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Abstract

Adrenal involvement is frequent in metastatic non—small-lung cancer. Patients with oligometastatic (< 3 me-
tastases) disease treated with adrenalectomy have a 5-year overall survival of 34.5%. Next generation
sequencing identified mutational discordance between primary tumors and metastases in 20% of cases, thus
offering insights into tailored treatment in the setting of oligometastatic lung cancer.

Introduction: Adrenal gland metastases occur in up to 20% of patients with non—small-lung cancer. In selected cases
with limited burden of disease, surgery may be offered to improve patient outcome; furthermore, tissue analysis would
provide useful information on genotype of primary and secondary neoplasms. Materials and Methods: We report our
experience in the management of adrenal metastasis by retrospectively reviewing data of 21 consecutive patients
treated with curative intent to the primary tumor followed by adrenalectomy in a 15-year time span. Targeted next
generation sequencing was performed to compare molecular profile of primary lung cancers and adrenal metastases.
Patient overall survival was assessed by Kaplan-Meier method, using adrenalectomy as time zero. Survival rates were
compared by log rank test. Results: No surgery-related mortality or morbidity was observed. Median survival was 50
months; 5-year overall survival was 34.5% (95% confidence interval, 12%-66%). No significant survival difference was
observed with respect to timing of onset (synchronous vs. metachronous) or side (homolateral vs. contralateral) of
adrenal metastasis, T or N status of primary lung cancer, mutational asset, and histologic type. Mutations in TP53
genes were found in 61% and 85% of primary and metastatic tumors, respectively. In 3 of 15 cases, we found dif-
ferences between molecular mutation patterns in primary lung cancer and corresponding adrenal metastasis.
Conclusions: Adrenalectomy is a safe and effective approach in selected cases. Discordance between primary and
secondary tumor mutational profile was found in 20% of assessable patients.
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Lung cancer ranks first and second in mortality worldwide among
men and women, respectively.! At diagnosis, about one-half of
patients with lung cancer have distant metastases.” The most
common metastatic sites are brain, lung, adrenal glands, bone, and
liver. On the basis of observation of improved long-term survival in
patients with limited disease burden (generally up to 5 metastases)
compared with patients with widespread dissemination, an inter-
mediate state between localized and systemic disease (“oligometas-
tic> disease”) has been proposed.””

Oligometastatic disease is found in about 30% of metastatic lung
cancers’”; the reported overall survival in this setting exceeds the
generally expected 5-year survival of widespread metastatic disease
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(30%%? vs. 4% to 6%'°'?), even in patients with metastatic disease
at initial presentation.'” This novel concept implies the possibility
to treat isolated or limited metastatic sites with focal therapies such
as surgery or radiotherapy.

Most interestingly, recent advances in genomics offer the op-
portunity to comprehensively study the disease genotype in both
primary and secondary tumors, to highlight specific mutations of
driver genes, thus allowing to test sensitivity to molecular target
agents in case of polymetastatic relapse.”

Among potential sites of dissemination, isolated metastatic
involvement of the adrenal gland is observed in up to 20% of
patients with NSCLC.*'>'® Patients with isolated synchronous or
metachronous adrenal metastases may be offered surgery as part of a
multimodality treatment; however, few experiences, mainly repre-
sented by small surgical series, are available in the literature.®? 1017
Little is known on prognostic factors: it has been suggested that
patients with synchronous lesions would have a significantly worse
prognosis than patients with metachronous metastases, whereas
ipsilateral (with primary lung cancer) adrenal metastases would be
associated with more favorable outcomes.®”’ Similarly, scarce in-
formation is available in the literature about molecular patterns of
metastasis as compared with primary lung neoplasm. To provide
further insight into these topics, we aimed at reviewing our expe-
rience in the management of this subset of patients with lung cancer

with oligometastatic disease.

Materials and Methods

We retrospectively reviewed clinical and pathologic files of all pa-
tients with lung cancer and synchronous or metachronous isolated
adrenal metastases, treated by local treatments of both primary and
metastasis in our center between 2001 and 2017. Data were obtained
from clinical, surgical, and pathologic records. Metastases existing at
diagnosis of primary cancer or within 6 months were considered as
synchronous, and their treatment was performed before (at least 1
month) or after (at maximum 4 months) primary lung surgery.

The research was conducted according to recommendations
outlined in the Helsinki declaration as well as to French laws on
Biomedical Research. Institutional review board approval was
obtained (CERC-SFCTCV-2017-5-28-12-24-25-AlMa). All pa-
tients or relatives (in case of deceased patients) gave their informed
consent to participate and allowed the use of their data.

Indications for Loco-regional Treatments

In our institution, decisions of treatments of lung cancer are
based on an individual based discussion during a weekly multidis-
ciplinary meeting. The current policy of our team is to consider
loco-regional treatments for oligometastatic disease only in case of a
maximum number of metastatic lesions < 3. Only adrenal and
cerebral metastasis are considered to be amenable to local treatments
as part of the management of oligometastatic lung cancer.

Patients are considered for loco-regional treatments if: (1) they are fit
enough to tolerate the possible association of chemotherapy with
double-site local treatments (including lung resection and/or adrenal
resection): performance status should be < 1 and nutritional status
preserved; (2) the operative risk is considered low on the basis of res-
piratory reserve and cardiac assessment; (3) there is no clinical medi-
astinal nodal involvement; (4) T stage parameter is < 4; (5) the patient
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has clearly expressed willingness to adhere to a heavy mulddisciplinary
treatment, including, when indicated, double-site surgery.

Loco-regional Treatments

Lobectomy or pneumonectomy with radical nodal dissection was
carried out through standard thoracotomy in all the cases. In
patients who were not eligible for primary tumor surgery, adrenal-
ectomy was performed only if the lung tumor was controlled by
chemoradiotherapy (complete response). Adrenal metastases resec-
tion was performed by the thoracic surgery team via laparoscopy or
laparotomy, with no strict rules, but generally depending on di-
mensions of metastases and possible involvement of adjacent
structures preventing a satisfactory dissection through laparoscopy.
Phrenotomy through thoracotomy was an option for small syn-
chronous homolateral lesions.

Collected Data

Patients’ characteristics, treatment procedures, and short-term
outcomes were collected using a standardized case report form.
We recorded clinico-demographic and pathologic data (age, gender,
smoking history, location of the tumor and the metastasis, timing of
metastases, primary tumor diameter, tumor staging, nodal status)
and treatment-related variables (use of adjuvant and neoadjuvant
chemotherapy, type of surgery for primary tumor). Tumor stage was
reattributed according to the 7th TNM edition."

Molecular Analysis

Tumoral DNA was extracted from the formalin-fixed paraffin-
embedded (FFPE) block containing the highest percentage of tumor
cells, with macrodissection if necessary, in order to obtain at least
30% of tumor cells. DNA was extracted from FFPE samples using
the Maxwell 16 FFPE Plus LEV DNA Purification Kit (Promega
Corp., Madison, WI) and quantified using Qubit fluorometric
quantitation device (Thermo Fisher Scientific, Waltham, MA).
Next generation sequencing (NGS) analysis using the Colon and
Lung Cancer Research Panel V2 (Life Technologies) was performed
as previously described.'® Gene amplification was defined by a
coverage mean superior to 3SD.

Data Analysis, Follow-up, and Statistical Analysis

Data processing and analysis were performed with the statistical
Software system SPSS (IBM SPSS Statistics, Version 21.0. Armonk,
NY: IBM Corp. Released 2012). Correlation between variables was
tested using the Y test for categorical parameters and the # test or
the Mann-Whitney test for, respectively, normally and not normally
distributed parameters. Follow-up information was obtained by
telephonic interview with patients, relatives (in case of deceased
patients), and referring physicians. Municipality registers were
checked to confirm information on vital status. Patient overall
survival was assessed by the Kaplan-Meier method, using date of
metastasectomy as time zero. The end of follow-up was September
30, 2017. Survival rates were compared by log-rank test. Signifi-
cance was accepted at a level of P < .05.

Results
Demographic, clinical, and pathologic characteristics are pre-
sented in Table 1. Twenty-one adrenalectomies for adrenal



Table 1 Demographic, Clinical, and Pathologic Characteris-
tics of Patients
Characteristic N (%)
Gender
Male 13 (65)
Female 7 (35)
Median age, y (range) 67 (52-80)
Primary lung cancer treatment
Lung resection 18 (90)
Radio-chemotherapy 2 (10)
Surgical lung resection
Lobectomy 14 (70)
Bi-lobectomy 2 (10)
Pneumonectomy 2 (10)
Histologic type
Adenocarcinoma 14 (70)
Large-cell carcinoma 2 (10)
Squamous cell carcinoma 4 (20)
pT stage
T 4 (20)
T2 11 (55)
T3 3(19)
T4 0(0)
Tx (no intervention) 2 (10)
pN stage
NO 8 (40)
N1 5 (25)
N2 5 (25)
Nx (no intervention) 2 (10)

metastasis were performed in our department in the study period; 1
patient was excluded from analysis owing to the removal of a non-
metastatic incidental adrenal lesion (pheochromocytoma). In the
remaining 20 patients, we observed 10 patients with metachronous
and 10 patients with synchronous metastatic disease. In 1 patient
with synchronous oligometastatic disease, there was an adrenal
metastasis accompanied by a concurrent single cerebral metastasis;
this last one was treated by surgery and adjuvant stereotactic
radiotherapy on the residual cavity. In 18 patients, primary tumor
was treated by surgery (14 lobectomies, 2 bi-lobectomies, 2 pneu-
monectomies); 2 patients were treated by conventional thoracic
chemo-radiotherapy. Adrenalectomy was performed by laparoscopy,
laparotomy, and phrenotomy through thoracotomy in 10, 9, and 1
cases, respectively.

Focusing on molecular assessment of primary cancer and adrenal
metastasis, we found gene mutations on the primary and secondary
tumor in 13 and 17 patients of 16 and 18 samples available for
DNA analysis, respectively (Table 2). All wild-type tumors (n = 3)
were squamous cell carcinomas. Among 14 patients in whom mo-
lecular analysis was available for both primary tumor and metastasis,
we found the same mutational pattern in primary cancer and
metastasis in 12 cases, whereas additional (n = 2) or missing (n = 1)
mutations in the metastasis were detected in 3 patients. No clinical
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or treatment-related variable was correlated with discordant muta-
tional pattern in this subset of patients.

Results of histologic and molecular phenotype are summarized in
Table 2. Mutations occurred principally in the 7P53 gene, in 11
lung primaries and 13 adrenal metastases, respectively; in most
cases, they consisted of point mutation, without hotspot mutation.
Driver genes, such as EGFR and KRAS, mutations were found in 2
and 3 primary tumors, respectively, and in 2 and 4 metastases,
respectively. Interestingly, one patient exhibited an EGFR amplifi-
cation only in the metastasis but not in the primary tumor,
suggesting that amplification could be acquired during tumor pro-
gression. Likewise, a not-activating BRAF mutation occurred de
novo in 1 metastasis. Other driver mutations were observed on the
MAPK and PTEN pathways (Table 2).

Operative mortality and morbidity (both 1-month and 3-month)
were zero. Median survival was 50 months, and 5-year overall
survival was 34.5% (95% confidence interval, 12.5%-66.9%)
(Figure 1).

No significant difference in overall survival were observed with
respect to metachronous or synchronous presentation of metastatic
disease, to ipsilateral or contralateral character of adrenal metastasis
with respect to primary lung cancer, to T or N parameter of primary
tumor, to histologic type, or to divergent mutational status between
primary and metastatic tumor (Table 3).

Discussion

Prognosis of lung cancer associated with adrenal metastasis is
generally poor. When metastatic disease is limited to adrenal gland,
surgical resection of adrenal metastasis may be proposed and would
lengthen survival.'® Adrenalectomy (via laparoscopy or laparotomy)
represents the gold standard in the “local” treatment of isolated
adrenal gland metastases if the operation is technically possible and
if patients are fit enough. Other therapeutic options include ste-
reotactic body radiotherapy and radiofrequency ablation.” The
benefit of surgical resection of isolated adrenal metastasis has been
poorly evaluated: 2 pooled analyses of 13 and 10 series of resected
adrenal metastasis, including a total of 98 and 114 patients,
respectively, are available in the literature.®” To our knowledge,
molecular phenotyping of both primary and metastatic disease at
adrenal level has not been reported so far. Thus, we aimed at per-
forming NGS in lung and adrenal specimens, in the idea that this
would provide additional information potentially useful in further
management.

In our series, 3 patients had different mutations in the 2 tissues.
One of them —with an additional mutation in metastasis- had a
metachronous disease and received adjuvant chemotherapy after
lung resection; in the 2 other cases, metastases were synchronous,
and chemotherapy was administrated at the same time before lung
and metastasis resection. The real mechanism of these additional
molecular mutations in metastasis is unknown, but in the case of
metachronous disease, we can advocate a possible genetic alteration
linked to a drug-induced resistance after chemotherapy. In the other
cases, where the additional mutation was present in the primary
tumor and not in metastasis, this could be owing to tumor
heterogeneity.

In recent years, some authors investigated molecular mutations

on lung cancer tissue and on circulating plasmatic or cerebrospinal
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Table 2 Molecular Alterations in Primary Lung Neoplasm Tissue and Adrenal Metastasis

Patient | Timing
1 Meta
2 Sync
3 Meta
4 Sync
5 Sync
6 Meta
7 Meta
8 Sync
9 Sync
10 Sync
11 Sync
12 Meta
13 Meta
14 Meta
15 Meta
16 Meta
17 Meta
18 Sync
19 Sync
20 Sync

Histology
AC
AC
AC
AC

AC

AC
AC
AC
AC
AC
SCC
LCC
SCC
AC
AC
AC
LCC
SCC
AC
SCC

Treatment
Sequence
LS-*pCT-AS
nCT-LS-AS-aCT
LS.*AS
nCT-AS-LS-aCT

nCT-AS-LS-aCT

LS.*AS
nCT-LS-aCT*AS
nCT-AS-LS-aCT
nCT-LS-aCT-AS

nCT-LS-AS
nCT-LS-aCT-AS
nCT-LS-aCT*AS

nCT-LS-*AS

LS*AS

LS-aCT-*AS
nCT-LS*AS

RCT*AS

nCT-LS.AS

RCT-AS

LS-AS

Primary Lung Neoplasm Profile

Metastasis Profile

1st Mutation
TP53 p.Gly245Val
KRAS p.Gly12Cys
EGFR p.Gly719Ala
EGFR p.Leu858Arg

Complete response

PTEN p.Thr167Ala
MAP2K1 p.Lys57Asn
TP53 p.Gly154Vval
KRAS p.Gly12Cys
TP53 p.Val157Phe
No mutation found
TP53 p.Tyr163Cys
TP53 p.Arg158Leu
TP53 p.His178Metfs*68
NA
NI
NA
No mutation found
TP53 p.Gly266*
No mutation found

2nd Mutation
TP53 p.Gly199val
EGFR p.Leu861GIn
TP53 p.Glu204*

TP53 p.His193Tyr

TP53 p.His178Asp

KRAS p.GIn25*

PD-L1 (TPS, %)
1
5
0
40

1st Mutation

TP53 p.Gly245Val
KRAS p.Gly12Cys
EGFR p.Gly719Ala

EGFR p.Leu858Arg
EGFR amplification

KRAS p.Gly12Cys

PTEN p.Thr167Ala
MAP2K1 p.Lys57Asn
TP53 p.Gly154Val
KRAS p.Gly12Cys
TP53 p.Val157Phe
Not available
TP53 p.Tyr163Cys
TP53 p.Arg158Leu
TP53 p.His178Metfs*68
KRAS p.Gly12Arg
TP53 p.Glu294*
ERBB4 p.Cys258Ser
NA
TP53 p.Gly266*
No mutation found

2nd Mutation

EGFR p.Leu861GIn
TP53 p.Glu204*

TP53 p.Arg196GIn

TP53 p.His193Tyr

TP53 p.His178Asp
BRAF p.Gly466Glu

KRAS p.GIn25"

Additional
Mutations

TP53 p.Glu298"
SMAD4 p.Glu337Lys
STK11 p.Phe354Leu

PD-L1
(TPS, %)

70
30

90
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Differential mutations between primary and metastasis are marked in bold font.
Abbreviations: AC = adenocarcinoma; aCT = adjuvant chemotherapy; AS = adrenal surgery; LCC = large-cell lung cancer; LS = lung surgery; Meta = metachronous metastasis; NA = not available; nCT = neoadjuvant chemotherapy; NI = not interpretable;
pCT = preoperative chemotherapy (before adrenal surgery); PD-L1 = programmed death-ligand 1; RCT = radio-chemotherapy; SCC = squamous cell carcinoma; Sync = synchronous metastasis; TPS = Tumor Proportion Score.
*Adrenal metastatic relapse (metachronous patients only).



Figure 1 Kaplan-Meier Plot for Overall Survival (in Months)
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tumor cell.***® Schmid carried out an analysis of molecular mu-
tations in primary lung cancer and corresponding loco regional
lymph-node metastasis and demonstrated that only 1 patient of 7
had the same EGFR mutation in the primary tumor and the cor-
responding lymph node metastasis. In the remaining 6 patients,
EGFR mutations were identified either in the primary tumor or in
the lymph node metastasis, whereas 2 patients had KRAS mutation
in lymph node metastasis but not in the primary tumor.”*

The implications of this finding shed an interesting light on the
natural history of oligo-metastatic disease. This last one has been
proposed as an evolutionary process related to the emergence of
mutant clones that acquire potential for distant spread within a
polyclonal population; therefore, tumor progression in oligo-
metastatic patients might occur as the result of a limited number
of mutational events, resulting a stepwise “seeding” of distant sites
rather than a widespread micrometastatic dissemination in the
host.”>”® Our study confirms the possible presence of a divergent
clonal evolution in metastases, although no difference in outcome
was shown in patients with discordant mutations between primary
and secondary tumors. However, according to the above-cited hy-
pothesis, the use of locally ablative therapies would seem of
particular interest in metastases with a divergent mutational asset
from the primary tumor and should be tested in larger series.

In our series, we found that adrenalectomy, when performed in
highly selected cases, may be associated with satisfactory results in
terms of overall survival, with a 5-year overall survival rate of 34.5%
and a median survival of 50 months. For comparison, in the above
quoted pooled analysis of Gao et al,” the median overall survival was
18 months, and the 5-year survival rate was 28.2%.

We were not able to find factors associated with outcome,
probably because of the relatively small number of patients: we only
observed a trend toward worse prognosis in patients with N+ dis-
ease of the primary tumor, not reaching the significance observed by
others.””’ Presence of lymph node metastases (N1-N2) would ex-
press the aggressive character of primitive neoplasm and its tendency
to give distant spread. In agreement with previous reports,” we
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found that histologic type had no impact on survival. We were not
able to find a survival difference with respect to the synchronous or
metachronous character of adrenal metastatic disease: previous
works found that metachronous disease was associated with longer
median overall survival than synchronous disease.”'® The reasons
for explaining the longer survival of patients with metachronous
metastases are still unclear: although morbidity and mortality of
associated thoracic interventions could be a possible explication for
shorter survival in patients with synchronous metastasis, biology of
disease would be responsible for survival differences, metachronous
metastasis presenting generally in the setting of less aggressive,
slowly-growing cancers.®'®

We did not find any impact on survival of ipsilateral or contra-
lateral character of adrenal metastasis (with respect to primary lung
cancer), in agreement with the above quoted pooled analysis.” Thus,
the question remains a matter of debate, as other reports observed a
better prognosis in patients with ipsilateral metastases.'®'” It has
been hypothesized that occurrence of ipsilateral adrenal metastasis
could be related to lymphatic drainage between the lung and ret-
roperitoneum; thus it would represent a less aggressive form of
regional spread, whereas in contrast, the hematogenous route,
responsible of contralateral adrenal metastasis, would indicate a
more aggressive disease.”®

Surgical treatment of adrenal gland metastasis is classically per-
formed when primary lung cancer is manageable by complete sur-
gical resection or definitive radio—chemotherapy and in the absence
of disseminated metastatic disease. However, these practices are
currently evolving contemporarily with the affirmation of the
concept of oligometastatic disease possible amenable to associated
loco-regional treatments.'®*®*’ Treatment of metastasis in patients
with oligometastatic disease may heal local disease, control symp-
toms, prevent complications, and possibly lengthen survival, but the
impact on definitive cure is unclear: however 5-year survival rates
reported by our group'” and in previous reports’ seem encouraging.
Local treatments could help to restore the immunosurveillance; of
note, an abscopal effect of radiation therapy on oligometastatic
disease has been advocated.”®?'

Our study has important limitations; in particular, owing to the
small population analyzed, no definitive conclusion can be drawn
about predictors of response to treatment. Furthermore, owing to
heterogeneity in treatment sequence, in particular timing and
duration of chemotherapy, it is difficult to allocate specific muta-
tions at specific time points of cancer progression, because of
possible selective pressure induced by treatments.

Conclusion

In conclusion, surgery may be considered an option in patients
with adrenal metastasis of NSCLC, if primary tumor is
controlled, and in the absence of disseminated metastatic disease.
NGS may provide key elements in the future for clinical evalu-
ation and treatment decision. Assessment of mutational patterns
may provide clues on the natural history of tumor progression
and provide valuable tools to identify patients with oligometa-
static disease that may obtain durable benefit from locally ablative
therapies.
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Table 3 Overall Survival Comparisons (Log-Rank Test), With Respect to Clinical, Pathologic, and Molecular Biology Features

e Management of oligometastatic (< 3 metastases) NSCLC

integrates use of systemic and focal therapies.

e An advantage of surgical treatment is the availability of tissue to

define the mutational landscape of the tumor and the presence of
clonal evolution in metastases.

e Despite frequent adrenal involvement in NSCLC (20% of

patients), surgical treatment of adrenal metastases is poorly
reported in literature.

e Our data shows that adrenalectomy in this setting is a safe

procedure correlated with 34.5% overall survival at 5 years. Most
notably, mutational discordance between primary and secondary
lesion was proven in 20% of patients: this information offers
insight in the process of genetic diversification in metastatic
disease and may provide elements for treatment decision such as
correct allocation to targeted treatments.
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5-Year Survival

Feature N (%) P (Log-Rank Test) (95% Confidence Interval)
Gender .93

Male 13 (65) 29.6 (6.4-72.1)

Female 7 (35) 32.1 (6.4-76.3)
Age, y .86

<67 9 (45) 48.6 (19.5-78.7)

>67 11 (55) 56.2 (27.2-81.5)
Histology 37

Adenocarcinoma 14 (70) 21.6 (4.6-60.9)

Non-adenocarcinoma 6 (30) 75.0 (30.1-95.4)
pT of primary lung cancer .36

T1-T12 15 (75) 22.1 (4.8-61.3)

T3-T4 3 (15 100 (N/A)

Tx (no intervention) 2 (10) 100 (N/A)
pN of primary lung cancer .59

NO 8 (40) 68.6 (31.9-91.0)

N1 5 (25) 60.0 (23.1-88.2)

N2 5 (25) 20.0 (3.6-62.4)

Nx (no intervention) 2 (10) 100 (N/A)
Timing of metastatic disease 43

Synchronous 10 (650) 30.9 (6.4-74.5)

Metachronous 10 (50) 429 (16.9-73.4)
Site of metastatic disease with respect to primary lung cancer .26

Ipsilateral 11 (65) 33.7 (71.0-77.3)

Contralateral 9 (45) 38.1 (13.9-69.9)
Use of chemotherapy .32

Yes 16 (80) 31.4 (10.6-63.8)

No 4 (20) 66.7 (20.7-93.8)
Divergent mutational profile (n = 15) .34

Yes 3 (20) 75 (30.1-95.4)

No 12 (80) 25 (5.3-66.4)
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