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Abstract

Objectives. Reliable predictive biomarkers for response to immune
checkpoint inhibition (ICI) are lacking. Pretreatment serum
albumin, a known prognostic and predictive factor in ICI-treated
patients, has been proposed as a potential pharmacokinetic
surrogate marker for anti-PD1/PD-L1 antibodies, as it shares a
homeostatic pathway with IgG. However, this hypothesis is
currently based on theoretical considerations and limited
evidence from retrospective data. Therefore, we comprehensively
investigated the prognostic and predictive value of pretreatment
albumin and its relationship with anti-PD-L1 IgG levels. Methods.
We analysed pretreatment albumin and atezolizumab serum
levels and clinical response in four trials (IMvigor210,
IMvigor211, IMmotion151 and OAK) of patients with metastatic
lung-, renal- or urothelial cancer who received atezolizumab
alone or in combination. Results. A total of 3391 patients were
analysed. Correlation between serum albumin and atezolizumab
levels was weak (Pearson’s coefficient 0.23). We found a strong
prognostic value for pretreatment serum albumin across all
trials. Both atezolizumab serum levels and serum albumin were
independently correlated with overall survival. Importantly, in
the three randomised phase III clinical trials, the survival benefit
for immunotherapy compared with the active comparator arm
was limited to patients with pretreatment serum albumin
> 35 g L�1. Conclusion. Our data do not support the hypothesis
that albumin serves as a surrogate for atezolizumab
pharmacokinetics. However, we show that albumin on its own
exerts strong prognostic value for patients treated with
immunotherapy. As benefit from immunotherapy was limited to
patients with normal/elevated serum albumin levels, baseline
albumin could potentially be used as a predictive marker for
immune checkpoint inhibition.
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INTRODUCTION

Recently, Ming Zheng proposed serum albumin as
a pharmacokinetic surrogate marker for
therapeutic antibody turnover and outcome
prediction in patients treated with anti-PD-1/PD-L1
immune checkpoint inhibitors (ICI).1 He showed a
prognostic and predictive value for serum albumin
in a retrospective, ICI-treated single-centre pan-
cancer cohort (n = 1479). As IgG and albumin share
a common recycling pathway via the neonatal Fc
receptor (FcRn), serum albumin could serve as
simple pharmacokinetic surrogate marker for anti-
PD-1/PD-L1 antibody turnover. Consequently, he
suggested that pretreatment hypoalbuminemia is
associated with reduced ICI efficacy because of
higher IgG clearance and shorter plasma half-life.

The association between high serum albumin
levels and reduced plasma half-life of therapeutic
antibodies has been described.2 In addition, other
studies have established a correlation between
therapeutic antibody levels and prognosis in ICI-
treated cancer patients.3 Therefore, pretreatment
serum albumin potentially represents an easy-to-
implement tool for indirect monitoring of
therapeutic anti-PD-1/PD-L1 antibody levels via
simple, inexpensive and widely available
measurement of serum albumin concentration.

However, his hypothesis is currently based on an
analysis of a retrospective pan-cancer dataset.
Furthermore, albumin is associated with survival in
many cancer entities independently of
immunotherapy and also in nononcological
diseases.4 Besides its well-established prognostic
value, albumin has also been shown in large cohorts
to be predictive in anti-PD-1/anti-PD-L1
immunotherapy.5,6 While Ming Zhang provides
compelling evidence validating a prognostic value
of baseline albumin in ICI-treated cancer patients,
he did not provide data supporting his core
hypothesis: a correlation between serum albumin
and atezolizumab pharmacokinetics.

Therefore, in this study we tested the hypothesis
based on the data of a single-arm phase II
(IMvigor2107) and three randomised phase III
clinical trials (OAK,8 IMvigor2119 and
IMmotion15110), comprising a total of 3391 patients
with metastatic urothelial carcinoma (mUC), renal
cell carcinoma (RCC) and non-small cell lung cancer
(NSCLC), treated with the anti-PD-L1 IgG antibody

atezolizumab. We provide evidence for a strong
prognostic value of pretreatment serum albumin
but only a weak correlation with atezolizumab
concentration. Furthermore, we demonstrate that
patients with hypoalbuminemia are less likely to
benefit from ICI compared with chemotherapy.

RESULTS

A total of 3391 patients from four different phase
II/III trials were evaluated in this study (Table 1).
The absolute atezolizumab concentration in the
blood on Day 1 of Cycle 2 showed a weak
correlation with pretreatment serum albumin
levels across all trials (Pearson correlation
coefficient 0.23 (OAK, IMvigor210/211)–0.26
(IMmotion151), P < 0.001, Figure 1). Of note, in
the IMmotion151 trial albumin weakly correlated
with bevacizumab concentration as well, although
correlation was slightly stronger than with
atezolizumab concentration (correlation coefficient
0.32).

The prognostic value for pretreatment serum
albumin levels was validated in the IMvigor210/211,
IMmotion151 and OAK trials: As an albumin
concentration of 35 g L�1 was the lower limit of the
reference range in all trials, it was used as the cut-
off for our investigation. Other studies have shown
prognostic value of albumin concentration well
above 35 g L�1.4 We therefore investigated the
prognostic relevance of albumin in 3 g L�1

increments as well as continuously in Cox regression.
There was a concentration-dependent prognostic
value for albumin across all trials (Supplementary
table 1 and Supplementary figure 1).

Overall survival (OS) was improved for patients
with albumin > 35 g L�1 in all trials with hazard
ratios (HR) between 0.26 (IMmotion) and 0.58
(IMvigor210; Table 1, Figure 2). Albumin and
atezolizumab concentrations were independently
associated with OS (Supplementary table 2). The
concordance index was higher for albumin
(0.72 � 0.025) than that for atezolizumab
concentration (0.69 � 0.028).

Next, we tested whether pretreatment albumin
had an impact on outcome in the randomised
treatment arms. Strikingly, OS benefit from
atezolizumab when compared to chemotherapy
was limited to patients with baseline albumin
levels > 35 g L�1 (Figure 3). In IMmotion151, there
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was a trend towards a benefit for atezolizumab
+ bevacizumab vs sunitinib in patients with
albumin > 35 g L�1 and in the subgroup of
patients with baseline serum albumin
> 40 mg L�1, atezolizumab + bevacizumab was
associated with significantly prolonged survival
compared with sunitinib (HR 0.67, P = 0.041).

DISCUSSION

We found a weak correlation between albumin
and atezolizumab serum levels in four different
clinical trials. This result strongly opposes the idea
that serum albumin could be used as a surrogate
marker for the pharmacokinetics of atezolizumab
(or more generally for IgG monoclonal antibodies).

The fact that the correlation between
atezolizumab concentration and serum albumin is
weak, and albumin as well as atezolizumab
concentrations independently correlate with
survival, suggests that the proposed
pharmacokinetic effect cannot explain the
prognostic value. Although a common mechanism
(e.g. FcRn) could influence albumin and
atezolizumab turnover, our data do not support
albumin as a marker for atezolizumab
pharmacokinetics. However, in three different
phase III studies we demonstrated that especially
patients with a high pretreatment albumin level
benefit from immunotherapy so that the broadly
available serum albumin might be used as a simple
predictive parameter in routine clinical practice or

Table 1. Prognostic value of baseline albumin and atezolizumab concentration before second application in the four analysed trials

Trial OAK IMvigor210 IMvigor211 IMmotion151

NCT NCT02008227 NCT02108652 NCT02302807 NCT02420821

Cancer type NSCLC UC UC RCC

Phase III II III III

Treatment arms Atezolizumab vs

docetaxel

Atezolizumab

(single arm)

Atezolizumab vs

chemotherapy

Atezolizumab + bevacizumab

vs sunitinib

No. of patients 1158 428 899 906

No. of patients (atezolizumab pharmacokinetic

data available)

486 346 345 409

Median baseline albumin concentration (g L�1) 40 39 40 42

Median atezolizumab concentration before 2

infusions (mg L�1)

81.45 72.15 71.10 82.35

Median cleared atezolizumab fraction 79.02% 79.69% 80.09% 77.15%

Correlation coefficient (albumin and

atezolizumab concentration)

0.23 0.23 0.23 0.26

P-value correlation (albumin and atezolizumab

concentration)

< 0.001 < 0.001 < 0.001 < 0.001

Correlation coefficient (albumin and cleared

atezolizumab fraction)

0.16 0.19 0.21

P-value correlation (albumin and cleared

atezolizumab fraction)

< 0.001 < 0.001 < 0.001

HR albumin ≤ 35 g L�1 vs > 35 g L�1 0.57 0.58 0.51 0.26

P-value ≤ 35 g L�1 vs > 35 g L�1 < 0.001 < 0.001 < 0.001 < 0.001

HR atezolizumab concentration ≤ median

vs > median

0.61 0.65 0.72 0.36

P-value atezolizumab concentration ≤ median

vs > median

< 0.001 < 0.001 0.005 < 0.001

HR immunotherapy vs comparator, albumin

≤ 35 g L�1

0.83 – 0.9 1.05

P-value immunotherapy vs comparatora,

albumin ≤ 35 g L�1

0.2 – 0.5 0.9

HR immunotherapy vs comparator, albumin

> 35 g L�1

0.75 – 0.77 0.76

P-value immunotherapy vs comparatora,

albumin > 35 g L�1

< 0.001 – 0.002 0.063

aIn the OAK and IMvigor trials, atezolizumab was compared with chemotherapy; in the IMmotion151 trial, atezolizumab and bevacizumab were

compared with sunitinib.
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in future clinical trials testing immunotherapy
regimen.

We were able to independently verify that
baseline albumin is prognostic in ICI-treated
patients with RCC, mUC and NSCLC. Albumin is
known to be prognostic in a variety of cancers
and even nonmalignant diseases.4 The reason is
not fully understood but albumin has been
suggested as a surrogate for disease severity in

general and in patients with cancer could also
be a measure of chronic inflammation and
cachexia. In combination with inflammatory
biomarkers like C-reactive protein (CRP), albumin
has a strong prognostic value.11,12 The CRP/
albumin ratio or composite scores like the
(modified) Glasgow Prognostic Score have also
been shown to be prognostic in a wide range
of cancers.13–16

Figure 1. Weak correlation between baseline albumin and atezolizumab concentration before the second dose in all three atezolizumab

monotherapy trials. (a, b) In the OAK trial (NSCLC), as well as the IMvigor 210 and 211 trials (UC) there was a weak correlation between serum

albumin levels at baseline and serum atezolizumab levels before the second dose (Pearson’s correlation coefficient 0.23, P < 0.001). (c) In the

IMmotion151 trial (RCC), atezolizumab was administered in combination with bevacizumab. Correlation with serum albumin was slightly stronger

for bevacizumab (Pearson’s correlation coefficient 0.32) than that for atezolizumab (0.3).

Figure 2. Low baseline albumin is associated with unfavorable outcomes. Serum albumin below 35 g L�1 was associated with significantly

reduced overall survival in NSCLC (OAK) (a), UC (IMvigor210/11) (b) and RCC (Immotion151) (c), and for the phase III clinical trials, both

treatment arms were pooled. In all trials, log-rank P-values were < 0.0001.
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Clearance of the anti-PD-1 antibody nivolumab
decreases over time. This decrease has been
shown to be more pronounced in patients
responding to therapy.17 This has led to the
hypothesis that lower drug clearance (and
therefore higher drug exposure) might be a result
of therapy response, and not the cause.18 This is
corroborated by the finding that pembrolizumab
clearance is correlated with survival in both
2 mg kg�1 and 10 mg kg�1 exposure groups, even
though there was no survival difference between
the treatment groups.19 A correlation
between bevacizumab clearance and serum
albumin has been shown previously. However, the
albumin cut-off has been very low (< 29 g L�1)
and only a 20% increase in clearance has been
observed.20 Our data show a weak albeit
significant correlation between bevacizumab
concentration and albumin that is stronger than
the correlation with atezolizumab. Whether these
differences are because of statistical or biological
variance or specific properties of each monoclonal
antibody warrants further investigation. A
different study found a relationship between
serum albumin, infliximab concentration and
response rate in the setting of ulcerative colitis.2

Whether these findings are informative in the
setting of cancer immunotherapy is questionable,
as causality in the dose–response relationship is
not established in ICI.

As the correlation between atezolizumab
clearance and serum albumin levels across four
clinical trials is weak, FcRn expression alone seems
unlikely to explain the differences in survival. We
therefore do not consider the evidence,
convincing that hypoalbuminemia in patients with
cancer reflects differences in FcRn-mediated
catabolism and can serve as a surrogate marker
for IgG metabolism. Thus, there needs to be a
different explanation for the predictive power of

albumin. We suggest that albumin is a surrogate
marker for the patient’s general health condition.
Given that, ICIs harness the patient’s own immune
system to fight tumor cells a metabolic imbalance
caused by chronic inflammation (e.g. because of
the tumor or co-occurring disease) could impair
antitumor immune responses. This could explain
why in patients with hypoalbuminemia (i.e. strong
metabolic imbalance), ICI is less effective than
chemotherapy, which directly kills tumor cells.
This idea is further supported by the finding that
tumor-induced cytokines (in particular IL-6) can
inhibit hepatic ketogenesis and the resulting
metabolic stress increases plasma corticosteroid
levels which inhibit immunotherapy in mice.21 Our
findings are also consistent with previous reports
that cancer cachexia is prognostic only in ICI-
treated patients but not in chemo-ICI combination
treatment.22

A possible factor driving the prognostic value of
albumin is cancer-induced inflammation and
cachexia. There is a significant negative
correlation between albumin and CRP (correlation
coefficient � 0.46 in the pooled OAK and IMvigor
trials), suggesting that hypoalbuminemia in cancer
patients occurs in the context of chronic
inflammation. Cachexia is increasingly recognised
as an inflammatory condition.11 We show for the
first time in a large, prospective, multicentre,
multicancer dataset that patients with low
albumin levels do not profit from immunotherapy
as compared to chemotherapy. This finding
should be prospectively validated, as albumin
might serve as a predictive biomarker for ICI.

Based on our findings, we believe that albumin
could serve as a cost-effective, easy-to-measure
and implement predictive biomarker in cancer
immunotherapy. To support this idea,
pretreatment and on-treatment albumin should
be evaluated in prospective ICI trials in future.

Figure 3. Benefit from ICI is limited to patients with normal or high baseline albumin. Forest plot of hazard ratio for atezolizumab (OAK,

IMvigor210/211) or atezolizumab + bevacizumab (IMmotion151) vs chemotherapy (OAK, Imvigor210/211) or sunitinib (IMmotion151) in baseline

albumin subgroups. A significant survival benefit for atezolizumab is only present in patients with baseline albumin ≥ 35 g L�1. In the

IMmotion151 trail, neither group shows significant superiority for atezolizumab + bevacizumab; however, there is a trend favoring the

combination in patients with albumin ≥ 35 g L�1.
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METHODS

Data from four phase II/III trials were accessed via the
vivli.org platform (IMvigor210, OAK, IMvigor211,
IMmotion151). As a result of differences in patient
prognosis and characteristics in the different trials (mUC
vs RCC vs NSCLC), analysis was performed in each trial
individually. All laboratory values were measured at the
screening visit.

Survival analyses were performed using Kaplan–Meier
plots and log-rank tests as well as uni- and multivariate Cox
regression. Correlation analysis was performed using
Pearson’s correlation coefficient. Statistical significance was
defined to be P-values < 0.05.

All study protocols were approved by independent ethics
committees for each site (listed in the appendix of the
original publications). An Independent Review Panel (IRP),
including ethics, and the data provider Roche approved our
post hoc analysis (request ID #7797 and #7164). Data
analysis was performed using R Studio (v.1.4).
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