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Background: Surrogate biomarkers of efficacy are needed for anti-PD1/PD-L1 therapy, given the existence of delayed re-
sponses and pseudo-progressions. We evaluated changes in serum IL-8 levels as a biomarker of response to anti-PD-1 blockade
in melanoma and non-small-cell lung cancer (NSCLC) patients.

Patients and methods: Metastatic melanoma and NSCLC patients treated with nivolumab or pembrolizumab alone or
nivolumab plus ipilimumab were studied. Serum was collected at baseline; at 2–4 weeks after the first dose; and at the time-
points of response evaluation. Serum IL-8 levels were determined by sandwich ELISA. Changes in serum IL-8 levels were com-
pared with the Wilcoxon test and their strength of association with response was assessed with the Mann–Whitney test.
Accuracy of changes in IL-8 levels to predict response was estimated using receiver operation characteristics curves.

Results: Twenty-nine melanoma patients treated with nivolumab or pembrolizumab were studied. In responding patients,
serum IL-8 levels significantly decreased between baseline and best response (P <0.001), and significantly increased upon pro-
gression (P¼ 0.004). In non-responders, IL-8 levels significantly increased between baseline and progression (P¼ 0.013). Early
changes in serum IL-8 levels (2–4 weeks after treatment initiation) were strongly associated with response (P <0.001). These
observations were validated in 19 NSCLC patients treated with nivolumab or pembrolizumab (P¼ 0.001), and in 15 melanoma
patients treated with nivolumab plus ipilimumab (P <0.001). Early decreases in serum IL-8 levels were associated with longer
overall survival in melanoma (P¼ 0.001) and NSCLC (P¼ 0.015) patients. Serum IL-8 levels also correctly reflected true response
in three cancer patients presenting pseudoprogression.

Conclusions: Changes in serum IL-8 levels could be used to monitor and predict clinical benefit from immune checkpoint
blockade in melanoma and NSCLC patients.
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Introduction

Targeting the Program Death 1 (PD-1)/Program Death Ligand 1

(PD-L1) pathway has demonstrated unprecedented success against

diverse cancers [1]. Three drugs targeting this co-inhibitory path-

way, nivolumab (anti-PD-1), pembrolizumab (anti-PD-1) and

atezolizumab (anti-PD-L1) have been approved for the treatment

of different tumor types [2–10]. This new treatment strategy

VC The Author 2017. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com.

Annals of Oncology 28: 1988–1995, 2017
doi:10.1093/annonc/mdx190
Published online 8 June 2017

http://www.oxfordjournals.org/


stimulates the immune system to attack tumors instead of directly

targeting tumor cells, a mechanism of action that implies different

patterns of response to therapy [11]. Response to anti-PD-1/PD-

L1 mAbs is usually seen by week 12, albeit some responses may

also occur later in the course of treatment. In addition, up to 15%

of patients may experience pseudoprogression, consisting of in-

creases of�25% in the size of target tumor lesions or even the ap-

pearance of new lesions, that do not represent true tumor

progression and are not confirmed as progressive disease (PD) on

subsequent imaging assessments [12].

Such unconventional response patterns make it difficult to dif-

ferentiate responders from non-responders early on in treatment;

and there are no methods, at this early stage, with which to identify

patients who may ultimately benefit from these immunotherapies.

We have previously demonstrated that serum interleukin-8 (IL-8)

levels reflect tumor burden and allow to monitor response to

BRAF inhibitors (vemurafenib), and an anti-CTLA-4 mAbs (ipili-

mumab) in metastatic melanoma patients [13].

IL-8 is a member of the CXC chemokine family originally identi-

fied as a chemotactic factor for neutrophils [14]. IL-8 is secreted by

malignant cells and tumor stroma cells across many different tumor

types [15, 16]. Multiple mechanisms may be involved in the protu-

moral actions of IL-8, including direct effects on endothelial cells,

malignant cells, cancer stem cells, as well as indirect effects attracting

and/or modulating tumor-associated myeloid cells [17–21].

Here, we studied the association between serum IL-8 levels and

clinical performance of patients with advanced melanoma and

NSCLC patients during treatment with anti-PD-1 mAbs, used ei-

ther as single-agents or in combination with anti-CTLA-4 mAbs.

Materials and methods

Patients and study design

The study was conducted in two parts. In the first part, we aimed to de-
fine the cut-off point that better evaluated serum IL-8 levels to predict
clinical response in metastatic melanoma patients treated with anti-PD-1
mAbs (identification melanoma cohort). In the second part, we aimed to
validate the previous cut-off point in two independent cohorts: meta-
static NSCLC patients treated with anti-PD-1 mAbs (independent
NSCLC cohort) and metastatic melanoma patients treated with anti-PD-
1 mAbs plus anti-CTLA-4 mAbs (independent melanoma cohort).
Treatment and sample collection details are provided in the supplemen-
tary Appendix, available at Annals of Oncology online. The study protocol
was approved by the Institutional Review Boards from both participating
institutions. All patients signed written informed consents.

Sample collection and biochemical assays

Peripheral blood samples were sequentially obtained by venipuncture at
baseline; at the time of first visit to the clinic (2–3 weeks) after starting
treatment; and at each subsequent radiographic tumor evaluation [22].
Serum levels of IL-8 were measured by a commercial enzyme-linked im-
munosorbent assay (ELISA) (Human IL-8 ELISA set; BD Bioescience
Pharmingen). Details are provided in the supplementary Appendix,
available at Annals of Oncology online.

Quantitative in situ IL-8 mRNA measurement

In situ detection of IL-8 mRNA transcripts in FFPE tumor sections was
carried out using the multiplex RNAscope paired-probe assay (Advanced

Cell Diagnostics) coupled to quantitative immunofluorescence, as previ-
ously described [23].

Statistical analyses

Details are provided in the supplementary Appendix, available at Annals
of Oncology online.

Results

Patient population

From November 2008 to May 2016, 63 patients were included in

this study at Yale University and University Clinic of Navarra.

The identification cohort included 29 metastatic melanoma pa-

tients treated with nivolumab or pembrolizumab (identification

melanoma cohort). The validation cohorts included 19 metastatic

NSCLC patients treated with nivolumab or pembrolizumab (in-

dependent NSCLC cohort) and 15 metastatic melanoma patients

treated with ipilimumab plus nivolumab (independent melanoma

cohort). Patients’ baseline and treatment characteristics are

shown in supplementary Table S1, available at Annals of Oncology

online. At a median-follow up of 15 months across the three co-

horts, 13 of 29 patients (44.8%) in the identification melanoma co-

hort, 11 of 19 patients (57.9%) in the independent NSCLC cohort

and 10 of 15 patients (66.7%) in the independent melanoma cohort

had a confirmed objective response by RECISTv1.1, with disease

control rates of 48.2%, 63.1% and 80%, respectively. Two of nine

NSCLC responders presented pseudoprogression (i.e.>25% ini-

tial increase in tumor burden and subsequent imaging evalu-

ations that fulfilled criteria of partial response). Additionally, a

58-year-old female patient with metastatic bladder cancer treated

with atezolizumab (anti-PD-L1 mAb) who presented with pseu-

doprogression and subsequently fulfilled criteria of partial re-

sponse, was studied. The response characteristics of the different

patient cohorts are shown in supplementary Table S2, available at

Annals of Oncology online.

Changes in serum IL-8 levels reflect tumor
response to anti-PD-1 mAbs in metastatic mela-
noma patients

We assessed serum IL-8 levels during single-agent anti-PD-1

mAbs treatment of 29 metastatic melanoma patients. In respond-

ing patients (n¼ 14), median serum IL-8 levels decreased signifi-

cantly at the moment of best response (BR), when compared with

baseline levels [baseline: 63 pg/ml (Q1–Q3: 34.4–202) versus BR:

17.4 pg/ml (Q1–Q3: 11.7–57.7); P <0.001], and significantly

increased upon progression in those cases in which it occurred

[BR: 43 pg/ml (Q1–Q3: 11.5–73.8) versus PD 132 pg/ml (Q1–Q3:

55–405); P¼ 0.004] (Figure 1A, left). In non-responders

(n¼ 15), the median serum IL-8 levels significantly increased

upon progression [baseline 45 pg/ml (Q1–Q3: 19–130) versus PD

85 (Q1–Q3: 51.4–118); P¼ 0.013] (Figure 1A, right). Overall, 13

of 14 responders (92.8%) showed decreased plasma IL-8 at BR

and 13 of 15 non-responders (86.6%) displayed elevation in IL-8

levels.
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Changes in serum IL-8 levels reflect tumor
response to anti-PD-1 mAbs in metastatic NSCLC
patients

We validated our results in 19 NSCLC patients treated with

single-agent anti-PD-1 mAbs (independent NSCLC cohort). In re-

sponding patients (n¼ 12) median serum IL-8 levels decreased

significantly at the moment of BR [baseline 20.8 pg/ml (Q1–Q3:

15.1–29) versus BR 6.5 pg/ml (Q1–Q3: 0–19); P¼ 0.005] (Figure

1B, left). In non-responders (n¼ 7), median IL-8 serum levels

significantly increased at the moment of progression, when com-

pared with baseline levels [baseline 12 pg/ml (Q1–Q3: 0–42) ver-

sus PD 51 pg/ml (Q1–Q3: 22–77); P¼ 0.016] (Figure 1B, right).
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Figure 1. Changes in serum IL-8 levels reflect tumor response in metastatic melanoma and NSCLC patients during treatment with anti-PD-1
mAbs. Metastatic melanoma (n¼ 29) and NSCLC (n¼ 19) patients were treated with anti-PD-1 mAbs and serum IL-8 levels were assessed at
baseline (BL), at the moment of best response (BR), and at the moment of progressive disease (PD). (A) Results of IL-8 levels are plotted in the
different time-points for metastatic melanoma responders (n¼ 14) (left) and non-responders (n¼ 15) (right) according to RECIST 1.1. (B)
Results of IL-8 levels are plotted in the different time-points for metastatic NSCLC (n¼ 12) (left) and non-responders (n¼ 7) (right) according
to RECIST 1.1. Insets show the progression of IL-8 values in each individual patient at the different time-points. Statistical comparisons across
median IL-8 levels in different time-points were made by nonparametric Mann–Whitney U tests. *P <0.05, **P <0.01, ***P <0.001.
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Early changes in serum IL-8 levels predict response
to anti-PD-1 mAbs in melanoma and NSCLC
patients

Due to the observed association between serum IL-8 levels and

tumor response, we hypothesized that early changes in serum IL-

8 concentrations might serve as an early predictor of clinical

benefit to anti-PD-1 treatment. Therefore, we measured serum

IL-8 levels at baseline and 2–3 weeks after starting treatment in

patients from the identification melanoma cohort.

Early changes in serum IL-8 levels were significantly associated

with response to anti-PD-1 mAbs [median change (%): responders

�31.3% [Q1–Q3:�43.8 to (�31.3)]; non-responders 44.4% (Q1–

Q3: 10.7–63.2); P <0.0001], with an area under curve (AUC) in

the receiver operation characteristics (ROC) function of 0.91 (95%

CI 0.78–1.04, P¼ 0.0002) (Figure 2A and B, left). Using the ROC

curve to determine the value of serum IL-8 levels change to predict

response, we chose>9.2% change over baseline as the cut-off point

that combined maximal sensitivity (80%, 95% CI 51.9%–95.67%)

with best specificity (92.9%, 95% CI 66.1%–99.8%).

We validated this cut-off point in the independent NSCLC co-

hort, confirming association with response [median change (%):

responders: �45.6% (Q1/Q3: �59.1/�15.1)], non-responders

27.0% (Q1–Q3: 8.3–52.1); P<0.0001] with an AUC of 1.00 (95%

CI 1.00–1.00, P¼ 0.0004) (Figure 2A and B, middle). In NSCLC

patients, the cut-off point of a>9.2% change showed a sensitivity

and specificity to predict response of 85.7% (95% CI 42.1–99.6)

and 100% (95% CI 73.5–100), respectively.

Changes in serum IL-8 levels reflect and predict
response in metastatic melanoma patients treated
with the combination of anti-PD-1 plus anti-CTLA-4
mAbs

We studied serum IL-8 levels in 15 metastatic melanoma patients

treated with anti-PD-1 plus anti-CTLA-4 mAbs (independent

melanoma cohort). We found that in responsive patients (n¼ 12)

median serum IL-8 levels decreased at the moment of BR [base-

line 42.5 pg/ml (Q1–Q3: 20.7–131.5) versus BR 5.5 pg/ml (Q1–

Q3: 1.7–8.7), P <0.001] (supplementary Figure S1, available at

Annals of Oncology online). Since most patients remained in re-

sponse at the time of data analysis and only 3 of the 15 patients

showed no response [median serum IL-8 levels: baseline 32 pg/ml

versus PD 81 pg/ml], we were unable to study the significance of

serum IL-8 changes at progression. Early changes in serum IL-8

levels in this group were also significantly associated with the

eventual onset of response [median change (%): responders
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Figure 2. Early changes in serum IL-8 levels are associated with response in melanoma and NSCLC patients treated with single-agent anti-
PD-1 mAbs or in melanoma patients treated with the combination of anti-PD-1 plus anti-CTLA-4 mAbs. (A) Percentages of change in serum
IL-8 levels in melanoma patients treated with single agent anti-PD-1 mAbs (left panel); NSCLC patients treated with single agent anti-PD-1
mAbs (middle panel); and melanoma patients treated with anti-CTLA-4 (ipilimumab) and anti-PD-1 (nivolumab) mAbs (right panel), from
baseline levels to 2–3 weeks after start of treatment. Statistical comparisons across median IL-8 levels in responders versus non-responders
were made by nonparametric Wilcoxon test. (B) ROC curves for the correlation of early changes in serum IL-8 levels with response to treat-
ment in the identification melanoma cohort (left panel); the independent NSCLC cohort (central panel); and the independent melanoma cohort
(right panel). The cut-off point of�9.2% increase in serum IL-8 levels is designated by a larger circle. AUC and null hypothesis P-value are indi-
cated inside the graph in each case. **P <0.01; ****P <0.0001.
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�76.7% [Q1–Q3: �92.5 to (�61.8)], non-responders 65.6%

(Q1–Q3: 57.1–110); P¼ 0.004] with an AUC of 1.00 (95% CI

1.00–1.00, P¼ 0.009). Using the 9.2% change as stratification

threshold, the sensitivity was 100% (95% CI 29.2–100) and speci-

ficity 100% (95% CI 73.5–100) (Figure 2A and B, right).

Serum IL-8 levels decrease during
pseudoprogression

We tested serum IL-8 levels in three cancer patients (two NSCLC,

one bladder urothelial carcinoma) that presented pseudoprogres-

sion according to investigator’s criteria. Serum IL-8 levels were

determined at baseline, at the moment of pseudoprogression

(first increase>25% in tumor burden) and in subsequent imag-

ing evaluations that fulfilled criteria of partial response.

Interestingly, despite imaging-assessed increases in the target le-

sion size during pseudoprogression, serum IL-8 levels decreased

and remained lower than baseline at subsequent imaging evalu-

ations. Moreover, serum IL-8 levels steadily increased when one

of these three cancer patients eventually developed PD (supple-

mentary Figure S2, available at Annals of Oncology online).

Serum IL-8 levels reflect tumor IL-8 production

Using multiplexed quantitative fluorescence and the RNAscope

paired-probe assay, we validated an assay for in situ IL-8 mRNA

hybridization using a human colon cancer (HT-29) cell line as a

positive control and a human embryonic kidney 293 (HEK-293)

cell line as a negative control (Figure 3A and B). Then, on NSCLC

patient biopsies we multiplexed in situ IL-8 mRNA with positive/

negative mRNA controls and a panCK protein staining to

determine the level of IL-8 mRNA in the tumor (e.g. cytokeratin-

positive) and stromal (cytokeratin-negative) tissue compartments.

Interestingly, we found that IL-8 was expressed in the lung cancer

tissues and was more abundant in the tumor compartment than in

the stromal compartment (Figure 3C and D). Additionally, we

observed that IL-8 expression in the tumor compartment was

significantly higher in patients with markedly elevated serum IL-8

levels than in cases with low or undetectable serum IL-8

(Figure 3C).

Changes in serum IL-8 levels correlate with overall
survival in metastatic melanoma and NSCLC
patients treated with anti-PD-1

Using the same stratification cut-off point as in the assessment of

response, overall survival was significantly longer in PD-1-treated

melanoma patients presenting early decreases in serum IL-8 levels

(median OS: not reached) than in patients showing early in-

creases (median OS: 7 months, 95% CI: 3.3–10.7; log-rank

P¼ 0.003) (Figure 4A). Similar results were observed in the inde-

pendent NSCLC cohort [median OS (decrease): not reached
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Figure 3. In situ IL-8 mRNA measurement using quantitative fluorescence. (A) IL-8 mRNA transcripts were detected using multiplexed in situ
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The signal in each preparation was measured using quantitative fluorescence. (B) Representative fluorescence captions showing the IL-8
mRNA signal (red channel) in HT-29 cells (upper panels) and HEK-293 cells (lower panels). Nuclei were highlighted with DAPI (blue channel).
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low levels of serum IL-8. (D) Representative fluorescence caption showing the localized IL-8 mRNA signal (red channel), cytokeratin positivity
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versus median OS (increase): 8 months, 95% CI: 0–19.7; log-rank

P¼ 0.004] (Figure 4B). Additionally, univariate analyses (Cox re-

gression model) showed that early increases in serum IL-8 levels

were associated with poorer OS in melanoma patients (HR 3.7;

95% CI: 1.5–9.5; P¼ 0.003) and NSCLC patients (HR 9.78; 95%

CI: 1.0–90.1, P¼ 0.004) treated with anti-PD-1 mAbs.

Discussion

Recent experience has demonstrated that traditional criteria for

evaluation of response underestimate the effect of some new

therapies such as checkpoint inhibitors, due to delayed kinetics

and atypical patterns of response [24]. To address this vital prob-

lem, alternative criteria, termed the immune-related response cri-

teria (irRC), have been implemented [12]. These new response

criteria open the possibility of continuing treatment following

the first progression until a new progression in a second assess-

ment is observed. The rationale is to avoid premature treatment

cessation in patients who will eventually experience clinical bene-

fit. However, irRC also rely on imaging evaluation and suffer

from the inherent limitations of these methods, especially for

early evaluation of treatment results, when it is more difficult to

define response or to declare progression. Early identification of

responders and non-responders could help to avoid unnecessar-

ily prolonged treatments, thus limiting the associated toxicities

and costs.

In this study, we demonstrate that changes in serum IL-8 levels

are associated with response to anti-PD-1 therapy in patients

with metastatic melanoma and NSCLC. Moreover, we show that

early changes in serum IL-8 levels, measured only 2–3 weeks after

starting therapy (before radiologic evaluation) can predict re-

sponse and overall survival. These results are in agreement with

the fact that serum IL-8 concentrations actually reflect tumor

burden [13]. Therefore, these early biochemical changes detected

in peripheral blood could be indicative of changes in tumor bur-

den in the initial weeks of treatment when imaging evaluation is

not conclusive.

IL-8 levels may also be helpful to identify pseudoprogression.

During pseudoprogression, increases in immune tumor infiltra-

tion impact on the overall tumor lesion volume. Current imaging

techniques cannot differentiate the composition of cells inside

the growing lesions. However, serum IL-8 levels might reflect

more accurately changes in the tumor-cell compartment. In this

regard, we present the results of three patients who developed

true pseudoprogression, i.e. initial tumor growth followed by an

objective partial response, during treatment. During the increase

in tumor size as shown by imaging evaluation, serum IL-8 levels

significantly decreased and remained lower than baseline when in

subsequent imaging evaluations the overall tumor mass

decreased. These results generate the hypothesis that changes in

serum IL-8 levels might become a useful tool to diagnose and fol-

low pseudoprogression. However, sequential samples of larger

series of patients experiencing pseudoprogression need to be

studied to confirm these findings.

Recently, other biomarkers sequentially tested in blood have

been shown to be potentially useful to monitor response in mel-

anoma [25] and NSCLC [26] patients treated with anti-PD-1

therapies. These biomarkers, as occurs with serum IL-8 levels,

have the advantage that they are noninvasive, and in contrast to

biopsies, they can be repeated and sequentially studied, and thus

reflect changes in cancer progression during treatment. This

could be a major advantage in the case of immunotherapies, due

to the dynamic nature of the antitumor immune response.

Moreover, serum biomarkers reflect whole tumor burden and

they may represent disease progression in an all-inclusive way,

when compared with methods that only study a fraction of a sin-

gle lesion. Serum IL-8 changes showed a very high specificity and

sensitivity (mean AUC¼ 0.97 among the three different patient

groups) to predict clinical outcome in melanoma and NSCLC pa-

tients treated with anti-PD-1 mAbs. Additionally, we have found

that analyzing the three cohorts individually or mixing all pa-

tients together, the correlation between serum IL-8 levels and

clinical response remains significant, supporting the strength of

the biomarker (supplementary Figure S3, available at Annals of

Oncology online). This could be explained because of a tight con-

trol of IL-8 expression in normal tissues given the potent pro-

inflammatory effect of this cytokine and its easy access to the

bloodstream given its relatively low molecular weight and solu-

bility [27]. However, our results should be confirmed in larger,

independent studies. Moreover, the possibility of artifacts due to

concurrent inflammatory conditions [28] should be studied in
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detail. In this regard, we are considering combining IL-8 serum

levels with inflammation-denoting analytes to help distinguish

IL-8 increases related to cancer progression and those potentially

caused by an inflammatory condition such as concurrent infec-

tions or autoimmune adverse events. However, we have found

that in our NSCLC cohort only serum IL-8 levels change, but not

other tested inflammation-associated analytes, are significantly

associated with clinical response (supplementary Figure S4, avail-

able at Annals of Oncology online).

We did not observe any significant association between baseline

serum IL-8 levels and response to anti-PD-1 mAbs (supplementary

Figure S5, available at Annals of Oncology online), thus frustrating

our expectation that this parameter could be a useful biomarker to

select patients more likely to respond to anti-PD1 therapies.

Nonetheless, the fact that response correlates with early changes in

the serum concentration of IL-8 and not with baseline levels sug-

gests that IL-8 could be more than a mere surrogate of tumor bur-

den, since it may functionally reflect important changes in the

composition of the tumor microenvironment (TME) after PD-1

or PD-L1 blockade. Moreover, we did not find any association be-

tween serum IL-8 levels (baseline or early change) and treatment-

related toxicity (supplementary Figure S6, available at Annals of

Oncology online), reinforcing the idea that serum IL-8 levels are

specifically reflecting PD-pathway blockade effects at the TME.

In this study, we have demonstrated that IL-8 is produced pref-

erentially by cytokeratin-positive tumor cells in biopsies from

five NSCLC patients. Of note, relatively low/focal IL-8 signal was

also observed in stromal cells. In this regard, tumor-associated

myeloid cells are also a source of IL-8 and changes in serum IL-8

concentration might be reflecting changes in number and/or

function in this leukocyte compartment. Interestingly IL-8 itself

has been recently demonstrated to attract myeloid suppressor

cells to tumors [21].

In conclusion, we have shown that changes in serum IL-8 levels

accurately correlate with tumor burden changes in metastatic

melanoma and NSCLC patients during treatment with anti-PD-1

mAbs and in metastatic melanoma patients during treatment

with anti-PD-1 plus anti-CTLA-4 mAbs. Moreover, early changes

in serum IL-8 levels, measured before responses were evaluated

by radiologic imaging, also correlated with subsequent clinical re-

sponses. We also found that early changes in serum IL-8 concen-

trations during anti-PD-1 therapy correlate with overall survival

in patients with metastatic melanoma and NSCLC. Finally, IL-8

serum levels were able to discern response in a small number of

patients presenting pseudoprogression. All these data suggest

that, following confirmation of our results in independent series,

IL-8 serum levels may become a useful tool for the clinical man-

agement of metastatic melanoma and NSCLC patients treated

with immune checkpoint blockade.
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