUV as 
a predictive marker for treatment response and prognosis in 
patients undergoing immunotherapy.

Although the precise mechanism underlying irAEs is 
not yet fully understood, it is known that ICIs enhance the 
immune response against tumors, leading to inflammatory side 
effects through the recognition of shared antigens between 
tumor cells and normal tissues. Thus, it is hypothesized that 
the increase in 18F-FDG uptake, known in inflammatory 
processes, along with the presence of irAEs, could estimate 
response to immunotherapy and be associated with positive 
clinical outcomes.

Our findings align with a recent systematic review and 
meta-analysis, which demonstrated a correlation between 
irAEs and improved OS, PFS, and objective response rates 
(ORRs) in ICI-treated patients. The increase in SUV was 
identified as the main irAE marker on PET-CT.18,19  Similarly, 
it was found that patients who experienced low- to mid-
grade irAEs during atezolizumab-containing treatment 
regimens exhibited longer OS compared to those with 
high-grade irAEs or no irAEs at all.20 These findings further 
support the notion that the occurrence of irAEs, along 
with changes in MGU, can serve as a valuable prognostic 
indicator and predictor of treatment response in patients 
undergoing immunotherapy. 

 A significant correlation was observed between increased 
OS and the usage of metformin (p = 0.015). The relationship 
between metformin and cancer immunity has been 
postulated to involve various mechanisms. These include the 
activation of adenosine monophosphate-activated protein 
kinase (AMPK)-dependent and AMPK-independent signaling 
pathways, which exert anti-tumor effects, and the elevation of 
the exhaustion threshold of cytotoxic T-lymphocytes (CTLs), 
thereby enhancing immune surveillance. Furthermore, 
metformin has been shown to impede the immune-inhibitory 
signaling of PD-L1 through the phosphorylation of PD-L1 
associated with AMPK-dependent signaling activation,21 as 
well as the glycosylation and degradation of PD-L1 within the 
endoplasmic reticulum.22 These findings support the potential 
role of metformin as a modulator of cancer immunity and 
suggest its potential benefits in improving patient outcomes, 
particularly in terms of OS.

Consistent with our findings, several studies have 
demonstrated enhanced treatment outcomes when ICIs 
are combined with metformin in preclinical models 
of metastatic melanoma,23 non-small cell lung cancer 
(NSCLC),24 and breast cancer.21 These studies provide 
further evidence supporting the potential synergistic effects 
of combining ICIs with metformin, leading to improved 
therapeutic responses in various cancer types.

Furthermore, the combination of metformin with PD-1 
blockade has shown promising results in enhancing tumor 

Figure 1 –  ICI: immune checkpoint inhibitors; PET-CT: positron emission tomography-computed tomography; BBs: β-blockers; PFS: progression-free survival; 
SUV: standardized uptake value; OS: Overall Survival.
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clearance and improving T-cell function by mitigating 
tumor-induced hypoxia, which acts as an inhibitory factor 
for T-cell activity.25 Moreover, in murine models, the 
synergistic effect of metformin and vaccine immunotherapy 
has been demonstrated to reduce PD-L1 expression on 
tumor cells.11 These findings highlight the potential of 
metformin in modulating the tumor microenvironment, 
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Figure 2 – Overall survival comparison between metformin users and non-metformin users.

Figure 3 – Overall survival comparison between β-blocker users and non-β-blocker users.
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alleviating hypoxia-associated immune suppression, and 
augmenting the efficacy of immunotherapeutic approaches.

In the same manner, investigations have examined 
the potential of combining metformin with anti-PD-1 
monotherapy or a combination of anti-VEGFR2 and 
anti-PD-1 to restore sensitivity to immunotherapies in 
Nonalcoholic Steatohepatitis-Hepatocellular Carcinoma 
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(NASH-HCC) tumors, which are typically characterized by 
limited responsiveness. Notably, these studies conducted 
in mice demonstrated the enhanced therapeutic efficacy 
achieved through such combinations, providing further 
support for exploring the synergistic effects of metformin and 
immunotherapies in overcoming resistance and improving 
treatment outcomes in challenging tumor types.26,27

Although limited in number, the available studies 
investigating the combination of metformin and ICIs in 
human subjects have yielded promising results. In an Italian 
study involving 40 patients, the concomitant administration 
of metformin and nivolumab was well tolerated and 
deemed safe. Notably, higher metformin doses (>1,000 mg 
daily) were associated with longer OS (p = 0.037) and PFS 
(p = 0.021) and improved response rates, corroborating our 
own findings.28 Similarly, the combination of metformin with 
ICIs demonstrated potentially favorable clinical outcomes, 
although statistical significance was not reached, likely due 
to the small sample size.23 Furthermore, metformin has been 
shown to enhance natural killer cell functions in head-
and-neck squamous cell carcinoma.29 These preliminary 
findings suggest that the combination of metformin with 
ICIs holds promise as a therapeutic strategy, warranting 
further investigation in larger clinical studies to establish 
its efficacy and safety profile on humans. 

Hence, based on the multitude of pathways and 
immunologic mechanisms proposed in preclinical studies 
and its favorable results, it can be reasonably concluded that 
metformin may play a significant role as a safe, well-tolerated, 
and readily available adjuvant therapy in the management of 
solid cancers when used in conjunction with ICIs. 

 The potential role of beta-blockers (BBs) in cancer 
treatment has been widely investigated, with conflicting 
evidence found in the literature. Some older retrospective 
studies have demonstrated improved treatment outcomes in 
patients with breast cancer, especially in triple-negative,30,31 
ovarian,32 bladder,33 and NSCLCs.34

 Moreover, a possible mechanism of action for BBs in 
cancer has been proposed in the literature, where beta-
adrenergic signaling was found to be related to reduced 
proliferation of CD8+ T-cells and immune suppression 
mediated by regulatory T-cells and myeloid-derived 
suppressor cells.10

While the observed data regarding BB usage and OS 
did not reach statistical significance, potentially due to the 
limited sample size, the trend toward a 285-day increase 
in OS suggests a possible role for BBs as adjuvant therapy 
to ICIs in cancer treatment. Further studies with larger 
sample sizes are warranted to elucidate the underlying 
mechanism of action and determine whether BBs should 
be considered as a complementary drug for all patients 
undergoing immune checkpoint blockade.

Despite conflicting evidence in the literature regarding 
the impact of BBs on OS, PFS, and ORRs, similar findings to 
ours were reported in a recent meta-analysis that included 
10,156 patients. The meta-analysis revealed that BB usage 
was associated with better ORRs to ICIs (odds ratio [OR] = 
0.42 [0.19−0.94], p = 0.036), particularly in the subgroup 

of lung cancer patients (OR = 0.25 [0.08−0.83], p = 
0.024). However, no significant association was found 
between BBs and OS or PFS in the pooled analysis.29

In summary, while the literature on the relationship 
between BBs and cancer treatment outcomes remains 
inconclusive, our findings, along with the meta-analysis 
results, suggest that BBs may have a potential role as 
adjunctive therapy to ICIs in cancer treatment that should 
be further studied. 

Study limitations 
The study has certain limitations that need to be 

acknowledged. First, the sample size was relatively small, 
primarily due to the limited number of lung cancer patients 
who received ICI therapy at our center. Consequently, the 
statistical significance of some findings may be compromised. 
Further research involving larger cohorts is essential to 
strengthen the validity and generalizability of our results.

Moreover, additional investigations are required to 
establish the underlying mechanisms of action and determine 
the clinical significance of using BBs in combination with ICIs. 
Furthermore, the importance of ΔSUV on survival outcomes 
also needs to be explored in future studies. These aspects 
will provide a more comprehensive understanding of the 
therapeutic potential and prognostic implications associated 
with the combined use of metformin, BBs, and ICIs in the 
context of lung cancer treatment.

Conclusions
Although further studies are needed to comprehensively 

assess the relationship between increased MGU and 
improved outcomes in patients undergoing ICI therapy, the 
role of PET-CT as a valuable tool for evaluating treatment 
response and irAEs is well established. Our findings 
highlight a significant association between increased OS and 
metformin use. This suggests that metformin could serve as an 
important adjuvant treatment option for patients undergoing 
ICI therapy, regardless of their diabetic or hyperglycemic 
status. Metformin’s synergistic effects through multiple 
pathways, coupled with its accessibility, minimal side effects, 
and favorable safety profile, underscore its potential in 
enhancing treatment outcomes.
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