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Purpose: Cure-oriented treatment of malignant lymphoma (ML) is possible even in an advanced 

stage; however, the progression of drug-induced interstitial lung disease (DILD) sometimes 

accounts for poor clinical outcomes. This study aims to assess the incidence and clinical char-

acteristics of DILD among patients with ML and compares the serum level of Krebs von den 

Lungen-6 (KL-6) with that of circulating thymus and activation-regulated chemokine (TARC)/

CC chemokine ligand 17 (CCL17) as a diagnostic biomarker for DILD.

Patients and methods: Between July 2011 and August 2016, we enrolled 36 patients with 

ML who were undergoing systemic chemotherapy at our hospital. Then, we evaluated the 

serum concentration of KL-6 and TARC/CCL17 by a sandwich-type electrochemiluminescence 

immunoassay and enzyme-linked immunosorbent assay, respectively.

Results: DILD developed in 22.2% of patients with ML. All patients recovered immediately 

after the discontinuation of causative drug and/or glucocorticoid therapy. Although the sensitivity 

of both TARC/CCL17 and KL-6 was almost equal, the mean concentration of serum KL-6 after the 

progression of interstitial lung disease was significantly higher than that before progression.

Conclusion: DILD developed in patients who were treated with first-line rituximab combined 

regimen. Remarkably, TARC/CCL17 and KL-6 seemed approximately equal as a predictive 

biomarkers for DILD; however, KL-6 was more specific than TARC/CCL17.

Keywords: malignant lymphoma, drug-induced interstitial lung disease, KL-6, TARC/CCL17, 

biomarker

Introduction
Most anticancer drugs have the possibility to cause pulmonary adverse effects in the 

interstitial tissue of the patient’s lung. Interstitial lung disease (ILD) is not exceptional 

and ranges from trivial hypersensitivity reactions to irreversible lung fibrosis and 

life-threatening acute respiratory distress syndrome.1 Although the clinical patterns of 

drug-induced ILD (DILD) differ based on patients’ illness and drug-related factors,2 

the mainstay of therapeutic intervention is first to diagnose and eliminate the causative 

chemotherapeutic drugs as soon as possible. Besides our knowledge regarding the risk 

factors of DILD, the establishment of reasonable early diagnostic methods is crucial 

because more comprehensive insights into the underlying mechanisms in the devel-

opment of DILD are yet to be clarified.3 Although chest high-resolution CT (HRCT) 
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is a potent diagnostic method for detecting ILD, the risk 

of developing radiation-induced adverse events, including 

carcinogenesis following CT screening is a current topic for 

candidates all over the world.4 Hence, the establishment of 

useful diagnostic markers in the serum is imperative.

Kohno et al5 have extensively investigated Krebs von 

den Lungen-6 (KL-6), human MUC1 mucin. Reportedly, 

KL-6 is considered as type II pneumocyte biomarker with 

clear correlation with clinical manifestations of idiopathic 

pulmonary fibrosis (IPF) and reflects the disease condition 

of various ILDs.6,7

Thymus and activation-regulated chemokine (TARC)/CC 

chemokine ligand 17 (CCL17), a functional ligand for CC 

chemokine receptor type 4, is reportedly elevated in the 

bronchoalveolar lavage fluids of the patient who has acute 

eosinophilic pneumonia (AEP).8 Furthermore, TARC/CCL17 

has been proven to be predominantly localized to the pulmo-

nary epithelial cells in a mouse model of bleomycin-induced 

fibrosis and patients with IPF.9 In addition, studies have 

reported that TARC/CCL17 in sera are increased and cor-

related with the disease status of allergic diseases, such as 

atopic dermatitis, bronchial asthma, and AEP, and lymphoid 

malignancies, including classical Hodgkin’s lymphoma 

and mycosis fungoides.10,11 It is assumed that circulating 

TARC/CCL17 level reflects in situ immunological reactions 

induced by Th2 cytokines in various diseases.12 In addi-

tion, we have previously reported that TARC/CCL17 is a 

strong candidate diagnostic marker for ILD in patients with 

malignant tumors.12

Since serum levels of TARC/CCL17 are considered to 

be associated with the disease activity of lymphoid malig-

nancies, this study aims to retrospectively elucidate the 

probability and characteristics of DILD among patients with 

malignant lymphoma (ML) and, then, compare the serum 

level of KL-6 with that of TARC/CCL17 as a diagnostic 

biomarker for DILD.

Materials and methods
Study population
We enrolled 36 patients who were diagnosed as ML 

(age: 33–88 years; 22 males and 14 females; mean ± SD: 

69.4±11.9 years) between July 2011 and August 2016 who 

were hospitalized in the Department of General Internal 

Medicine 4, Kawasaki Medical School General Medical 

Center (Okayama, Japan). The inclusion criteria in this 

study were as follows: 1) pathological diagnosis of ML and 

2) undergoing systemic chemotherapy. Of note, the inclusion 

criteria were not based on age, gender, treatment line, or 

smoking habits.

ILD was diagnosed on the basis of disease history, physical 

examinations, studies of pulmonary function, arterial blood 

gas analysis, and chest HRCT.13 However, the radiological 

diagnosis on the chest HRCT reportedly reflected 4 major 

pathological subtypes of ILD, diffuse alveolar damage 

(DAD), bronchiolitis obliterans with organizing pneumonia 

or eosinophilic pneumonia (BOOP/EP), and hypersensi-

tivity pneumonitis (HP).7,13,14 Notably, chest CT scans of all 

enrolled patients at an initial diagnosis of ML were reviewed 

by board-certified members of the Japan Radiological Society 

and Japanese Respiratory Society. Patients who developed 

DILD were reviewed again and further classified into these 

4 categories by these board-certified members. We analyzed 

peripheral venous blood samples, which were collected from 

patients upon their initial admission and were stored at -80°C 

after the progression of ILD until use, in a blinded manner 

with regard to patients’ clinical status. This study conformed 

to the Declaration of Helsinki (1975) and was approved 

by the Kawasaki Medical University Ethics Committee 

(number 1605). We obtained written informed consent from 

all participants before initiating treatment of ML.

Measurement of serum KL-6 
concentration
We measured the serum concentration of KL-6 with out-

sourcing to external laboratory using a sandwich-type elec-

trochemiluminescence immunoassay (BML, Inc., Tokyo, 

Japan). The cutoff level (500 U/mL) was set as the level 

that resulted in the optimal diagnostic accuracy, as described 

previously for healthy volunteers (mean ± SD for healthy 

volunteers).12

Measurement of serum TARC/CCL17 
concentrations
We used commercially available enzyme-linked immuno-

sorbent assay (ELISA) kit (ITSI-Biosciences, Johnstown, 

PA, USA) to evaluate the concentration of TARC/CCL17 

according to the manufacturer’s guidance for the cryopre-

served serum. The cutoff level (450 pg/mL) was set as the 

level that resulted in the optimal diagnostic accuracy, as 

described previously for healthy volunteers (mean ±2 SD 

for healthy volunteers).12,15

Statistical analysis
We used Student’s t-test or the Mann–Whitney U-test, if 

applicable, to assess differences in the levels of serum markers 

between the subject groups. In addition, the chi-squared test 

for the goodness of fit or the Fisher’s exact probability 

test was used to assess positive quantitative differences. 
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The significance of the positive ratio of KL-6 and TARC/

CCL17 was tested using the chi-squared test. Furthermore, 

receiver operating characteristic (ROC) curves of KL-6 and 

TARC/CCL17 were performed using the STATA software 

(Light Stone Corp., Tokyo, Japan). In this study, all P-values 

corresponded to 2-sided tests and the significance was set 

at P,0.05.

Results
Characteristics of the study population
Table 1 presents the characteristics of all enrolled patients in 

this study. Except for 1 patient with Welder’s pneumoconiosis, 

no patient had a history of ILD. In our study population, the 

common histological diagnoses were diffuse large B-cell 

lymphoma (DLBCL; n=17), follicular lymphoma (n=11), 

mantle cell lymphoma (n=3), and others (n=5; Figure 1A). 

In addition, 44.4% (16 of 36) of patients were current or 

ex-smokers, and 16.6% (6 of 36) had a habit of heavy 

smoking (Brinkman Index over 600). DILD was progressed 

in 8 of all patients (22.2%; 95% CI: 10.1%–39.2%), including 

a patient with a history of Welder’s pneumoconiosis, and all 

causative treatments comprised “doxorubicin, cyclophosph-

amide, vincristine, prednisone (CHOP)-like regimen” as the 

first-line chemotherapy (rituximab, cyclophosphamide, doxo-

rubicin, vincristine, and prednisolone [R-CHOP]: 4; ritux-

imab, tetrahydropyranyl-adriamycin, cyclophosphamide, 

vincristine, and prednisolone [R-THP-COP]: 4; Figure 1B). 

Figure 1 shows the detailed breakdown of diseases and the 

adapted initial treatments.

Radiological diagnosis and clinical 
outcome of patients with DILD
Figure 2 shows the radiological subtype of patients with 

DILD and their overall survival. Among 8 patients with 

ML in whom DILD progressed, 6 were diagnosed with HP, 

and 1 with DAD, and another with AEP (Figure 3A). In this 

study, all DILDs progressed in the periods of the first-line 

treatment and the causative regimens were “CHOP-like” 

regimen. Since these patients with DILD recovered after 

the withdrawal of chemotherapeutic regimen and/or steroid 

administration, the clinical outcome of these patients seemed 

acceptable (Table 2). In addition, the median survival of 

patients with DILD was 33.0 months and their 1-year survival 

rate was 87.5% and 58.3%, respectively; these data seemed 

not to be inferior compared with previous reports of the clini-

cal outcome of aggressive lymphoma (Figure 3B).16

Serum levels of circulating KL-6 and 
TARC/CCL17
When the written informed consent from the enrolled patients 

measuring each surrogate markers using preserved serum 

before initial treatment was provided, the examination was 

carried out and acquired data were analyzed. In some patients, 

we could obtain a value of TARC/CCL17 and KL-6 from 

their medical record as clinical information. We performed 

the data acquisition from medical record in those cases. 

In all acquired data, we judged the data above the standard 

value were positive, and the data within the standard value 

were judged as negative. Then, the sensitivity, specificity, 

and prevalence rate of each marker were calculated by the 

DILD emergence.

Because the method for measuring KL-6 adopted in our 

hospital was a sandwich-type electrochemiluminescence 

immunoassay and that of TARC/CCL17 was an ELISA, we 

used the same method in case of surrogate marker examina-

tion using preserved serum. Table 3 explains the sensitivity, 

specificity, and prevalence rates associated with the cutoff lev-

els of each marker in this study. We used previously reported 

values of KL-6 and TARC/CCL17 in Japanese healthy volun-

teers as reference.11,14 The results revealed that the sensitivity 

of both markers to detect DILD was potentially equal. Both 

markers could act as a weak surrogate marker among almost 

50% of patients with DILD. However, these results were 

remarkably lower than our initial expectation. Contrary to 

the results of sensitivity, the specificity of KL-6 was more 

likely to be higher than those of TARC/CCL17, although the 

difference was not statistically significant (P=0.465).

In addition, the ROC curve of each marker revealed equal 

efficiency as a surrogate marker for DILD. The values of the 

area under the ROC curve of KL-6 and TARC/CCL17 were 

0.73 and 0.77, respectively, and we observed no remarkable 

difference between these 2 markers (P=0.974; Figure 4).

Figure 2 shows circulating TARC/CCL17 and KL-6 

levels on admission and after progression of DILD. The 

comparison of TARC/CCL17 levels is shown in Figure 2. 

Table 1 Patient characteristics (n=36)

Characteristics

Age, mean ± SD, range 69.4 ± 11.9 33–88

Male, n (%) 22 61.10
Smoking, n (%) 16 44.40
Heavy smoking (BI over 600), n (%) 6 16.60
Malignant tumors, n (%)

Past history 9 25.00
Family history 12 33.30

Development of drug induced ILD, n (%) 8 22.20
History of prior ILD, n (%) 1 2.8
Ethnicity (Japanese), n (%) 36 100

Abbreviations: BI, Brinkman Index; ILD, interstitial lung disease.
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The average concentration of TARC/CCL17 level on admis-

sion was 483.8±705.1 pg/mL and that after progression of 

DILD was 746.0±766.1 pg/mL. We observed no significant 

difference between 2 groups (P=0.439). Next, we examined 

circulating KL-6 levels on admission and after progression of 

DILD. The average concentration of KL-6 level on admission 

was 338.4±172.7 U/mL and that after progression of DILD 

was 719.9±493.9 U/mL. The average concentration of KL-6 

after progression of DILD was higher than that on admission, 

and a significant difference was observed between 2 groups 

(P=0.0028; Figure 2B).

Discussion
DILD is a typical adverse event that poses a critical problem 

in the management of patients during cancer treatment. 

Although detailed and accurate epidemiological data 

about DILD in the treatment of ML have lacked for the 

last 2 decades, some critical reports have been published 

in recent years.17–19 Summaries of these pivotal reports are 

as follows: 1) DILD is a life-threatening complication in 

patients with ML. However, the incidence of DILD was 

about 2%–5% of patients with B-cell non-Hodgkin lym-

phoma, primarily including DLBCL. 2) The addition of 

rituximab to chemotherapy might be identified as one of the 

significant risk factors of ILD with a trend toward a higher 

incidence. 3) Glucocorticoid therapy might be a potent 

strategy for the management of these ILD. The results of this 

study emphasize that glucocorticoid therapy and immediate 

elimination of causative agents might be the most critical 

measure for DILD.

However, the incidence of DILD in this study was about 

3- to 4-fold higher than that of the other reports; the reason 

of this high incidence could be attributed to the diagnostic 

methods for detecting DILD and the causative chemothera-

peutic agents. In our division, we routinely check chest HRCT 

every 8 weeks to evaluate the efficacy of anticancer agents 

and detect ILD among patients with ML under chemotherapy 

(Figure S1). Performing such a diagnostic procedure might 

Figure 1 Demographic characteristics of the study population.
Notes: (A) Pathological diagnosis. The common histological diagnoses were DLBCL (n=17), FL (n=11), MCL (n=3), and others (n=5). Others included AITL, extranodal 
marginal-zone B-cell lymphoma MALT type, and DLBCL transformed from extranodal marginal-zone B-cell lymphoma MALT type (MALT-DLBCL). (B) Regimens of the first-
line treatment. In this study, 34 of 36 patients with ML received the so-called “CHOP-like” regimen as the first-line chemotherapy. Drug-induced ILD progressed in periods 
of first-line treatment, and all causative regimens were “CHOP-like.”
Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; ILD, interstitial lung disease; MALT, mucosa-
associated lymphoid tissue; MCL, mantle cell lymphoma; ML, malignant lymphoma; R-B, rituximab and bendamustine; R-CHOP, rituximab, cyclophosphamide, doxorubicin, 
vincristine, and prednisolone; R-THP-COP, rituximab, tetrahydropyranyl-adriamycin, cyclophosphamide, vincristine, and prednisolone; THP-COP, tetrahydropyranyl-
adriamycin, cyclophosphamide, vincristine, and prednisolone.
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Figure 2 A comparison of the average concentration of serum TARC/CCL17 and KL-6 before/after the development of drug-induced ILD.
Notes: (A) TARC/CCL17; (B) KL-6. Although no significant difference was observed between the average concentration of the serum TARC/CCL17 level on admission 
and that after the progression of drug-induced ILD (P=0.439), the average concentration of serum KL-6 after the progression of ILD was significantly higher than that on 
admission (P=0.0028).
Abbreviations: ILD, interstitial lung disease; KL-6, Krebs von den Lungen-6; TARC/CCL17, thymus and activation-regulated chemokine/CC chemokine ligand 17; NS, not 
significant.

lead to early detection of DILD. In fact, half of the patients 

(4 of 8) in this study recovered by the discontinuance of an 

anticancer agent without glucocorticoid therapy. Further-

more, all patients with DILD recovered using glucocorticoid 

therapy and/or the discontinuance of anticancer agents, 

indicating that “asymptomatic” patients with these DILD 

had a good clinical outcome and were detected more than 

“symptomatic” patients. In addition, all patients with DILD 

in this study occurred in the “rituximab combined CHOP-like 

regimen” as the first-line treatment. Of note, the incidences 

of DILD might differ in each surveillance schedules of DILD 

and chemotherapeutic methods.

The development of surrogate diagnostic biomarkers is 

crucial for the early and reliable diagnosis of DILD. KL-6 

is believed to be the most reliable serum biomarker for the 

diagnosis and management of “popular” ILD.20 However, 

we previously revealed that TARC/CCL17 might be more 

useful than KL-6 as a diagnostic marker in some patients 

with cancer. Both the sensitivity and specificity of TARC/

CCL17 to detect DILD were higher than those of KL-6 in 

patients with NSCLC.12 These results might be attributed 

to the following reasons: 1) multitudinous factors, such as 

smoking status and occupational history, which regulate the 

immune and inflammatory response have participated in the 

pathogenesis of ILD.21–25 2) Regardless of the causing agents, 

the hallmark of DILD is chronic inflammation and deposition 

of extracellular matrix.26 3) The phenotype of this chronic 

inflammation is possibly related to the Th2 phenotype of the 

cytokine expression.27

Besides these hypotheses, we should initiate a clinical 

study comparing the usefulness of TARC/CCL17, which is 

one of the most famous Th2 cytokine, and KL-6, which is the 

most robust candidate biomarker for DILD, among patients 

with ML because the increase in the serum TARC/CCL17 

level was definitely confirmed in proportion to disease 

progression of ML. In our opinion, TARC/CCL17 was not 

useful when compared with KL-6 as a biomarker of DILD 

among patients with ML initially. However, the sensitivity 

of both markers to detect DILD was potentially equal, and 

the specificity of serum KL-6 levels tended to be higher 

than those of TARC/CCL17. Perhaps, multiple factors could 

participate in these results, for example, smoking status, the 
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background of patients and tumorigenesis, the number of 

events in our study, and occupational history.

The correlation between the radiological subtype varia-

tion and the risk factors of DILD seemed to be even more 

critical. DAD subtype and AEP subtype were diagnosed in 

only 1 patient in our study. The serum TARC/CCL17 level in 

a patient with AEP was elevated over the quadruple of upper 

normal limit. In addition, the serum KL-6 level was elevated 

in this case; however, the value of KL-6 was 1.6 times the 

upper normal limit (KL-6: 833 U/mL).

Both serum TARC/CCL17 and KL-6 levels were slightly 

elevated than the upper normal limit in a patient with DAD 

Table 2 Summary of clinical outcome in the patients with drug-induced ILD

Pt ID/age 
(years)

Radiological 
subtype of drug-
induced ILD

Treatment 
of ILD

Recovery Dead/
alive

Reason of death Survival 
(days)

Pt1/66 DAD PSL 1.0/kg Yes Alive NR 1,453
Pt2/88 HP Drug off Yes Dead Heat stroke 994
Pt3/79 HP PSL 0.5/kg Yes Dead Disease progression 710
Pt4/76 HP None Yes Dead Pneumonia 531
Pt5/65 AEP PSL 0.5/kg Yes Dead Hepatic failure 53
Pt6/66 HP PSL 1.0/kg Yes Alive NR 889
Pt7/75 HP Drug off Yes Alive NR 801
Pt8/76 HP None Yes Alive NR 71

Abbreviations: AEP, acute eosinophilic pneumonia; DAD, diffuse alveolar damage; HP, hypersensitivity pneumonitis; ILD, interstitial lung disease; NR, not reported; 
PSL, prednisolone; Pt, patient.

Figure 3 Radiological subtype and the overall survival of DILD.
Notes: (A) A radiological subtype of DILD. Six patients were diagnosed with HP, 1 with DAD, and 1 with AEP. (B) The overall survival of patients with DILD. The median 
survival of patients with DILD was 33.0 months and 1- and 2-year survival rates were 87.5% and 58.3%, respectively.
Abbreviations: AEP, acute eosinophilic pneumonia; DAD, diffuse alveolar damage; DILD, drug-induced interstitial lung disease; HP, hypersensitivity pneumonitis.
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Table 3 Diagnostic value of measurement of circulating TARC/
CCL17 and KL-6

Sensitivity/ 
specificity/
prevalence

TARC/CCL17 KL-6 Chi-squared 
test

Sensitivity 50.0% (4/8) 50.00% (4/8) 
From the serum 
before ILD 

20.00% (1/5) 16.70% (1/6) 

From the serum 
after ILD 

50.0% (3/6) 57.10% (4/7) 

Specificity 80.0% (12/15) 94.40% (17/18) NS (P=0.465) 
Prevalence rate 34.8% (8/23) 30.80% (8/26) 

Abbreviations: ILD, interstitial lung disease; KL-6, Krebs von den Lungen-6; 
TARC/CCL17, thymus and activation-regulated chemokine/CC chemokine ligand 
17; NS, not significant.

Figure 4 The ROC curves of TARC/CCL17 and KL-6 as a surrogate diagnostic marker of DILD. AUC of TARC/CCL17 and KL-6 detecting DILD proved to be nearly 
equal.
Abbreviations: AUC, area under the curve; DILD, drug-induced interstitial lung disease; KL-6, Krebs von den Lungen-6; ROC, receiver operating characteristic; TARC/
CCL17, thymus and activation-regulated chemokine/CC chemokine ligand 17; NS, not significant.

(TARC/CCL17, 521 pg/mL; KL-6, 722 U/mL). Since this 

patient was also a heavy smoker (BI: 690), there might be some 

relationship between smoking status and radiological subtype 

variation. Regarding these phenomena, Ohnishi et al reported 

that the average serum KL-6 level among patients with DAD was 

higher than that of HP and BOOP/AEP,28 and Ritter et al sug-

gested that smoking caused the elevation in the TARC/CCL17 

level both in the serum and bronchoalveolar lavage fluid.29

This study has some limitations. First, owing to its 

small sample size and a potential patient selection bias, 

confirmation of the present results by an extensive study is 

warranted to ensure the generalizability of our data. Second, 

DILD was diagnosed in only 8 patients. Whether sequential 

measurement of the circulating KL-6 level is useful for the 

early detection of DILD in the treatment of ML should be 

clarified in a prospective study.

We would propose a prospective large scale observa-

tional study to confirm the incidence and clinical charac-

teristics of DILD among the patients with non-Hodgkin 

lymphoma (NHL) first. Then, we would confirm the differ-

ence of these results between the ethnicities and treatment 

regimens.

Conclusion
DILD developed in about 20% of patients with NHL in 

our investigation. The clinical outcome of patients with 

DILD was acceptable. Contrary to our expectations, TARC/

CCL17 and KL-6 seemed to be approximately equal as 

a biomarker for DILD among patients with NHL. The 

specificity of KL-6 as a biomarker for DILD tended to be 

superior to that of TARC/CCL17 and the mean concen-

tration of serum KL-6 after the progression of DILD was 

significantly higher than that before progression. Based 

on the results of this study, KL-6 seemed to be a better 

biomarker for DILD in NHL treatment. Nevertheless, con-

firmation of the results by a prospective large-scale study is  

warranted.
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Drug-induced ILD in malignant lymphoma
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Figure S1 The schema of DILD screening using chest CT scan.
Abbreviation: DILD, drug-induced interstitial lung disease.
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