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     Lymphangioleiomyomatosis (LAM) is a rare, pro-
gressive, frequently fatal cystic lung disease that 

affects women almost exclusively.  1,2   LAM occurs in 
up to 40% of women with tuberous sclerosis complex 

(TSC-LAM),  3-5   a tumor suppressor syndrome associ-
ated with seizures, cognitive impairment, and hamar-
tomas in multiple organs, and in a nonheritable 
sporadic form (S-LAM) that involves only the lung, 

  Objectives:    The majority of women with lymphangioleiomyomatosis (LAM) present with cystic 
lung disease, and most require lung biopsy for defi nitive diagnosis. The purpose of this study was 
to determine the prospective diagnostic usefulness of a serologic test for vascular endothelial 
growth factor-D (VEGF-D), a lymphangiogenic growth factor. 
  Methods:    We prospectively measured serum VEGF-D levels by enzyme-linked immunoassay in 
48 women presenting with cystic lung disease. Diagnostic test performance was determined from 
a cohort of 195 women, with tuberous sclerosis complex (TSC), TSC-LAM, sporadic LAM (S-LAM), 
and other cystic lung diseases in the differential diagnosis, including biopsy-proven or genetically 
proven pulmonary Langerhans cell histiocytosis, emphysema, Sjögren syndrome, or Birt-Hogg-
Dubé syndrome. 
  Results:    Serum VEGF-D levels were signifi cantly greater in S-LAM (median 1,175 [interquartile 
range (IQR): 780-2,013] pg/mL; n 5  56) than in other cystic lung diseases (median 281 
[IQR 203-351] pg/mL; n 5  44,  P   ,  .001). In the cohort evaluated prospectively, 12 of the 15 individuals 
ultimately diagnosed with LAM by biopsy had VEGF-D levels of  .  800 pg/mL, whereas levels 
were  ,  600 pg/mL in all 18 subjects later diagnosed with other causes of cystic lung disease. 
Receiver operating characteristic curves demonstrated that VEGF-D effectively identifi ed LAM, 
with an area under the curve of 0.961(95% CI, 0.923-0.992). A VEGF-D level of  .  600 pg/mL 
was highly associated with a diagnosis of LAM (specifi city 97.6%, likelihood ratio 35.2) and values 
 .  800 pg/mL were diagnostically specifi c. Serum VEGF-D levels were signifi cantly elevated in 
women with TSC-LAM (median 3,465 [IQR 1,970-7,195] pg/mL) compared with women with TSC 
only (median 370 [IQR 291-520] pg/mL),  P   ,  .001). 
  Conclusions:    A serum VEGF-D level of  .  800 pg/mL in a woman with typical cystic changes on 
high-resolution CT (HRCT) scan is diagnostically specifi c for S-LAM and identifi es LAM in women 
with TSC. A negative VEGF-D result does not exclude the diagnosis of LAM. The usefulness of 
serum VEGF-D testing in men or in women who do not have cystic lung disease on HRCT scan is 
unknown.   CHEST 2010; 138(3):674–681  

  Abbreviations:  AML  5  angiomyolipoma; BHD  5  Birt-Hogg-Dubé; D lco   5  diffusing capacity of the lung for 
carbon monoxide; HRCT  5  high-resolution CT; IQR  5  interquartile range; LAM  5  lymphangioleiomyomatosis; 
PLCH  5  pulmonary Langerhans cell histiocytosis; ROC  5  receiver operating characteristic; S-LAM  5  sporadic 
lymphangioleiomyomatosis; TSC  5  tuberous sclerosis complex; VEGF-D  5  vascular endothelial growth factor D 
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 Vascular endothelial growth factors C (VEGF-C) 
and D (VEGF-D) are ligands for the lymphatic growth 
factor receptor VEGFR-2 and VEGFR-3/Flt-4 that 
induce formation of lymphatics and promote the 
spread of tumor cells to lymph nodes in mouse models 
and in humans.  9,10   Seyama et al  11   reported that serum 
levels of VEGF-D, but not VEGF-C, are elevated 
in patients with S-LAM in comparison with normal 
controls. 

 We previously reported the concept that serum 
VEGF-D levels might have diagnostic potential, 
based on preliminary data derived from a mixed pop-
ulation of male and female subjects with LAM and 
other cystic lung diseases.  12   That study included only 
seven women with other causes of cystic lung disease 
(four with emphysema and three with PLCH). Our 
objective in this study was to prospectively validate 
VEGF-D as a diagnostic test in a much larger, clini-
cally relevant referral population of female patients 
with cystic lung disease. We also added the other two 
diseases that are typically considered in the diagnosis 
of LAM and specifi cally analyzed the diagnostic use-
fulness of serum VEGF-D in patients with lone LAM. 
The additional patient recruitments and prospective/
subset analyses in this study led us to conclude that 
the use of VEGF-D can obviate the need for surgical 
lung biopsy in approximately 70% of patients with 
lone LAM who present for diagnostic evaluation. 

 Materials and Methods 

 Study Population 

 Prospective VEGF-D testing was performed in 48 women pre-
senting for clinical evaluation who did not meet criteria for defi -
nite LAM diagnosis at the time of initial evaluation. In comparison, 
results of retrospectively performed VEGF-D testing were ana-
lyzed from 122 women with known diagnoses. Subjects were 
recruited from pulmonary clinics and LAM and TSC clinics at the 
University of Cincinnati and Cincinnati Children’s Hospital Med-
ical Center, and via referral from other physicians and several 
patient foundations. Stored samples from adult healthy volunteers 
were obtained from a normal donor repository. Archived samples 
were provided by study investigators for a subset of patients with 
PLCH, BHD, and Sjögren syndrome with cystic lung disease. 
Diagnoses were verifi ed through review of clinical, radiographic, 
and pathologic material. This study was approved by the institu-
tional review boards at The University of Cincinnati College of 
Medicine (05-12-19-01) and Cincinnati Children’s Hospital Med-
ical Center (2008-0932). 

 Inclusion criteria for S-LAM required either biopsy-proven 
LAM, or cystic lung disease with an AML or chylous fl uid collec-
tion. The diagnosis of TSC-LAM was based on the presence of 
cystic lung disease in a woman with TSC diagnosed using clinical 
criteria or by genetic analysis.  13   Women with TSC and no evi-
dence of cystic lung disease (“TSC only”) had a normal chest 
HRCT scan within the prior 18 months. Only female subjects 
were included in the Other Disease comparison groups in this 
study. The diagnosis of BHD was based on clinical and/or genetic 

lymphatics, and kidney. High-resolution CT (HRCT) 
scanning in LAM demonstrates round, relatively uni-
form, thin-walled cysts randomly distributed through-
out the lungs. Fat- and smooth muscle-rich tumors of 
the kidney, called angiomyolipomas (AMLs), occur in 
approximately 80% and 30% of patients with TSC-LAM 
and S-LAM, respectively. Lymphatic obstruction leads 
to chylous fl uid collections in the pleural, peritoneal, 
and pericardial spaces in approximately 30% of patients 
with S-LAM and  ,  10% of patients with TSC-LAM.  6   

 In the presence of a compatible clinical presenta-
tion and typical changes on HRCT scan, a clinical 
diagnosis of LAM is often made without obtaining a 
biopsy specimen if a renal AML, chylous fl uid collec-
tion, or TSC are present.  7   However, the majority of 
patients who present for evaluation of LAM do not 
have these clinical features. In these patients with 
“lone” S-LAM, a defi nitive diagnosis cannot be based 
on HRCT scan alone, because HRCT scan accuracy 
is estimated at  �  80% in the hands of expert radiolo-
gists.  8   Tissue confi rmation is often required to distin-
guish lone S-LAM from other lung diseases commonly 
considered in the differential diagnosis, including 
pulmonary Langerhans cell histiocytosis (PLCH), 
emphysema, Sjögren syndrome, systemic lupus, or 
other connective tissue disease with associated folli-
cular bronchiolitis or lymphocytic interstitial pneu-
monitis, or Birt-Hogg-Dubé (BHD) syndrome. 
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 Serum VEGF-D Levels in a Prospective 
Clinical Context 

 To test how VEGF-D would perform in a clinical 
setting, we conducted VEGF-D testing prospectively 
in 48 women presenting as diagnostic unknowns 
without clinically defi nite criteria for LAM at the 
time of testing. All patients had HRCT scan evidence 
of cystic lung disease and were referred for evalua-
tion of suspected LAM. For this prospective cohort, 
15 individuals were later diagnosed with LAM (by 
biopsy) and 18 were diagnosed with other cystic lung 
diseases (based on biopsy, genetic, or serologic testing), 
whereas 15 others had not pursued defi nitive diag-
nostic evaluations at the time of this writing. Serum 
VEGF-D levels were signifi cantly greater in prospec-
tively identifi ed S-LAM cases than in women later 
proven to have other causes of cystic lung disease 
( Fig 1 A   ), with an area under the receiver operating 
characteristic (ROC) curve of 0.948  6  0.048 (95% CI, 
0.855-1.0). Twelve of the 15 patients who proved to 
have LAM had VEGF-D levels of 800 pg/mL or greater. 
None of the 18 individuals confi rmed to have other 
lung diseases had VEGF-D levels  .  600 ( Fig 1 A  ). 
When results of prospective VEGF-D testing were 
compared with those from the larger cross-sectional 
(retrospective) cohort, there was no signifi cant differ-
ence in VEGF-D levels in the two cohorts ( Fig 1 C  ), 
and the test performance was similar (0.961  6  0.018 
[95% CI, 0.923-0.992]) ( Fig 1 D  ). 

 Serum VEGF-D Levels in Relationship 
to Disease Features 

 We investigated potential relationships between 
VEGF-D and LAM-associated clinical disease 
features. The median serum VEGF-D level was 
elevated in S-LAM subjects without AMLs (1,142 
[IQR 659-1,912] pg/mL) and not signifi cantly differ-
ent from S-LAM subjects with AMLs (1,191 [IQR 
878-2,243] pg/mL). There was a trend toward greater 
VEGF-D elevation in subjects with S-LAM with a 
history of chylous effusions compared with those 
without this disease manifestation, but the difference 
did not reach statistical signifi cance (1,855 [IQR 
917-3,014] pg/mL vs 1,142 [IQR 691-1,885] pg/mL, 
 P  5  .086). 

 The availability of a diagnostic test for LAM would 
be most benefi cial for the subset of patients with 
cystic lung disease who present without other cor-
roborating disease features (eg, an AML or chy-
lothorax). For these subjects with lone S-LAM, the 
median serum VEGF-D level was signifi cantly 
greater than other cystic lung disease groups 
( P   ,  .0001) ( Fig 2 A   ). The ROC curve ( Fig 2 B  )  shows 
that VEGF-D remains an effective diagnostic test 
in the lone LAM subgroup. At a VEGF-D value of 

criteria.  14   Of the seven subjects with serologic diagnosis of 
Sjögren syndrome, all had radiographic fi ndings of cystic lung 
disease, and four had undergone lung biopsy. PLCH and emphy-
sema cases were selected for inclusion in this study specifi cally 
based on establishment of a defi nitive diagnosis by prior lung 
biopsy. 

 A portion of these data were previously reported.  12   The 
numbers of overlapping subjects with cystic lung disease were 
18/56 with S-LAM, 3/10 with emphysema, 4/15 with PLCH, 
0/12 with BHD, and 0/7 with Sjögren syndrome. Seven of the 
10 subjects with lymphangiomatosis, 17/28 women with TSC-LAM 
and 10/17 women with TSC only were previously reported. 

 VEGF-D Measurements 

 Serum samples were obtained in serum separator tubes and 
allowed to clot for 30 min prior to centrifugation at 3,500 rpm for 
10 min. VEGF-D levels were evaluated using the Quantikine 
Human VEGF-D Immunoassay (R&D Systems; Minneapolis, 
MN) according to the manufacturer’s instructions. Results were 
quantifi ed using the chromogenic substrate tetramethylbenzidine 
and analysis with a microtiter plate spectrophotometer (Perkin 
Elmer; Waltham, MA) at wavelength of 450 nm, with correction at 
570 nm. Samples were assayed on two different days, and quality 
control samples with known values were included in each assay. 

 Statistical Analysis 

 All statistical analyses were performed using SAS 9.1 
(SAS Institute; Cary, NC). VEGF-D levels in patient groups are 
expressed as medians and interquartile range (IQR). Groups were 
compared for age and VEGF-D levels by analysis of variance and 
Mann-Whitney tests, respectively. Association between age and 
VEGF-D was measured using Spearman correlation. A two-sided 
probability value of  ,  .05 was regarded as signifi cant. 

 Results 

 Study Subjects 

 Serum samples were evaluated from 195 female 
subjects with defi nite S-LAM or other proven causes 
of cystic lung disease that may mimic LAM (emphy-
sema, PLCH, BHD, and Sjögren), TSC-LAM, TSC 
only, lymphangiomatosis, and healthy volunteers. 
The clinical characteristics of the study population 
are shown in  Table 1  . The presentations and disease 
severity of subjects with LAM and those with other 
cystic lung diseases were similar. There was no sig-
nifi cant difference in the age of subjects with LAM 
compared with the aggregate of all other cystic lung 
disease groups (43.2  6  11.7 vs 40.8  6  11.9 years, 
respectively,  P   5  .255). Subjects with TSC-LAM were 
older than women with TSC only ( P   ,  .05). Current 
cigarette smoking was common in subjects with 
PLCH. A greater proportion of women with TSC-LAM 
were current or former smokers than those with TSC 
only. For both TSC-LAM and S-LAM, we found no 
signifi cant association between VEGF-D levels and 
age, most contemporaneous FEV 1  value, or use of 
supplemental oxygen. 
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 To determine whether other causes of lymphatic 
dysfunction alone could lead to elevated VEGF-D 
levels, we obtained samples from women with biopsy-
proven lymphangiomatosis, a lymphatic dysplasia 
syndrome. Although bilateral cystic lung disease has 
not been observed in lymphangiomatosis, it is often 
considered in the differential diagnosis of LAM when 
chylous effusions or ascites are present. VEGF-D 
levels were signifi cantly greater in patients with LAM 
with a history of chylous effusions than in the lymp-
hangiomatosis group ( Fig 3 ). Three of the 10 women 
with lymphangiomatosis had mildly elevated VEGF-D 
levels of 700 to 750 pg/mL, suggesting that careful 
radiographic evaluation for bilateral cystic lung dis-
ease and a VEGF-D cutoff of  �  800 pg/mL is also 
optimal for this subpopulation. 

 Determination of Overall Test Performance 

 We used the entire retrospective and prospective 
study cohorts to determine VEGF-D test perfor-
mance. Median serum VEGF-D levels were elevated 
in S-LAM compared with healthy volunteers (1,175 
[IQR 780-2,013] pg/mL vs 309 [IQR 211-433] pg/mL, 
 P   ,  .001) ( Fig 4  ). Furthermore, serum VEGF-D lev-
els were normal in emphysema, PLCH, Sjögren with 
cystic lung disease, and BHD. The ROC curve dem-
onstrates an area under the curve of 0.961 (95% CI, 
0.923-0.992) for S-LAM in comparison with other 
cystic lung disease controls ( Fig 4 B  ). In this context, 
a VEGF-D cut-off value of  .  607 pg/mL was associ-
ated with 83.9% sensitivity (95% CI, 71.7%-92.4%) 
and 100% specifi city for LAM. When the comparison 
group was expanded to include the 40 healthy female 
volunteers, the area under the ROC curve was 0.950 
(95% CI, 0.914-0.987). At 600 pg/mL, the sensitivity 
was unchanged, but specifi city decreased slightly to 
97.6% (95% CI, 91.7%-99.7%) with a positive likeli-
hood ratio of 35.3 for diagnosis of LAM. 

 We also evaluated VEGF-D test performance 
as a potential screening tool for LAM in women 

600 pg/mL, the test sensitivity is 73.7% and specifi c-
ity 100%. The sensitivity is 60% at a more conserva-
tive cut-off level of 800 pg/mL. 

 Table 1— Clinical Characteristics of the Study Population  

Category  No. Age, y FEV 1 , % predicted
Smoking History, % 

Never/Former/Current
Supplemental

Oxygen Use, %

History of 
Spontaneous 

Pneumothorax, %

S-LAM 56 45.7  6  10.7 63.6  6  23.5 80/16/4 36 45
TSC with LAM 28 38.1  6  11.9 66.6  6  23.2 56/32/12 32 50
Emphysema 10 42.3  6  4.6 64.1  6  29.9 40/50/10 20 50
PLCH 15 33.2  6  9.3 75.6  6  20.1 7/13/80 13 0
BHD 12 50.5  6  14.5 96.5 (n  5  2 only) 67/8/25 0 83
Sjögren with cystic lung disease 7 38.7  6  7.5 73.0  6  15.7 100/0/0 0 0
TSC only 17 28.8  6  11.1 Unknown 93/7/0 0 0
Lymphangiomatosis 10 37.9  6  12.7 Unknown 80/20/0 0 0
Healthy volunteers 40 31.3  6  4.8 Not applicable Unknown NA NA

BHD  5  Birt-Hogg-Dubé; LAM  5  lymphangioleiomyomatosis; NA  5  not applicable; S-LAM  5  sporadic lymphangioleiomyomatosis; PLCH  5  pulmonary 
Langerhans cell histiocytosis; TSC  5  tuberous sclerosis complex.

  Figure  1. Serum VEGF-D levels prospectively distinguish spo-
radic LAM (S-LAM) from other cystic lung diseases in patients 
presenting as diagnostic unknowns. ( A ) Results of prospective 
serum VEGF-D testing in patients presenting prior to defi nitive 
diagnosis. A total of 15 individuals were subsequently diagnosed 
with LAM by biopsy, and VEGF-D levels were  .  800 pg/mL in 
12 of these 15 cases. VEGF-D levels were normal in the 18 individu-
als later diagnosed with other causes of cystic lung disease (Other 
Cystic). Lines denote median values for each group. ( B ) ROC 
curve based on this prospective cohort only. The area under the 
ROC curve is 0.948  6  0.048 (95% CI, 0.855-1.0). ( C ) Comparison 
of serum VEGF-D levels in the prospective cohort vs the retro-
spective cohort demonstrates similar fi ndings in both cohorts. ( D ) 
ROC curve for LAM vs other cystic lung diseases. Data included 
are from combined retrospective and prospective cohort of sub-
jects with defi nite S-LAM (n 5  56) in comparison with females 
with the other cystic lung diseases (emphysema, pulmonary 
Langerhans cell histiocytosis [PLCH], Birt-Hogg-Dubé [BHD] 
syndrome, and Sjögren syndrome with follicular bronchiolitis, 
n  5  44 total). Healthy volunteers are not included in this analysis. 
Area under the ROC curve is 0.961  6  0.018 (95% CI, 0.923-0.992). 
LAM  5  lymphangioleiomyomatosis; Pro  5  prospective cohort; 
Retro  5  retrospective cohort; ROC  5  receiver operating charac-
teristic; VEGF-D  5  vascular endothelial growth factor D.   
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that are commonly considered in the differential 
diagnosis, and was associated with the presence of 
cystic lung disease in women with TSC. We conclude 
that serum VEGF-D is a useful diagnostic test for 
S-LAM and a promising screening tool for LAM in 
women with TSC. 

 The fi nding of thin-walled cysts on HRCT scan-
ning of the chest can represent a signifi cant diagnos-
tic and management dilemma for the pulmonary 
clinician. The most likely diseases in the differential are 
PLCH, emphysema, and LAM. Less common disor-
ders that should also be considered include Sjögren 
syndrome or systemic lupus associated with follicular 
bronchiolitis, lymphocytic interstitial pneumonitis, 
or BHD syndrome, a genodermatosis associated with 
kidney tumors, lung cysts, and spontaneous pneu-
mothorax. Unfortunately, the clinical presentation is 
not suffi cient to make a defi nitive diagnosis in the 
majority of patients with S-LAM, and pathologic 
confi rmation is often considered. Although diagnosis 
by transbronchial biopsy has been reported, the yield 
is considered to be low, and lung biopsy via video-
assisted thoracoscopic surgery is the procedure of 
choice. The risks of surgical biopsy and general anes-
thesia, including prolonged air leak, prolonged chest 
wall pain or numbness, and death, must be weighed 
against the potential benefi ts. 

 Serum VEGF-D was elevated above the upper 
limit of values in healthy volunteers or cystic lung dis-
ease controls in about 78% of patients with S-LAM 
and in 96% of women with TSC-LAM. LAM is “highly 
likely” in a woman with a VEGF-D level of 600 pg/mL 
and typical cystic change on HRCT scan, and clini-
cally defi nite in a patient with a level of 800 pg/mL. 
These criteria proved to be equally robust in both a 
retrospective cohort and a prospective set of patients 
who had VEGF-D levels drawn before the diagnosis 
was established. In the prospective cohort, the test 
performed as predicted and could have obviated the 
need for biopsy in  .  70% of patients. There were no 
false positives from individuals who were later shown 
to have other causes of cystic lung disease. 

 We also found that serum VEGF-D levels are ele-
vated in the most relevant subset of patients with 
LAM, those with lone LAM, although values tended 
to be higher (though not signifi cantly) in those 
patients with S-LAM with a history of chylous effu-
sion or an AML. In a recent report, Glasgow et al  15   
concluded in a subanalysis that serum VEGF-D was 
only a “fair predictor” of LAM in patients without 
lymphadenopathy as defi ned by Einstein et al.  16   How-
ever, in the Glasgow et al study,  15   the patients with 
LAM were compared only to healthy volunteers and 
not to patients with HRCT scan evidence of cystic 
lung disease, which is the clinically relevant compari-
son. In addition, the mean VEGF-D in their normal 

with TSC. VEGF-D levels were significantly 
greater in women with TSC-LAM (median 3,465 
[IQR 1,970-7,195] pg/mL) than in women with 
S-LAM (1,175 [IQR 780-2,013] pg/mL,  P   ,  .0001). 
Serum VEGF-D levels were signifi cantly elevated 
in women with TSC-LAM in comparison with 
women with TSC only ( Fig 5  ). However, specifi city 
for TSC-LAM, as based on chest CT scan evidence of 
cysts, was incomplete at a cut-off value of 800 pg/mL. 

 Discussion 

 The objective of this study was to prospectively 
evaluate the test characteristics and diagnostic use-
fulness of serum VEGF-D for LAM. We found that 
VEGF-D effectively discriminated LAM and lone 
elevated serum LAM from other cystic lung diseases 

  Figure  3. In subjects with chylous effusions, serum VEGF-D 
levels distinguish subjects with LAM from those with lymp-
hangiomatosis. ( A ) Comparison of serum VEGF-D levels in sub-
jects with S-LAM and history of chylous effusions vs women with 
lymphangiomatosis, a lymphatic disorder also associated with chy-
lous effusions. Lines denote median values for each group. ( B ) 
ROC curve for LAM with chylous effusions vs lymphangiomato-
sis. The area under the ROC curve is 0.933  6  0.051 (95% CI, 
0.834-1.0). See Figure 1 legend for expansion of abbreviations.   

  Figure  2. Serum VEGF-D levels are elevated in S-LAM in the 
absence of angiomyolipomas (AMLs) or chylous effusions and dis-
tinguish lone LAM from other cystic lung diseases that mimic 
LAM. ( A ) Serum VEGF-D levels in lone LAM vs other cystic lung 
diseases in the differential diagnosis. Subjects with lone LAM 
(n  5  19) lacked other corroborating disease features, such as 
tuberous sclerosis complex (TSC), AMLs, or chylous effusions, 
and were all diagnosed by biopsy. Lines denote median values 
for each group. ( B ) ROC curve for lone LAM vs other cystic lung 
diseases. The area under the ROC curve is 0.940  6  0.034 (95% CI, 
0.873-1.0). See Figure 1 legend for expansion of abbreviations.   



www.chestpubs.org CHEST / 138 / 3 / SEPTEMBER, 2010   679 

serum VEGF-D level and subject age, supplemental 
oxygen use, or most recent FEV 1 % predicted. Simi-
larly, Glasgow et al  15   did not fi nd any association 
between VEGF-D levels and a number of pulmonary 
function parameters, including FEV 1 , FVC, FEV 1 /FVC 
ratio, total lung capacity, residual volume, or decline 
in FEV 1  or diffusing capacity of the lung for carbon 
monoxide (D lco ) per year. That group did fi nd that 
higher VEGF-D levels were associated with a higher 
severity score on CT scan analysis and lower D lco  
or D lco /alveolar volume in the subset of patients 
with lymphatic involvement. Seyama et al  11   found 
that D lco /alveolar volume  , and FEV 1 /FVC but 
not FEV 1 , total lung capacity, or residual volume cor-
related with VEGF-D levels. Should future studies 

control population was more than twice that reported 
in our study, the Seyama et al  11   series, or the manu-
facturer’s literature, resulting in overlap with disease 
subjects that signifi cantly compromised the diagnos-
tic value of the test. From our data and test interassay 
variability, we find that a serum VEGF-D level of 
800 pg/mL is a conservative threshold for a defi nitive 
diagnosis of LAM in patients with typical thin-walled 
cystic change on HRCT scan. This cut-point is based 
on the assay conditions and reagents used in this study. 
To our knowledge, this test is not available in clini-
cally certifi ed laboratories at this time. 

 Although we did not perform pulmonary function 
testing coincident with VEGF-D testing in the pres-
ent study, we did not fi nd any association between 

  Figure  4. Test performance of serum VEGF-D levels in distinguishing women with S-LAM from 
those with other cystic lung diseases that mimic LAM. ( A ) Serum VEGF-D levels in the combined 
prospective and retrospective cohorts of subjects with defi nite S-LAM vs female subjects with other 
cystic lung diseases, as proven by biopsy and/or genetic testing, and healthy volunteers. Lines denote 
median values for each group, and proposed cut-off values are shown. ( B ) ROC curve for LAM vs 
other cystic lung diseases. Data included are from subjects with defi nite S-LAM (n  5  56) in compari-
son with women with the other cystic lung diseases (emphysema, PLCH, BHD, and Sjögren syn-
drome with follicular bronchiolitis, n  5  44 total). Healthy volunteers are not included in this analysis. 
Area under the ROC curve is 0.961  6  0.018 (95% CI, 0.923-0.992). See Figure 1 legend for expansion 
of abbreviations.   

  Figure  5. Test performance of serum VEGF-D levels in discriminating the presence or absence 
of LAM in women with TSC, an at-risk population. ( A ) Results of VEGF-D testing in women with 
TSC-LAM (n  5  28) vs women with TSC only (n  5  17). Women with TSC only were defi ned as those with 
the absence of cysts on chest scan within 18 months of VEGF-D testing. Lines denote median values for 
each group, and performance at proposed cut-off values is shown. Note that the dotted line indicates 
that a higher cut-off value of 900 pg/mL would be needed to achieve 100% specifi city in this setting. 
( B ) ROC curve for VEGF-D in women with TSC-LAM vs TSC only. Area under the ROC curve is 
0.992  6  0.010 (95% CI, 0.973-1.0). See Figure 1 and 2 legends for expansion of abbreviations.   
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