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The addition of the immune checkpoint inhibitor (ICPi), pembrolizumab, to standard
pemetrexed- and platinum-based chemotherapy has improved progression-free and overall
survival in patients with metastatic nonsquamous non-small cell lung cancer (NSCLC)
regardless of programmed death-ligand 1 expression.! However, ICPis, pemetrexed-, and
platinum-based chemotherapies each have nephrotoxic potential 2= raising concern that
combination therapy may result in a higher incidence and severity of acute kidney

injury (AKI1) compared with pembrolizumab monotherapy.® In a phase-3 multicenter

trial (KEYNOTE-189), which compared pemetrexed- and a platinum-based agent (either
cisplatin or carboplatin) with versus without pembrolizumab in patients with metastatic
nonsquamous NSCLC, AKI occurred in 12.2% of patients in the pembrolizumab-
carboplatin-pemetrexed group (here-after referred to as “triplet therapy™) compared with
7.6% in the carboplatin-pemetrexed group, suggesting a higher incidence of AKI with triplet
therapy.® Triplet therapy is now first-line treatment for patients with nonsquamous NSCLC
with low programmed death-ligand 1 expression, lacking a targetable mutation in EGFR

or ALK, and pembrolizumab monotherapy is first-line treatment for patients with high
programmed death-ligand 1 expression. Despite the growing use of these therapies, there are
few data regarding the incidence and severity of AKI, along with kidney recovery in patients
receiving triplet therapy versus pembrolizumab monotherapy.

To address this knowledge gap, we used data from 2 separate cohorts to characterize

the clinical features and outcomes of AKI in patients receiving triplet therapy versus
pembrolizumab monotherapy for nonsquamous NSCLC. The Massachusetts General
Brigham (MGB) cohort consisted of adult patients receiving first-line pembrolizumab

for nonsquamous NSCLC, whereas the ICPi-associated AKI (ICPi-AKI) cohort was a
multicenter study of adults diagnosed with AKI directly attributable to the ICPi. The
primary objective was to determine the incidence of AKI in the MGB cohort, AKI

severity and treatment, and kidney recovery rates in patients receiving triplet therapy versus
pembrolizumab in both cohorts.
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RESULTS

Baseline characteristics

In the MGB cohort, 1584 patients received pembrolizumab for thoracic cancer. After
applying the exclusions shown in Supplementary Figure S1A, the cohort consisted of

872 patients with nonsquamous NSCLC, 361 (41%) of whom received triplet therapy

and 511 (59%) of whom received pembrolizumab monotherapy (Table 1).7 Patients in

the pembrolizumab monotherapy group were older and had a lower baseline estimated
glomerular filtration rate than those in the triplet therapy group (mean age: 70 [SD = 12]
years vs. 65 [SD + 10] years, £< 0.01; mean estimated glomerular filtration rate: 80 [SD %
23] ml/min per 1.73 m2 vs. 87 [SD + 18] ml/min per 1.73 m2, £< 0.01). Patients receiving
pembrolizumab monotherapy were more likely to have eosinophilia at the time of AKI (21%
vs. 2%; P < 0.01) but had mostly similar rates of extrarenal immune-related adverse events
before or concomitant with AKI diagnosis (23% vs. 15%; P=0.21; Table 1, Supplementary
Table S1A and B). Proton pump inhibitor use was similar between the groups.

In the ICPi-AKI cohort, 63 patients with nonsquamous NSCLC received pembrolizumab,

of whom 23 (37%) received triplet therapy and 40 (63%) received pembrolizumab
monotherapy (Supplementary Figure S1B). Patients who received triplet versus
pembrolizumab monotherapy were similar with respect to age, sex, comorbidities, baseline
estimated glomerular filtration rate, and proton pump inhibitor use (Table 1). Prior or
concomitant extrarenal immune-related adverse events were more common among those
receiving pembrolizumab monotherapy compared with triplet therapy, though this trend did
not reach statistical significance (43% vs. 17%; £=0.10; Table 1, Supplementary Table S1A
and B).

AKlincidence, etiology, and severity

In the MGB cohort, 82 of 361 patients (23%) in the triplet therapy group developed AKI,
as compared with 95 of 511 patients (19%) in the pembrolizumab monotherapy group
(P=0.16). The distribution of AKI stages 1, 2, and 3 was similar between the groups
(Figure 1a). In multivariable analyses, the incidence of AKI was also similar between the
groups (adjusted hazard ratio: 1.19 [95% confidence interval: 0.88-1.61]; A= 0.25; Table
2). Female sex was also a significant predictor of AKI risk (Supplementary Table S2). The
timing of AKI did not differ significantly in the triplet group versus the pembrolizumab
monotherapy group (median: 81 [interquartile range (IQR): 21-132] days vs. 70 [IQR: 28—
126] days; P=0.95; Table 1). AKI was attributed to ICPi therapy in 28% (27 of 95) of cases
in the pembrolizumab monotherapy cohort, and in 31% (25 of 82) of cases in the triplet
therapy cohort. The breakdown of AKI etiologies is shown in Supplementary Figure S2.

In the ICPi-AKI cohort, the distribution of AKI severity was similar in patients who received
triplet therapy versus pembrolizumab monotherapy (Figure 1b). AKI occurred earlier in the
triplet therapy group versus the pembrolizumab monotherapy group (median: 105 [IQR:
65-140] days vs. 202 [IQR: 128-315] days; £< 0.01; Table 1).
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AKIl treatment and kidney recovery

In the MGB cohort, there were no differences in corticosteroid use between triplet versus
pembrolizumab monotherapy (Table 1). The rates of kidney recovery were also similar
between the groups (84% and 78%; A= 0.39; Figure 1c), as was time to kidney recovery
(median: 11 [IQR: 2-26] days vs. 10 [IQR: 2-29] days; £ = 0.65). There was also no
difference in corticosteroid use or recovery time for cases of AKI attributed to triplet therapy
or pembrolizumab monotherapy (Supplementary Table S3).

In the ICPi-AKI cohort, 28 (44%) were hospitalized at the time of AKI. Corticosteroids
were used more frequently in the ICPi-AKI cohort, with similar usage in patients receiving
triplet therapy versus pembrolizumab monotherapy (Table 1). The rates of kidney recovery
were similar between the groups (48% in both groups; 2= 0.98; Figure 1d), as was time to
kidney recovery (median: 46 [IQR: 22-56] days vs. 39 [IQR: 17-66] days; A= 0.98).

Histopathology

In the ICPi-AKI cohort, 12 of 23 patients (52%) who received triplet therapy and 8 of 63
patients (13%) who received pembrolizumab monotherapy underwent a kidney biopsy. Both
groups had a similar proportion of moderate-to-severe acute interstitial nephritis; however,
those receiving triplet therapy were more likely to have moderate-to-severe acute tubular
necrosis versus those receiving pembrolizumab monotherapy (Supplementary Figures S3
and S4).

DISCUSSION

In 2 independent “real-world” cohorts consisting of nearly 1000 patients with nonsquamous
NSCLC treated with triplet therapy or pembrolizumab monotherapy, we investigated the
incidence and severity of AKI, and kidney recovery, along with associated clinical and
histopathologic features. We found no significant difference in the incidence of AKI
between these 2 treatment regimens. We also found no major differences in AKI severity,
treatment, kidney recovery, or histopathologic findings among patients treated with these 2
regimens. Cumulatively, our findings suggest that triplet therapy does not pose a greater risk
of kidney injury as compared with pembrolizumab monotherapy.

Clinical features of AKI were largely similar among patients who received triplet therapy
versus pembrolizumab monotherapy; however, in the ICPi-AKI cohort, extrarenal immune-
related adverse events were more common among patients receiving pembrolizumab
monotherapy. This finding may reflect a greater likelihood of acute interstitial nephritis

in the pembrolizumab monotherapy group.28

With regard to kidney recovery, we previously found that 64% of patients with all
malignancies who developed ICPi-AKI had kidney recovery.? In this study, rates of recovery
were lower overall among patients with nonsquamous NSCLC (48%), but were similar
between patients receiving triplet therapy versus pembrolizumab monotherapy. Pemetrexed
has been associated with acute tubular necrosis and progressive kidney fibrosis,3#2 and
despite concerns that the addition of pemetrexed to ICPis may increase the risk of AKI
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severity and decrease the likelihood of kidney recovery, our data are potentially reassuring
that this may not be the case.

Although this study includes data from 2 cohorts, it has limitations. First, the MGB cohort
included patients with any cause of AKI and thus captured milder stages of AKI, on average,
than the multicenter ICPi-AKI cohort. In contrast, the ICPi-AKI cohort included patients
with more severe AKI directly attributable to the ICPi, which likely explains the lower rates
of kidney recovery and higher rates of corticosteroid use than in the MGB cohort. Second,
we did not collect data on long-term kidney outcomes after AKI. Third, oncologists may
have opted to treat older and more frail patients with pembrolizumab monotherapy rather
than triplet therapy because of concern for toxicities; as a result, rates of AKI may have
been lower in the triplet therapy group because of selection bias. However, neither age nor
comorbidities have been demonstrated to be risk factors for ICPi-AKI.2:8 Furthermore, our
multivariable model in the MGB cohort did not demonstrate an association between the
treatment regimen and risk of AKI, though this may have been limited by lack of statistical
power. Finally, as dexa-methasone is commonly administered with each cycle of triplet
therapy but not with pembrolizumab monotherapy, this could potentially impact the risk of
developing ICPi-associated AKI or other immune-related adverse events.

In summary, in 2 cohorts of patients with nonsquamous NSCLC, we found that AKI
incidence, severity, and treatment, along with kidney recovery, do not differ between
patients receiving triplet therapy versus pembrolizumab monotherapy. Given the nephrotoxic
potential of combination therapy, these data are potentially reassuring to both nephrologists
and oncologists managing patients on this regimen.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1|. (a) Massachusetts General Brigham (MGB) cohort study with acute kidney injury
(AKI) rates (any AKI incidence and breakdown of stages 1-3); (b) breakdown of the AKI stage
in the immune checkpoint inhibitor-associated acute kidney injury (ICPi-AKI) cohort study; (c)
AKI recovery rates in the MGB cohort; (d) AKI recovery rates in the ICPi-AKI cohort.

In the ICPi-AKI cohort, there was 1 patient in the triplet therapy group who received kidney
replacement therapy (KRT) (4.4%) and was ultimately liberated from KRT, as compared
with 2 patients in the pembrolizumab monotherapy group (5.0%) who received KRT, 1 of
whom was liberated from KRT. In the MGB cohort, 2 patients received KRT, and neither
was liberated from KRT.
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