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Abstract

Background Immune checkpoint inhibitors (ICIs) have become a central part of cancer care. However, the survivorship
outcomes in patients treated with ICIs are understudied. Therefore, we conducted a scoping review to evaluate the current
status of the field and to establish research gaps regarding survivorship outcomes with ICIs in real-life cohorts.

Methods We used the Web of Science, PubMed, and Embase databases to systematically filter published studies with real-
life cohorts from January 1, 2010, until October 19, 2022. Studies evaluating at least one survivorship outcome in ICI-treated
patients were included.

Results A total of 39 papers were included. Quality of life (QoL) (n = 23), toxicity burden (n = 16), and psychosocial issues
(n = 9) were the most frequently evaluated survivorship outcomes. Anti-PD-1/PD-L1 monotherapy and a response to treat-
ment were associated with better QoL. In addition, the ICIs were associated with grade 3 or higher immune-related adverse
events (irAEs) in 10-15% and late/long-term irAEs in 20-30% of the survivors. Regarding psychosocial problems, over 30%
of survivors showed evidence of anxiety and depression, and 30-40% of survivors reported neurocognitive impairments.
Conclusion The survivors treated with ICIs have impairments in most survivorship domains. Further research is needed to
gather data on the understudied survivorship outcomes like late and long-term effects, fertility, financial toxicity, and return
to work in survivors treated with ICIs.

Implications for Cancer Survivors Available evidence demonstrates that a significant portion of survivors treated with ICIs
have a significant toxicity burden, lower QoL than the general population, and a high rate of psychosocial problems.

Keywords Immune checkpoint inhibitor - Immunotherapy - Immune-related adverse event - Quality of life - Survivorship

Introduction

Immune checkpoint inhibitors (ICIs) became one of the fun-
damental anti-cancer treatments [1] in the last decade due
to their unique mechanism of action and improved survival
outcomes across several tumors. With ipilimumab being
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the first ICI to obtain regulatory approval in 2011 for the
clinical treatment of metastatic melanoma [2], ICIs have
entered treatment algorithms in most advanced tumors.
These include renal cell carcinoma [3], non-small cell lung
carcinoma [4], gastric and esophageal cancers [5], Hodgkin’s
lymphoma [6], small cell lung cancer [7], and urothelial can-
cer [8].

ICIs have a novel mechanism of releasing the immune
system’s brakes that could create long-standing disease con-
trol and even cure in a significant portion of patients with
advanced cancers, especially in tumors with an immune-
active milieu like melanoma and non-small cell lung can-
cer [9, 10]. Recent studies estimated that almost half of
the patients with advanced melanoma treated with ICIs in
the first line could be cured of the disease [11]. Phase III
clinical trials in non-small cell lung cancer [12] and RCC
[13, 14] demonstrated over 30% 5-year survival rates with
ICIs. Additionally, ICIs have entered the curative adjuvant
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or neoadjuvant settings for several tumors [15-17], further
expanding the target population of ICIs. These rapid devel-
opments, coupled with the long-standing benefits of ICIs
in prolonging survival, have created a new group of survi-
vors of advanced cancer treated with ICIs. While improving
survival was the predominant treatment goal in advanced
cancer, prolonged survival in the last decade highlighted
a need for prioritizing survivorship issues like chronic and
long-term toxicities in patients with advanced cancer treated
with ICIs [18]. Several studies have reported on earlier ces-
sation of ICI in responding patients to prevent toxicities and
to maintain a good functional status, considering that a sig-
nificant portion of the patients could survive a long period
or even be cured [19, 20].

Survivorship is a vital but often neglected part of cancer
care. According to the National Coalition for Cancer Sur-
vivorship (NCCS), all patients with cancer are regarded as
survivors from diagnosis to the end of life to as recognition
of the potential ongoing problems of persons living with
and beyond cancer and to emphasize the necessity to focus
on unmet needs throughout the survivorship trajectory [21,
22]. Hence, we will use the term survivors for the rest of
the manuscript. With the increasing rate of cancer diagno-
ses and treatment options, the number of cancer survivors
is expected to increase continuously [23]. Recent estimates
state that cancer survivors account for about 5% of the gen-
eral population in Western countries [24].

Despite the significant body of evidence on survivorship
outcomes, such as quality of life (QoL) and long-term toxici-
ties, in survivors treated with chemotherapy, radiotherapy,
and surgery, the evidence is limited in survivors treated with
ICIs. Notwithstanding the remarkable rates of durable tumor
response for some survivors, ICI treatments can be toxic.
Most reports on immune-related adverse events (irAE) and
the effects of irAEs on QoL are from clinical trials, reducing
representativeness with real-world cohorts [25]. Addition-
ally, most reports focused on the rates and risk factors of
irAEs only instead of evaluating the effects of ICI toxicities
on patient-reported outcomes [26, 27].

Recent observational studies involving real-world pop-
ulations have reported on a range of outcomes related to
survivorship, such as QoL, symptom burden, psychologi-
cal distress, physical activity [28], and financial problems
[29], and observed significant disruptions in several domains
necessitating dedicated survivorship care in survivors treated
with ICIs. However, the available studies varied in sample
sizes, study designs, evaluated survivor outcomes, and survi-
vor cohorts. With the increased indications and earlier use of
IClIs, an expansion in the number of ICI-treated survivors is
expected. Therefore, we systemically reviewed the survivor-
ship outcomes faced by real-world cancer survivors treated
with ICIs (as mono- or combination therapy). The scoping
review methodology was selected considering the paucity of

the quantitative evidence and heterogeneity of the studies.
The aim of this scoping review was to evaluate the current
status of the field and to create a research agenda by high-
lighting research gaps.

Methods
Literature search

We conducted a scoping review following the Joanna Briggs
Institute (JBI) Methods Manual for Evidence Synthesis [30]
and reported the results according to PRISMA Extension for
Scoping Reviews (PRISMA-ScR) [31]. The study protocol
was registered with the Open Science Framework (OSF)
at the link https://osf.io/7eg5d. As suggested for scoping
reviews, we used the PCC (Population/Concept/Context)
instead of PICO: Population, survivors treated with ICIs;
Concept, survivorship outcomes; Context, real-life setting
[31]. We included studies specifically evaluating the survi-
vorship outcomes in real-life context instead of reports from
the clinical trials, in which the main focus was to evaluate
the efficacy.

We used the Web of Science, PubMed, and Embase
databases to systematically filter the published studies from
January 1, 2010, until October 19, 2022. The selected MeSH
search terms were as follows: (“health-related quality of life”
OR “quality of life” OR “patient reported outcomes” OR
“anxiety” OR “depression” OR “psychological” OR “fear
of recurrence” OR “financial difficulty” OR “financial prob-
lem” OR “return to work” OR “late effect” OR “long-term
immune-related adverse event” OR “survivorship”” OR “sur-
vivor” OR “long-term survivor” OR “financial toxicity” OR
“financial burden” OR “symptom burden” OR “psychologi-
cal distress” OR “psychological well-being” OR “‘sexual”)
AND (“immunotherapy” OR “immune checkpoint inhibi-
tor”). The candidate search terms were selected with the
help of a proposed survivorship care framework [32] by the
research team. As the survivorship care framework used was
very broad [32], we selected to prioritize the survivorship
outcomes affecting the daily life of the survivors, and did
not include the survivorship outcomes related to decision-
making, caregiver burden, and health policy outcomes like
coordination of the cancer care.

Inclusion and exclusion criteria

We included studies that met the following inclusion criteria:
(1) prospective or retrospective study to investigate survivor-
ship outcomes in survivors treated with ICI; (2) included
a survivor cohort; (3) if survivors treated with targeted
therapy and ICI were included, details about the ICI cohort
were available; and (4) peer-reviewed full-text available in
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English. The exclusion criteria of studies were as follows:
(1) review articles, case reports, case series, editorials,
guidelines, dissertations, and opinion papers; (2) animal and
cell-line studies; (3) studies including pediatric patients; (4)
immunotherapy other than checkpoint inhibitors; (5) studies
reporting on survival outcomes only without the data on the
survivorship outcomes; (6) trial protocols; (7) studies evalu-
ating the percentage and risk factors for individual adverse
events only without an effect on patient-reported outcomes
and late toxicities; (8) qualitative studies; and (9) clinical tri-
als. We used the survivorship definition of the NCCS for the
study inclusion and the discussion. In accordance with the
NCCS definition, accepting all patients with cancer as can-
cer survivors after the cancer diagnosis, we included studies
independent of the interval between the ICI start time and
measurement of the survivorship outcomes.

Data extraction

Two authors (DCG, MST) extracted the data to an online
data sheet following the PRISMA-ScR and JBI guidelines,
and any discrepancy between the reviewers was resolved by
the senior author (VA). For each study, lead author names,
year of publication, study type, sample size, follow-up or
evaluation time, tumor type, the ICI agent, evaluated survi-
vorship outcomes, data collection methods, and main results
were collected. If the included study evaluated more than
one survivorship outcome (for example, both QoL and psy-
chosocial problems), the data for all evaluated survivorship
outcomes was extracted, and the individual survivorship
outcomes from the included study were discussed in rel-
evant subsections separately. Due to the heterogeneity of the
study population and included studies, a narrative synthesis
of data was performed. We did not evaluate the individual
study qualities in line with the aims of scoping reviews and
the recommendations of the JBI manual. Additionally, we
searched on the clinicaltrials.gov website to screen ongoing
studies evaluating the survivorship outcomes of survivors
treated with IClIs.

Results

Study selection and descriptive characteristics
of the studies

Our systematic search retrieved 20,056 records. After
removing 6478 duplicates, we screened the remaining
13,578 records for inclusion. A total of 13,150 records
were excluded after evaluating titles and abstracts. After
evaluation of the full texts of the remaining 428 articles, we
excluded a further 389 records as these studies evaluated
other outcomes like efficacy only (n = 245), had no separate
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data for ICIs in the mixed cohorts (n = 67), evaluated com-
binations of ICIs with other immunotherapy agents (n =
10), used data from the databases or previously published
datasets (n = 20), evaluated frequency and risk factors for
individual irAEs only (n = 31), evaluated toxicities of radio-
therapy in survivors treated with ICIs (n = 8), and qualitative
studies (n = 8). A total of 39 studies from the systematic
search were included in the review. The flowchart for article
selection is shown in Fig. 1.

Melanoma was the most frequently evaluated tumor (n
= 14), followed by non-small cell lung cancer (NSCLC) (n
= 12). ICI monotherapy and ICI-ICI combinations were the
most studied treatment regimes, while two studies included
survivors treated with ICI plus chemotherapy regimens.
Most studies were single center (n = 29) and small sample
sizes of fewer than 50, while 17 studies had over 100 par-
ticipants. Prospective cohorts (n = 14) and cross-sectional
studies (n = 14) were the most prevalent study designs. The
definition of survivor varied and mainly included predefined
time points for ICI duration (6—12-24 months), while two
studies only had survivors off therapy. QoL was the most
commonly evaluated survivorship issue (n = 23), followed
by toxicity burden (n = 16) and emotional problems (n =
9). Most studies were from the USA (n = 17), followed by
China (n = 5) and Germany (n = 3). Pembrolizumab (n =
22) and nivolumab (n = 21) were the most frequently used
IClIs in the available studies.

Assessment of QoL and functional status

A total of 23 studies evaluated QoL using validated ques-
tionnaires. The European Organisation for Research and
Treatment of Cancer Core Quality of Life questionnaire
(EORTC QLQ-C30) was used in 12 studies, followed by
the Functional Assessment of Cancer Therapy (FACT) and
EuroQol 5 dimensions 5 level (EuroQoL-5D-5L) in four
studies each. The sample sizes varied between 18 and 412.
Eleven studies were cross-sectional, four were retrospective,
and eight were prospective (Table 1). The symptom and
toxicity burden was evaluated with the symptom scales of
the QoL questionnaires, semi-structured interviews, ECOG
and Karnofsky performance status, and CTCAE grading of
immune-related adverse events by the treating physician.
Most studies reported effects on the multiple QoL
domains, and fatigue was the most frequently affected QoL
domain, with fatigue rates of up to 90% reported with ICIs.
However, a prospective study reported improved QoL with
pembrolizumab monotherapy in melanoma survivors [33].
Furthermore, the rate of fatigue was very variable across
the studies. While Mamoor et al. reported a 28% fatigue
rate in melanoma survivors who were alive at least 12
months after treatment [26], the fatigue rate was 85%
in a study including survivors with NSCLC without a
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Fig. 1 Flowchart for article
selection

20056 records identified from database search

Records excluded after title and
abstract review (n=13150)

-Review, commentary, guideline,

Records after duplicates removed
(n=13578)

case series, and editorial (n=6766)
-Unrelated topic (n=3605)
-Abstract or congress report

(n=144)

-Preclinical study (n=716)

-Case report (n=936)

-Study protocols (n=366)
-Clinical trial (n=131)

-Not in English (n=112)
-Immunotherapy agents other than
ICI (n=256)

-CAR-T (n=118)

Screening of full-text
(n=428)

Records excluded (n=388)

-Other outcomes than survivorship
(n=245)

-No separate data for ICIs (n=67)
-Frequency and risk factors for
individual AEs only (n=31)
-Studies evaluating combination of
ICIs with other immunotherapies
(n=10)

Studies included in
quantitative synthesis (n=39)

-Used data from the previous trials
or dataset (n=20)
-Mainly evaluated radiotherapy

time-prespecified treatment frame [34]. Two studies com-
pared the QoL of the survivors treated with ICIs to the
general population [34-36], and significantly worse QoL
and functional well-being compared to the general popu-
lation were noted in both studies. However, over 90% of
the survivors with long-term disease control under ICIs
were able to carry on routine daily activities. Similar to
QoL, the outcomes regarding functional decline varied
according to the evaluation time. Johnson et al. reported
an ECOG status of 0 or 1 in 23 of the 24 patients with
long-term survival with ICIs. The cohort’s median age
was 60 years and most survivors returned to work [37].
In contrast, Singhal et al. reported a functional decline in
70% of the older adults (>65 years) with lung cancer and
recovery in only 13% of the survivors [38].

toxicities (n=8)
-Qualitative study (n=8)

Factors associated with QoL

The factors affecting the QoL were evaluated in several stud-
ies. Jim et al. observed a similar QoL with different ICI regi-
mens (all monotherapy) [34], while anti-PD-1 monotherapy
was associated with better QoL compared to anti-PD-1/anti-
CTLA-4 combination in survivors with melanoma in the
study by Joseph et al. [33]. It should be noted that QoL was
improved in survivors who responded to ICI therapy (mono-
or in combination), while in survivors without a response
to ICIs, QoL remained stable [33]. In addition to the ICI
regimen, younger age and the need for subsequent therapy
were associated with lower QoL in one study [39]. Schulz
et al. observed that the QoL was lower in survivors who
developed chronic and long-term irAEs than in survivors

@ Springer
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without these adverse events and similar QoL in patients
with chronic autoimmune disorders and survivors with
long-term and chronic irAEs [27]. In addition to these stud-
ies evaluating the denominators of lower QoL, two studies
reported improvements in the QoL in survivors followed
up with an electronic patient-reported outcome (ePRO) tool
when compared with traditional care follow-up [40, 41].

Toxicity burden

The toxicity burden was most commonly evaluated as irAEs.
Grade 3 or higher irAEs were observed in around 10-15%
of the survivors, while in most studies, over 50% of the sur-
vivors had any grade irAEs. The prevalence of late irAEs
was reported in three studies (Table 2). The definition of late
and persistent irAEs in these studies differed from the recent
Society for Immunotherapy of Cancer (STIC) recommenda-
tions for irAE terminology [53]. Nigro et al. defined late
irAEs as irAEs occurred after >12 months of treatment and
reported late irAEs in 30.1% of the survivors treated with
at least 12 months of anti-PD-1/PD-L1 inhibitors [54]. Hall
et al. reported irAEs in 24% of the survivors after at least 6
months of treatment and defined these irAEs as late irAEs
[55]. Hsu et al. defined irAEs lasting over 12 months as long-
term irAEs. They reported long-term irAEs in 23.7% of the
survivors with non-small cell lung cancer treated with ICIs
and late-onset irAEs (occurred at least 1 year after treatment
initiation) in 16% of the patients [56]. In contrast, Argnani
et al. evaluated 32 survivors with non-Hodgkin lymphoma
and reported no late irAEs [57].

Psychological and neurocognitive problems

Eleven studies specifically evaluated psychological out-
comes such as anxiety and depression with dedicated ques-
tionnaires (Table 3). All studies reported a high rate of anx-
iety and depression, ranging from 30 to 82%. While four
studies cross-sectionally assessed anxiety and depression
rates, two studies conducted longitudinal evaluations, and
both reported decreasing levels of anxiety and depression
during ICI treatment. The Hospital Anxiety and Depression
Scale (HADS) was the most frequently used measurement (n
=35), followed by structured interviews and the distress ther-
mometer. Sample sizes were mainly between 100 and 200,
and almost all studies evaluated survivors with non-small
cell lung cancer or melanoma. In addition to the prevalence
of anxiety, depression, and psychological distress, two stud-
ies reported significantly lower overall response rates to ICIs
in survivors with depression or psychological distress [49,
50]. Lastly, Thewes et al. reported fear of recurrence in 60%
of the survivors with non-small cell lung cancer treated with
ICIs, and another study with a limited sample size (73 sur-
vivors, of whom only nine were treated with ICIs) reported

significantly higher fear of recurrence in adolescents and
young adults treated with ICIs compared to survivors treated
with other treatments [60].

Neurocognitive problems were addressed in four stud-
ies. Rogiers et al. evaluated neurocognitive function (NCF)
in long-term survivors previously treated with pembroli-
zumab and ipilimumab and had their treatment ceased after
long-term disease control [35]. The authors reported NCF
disturbances, such as attention, memory, and executive func-
tion, in 32% and 41% of the survivors treated with pembroli-
zumab and ipilimumab, respectively. In addition to these
problems, Invitto et al. reported an increasing rate of olfac-
tory impairments and anosmia in elderly survivors treated
with ICIs compared to survivors treated with CT or geriatric
control subjects [61].

Abbreviations, Afezo, atezolizumab; BPRS, Brief Psychi-
atric Rating Scale; CTCAE, Common Terminology Criteria
for Adverse Events; DCR, disease control rate; ECG, electro-
cardiogram; ECOG, Eastern Cooperative Oncology Group;
EORTC QLQ-C30 PF, European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire
Physical Functioning; FACT-M, Functional Assessment of
Cancer Therapy Melanoma; HADS, Hospitalization Anxiety
and Depression Scale; HRQoL, health-related quality of life;
ICI, immune checkpoint inhibitor; Ipi, ipilimumab; irAE,
immune-related adverse events; LSA, Life-Space Assess-
ment; MoCA, Montreal Cognitive Assessment; NCCN-DT,
National Comprehensive Cancer Network Distress Ther-
mometer; NCF, neurocognitive function; Nivo, nivolumab;
NPAE, neuropsychiatric adverse event; NSCLC, non-small
cell lung cancer; ORR, overall response rate; OS, overall
survival; Pemb, pembrolizumab; PFS, progression-free sur-
vival; RCC, renal cell cancer; RCT, randomized controlled
trial; STAI, State-Trait Anxiety Inventory

Financial toxicity

Financial toxicity was evaluated with a dedicated question-
naire (The Comprehensive Score for Financial Toxicity
(COST)) in two studies. Thom et al. demonstrated that 23%
of the survivors reported financial difficulties independent
of sex, race, treatment type, treatment length, and status in
106 survivors with advanced melanoma [29]. In compari-
son, the risk of financial difficulties (p = 0.010) was higher
in younger survivors (<65 years of age), and a higher per-
centage of younger survivors reported higher than expected
out-of-pocket expenses due to treatment (14% vs. 2%). Only
14% of the younger and 10% of the older survivors reported
satisfaction with their current financial situation. The pres-
ence of financial difficulties was moderately correlated with
lower QoL.

McLouth et al. reported financial hardship in at least two
domains in 52% of survivors with metastatic non-small cell
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lung cancer treated with CT or CT+ICIs [69]. Additionally,
R caregiver employment reduction was related to increased
é Qé patient-reported financial hardship (68% vs. 40%) and finan-
g3 cial distress. In addition to these studies, Lai-Kwon et al.
= 9 . reported EORTC QLQ-C30 financial domain results sepa-
% g % § ?,, g3 a8 ;gf’ é rately and observed financial difficulties in 20% of the sur-
é E 2 % % = % _a§ & E S @ 2z vivors in their study conducted on 69 survivors with mela-
Ei BE8 252322 g“g 25 noma [44]. Johnson DB et al. reported that most long-term
e “ survivors previously treated with ipilimumab could return
, o E to work [37]. However, the exact return to work rate was
E57 |oE unavailable in the study.
5522|358
=E2s s Other outcomes addressed
E } % g ; E* g % %‘) % é % g % @ Patrmel)./ et al. included 217 survivors with melanoma, r.enal
S5 E ETE 230wu<Anzn 8 cell carcinoma, and non-small cell lung cancer who survived
- over 2 years with ICI treatment and observed increased adi-
2 Y % 5 g 2é- posity and muscle mass during treatment, while BMI, blood
g g % E259.8 é glucose, and blood pressure remained stable [39] (Table 4).
g 2 & a2 4as g
Ongoing studies
ERs ? 3 Our search on the clinicaltrials.gov website retrieved a total
£ § s = of 14 records. Almost all studies were active and in the
3 recruiting phase. Sample sizes were variable and spanned
. b= less than a hundred participants to studies enrolling over
% § 4000 survivors. Nine studies specifically cited immunother-
3 E apy survivorship, while the other five studies included both
o survivors on treatment with ICIs or basket cohorts including
S O survivors treated with other treatment modalities in addition
g d to ICIs. Three studies included melanoma survivors only,
= Z and the irAEs and QoL were the most commonly evaluated
9 survivorship domains, similar to previously published stud-
; ies (Supplementary Table).
g = 2
wn = —
v Discussion
= 3
é‘%" g In this scoping review of 39 studies that included samples
20 A from real-life cohorts, we observed that QoL was impaired
3 in survivors treated with ICIs. A significant portion of the
i 0 8 survivors had delayed/late-onset and chronic adverse events
E s 3 and psychosocial problems in studies conducted in cohorts
& @ with prolonged survival with ICIs. However, most of the
studies had limited sample sizes and limited follow-up,
«g < lacked an adequate control group, and did not follow the
é 2 survivors longitudinally, pointing out a need for prospec-
= «~ tive studies with larger sample sizes. Additionally, several
é é § survivorship outcomes, like sexual problems, financial toxic-
§ _ ity, and return to work, were very understudied, and further
= 2 & research is needed in these areas. To the best of our knowl-
% ::f 5§ edge, our study is the first systematic review evaluating the
e |2 s ® survivorship outcomes in real-life cohorts.
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In addition to the long-term burden of treatment toxici-
ties and the effects of cancer on the body, cancer survivors
are coping with psychological, physical, spiritual, and social
problems [70]. Over 40% of cancer survivors have unmet
survivorship needs, irrespective of treatment received [71,
72]. Furthermore, the survivors with unmet needs have a
lower QoL, treatment satisfaction, and even survival [73].
Therefore, the comprehensive addressing of the survivor-
ship issues, such as psychological problems and long-term
toxicities, is paramount. However, the survivorship research
with ICIs lagged, with QoL results mainly available from the
clinical trials, necessitating the evaluation of survivorship
in real-life cohorts. Haslam et al. estimated that around 40%
of persons with cancer were eligible for treatment with ICIs
according to FDA approvals as of 2019 [74]. Considering
the rapid expansion of ICI indications in the last 3 years,
these figures are expected to increase. Therefore, most sur-
vivors with advanced cancers and a sizeable portion of those
with localized cancers treated with ICI could benefit from
improvements in ICI survivorship care.

The irAEs are among the most important problems during
treatment with ICIs. The frequency of all grade and severe
irAEs was around 70 and 10% in the pivotal clinical tri-
als [75-77]. The most frequent adverse events were skin
and endocrine irAEs, while gastrointestinal and pulmonary
irAEs were associated with higher morbidity and mortality
[78]. The evidence from the real-life data confirmed these
figures [79, 80]. Additionally, these observational studies
demonstrated a high rate of late irAEs emerging after ICI
cessation [81]. Further, these studies reported novel adverse
events like carpal tunnel syndrome, uveitis, neurocognitive
dysfunction, and chronic musculoskeletal problems [82—-84].
However, most of these reports were case series focusing
on the AE presentation and management. Further research
is needed to define the prevalence of these possibly under-
recognized adverse events as well as the effects of adverse
events on survivors’ QoL, psychosocial problems, and
functioning.

Psychosocial problems are frequent in patients with
cancer, especially in survivors with advanced cancers.
The available studies demonstrate a significant burden
of psychosocial issues in survivors treated with ICIs
[36, 66]. Even more, Rogiers et al. showed a 38% rate of
anxiety and neurocognitive impairment in patients whose
ICI treatments ceased after at least 12 months of disease
control [35]. In addition to anxiety, depression, and sleep
problems, qualitative studies evaluated the survivorship
experience as a whole. They demonstrated additional
complex problems like creating a new routine, issues with
returning to activities of daily life, and constant feelings
of uncertainty [85]. While the available studies used pre-
viously validated questionnaires like HADS to evaluate
psychosocial problems [36, 60], lessons from qualitative

studies point out a need to develop novel questionnaires
to delineate these complex problems in survivors treated
with ICIs due to the unique needs of these survivors with
a lingering prognosis.

Several groups reported high rates of financial toxicity
and out-of-pocket expenditures in ICI-treated survivors [29,
69]. At the same time, no study formally evaluated the return
to work rates in ICI-treated survivors of working age. There
is a wide discrepancy in financial toxicity across different
countries due to differences across insurance policies and
health economics, while all of the available studies regarding
toxicity were from the USA. Therefore, reports of financial
toxicity from countries with variable insurance coverage are
needed. The importance of return to work is expected to
increase due to the increased possibility of long-term dis-
ease control with the earlier use of ICIs in advanced cancers
and the use of ICIs in the adjuvant/neoadjuvant setting and
studies with large sample sizes, as well as the studies evalu-
ating the reflections of work-related issues are required in
ICI-treated patients.

Sexual problems are among the most overlooked prob-
lems in survivors treated with ICIs, with only a handful of
studies with less than 40 survivors focusing only on male
fertility [58]. However, considering the high rates of psy-
chosocial problems in survivors treated with ICIs and high
rates of sexual dysfunction in survivors with advanced
cancers treated with chemotherapy or radiotherapy, a high
rate of sexual problems could be expected for ICI-treated
survivors [86, 87]. Furthermore, a recent preclinical study
demonstrated decreased levels of ovarian follicles in an
ICI-treated mice model [88]. The possibility of a similar
female infertility problem in human studies, as well as stud-
ies evaluating the other dimensions of sexual dysfunction,
is urgently needed.

The available literature highlights a need for higher qual-
ity studies in previously studied survivorship domains like
QoL, toxicity, and psychosocial problems, as well as stud-
ies in understudied areas. As evident from the studies on
QoL, the lack of control groups from the general population
or patients treated with other treatments and the evaluation
of survivorship outcomes in a single time point rather than
longitudinal evaluation during the treatment were major
problems in the available studies. Additionally, the una-
vailability of separate reporting for ICI-treated survivors in
studies, including survivors treated with targeted therapy or
chemotherapy in addition to ICIs, the lack of validated tools,
short follow-up times in most studies, and limited sample
sizes were other limitations. Prospective studies with larger
sample sizes, control arms, and longitudinal follow-up are
urgently needed. The longitudinal follow-up could aid in the
understanding of changes in more problematic survivorship
issues during the treatment course. For example, while acute
irAEs could impact PROs earlier in the treatment course,
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work-related issues and limitations in the functional status
could be more problematic in the long-term survivors.

Another critical point is the use of validated tools uni-
formly across studies to help extrapolate quantitative evi-
dence and generate more reliable data in the form of meta-
analyses in the future. Additionally, PRO assessments should
be included in new studies evaluating ICI toxicities to delin-
eate the effects of toxicities on the daily living of the sur-
vivors. As noted in the “Results” section of the review, the
available studies did not comply with the recent irAE termi-
nology recommendations by STIC. Later studies reporting
according to these recommendations would increase the har-
monization across studies and could aid in the extrapolation
of the data more efficiently. Lastly, there is an urgent need
for studies in understudied survivorship domains. These
include but are not limited to financial toxicity, sexual prob-
lems, and work-related issues. With the expanded use of ICIs
and the increase in the number of survivors in the advanced
setting, more emphasis should be given to these survivorship
outcomes, as evident in the review.

The main strength of this review is the comprehensive
search strategy with the inclusion of several survivorship
outcomes and the inclusive methodology. However, several
limitations inherent to the scoping review methodology
and to the included studies exist. First of all, most of the
included studies had limited sample sizes and heterogene-
ous inclusion criteria. Albeit the broad search strategy in a
scoping review methodology, the small number of identified
quantitative studies limited our ability to discuss individual
survivorship outcomes in more detail. The instruments to
evaluate individual survivorship issues varied across the
studies and this issue limited the cross-trial comparisons
and quantitative synthesis of the data. Additionally, we did
not filter the included studies according to study quality to be
more inclusive. While this strategy was in accordance with
the scoping review methodology, it limited the generaliza-
tion of the results. Lastly, a significant portion of the studies
evaluating the survivorship issues focused on the risk factors
for irAEs instead of the effects of irAEs on PROs. Despite
these limitations, the present review is the first systematic
review evaluating the survivorship issues with ICIs in real-
life cohorts and could serve as a guide to define the current
status and delineate the areas needing further research to
improve survivorship care in patients treated with ICIs.

Conclusion

In conclusion, the available evidence demonstrates that
most survivors treated with ICIs have a significant toxicity
burden, lower quality of life than the general population,
and a high rate of psychosocial problems. Further research
is needed to delineate the survivorship issues in survivors

@ Springer

treated with ICIs in the adjuvant setting, in tumors other than
melanoma and non-small cell lung cancer, as well as efforts
to gather data on the understudied survivorship issues like
fertility, financial toxicity, and return to work in survivors
treated with IClIs.
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