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Abstract

Background: Immune related adverse events (irAEs) are associated with immunotherapy for cancer and while
results suggest improvement in tumor control and overall survival in those experiencing irAEs, the long-term
impact is debated. We evaluated irAE reports related to high dose interleukin-2 therapy (IL-2) documented in the
PROCLAIMSM registry data base from 2008 to 2016 (NCT01415167, August 9, 2011).

Methods: Reports on 1535 patients, including 623 with metastatic melanoma (mM) and 919 with metastatic renal
cell cancer (mRCC) (7 patients had both diseases), were queried for irAEs. The timing of the event was categorized
as occurring before, during or after IL-2 or related to any checkpoint inhibitor (CPI). mM patients and mRCC
patients were analyzed separately. Tumor control [complete + partial response + stable disease (CR + PR + SD) was
compared between those experiencing no irAE versus those with the development of irAEs. Survival was analyzed
by tumor type related to timing of irAE and IL-2, and in those with or without exposure to CPI.

Results: Median follow-up was 3.5+ years (range 1–8+ years), 152 irAEs were reported in 130 patients (8.4% of all
PROCLAIMSM patients): 99 (16%) in mM and 53 (5.8%) in mRCC patients. 31 irAEs occurred prior to IL-2, 24 during
IL-2, and 97 after IL-2 therapy. 74 irAEs were attributed to IL-2 only (during/ after IL-2). Of the 97 post IL-2 irAEs, 24
were attributed to CPI, and 15 could not be distinguished as caused by IL-2 or CPI. Tumor control was 71% for
those experiencing irAE, and 56% for those with no irAE (p = 0.0008). Overall survival was significantly greater for
those experiencing irAEs during/ after IL-2 therapy, compared to those with no irAE or irAE before IL-2 therapy, in
mM patients, median 48 months vs 18 months (p < 0.0001), and in mRCC patients, median 60 months vs
40 months (p = 0.0302), independent of CPI-related irAEs. IL-2-related irAEs were primarily vitiligo and thyroid
dysfunction (70% of IL-2 related irAEs), with limited further impact.

Conclusions: irAEs following IL-2 therapy are associated with improved tumor control and overall survival. IrAEs
resulting from IL-2 and from CPIs are qualitatively different, and likely reflect different mechanisms of action of
immune activation and response.
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Background
Immune-related adverse events (irAEs) are associated with
immunotherapy for cancer. Data from the 1990’s reported
irAEs following treatment with interferon-α, vaccines, ac-
tivated lymphocytes, and interleukin-2 (IL-2), primarily in
the treatment of the identified immune responsive can-
cers, melanoma and renal cell carcinoma [1–5]. In that
early literature, the most common irAEs reported were
thyroid dysfunction, both hypothyroidism and hyperthy-
roidism, with the frequent development of anti-thyroid
antibodies [6–10]. Additional laboratory studies have de-
scribed activated intra-thyroid lymphocytes [11]. Clinical
observations have demonstrated frequent resolution of
thyroid dysfunction without replacement therapy after
completion of IL-2 treatment, although a number of pa-
tients do require thyroid replacement therapy, including
maintenance replacement. Early reports observed thyroid
dysfunction with immunotherapy in patients with either
metastatic melanoma (mM) or metastatic renal cell cancer
(mRCC), the most commonly treated tumor types. The
correlation of the development of thyroid dysfunction and
clinical outcome was controversial at that time [1–10].
The other most frequently reported irAE from IL-2 with
or without interferon, specific to patients with mM, is viti-
ligo, a depigmentation phenomenon that requires no
intervention. This has been associated with many types of
immunotherapy evaluated in mM, including vaccines,
interferon, IL-2, and adoptive cell transfer [12–15]. Rare
serious irAEs have been reported with cytokine therapy,
including IL-2, usually as case reports, and immune cell
infiltrations were described in affected organs in some
reports [16–19].
The acute toxicity noted with IL-2 administration has

primarily been attributed to the induced capillary leak
syndrome, as well as to effects of secondary cytokine re-
lease [20–27]. Early physiologic studies of IL-2 demon-
strated the interaction of activated mononuclear cells
with endothelium, causing leakage, and vascular accu-
mulation of leukocytes and platelets impairing perfusion
[20–23]. Also demonstrated were the effects of second-
ary cytokines on renal and hepatic function [24–27].
Clinically, the induced acute organ dysfunction (renal,
hepatic, pulmonary) was and is observed during IL-2 ad-
ministration and is rapidly reversible upon discontinu-
ation of IL-2 [20].
The development of immune checkpoint inhibitors

(CPIs) as anti-tumor therapeutic agents, directed at
cytotoxic T-lymphocyte-associated antigen-4 receptor
(CTLA-4) or programmed death receptor −1 (PD-1) or
its ligand (PD-L1) has demonstrated the frequent occur-
rence and a broader spectrum of treatment-related
irAEs. Some require acute therapeutic intervention and
some require long-term management [28–32]. Data sug-
gest the advent of irAEs may correlate with anti-tumor

clinical benefit, although this has not been consistently
seen [4, 7, 12, 14, 32, 33].
In Europe, IL-2 is administered at lower doses and for

prolonged courses, therefore longer exposure, and irAEs
are reported with these regimens as well [10]. Some have
postulated that those who do well on such therapy will
have longer exposure as the treatment continues, and
therefore be at more risk of developing irAEs, rather
than the irAE signaling better outcome [34]. However, a
recent meta-analysis makes a strong case that the devel-
opment of vitiligo following immunotherapy of any type
has a positive prognostic impact in mM [14]. With re-
gard to mRCC, reports are mixed, with some strongly
indicating a relationship between irAEs and activation of
the anti-tumor component of the immune response and
others reporting no correlation [4, 7, 9, 10].
Therefore, to provide a contemporary evaluation of IL-

2-related irAEs and clinical outcome, and to reflect
treatment with high dose IL-2, administered as a short
course, without maintenance, we searched the PRO-
CLAIMSM data-base (2006–2016), a registry study based
on treatment with high dose IL-2 (ProleukinR). We re-
port the spectrum of irAEs reported in the registry re-
lated to high dose IL-2, and evaluate their occurrence
with respect to disease response and overall survival.

Methods
Patients (Table 1)
The PROCLAIMSM registry is a data base study
(NCT01415167) collecting information on patients treated
with high dose IL-2 from 2006 and ongoing. The study was
approved by the investigational review boards of the sites
enrolling subjects and all patients provided written, in-
formed consent. The data reported herein reflects patients
treated from 2006 to 2016. As of the data cutoff, 1535 pa-
tients have been entered, including 426 accrued retrospect-
ively, and 1109 (72%) accrued prospectively. This report

Table 1 Patients 2006–2016 (n = 1535)a

Metastatic Melanoma (mM) 623 patients

62% male, 38% female

Median age, 53 years,

Range, 19–84 years

Metastatic Renal Cell Cancer (mRCC) 919 patients

72% male, 28% female

Median age, 57 years,

Range, 18–84 years

7 patients had both mM and mRCC – counted in each subset

Data retrospectively accrued 426 patients

Data prospectively accrued 1109 patients (72%)

Median follow-up 3.5+ years, range 1–8+ years
a7 patients had both diseases
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includes information on 623 patients with mM and 919 pa-
tients with mRCC (7 patients had both diseases). These re-
ports were queried for the development of irAEs. All
reported AEs and SAEs were evaluated for potential irAEs,
in addition to those reported directly as irAEs. AEs, SAEs,
and irAEs were not audited, and reporting was a function
of data entry at each participating site. Acute AEs and SAEs
related to IL-2 administration which resolved after treat-
ment were considered secondary to capillary leak syndrome
or secondary cytokine effects, and consistent with standard
management and assessments noted in previous reports
[20–22, 35–38].
The emphasis of PROCLAIMSM is collection of data

related to IL-2 treatment, however some reports in-
cluded irAEs related to additional CPI treatment (not
universally capturing all of these). IrAEs were catego-
rized as occurring before, during or after IL-2 adminis-
tration, and evaluated for relationship to IL-2 and/or to
CPI administration. Median follow-up for the entire
1535 patients was 3.5+ years (range 1–8+ years).

Statistical analysis
Overall response rate (ORR), complete + partial re-
sponse (CR + PR) as well as tumor control (TC), CR +
PR + stable disease (CR + PR + SD) was compared be-
tween all patients reported to have irAEs versus those
with no irAE, using Fisher’s exact test. This was evalu-
ated overall, and evaluated based on disease type. Over-
all survival (OS) of mM and mRCC patients was
analyzed by disease type. OS curves were estimated by
Kaplan-Meier method, and comparison was made be-
tween those with no-irAE or irAE occurring before IL-2
(group I) versus those with irAE occurring during or
after IL-2 administration (group II), and significance was
analyzed by the Log-rank test. Additional OS curves
were constructed, limited to patients with irAEs related
to IL-2 only, excluding those attributed to CPI.

Results
One hundred fifty-two irAEs were reported in 130 pa-
tients (8.4% of all PROCLAIMSM patients). This in-
cluded 68% males and 32% females, with a median age

of 55.5 years (range 24–75 years). Ninety-nine irAEs oc-
curred in patients with mM (16% of mM patients), and
53 irAEs occurred in patients with mRCC (5.8% of
mRCC patients). Thirty-one irAEs occurred in patients
prior to their receiving IL-2 treatment, and some were
attributed to prior therapy, such as adjuvant interferon.
Twenty-four irAEs occurred during treatment with IL-2,
and 97 irAEs developed after completion of IL-2 treat-
ment. Seventy-four irAEs were attributed to IL-2 (occur-
ring during or after IL-2). Twenty-four irAEs occurred
after IL-2 and after subsequent CPI, and were attributed
to CPI. With another 15 irAEs, the cause could not be
distinguished between IL-2 or CPI (Table 2).
We evaluated the median number of IL-2 doses re-

ceived related to the development and timing of irAEs.
The median number of doses for those with no irAEs
was 19; for those with irAEs during IL-2 treatment
(could be between courses, but total doses were
counted) the median number of doses was 25, and for
those who developed an irAE after IL-2, the median
number of doses was 25. Therefore, there was no appar-
ent dose-irAE relationship.

Immune-related events (Table 3)
These data from PROCLAIMSM confirm that the major-
ity of IL-2 related irAEs were primarily vitiligo (all in pa-
tients with mM) and thyroid dysfunction (greater
incidence in mRCC patients than mM patients) com-
prising 70% of irAEs attributed to IL-2, and with limited
further impact on well-being. Less than 5% of limited
irAEs related to IL-2 alone required intervention (i.e.
holding IL-2), and these included joint pain, neuropathy,
hepatitis. Serious irAEs related to IL-2 were reported
and described below. Of note, in the PROCLAIMSM data
base, reporting of specific end-organ antibodies was not
requested.
Additional irAEs were reported and associated with

subsequent CPI treatment, but not all CPI treatment or
CPI-related irAEs were captured within the PRO-
CLAIMSM data base. Examples of irAEs reported and at-
tributed to CPI include auto-immune hemolytic anemia,
vitiligo, psoriasis, colitis, hepatitis, thyroid dysfunction,

Table 2 Timing of Immune-Related Adverse Events with Relation to IL-2 Treatment

irAEs/Total Patients (%) Prior to IL-2 During IL-2 After IL-2

Total 152/1535 (8.4%) 31 24 97

mM 99/623 (16%) 16 12 71

mRCC 53/920 (5.8%) 15 12 26

Total irAEs 31 24 97

Related to IL-2 NA During and after IL-2 74

Undetermined if Related to IL2 or CPI NA 15

Related to CPI NA 24

mM metastatic melanoma, mRCC metastatic renal cell cancer, irAEs immune-related adverse events, IL-2 interleukin-2, CPI checkpoint inhibitor, NA - not applicable
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uveitis, encephalopathy, adrenal insufficiency and hypo-
physitis. These data from PROCLAIMSM confirm the
frequent serious nature of irAEs related to CPI adminis-
tration, often requiring acute intervention and possibly
chronic management (52% of CPI irAEs – hypophysitis,
colitis, hepatitis, uveitis).

Serious immune-related events (Table 3)
Among patients experiencing irAEs and reported to the
PROCLAIMSM registry, there were 15 serious irAEs re-
ported in 14 patients. Nine were in patients with mM
and 6 were in patients with mRCC. Among the mRCC
patients, all 6 serious irAEs occurred during IL-2 admin-
istration. Among the mM patients, 4 events were during
IL-2 administration, and 5 were after IL-2. Of note,
myocarditis was reported in 9 patients, all occurring
during IL-2 administration and requiring termination of
IL-2 therapy. This diagnosis was evaluated in all cases
based on enzyme release (laboratory evaluation), and in
7, there were no clinical, ECG, or echocardiogram find-
ings, consistent with IL-2-mediated myocarditis. In one
case, there were abnormal ECG and echocardiogram
findings and clinical symptoms, and in one case there
were asymptomatic ventricular arrhythmias. All cases re-
solved, and there were no chronic effects noted. Two
additional serious irAEs attributed to IL-2 were the de-
velopment of myasthenia gravis in one patient and
Guillain-Barre syndrome in one patient. Four additional

serious irAEs reported in PROCLAIMSM were attributed
to subsequent CPI therapy, and include one each of col-
itis, encephalopathy, neuropathy, and uveitis.

Response evaluation (Tables 4 and 5)
We evaluated best overall response (OR = CR + PR) and
the achievement of tumor control (TC = CR + PR + SD)
among all patients with irAEs, irrespective of timing of
occurrence versus those with no irAEs. When evaluated
overall, OR was observed in 34.5% of patients with irAEs
and 21.8% of those with no irAEs, a significant differ-
ences in OR (p = 0.0014). TC was observed in 71% of pa-
tients experiencing irAEs compared with 56% of those
who did not experience irAEs, a significant difference in
tumor control (p = 0.0008).
We also evaluated TC and OR by disease type, among

those with irAEs versus those with no irAEs. In patients
with mM, OR was 38.1% in those with irAE and 20.8% in
those with no irAE (p = 0.0058). TC was 72.6% in those
with irAE and 51.8% in those with no irAE (p = 0.0013). In
contrast, in patients with mRCC, OR was 28.3% in those
with irAE and 22.6% in those with no irAE (p = 0.5999)
and TC was 69.6% in those with irAE compared with
58.9% in those with no irAE (p = 0.6263), Thus, the signifi-
cant difference observed in response and tumor control
correlating with immune events is driven by the signifi-
cant effect in patients with melanoma, although the num-
bers of mRCC patients is smaller.

Overall survival
OS was significantly greater among those experiencing
irAEs during or after IL-2 treatment (Group II), com-
pared with those with no irAEs or irAEs reported prior
to IL-2 treatment (Group I). Among patients with mM,
those experiencing irAE during/after IL-2 had a median
survival of 48 months compared with 18 months for

Table 3 Immune Related Adverse Events (irAEs) and Serious
irAEs Reported

IrAEs related to Interleukin-2

1. 70% low level requiring no to minimal intervention

a. Vitiligo in mM patients

b. Thyroid dysfunction: 3 times more common in mRCC than mM

2. <5% irAEs reported requiring intervention (holding IL-2)

a. joint pain

b. Neuropathy

c. Hepatitis by enzyme elevation

15 Serious irAEs reported in overall Data Base among 152 irAEsa

6 in patients with mRCC – all during IL-2

9 in mM patients – 4 during IL-2; 5 after IL-2

9 patients - Myocarditis – all during IL-2

7 patients, only enzyme release; no clinical, electrocardiogram or
echocardiogram findings

2 patients – elevated enzymes; 1- abnormal electrocardiogram and
symptoms; 1 – elevated enzymes and asymptomatic ventricular
arrhythmia.

1 patient each - Myasthenia Gravis, Guillain Barre - both related to IL-2

4 serious irAEs reported related to CPIa: 1 each: colitis, encephalopathy,
neuropathy, uveitis
airAEs related to CPI were not required to be reported

Table 4 Tumor Response by Immune-Related Adverse Event
Occurrence

Best Responsea irAE, n = 130 pts No irAE, n = 1405 pts

Complete Response (CR) 8 (6.2%) 67 (4.8%)

Partial Response (PR) 37 (28.5%) 239 (17%)

Stable Disease (SD) 48 (37%) 483 (34.4%)

Progressive Disease 32 (25%) 470 (33.5%)

Missing 5 (3.8%) 146 (10.4%)

CR + PR + SD (n, %) 93 (71%) 789 (56%)
bp = 0.0008

CR + PR (n, %) 45 (34.6%) 306 (21.8%)
cp = 0.0014

irAE immune-related adverse event; pts.-patients;
aBest response is determined from responses captured between baseline IL-2
administration and prior to subsequent treatment
bFisher’s exact test comparing CR + PR + SD by irAE to no irAE
cFisher’s exact test comparing best response by irAE to no irAE
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those with no or prior irAE (p < 0.0001), (Fig. 1a).
Among patients with mRCC, those experiencing irAE
during/after IL-2 had a median survival of 60 months
compared with 40 months for those with no or prior
irAE (p = 0.0302), (Fig. 2a). Subsequent analysis removed
subjects whose irAEs were attributed to CPIs, and the
OS curves remain statistically significantly greater for
those experiencing irAEs during/after IL-2 and attrib-
uted to IL-2. (Figs. 1b, 2b).

Discussion
Immunotherapy for cancer has long been associated
with immune related adverse events (irAEs) affecting
non-tumor target tissues [1–7]. The most frequently af-
fected organ reported is the thyroid gland, with both
hypo- and hyper dysfunction described. Other frequent
end-organ targets are liver and skin, and also reactiva-
tion of prior autoimmune conditions, such as colitis,
psoriasis, and rheumatoid arthritis. Although there is de-
bate regarding the relationship of irAEs with respect to
improved clinical outcome [4, 7, 9, 10, 12, 14], more re-
cent data support this relationship [14, 33]. In this

report, we have provided a contemporary evaluation of
the relationship between IL-2 -related irAEs and clinical
outcome of patients with mM and mRCC following high
dose IL-2 treatment.
The PROCLAIMSM data base provides largely pro-

spectively accrued data on patients treated with high
dose IL-2, and provides information on treatment
course, toxicity, clinical outcome and potential long-
term toxicity. Additionally, in this era of multiple new
treatments, it provides an initial snapshot of outcome of
sequential therapies for patients with mM and mRCC,
and in some cases, sequential toxicities, based on the
different treatments employed. This study however, may
be limited by the lack of consistent reporting of low
grade irAEs from either IL-2 or CPI, as well as no re-
quirement for reporting of CPI use and subsequent
emergence of CPI-related irAEs in these patients.
The majority of irAEs related to IL-2 therapy are low-

grade, involving thyroid and skin, and not requiring
major intervention or change in therapy [1–9, 14]. How-
ever, serious irAEs may occur and careful monitoring of
patients receiving high dose IL-2 is always warranted,

Table 5 Response by irAE and Disease Type

Best Response mM mRCC

irAE, n = 84 No irAE, n = 539 irAE, n = 46 No irAE, n = 873

Complete Response (CR) 5(6.0%) 23(4.3%) 3 (6.5%) 44(5.0%)

Partial Response (PR) 27 (32.1%) 89 (16.5%) 10 (21.7%) 153 (17.5%)

Stable Disease (SD) 29 (34.5%) 167 (31.0%) 19 (41.3%) 317 (36.3%)

Progressive Disease (PD) 19 (22.6%) 211 (39.1%) 13 (28.3%) 262 (30.0%)

Missing 4 (4.8%) 49 (9.1%) 1 (2.2%) 97 (11.1%)

CR + PR (n,%) 32 (38.1%) 112 (20.8%)
aP = 0.0058

13 (28.3%) 197 (22.6%)
aP = 0.5999

CR + PR+ SD (n, %) 61 (72.6%) 279 (51.8%)
bP = 0.0013

32 (69.6%) 514 (58.9%)
bP = 0.6263

aFisher’s exact test comparing best response by irAE
bFisher’s exact test comparing tumor control by irAE

Fig. 1 a: Overall Survival for Melanoma Patients with or without Immune-Related Adverse Events, Comparing Group I (no irAE/or irAE before IL-2) with
Group II (irAE During/After IL-2). (Autoimmune Disease = irAE), p < 0.0001. b: Overall Survival in Patients with mM, comparing Group I with Group II,
removing those with irAEs due to CPI. (Autoimmune Disease = irAE), p < 0.0001
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for both the acute toxicity of the treatment, and the po-
tential for serious irAEs such as myocarditis and neuro-
logic events [16, 18, 19]. Nevertheless, the vast majority
of patients treated with high dose IL-2 have no long-
term sequelae once treatment is complete. In the pub-
lished literature, there is reported a broader spectrum
and often greater intensity of irAEs noted in patients
treated with CPI therapy [23, 33, 39]. Of note is the ob-
servation in patients treated with sequential immuno-
therapies, that there is not always recapitulation of the
same toxicities (personal communications). It is hypoth-
esized that differences in activation of T-cell responses
and subsets are reflected in the different spectrum of
irAEs observed among different classes of immunother-
apy agents.
In this contemporary report of irAEs associated with

high dose IL-2 treatment, the following observations have
been made: [1] Overall, patients developing IL-2 related
irAEs have significantly improved response (CR + PR) and
tumor control (CR + PR + SD) compared to those who did
not develop irAEs (Table 4). However, when analyzed by
tumor type, this actually reflects a greater impact on re-
sponse and tumor control in the melanoma patients ex-
periencing irAEs, albeit the number of renal patients is
smaller than the number of melanoma patients (Table 5).
[2] The development of IL-2-related irAEs is associated
with significantly improved overall survival in both mM
and mRCC patients, when analyzed individually, com-
pared to those with no irAEs (Figs. 1a and 2a), and exclud-
ing those with CPI-associated irAEs (Figs. 1b and 2b).
These findings continue to support the association of im-
mune activation from immunotherapy with better patient
outcome. Of interest is the differential effect in mRCC,
with a survival benefit, despite similar response rates in
those with irAE and no irAE. This could be a factor of the
smaller numbers, or in fact, to differences in effect on the
disease itself. This may be relevant as immunotherapy ex-
pands into other disease entities.

These findings, and those reported with respect to
CPIs also suggest new considerations as clinical trials
move further into the study of combination immuno-
therapy for cancer. The combination of anti-CTLA-4
plus anti-PD-1 checkpoint inhibitors in patients with
mM has demonstrated a higher response rate compared
to single agent anti-CTLA-4, and an increase in grade 3/
4 irAE rate [40–43].
However, a different combination reported by

Prieto et al. of 3 phase II studies, two with the com-
bination of anti-CTLA-4 and peptide vaccine and
one with the combination of anti-CTLA-4 and high
dose IL-2 in patients with advanced melanoma dem-
onstrated combinability in terms of toxicity [44]. In
the long-term follow-up of these studies, it is not-
able that the combination of anti-CTLA-4 with IL-2
demonstrated a doubling of complete response rate
compared to the CR rate in the two studies with
anti-CTLA-4 and peptide vaccine (17% vs 6%, 7%), and of
the 15 CR patients, 14 were ongoing at the time of the re-
port at 54+ to 99+ months [44]. Additionally, the median
survival for the 3 regimens was greatest in those receiving
anti-CTLA-4 with IL-2 (16 months vs 14 and 13 months)
and the 5-year survival was 25% in the group with
anti-CTLA-4 and IL-2. Of considerable interest was a
reduced incidence of grade 3/4 irAEs among the pa-
tients receiving anti-CTLA-4 plus IL-2 compared to
those in the two protocols receiving anti-CTLA-4
plus peptide vaccine (17% vs 29%, 32%). The authors
postulate that IL-2-related induction of regulatory T-cells
in addition to cytotoxic T-cells may decrease the activity
of auto-reactive T-cells that may lead to serious irAEs and
thus improve the therapeutic ratio [44]. This clearly needs
further investigation.
The addition of activated tumor-infiltrating lympho-

cytes (TILs) in combination with IL-2, initially studied
in advanced melanoma, but now in multiple tumor
types, continues to be investigated. These approaches

Fig. 2 a: Overall Survival for mRCC Patients with or without Immune-Related Adverse Events, Comparing Group I (no irAE/or irAE before IL-2) with
Group II (irAE During/After IL-2) (Autoimmune Disease = irAE), p = 0.0302. b: Overall Survival in Patients with mRCC, comparing Group I with
Group II, removing those with irAE due to CPI. (Autoimmune Disease = irAE), p = 0.0302

Curti et al. Journal for ImmunoTherapy of Cancer  (2017) 5:102 Page 6 of 9



utilize shorter courses of high dose IL-2 or different
dose/schedules of IL-2 [45, 46]. Single institution studies
report greater responses and apparent improved survival
[45, 46]. Historical series have only reported acute toxic-
ities, and not irAEs. Numerous trials are ongoing, in-
cluding multicenter trials, with central production of
TILs, as well others exploring differing doses of IL-2,
and combinations of IL-2, TILs and CPIs. The occur-
rence of irAEs, either early or late should be compiled.
Another approach to enhancing the immunotherapeu-

tic effect of IL-2 involves the combination of localized
radiation (producing tumor antigen release) followed by
high dose IL-2. A recent publication by Hannan et al.
has demonstrated the potential for synergy from this ap-
proach in patients with mRCC [47]. In this single insti-
tution report, there appeared to be enhanced clinical
activity and follow-up is ongoing. Of interest would be
the level of low grade versus high grade irAEs with this
approach. The investigators do not note unexpected tox-
icity (Hannan, personal communication) Others are ex-
ploring this combination also, among patients with both
mM and mRCC.
Considering the recent evaluation of the combination

of anti-CTLA4 plus anti-PD1 in mM and the similarity
in outcome with anti-PD1 alone, as well as the less se-
vere irAE profile with anti- PD1, this agent may in fact
be a clinically very feasible agent to combine with IL-2.
Studies are ongoing. The results from the Prieto, et al.
report support that serious irAEs from the combination
of a checkpoint inhibitor (anti-CTLA-4) and IL-2 will
not a priori be additive, and in fact might be less, and
manageable with such combinations [44]. They did not
report irAEs of less than grade 3 severity, which in our
series reflect 70% of IL-2 related irAEs. A recent review of
the newer immunotherapies is entitled “autoimmune
events - the Achilles’ heel of immunotherapy” [39], but it
is also possible that different combinations will lead to dif-
ferent spectra of toxicity, with the potential for enhanced
durable response and survival and lower grade irAEs.
The advantages of an immunotherapeutic agent such as

high dose IL-2 for consideration in combination therapy
are the following: a) the short course of therapy, b) the
extensive experience with its administration, c) the very
limited extent of long-term irAE complications and import-
antly, d) the documented long-term disease-free survivor-
ship demonstrated over many decades [44, 48–54].
Therefore, attempts to enhance antigen presentation, or se-
lective cytotoxic T-cell activation, or ex vivo T-cell activa-
tion, among other approaches, should capitalize on this
investigation of combined immunotherapy.

Conclusions
In summary, the irAE profile observed with high dose
IL-2 in this registry study demonstrates generally

manageable events, and rare long-term toxicity. There
does appear to be a correlation between irAE develop-
ment and improved response (mM) and survival (mM
and mRCC) following treatment with high dose IL-2.
High dose IL-2 is a short, manageable treatment course
that may be combinable with the newer CPI agents and
other developing immunotherapies, and these combina-
tions will not necessarily lead to additive irAEs and tox-
icity. Obviously, the ultimate goal is to enhance response
rate, tumor control and overall survival.

Abbreviations
AE: Adverse events; CPI: Checkpoint inhibitor; CR: Complete response; CTLA-
4: Cytotoxic T-lymphocyte-associated antigen-4 receptor; IL-2: Interleukin-2;
irAEs: Immune-related adverse events; mM: Metastatic melanoma;
mRCC: Metastatic renal cell carcinoma; n: Number; OS: Overall survival; PD-
1: Programmed death receptor-1; PD-L1: Programmed death receptor-ligand-
1; PR: Partial response; SAE: Serious adverse event; SD: Stable disease;
TC: Tumor control; TILs: Tumor infiltrating lymphocytes

Acknowledgements
Not Applicable.

Funding
Support for data collection, analysis and manuscript writing was provided by
research funds from Prometheus Laboratories.

Availability of data and materials
Data supporting the results reported in this article are collected in the
PROCLAIMSM Registry study data base (NCT01415167), maintained and
supported by Prometheus Laboratories, Inc. Access to data in this data base
is through application to the PROCLAIMSM Steering Committee.

Authors’ contributions
Conception and Design: BC, GD, DM, JC, HK, TL8, MM, MW, JD; Collection
and Assembly of Data: JD, NG, JS, MK, TL6, TL8, DM; Data Analysis and
Interpretation: All authors; Writing and Final Approval: All authors.

Authors’ information
Not Applicable.

Ethics approval and consent to participate
This study was approved by the investigational review boards of the sites
enrolling subjects and all patients provided written, informed consent. A
listing of IRBs approving this study is provided.

Consent for publication
Not Applicable.

Competing interests
BC: Research Support: Prometheus, Viralytics, Galectin; Consultant (unpaid):
Agonox, Ubivac; Consultant (paid): Alligator Bioscience, Prometheus; DSMB:
Eisai; Speaker: BMS, Prometheus. GD: No relevant conflicts.
DMcD: Research Support:Prometheus; Consulting: BMS, Pfizer, Merck,
Novartis, Eisai, Exelixis, Array, Genetech.
JIC: Research Support to Institution: Acceleron, Argos, AVEO, BMS,
Prometheus, Roche; Consultant (unpaid): Prometheus; Consultant (paid):
Exelixis; Speakers Bureau: BMS, Merck HK: Consultant (paid): Amgen, Celidex,
Compass Therapeutics, EMD Serono, Merck, Prometheus, Turnstone Biologics;
Speaker Bureau: Merck TL6, Research Funding to institution: Abbott, Abraxis,
Acceleron, Amgen, Argos, AtraZeneca, Aveo, Biovex, BMS, Eisai, Lilly, GSK,
Roche, Immatics, Merck, Novartis, Pfizer, Synta, Threshold Pharma, Millenium,
Tracon, Cerulean, EMD Serono, Prometheus, Macrogenics, Peloton;
Consulting: Prometheus JS, MK: Employees of Primary Biostatistical Solutions,
contracted by Prometheus via Axiom for biostatistical analysis.
TL8, NG: medical science employees of Prometheus Laboratories MM:
Research Funding: Merck, BMS, Alphavax, Chugai, Prometheus, Ipsen;
Honoraria: Genentech, Merck, Taiho, Celgene MKKW: Consultant (paid): Merck

Curti et al. Journal for ImmunoTherapy of Cancer  (2017) 5:102 Page 7 of 9



JD: Research Funding (Prometheus Laboratories); Consultant:Prometheus
Laboratories; DSMB: BMS, Tracon, Merck, Amgen, Eisai BC, GD, DMcD, JIC,
HLK, MM, MKKW, JPD are members of the PROCLAIM Steering Committee.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Providence Portland Medical Center, 4805 NE Glisan Street, Portland, OR
97213, USA. 2Moores Cancer Center, University of California San Diego, 9500
Gilman Drive, La Jolla, CA 92093, USA. 3Beth Israel Deaconess Medical Center,
330 Brookline Avenue, Boston, MA 02215, USA. 4Loyola University Medical
Center, 2160 S First Avenue, Maywood, IL 60153, USA. 5Rutgers Cancer
Center Institute of New Jersey, 195 Little Albany Street, New Brunswick, NJ
08901, USA. 6Indiana University Simon Cancer Center, 535 Barnhill Drive,
Indianapolis 46202, USA. 7Primary Biostatistical Solutions, 2042 Carnarvon Ct,
Victoria, BC V8R2V3, Canada. 8Prometheus Laboratories, 9410 Carroll Park
Drive, San Diego, CA 92121, USA. 9Duke University Medical Center, 2301
Erwin Road, Durham, NC 27705, USA. 10MD Anderson Cancer Center, 1515
Holcombe Blvd, Houston, TX 77030, USA. 11Cancer Research Foundation of
NY, 43 Longview Lane, Chappaqua, NY 10514, USA.

Received: 8 September 2017 Accepted: 30 November 2017

References
1. Atkins MB, Mier JW, Parkinson DR, Gould JA, Berkman EM, Kaplan MM.

Hypothyroidism after treatment with interleukin-2 and lymphokine-activated
killer cells. N Engl J Med. 1988;318:1557–63.

2. Schwartzentruber DJ, White DE, Zweig MH, Weintraub BD, Rosenberg SA.
Thyroid dysfunction associated with immunotherapy for patients with
cancer. Cancer. 1991;68:2384–90.

3. Jacobs EL, Clare-Salzler MJ, Chopra IJ, Figlin RA. Thyroid function
abnormalities associated with the chronic outpatient administration of
recombinant interleukin-2 and recombinant interferon-alpha. J Immunother.
1991;10:448–55.

4. Besana C, Sabbadini MG, Corti C, Di Lucca G, Foppoli M, Marcatti M, Heltai
S, Rugarli C. Autoimmune thyroiditis following interleukin-2 and LAK cell
therapy for metastatic renal cell carcinoma: correlation with tumor
regression. Tumori. 1991;77:339–42.

5. Kirchner H, Korfer A, Palmer PA, Evers P, De Riese W, Knuver-Hopf J, Hadam
M, Goldman U, Franks CR, Poliwoda H, et al. Subcutaneous interleukin-2 and
interferon-alpha 2b in patients with metastatic renal cell cancer: the
German outpatient experience. Mol Biother. 1990;2:145–54.

6. Sauter NP, Atkins MB, Mier JW, Lechan RM. Transient thyrotoxicosis and
persistent hypothyroidism due to acute autoimmune thyroiditis after
interleukin-2 and interferon-alpha therapy for metastatic carcinoma: a case
report. Am J Med. 1992;92:441–4.

7. Weijl NI, Van der Harst D, Brand A, Kooy Y, Van Luxemburg S, Schroder J,
Lentjes E, Van Rood JJ, Cleton FJ, Osanto S. Hypothyroidism during
immunotherapy with interleukin-2 is associated with anti-thyroid antibodies
and response to treatment. J Clin Oncol. 1993;11:1376–83.

8. Vialettes B, Guillerand MA, Viens P, Stoppa AM, Baume D, Sauvan R, Pasquier
J, San Marco M, Olive D, Maraninchi D. Incidence rate and risk factors for
thyroid dysfunction during recombinant interleukin-2 therapy in advanced
malignancies. Acta Endocrinol. 1993;129:31–8.

9. Krouse RS, Royal RE, Heywood G, Weintraub BD, White DE, Steinberg SM,
Rosenberg SA, Schwartzentruber DJ. Thyroid dysfunction in 281 patients
with metastatic melanoma or renal carcinoma treated with interleukin-2
alone. J Immunother Emphasis Tumor Immunol. 1995;18:272–8.

10. Franzke A, Peeste D, Probst-Kepper M, Buer J, Kirchner GI, Brtabant G,
Kirchner H, Ganser A, Atzpodien J. Autoimmunity resulting from cytokine
treatment predicts long-term survival in patients with metastatic renal cell
cancer. J Clin Oncol. 1999;17:529–33.

11. Sato K, Yamazaki K, Shizume K, Yamakawa Y, Satoh T, Demura H, Kanaji Y,
Obara T, Fujimoto Y, Aiba M, et al. Pathogenesis of autoimmune
hypothyroidism induced by lymphokine-activated killer (LAK) cell therapy: in
vitro inhibition of human thyroid function by interleukin-2 in the presence
of autologous intrathyroidal lymphocytes. Thyroid. 1993;3:179–88.

12. Bystryn JC, Rigel D, Friedman RJ, et al. Prognostic significance of
hypopigmentation in malignant melanoma. Arch Dermatol. 1987:1053–5.

13. Chianese-Bullock KA, Woodson EM, Tao H, Boerner SA, Smolkin M, Grosh
WW, Neee PY, Merrill P, Petroni GR, Slingluff CL Jr. Autoimmune toxicities
associated with the administration of antitumor vaccines and low-dose
interleukin-2. J Immunother. 2005;28:412–9.

14. Teulings H-E, Limpens J, Jansen SN, Zwinderman AH, Reitsma JB, Spuls PI,
Luiten RM. Vitiligo-like depigmentation in patients with stage III-IV
melanoma receiving immunotherapy and its association with survival: a
systematic review and meta-analysis. J Clin Oncol. 2015;33:773–81.

15. Rosenberg SA, White DE. Vitiligo in patients with melanoma: normal tissue
antigens can be targets for cancer immunotherapy. J Immunother Emphasis
Tumor Immunol. 1996;19:81–4.

16. Fraenkel PCG, Rutkove SB, Matheson JK, Fowkes M, Cannon ME, Patti ME,
Atkins MB, Gollub JA. Induction of myasthenia gravis, myositis, and insulin-
dependent diabetes mellitus by high-dose interleukin-2 in a patient with
renal cell cancer. J Immunother. 2002;25:373–8.

17. Vial T, Descotes J. Immune-mediated side-effects of cytokines in humans.
Toxicology. 1995;105:31–57.

18. Hanisch UK, Neukaus J, Quirion R, Kettenmann H. Neurotoxicity induced by
interleukin-2: involvement of infiltrating immune cells. Synapse. 1996;24:104–14.

19. Samlowski WE, Ward JH, Craven CM, Freedman RA. Severe myocarditis
following high-dose interleukin-2 administration. Arch Pathol Lab Med.
1989;113:838–41.

20. Dutcher JP, Schwartzentruber DJ, Kaufman HL, Agarwala SS, Tarhini AA,
Lowder JN, Atkins MB. High dose interleukin-2 (Aldesleukin) – expert
consensus on best management practices – 2014. J immunotherapy of
Cancer. 2014;2:26.

21. Rosenstein M. Ettinghausen se, Rosenberg SA. Extravasation of intravascular
fluid mediated by the systemic administration of recombinant interleukin-2.
J Immunol. 1986;137:1735–42.

22. Belldegrun A, Webb DE, Austin HA, Steinberg SM, White DE, Linehan WM,
Rosenberg SA. Effects of interleukin-2 on renal function in patients receiving
immunotherapy for advanced cancer. Ann Intern Med. 1987;106:817–22.

23. Nakagawa K, Miller FN, Sims DE, Lentsch AB, Miyazaki M, Edwards MJ.
Mechanisms of interleukin-2-induced hepatic toxicity. Cancer Res. 1996;56:
507–10.

24. Shalmi CL, Dutcher JP, Feinfeld DA, Chun KJ, Saleemi KR, Freeman LM, Lynn
RI, Wiernik PH. Acute renal dysfunction during interleukin-2 treatment:
suggestion of an intrinsic renal lesion. J Clin Oncol. 1990;8:1839–46.

25. Pfeilschifter J, Rob P, Mülsch A, Fandrey J, Vosbeck K, Busse R. Interleukin-1
beta and tumour necrosis factor alpha induce a macrophage-type of nitric
oxide synthase in rat renal mesangial cells. Eur J Biochem. 1992;203:251–5.

26. Mier JW, Dinarellow CA, Atkins MB, Punsal PI, Permutter DH. Regulation of
hepatic acute phase protein synthesis by products of interleukin-2 (IL-2)-
stimulated human peripheral blood mononuclear cells. J Immunol. 1987;
139:1268–72.

27. Locker GJ, Kofler J, Stoiser B, Wilfing A, Wenzel C, Wögerbauer M, Steger GG,
Zielinski CC, Mader R, Burgmann H. Relation of pro- and anti-inflammatory
cytokines and the production of nitric oxide in patients receiving high-dose
immunotherapy with interleukin-2. Eur Cytokine Netw. 2000;11:391–6.

28. Blansfield JA, Beck KE, Tran K, Yang JC. HughesMS, Kammula US, royal RE,
Topalian SL, Haworth LR, levy C, Rosenberg SA, Sherry RM. cytotoxic T-
lymphocyte-associated antigen-4 blockage can induce autoimmune
hypophysitis in patients with metastatic melanoma and renal cancer. J
Immunother. 2005;28:593–8.

29. Beck KE, Blansfield JA, Tran KQ, Feldman AL, Hughes MS, Royal RE, Kammula
US, Topalian SL, Sherry RM, Kleiner D, Quezado M, Lowy I, Yellin M,
Rosenberg SA, Yang JC. Enterocolitis in patients with cancer after antibody
blockade of cytotoxic T-lymphocyte-associated antigen 4. J Clin Oncol.
2006;24:2283–9.

30. Torino F, Barnabei A, Paragliola RM, Marchetti P, Salvatori R, Corsello SM.
mABs and pituitary dysfunction: clinical evidence and pathogenic
hypotheses. Eur J Endocrinol. 2013;169:R153–64.

31. Abdel-Wahab N, Shah M, Suarez-Almazor ME. Adverse events associated
with immune checkpoint blockade in patients with cancer: a systematic
review of case reports. PLoS One. 2016;11:e0160221. https://doi.org/10.1371/
journal.pone.0160221.

32. Amos SM, Duong CPM, Westwood JA, Ritchie DS, Junghans RP, Darcy PK,
Kershaw MH. Autoimmunity associated with immunotherapy of cancer.
Blood. 2011;118:499–509.

Curti et al. Journal for ImmunoTherapy of Cancer  (2017) 5:102 Page 8 of 9

http://dx.doi.org/10.1371/journal.pone.0160221
http://dx.doi.org/10.1371/journal.pone.0160221


33. Freeman-Keller M, Kim Y, Cronin H, Richards A, Gibney G, Weber JS.
Nivolumab in resected and unresectable metastatic melanoma:
characteristics of immune-related adverse events and association with
outcomes. Clin Cancer Res. 2016;22:886–94.

34. Bouwhuis MG, ten Hagen TLM, Suciu S, Eggermont AMM. Autoimmunity
and treatment outcome in melanoma. Curr Opin Oncol. 2011;23:170–6.

35. Lotze MT, Matory YL, Rayner AA. Ettinghausen se, Vetto JT, Seipp CA,
Rosenberg SA. Clinical effects and toxicity of interleukin-2 in patients with
cancer. Cancer. 1986;58:2764–72.

36. Margolin KA, Rayner AA, Hawkins MJ, Atkins MB, Dutcher JP, Fisher RI, Weiss
GR, Doroshow JH, Jaffe HS, Roper M. Interleukin-2 and lymphokine-activated
killer cell therapy of solid tumors: analysis of toxicity and management
guidelines. J Clin Oncol. 1989;7:486–98.

37. Schwartzentruber DJ. Review: guidelines for the safe administration of high
dose interleukin-2. J. Immunotherapy. 2001;24:287–93.

38. Dutcher J, Atkins MB, Weiss G, Margolin K, Clark J, Sosman J, Logan T,
Aronson F, Mier J. For the CWG. Kidney cancer: the cytokine working group
experience (1986-2001): part II: management of IL-2 toxicity and studies
with other cytokines. Med Oncol. 2001;18:2099–109.

39. June CH, Warshauer JT, Bluestone JAI. Autoimmunity the Achilles’heel of
cancer immunotherapy. Nat Med. 2017;23:540–7.

40. Wolchok JD, Kluger H, Callahan MK, Postow MA, Rizvi NA, Lesokhin AM, et
al. Nivolumab plus ipilimumab in advanced melanoma. N Engl J Med. 2013;
369:122–33.

41. Postow MA, Chesney J, Pavlick AC, Robert C, Grossman K, McDermott D, et
al. Nivolumab and ipilimumab versus ipilimumab in untreated melanoma. N
Engl J Med. 2015;372:2006–17.

42. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al.
Combined nivolumab and ipilimumab or monotherapy in untreated
melanoma. N Engl J Med. 2015;373:23–34.

43. Larkin J, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob JJ, Cowey CL, et al.
CT075 – Overall survival results from a phase III trial of nivolumab combined
with ipilimumab in treatment-naïve patients with advanced melanoma
(CheckMate 067). Proc Am Assoc Cancer Res 2017; abst CT075.

44. Prieto PA, Yang JC, Sherry RM, Hughes MS, Kammula US, White DE, Levy CL,
Rosenberg SA, Phan GQ. CTLA-4 blockade with ipilimumab: long-term
follow-up of 177 patients with metastatic melanoma. Clin Cancer Res. 2012;
18:2039–47.

45. Radvanyi LG, Bernatchez C, Zhang M, Fox PS, Miller P, Chacon J, et al.
Specific lymphocyte subsets predict response to adoptive cell therapy using
expanded autologous tumor-infiltrating lymphocytes in metastatic
melanoma patients. Clin Cancer Res. 2012;18:6758–70.

46. Andersen R, Donia M, Ellebaek E, Borch TH, Kongsted P, Iversen TZ, et al.
Long-lasting complete responses in patients with metastatic melanoma
after adoptive cell therapy with tumor-infiltrating lymphocytes and an
attenuated IL-2 regimen. Clin Cancer Res. 2016;22:3734–45.

47. Ishihara D, Louder K, Akter M, Ahn C, Margulis V, Arriaga Y, Courtney K,
Timmerman R, Brugarolas J, Hannan R. Phase 2 trial of high-dose Interleukin-2
and stereotactic ablative radiation therapy for metastatic clear cell renal cell
carcinoma – interim analysis of iSAbR IL-2 trial. Proc ASTRO, 2016.

48. Yang JD, Sherry RM, Steinberg SM, Topalian SL, Schwartzentruber DJ, Hwu
P, et al. Randomized study of high-dose and low-dose interleukin-2 in
patients with metastatic renal cancer. J Clin Oncol. 2003;21:3127–32.

49. Klapper JA, Downey SG, Smith FO, Yang JC, Hughes MS, Kammula US, Sherry
RM, Royal RE, Steinberg SM, Rosenberg S. High-dose interleukin-2 for the
treatment of metastatic renal cell carcinoma: a retrospective analysis of
response and survival in patients treated in the surgery branch at the National
Cancer Institute between 1986 and 2006. Cancer. 2008;113:293–301.

50. McDermott DF, Cheng S-C, Signoretti S, Margolin KA, Clark JI, Sosman JA,
Dutcher JP, et al. The high dose aldesleukin “select” trial: a trial to prospectively
validate predictive models of response to treatment in patients with
metastatic renal cell carcinoma. Clin Cancer Res. 2015;21:561–8.

51. Chow S, Galvis V, Pillai M, Leach R, Keene E, Spencer-Shaw A, Shablak A, Shanks
J, Liptrot T, Thistlethwaite F, Hawkins RE. High-dose interleukin-2 - a 10-year
single-site experience in the treatment of metastatic renal cell carcinoma:
careful selection of patients gives an excellent outcome. J Immunother of.
Cancer. 2016;4:67. https://doi.org/10.1186/s40425-016-0174-5.

52. Alva A, Daniels GA, Wong MKK, Kaufman HL, Morse MA, McDermott DF, et
al. Contemporary experience with high-dose interleukin-2 therapy and
impact on survival in patients with metastatic melanoma and metastatic
renal cell carcinoma. Cancer Immunol Immunother. 2016;65:1533–44.

53. Clark J, Curti B, Davis E, Kaufman H, Amin A, Alva A, Johnson D, White RL,
Wiernik PH, Dutcher JP. Long-term disease-free survival of melanoma and
renal cell cancer patients following high-dose Interleukin-2. J Clin Oncol 35,
2017 (suppl; abstr e21005).

54. Clark J, Curti B, Davis E, Kaufman H, Amin A, Alva A, Logan T, Hauke R, Miletello
G, Vaishampayan U, Johnson D, White RL, Wiernik PH, Dutcher JP. Long-term
disease-free survival of melanoma and renal cell cancer patients following
high-dose Interleukin-2. Proc Soc Immunother of Cancer, 2017. (abst).

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Curti et al. Journal for ImmunoTherapy of Cancer  (2017) 5:102 Page 9 of 9

http://dx.doi.org/10.1186/s40425-016-0174-5

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients (Table 1)
	Statistical analysis

	Results
	Immune-related events (Table 3)
	Serious immune-related events (Table 3)
	Response evaluation (Tables 4 and 5)
	Overall survival

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

