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 Eff ect of Fasting on the Size of 
Lymphangioleiomyomas in Patients With 
Lymphangioleiomyomatosis 

  Angelo M.   Taveira-DaSilva ,  MD ,  PhD ;  Amanda M.   Jones ,  CRNP ;  Patricia   Julien-Williams ,  CRNP ; 

 Thomas   Shawker ,  MD ;  Connie G.   Glasgow ,  BS ;  Mario   Stylianou ,  PhD ; and  Joel   Moss ,  MD ,  PhD  

  BACKGROUND:    Lymphangioleiomyomas occur in 38% of patients with sporadic lymphangi-

oleiomyomatosis (LAM) and may cause pain and increased abdominal girth, mimicking the 

presence of a malignancy. Lymphatic involvement in LAM is closely associated with elevated 

serum levels of vascular endothelium growth factor-D (VEGF-D). Because lymphangioleio-

myomas undergo diurnal variation in volume, we hypothesized that daytime ingestion of food, 

by increasing chyle formation and lymphatic fl ow, is the cause of an increase in lymphangi-

oleiomyoma volume. 

  METHODS:    Subjects had abdominopelvic sonograms and blood drawn for measurement of 

serum VEGF-D levels under nonfasting (day 1) and fasting (day 2) conditions. Th e size of the 

lymphangioleiomyomas was determined by a radiologist who was blinded to the subjects’ status. 

Th e Wilcoxon signed rank test was used to determine whether the nonfasting tumor size was 

diff erent from the fasting tumor size. 

  RESULTS:    Th irty-fi ve women were studied (aged 45.2  �  8.5 years; FEV 1 , 82%  �  25%; diff using 

capacity of the lung for carbon monoxide, 64%  �  25% predicted). Images suitable for volume 

measurements were obtained in 30 subjects. Fasting decreased the tumor size by 20.7  �  39.3 cm 3  

(24%  �  40%,  P   ,  .001). Fasting VEGF-D levels (10,650  �  900 pg/mL) were not signifi cantly 

diff erent from nonfasting values (12,100  �  800 pg/mL,  P   5  .56). 

  CONCLUSIONS:    Lymphangioleiomyoma volume decreased during the fasting state. Conversely, 

a combination of food intake and decreased chyle fl ow through lymphatics partially obstructed 

by LAM cells may account for increases in lymphangioleiomyoma size. Imaging studies per-

formed under fasting conditions may help in determining whether an abdominal tumor is a 

result of LAM or malignancy.      CHEST  2015; 148(4): 1027 - 1033  
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  Lymphangioleiomyomatosis (LAM) is a multisystem 

disorder aff ecting primarily women that is characterized 

by cystic lung destruction, abdominal angiomyolipomas, 

and lymphatic abnormalities comprising lymphadenop-

athy, lymphangioleiomyomas, and chylous eff usions.  1   

LAM occurs sporadically, primarily as a result of muta-

tions in  TSC 2  2,3   in patients with no evidence of genetic 

disease as well as in patients with tuberous sclerosis 

complex,  4   an autosomal-dominant syndrome caused by 

mutations in  TSC1  or  TSC2 .  5   

 Th e lymphatic vasculature has been recognized as play-

ing a major role in the pathophysiology of LAM. 

Indeed, LAM may present with thoracoabdominal 

lymphangioleiomyomas,  6,7   chylothorax, and ascites,  6,8   

suggesting the presence of a malignancy.  9,10   Lymphangi-

oleiomyomas, which occur in about 38% of patients 

with sporadic LAM,  11   are usually located along the axial 

lymphatics in the thorax and abdomen, retroperito-

neum around the aorta, renal and superior mesenteric 

arteries, and pelvic region.  6,7   Macroscopically, lymphan-

gioleiomyomas consist of well-circumscribed masses 

with prominent cystic formations fi lled with chylous 

fl uid.  6   Th e symptoms associated with lymphangioleio-

myomas may be disabling, including an increase in 

abdominal girth, abdominal pain suggesting an acute 

abdomen, obstipation, urinary frequency, inconti-

nence, Horner syndrome, chyloptysis, malabsorption 

syndrome, and bladder obstruction.  12-16   Extrapulmonary 

lymphatic lesions may precede the appearance of pul-

monary LAM.  6,17   

 Th e lesions of LAM result from organ infi ltration by a 

neoplastic cell (termed the “LAM cell”) that displays 

characteristics of both smooth muscle cells and mela-

nocytes.  6,18   LAM cells comprise both spindle-shaped 

and epithelioid smooth muscle-like cells. Both cell 

types react with antibodies against the smooth muscle 

antigens  a -actin, vimentin, and desmin.  6,18   Th e epithe-

lioid LAM cells react with human melanin black anti-

body (HMB-45), a monoclonal antibody that recognizes 

a premelanosomal protein (gp100) encoded by the 

 Pmel17  gene.  6,18   In the lungs, LAM cells are arranged 

either in a haphazard pattern or in follicles, bundles, 

or papillary formations containing slit-like channels 

that are lined by lymphatic endothelial cells and may 

contain lymphocytes and RBCs.  6,18   Aggregates of lym-

phoid cells may form lymphoid follicles.  6,18   Lymphatic 

vessels may be dilated as a consequence of compres-

sion of the thin-walled lymphatic channels by prolifer-

ating LAM cells.  6,18   LAM cell clusters (LCCs) have 

been noted in chylous eff usions and elsewhere.  19   Th ese 

LCCs consist of LAM cells surrounded by lymphatic 

endothelial cells.  19,20   LCCs are present in lung lym-

phatics, lymph nodes, uterus, and chylous fl uid.  19,20   

LAM cells infi ltrate and penetrate the lymphatic 

channels and pulmonary arterioles, leading to leakage 

of chyle and blood.  6,18,20   Occlusion or infi ltration of 

pulmonary arterioles by LAM cells may account for 

the hemoptysis described by patients with LAM.  11   

Through the lymphatic channels, LAM cells gain 

access to the systemic circulation, facilitating the meta-

static spread of the disease.  20   In summary, LAM cells 

appear to invade the wall of the lymphatic vessels, 

causing damage and leakage of chylous fl uid and 

obstruction of chyle fl ow and leading to the formation 

of lymphangioleiomyomas. 

 LAM cells exhibit positive immunoreactivity for vascu-

lar endothelial growth factor (VEGF) receptor-3.  21   

VEGF-C and VEGF-D are ligands for VEGF receptor-3, 

which is also expressed by lymphatic endothelial 

cells.  20,21   Th e degree of lymphangioleiogenesis and 

VEGF-C expression has been reported to correlate with 

the histologic severity of lung disease.  21   LAM cells also 

exhibit positive immunoreactivity for VEGF-D, and 

serum levels of VEGF-D are increased in patients with 

LAM, especially those with lymphatic involvement.  22,23   

High VEGF-D levels are associated with severity of lung 

disease as measured by the degree of airfl ow obstruc-

tion, impairment of lung diff usion capacity, and cysts 

on CT scans.  22,23   Measurement of serum VEGF-D has 

been shown to be useful as a diagnostic tool and in 

grading the severity of the disease and the potential 

response to therapy.  24,25   

 Lymphangioleiomyomas have a distinctive radiologic 

appearance, and diurnal variation in size of these 

tumors has been reported.  7,26,27   In one study, CT scans 

taken in the evening hours showed a 140% increase in 

volume from morning values.  24   Th is fi nding was also 

documented by ultrasonography.  27   In the latter study, 

21 of 44 patients with LAM showed morning to evening 

variation, with an increase in the size of the lymphangi-

oleiomyomas ranging from 10% to 484%.  27   

 Flow of chyle in lymphatics is determined by food 

intake, depending predominantly on the fat content of 

the diet.  28   Studies of chylothorax have demonstrated a 

reduction in daily fl uid drainage and complete resolu-

tion of eff usions when patients were placed on a low-fat 

diet and total parenteral nutrition, with the only source 

of fat being medium-chain triglycerides.  29-32   Conversely, 

during various surgical procedures, visualization of the 
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 Results 

 Patient Characteristics 

 Th irty-fi ve patients were enrolled in the study. Th eir 

mean age at the time of the study was 42.8  �  8 years. 

Th eir age when initial symptoms were experienced 

was 38.2  �  8.4 years, and the age at diagnosis was 

41.5  �  8.2 years. Th irty patients were white, three black  , 

and two Asian. Ten patients were on supplemental 

oxygen therapy. Eighteen diagnoses were made by 

tissue biopsy specimen, 12 by lymphangioleiomyoma 

biopsy specimen, and six by lung biopsy specimen. Th e 

remaining 17 diagnoses were made by a combination 

of characteristic lung cysts, as evidenced on CT imaging: 

14 lymphangioleiomyomas, two chylous eff usions, 

and one tuberous sclerosis complex. Pulmonary func-

tion tests at enrollment are shown on  Table 1 .   Patients 

showed decreases in FEV 1  and diff using capacity of the 

lung for carbon monoxide. 

 Tumor size could not be estimated in fi ve patients. 

Th ere were 30 patients with tumor size measurements 

at 22 h (nonfasting to fasting evening measurement) 

and 29 with measurements at 15 h (evening day 1 

nonfasting to morning day 2 fasting).  Figure 1    and 

 Table 2    show that mean  �  SD absolute tumor changes 

from day 2 evening fasting to day 1 evening nonfasting 

were  2 20.7  �  39.3 cm 3 . Th e median (interquartile range 

[IQR]) values were  2 9.4 ( 2 19.5 to  2 2.9,  P   ,  .001). 

thoracic duct is improved by administration of milk 

fat.  33   Consequently, it is recommended that patients 

with chylous eff usions be placed on a low-fat diet. 

 Th e aim of this study was to determine whether the size 

of lymphangioleiomyomas is aff ected by food intake. 

Specifi cally, based on prior studies demonstrating an 

increase in tumor size from morning to evening time, 

we questioned whether the changes in tumor volume 

were due to overnight fasting rather than to changes in 

hydrostatic pressure resulting from an upright posture 

and ambulation. We also questioned whether changes 

in the size of lymphangioleiomyomas were associated 

with changes in serum levels of VEGF-D. 

 Materials and Methods 
 Study Subjects and Study Design 

 Subjects were recruited from a large cohort of patients participating 

in a LAM natural history and pathogenesis protocol (National Heart, 

Lung, and Blood Institute [NHLBI] protocol 95-H-0186). The study 

was approved by the NHLBI Institutional Review Board   (NHLBI pro-

tocol 08-H-0016).  

 Th e study was performed in 35 patients with LAM in whom the pres-

ence of lymphangioleiomyomas had previously been ascertained by 

CT imaging or abdominopelvic ultrasonography. On the fi rst day of 

testing, the patients were allowed to eat a regular diet at mealtimes and 

between-meal snacks. Patients were allowed to have dinner, which was 

completed by 7:00  pm,  and then they fasted until study day 2 testing was 

completed. On the second day of the study, patients were tested both in 

the morning and in the evening, with the latter test being performed 

at the same time in the evening as study day 1. By the morning of the 

second day, patients had been fasting for approximately 15 h. On the 

second day of the study, evening testing was undertaken aft er 22 h of 

fasting. Patients were ambulatory during the intervals between assess-

ments. Th e cohort did not include any night shift  workers. All patients 

were confi ned to the hospital and observed by the nursing and medical 

staff  throughout the duration of the study. Patients were scanned by the 

same technologist using the same machine and the same transducer 

frequency for both the morning and the aft ernoon studies. All studies 

were checked by the same board-certifi ed radiologist before the patient 

left  the department.  27   Transverse, sagittal, and longitudinal diameters of 

the lymphangioleiomyomas were determined as previously reported  27   

by a radiologist who was blinded to the patients’ status. Th e mass sizes 

were quantifi ed by multiplying the transverse, sagittal, and longitudinal 

diameters of the masses and applying the following mathematical equa-

tion used to calculate the volume of an ellipsoid: 4 p   3  (T  3  S  3  L)/3. 

 Statistical Analysis 

 Th e primary end point was the change in lymphangioleiomyoma size 

(volume) between nonfasting and fasting states. We hypothesized that these 

changes were associated with alterations in serum levels of some bio-

markers, especially VEGF-D. Accordingly, we measured serum VEGF-D 

levels on the evening of both day 1 and day 2. For each patient, the 

diff erence between lesion size in the fasting and nonfasting states was 

calculated, and the Wilcoxon signed rank test was used to test whether 

the nonfasting lymphangioleiomyoma size was diff erent from the fast-

ing one. Because it is likely that the measurement in the fasting state 

would be correlated with the volume change or percent volume change, 

we performed secondary analyses of the primary end point using an 

analysis of covariance, where the baseline measurement was used to adjust 

for the eff ect of nonfasting on lymphangioleiomyoma size. All values 

are shown as mean  �  SD.    

  TABLE 1   ]     Pulmonary Function of 35 Patients With 
LAM at the Time of Enrollment 

Parameter    Value % Predicted

FVC, L 3.1  �  1.7 90.8  �  20.3

FEV 1 , L 2.0  �  0.6 76.8  �  26.4

FEV 1 /FVC, % 64  �  15 ...

TLC, L 4.8  �  0.9 92.9  �  17.3

FRC, L 2.6  �  0.7 94.7  �  21.7

RV, L 1.6  �  0.5 95.3  �  26.3

RV/TLC, % 34  �  7 ...

D LCO , mL/min/mm Hg 13.4  �  5.3 64.1  �  25.6

 Data are presented as mean  �  SD. D LCO   5  diff using capacity of the 
lung for carbon monoxide; FRC  5  functional residual capacity; 
LAM  5  lymphangioleiomyomatosis; RV  5  residual volume; TLC  5  total 
lung capacity.  
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Mean absolute tumor changes for day 1 evening non-

fasting to day 2 morning fasting were  2 14.0  �  29 cm 3 . 

Th e median values were  2 6.3 (IQR,  2 15.6 to  2 2.7; 

 P   5  .014). We also calculated the percent change, 

defi ned as (fasting  2  nonfasting)/nonfasting  , to adjust 

for the baseline nonfasting measurement ( Fig 1D ). 

Mean percent tumor changes for day 1 evening non-

fasting to day 2 evening fasting were  2 24%  �  40% 

( P   ,  .001). Mean percent tumor changes for day 1 

evening nonfasting to day 2 morning fasting were 

 2 15%  �  42% ( P   5  .037). An illustrative example of a 

reduction in lymphangioleiomyoma volume aft er fast-

ing for 22 h is shown in  Figures 1A and 1B . 

 Th ere was no statistically signifi cant diff erence in 

tumor volume between day 2 morning and day 2 

evening ( P   5  .176). Twenty of 29 patients (69%) had 

some reduction in the tumor size the morning aft er fast-

ing overnight. Additionally, 18 of 29 patients (62.1%) 

had further tumor reduction from morning to evening 

on the fasting day. Overall, 23 of 30 (76.7%) had some 

tumor reduction 22 h aft er fasting. Of the 23 patients 

with a tumor reduction, the median change was 

 2 35% (IQR,  2 55% to  2 28%). Twenty of 30 patients 

had a reduction of at least 15% in the 22-h fasting 

period (median change,  2 28%; IQR,  2 51% to  2 10%; 

 P   5  .016). Th e median in tumor size in the seven 

patients who had an increase in tumor volume was 

20% (IQR, 17%-23%). 

 Discussion 

 Dysregulation of lymphangiogenesis plays an important 

role in the pathogenesis of LAM.  20   Th e disease pheno-

type is associated with lung nodules infi ltrated with 

lymphatics, lymphatic vessels showing LAM cells pene-

trating through the walls, and chylous eff usions.  19-25   

Th ese forms of LAM are characterized by the presence 

of vascular abnormalities and evidence of arteriolar and 

venular channels as well as lymphatic channel infi ltra-

tion by LAM cells, resulting in both vascular obstruction 

and vascular wall disruption.  6,18   In the lungs, the conse-

quences of these abnormalities are twofold. First, an 

increase in vascular permeability leads to lung hemor-

rhage, hemosiderosis, and an increased number of 

alveolar hemosiderin-laden macrophages in the lungs.  34   

Th ese pathologic fi ndings are associated with symp-

toms of hemoptysis at rest and during exercise or sexual 

intercourse and greater severity and rate of progression 

  Figure 1  – A, B, Changes in the size of a lymphangioleiomyoma in a 44-y-old woman with lymphangioleiomyomatosis aft er fasting for 22 h. Numbers 1 
and 2 indicate cross marks for longitudinal and transverse diameters, respectively. Th e diameters decreased aft er fasting for 22 h. A, Image of a pelvic 
lymphangioleiomyoma with an estimated volume of 57 cm 3 . B, Twenty-two hours aft er fasting  , the volume of the tumor decreased to 18 cm 3 . C, Box 
and whisker plot showing changes in lymphangioleiomyoma volume in 30 patients aft er fasting for 15 and 22 h, respectively. Th e bottom line of each box 
represents the fi rst quartile, the top line represents the third quartile, and the line across the boxes represents the second quartile (median). Th e upper 
and lower whiskers indicate the maximum and minimum changes. D, Changes in lymphangioleiomyoma volume expressed as a percentage of nonfasting 
volume with median and interquartile range changes. Mean lymphangioleiomyoma volume was signifi cantly lower at both 15 h ( P   5  .014) and 22 h 
( P   ,  .001) of fasting  .   
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  TABLE 2   ]     Changes in Lymphangioleiomyoma Size in 
30 Patients With LAM 

Variable  

Day 1 
Nonfasting 
Evening

Day 2 
Fasting 
Morning

Day 2 
Fasting 
Evening

No. patients 30 29 30

Time, h 0 15 22

Tumor 
volume, cm 3 

66  �  80 58  �  63 44  �  48

Volume 
change, cm 3 

…  2 14  �  29  a   2 21  �  39  b  

Tumor 
volume, %

100 86  �  41 76  �  39

Volume 
change, %

…  2 15  �  42  c   2 24  �  40  b  

VEGF-D 
level, pg/mL

12,100  �  800 ... 10,650  �  900

 Data are presented as mean  �  SD unless otherwise indicated. 
VEGF  5  vascular endothelial growth factor. See  Table 1  legend for 
expansion of other abbreviation. 
  a  P   5  .014. 
  b  P   ,  .001. 
  c  P   5  .037. 

of lung disease.  11,34   Second, there is evidence for an 

increase in lung water, presumably chyle,  35-37   showing 

lung infi ltrates on imaging studies and suggesting pul-

monary edema that shift s with body position and 

resolves aft er treatment with mammalian target of 

rapamycin inhibitors.  35-37   

 Th e lymphangioleiomyomas appear to be the result of 

lymphatic infi ltration by LAM cells, resulting in block-

ade and the accumulation of chyle and cystic structures. 

Many factors aff ect the formation and size of these 

tumors, such as fat intake. Lymphangioleiomyomas are 

associated with severity of pulmonary function impair-

ment and overexpression of growth factors (eg, VEGF-D). 

As in the case of pulmonary disease, treatment with 

mammalian target of rapamycin inhibitors reduces the 

size of the tumors, with signifi cant resolution of chylous 

eff usions, while simultaneously causing a reduction in 

serum VEGF-D levels.  25,35   

 Th e current study shows that fasting also reduces the 

size of lymphangioleiomyomas. Th is was evident aft er 

15 and 22 h of fasting regardless of whether the mea-

surements within the fasting period were done in the 

morning or the evening. However, changes in the vol-

ume of lymphangioleiomyomas were not associated 

with alterations in serum VEGF-D levels. Studies 

done aft er 22 h of fasting showed that the size of the 

lymphangioleiomyomas either continued to decrease 

from morning to evening or remained unchanged. 

Th ese fi ndings are not consistent with those previously 

reported in fed subjects showing that the volume of 

lymphangioleiomyomas increases from morning to 

evening.  26,27   Th ese data suggest that the diurnal increase 

in lymphangioleiomyoma size may have been caused by 

increased chyle production aft er meals, resulting from 

an increase in lymph fl ow through the abdomen and 

pelvis. 

 Th is study has several limitations. Not all patients expe-

rienced a reduction in tumor size during fasting; seven 

experienced a small increase in tumor volume, and of 

the 35 enrolled patients, fi ve previously known to have 

lymphangioleiomyomas showed no evidence of measur-

able tumors, suggesting that spontaneous changes in 

lymphangioleiomyoma size may have occurred inde-

pendently of food intake or body position. Th e possible 

explanations for the lymphangioleiomyoma volume 

increase in seven of the 35 patients are several. First, 

there may have been some inaccuracy and lack of preci-

sion in the measurement of lymphangioleiomyoma vol-

ume. Th is would be more likely to occur in patients in 

whom the shape of the lymphangioleiomyomas could 

not be established by the measurement of only three 

diameters and may have led to an underestimation of 

the volume changes. Second, the structure and composi-

tion of the tumors may not be uniform and similar in 

all patients with LAM. In some cases, lymphangioleio-

myomas mainly comprise predominantly fl uid-fi lled 

structures. In these instances, reduced food intake may 

be more likely to cause a reduction in tumor size. 

Conversely, in patients in whom the main component 

of the tumor consists of cellular elements, fasting may 

be less likely to aff ect the tumor volume. Inadvertent 

violation of the fasting state by patients could also have 

aff ected the volume of the tumors. Finally, an increase 

in lymphangioleiomyoma size associated with hormonal 

changes of the menstrual cycle may have occurred in 

some patients.  38   Although the present study was per-

formed in hospitalized patients who were ambulatory, 

it is possible that increases in lymphatic fl ow through 

the pelvis and abdomen because of physical activity and 

the upright position may increase lymphatic pressure 

in dependent body regions. Th ese eff ects could have 

been diminished by recumbent positioning. 

 Because in some patients the reduction in tumor vol-

ume was small, the clinical signifi cance of a small reduc-

tion in volume of a still undiagnosed tumor does not 

preclude the need for further diagnostic tests. More 

accurate measurement of the tumor size by MRI or 

http://journal.publications.chestnet.org


 1032   Original Research      [    1 4 8  #  4    C H E S T    O C TO B E R    2 0 1 5    ]  

CT imaging along with more prolonged fasting with 

complete elimination of fat intake may improve the 

utility of the method. Although only 76% of patients 

had a decrease in tumor size, some had a suffi  ciently 

large reduction in tumor volume to strongly suggest 

that the tumor was very unlikely to be malignant. 

 Conclusions 

 Th e size of a lymphangioleiomyoma may decrease in 

volume during the fasting state perhaps because of 

decreased chyle fl ow. Conversely, it is conceivable that 

lymphangioleiomyoma volume may increase with food 

intake due to problems with chyle fl ow through lym-

phatics partially obstructed or disrupted by LAM cells. 

Along with prior observations that lymphangioleio-

myoma volume may increase from morning to 

evening,  26,27   the current fi ndings suggest that imaging 

studies performed in the morning aft er fasting may 

help in determining whether an abdominal tumor seen 

on CT scan or ultrasound may be a result of LAM or 

perhaps a malignancy, such as ovarian cancer or 

sarcoma. 
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