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Summary

Immune checkpoint inhibitors, such as CTLA-4 inhibitors (ipilimumab), PD-1 (nivolumab, pembrolizumab), and PD-
L1 inhibitors (atezolizumab, durvalumab) have become standard in the treatment of numerous malignant tumors.

Immunotherapy blocks the body’s natural protective measures with immune checkpoint inhibitors. It prevents im-
mune over-activation, but it can also affect normal tissue, and cause autoimmune side effects. They cover a diverse spectrum
of events and require different treatment approaches. Immune-related side effects can affect any organ or tissue, but most
commonly affect the skin, colon, lungs, liver and endocrine organs (such as the pituitary or thyroid).

We can divide them according to the anatomical location where they cause side effects. Most of these side effects are
mild to moderate and reversible if detected early and treated appropriately. The most common side effects of CTLA-4 in-
hibitor and PD-1 / PD-L1 inhibitor are skin symptoms (such as rash and itching). Gastrointestinal symptoms (such as diar-
rhea) are more common with CTLA-4 inhibitors, while lung symptoms and thyroid dysfunction occur more frequently with
the use of PD-1/PD-L1 inhibitors.

It is important to determine the side effect, and the degree of the same to be able to treat it adequately. First-grade side
effects are mild, second grade moderate, third grade severe, and fourth grade very severe.

Re-administration of immunotherapy after immunotherapy in patients with significant irAE (immune-related adverse
events) during initial treatment with either a CTLA-4 inhibitor and/or a PD-1 / PD-L1 checkpoint inhibitor can be safely
repeated after discussing and ensuring that the patient does not experience a new serious side effect.
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INTRODUCTION to achieve great responses. Also, immune-related

adverse events (irAE) additionally complicate the

Immune checkpoint inhibitors, such as management and treatment with immunothera-

CTLA-4 inhibitors (ipilimumab), PD-1 (nivolum- py. Because of that, we want to see effective and

ab, pembrolizumab), and PD-L1 inhibitors (at- safe administration of ICIs therapy, with a favor-
ezolizumab, durvalumab) have become standard able response(1-3).

in the treatment of numerous malignant tumors.
In general, the revolution of immune checkpoint
inhibitors (ICIs) was a great success, but resistance
to these drugs restricts the number of patients able

MECHANISM OF ACTION

Immunotherapy blocks the body’s natural
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ness adaptive and innate immune responses to ef-
fectuate the long-lived elimination of diseased
cells. ICIs have fewer off-target outcomes com-
pared with chemotherapy or other treatment op-
tions that kill cancer cells directly(4).

PATTERNS OF IMMUNE RESPONSE

Even at the beginning of the development of
ICIs unconventional patterns of response have
been observed comparing it with normal chemo-
therapy or targeted therapies.

These patterns include durable response, dis-
sociated response, pseudoprogression and hyper-
progression(5). The difference between pseudo-
progression and hyperprogression is basically
that pseudoprogression is defined as an objective
response following initial progression with the
same treatment. On the other hand, hyperprogres-
sion is defined as the unexpected acceleration of
tumor growth after immunotherapy administra-
tion(6,7). Immunotherapy should be stopped ear-
ly in cases where there is suspicion of hyperpro-
gression. Because of that, we need to be extremely
careful in distinguishing pseudoprogression from
hyperprogression.

Pseudoprogression represents an unusual
but favorable pattern of response to immunother-
apy. It should be identified as quickly as possible
in order not to interrupt an efficient treatment too
early. However, typical progression is more com-
mon than pseudoprogression and the decision to
pursue immunotherapy beyond progression
should only be made in patients with an evident
clinical benefit from immunotherapy(8,9). These
unconventional responses were described as pro-
gression based on standard RECIST, new immu-
notherapy-specific radiologic criteria were devel-
oped, such as immune-related response criteria
(irRC), immune-related RECIST (irRECIST), im-
mune RECIST (iRE- CIST) and immune-modified
RECIST (imRECIST)(6,10-12). Also, one of the pat-
terns of immune response is durable response. No
standard definition of durable response exists but
since ICIs stimulate a cancer-specific immune re-
sponse, responses to immunotherapy should be
durable, even after stopping the treatment. Yet an-
other type of response seen with immunotherapy
drugs is the phenomena of dissociated responses.

119

This means that some areas of the tumor may de-
crease with the treatment,whereas other areas
may continue to grow in size(5).

IMMUNE-RELATED ADVERSE EVENTS
(IRAES) AND THEIR MANAGEMENT

Immunotherapy prevents immune over-acti-
vation, but it can also affect normal tissue and cause
autoimmune side effects. They cover a diverse
spectrum of events and require different treatment
approaches. Imnmune-related side effects can affect
any organ or tissue, but most commonly they affect
the skin, colon, lungs, liver and endocrine organs
(such as the pituitary or thyroid)(13).

We can divide them according to the anatom-
ical location where they cause the side effect (Ta-
ble 1.)(14-20). Side effects after treatment with im-
mune checkpoint inhibitors usually occur within a
few weeks or months of starting the treatment, but
can occur at any time during the treatment - as
early as a few days after the first infusion, but
sometimes even 1 year after the end of treatment.
The most common side effects of CTLA-4 inhibi-
tor and PD-1 / PD-L1 inhibitor are skin symptoms
(such as rash 15% - 24% and itching 13% - 35%).
Gastrointestinal symptoms (such as diarrhea 27%
- 54%) are more common with CTLA-4 inhibitors,
while lung symptoms and thyroid dysfunction oc-
cur more frequently with the use of PD-1 / PD-L1
inhibitors. Fatigue is one of the common side ef-
fects with anti-PD 1 (16% - 37%) and anti-PDL 1
(12% -24%) inhibitors while its pathogenesis stays
unclear and only a small number of cases can be
attributed to hypothyroidism. Treatment with the
combinations of CTLA-4 inhibitors and PD-1 is
more likely to cause side effects)(1,2). For ipilim-
umab irAEs are dermatological, gastrointestinal,
and renal toxicities. On the other hand, for pem-
brolizumab they are arthralgia, pneumonitis, and
hepatic toxicities. Nivolumab can cause endocrine
toxicities, and hypothyroidism is most common
for atezolizumab(21-24).

Most of these side effects are mild to moder-
ate and reversible if detected early and treated ap-
propriately. The treatment of immunological side
effects can be divided into the general principle of
treatment and special recommendations consider-
ing the affected organ. It is important to determine
the side effect, and the degree of the same to be
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examination - immunotherapy must be

discontinued permanently

infection or complication - intravenous
> 6 liquid stools or symptoms occurring within 1 hour of eating; also

Rash covering > 30% BSA with
corticosteroids and specialist

GRADE IV

corticosteroids, colonoscopy, infliximab if needed - immunotherapy must

symptoms such as dehydration, fever or a rapid heart rate- intravenous
be discontinued permanently

applies to patients with Grade | and Il stool frequency who have other

DifFiculty breathing and worsening of the symptoms - intravenous

- oral or topical antihistamines
+ intravenous corticosteroids

with or without symptoms

GRADE I11

rithms that help and simplify effective diagnosis
and treatment of adverse effects such as ASCO,
the National Comprehensive Cancer Network, the
European Society of Medical Oncology, the Soci-
ety for Inmunotherapy of Cancer, and the Euro-
pean League against Rheumatism.

First-grade side effects are mild, second
grade moderate, third grade severe, and fourth
grade very severe. The principles for the manage-
ment of side effects associated with immune
checkpoint inhibitors generally include treatment
of first and second-grade symptoms, without in-
terruption or permanent cessation of immuno-
therapy treatment. Patients with persistent sec-
ond-grade symptoms may need to skip one or
more doses of treatment. They also need to be
treated until their symptoms are alleviated or re-
solved with corticosteroids (prednisone 0.5 mg/
kg/day or equivalent)(25,26). Exceptions are sec-
ond-grade thyroid dysfunction side effects, which
can be treated with replacement therapy without
interruption of immunotherapy. With third or

Weight loss, decreased appetite, nausea, diarrhoea, tiredness, muscle
pain - oral or intravenous corticosteroid, specialist examination and

immunotherapy must be discontinued permanently

Immune-related adverse events (irAEs) and their management
or eough - oral corticosteroids | corticosteroids, immunotherapy must be permanently discontinued

- oral or topical antihistamines
and antibiotics

4-6 liquid stools, abdominal

with or without symptoms
pain, nausea - oral

corticosteroids and
colonoscopy if needed

GRADE Il

fourth-grade symptoms treatment is in most cases
discontinued and the patient is treated with high

Rash < 10% BSA | Rash covering 10- 30% BSA | Rash covering > 30 % BSA

with or without
symptoms - oral
- loperamide and
oral electrolytes
- only monitoring

or topical
< 3 liquid stools

antihistamines
based on x ray

GRADE 1

blockers if needed Hypothyroidism (usually grade | or Il) Includes constipation, weakness, weight gain - treatment includes

Hyperthyroidism (usually grade | and Il) without symptoms or tiredness, irritability, palpitations and nervousness - beta-

g
o S
T S 5
° § _§ doses of intravenous corticosteroids (1-2 mg/kg/
82 § day or equivalent) in hospital setting. Also, the pa-
o= T tient is referred to a specialist depending on the
£3 o= 8= affected organ. Patients that benefit from cortico-
g%jg 2 steroid therapy usually improve their condition
3 g o g within 3 days. In those patients who do not im-
583 e prove on steroid therapy, infliximab 5 mg/kg is
o introduced rather than continuing corticosteroid
c 3 é therapy. Infliximab is not used in patients with in-
589228 creased liver function tests because it causes hepa-
2 g5 E totoxicity(2,27).
SEE5 e To conclude, patients with CTCAE grade 1
sst S irAEs typically do not require treatment and, in

LUNG SIDE EFFECTS | Without symptoms, | Breathlessness, chest pain

Immune-related adverse
events (irAEs) and their

menagment
SKIN SIDE EFFECTS

GASTROINTESTINAL
SIDE EFFECTS

Table 1.

most cases, ICIs can be continued or temporarily
stopped. On the other hand, patients with grade 2

LIVER SIDE EFFECTS | Without symptoms | Without symptoms only

a adverse effects should stop ICIs until adverse ef-
o fects drop off. In some particular cases, patients
2 with grade 2 adverse effects can consider adminis-
8% trating glucocorticoids depending on the severity
Su of the organ-specific damage or if irAEs persist
ww

after ICI therapy is stopped. And patients present-
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ing with grade 3 or grade 4 irAEs should initially
receive steroids. In general, patients” oncologists
can treat grade 1 irAEs, but, patients with grade 2
or higher irAEs or those with symptomatic endo-
crine irAEs such as diabetes mellitus or thyroid
disease should be referred to a specialist. For some
organ-specific irAEs (pancreatitis, hypophysitis,
pneumonitis, neurological, rheumatic, and sys-
temic autoimmune diseases), referral to a special-
ist should be strongly considered regardless of
CTCAE severity(28-32).

The association between the incidence of
irAE and the antitumor efficacy of immunothera-
py is somewhat controversial. Some studies sug-
gest that irAE correlates with improved response
and survival rate, while others have failed to show
such association. Further studies are needed to
confirm if the experience of irAE is also a predic-
tion of treatment outcomes(32-35). The use of cor-
ticosteroids or other immunosuppressants, ac-
cording to the available data, does not significant-
ly affect the efficacy of immune checkpoint
inhibitors(36). However, for patients who plan to
re-administer immunotherapy after experiencing
irAE, concomitant administration of immunosup-
pressive therapies is associated with reduced effi-
cacy of immunotherapy.

Prophylaxis for Pneumocystis pneumonia
(PCP) is recommended to patients receiving glu-
cocorticoids for an irAE in the setting of combined
chemotherapy plus immunotherapy; to those with
underlying pulmonary conditions receiving glu-
cocorticoids for an uncomplicated irAE; or to
those with a complicated irAE (eg, those requiring
longer than six weeks of glucocorticoids or addi-
tional immunosuppressive therapy).

Re-administration of immunotherapy after
immunotherapy in patients with significant irAE
during initial treatment with either a CTLA-4 in-
hibitor and/or a PD-1 / PD-L1 checkpoint inhibitor
can be safely repeated after discussing and ensur-
ing no new severe harm occurs. The choice to re-
peat immunotherapy depends on several factors:
the severity and the nature of the initial irAE, the
response to systemic immunosuppression, the
clinical response to the initial immunotherapy
regimen and the availability of alternative treat-
ment options. Data on the effectiveness of this ap-
proach are limited and further clinical studies are
needed to confirm it.
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CONCLUSION

Immune checkpoint inhibitors, such as CTLA-
4 inhibitors (ipilimumab), PD-1 (nivolumab, pem-
brolizumab), and PD-L1 inhibitors (atezolizumab,
durvalumab) have become standard in the treat-
ment of numerous malignant tumors. Because im-
munotherapy will be used more and more in the
future, we must understand its mechanism of ac-
tion, patterns of the immune response, and most
importantly how to notice and adequately treat all
the side effects of immunotherapy.
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Sazetak
TOKSICNOST IMUNOTERAPIE
I. Canjko, L. Peri¢, ]. Flam, M. Kova¢ Bari¢, D. Kotromanovi¢, N. Puselji¢, M. Sambié Penc

Inhibitori imunoloskih kontrolnih tocaka, poput CTLA-4 inhibitora (ipilimumab), PD-1 (nivolumab, pembrolizumab)
i PD-L1 inhibitora (atezolizumab, durvalumab) postali su standardni u lije¢enju brojnih malignih tumora.

Imunoterapija blokira prirodne zastitne mjere tijela inhibitorima imunoloskih kontrolnih tocaka. Sprjecava imunolos-
ku pretjeranu aktivaciju, ali moze utjecati i na normalno tkivo i uzrokovati autoimune nuspojave. Oni pokrivaju raznolik
spektar dogadaja i zahtijevaju razlicite pristupe u lije¢enju. Imunoloske nuspojave mogu utjecati na bilo koji organ ili tkivo,
ali najcesce zahvacaju kozu, debelo crijevo, pluca, jetru i endokrine organe (poput hipofize ili stitnjace).

Mozemo ih podijeliti prema anatomskom mjestu gdje izazivaju nuspojavu. Vec¢ina ovih nuspojava blaga je do umjere-
na i reverzibilna ako se rano otkrije i lije¢i na odgovarajuci nacin. Najcesc¢e nuspojave inhibitora CTLA-4 i inhibitora PD-1/
PD-L1 su nuspojave kozZe (poput osipa i svrbeza). Gastrointestinalni simptomi (poput proljeva) ces¢i su kod inhibitora
CTLA-4, dok se plu¢ni simptomi i disfunkcija stitnjace ¢eSc¢e javljaju uz upotrebu inhibitora PD-1/ PD-L1.

Vazno je utvrditi nuspojavu i stupan;j iste kako biste ju mogli adekvatno lijeciti. Nuspojave prvog stupnja su blage,
drugog stupnja umjerene, treceg stupnja teske i cetvrtog vrlo teske.

Ponovna primjena imunoterapije nakon imunoterapije u bolesnika sa znacajnim irAE (imunoloski povezane nuspoja-
ve) tijekom pocetnog lijeenja bilo inhibitorom CTLA-4 i / ili inhibitorom kontrolne tocke PD-1 / PD-L1 moze se sigurno
ponoviti nakon isklju¢ivanja moguénosti ponovnog povratka ozbiljne nuspojave.

KLJUCNE RUECTL: imunoterapija, inhibitori imunoloskih kontrolnih to¢aka, nuspojave
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