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Abstract

in clinical trial.

Background: Fatigue was reported as the most common any-grade adverse event (18.3%), and the most common
grade 3 or higher immune-related adverse event (irAE) (0.89%) in patients receiving PD-1/PD-L1 checkpoint inhibitors

Methods: The aim of this retrospective multicenter study was to evaluate the correlations between “early ir-fatigue’,
‘delayed ir-fatigue”, and clinical outcomes in cancer patients receiving PD-1/PD-L1 inhibitors in clinical practice.

Results: 517 patients were evaluated. After the 12-weeks landmark selection, 386 (74.7%) patients were eligible for
the clinical outcomes analysis. 40.4% were NSCLC, 42.2% were melanoma, 15.3% renal cell carcinoma and 2.1% other
malignancies. 76 patients (19.7%) experienced early ir-fatigue (within 1 month from treatment commencement),
while 150 patients (38.9%) experienced delayed ir-fatigue. Early ir-fatigue was significantly related to shortened PFS
(HR=2291[95% Cl 1.62-3.22], p<0.0001) and OS (HR=2.32 [95% Cl 1.59-3.38], p <0.0001) at the multivariate analy-
sis. On the other hand, we found a significant association between the occurrence of early ir-fatigue, ECOG-PS > 2
(p<0.0001), and disease burden (p=0.0003). Delayed ir-fatigue was not significantly related to PFS nor OS.

Conclusions: Early ir-fatigue seems to be negative prognostic parameter, but to proper weight its role we must to
consider the predominant role of performance status, which was related to early ir-fatigue in the study population.

Keywords: Fatigue, Cancer, Immune-related adverse events, IL-6, PD-1/PD-L1 inhibitors, Immunotherapy

Introduction

Immune checkpoint inhibitors (ICIs) are characterized
by a distinctive side effect profile, compared to other anti-
cancer drugs. The adverse events occurring during ICIs
are collectively named as immune-related adverse events
(irAEs). IrAEs mimic autoimmune diseases by definition,
leading to a dysfunction of peripheral T-cells tolerance,
where immune checkpoints play a pivotal role [1, 2].
However, in clinical practice the immunological basis of
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each adverse event occurring during ICIs is an assump-
tion, as if the underlying mechanism is always putatively
immune-related.

A recent systematic review and meta-analysis has sum-
marized the incidence and grade of irAEs across clini-
cal trials with anti-PD-1/PD-L1 (programmed death-1/
programmed death-ligand 1) agents [3]. Fatigue was
reported as the most common any-grade adverse event
(18.3%), and the most common grade 3 or higher irAE
(0.89%) [3]. Considering the recent evidences suggesting
that the occurrence of common irAEs (such as cutane-
ous irAEs, endocrine irAEs and gastro-intestinal irAEs)
might be considered a surrogate predictor of clinical
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benefit with ICI [4, 5], it would be interesting to inves-
tigate the clinical implications of the occurrence of
immune-related fatigue (ir-fatigue) in clinical practice.
We performed the present analysis in order to explore
and weighing the role of ir-fatigue occurrence in cancer
patients receiving PD-1/PD-L1 checkpoint inhibitors.

Materials and methods

This analysis was performed within the already available
“real-life” multicenter retrospective data set, where we
collected clinical data of advanced cancer patients who
underwent treatment with single PD-1/PD-L1 check-
point inhibitors as first or subsequent line [5-7] (Univer-
sity of LAquila, Internal Review Board protocol number
32865, approved on July 24th, 2018). Only patients with
data availability regarding ir-fatigue were included in the
present analysis.

The aim of this analysis was to evaluate the correla-
tions between “early ir-fatigue’, “delayed ir-fatigue’,
and following clinical outcomes: objective response
rate (ORR), progression free survival (PFS) and over-
all survival (OS). In order to minimize the negative
selection effect that the experienceness of fatigue may
have regarding poorer clinical condition, a landmark of
12 weeks was used to perform all the efficacy analysis;
all the patients whit a follow-up for PES shorter than
12 weeks were excluded (regardless of progression
events). We chose 12 weeks because of being the pre-
ferred landmark for patients enrollment in prospec-
tive clinical trials [8]. Early ir-fatigue was defined as the
occurrence of any grade fatigue within the first month
form the immunotherapy commencement, while
delayed ir-fatigue was defined as the occurrence of any
grade fatigue after the first month from the immuno-
therapy commencement. Ir-fatigue and irAEs overall
were graded according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events
(CTCAE; version 4.0) and cumulatively reported as
crude incidence.

Median period of follow-up was calculated according
to the reverse Kaplan—Meier method.

Median PFS and median OS were evaluated using the
Kaplan—Meier method. Chi square was used to corre-
late ORR and ir-fatigue (early and delayed). Cox regres-
sion was used for the univariate analysis of PFS and OS
according to early and delayed ir-fatigue. A multivari-
ate Cox regression was used to evaluate those param-
eters which resulted to be significant at the univariate
analysis. In order to properly weighing the impact on
clinical outcomes and to find appropriate covariates,
the correlations between ir-fatigue, and baseline clini-
cal factors (age, ECOG-PS [Easter Cooperative Oncol-
ogy Group-Performance Status], sex, burden of disease
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and treatment line) were evaluated with the Chi square
test. Baseline factors which were significantly related to
ir-fatigue were not included in the multivariate analyses
[9]. The fatigue reporting across different tumor types
can widely vary [10], then, given to its role, primary
tumor was included in multivariate analysis regard-
less of its significance at univariate analysis. Moreo-
ver, a correlation analysis of ECOG-PS and ir-fatigue,
and an efficacy analyses according to the experience of
early and delayed ir-fatigue, were separately performed
in melanoma and non small cell lung cancer (NSCLC)
cohorts. All statistical analyses were performed using
MedCalc Statistical Software version 19.0.4 (MedCalc
Software bvba, Ostend, Belgium; https://www.medca
lc.org; 2019).

Results

517 patients had data availability regarding ir-fatigue;
treatment commencement ranged from June 2014 to
April 2019. After the 12-weeks landmark selection, 386
(74.7%) patients were eligible for the clinical outcomes
analysis. Table 1 summarized all the patients features
40.4% were NSCLC, 42.2% were melanoma, 15.3% renal
cell carcinoma and 2.1% other malignancies. 67.4% of
the included patients were male. The median age was
68 years and 170 patients (44.0%) were elderly (>70 yo).
48 patients (12.4%) had an ECOG-PS>2, 167 patients
(43.3%) had more than 2 metastatic sites and 137 patients
(35.5%) received PD-1/PD-L1 inhibitors as first line. 213
patients (55.2%) experienced any grade irAEs, while 46
patients (11.9%) experienced G3/G4 irAEs. 76 patients
(19.7%) experienced early ir-fatigue: 2 of them (2.6%)
G3/G4 early ir-fatigue, while 74 (97.4%) G1/G2 early
ir-fatigue. 150 patients (38.9%) experienced delayed ir-
fatigue: 7 of them (4.7%) G3/G4 early ir-fatigue, while
143 (95.3%) G1/G2 delayed ir-fatigue. 61 patient (15.8%)
experienced both early and delayed ir-fatigue.

Among the 382 evaluable patients 173 response of
disease were observed and the ORR was 45.3% (95% CI
38.7-52.5). The ORR among patients who experienced
early ir-fatigue was 36% (95% CI 23.7-52.3), while among
patients who did not experienced early ir-fatigue was
47.5% (95% CI 40.1-55.9), without statistically significant
difference (p=0.0718). The ORR among patients who
experienced delayed ir-fatigue was 42.9% (95% CI 33.1-
54.8), while among patients who did not experienced
delayed ir-fatigue was 46.8% (95% CI 38.4—56.4), without
statistically significant difference (p =0.4641).

The median follow up was 21.2 months. Median
PFS and median OS in the overall population were
16.5 months (95% CI 12.3-23.1; 201 events) and
44.6 months (95% CI 30.4—48.9; 248 censored patients),
respectively. Median PFS of patients who experienced
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Table 1 Patients characteristics

N° (%)
386

Age (years)

Median 68

Range 21-88

Elderly (> 70) 170 (44)
Sex

Male 260 (67.4)

Female 126 (32.6)
ECOG PS

0-1 338 (87.6)

>2 48(124)
Primary tumor

NSCLC 156 (40.4)

Melanoma 163 (42.2)

Renal cell carcinoma 59(15.3)

Others 8(2.1)
No. of metastatic sites

<2 219 (56.7)

>2 167 (43.3)
Type of anti-PD-1/PD-L1 agent

Pembrolizumab 120 (31.1)

Nivolumab 253 (65.5)

Atezolizumab 10 (2.6)

Others 3(0.8)
Treatment line of immunotherapy

First 137 (35.5)

Non-first 249 (64.5)

early ir-fatigue was 7.8 months (95% CI 6.4-9.7; 52
events), while median PFS of patients who did not
was 23.4 months (95% CI 15.9-27.7; 149 events) whit
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a statistically significant difference (HR=2.25 [95% CI
1.63-3.1], p<0.0001) (Fig. la). Patients who experi-
enced early ir-fatigue had a median OS of 11.5 months
(95% CI 10-17.7; 32 censored patients), while patients
who did not experienced early ir-fatigue had a median
OS of 48.9 months (95% CI 44.6-48.9; 216 censored
patients) with a statistically significant difference
(HR=2.63 [95% CI 1.83-3.77], p<0.0001) (Fig. 1b).
Patients who experienced delayed ir-fatigue had a
median PFS of 14.4 months (95% CI 10.5-23.4; 85
events), while patients who did not experienced delayed
ir-fatigue had a median PFS of 17.1 months (95% CI
11.8-24.3; 116 events) (HR=1.11 [95% CI 0.83-1.46],
p=0.4752). Median OS of patients who experienced
delayed ir-fatigue was 30.5 months (95% CI 18.7-44.6;
87 censored patients), while median OS of patients who
did not was 48.9 months (95% CI 48.9-48.9; 161 cen-
sored patients) without a statistically significant differ-
ence (HR=1.28 [95% CI 0.91-1.79], p=10.1431).

Among patients who experienced early ir-fatigue 21
(27.6%) had an ECOG-PS>2, while 27 (8.7%) patients
had an ECOG-PS>2 among patients who did not expe-
rienced early-ir-fatigue (p <0.0001). Similarly, 47 patients
(61.8%) among those who experienced early ir-fatigue,
had more than 2 metastatic sites, while 120 patients
(38.7%) had more than 2 metastatic sites among patients
who did not experienced ir-fatigue (p=0.0003).

We did not find significant associations between
early ir-fatigue and patients sex, age (elderly vs non-
elderly), and treatment line (first vs non-first) (data not
shown). Table 2 summarized univariate and multivari-
ate analyses of PFS, while Table 3 summarized univari-
ate and multivariate analyses of OS; early ir-fatigue was
confirmed an independent predictor for shorter PES
(HR=2.29 [95% CI 1.62-3.22], p <0.0001), and shorter
OS (HR=2.32 [95% CI 1.59-3.38], p <0.0001).
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Table 2 Univariate and multivariate analyses of PFS

Variable Progression free survival

(comparator)

Univariate analysis Multivariate analysis

HR (95% Cl) p-value HR (95% Cl) p-value
Early ir-fatigue
Yes vs no 2.25(1.63-3.1)  <0.0001T 2.29(1.62-3.22) <0.0001
Sex
Male vs female 1.05(0.78-141)  0.7515 — -
Age at diagnosis
Elderly vs non- 1.20(091-1.58)  0.1940 - -

elderly
Primary tumor (melanoma)

NSCLC 1.51(1.09-2.08) 0.0124 1.08(0.76-1.53) 0.6446
Renal cell carci- 155 (1.06-2.28)  0.0241 1.22(0.81-1.85) 0.3445
noma
Others 1.38(043-4.40)  0.5790 0.95(0.29-3.06) 0.9336
Treatment line
Non-firstvs first ~ 1.75(1.28-2.42)  0.0005 1.66 (1.17-2.35) 0.0041

Table 3 Univariate and multivariate analysis of OS

Variable
(comparator)

Overall survival

Univariate analysis Multivariate analysis

HR (95% Cl) p-value HR (95% Cl) p-value
Early ir-fatigue
Yes vs no 2.63(1.83-3.77) <0.0001 2.32(1.59-3.38) <0.0001
Sex
Male vs female 141(0.97-2.05) 0.0669 - -
Age at diagnosis
Elderly vs non- 135(0.96-1.89) 0.0758 - -

elderly
Primary tumor (melanoma)

NSCLC 2.24(1.52-3.28) <0.0001 1.72(1.14-2.60) 0.0095

Renal cell carci- 162 (0.99-2.63)  0.0518 1.40(0.82-2.37) 0.2101
noma

Others 0.74 (0.10-5.38)  0.7679 0.58 (0.07-4.29) 0.5992

Treatment line

Non-first vs first 158 (1.08-2.31)  0.0170 1.33(0.88-2.01) 0.1717

Considering the analysis of melanoma and NSCLC
cohorts, early and delayed ir-fatigue were significantly
related with an ECOG-PS>2 in melanoma patients,
while only early ir-fatigue in NSCLC patients (data
not shown). However, in both melanoma and NSCLC
patients only the early ir-fatigue was significantly
related to shorter PES and OS, while not the delayed ir-
fatigue (data not shown).
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Discussion

Cancer patients fatigue is a well know but complex symp-
tom. It is the most reported symptom and it is related to
the disease itself, to systemic inflammation, psychological
condition, nutritional alterations, treatments side effects,
genetic predisposition, and much more [10, 11].

Recently, Weber et al. [12] have reported that high
baseline serum interleukin-6 (IL-6) levels are associated
with a shortened survival in melanoma patients receiv-
ing nivolumab alone or ipilimumab alone, within the
CheckMate 064 trial population [13]. Also high baseline
serum C-reactive protein (CRP) levels, which is induc-
ible by IL-6 [14], were reported to be related to a short-
ened survival, but only in patients receiving nivolumab
alone [12]. High baseline serum CRP levels revealed
to be related to a shortened survival also in melanoma
patients receiving ipilimumab, nivolumab or the combi-
nation, within the CheckMate 067 trial population [12,
15], and in melanoma patients treated with nivolumab or
dacarbazine within the CheckMate 066 trial population
[12, 16]. Moreover, Weber and colleagues reported that
increasing levels of IL-6 at week 12 were related to dis-
ease response in patients receiving nivolumab alone or
ipilimumab alone [12].

IL-6 is one of the core cytokines involved in the
cytokines release syndrome (CRS), which can occur with
various clinical pictures, ranging from mild flu-like symp-
toms (including fatigue) to severe life-threatening mani-
festations of the overshooting inflammatory response
[17].

Considering the occurrence of fatigue during immu-
notherapy as an immune-related event, it is interesting
to speculate about its underlying mechanisms. Assum-
ing that the immune activation induced by the adminis-
tration of PD-1/PD-L1 checkpoint inhibitors may led to
mild forms of CRS, the clinical occurrence of fatigue dur-
ing immunotherapy might be induced by increasing lev-
els of cytokines responsible of CRS, including IL-6, and
therefore it could be related to worse clinical outcomes.
Correspondingly, common irAEs (such as cutaneous
irAEs, endocrine irAEs and gastro-intestinal irAEs), for
which different underlying mechanisms have been pro-
posed [18, 19], might be considered a surrogate predictor
of clinical benefit with IClIs.

In our study population early ir-fatigue seems to be a
prognostic parameter rather than predictive. Indeed, it
revealed to be an independent predictor for shortened
PES and OS, while was not significantly related to ORR.
On the other hand, delayed ir-fatigue was not related
to any of the measured clinical outcomes. The early
ir-fatigue might be considered as a treatment related
effect, unlike the delayed ir-fatigue, which could be
related to the progressive worsening of clinical condition.
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However, to properly weighing our results we must take
into account the prevalent role of PS and disease burden
(number of metastatic sites). Despite the 12-weeks land-
mark selection, which served to minimize negative selec-
tion biases, we found a significantly association between
early ir-fatigue and poorer PS (p<0.0001), as like early
ir-fatigue and disease burden (p =0.0003). Therefore, we
must not fail in considering that our analysis is flawed by
this association, and of course patients who experienced
early ir-fatigue had a worse outcome mainly because of
the poorer clinical condition.

This analysis has several limitations; as abovemen-
tioned, the selection bias, which does not allow us to
make any conclusive consideration, due to the associa-
tion between poorer clinical condition (PS and disease
burden) and early ir-fatigue. Moreover, also the reporting
of early ir-fatigue in clinical practice was flawed, because
the fatigue might be related to many causes [10, 11]. On
the other hand, our study suffers from a positive selec-
tion bias due to the 12-weeks landmark selection. In our
opinion, for a proper estimation it would be crucial a per-
spective evaluation of serum IL-6 levels together with the
fatigue assessment.

Conclusion

Our study seems to reveal that early ir-fatigue is a nega-
tive prognostic parameter. However, to proper weigh its
role we must to consider the predominant role of perfor-
mance status, which was related to early ir-fatigue in the
study population.
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