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IDK® Kynurenine
Portfolio for human serum, plasma, urine and dried blood

 Basis: kynurenine as a biomarker for tumor escape

 Research: biomarker for  immunotherapies

 Clinic: kynurenine in serum and the prognosis for the patient

  Therapy:  combination of checkpoint and IDO inhibition

Cancer, Immunotherapy 
and the role of kynurenine

IDK® Kynurenin ELISA (K 7728)
Kompetitiver ELISA zur quantitativen Bestimmung von KYN (L-Kynurenin) 
in humanem Serum, Plasma, Urin und Zellkulturüberständen

 Grundlagen:  Kynurenin zeigt an, wie stark der Tumor sich der 
Immunabwehr entzieht

 Forschung: Aufstrebender Marker in der Krebsforschung

 Klinische Anwendung:  L-Kynurenin-Spiegel prognostiziert Überlebensrate 
bei Krebs

  Therapie:  Neue Medikamente zur Blockade der Kynurenin-
produktion 

IDK® Kynurenin

Wie verstecken 
sich Tumore vor dem 
Immunsystem?

neuroimmun.com

L-Kynurenine
The link from immune system to major diseases

Competitive ELISA for quantitative determination of KYN (L-kynurenine) in human 
serum, plasma and urine

 High precision

 Highly sensitive

 No cross-reactivity to L-tryptophan and kynurenine metabolites

 Temperature-robust

 Suitable for small sample volumes

T-Zellen (weiß) binden an Krebszellen (grün)

Checkpoint cancer therapy



Immunotherapy is the new hope for the treatment of cancer. One target for such a therapy are so-called immune checkpoints. 
Immune checkpoints function by modulating the immune activity to prevent the body from autoimmune diseases and allow 
for self-tolerance. Tumours may take advantage from these check-
points by manipulating them.

One example is the PD-1 –  PDL-1 signalling: most tumours produce  
the “programmed death ligand” PD-L1. This PD-L1 can interact with 
the receptors PD-1 and B7.1 on T cells, which is like a hand shaking 
with T cells, leading to less T killer cells and more T regulatory cells. 
This leads to a comfortable micro-environment for the tumour. 

CTLA4 (cytotoxic T-lymphocyte-associated protein 4), is a protein re-
ceptor, functioning as an immune checkpoint. CTLA4 acts as an „off“ 
switch when bound to CD80 or CD86 on the surface of antigen-pre-
senting cells. With CTLA4 APCs are inhibited and the immune response 
is less strong. Tumour cells induce the formation of CTLA4 and are so 
able to switch off the immune system. 

In recent years, therapeutic antibodies are developed inhibi-
ting the interaction of the tumour cells with the checkpoint 
molecules. Anti-PD-1 and PD-L1 antibodies (nivolumab, pem-
brolizumab, atezolimab or durvalumab) inhibit the interaction 
between checkpoint and tumour and thus the inhibition of T cell 
attack on cancer cells. The anti-CTLA4 antibody (ipilimumab or tre-
melimumab) prevents the inhibition of the CTLA4 system and thus 
activates the T cell attack of the cancer cells (Xia et al., 2016). 
In recent years, these therapeutic antibodies are increasingly 
used in cancer therapy. The concept was rewarded with the 
Nobel Prize for Medicine in 2018.

An important checkpoint molecule is indolamin-2, 3-dioxygenase (IDO). IDO inhibits the proliferation of T cells by forming 
the endogenous immunosuppressive molecule kynurenine and so depleting tryptophan. This creates a tumour-friendly en-
vironment via the proliferation of T regs.

	�High IDO activity leads to high kynurenine levels and immune suppression (less active T cells and NK cells; more T regs; 
angiogenesis in the tumour and tumour development)

	�Inhibition of IDO activity leads to lower kynurenine levels and activation of the immune system (proliferation of T cells, 
suppression of T regs) 

	Komiya et al. sum up: IDO inhibitors show an increased efficacy in combination with checkpoint inhibitors
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Checkpoint inhibitor: 
Blocking of either PD-1 (with Nivolumab or Pem-
brolizumab) or PD-L1 (with Atezolimab or Durva-
lumab) or blocking of another checkpoint, CTLA4 
(with Ipilimumab) can inhibit the tumour escape 
and camouflage. 
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Cancer cells send signals 
slowing down the immune 
response

Checkpoint inhibitors
block these signals and 
active the immune 
response 

A new immune therapy releases the brake of the 
immune system and supports combating the cancer.

Fig. 1: Checkpoint inhibition  
(according to www.wissensschau.de)

Komiya and Huang IDO Inhibitors for Human Cancers

FIGURE 1 | Effects of IDO1 and consequence of its inhibition.

the data is not evaluable, making it difficult to assert the utility of
this approach.

Combination Studies With Epacadostat
IDO1 inhibitors could enhance the effect of CPI by preventing
immune escape through suppression of Kyn level and consequent
suppression of Tregs and activation of T cells (Figure 1). Several
studies were initiated to prove this concept.

ECHO202 was a multi-disease cohort, phase I/II study
to define MTD and efficacy/safety in advanced solid tumor.
Patients were treated with P at 2 mg/kg or 200mg every 3
weeks in combination with oral E 25–300mg BID until disease
progression or intolerance. The results of the melanoma cohort
showed an ORR of 58% (36). The efficacy data of other cohorts
and AEs are described in Table 1. The response in different types
of cancers, ranged from 33 to 58% and they were higher than
historical single agent P studies (16 to 33%) (Table 1) (37–40).
Safety analysis in 244 patients in the ECHO 202 study is also
detailed in Table 1. Most were asymptomatic lipase elevation
and there were no treatment-related deaths (41). Based on
overall safety and efficacy, E 100mg BID was selected as the
recommended phase II dose.

ECHO204 was another multi-disease cohort, phase I/II study
of E in combination with N with similar design and outcome of
ECHO202. Preliminary results reported in 2017 also indicated
that the combination has minimally increased toxicity and
promising efficacy data compared to studies using single agent
N (Table 1) (42). Overall, these early phase studies suggest that
despite the lack of single agent anti-tumor activity, the addition of

E to CPI are well-tolerated and produced relatively higher ORRs
compared to studies using single agent CPI. The encouraging
results of these 2 studies lead Incyte to launch several phases III
registration trials to define the efficacy of E in combination with
P and/or chemotherapy in solid tumors (ECHO 301–310) (43–
51). Several of them are also adding E and CPI to chemotherapy
(Table 1). Other investigator-initiated/sponsored trials using
various combination partner drugs are also underway, including
Sirolimus, Azacytidine, cancer vaccine, Itacinitib (52–55).

Recently, the enthusiasm with IDO1 inhibitors was dampened
with the negative results of ECHO-301, a phase III trial in patients
with unresectable or metastatic melanoma comparing E with P
vs. P alone. The study did not meet its primary objective of
improvement in PFS (56). The reasons for this negative trial
are undefined. Further research regarding possible imbalance
of patient groups, including pre-treatment use of prednisone
which could decrease the response of P (57), differences in tumor
mutation burden and patient’s microbiota (58) could help to
elucidate the reason for this negative trial. Other possibilities to
explore are compliance with oral administration of E, level of
inhibition of Kyn/Try ratio and development of inflammation as
mechanism of resistance (59).

Other IDO1 Inhibitors in Clinical
Development
BMS-986205, a novel, and more potent IDO1 selective inhibitor,
is currently in development by Bristol-Myers Squibb. A phase
I/II study of BMS-986205 alone or in combination with N
was reported in 2017 (60). Patients with advanced cancers
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Fig. 2: IDO activity and IDO inhibition (according to Komiya et al., 2018)



Presently, several IDO inhibitors with diff erent functional approach undergo clinical trials.

During the last years, it became more and more obvious that tumours manipulate in parallel PD-1 / PD-L1 and the IDO system. 

Having this in mind, a study by Botticelli et al. (published in 2018) is to be understood, in which a large portion of the PD-1 
treatment failures showed a high IDO activity (measured as the ratio of kynurenine to tryptophan).

Patients with high IDO activity showed therapy failure (group „YES“, early progression of disease). Patients with a ratio of more 
than 65 µmol/mmol have a signifi cantly worse prognosis (see Fig 4b: Kaplan-Meier-curve). 

A high ratio of Kynurenine/Tryptophan is therefore a predictive biomarker for therapy resistance during treatment 
with PD-1 blocker.

	  IDO activity is a valuable biomarker to identify patients benefi tting from a combined therapy of anti-PD-1 plus 
anti-IDO

	 IDO activity can be used to stratify patients receiving checkpoint-inhibitors

	 Further studies with potentially synergistic agents are necessary to improve immunotherapies
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Fig. 3: IDO inhibition (according to Shan Qian et al. (2016) RSC Adv. 6: 7575-81.)
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Results
Clinical characteristics
Twenty-six stage IV NSCLC patients treated with sec-
ond-line nivolumab were enrolled in this study. Base-
line clinicopathological characteristics of patients are 
summarized in Table  1. Among them, 19 patients had 

squamous-cell carcinoma and the remaining had non-
squamous histology (6 adenocarcinoma and 1 undiffer-
entiated tumour). Twenty patients were male (76.9%), 
and median age was 65 years. The median value of kyn/
trp was 0.06 µg/ml and median value of quinolinic acid 
was 68.45 ng/ml.

Correlation of serum kyn/trp ratio and quinolinic acid 
concentration with immunotherapy response
With a median follow up of 6.9 months, 7 (27%), 5 (19%) 
and 14 (54%) patients had a stable disease (SD), a partial 
response (PR) and a progressive disease (PD), respec-
tively, according to i-RECIST v1.1 criteria. All patients 
were assessed at baseline for serum trp, kyn and qui-
nolinic acid levels. Patients who showed an early pro-
gression (within 3  months) to nivolumab (n = 14) had a 
significantly higher concentration of kyn/trp ratio than 
others (0.09 vs 0.05, respectively, p = 0.01) as well as a 
higher quinolinic acid level (121,15 vs 55,12, respectively, 
p = 0.01) (Fig. 1).

On multivariate analysis (Table  2), kyn/trp ratio was 
significant associated with early progression (p = 0.01). 
We observed a significant correlation only between early 
progression and kyn/trp ratio and quinolinic acid con-
centration (respectively p = 0.017 and p = 0.005).

Correlation of serum kyn/trp ratio and quinolinic acid 
concentration with survival
Median PFS was 4  months and median OS was 
6.5 months in the whole cohort.

Patients were stratified by median value of serum 
kyn/trp value (0.06  µg/ml) and of serum quinolinic 
acid concentration (68.45  ng/ml). PFS was signifi-
cantly longer in patients presenting lower values of 
kyn/trp than in patients showing higher values of kyn/
trp (median PFS not reached versus 3  months; HR: 
0.2; 95% CI 0.06–0.62; p = 0.001). Similar results were 

Table 1 Main baseline characteristics of  the  study 
population

N (%) Serum kyn/
trp ratio (µg/
ml)

Serum quinolic acid 
concentration (ng/
ml)

Age

 < 65 11 (42.3) 0.06 ± 0.03 74.47 ± 45.93

 65+ 15 (57.7) 0.08 ± 0.05 102.55 ± 72.99

Sex

 Male 20 (76.9) 0.08 ± 0.04 99.21 ± 69.37

 Female 6 (23.1) 0.05 ± 0.02 62.22 ± 24.24

Histology

 Adenocarcinoma 6 (23.1) 0.09 ± 0.04 127.85 ± 59.78

 Squamous-cell 
carcinoma

19 (73.1) 0.07 ± 0.04 79.69 ± 63.25

 Undifferentiated 
tumor

1 (3.8) 0.04 76.2

ECOG PS

 0–1 25 (96.2) 0.07 ± 0.03 88.26 ± 63.54

 > 1 1 (3.8) 0.18 151

Cerebral metastasis

 Yes 3 (11.5) 0.05 ± 0.04 91.54 ± 64.77

 No 23 (88.5) 0.08 ± 0.04 84.03 ± 64.14

Pleural effusion

 Yes 6 (23.1) 0.07 ± 0.04 79.24 ± 45.54

 No 20 (76.9) 0.09 ± 0.05 110.39 ± 99.95

Early progressor

 Yes 14 (53.8) 0.09 ± 0.05 121.15 ± 72.34

 No 12 (46.2) 0.05 ± 0.01 55.12 ± 20.18

Fig. 1 Correlation of serum kyn/trp ratio and serum quinolic acid concentration with immunotherapy response. Patients who showed an early 
progression (YES, n = 14) present a significantly higher concentration of kyn/trp ratio (a) and quinolic acid concentration (b) compared to patients 
who do not have an early progression (NO, n = 12). #p < 0.05 (Mann–Whitney test)
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observed in patient stratified by quinolinic acid val-
ues (median PFS not reached versus median 3 months; 
HR: 0.3; CI 0.1–0.9; p = 0.018) (Fig. 2a).

Patients with a lower kyn/trp ratio value showed 
even a significantly better OS compared with patients 
with a higher kyn/trp ratio value (median OS not 
reached versus median 3  months; HR 0.18; 95% CI 
0.06–0.56; p = 0.0005). Similar results were observed 
in patient stratified by quinolinic acid values (median 
OS not reached versus median 3 months; HR 0.2; 95% 
CI 0.06–0.660; p = 0.0077) (Fig. 2b).

Discussion
In our preliminary analysis we found that baseline serum 
kyn/trp ratio, expression of IDO activity, could repre-
sent both a prognostic and predictive value in advanced 
NSCLC patients treated with second-line nivolumab. In 
fact, lower baseline level of kyn/trp ratio were signifi-
cantly associated with better PFS and OS in our cohort. 
More interestingly and conversely, higher level of kyn/
trp ratio correlated with early progression retaining an 
independent statistically significant value in multivariate 
analysis. In this study, patients were selected in accord-
ance with eligibility criteria from registrative clinical tri-
als of nivolumab in pretreated NSCLC (CheckMate 017 
and CheckMate 057) and median PFS was consistent 
with historical data reported in the literature [16, 17].

Given the evidence that only a minority of cancer 
patients can benefit from ICI, a large amount of research 
is currently focused on defining predictive biomarkers 
able to select responsive or resistant patients in order to 
maximize the cost-effectiveness of treatment.

Over last few years, several predictive factors have 
been proposed that rely on patients’ characteristics as 
well as tumour and microenvironment profiles. PD-L1, 
which is expressed both on tumour and inflammatory 
cells, is arguably the most extensively studied biomarker 
for ICIs responsiveness, although it has showed some 
limitations [3]. More recently, the understanding of the 

Table 2 Multivariate analysis: association between patiens 
characteristics and early progression

p value Odds ratio (95% CI)

Cerebral metastasis 0.48 3.18 (0.12–81.69)

Pleural effusion 0.66 0.53 (0.33–8.71)

ECOG PS 0.39 2.58 (0.92–22.75)

Serum kyn/trp 0.01 0.01 (0.00–0.41)

Serum quinolic acid 0.81 1.38 (0.09–20.30)

Fig. 2 Correlation of serum kyn/trp ratio and quinolonic acid concentration with survival. Progression free survival (PFS, a) and overall survival (OS, 
b) were addressed by the Kaplan–Meier method and log-rank test

Fig. 4:   according to Botticelli et al. (2018) J Transl Med 16:219, Fig. 1 and Fig. 2
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in cooperation with:

IDK® Kynurenine Portfolio:
IDK® IDO activity ELISA (K 7726)
IDK® IDO ELISA (KR7727) (for research use only)
IDK® Kynurenine ELISA ( K 7728)
IDK® Kynurenine high sensitive ELISA (KR3728)  (for research use only)
IDK® Tryptophan ELISA) ( K 7730)
IDK® Tryptophan high sensitive ELISA (KR3730)  (for research use only)
IDK® Kynurenic acid (KynA) ELISA (K 7735) 
IDK® Quinolinic acid (Quin A) ELISA (K 7736) 

Literature:

Botticelli A et al. (2018)  
Can IDO activity predict primary resistance to anti-PD-1 treatment in NSCLC?  
Journal of Translational Medicine 16(1), 1–6. http://doi.org/10.1186/s12967-018-1595-3

Komiya T, Huang CH (2018) 
Updates in the Clinical Development of Epacadostat and Other Indoleamine 2,3-Dioxygenase 1 Inhibitors (IDO1) for Human Cancers.  
Frontiers in Oncology 8(October), 423. http://doi.org/10.3389/fonc.2018.00423

�Xia B, Herbst RS (2016) 
Immune checkpoint therapy for non-small-cell lung cancer: An update.  
Immunotherapy 8(3), 279–298. http://doi.org/10.2217/imt.15.123

Qian S et al. (2016) 
IDO as a drug target for cancer immunotherapy: recent developments in IDO inhibitors discovery. 
RSC Adv 6, 7575–7581 


