
To conclude, an active search for ILD among index cases of
IPF enables almost a third (33.2%) of index cases to be classified as
familial forms and the diagnosis of new patients. In our pilot study,
the most effective method for detecting new ILD cases has been
sibling analysis, in which over half (52.6%) of those analyzed had
abnormal HRCT findings. Although further validation is necessary,
our study suggests that screening for interstitial disease with HRCT
imaging in siblings of patients with IPF may be a useful tool for the
early detection of new cases.
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Serum Vascular Endothelial Growth Factor C as a
Marker of Therapeutic Response to Sirolimus
in Lymphangioleiomyomatosis

To the Editor:

Lymphangioleiomyomatosis (LAM) is a female-predominant, low-
grade metastatic neoplasm that results in progressive cystic lung
remodeling. LAM occurs in patients harboring germline TSC
(tuberous sclerosis complex) mutations (TSC-LAM) and also in a
sporadic form (S-LAM) in patients with somatic TSC2mutations (1).
The vascular endothelial growth factors VEGF-C and VEGF-D play

key roles in the tissue remodeling, metastasis, and invasion that
occurs in LAM (2–4). Serum VEGF-D has proven to be a clinically
useful diagnostic, prognostic, and predictive biomarker in LAM
(5–9). However, serum VEGF-D is elevated in only about 60–70%
of patients with LAM, and there is an unmet need for additional
biomarkers that may improve the sensitivity and specificity for
diagnosis, inform disease management, and facilitate trial conduct in
LAM. Based on the role of VEGF-C in the pathogenesis of LAM (2–
4), we postulate that VEGF-C may be a useful adjunctive biomarker
in LAM. The primary objective of our study was to determine
whether VEGF-C concentrations correlate with measures of disease
severity, the rate of disease progression, and the response to therapy
and whether VEGF-C has the potential to aid in LAM diagnosis. In
addition, because VEGF-C is known to be a component of platelets,
as a secondary objective, we aimed to assess the relative performance
of serum and plasma VEGF-C values as biomarkers in LAM and
determine the optimal blood compartment for future measurements.

Methods
Our study population comprised participants from the following
two cohorts: 1) patients enrolled in the MILES (Multicenter
International Lymphangioleiomyomatosis Efficacy of Sirolimus)
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trial (NCT00414648) and 2) women with S-LAM, TSC-LAM, and
TSC without LAM and healthy control subjects enrolled from the
University of Cincinnati (UC) LAM and the Cincinnati Children’s
Medical Center (CCHMC) TSC clinics (UC/CCHMC cohort, UC
institutional review board number 05–12–19–01 and CCHMC
institutional review board number 2008–0932). The MILES trial
was a double-blind, placebo-controlled trial in which women with
moderate to severe LAM were randomized to receive sirolimus or
placebo for 12 months, followed by 12 months of observation off
therapy. Pulmonary function tests (PFTs) were obtained at baseline
and at 3-month intervals in the first year and 6-month intervals in
the second year. Serum and plasma samples were obtained at 0, 6,
12, and 24 months (10).

Plasma and serum VEGF-C were measured in triplicate by
enzyme-linked immunosorbent assay using the human VEGF-C
DuoSet kits (R&D systems). Data from theMILES cohort was used to
assess the relationship between VEGF-C concentrations and baseline
disease features at enrollment, rate of disease progression, and
response to sirolimus treatment. A linear regression model was used
to assess the relationship between baseline VEGF-C concentrations
and baseline PFTs in the MILES cohort. The Wilcoxon rank-sum
test was used to test for differences in baseline serum VEGF-C
concentrations between subgroups, which were defined by the
presence or absence of categorical variables such as angiomyolipoma,
pneumothorax, and supplemental oxygen use. General linear models
were used to assess absolute changes in PFTs from baseline to 12
months, and linear mixed-effects models were used to assess changes
with time. The Wilcoxon matched pairs signed rank test was used to
compute differences in baseline, 6-month, and 12-month values of
VEGF-C for the MILES cohort. To assess the value of VEGF-C as a
diagnostic biomarker in LAM, serum VEGF-C concentrations in the
UC/CCHMC cohort were combined with the baseline values in the
MILES cohort. A Kruskal-Wallis test was conducted to detect overall
group differences, and a Mann-Whitney test was used to detect
differences between individual categories. Statistical analyses were
conducted with SAS version 9.3 andGraphPad Prism 8, and a P value
of 0.05 or less was considered significant.

Results
The baseline characteristics of the MILES trial participants have
been published previously (10). The trial consisted of 89 subjects,
including 81 with S-LAM and eight with TSC-LAM. Forty-three
subjects were randomized to the placebo arm, and 46 subjects were
randomized to the sirolimus arm (10).

The median baseline serum VEGF-C concentration in the
MILES cohort was 6,957 (interquartile range [IQR], 6,072–8,528)

pg/ml. After segregating the cohort into S-LAM and TSC-LAM
subgroups, the median (IQR) serum VEGF-C values were
6,957 (6,072–8,339) pg/ml for the S-LAM subgroup and
6,854 (5,811–10,794) pg/ml for the TSC-LAM subgroup. Baseline
median (IQR) plasma VEGF-C concentrations were approximately
30-fold lower than the serum values, with 237 (154–370) pg/ml for
the entire MILES cohort; 233 (145–367) pg/ml for the S-LAM
subgroup, and 316 (293–2,003) pg/ml for the TSC-LAM subgroup.

There was no correlation between baseline serum VEGF-C and
VEGF-D concentrations in the MILES cohort (Spearman r=20.19;
P=0.08). Themedian serumVEGF-C concentrations were similar at
baseline in the sirolimus and placebo groups (Table 1). Baseline
serum VEGF-C correlated with the need for supplemental oxygen
(P= 0.007) but not with other disease features at enrollment, such as
PFTs, angiomyolipomas, and history of pneumothorax. Longitudinal
analysis during the treatment year revealed that a one-unit increase
in baseline log (serum VEGF-C) was associated with an increase
in the rate of decline in forced expiratory volume in 1 second by
27 ml/mo in the placebo group (P= 0.06). VEGF-C concentrations
remained stable over the 2-year study period in the placebo group.
Serum VEGF-C concentrations decreased by approximately 20%
from the baseline value in the sirolimus group at 6 (P, 0.0001) and
12 months (P, 0.0001) and returned to baseline values when the
drug was held during the observation year (Figure 1).

Baseline plasma VEGF-C concentrations did not correlate
with PFTs and other disease features at enrollment, longitudinal
disease progression (in the placebo arm), or treatment response (in
the sirolimus arm). Plasma VEGF-C concentrations remained
stable in the placebo arm and decreased after treatment with
sirolimus, although the magnitude of the response was less
pronounced than that for serum VEGF-C concentrations (Table 1).

The UC/CCHMC cohort consisted of eight women with TSC
without LAM, 10 women with TSC-LAM, 28 women with S-LAM,
and 12 healthy female control subjects. Serum VEGF-C values
obtained from patients with S-LAM (n= 79) and TSC-LAM (n= 8)
at their baseline MILES visit were combined with those from the
UC/CCHMC cohort for a final LAM patient composition of 18
patients with TSC-LAM and 107 patients with S-LAM. The median
serum VEGF-C values of this combined cohort were 7,110 pg/ml
(IQR, 912–23,754) pg/ml for S-LAM, 6,553 (IQR, 1,861–11,910)
pg/ml for TSC-LAM, 5,017 (IQR, 2,827–16,231) pg/ml for women
with TSC without LAM, and 8,143 (IQR, 5,286–14,682) pg/ml for
healthy adult women. There were no significant differences in
serum VEGF-C values between these groups (P= 0.20) (Figure 2).
Finally, we analyzed the serum VEGF-C values obtained only from
the UC/CCHMC cohort; there was no difference in the serum

Table 1. Baseline and 12-month values of serum VEGF-C and VEGF-D and plasma VEGF-C concentrations in the MILES trial

Biomarker Sirolimus Group Placebo Group

Baseline
[Median (95% CI)]

12 mo
[Median (95% CI)]

P Value Baseline
[Median (95% CI)]

12 mo
[Median (95% CI)]

P Value

Serum VEGF-D, pg/ml 1,345 (924–2,006) 709 (508–1,010) ,0.0001 1,329 (722–1,735) 1,231 (734–2,546) 0.30
Serum VEGF-C, pg/ml 6,860 (6,600–8,198) 5,453 (4,804–6,248) ,0.0001 7,028 (6,337–7,490) 6,752 (5,814–7,622) 0.08
Plasma VEGF-C, pg/ml 268 (231–367) 204 (147–266) 0.03 217 (177–313) 238 (157–303) 0.14

Definition of abbreviations: CI = confidence interval; MILES=Multicenter International Lymphangioleiomyomatosis Efficacy of Sirolimus; VEGF-C= vascular
endothelial growth factor C; VEGF-D= vascular endothelial growth factor D.
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VEGF-C values in patients with S-LAM and healthy control
subjects (P= 0.31) or in women with TSC-LAM and women with
TSC without LAM (P= 0.46).

Discussion
Serum VEGF-D is a clinically useful diagnostic biomarker for LAM,
and a value of 800 pg/ml or greater in women with a compatible
chest computed tomographic scan is almost 100% specific in
distinguishing LAM from other cystic lung diseases (6, 8, 9).
However, additional biomarkers are needed to facilitate noninvasive
diagnosis of LAM in the 30–40% of patients who have VEGF-D
values of less than 800 pg/ml, and our hope was that VEGF-C would
be useful for this purpose. Our analysis indicates that serumVEGF-C
values are similar in patients with S-LAM compared with healthy
control subjects and in women with TSC with and without LAM.
These findings are consistent with those previously reported in a
Japanese cohort (11) and suggest that serum VEGF-C holds little
promise as a diagnostic biomarker in LAM.

In the MILES trial, serum VEGF-C remained stable over time in
the placebo group, was suppressed by sirolimus treatment, and returned
toward baseline when the drug was held, similar to the VEGF-D
response (7). This pattern is consistent with a reversible inhibition of
the mechanistic target of rapamycin pathway and with the known
cytostatic action of sirolimus in LAM. Plasma VEGF-C exhibited a
similar but less pronounced pattern of suppression on sirolimus during
the period of drug exposure compared with serum VEGF-C. Because
VEGF-C is containedwithin platelets and is released upon clotting (12),
plasma VEGF-C may more accurately reflect the fraction of VEGF-C
that is free in circulation. It is quite likely, however, that VEGF-Cwithin
the platelet compartment is also biologically relevant and bioavailable,
and serum VEGF-C (which presumably includes platelet-derived
VEGF-C) appears to be more responsive to mechanistic target of
rapamycin pathway activation and suppression than plasma VEGF-C.

There is considerable variation in VEGF-C concentrations
measured using two different commercially available assays,
Quantikine and DuoSet (both R&D Systems). Because we were
primarily interested in the longitudinal trends of VEGF-C in the
MILES trial as opposed to absolute values, we chose the DuoSet
kits for our analysis to reduce cost and to ensure uniformity in

measurement methodology. If VEGF-C is to be used for clinical
purposes in future, the basis for discrepancies in VEGF-C
measurement between various assays will need to be resolved, and
standard sample processing and quantification procedures will
need to be developed.

Conclusions
Serum VEGF-C is a potentially useful biomarker of treatment
response to sirolimus in patients with LAM, but there appears to be
little diagnostic utility of VEGF-C in patients with suspected LAM.

Author disclosures are available with the text of this letter at
www.atsjournals.org.
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Figure 2. Serum VEGF-C (vascular endothelial growth factor C)
concentrations in women with sporadic lymphangioleiomyomatosis (LAM),
TSC (tuberous sclerosis complex)-LAM, TSC without LAM, and healthy
control subjects. Serum VEGF-C concentrations (median and 95%
confidence intervals) were similar in all groups (P=0.20). HC=healthy
control subjects; S-LAM=sporadic LAM.
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Peer Support Group for Intensive Care Unit Survivors:
Perceptions on Supportive Recovery in the Era of
Social Distancing

To the Editor:

Up to 70% of intensive care unit (ICU) survivors experience
long-term cognitive impairment, psychological difficulties, and

physical disability (1–5). Referred to as “post–intensive care
syndrome” (PICS), this collection of symptoms presents challenges
to survivors and caregivers that limit functional independence,
employment, and quality of life (6–10). Despite their prevalence,
symptoms are frequently underrecognized and undertreated (5, 11).
With an estimated 5.7 million ICU admissions annually in the United
States (12), expected to increase alongside the evolving coronavirus
disease 2019 (COVID-19) pandemic (13), the focus on recovery after
critical illness is a major public health concern that demands adaptive
strategies to facilitate recovery for this vulnerable population.

In-person (14, 15) and virtual (16–21) peer support groups
help overcome barriers to PICS recovery, such as limited patient
education on PICS and access to post–acute care psychosocial
interventions. Therapeutic support groups unite people facing
similar issues, emphasize emotional support, and incorporate
educational components. Virtual support systems for chronic
disease management have great potential during the COVID-19
pandemic. Despite a paucity of data for psychosocial interventions
for ICU survivors, wemust disseminate best practices to address the
anticipated needs of COVID-19 survivors.

The ICU Survivor Peer Support Group at the Critical Illness,
Brain Dysfunction, and Survivorship Center has met weekly for 10
years, providing structured and informal support for a growing
number of ICU survivors across the United States. With new
restrictions and concerns during the COVID-19 pandemic, we
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