
Abstract. The most recent successful advances in lung cancer
therapy have directly and increasingly focused on personalized
tumor genetic/epigenetic/immunologic profiling, and the
identification and development of novel pharmacologic agents
aimed at those mutations [e.g., epidermal growth factor receptor
(EGFR), Kristen rat sarcoma viral oncogene homolog (KRAS),
anaplastic lymphoma kinase (ALK) and immunotherapy against
programmed cell death protein 1 (PD-1) and its ligands] which
have extended life and provided palliation for lung cancer-
patients positive for these mutations. The objective of this study
is to provide a review of the large number of drugs and their
efficacy as of 2022, for lung cancer, but also introduce a novel
treatment that has the potential, based on one controlled murine
lung cancer study and 5 anecdotal human cases, that showed
marked palliative and longevity benefits in very advanced lung
cancer with no other treatment options, i.e., progesterone
receptor (PR) antagonists targeting the immunosuppressive
protein, the progesterone induced blocking factor (PIBF).

Credibility, however, will only be provided when the efficacy can
be demonstrated in a large series of lung cancer cases ideally
with certain controls. Thus, the ultimate objective of the review
is to interest oncologists with a large population of lung cancer
patients to perform a well powered study to corroborate or refute
the limited experience to date with PR antagonist therapy.

Lung cancer is the second most common form of cancer, and the
leading cause of cancer- related death (1-3). Worldwide, the 5-
year survival rate for the most common form of lung cancer, i.e.,
non-small cell lung cancer (NSCLC), representing 85% of all
lung cancer cases, is 18.6% for newly diagnosed cases (1, 4). In
the United States the 5-year survival for NSCLC is 26.5% and
is 21.7% if one includes small cell lung cancer (SCLC) (5, 6).

The 5-year survival depends on the stage of lung cancer.
Whereas stage I patients have a 68.4% 5-year survival, the
survival rate drops to only 5.8% for stage IV (7, 8).
Unfortunately, despite the use of post-operative chemotherapy,
50% of patients with stage IB NSCLC (tumor ≥4 cm) and 75%
of stage IIIA will progress to stage IV disease (9). The focus of
this manuscript will be on stage IV NSCLC and SCLC.
Metastatic lung cancer (stage IV) is presently considered non-
curable, and thus the goal of treatment is to improve or maintain
quality of life, and to prolong overall survival.

Solid tumors including melanoma, breast, and renal
carcinoma can metastasize to the brain, but NSCLC is the
most common cancer resulting in brain metastasis (10, 11).
An even higher percentage of SCLC metastasize to the brain,
but since NCSLC represents the majority of lung cancers
(85%), NCSLC accounts for more cases of brain metastases
(10, 11). The presence of brain metastases with lung cancer
makes an already poor prognosis even more dismal (12).
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Non-small cell lung cancer may be divided into three types,
with a 40% frequency of adenocarcinoma, 30% with squamous
cell carcinoma, and 10% with large cell carcinoma (13).
Whereas patients with a history of smoking usually have
squamous cell carcinoma, patients with NSCLC without a
smoking history are generally found to have adenocarcinoma.
Platinum-based chemotherapy is still the standard of care in
2022 with stage IV NSCLC, but unfortunately, the typical
median time to progression for patients receiving chemotherapy
is approximately 5-6 months with an average survival time of
only 10-12 months (14, 15).

Standard State of the Art Treatment for NSCLC

Most recently, especially for NSCLC of the adenocarcinoma
type, several oncogenic mutations have been identified that are
involved in both NSCLC development and progression. These
mutations are known as driver mutations. These include
mutations effecting genes encoding for the epidermal growth
factor receptor (EGFR), Kristen rat sarcoma viral oncogene
homolog (KRAS), and anaplastic lymphoma kinase (ALK) (16).
EGFR mutations are present in approximately 10% of

NSCLC cases in North America and Western Europe, and 30-
50% of patients with NSCLC in East Asia (17). These mutations
have also been linked to particulate matter environmental
pollutions/fossil fuel vehicle emissions. EGFR mutations, as well
as other driver mutations, are more frequent in non- or light
smokers, especially with adenocarcinomas, but also with
squamous cell NSCLC with a light or no smoking history (18).

The breakthrough development of small molecule EGFR-
tyrosine kinase inhibitors (TKIs) has allowed for the first time
a treatment for stage IV NSCLC that allows a significant
extension of not only overall survival, but also a reasonable
improvement in quality of life due to relative low toxicity (19-
22). The response to TKIs in eligible patients is so good that
this is the one type of NSCLC stage IV where platinum-based
chemotherapy is not recommended as first treatment option, but
instead, the third generation TKI osimertinib is recommended
as the first-line therapy for advanced NSCLC with the common
sensitizing EGFR mutations in exon 21 L858R and exon 19
deletion, with or without concomitant T790M mutations (18).
Even if advanced NSCLC is positive for the programmed cell
death protein-1 check-point inhibitor (PD-1), or if its ligand
(PD-L1) is present, osimertinib should still be first line therapy,
since immunotherapy with checkpoint inhibitors has very poor
response rates for EGFR mutated patients (18).

Oral TKIs on the pharmaceutical market that can be used
for specific targeted EGFR mutations, or other driver
mutations, in alphabetical order are: afatinib, alectinib,
brigatinib, cabozantinib, capmatinib, ceritinib, crizotinib,
dabrafenib, dacomitinib, entrectinib, erlotinib, gefitinib,
larotrectinib, lorlatinib, osimertinib, pralsetinib, selpercatinib,
tepotinib, and trametinib. A good review of the various

targeted mutations that respond to these TKIs, plus other
parenteral targeted therapies, is provided by Ettinger et al.
(23). Osimertinib provides an 80% response rate for NSCLC
with EGFR exon deletions, EGFR L858R, ALK (23).
Unfortunately, the vast majority of patients with NSCLC do
not have the aforementioned targeted mutations.

Thus, it is clear that for stage IV non-squamous NSCLC
that is EGFR driver mutation positive, based on the type of
mutations, one should treat with a targeted therapy most likely
an oral TKI inhibitor. The question arises as to how to treat
non-squamous NSCLC that are negative for a driver mutation.
Though patients who are positive for PD-1 or PD-L1 do not
respond well to check-point inhibitors when driver mutations
are present, they do respond to check-point inhibitors if they
are negative for driver mutations. Until recently standard first-
line treatment for stage IV NSCLC, whether non-squamous or
squamous cell, was combinations of platinum-based
chemotherapy. However, the treatment strategy has changed
with another breakthrough development, i.e. immunotherapy
with check-point inhibitors.

Some of the check-point inhibitors presently on the
pharmaceutical market include pembrolizumab, nivolumab,
and tislelizumab which target PD-1 (23). Atezolizumab
targets PD-L1. Cytotoxic T lymphocyte associated protein
(CTLA-4) is a protein receptor that functions as an immune
checkpoint and down-regulates immune response. The
CTLA-4 inhibitor ipilimumab has been recently approved,
and has been found, when combined with the PD-1 inhibitor
nivolumab, to provide superior results compared to standard
chemotherapy alone in NSCLC (24). However, it was not
tested against double platinum-based chemotherapy and
pembrolizumab (24, 25). Another CTLA-4 inhibitor,
tremelimumab, plus the PD-1 inhibitor durvalumab, may
possibly extend overall survival (26).

Pembrolizumab monotherapy was found to provide superior
results compared to doublet chemotherapy when ≥50% of the
NSCLC cells on biopsy were positive for the PD-L1 marker
(27). In contrast, the PD-1 check-point inhibitors nivolumab
and durvalumab failed to show the same beneficial effect as
pembrolizumab (26, 28). Thus, pembrolizumab is the only
approved monotherapy for first line therapy for stage IV
squamous cell NSCLC or non-squamous NSCLC negative for
driver mutations where the PD-L1 marker is ≥50%. This
provides the highest improvement in overall survival, with less
side effects, and thus a better quality of life (28).

In addition, another check-point inhibitor, atezolizumab,
was found to increase overall survival better than standard
platinum-based therapy when used as monotherapy in
patients with high PD-L1 level ≥50% (29). Drug approval
for first line therapy may be granted in the near future.

Thus, to summarize, the thought process used by many
oncologists to treat metastatic stage IV lung cancer is that if
the patients have a driver mutation, then a specific oral drug,
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e.g., the TKI osimertinib, should be given as first line
monotherapy. If the cancer is positive for PD-L1 ≥50%,
pembrolizumab should be prescribed as first-line
monotherapy. For patients healthy enough to withstand
chemotherapy, triplet regimens with platinum doublets and
pembrolizumab or atezolizumab may be given even if the
PD-L1 is negative, but check-point inhibitors work better
with some degree of the presence of the PD-L1 marker (27,
30). Some regimens even add bevacizumab to the treatment
cocktail, so this would be considered quadruplet therapy (31).

When these newest options fail, most oncologists now
refer the patients to palliative care or hospice, or NIH trials
database for investigational regimens, often even more toxic
and in the earlier stages of drug development (18). However,
there are multiple reports of beneficial effects of using
progesterone receptor (PR) modulators, even in cancers such
as lung cancers devoid of the classical nuclear PR (nPR)
with little to no significant side effects. The PR modulator
mifepristone, in particular, has been used as monotherapy,
and in combination with osimertinib, for stage IV NSCLC
with EGFR mutations, without any other viable treatment
options and will be discussed below.

The main objective of this review is to familiarize present
day treatment options for advanced metastatic NSCLC and
SCLC and the relative efficacy of these therapies. Thus, the
reader will be familiarized with the most common targets for
the development of new therapies when present day therapies
fail. To provide this update the authors utilized PubMed and
Google Scholar to review appropriate studies on lung cancer
therapeutics published in the last 10 years. However, a second
very important objective is to familiarize physicians with a
less commonly known tumor target, known as progesterone
induced blocking factor (PIBF), that may allow lung cancer to
metastasize. Even more importantly to familiarize the reader
with preliminary data, including one controlled murine lung
cancer study, and 5 anecdotal human cases that suggest the
potential benefit for a novel therapy with PR antagonists even
for these lung cancer tumors devoid of the classical nuclear
PR. Nevertheless, credibility can only come to fruition if this
preliminary high efficacy can be demonstrated in a large study
of patients with metastatic lung cancer with no other standard
treatment options available, possibly even with controls, if
deemed ethical. Thus, the main objective of this review is to
hopefully interest an oncology group who treat a large
population of patients with lung cancer to determine the true
efficacy of PR antagonist therapy for lung cancer.

Standard State of the Art Treatment for Small 
Cell Lung Cancer in 2022

Small cell lung cancer represents 15% of lung cancers (32).
It occurs mostly in smokers (33). The prognosis is extremely
poor related to a high proliferation and metastasis rate (32).

Generally, treatment with platinum-based drugs, e.g.,
platinum-etoposide combination, are given initially, and
some tumor regression is usually seen. However, shortly
after, the cancer spreads rapidly related to acquired resistance
(34). Most of the time, when the diagnosis is made, there is
already stage IV disease with metastases to brain, bones,
liver and lymph nodes (35).

Recently, new drugs have been approved for treatment of
SCLC including check-point inhibitors, e.g., nivolumab or
pembrolizumab, for second- and third-line treatments (36,
37). Also, lurbinectedin, an alkylating agent, was approved
if advancement occurs despite platinum based first line
therapy (38).

The search for targeted molecules for SCLC, e.g., as used
in NSCLC, continues, and drugs that inhibit mTOR kinase
have been investigated, along with metabolic inhibitors, but
to date, most clinical trials have shown limited single agent
efficacy (39). Recently, the combination of the immune
check-point inhibitor camrelizumab, combined with the anti-
angiogenic drug anlotinib, showed promise in a recent case
treated in China (40).

The Use of Progesterone Receptor Modulators 
in the Treatment of Advanced Lung Cancer

Treatment with PR modulators anecdotally, e.g., mifepristone,
have shown excellent beneficial effects on both extension of
quality of life in patients with stage IV NSCLC, and probable
SCLC, despite no more standard treatment options available
(41-45). The target for mifepristone, a PR antagonist/modulator,
is an immunosuppressive protein known as the PIBF used by a
variety of different cancer types, and also used by the fetal-
maternal unit to escape cellular immunity especially by natural
killer (NK) cells through stabilization of perforin granules and
granzymes, and also cytotoxic T-cells (46-49).

Two of the 5 cases reported were the first two patients
registered for a United States Food and Drug Administration
(FDA) that was approved as an investigator-initiated
investigative new drug approval (IND) study to treat up to 40
patients with stage IIIB or IV NSCLC that had progressed
despite a minimum of two chemotherapy or immunotherapy
regimens (“A phase II study of treatment with oral mifepristone
as salvage therapy in patients with advanced or metastatic non-
small cell lung cancer who have failed two or more
chemotherapy regimens”, https://clinicaltrials.gov/ct2/show/
NCT02642939).

Case 1. A 68-year-old 50-pack/year smoker presented with
stage IV NSCLC of the adenocarcinoma type with bilateral
lung lesions and brain metastases (41). His first treatment
included carboplatin/bevacizumab, docetaxel. Subsequent
treatments included pemetrexed, then gemcitabine/carboplatin
doublet, and palliative radiation therapy for his brain lesion.
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He had no targeted mutations for EGFR mutation or ALK
rearrangement or PD-L1. With no other treatment options
available, he enrolled for treatment with single agent 300 mg
daily mifepristone. Within a short time, he claimed he felt
better than he had in the last 10 years. He was able to resume
his job in a band where he stood for hours at a time. He still
was asymptomatic two and a half years later, except mild
dyspnea on exertion, related to his chronic obstructive lung
disease (COPD), when his largest lesion, that had remained
stable, started to grow. His oncologist suggested now with
progression he should consider stopping the mifepristone
study and be treated with nivolumab, which was now allowed
to be given even if the PD-L1 marker was absent (41).

We advised him that with our experience with other
cancers treated with mifepristone, when a lesion started
growing it is not a harbinger of incipient rapid spread, but
generally grows slowly, and the patient remains in good
health. His chose to stay on the mifepristone. He continued
good health working full-time for the next three years
without evidence of recurrent brain lesions or new lung
metastases or metastasis to liver or bone. He died at age 73
from complications of pneumonia which may have been
related to his COPD, though the lung cancer could have
contributed to its development also. It should be noted that
his pre-existing papillary urothelial carcinoma, that had been
resected, never reoccurred (41).

Case 2. The second case of single-agent mifepristone therapy
300 mg/day  who also enrolled in the aforementioned FDA
investigator-initiated therapy, was a 68-year-old woman with
adenocarcinoma of the lung. Her stage IV lung cancer at the
time of enrolling in the study was complicated by very
advanced chronic obstructive lung disease (42).

Her prior therapy consisted of carboplatin, pemetrexed,
bevacizumab combined therapy followed by carboplatin and
docetaxel. She then was treated with erlotinib. She was
negative for targeted EGFR mutation or ALK rearrangement.
She was not tested for PD-L1. With continued progression,
she was treated with 11 cycles of nivolumab. She showed
some stabilization of the cancer initially, but by 11 cycles the
cancer was rapidly progressing again.

She was started on oral 300mg mifepristone daily. There
had been no disease progression based on CT scans after 18
months of single agent mifepristone therapy. In fact, some
metastatic lesions regressed in size. She had been able to
resume physical activity that was not possible for the past
two years. However, her COPD progressed to end-stage
disease. She died a couple months later, not from her lung
cancer, but her COPD (42).

Cases 3 and 4. Two women, one aged 59, and the other 46,
with stage IV NSCLC, both positive for EGFR mutations,
applied to be part of the study. Both of these patients had

been treated by single agent third-generation TKI osimertinib
which did provide inhibition of tumor growth for about one
year. However, when the cancer started to resume growth as
evidenced by new lesions and growth of arrested lesions the
patients opted to have mifepristone added to their osimertinib
therapy. Related to large geographical distances that would
be required on a monthly basis and the possibility that there
could still be some benefit from continuing the osimertinib,
we elected to not treat them with the investigator initiated
study but apply for compassionate use 200 mg mifepristone.
With combined usage of osimertinib and mifepristone, both
are still alive and doing well after four years of treatment. It
should be noted that both had multiple brain metastases and
bone metastases. There has been no progression of their
cancer in four years, and no progression of brain metastases,
no new ones, and no neurological symptoms (43).

Case 5. Another case of lung cancer, who responded extremely
well to 200 mg/daily oral mifepristone, was a 78-year-old
woman with chronic lymphocytic leukemia who developed
sudden severe dyspnea on exertion and marked fatigue (44). On
admission to the hospital, her PO2 was 72 mmHg, and her serum
sodium was 118 mmol/l (45). A chest x-ray revealed extensive
pulmonary nodules with a diagnosis of metastatic lung cancer.
Though she refused a lung biopsy, because she realized she was
terminal, and no standard therapy was likely to extend her life,
the presumptive diagnosis, based on the rapidity of symptoms
(there was no evidence of lung cancer in a chest x-ray performed
3 months before) coupled with the severe hyponatremia
(probably related to the syndrome of inappropriate anti-diuretic
hormone) was SCLC, though NSCLC was still a possibility (45).

Because of lack of significant side-effects of mifepristone,
she agreed to be treated with 200 mg oral mifepristone daily.
She was much improved after two weeks of single agent
mifepristone therapy. After one month on treatment her PO2
without any oxygen supplementation was 99-100 mmHG and
her serum sodium returned to normal at 145 mmol/l (45).

After two months of treatment her axial CT showed
mostly complete resolutions of all of her lung nodules. The
few remaining nodules were much smaller. Subsequent chest
x-rays over the next five years demonstrated no pulmonary
nodules, just a ground glass appearance to the lungs. Her
PO2 and serum sodium continued to be normal. She died of
a myocardial infarction at age 83 (44, 45).

Case 6. There is a case at present of a 68-year-old man who
has surgically demonstrated SCLC, who was treated with
mifepristone. Initially, he had been diagnosed with NSCLC
with EGFR mutation deletion 19 and did well for one year
with treatment with 80 mg osimertinib. However, cancer
recurrence occurred. Repeat biopsy now showed that the
resistance to osimertinib was related to conversion to SCLC.
He has been treated for over one year with oral mifepristone,
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and despite slow progression, he still feels quite well and is
able to enjoy activities, e.g., scuba diving and skiing.

With the terrible prognosis with present day anticancer
treatment for SCLC, and the very good response in one patient
with probable SCLC and severe hyponatremia, and this 68-
year-old man whose NSCLC converted to SCLC doing very
well, following single agent mifepristone, it is our opinion that
this PR antagonist should be first line treatment for SCLC,
especially because it is also well tolerated. Hopefully, this
publication will generate interest in an oncology group to
conduct a larger study on patients with SCLC.

It is clear by the above small case series that mifepristone
can be effective in some cases of advanced lung cancer.
However, other physicians reading these case reports are
without knowledge as to whether these cases are the
exception rather than the rule, as they were not part of any
large randomized double-blind placebo-controlled trial.
Assuming that the hypothesis is correct, that mifepristone’s
main oncologic benefit is via suppressing PIBF, what if only
a small percentage of lung cancers use PIBF to proliferate
and avoid immune surveillance (46-50)? Notably, the cases
mentioned here are the majority of cases we have treated.

Unfortunately, despite free medication, we were not able to
recruit anywhere near the 40 patients allowed for our NIH
approved salvage study on patients with advanced NSCLC,
we believe due greatly to protocol requirements, and financial
issues. This study required a one-month delay in treating with
mifepristone from stoppage of previous therapy, to be clear
that if a benefit was found, it was from the mifepristone
therapy. One woman who was approved was so advanced that
she died one day after taking her first mifepristone pill. She
was the third patient in the study. The study was terminated
when the 68-year-old male died five years later from
pneumonia. Since that time, we have instead been using
mifepristone off-label with compassionate use from the United
States Food and Drug Administration (FDA).

One male receiving palliative care, with very advanced lung
cancer, who obtained the 200 mg dosage through a
compassionate use IND, stopped the drug because the
combination of mifepristone and fentanyl made him lethargic
(mifepristone will interfere with the metabolism of fentanyl, and
the combination should be avoided when possible). He decided,
rather than the option presented to him of switching to another
analgesic, or decreasing the dosage of fentanyl, he elected to
discontinue the mifepristone (which he only took for two days)
and stay on the fentanyl. He died within that month. These 3
patients are the only cases of lung cancer we have treated with
300 mg oral mifepristone daily through the investigator-initiated
study which was approved by the FDA for 40 patients.

Unfortunately, for the investigator-initiated study approved
by the FDA for 40 patients, it approved only two principal
investigators. Furthermore, with no funding available to
compensate principal investigators, we were not able to

recruit even one oncologist with a large lung cancer patient
population, possibly because of competition for patients from
multiple well-funded studies for a variety of trials with new
anti-cancer agents from pharmaceutical companies for lung
cancer. It is our hope that these anecdotal case reports
detailed above will generate intertest by the public and by
oncologists with a large lung cancer patient population to
objectively evaluate mifepristone, or some other PR
antagonist, in a larger controlled series.

Our first case report of marked extension of a high-quality
life following single-agent treatment with mifepristone
despite what appeared to be terminal advanced cancer was
first published over a decade earlier in 2009 in a case of
colon cancer (51). We have published many other similar
anecdotal case reports for a variety of cancers including, but
not limited to, thymic epithelial cell, multi-focal renal cell,
transitional cell of the renal pelvis, glioblastoma multi-forme,
pancreatic carcinoma and fibroblastic osteosarcoma, besides
the aforementioned cases of lung cancer. These cases have
been previously published (52-56). It should be noted that
we purposely chose cancers that were devoid of the classical
nPR, since there had been previous studies suggesting that
the nPR may help to thwart cancer progression, so that a PR
that antagonizes the nPR that slows cancer progression, may
in theory, limit the success of suppressing membrane PRs
responsible for the production of PIBF (47-51, 57).

A search of the literature failed to find case reports or series
either corroborating or refuting these claims of efficacy of
mifepristone from other centers for cancers devoid of the
classical nuclear PR. Probably related to sensitivity of pro-life
groups about approving the first PR antagonist on the market,
mifepristone, whose sole approved use was as an abortifacient,
the United States FDA limited prescribing rights to only
licensed abortionists, and precluded off-label use without
obtaining a compassionate use IND. Initially, the INDs were
cumbersome and time consuming, but then for a period of
time the obtaining of a compassionate use IND became more
streamlined. However, in the last year or two, obtaining a
compassionate use IND has become more difficult again. At
first, we thought this was related to the COVID pandemic, and
the lack of personnel in the FDA, but this may also have been
related to anticipation of the Supreme Court’s decision on Roe
vs. Wade. With the recent Supreme Court’s decision in Dobbs
to overturn Roe vs. Wade, we believe it will prove even more
difficult to obtain FDA permission for compassionate use of
mifepristone, and certainly our hopes that the FDA would
observe such beneficial effects of mifepristone for advanced
cancers that they would lift the ban on off-label use, at least
to board certified oncologists, no longer seems realistic. This
may apply to larger controlled or observational studies also of
mifepristone as potential “anticancer immune therapy” for
multiple genetically, pathologically, and immunologically
diverse but deadly tumors.
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When other PR antagonists became approved for other
uses than therapeutic abortion, e.g., telapristone in Europe
and ulipristal in the United States, we considered trying
ulipristal for advanced cancers which would have the
advantage of lack of side effects from adrenal insufficiency
because, in contrast to mifepristone, these PR antagonists
have little antagonistic effects on the glucocorticoid receptor.
Nevertheless, we did not try ulipristal because of how well
the patients were responding to mifepristone, and without
knowledge of what dosage of ulipristal to use in cancer.
Also, we were not sure that there could possibly be some
beneficial effect in having mild suppression of the
glucocorticoid receptor by mifepristone.

Thus, we planned to test other PR modulators, e.g., ulipristal
and onapristone in vitro to see if they can suppress PIBF
similar to our studies over the last 30+ years of mifepristone
suppressing PIBF in leukemia cell lines, and its broader effects
on the immune system, including cytokine expression and
NFKB signaling (58). These studies would also eventually
determine the relative efficacy of mifepristone vs. ulipristal vs.
onapristone in suppressing another progesterone induced
immunosuppressive proteins, also used by malignant tumors to
escape immune surveillance e.g., the progesterone receptor
membrane component protein (PGRMC) (1 and 2) (59). There
is some evidence that in the dosages used, mifepristone may
actually stimulate, rather than inhibit PGRMC-1, which may
decrease some of the efficacy of suppressing PIBF (57). The
ideal PR modulator would be one that suppresses both PIBF
and PGRMC-1, and possibly PGRMC-2 (which seems to be
utilized less than PGRMC-1 in various tumors (57).

The 300 mg dosage of mifepristone is not approved for
therapeutic abortion, but for the hyperglycemia of Cushing’s
syndrome. One can obtain the 300 mg dosage without FDA
approval. However, the cost is prohibitive (once daily 200
mg mifepristone costs about $500 per month in the United
States, and even as low as $30 a month in some countries,
whereas the 300 mg dosage will cost approximately $15,000
per month). For some reason Corcept, Inc. did not seem
interested in trying to repurpose 300 mg mifepristone to treat
cancer as evidenced by their failure to provide any additional
funding to attract one or two principal investigators. The
most expensive part of getting a drug to market are the phase
I and II trials and the part that contributes the most time to
reach the market (generally 7-10 years). Starting with phase
III the cost would be only a tenth of the cost of starting with
safety trials and would take only 2-3 years to reach the
market. The 300 mg dosage of mifepristone on a daily basis
has proved safe and has already passed phase I and II drug
trials, and thus repurposing could start with phase III. We do
not believe that the 300 mg dosage mifepristone was
approved in Europe for treating Cushing’s syndrome.
Perhaps demonstration of positive benefit of ulipristal in
anecdotal cases for advanced lung cancer (or other cancers)

could convince the pharmaceutical company producing
ulipristal to consider repurposing the drug.

After conducting the leukemia cell line studies on efficacy
of various PR modulators on PIBF and PGRMC-1 secretion,
our group was planning to once again try to get FDA
permission to treat stage IV lung cancer with either the 200
mg dosage mifepristone, or ulipristal, or onapristone in a
larger series depending on their respective abilities to down
regulate PIBF (or PGRMC-1). Ulipristal is approved as “the
morning after pill”, but interestingly, it has no FDA
restrictions for off-label use because it was not approved for
therapeutic abortion. We presently have one woman with stage
IV treatment resistant NSCLC, who was considered close to
death, that is doing well after three months of treatment with
15 mg daily oral ulipristal. We were forced to try 15 mg per
day ulipristal ahead of the aforementioned cell line studies
because of the increased difficulty in obtaining mifepristone.
Off-label use of ulipristal does not require FDA permission to
use it. We chose 15 mg over 30 mg to save the patient money
(approximately $650 per month for 15 mg daily).

The PR modulator onapristone is presently not available for
clinical use on the pharmaceutical market. However, renewed
interest in onapristone has resurfaced with the rights to
research the drug bought by another pharmaceutical company.
There are multiple clinical trials ongoing evaluating the
efficacy in cancer that have positive nPRs, e.g., breast,
ovarian, endometrium and prostate. The pharmaceutical
company is trying to create a new form of onapristone with
greater purity, especially an extended release form, that will
reduce liver toxicity, which is why the continued studies to
gain approval for this drug were stopped, i.e., a rise in liver
enzymes (60). Demonstration that onapristone can suppress
PIBF using leukemia cell lines might encourage the
pharmaceutical company sponsoring the trials with cancer that
have positive nPRs (which according to our concept is least
likely to be effective) and sponsor a trial with onapristone for
lung cancer, either advanced or earlier (57).

As mentioned, one advantage of ulipristal, or onapristone,
over mifepristone is that they have little or no suppression
of the glucocorticoid receptor. Thus, they are not likely to
cause symptoms of adrenal insufficiency or hypokalemia
when used in larger dosages. Certain drugs may interfere
with the metabolism of mifepristone, leading to higher
concentration of the drug, and thus adrenal insufficiency and
hypokalemia. Thus, if certain anticancer drugs are to be
considered in combination with a PR antagonist, ulipristal or
onapristone are less likely to cause such significant adverse
events (61). For lung cancer however, mifepristone has been
used without consequence in patients taking osimertinib and
platinum-based chemotherapy (43).

Another way to compare relative efficacy of these three PR
modulators in thwarting cancer would be to go back to animal
studies. A controlled study using A/J mice bred to have a high
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frequency of lung cancer were treated with the weight equivalent
of 200 mg/day of mifepristone for human treatment, given by
gavaging the animals vs. controls using the olive oil medium
(62). The data showed that 67.4% of the mice treated with
mifepristone survived one year vs. 27% of the controls (p<0.05,
chi-square). Even more impressive, 66.7% of mifepristone-
treated mice had no “sick days” (body conditioning scores <4%)
vs. none of the controls, consistent with the human experience)
(62). Mice with spontaneous lung cancer could be divided into
those receiving mifepristone, ulipristal, onapristone, and olive oil
control to compare relative efficacy of drugs to help decide
which one to choose for human treatment.

Thus far, the PR modulator mifepristone has demonstrated
efficacy in SCLC and NSCLC without any known driver
mutations, and with two different types of EGFR mutations.
Related to relatively low amount of side effects to
osimertinib, or other third generation TKI inhibitors, it would
make sense to start patients with the EGFR driver mutations
on third or fourth generation TKIs. The question arises, based
on these two cases doing very well with mifepristone therapy
when osimertinib was beginning to fail, and the fact that the
two drugs did not seem to have any negative interactions,
should one start both drugs at the same time (43)?

So far, we have not treated a case of NSCLC with ALK
rearrangements (which accounts for 2-5% of all NSCLC) (63).
Similar to EGFR driver mutations, ALK rearrangements
respond well to ALK TKIs, e.g., alectinib, brigatinib or
lorlatinib. These drugs should be considered as first line
therapy (64). Non-small cell lung cancer with ALK
rearrangements have a high percentage of brain metastases
already present so one should use ALK TKIs as above that
cross the blood brain barrier, and thus are superior to earlier
TKIs, e.g., crizotinib (64-68). Similar to TKIs for EGFR
mutations, these second and third generation ALK TKIs should
be started regardless of the PD-L1 studies because there is a
poor response rate to check-point inhibitor in this population.
Thus, it seems reasonable to consider mifepristone or other PR
modulators, if progression occurs despite these new ALK
TKIs, e.g., third generation lorlatinib, or if side effects
preclude continued use of the TKIs. It should be recalled that
mifepristone was very effective in preventing recurrence of
brain metastases in the three patients with NSCLC and was
effective in glioblastoma multi-forme stage IV (41, 43, 54).

For advanced NSCLC in patients without insurance
coverage in the United States, or who are not healthy enough
to tolerate chemotherapy, we would suggest starting the PR
antagonist as first line therapy. This would be made possible
if the governmental agencies dropped the unfortunate, ban
on off-label use of the much less expensive 200 mg dosage
of mifepristone. If not, for about $650 per month, oral
ulipristal 15 mg tablets can be tried especially if future
studies continue to demonstrate as much or even more
efficacy than mifepristone.

In certain large Asian countries mifepristone is much less
expensive, and they do not have any restrictions in using the
drug for oncologic use. However, we are not aware of any
ongoing studies in Asia using the drug. In Europe, there were
no restrictions for using drugs off-label, but mifepristone,
because it is an abortifacient, has restrictions imposed by
many European countries, similar to the United States. Since
the Dobbs decision, there has been increased interest in
overseas direct mail order of mifepristone for self-managed
abortion at low/no cost from countries without such legal
limitations. Whether this would be one avenue for American
patients facing fatal cancers who wish to try mifepristone is
not impossible. Yet, we would argue that the drug should be
treated as a promising advancement in cancer therapeutics
deserving an objective and decisive study/studies to evaluate
it on its safety and efficacy in oncology, separate from
pregnancy and abortions politics.

As of 2022, most oncologists would agree that for patients
with NSCLC with >50% of the cancer cells positive for PD-
L1 (referred to as PD-L1-high) that not only is single agent
treatment with the check-point inhibitor pembrolizumab,
atelozolizumab, and cemiplimab-rwlc approved by the FDA
for first line treatment for NSCLC, rather than platinum-
doublet chemotherapy, but the studies comparing the two
have found significant improvement with overall survival
(OS) with single agent check-point inhibitors (69). In the
keynote-024 study, pembrolizumab was given at 200 mg I.V.
once every three weeks until 24 months, unless there had
been unacceptable toxicity, or disease progression (69).
Atelolizumab was given at 1,200 mg I.V. every three weeks,
unless the patient had unacceptable toxicity or disease
progression (69). Cemiplimab-rwc 350 mg was given I.V.
every three weeks until 108 weeks unless unacceptable
toxicity, or disease progression occurred (69).

Previous studies with pembrolizumab showed a median OS
of 30.0 months but the OS for the keynote-024 study was not
recorded as yet. For atezolizumab the OS was 20.2 months vs.
13.1 for platinum-based chemotherapy, and for cemiplimab
the OS was 22.1 months vs. 14.3 for platinum-based
chemotherapy (69).

It should be noted, however, that though so far only 5
patients who have taken the mifepristone for at least 18
months, the median OS cannot be recorded because 2 of the
5 patients are still alive (and doing well), but if they suddenly
died in the near future the OS would be 48 months, and that
is despite the fact that the mifepristone was not started nearly
as early in the cancer state as they would have been started if
they were part of the three FDA approved studies mentioned
above. In fact, they were not started until there was significant
progression with platinum-based chemotherapy, check-point
inhibitors, or third generation TKI inhibitors.

Thus, despite the small number of cases, started to date,
with PR antagonist/modulators for lung cancer, even though
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we do not have a documented case of a patient with PD-L1
high NSCLC, it would seem reasonable to evaluate the
efficacy of check-point inhibitors alone vs. check-point
inhibitor plus PR antagonist/modulator from the start vs.
check-point inhibitors initially with PR antagonist added at
the start of cancer progression vs. check-point inhibitor
initially, switching to mifepristone, or other PR antagonist,
once there is evidence of disease progression.

The same type of study could be considered for NSCLC
with the PD-L1 marker present in <50% of the cells, where
first-line therapy would be platinum-based chemotherapy
followed by check-point inhibitors. The one patient who did
fail after progressing with the check-point inhibitor
nivolumab, did not have the tumor tested for the PD-L
marker (42). Thus, we are still searching for cases with the
presence of NSCLC with the presence of the PD-L1 marker,
who has progressed despite treatment of the cancer with a
checkpoint inhibitor, to see the efficacy of mifepristone, or
another PR antagonist in that circumstance.

Since two patients with extensive brain metastases and
stage IV NSCLC positive for the EGFR mutation who
progressed despite osimertinib, are alive and well four years
after mifepristone therapy, it would seem reasonable to
conduct similar studies, as suggested for NSCLC positive for
PD-L1, to evaluate different adding times for PR antagonists
to osimertinib therapy or other third or fourth generation
TKIs in NSCLC with EGFR mutations.

As mentioned, to date we have not had any experience
with patients with ALK fusion-positive lung cancers. We look
forward to eventually treat with mifepristone, or another PR
antagonist/modulator, patients who have progressed with
NSCLC despite treatment with the second generation TKI
inhibitor ceritinib, which is one of the drugs of choice as first
line therapy for this type of cancer with brain metastases
(70). As pointed out by Chow et al., “patients with active
brain metastases (untreated) are often ineligible for, or
underrepresented, in clinical trials of systemic therapies”
(70). Perhaps this was related to the fact that the first
generation TKI for ALK positive NSCLC, crizotinib, had
shown only moderate intracranial activity and poor blood
brain barrier penetration (71).

About 24-30% of patients with ALK NSCLC present with
brain metastases at the time of initial diagnosis (72, 73). The
prognosis remains poor for patients with all types of NSCLC
when there are brain metastases (73, 74). For a drug
company to gain approval for an anticancer drug, they need
to demonstrate significant positive effects on clinical benefit.
Thus, to gain drug approval, pharmaceutical companies may
try to enroll patients with a somewhat better prognosis (75).
Indeed, certinib did show antitumor activity in patients with
ALK+ NSCLC with active brain metastases and/or
leptomeningeal disease in the ASCEND-7 study (70). As
stated by Murciano-Goroff “the trial was unique in that the

ASCEND-7 trial only treated patients with central nervous
system metastasis. The inclusion of patients with
symptomatic brain metastases and leptomeningeal disease
was particularly laudable, recognizing that most clinical
trials exclude these populations” (76).

It should be recalled that drugs directed against PD-L1
and PD-1 do not fare well in EGFR or ALK positive
NSCLC. In view of mifepristone significantly providing a
high-quality life in the two aforementioned patients with
EGFR mutation positive NSCLC, with extensive brain
metastases, it would seem reasonable to consider
mifepristone for ALK positive NSCLC with brain
metastases that have progressed despite treatment with
ceritinib or other ALK inhibitors, e.g., alectinib, brigatinib,
lorlatinib, or crizotinib, even though, to date, mifepristone
has not been tried in patients with NSCLC with ALK
rearrangements.

Other Mutations in NSCLC and Targeted
Therapies for These Mutations

ROS1 rearrangements. ROS1 rearrangements are present in
1-2% of patients with NSCLC (72). ROS1 is a receptor
tyrosine kinase of the insulin receptor family (77). Patients
with NSCLC respond to treatment with crizotinib which is a
ROS1/MET inhibitor. Certain clinical trials show that
treatment with crizotinib may provide a mean duration of
response of 25 months (78). One can extend life even further
when crizotinib is losing efficacy by treating with lorlatinib
(79). Another drug that could also be used to extend life with
this ROS1 rearrangement is entrectinib (80).

Kristen Rat Sarcoma Viral Oncogene 
Homolog (KRAS)

KRAS is the most common driver mutation in lung cancer and
mutations in codin 12 (KRAS G12C) mutations representing
about 50% of all KRAS mutations (81). As previously
mentioned, driver mutations, e.g., EGFR mutations and ALK
rearrangements are common in non-smokers whereas KRAS
mutations seems more common in smokers (81).

Initially, there was pessimism about funding a drug to
target this KRAS mutation in metastatic NSCLC. However,
there has been some optimism about sotorasib which
specifically and irreversibly inhibits KRAS G12C by locking
it in an inactive GDP-bound stage (82). Sotorasib has been
used to treat patients with KRAS mutations with metastatic
non-squamous NSCLC that has progressed despite platinum-
based chemotherapy (carboplatin/pemetrexed or paclitaxel)
with or without immunotherapy. A phase II study found a
median overall survival of 12.5 months with a response rate
of 37% and grade 3 adverse events in 20% (83).

ANTICANCER RESEARCH 43: 951-965 (2023)

958



MET ex 14 Skipping Mutation

Oncogenic driver genomic alterations in MET include MET
ex 14 skipping mutations, MET gene copy number (GCN)
gain or amplification, and MET protein overexpression (84).
MET ex 14 skipping mutations occur in 3-4% of patients
with NSCLC adenocarcinoma and 1-2% of other types of
NSCLC (85). First line therapy with the oral capmatinib TKI
that selectively inhibits MET ex 14 skipping mutations found
an overall response rate of 68%, with a median progressive
free interval of 9.13 months in one study and only 5.42
months in a subsequent study (86). Grade 3 to 4 adverse
events occurred in 75% of patients (86). It seems to be
effective even with brain metastasis (86).

Tepotinib is an oral TKI that selectively also inhibits MET
ex 14 skipping mutations, but also high-level MET
amplification (87). The response rate was 46%, progressive
free survival was 8.5 months and grade 3 or higher adverse
events in 28% when treating MET ex 14 skipping mutations.
Preliminary data for MET high amplification showed a 42%
response rate. Capmatinib and crizotinib have also shown
some beneficial effects in treating high level MET
amplification (86, 88). The median overall survival in
patients with NSCLC (mostly adenocarcinoma) was 11.4
months (88).

RET Rearrangements

RET is a tyrosine kinase receptor that influences cancer cell
proliferation and also differentiation. Rearrangements may
occur in NSCLC between the RET gene and other domains
especially kinesin family 5B (KIF5B) and coiled-coil domain
containing-6 (CCDC6), which lead to overexpression of the
RET protein (89, 90). RET rearrangements are most common
in patients with NSCLC adenocarcinomas but only represent
about 1-2% of all patients with NSCLC (91).

Though cabozantinib has been used as first-line therapy
for RET rearrangements, success rate with less toxicity has
been found with treatment with the oral TKI pralsetinib (92).
First-line therapy showed a 70% overall response rate. It was
much better tolerated than cabozantinib. Another oral TKI
selpercatinib showed an 85% overall response rate when
used as a first-line therapy (23).

BRAF Mutations

V-RAF murine sarcoma viral oncogene homolog B (BRAF)
is a serine/threonine kinase that is part of the AMP/ERK
signaling pathway. The BRAF V600E mutation occurs in 1-
2% of patients with lung adenocarcinoma (23). There are
other BRAF mutations other than V600E but V600E is the
only point mutation that has a targeted drug therapy (23). It
is most frequently found in smokers.

Dabrafinib inhibits BRAF harboring P.V600E mutations (93).
Another drug trametinib inhibits MEK ½ which is downstream
of BRAF signaling (86). The combination of these two drugs
provided an overall response rate of 64% and median, a
progression-free survival of 10.9 months and a median overall
survival of 17.3 months and a 22% 5-year survival (93, 94).

Table I lists the various anticancer drugs available for
treating NSCLC and SCLC and the various molecules that
they target.

2022 Update Biomarker Testing and 
Subsequent Targeted Therapies by the National
Comprehensive Cancer Network (NCCN)

NCCN in their 2022 Version 1 recommends that for NSCLC
to perform molecular testing that identifies all of the
established actionable driver mutations, e.g., ALK, BRAF,
EGFR, KRAS, P.G12E, MET ex 14 skipping, NTR k1/2/3,
RET, ROS1 high-level MET amplifications and ERBR2
(HER2) mutations using either a single assay or a
combination of a limited number of assays (23).

The NCCN NSCLC Panel recommends upfront testing for
PD-L1, which is an immune biomarker before first-line therapy
in patients with metastatic NSCLC to determine if the patient
would likely respond to check-point inhibitors. Actionable
driver mutations, e.g., EGRF and ALK rearrangements, are
much more common in patients with metastatic non-squamous
NSCLC and NSCLC not otherwise specified (NOS) (23).
Nevertheless, some less common actionable driver mutations
may be found in some NSCLC of the squamous cell type and
thus molecular testing could still be considered.

So far, the only patients with driver mutations that have been
treated with a PR antagonist, e.g., mifepristone, have been
patients with NSCLC with the EGFR mutation (3 patients).
One patient who is still feeling great after four and a half years
after mifepristone treatment (which was not started until
progression on osimertinib was noted) just had a recent MRI
of the brain with and without contrast performed and it showed
only stable metastatic deposits compared to one year before
and CT of the lungs, thorax and abdomen showed stable right
upper lung peribronchial, post-treatment features without plural
effusion, and thus no evidence of new lung nodules. Also, CT
of the abdomen showed no evidence of developing adenopathy
and no bone or soft tissue lesions.

She was thinking about stopping mifepristone since there
has been no new growth or new lesions for so many years
fearful with the overturn of Roe vs. Wade that the drug may
prove hard to get. We explained to her that a patient who
started mifepristone at the same time as she did who had
metastatic fibroblastic osteosarcoma and was doing very well
had the same concerns (95). He lived 1,000 miles from our
office. His oncologist told him to stop the mifepristone and
switch to ifosfamide drip.
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He did not consult our group for our opinion. His wife, a
nurse, strongly advised him not to stop the mifepristone. The
oncologist opinion was that they would not be able to evaluate
the efficacy of this other drug if they were both taken at the
same time and there may be drug interactions. They could
always restart the mifepristone if the cancer progressed. It did
in fact progress rapidly and he died within 5 weeks of
stopping mifepristone. We reiterated that PR antagonists seem
to stop tumor aggressiveness, and cancers do not seem to find
a way to mutate to become resistant to them, but it does not
“cure” the cancer and it must be taken without stopping for
the rest of the patient’s life. If mifepristone is no longer
available, we advised her we would switch to ulipristal.

As mentioned, check-point inhibitors do not work well in
patients with the EGFR driver mutation. In contrast we
determined that mifepristone does work well in patients with
the EGFR mutations when it finally progresses despite
osimertinib treatment (43). To date we have not treated
patients with any other driver mutations with a PR
antagonist. It would be interesting to determine if certain
driver mutations make PR antagonist therapy less effective.

Conclusion 
With the exception of mifepristone, most countries, including the
United States, allow off-label use of medications. If anecdotal
case reports also show convincing improvements in length and
quality of life, in cases treated with ulipristal in the United States,
and possibly telapristone in Europe or Asia, the respective drug
manufacturer can present their case for these countries to provide
third party financial coverage for these drugs, which would be
far less costly than most medical oncologic treatments presently
available. For patients with advanced lung cancer and no other
treatment options, other than hospice, it seems regrettable not to
offer them a PR antagonist off-label option rather than awaiting
future studies hopefully leading to the approval of PR
antagonists for treating lung cancer.
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Table I. Drug options for lung cancer other than platinum-based
chemotherapy or bevacizumab.

Targeted mutations                     Type of drug                   Names of drug

Non-small cell lung cancer

EGFR                                                 TKI                                Afatinib
                                                                                                 Alectinib
                                                                                                Brigatinib
                                                                                             Cabozantinib
                                                                                               Capmatinib
                                                                                                 Ceritinib
                                                                                                Crizotinib
                                                                                               Dabrafenib
                                                                                              Dacomitinib
                                                                                               Entrectinib
                                                                                                 Erlotinib
                                                                                                 Gefitinib
                                                                                              Larotrectinib
                                                                                                Lorlatinib
                                                                                               Osimertinib
                                                                                                Pralsetinib
                                                                                              Selpercatinib
                                                                                                 Tepotinib
                                                                                               Trametinib
PD-1                                     Check-point inhibitor              Durvalumab
                                                                                               Nivolumab
                                                                                           Pembrolizumab
                                                                                              Tislelizumab
PD-L1                                  Check-point inhibitor             Atezolizumab
CTLA-4                                Check-point inhibitor               Ipilimumab
                                                                                            Tremelimumab
ALK                                              ALK TKI’s                         Alectinib
                                                                                                Brigatinib
                                                                                                Lorlatinib
ROS1                                                  TKI                              Cribotinib
                                                                                               Entrectinib
                                                                                                Lorlatinib
KRAS                                     KRAS inhibitor TKI                 Sotorasib
METex14                                            TKI                             Capmatinib
                                                                                                Crizotinib
                                                                                                 Tepotinib
RET                                                                                       Cabozantinib
                                                                                                Pralsetinib
                                                                                              Selpercatinib
BRAF                                                  TKI                             Dabrafenib
                                                                                               Trametinib
PIBF                                              Membrane                      Mifepristone
                                                    progesterone
                                                        receptor                                   

Small cell lung cancer

PD-1                                     Check-point inhibitor           Camrelizumab
                                                                                               Nivolumab
                                                                                           Pembrolizumab
Neo-vascularization                 Anti-angiogenic                     Anlotinib
Rapid proliferating cells         Alkylating agent                 Lurbinectedin



Acknowledgements 
The Authors would like to thank Corcept, Inc. for providing the 300
mg dosage of mifepristone gratis to 2 of the 5 reported cases. We
would also like to thank Carrie Wilson for her help in monitoring
off-label use of the 200 mg dosage of mifepristone, helping to
obtain the compassionate use IND from the FDA, and her help in
maintaining the Institutional Review Board Data (Western IRB).

References
1 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,

Jemal A and Bray F: Global Cancer Statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin 71(3): 209-
249, 2021. PMID: 33538338. DOI: 10.3322/caac.21660

2 Siegel RL, Miller KD, Fuchs HE and Jemal A: Cancer statistics,
2022. CA Cancer J Clin 72(1): 7-33, 2022. PMID: 35020204.
DOI: 10.3322/caac.21708

3 Torre LA, Siegel RL and Jemal A: Lung cancer statistics. Adv
Exp Med Biol 893: 1-19, 2016. PMID: 26667336. DOI:
10.1007/978-3-319-24223-1_1

4 Travis WD, Brambilla E, Burke AP, Marx A and Nicholson AG:
Introduction to the 2015 World Health Organization
classification of tumors of the lung, pleura, thymus, and heart. J
Thorac Oncol 10(9): 1240-1242, 2015. PMID: 26291007. DOI:
10.1097/JTO.0000000000000663

5 Howlader N, Noone AM, Krapcho M, Miller D, Brest A, Yu M,
Ruhl J, Tatalovich Z, Mariotto A, Lewis DR, Chen HS, Feuer EJ
and Cronin KA (eds): SEER cancer statistics review, 1975-2017,
National Cancer Institute. Bethesda, MD, USA. Available at:
https://seer.cancer.gov/csr/1975_2017/, based on November 2019
SEER data submission, posted to the SEER web site, April 2020.

6 Howlader N, Noone AM, Krapcho M, Miller D, Brest A, Yu
M, Ruhl J, Tatalovich Z, Mariotto A, Lewis DR, Chen HS,
Feuer EJ and Cronin KA (eds): SEER cancer statistics review,
1975-2018, National Cancer Institute. Bethesda, MD, USA.
Available at: https://seer.cancer.gov/csr/1975_2018/, based on
November 2020 SEER data submission, posted to the SEER
web site, April 2021.

7 Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura
H, Eberhardt WE, Nicholson AG, Groome P, Mitchell A,
Bolejack V, International Association for the Study of Lung
Cancer Staging and Prognostic Factors Committee, Advisory
Boards, and Participating Institutions and International
Association for the Study of Lung Cancer Staging and
Prognostic Factors Committee Advisory Boards and
Participating Institutions: The IASLC lung cancer staging
project: Proposals for revision of the TNM stage groupings in
the forthcoming (eighth) edition of the TNM classification for
lung cancer. J Thorac Oncol 11(1): 39-51, 2016. PMID:
26762738. DOI: 10.1016/j.jtho.2015.09.009

8 Ganti AK, Klein AB, Cotarla I, Seal B and Chou E: Update of
incidence, prevalence, survival, and initial treatment in patients with
non-small cell lung cancer in the US. JAMA Oncol 7(12): 1824-
1832, 2021. PMID: 34673888. DOI: 10.1001/jamaoncol.2021.4932

9 Pignon JP, Tribodet H, Scagliotti GV, Douillard JY, Shepherd
FA, Stephens RJ, Dunant A, Torri V, Rosell R, Seymour L, Spiro
SG, Rolland E, Fossati R, Aubert D, Ding K, Waller D, Le
Chevalier T and LACE Collaborative Group: Lung adjuvant

cisplatin evaluation: a pooled analysis by the LACE
Collaborative Group. J Clin Oncol 26(21): 3552-3559, 2008.
PMID: 18506026. DOI: 10.1200/JCO.2007.13.9030

10 Arvold ND, Lee EQ, Mehta MP, Margolin K, Alexander BM,
Lin NU, Anders CK, Soffietti R, Camidge DR, Vogelbaum MA,
Dunn IF and Wen PY: Updates in the management of brain
metastases. Neuro Oncol 18(8): 1043-1065, 2016. PMID:
27382120. DOI: 10.1093/neuonc/now127

11 Siegel RL, Miller KD and Jemal A: Cancer statistics, 2018. CA
Cancer J Clin 68(1): 7-30, 2018. PMID: 29313949. DOI:
10.3322/caac.21442

12 Achrol AS, Rennert RC, Anders C, Soffietti R, Ahluwalia MS,
Nayak L, Peters S, Arvold ND, Harsh GR, Steeg PS and Chang
SD: Brain metastases. Nat Rev Dis Primers 5(1): 5, 2019.
PMID: 30655533. DOI: 10.1038/s41572-018-0055-y

13 Molina JR, Yang P, Cassivi SD, Schild SE and Adjei AA: Non-
small cell lung cancer: epidemiology, risk factors, treatment, and
survivorship. Mayo Clin Proc 83(5): 584-594, 2008. PMID:
18452692. DOI: 10.4065/83.5.584

14 NSCLC Meta-Analyses Collaborative Group: Chemotherapy in
addition to supportive care improves survival in advanced non-
small-cell lung cancer: a systematic review and meta-analysis of
individual patient data from 16 randomized controlled trials. J
Clin Oncol 26(28): 4617-4625, 2008. PMID: 18678835. DOI:
10.1200/JCO.2008.17.7162

15 Hanna N, Johnson D, Temin S, Baker S Jr, Brahmer J, Ellis PM,
Giaccone G, Hesketh PJ, Jaiyesimi I, Leighl NB, Riely GJ,
Schiller JH, Schneider BJ, Smith TJ, Tashbar J, Biermann WA
and Masters G: Systemic therapy for stage IV non-small-cell
lung cancer: American society of clinical oncology clinical
practice guideline update. J Clin Oncol 35(30): 3484-3515,
2017. PMID: 28806116. DOI: 10.1200/JCO.2017.74.6065

16 Shtivelman E, Hensing T, Simon GR, Dennis PA, Otterson GA,
Bueno R and Salgia R: Molecular pathways and therapeutic
targets in lung cancer. Oncotarget 5(6): 1392-1433, 2014. PMID:
24722523. DOI: 10.18632/oncotarget.1891

17 Sharma SV, Bell DW, Settleman J and Haber DA: Epidermal
growth factor receptor mutations in lung cancer. Nat Rev Cancer
7(3): 169-181, 2007. PMID: 17318210. DOI: 10.1038/nrc2088

18 Mithoowani H and Febbraro M: Non-small-cell lung cancer in
2022: A review for general practitioners in oncology. Curr Oncol
29(3): 1828-1839, 2022. PMID: 35323350. DOI: 10.3390/
curroncol29030150

19 Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto
RA, Brannigan BW, Harris PL, Haserlat SM, Supko JG, Haluska
FG, Louis DN, Christiani DC, Settleman J and Haber DA:
Activating mutations in the epidermal growth factor receptor
underlying responsiveness of non-small-cell lung cancer to
gefitinib. N Engl J Med 350(21): 2129-2139, 2004. PMID:
15118073. DOI: 10.1056/NEJMoa040938

20 Paez JG, Jänne PA, Lee JC, Tracy S, Greulich H, Gabriel S,
Herman P, Kaye FJ, Lindeman N, Boggon TJ, Naoki K, Sasaki
H, Fujii Y, Eck MJ, Sellers WR, Johnson BE and Meyerson M:
EGFR mutations in lung cancer: correlation with clinical
response to gefitinib therapy. Science 304(5676): 1497-1500,
2004. PMID: 15118125. DOI: 10.1126/science.1099314

21 Planchard D, Popat S, Kerr K, Novello S, Smit EF, Faivre-Finn
C, Mok TS, Reck M, Van Schil PE, Hellmann MD, Peters S and
ESMO Guidelines Committee: Metastatic non-small cell lung
cancer: ESMO Clinical Practice Guidelines for diagnosis,

Check et al: 2022 Update on Medical Therapy for Lung Cancer (Review)

961



treatment and follow-up. Ann Oncol 29(Suppl 4): iv192-iv237,
2018. PMID: 30285222. DOI: 10.1093/annonc/mdy275

22 Papini F, Sundaresan J, Leonetti A, Tiseo M, Rolfo C, Peters GJ
and Giovannetti E: Hype or hope - Can combination therapies with
third-generation EGFR-TKIs help overcome acquired resistance
and improve outcomes in EGFR-mutant advanced/metastatic
NSCLC? Crit Rev Oncol Hematol 166: 103454, 2021. PMID:
34455092. DOI: 10.1016/j.critrevonc.2021.103454

23 Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR,
Bharat A, Bruno DS, Chang JY, Chirieac LR, D’Amico TA,
DeCamp M, Dilling TJ, Dowell J, Gettinger S, Grotz TE,
Gubens MA, Hegde A, Lackner RP, Lanuti M, Lin J, Loo BW,
Lovly CM, Maldonado F, Massarelli E, Morgensztern D, Ng T,
Otterson GA, Pacheco JM, Patel SP, Riely GJ, Riess J, Schild
SE, Shapiro TA, Singh AP, Stevenson J, Tam A, Tanvetyanon T,
Yanagawa J, Yang SC, Yau E, Gregory K and Hughes M: Non-
small cell lung cancer, Version 3.2022, NCCN clinical practice
guidelines in oncology. J Natl Compr Canc Netw 20(5): 497-
530, 2022. PMID: 35545176. DOI: 10.6004/jnccn.2022.0025

24 Hellmann MD, Paz-Ares L, Bernabe Caro R, Zurawski B, Kim
SW, Carcereny Costa E, Park K, Alexandru A, Lupinacci L, de
la Mora Jimenez E, Sakai H, Albert I, Vergnenegre A, Peters S,
Syrigos K, Barlesi F, Reck M, Borghaei H, Brahmer JR,
O’Byrne KJ, Geese WJ, Bhagavatheeswaran P, Rabindran SK,
Kasinathan RS, Nathan FE and Ramalingam SS: Nivolumab
plus ipilimumab in advanced non-small-cell lung cancer. N Engl
J Med 381(21): 2020-2031, 2019. PMID: 31562796. DOI:
10.1056/NEJMoa1910231

25 Reck M, Ciuleanu T, Dols M, Schenker M, Zurawski B, Menezes
J, Richardet E, Bennouna J, Felip E, Juan-vidal O, Alexandru A,
Sakai H, Scherpereel A, Lu S, John T, Carbone D, Meadows-
shropshire S, Yan J and Paz-ares L: Nivolumab (NIVO) +
ipilimumab (IPI) + 2 cycles of platinum-doublet chemotherapy
(chemo) vs 4 cycles chemo as first-line (1L) treatment (tx) for
stage IV/recurrent non-small cell lung cancer (NSCLC):
CheckMate 9LA. Journal of Clinical Oncology 38(15_Suppl):
9501-9501, 2020. DOI: 10.1200/JCO.2020.38.15_suppl.9501

26 Rizvi NA, Cho BC, Reinmuth N, Lee KH, Luft A, Ahn MJ, van
den Heuvel MM, Cobo M, Vicente D, Smolin A, Moiseyenko V,
Antonia SJ, Le Moulec S, Robinet G, Natale R, Schneider J,
Shepherd FA, Geater SL, Garon EB, Kim ES, Goldberg SB,
Nakagawa K, Raja R, Higgs BW, Boothman AM, Zhao L,
Scheuring U, Stockman PK, Chand VK, Peters S and MYSTIC
Investigators: Durvalumab with or without tremelimumab vs
standard chemotherapy in first-line treatment of metastatic non-
small cell lung cancer: The MYSTIC phase 3 randomized
clinical trial. JAMA Oncol 6(5): 661-674, 2020. PMID:
32271377. DOI: 10.1001/jamaoncol.2020.0237

27 Gandhi L, Rodríguez-Abreu D, Gadgeel S, Esteban E, Felip E,
De Angelis F, Domine M, Clingan P, Hochmair MJ, Powell SF,
Cheng SY, Bischoff HG, Peled N, Grossi F, Jennens RR, Reck
M, Hui R, Garon EB, Boyer M, Rubio-Viqueira B, Novello S,
Kurata T, Gray JE, Vida J, Wei Z, Yang J, Raftopoulos H,
Pietanza MC, Garassino MC and KEYNOTE-189 Investigators:
Pembrolizumab plus chemotherapy in metastatic non-small-cell
lung cancer. N Engl J Med 378(22): 2078-2092, 2018. PMID:
29658856. DOI: 10.1056/NEJMoa1801005

28 Carbone DP, Reck M, Paz-Ares L, Creelan B, Horn L, Steins M,
Felip E, van den Heuvel MM, Ciuleanu TE, Badin F, Ready N,
Hiltermann TJN, Nair S, Juergens R, Peters S, Minenza E, Wrangle

JM, Rodriguez-Abreu D, Borghaei H, Blumenschein GR Jr, Villaruz
LC, Havel L, Krejci J, Corral Jaime J, Chang H, Geese WJ,
Bhagavatheeswaran P, Chen AC, Socinski MA and CheckMate 026
Investigators: First-line nivolumab in stage IV or recurrent non-
small-cell lung cancer. N Engl J Med 376(25): 2415-2426, 2017.
PMID: 28636851. DOI: 10.1056/NEJMoa1613493

29 Spigel D, de Marinis F, Giaccone G, Reinmuth N, Vergnenegre
A, Barrios CH, Morise M, Felip E, Andric ZG, Geater S,
Özgüroğlu M, Mocci S, McCleland M, Enquist I, Komatsubara
KM, Deng Y, Kuriki H, Wen X, Jassem J and Herbst RS:
ImPOWER110: interim overall survival (OS) analysis of a phase
III study of atezolizumab (atezo) vs. platinum-based
chemotherapy (chemo) as first-line (IL) treatment (tx) in PDL1-
selected NSCLC. Ann Oncol 30: v851-v934, 2019. DOI:
10.1093/annonc/mdz293

30 Paz-Ares L, Luft A, Vicente D, Tafreshi A, Gümüş M, Mazières
J, Hermes B, Çay Şenler F, Csőszi T, Fülöp A, Rodríguez-Cid J,
Wilson J, Sugawara S, Kato T, Lee KH, Cheng Y, Novello S,
Halmos B, Li X, Lubiniecki GM, Piperdi B, Kowalski DM and
KEYNOTE-407 Investigators: Pembrolizumab plus
chemotherapy for squamous non-small-cell lung cancer. N Engl
J Med 379(21): 2040-2051, 2018. PMID: 30280635. DOI:
10.1056/NEJMoa1810865

31 Hallqvist A, Rohlin A and Raghavan S: Immune checkpoint
blockade and biomarkers of clinical response in non-small cell
lung cancer. Scand J Immunol 92(6): e12980, 2020. PMID:
33015859. DOI: 10.1111/sji.12980

32 Rudin CM, Brambilla E, Faivre-Finn C and Sage J: Small-cell
lung cancer. Nat Rev Dis Primers 7(1): 3, 2021. PMID:
33446664. DOI: 10.1038/s41572-020-00235-0

33 Huang R, Wei Y, Hung RJ, Liu G, Su L, Zhang R, Zong X,
Zhang ZF, Morgenstern H, Brüske I, Heinrich J, Hong YC,
Kim JH, Cote M, Wenzlaff A, Schwartz AG, Stucker I,
Mclaughlin J, Marcus MW, Davies MP, Liloglou T, Field JK,
Matsuo K, Barnett M, Thornquist M, Goodman G, Wang Y,
Chen S, Yang P, Duell EJ, Andrew AS, Lazarus P, Muscat J,
Woll P, Horsman J, Teare MD, Flugelman A, Rennert G, Zhang
Y, Brenner H, Stegmaier C, van der Heijden EH, Aben K,
Kiemeney L, Barros-Dios J, Pérez-Ríos M, Ruano-Ravina A,
Caporaso NE, Bertazzi PA, Landi MT, Dai J, Hongbing Shen
H, Fernandez-Tardon G, Rodriguez-Suarez M, Tardon A and
Christiani DC: Associated links among smoking, chronic
obstructive pulmonary disease, and small cell lung cancer: A
pooled analysis in the International Lung Cancer Consortium.
EBioMedicine 2(11): 1677-1685, 2015. PMID: 26870794.
DOI: 10.1016/j.ebiom.2015.09.031

34 van Meerbeeck JP, Fennell DA and De Ruysscher DK: Small-
cell lung cancer. Lancet 378(9804): 1741-1755, 2011. PMID:
21565397. DOI: 10.1016/S0140-6736(11)60165-7

35 Ko J, Winslow M and Sage J: Mechanisms of small cell lung
cancer metastasis. EMBO Molecular Medicine 13(1): 2021.
DOI: 10.15252/emmm.202013122 

36 Chung HC, Piha-Paul SA, Lopez-Martin J, Schellens JHM, Kao
S, Miller WH Jr, Delord JP, Gao B, Planchard D, Gottfried M,
Zer A, Jalal SI, Penel N, Mehnert JM, Matos I, Bennouna J, Kim
DW, Xu L, Krishnan S, Norwood K and Ott PA: Pembrolizumab
after two or more lines of previous therapy in patients with
recurrent or metastatic SCLC: Results from the KEYNOTE-028
and KEYNOTE-158 studies. J Thorac Oncol 15(4): 618-627,
2020. PMID: 31870883. DOI: 10.1016/j.jtho.2019.12.109

ANTICANCER RESEARCH 43: 951-965 (2023)

962



37 Ready NE, Ott PA, Hellmann MD, Zugazagoitia J, Hann CL, de
Braud F, Antonia SJ, Ascierto PA, Moreno V, Atmaca A,
Salvagni S, Taylor M, Amin A, Camidge DR, Horn L, Calvo E,
Li A, Lin WH, Callahan MK and Spigel DR: Nivolumab
monotherapy and nivolumab plus ipilimumab in recurrent small
cell lung cancer: results from the checkmate 032 randomized
cohort. J Thorac Oncol 15(3): 426-435, 2020. PMID: 31629915.
DOI: 10.1016/j.jtho.2019.10.004

38 Trigo J, Subbiah V, Besse B, Moreno V, López R, Sala MA,
Peters S, Ponce S, Fernández C, Alfaro V, Gómez J, Kahatt
C, Zeaiter A, Zaman K, Boni V, Arrondeau J, Martínez M,
Delord JP, Awada A, Kristeleit R, Olmedo ME, Wannesson L,
Valdivia J, Rubio MJ, Anton A, Sarantopoulos J, Chawla SP,
Mosquera-Martinez J, D’Arcangelo M, Santoro A, Villalobos
VM, Sands J and Paz-Ares L: Lurbinectedin as second-line
treatment for patients with small-cell lung cancer: a single-
arm, open-label, phase 2 basket trial. Lancet Oncol 21(5):
645-654, 2020. PMID: 32224306. DOI: 10.1016/S1470-
2045(20)30068-1

39 Krencz I, Sztankovics D, Danko T, Sebestyen A and Khoor A:
Progression and metastasis of small cell lung carcinoma: the role
of the PI3K/Akt/mTOR pathway and metabolic alterations.
Cancer Metastasis Rev 40(4): 1141-1157, 2021. PMID:
34958428. DOI: 10.1007/s10555-021-10012-4

40 Jiang Y, Zhang L, Zhu F, Zhu H, Cao X and Zhang Y:
Camrelizumab combined with anlotinib for the treatment of
small cell lung cancer: a case report and literature review. Ann
Palliat Med 11(3): 1135-1146, 2022. PMID: 35365044. DOI:
10.21037/apm-21-3860

41 Check DL and Check JH: Significant palliative benefits of single
agent mifepristone for advanced lung cancer that previously
failed standard therapy. Med Clin Sci 1: 1-5, 2019.

42 Check JH, Check D and Poretta T: Mifepristone extends both
length and quality of life in a patient with advanced non-small
cell lung cancer that has progressed despite chemotherapy and a
check-point inhibitor. Anticancer Res 39(4): 1923-1926, 2019.
PMID: 30952734. DOI: 10.21873/anticanres.13301

43 Check DL, Check JH, Poretta T, Aikins J and Wilson C:
Prolonged high-quality life in patients with non-small cell lung
cancer treated with mifepristone who advanced despite
osimertinib. Cancer Sci Res 3: 1-5, 2020.

44 Check JH, Check D, Wilson C and Lofberg P: Long-term high-
quality survival with single-agent mifepristone treatment despite
advanced cancer. Anticancer Res 36(12): 6511-6513, 2016.
PMID: 27919975. DOI: 10.21873/anticanres.11251

45 Check J, Check D and Dougherty M: Progesterone receptor
antagonists – a novel treatment for severe hyponatremia from the
endocrine paraneoplastic syndrome. Journal of Endocrinology
Research 3(2): 40, 2022. DOI: 10.30564/jer.v3i2.3611

46 Check JH, Nazari P, Goldberg J, Yuen W and Angotti D: A
model for potential tumor immunotherapy based on knowledge
of immune mechanisms responsible for spontaneous abortion.
Med Hypotheses 57(3): 337-343, 2001. PMID: 11516226. DOI:
10.1054/mehy.2001.1333

47 Check JH and Cohen R: The role of progesterone and the
progesterone receptor in human reproduction and cancer. Expert
Rev Endocrinol Metab 8(5): 469-484, 2013. PMID: 30754194.
DOI: 10.1586/17446651.2013.827380

48 Check JH: The importance of the immunomodulatory protein,
progesterone-induced blocking factor, in allowing cancer cells

to escape immune surveillance and therapeutic considerations.
Anticancer Res 34: 5860-5862, 2014. 

49 Check JH and Check D: Therapy aimed to suppress the
production of the immunosuppressive protein progesterone
induced blocking factor (PIBF) may provide palliation and/or
increased longevity for patients with a variety of different
advanced cancers - A review. Anticancer Res 39(7): 3365-3372,
2019. PMID: 31262857. DOI: 10.21873/anticanres.13479

50 Check JH and Check DL: A Hypothetical model suggesting
some possible ways that the progesterone receptor may be
involved in cancer proliferation. Int J Mol Sci 22(22): 2021.
PMID: 34830233. DOI: 10.3390/ijms222212351

51 Check JH, Dix E, Sansoucie L and Check D: Mifepristone may
halt progression of extensively metastatic human adenocarcinoma
of the colon - case report. Anticancer Res 29(5): 1611-1613, 2009.
PMID: 19443374

52 Check JH, Dix E, Cohen R, Check D and Wilson C: Efficacy of
the progesterone receptor antagonist mifepristone for palliative
therapy of patients with a variety of advanced cancer types.
Anticancer Res 30(2): 623-628, 2010. PMID: 20332480

53 Check DL, Check JH and Poretta T: Conservative laparoscopic
surgery plus mifepristone for treating multifocal renal cell
carcinoma. Cancer Sci Res 3: 1-4, 2020.

54 Check JH, Wilson C, Cohen R and Sarumi M: Evidence that
Mifepristone, a progesterone receptor antagonist, can cross the
blood brain barrier and provide palliative benefits for glioblastoma
multiforme grade IV. Anticancer Res 34(5): 2385-2388, 2014.
PMID: 24778047

55 Check JH, Check D, Srivastava MD, Poretta T and Aikins JK:
Treatment with mifepristone allows a patient with end-stage
pancreatic cancer in hospice on a morphine drip to restore a
decent quality of life. Anticancer Res 40(12): 6997-7001, 2020.
PMID: 33288594. DOI: 10.21873/anticanres.14724

56 Check JH, Check D, Poretta T and Wilson C: Palliative benefits
of oral mifepristone for the treatment of metastatic fibroblastic
osteosarcoma. Anticancer Res 41(4): 2111-2115, 2021. PMID:
33813421. DOI: 10.21873/anticanres.14982

57 Check JH and Check D: New insights as to why progesterone
receptor modulators, such as mifepristone, seem to be more
effective in treating cancers that are devoid of the classical
nuclear progesterone receptor. Anticancer Res 41(12): 5873-
5880, 2021. PMID: 34848442. DOI: 10.21873/anticanres.15407

58 Srivastava MD, Thomas A, Srivastava BI and Check JH:
Expression and modulation of progesterone induced blocking factor
(PIBF) and innate immune factors in human leukemia cell lines by
progesterone and mifepristone. Leuk Lymphoma 48(8): 1610-1617,
2007. PMID: 17701593. DOI: 10.1080/10428190701471999

59 Cahill MA, Jazayeri JA, Catalano SM, Toyokuni S, Kovacevic
Z and Richardson DR: The emerging role of progesterone
receptor membrane component 1 (PGRMC1) in cancer biology.
Biochim Biophys Acta 1866(2): 339-349, 2016. PMID:
27452206. DOI: 10.1016/j.bbcan.2016.07.004

60 Check JH: The role of progesterone and the progesterone receptor
in cancer. Expert Rev Endocrinol Metab 12(3): 187-197, 2017.
PMID: 30063455. DOI: 10.1080/17446651.2017.1314783

61 Check D, Check JH and Wilson C: Alpelisib combined with
low dose mifepristone for treating advanced breast cancer may
cause hypokalemia even when this complication does not occur
from single use of the anticancer agents. Cancer Sci Res 3: 1-
4, 2020.

Check et al: 2022 Update on Medical Therapy for Lung Cancer (Review)

963



62 Check JH, Sansoucie L, Chern J and Dix E: Mifepristone
treatment improves length and quality of survival of mice with
spontaneous lung cancer. Anticancer Res 30(1): 119-122, 2010.
PMID: 20150625

63 Pikor LA, Ramnarine VR, Lam S and Lam WL: Genetic
alterations defining NSCLC subtypes and their therapeutic
implications. Lung Cancer 82(2): 179-189, 2013. PMID:
24011633. DOI: 10.1016/j.lungcan.2013.07.025

64 Hanna NH, Robinson AG, Temin S, Baker S Jr, Brahmer JR,
Ellis PM, Gaspar LE, Haddad RY, Hesketh PJ, Jain D, Jaiyesimi
I, Johnson DH, Leighl NB, Moffitt PR, Phillips T, Riely GJ,
Rosell R, Schiller JH, Schneider BJ, Singh N, Spigel DR,
Tashbar J and Masters G: Therapy for stage IV non-small-cell
lung cancer with driver alterations: ASCO and OH (CCO) Joint
Guideline Update. J Clin Oncol 39(9): 1040-1091, 2021. PMID:
33591844. DOI: 10.1200/JCO.20.03570

65 Hida T, Nokihara H, Kondo M, Kim YH, Azuma K, Seto T,
Takiguchi Y, Nishio M, Yoshioka H, Imamura F, Hotta K,
Watanabe S, Goto K, Satouchi M, Kozuki T, Shukuya T,
Nakagawa K, Mitsudomi T, Yamamoto N, Asakawa T, Asabe R,
Tanaka T and Tamura T: Alectinib versus crizotinib in patients
with ALK-positive non-small-cell lung cancer (J-ALEX): an
open-label, randomised phase 3 trial. Lancet 390(10089): 29-39,
2017. PMID: 28501140. DOI: 10.1016/S0140-6736(17)30565-2

66 Mok T, Camidge DR, Gadgeel SM, Rosell R, Dziadziuszko R,
Kim DW, Pérol M, Ou SI, Ahn JS, Shaw AT, Bordogna W,
Smoljanović V, Hilton M, Ruf T, Noé J and Peters S: Updated
overall survival and final progression-free survival data for patients
with treatment-naive advanced ALK-positive non-small-cell lung
cancer in the ALEX study. Ann Oncol 31(8): 1056-1064, 2020.
PMID: 32418886. DOI: 10.1016/j.annonc.2020.04.478

67 Camidge DR, Kim HR, Ahn MJ, Yang JC, Han JY, Lee JS,
Hochmair MJ, Li JY, Chang GC, Lee KH, Gridelli C, Delmonte
A, Garcia Campelo R, Kim DW, Bearz A, Griesinger F,
Morabito A, Felip E, Califano R, Ghosh S, Spira A, Gettinger
SN, Tiseo M, Gupta N, Haney J, Kerstein D and Popat S:
Brigatinib versus crizotinib in ALK-positive non-small-cell lung
cancer. N Engl J Med 379(21): 2027-2039, 2018. PMID:
30280657. DOI: 10.1056/NEJMoa1810171

68 Camidge DR, Kim HR, Ahn MJ, Yang JCH, Han JY, Hochmair MJ,
Lee KH, Delmonte A, García Campelo MR, Kim DW, Griesinger
F, Felip E, Califano R, Spira A, Gettinger SN, Tiseo M, Lin HM,
Gupta N, Hanley MJ, Ni Q, Zhang P and Popat S: Brigatinib versus
crizotinib in advanced ALK inhibitor-naive ALK-positive non-small
cell lung cancer: Second interim analysis of the phase III ALTA-1L
trial. J Clin Oncol 38(31): 3592-3603, 2020. PMID: 32780660.
DOI: 10.1200/JCO.20.00505

69 Akinboro O, Larkins E, Pai-Scherf LH, Mathieu LN, Ren Y, Cheng
J, Fiero MH, Fu W, Bi Y, Kalavar S, Jafri S, Mishra-Kalyani PS,
Fourie Zirkelbach J, Li H, Zhao H, He K, Helms WS, Chuk MK,
Wang M, Bulatao I, Herz J, Osborn BL, Xu Y, Liu J, Gong Y,
Sickafuse S, Cohen R, Donoghue M, Pazdur R, Beaver JA and
Singh H: FDA approval summary: Pembrolizumab, atezolizumab,
and cemiplimab-rwlc as single agents for first-line treatment of
advanced/metastatic PD-L1-High NSCLC. Clin Cancer Res 28(11):
2221-2228, 2022. PMID: 35101885. DOI: 10.1158/1078-0432.CCR-
21-3844

70 Chow LQM, Barlesi F, Bertino EM, van den Bent MJ, Wakelee
HA, Wen PY, Chiu CH, Orlov S, Chiari R, Majem M, McKeage
M, Yu CJ, Garrido P, Hurtado FK, Arratia PC, Song Y, Branle F,

Shi M and Kim DW: ASCEND-7: Efficacy and safety of
ceritinib treatment in patients with ALK-positive non-small cell
lung cancer metastatic to the brain and/or leptomeninges. Clin
Cancer Res 28(12): 2506-2516, 2022. PMID: 35091443. DOI:
10.1158/1078-0432.CCR-21-1838

71 Okimoto T, Tsubata Y, Hotta T, Hamaguchi M, Nakao M,
Hamaguchi SI, Hamada A and Isobe T: A low crizotinib
concentration in the cerebrospinal fluid causes ineffective treatment
of anaplastic lymphoma kinase-positive non-small cell lung cancer
with carcinomatous meningitis. Intern Med 58(5): 703-705, 2019.
PMID: 30333394. DOI: 10.2169/internalmedicine.1072-18

72 Rangachari D, Yamaguchi N, VanderLaan PA, Folch E,
Mahadevan A, Floyd SR, Uhlmann EJ, Wong ET, Dahlberg SE,
Huberman MS and Costa DB: Brain metastases in patients with
EGFR-mutated or ALK-rearranged non-small-cell lung cancers.
Lung Cancer 88(1): 108-111, 2015. PMID: 25682925. DOI:
10.1016/j.lungcan.2015.01.020

73 Weickhardt AJ, Scheier B, Burke JM, Gan G, Lu X, Bunn PA Jr,
Aisner DL, Gaspar LE, Kavanagh BD, Doebele RC and Camidge
DR: Local ablative therapy of oligoprogressive disease prolongs
disease control by tyrosine kinase inhibitors in oncogene-addicted
non-small-cell lung cancer. J Thorac Oncol 7(12): 1807-1814,
2012. PMID: 23154552. DOI: 10.1097/JTO.0b013e3182745948

74 Gaspar LE, Chansky K, Albain KS, Vallieres E, Rusch V,
Crowley JJ, Livingston RB and Gandara DR: Time from
treatment to subsequent diagnosis of brain metastases in stage
III non-small-cell lung cancer: a retrospective review by the
Southwest Oncology Group. J Clin Oncol 23(13): 2955-2961,
2005. PMID: 15860851. DOI: 10.1200/JCO.2005.08.026

75 Sperduto PW, Kased N, Roberge D, Xu Z, Shanley R, Luo X,
Sneed PK, Chao ST, Weil RJ, Suh J, Bhatt A, Jensen AW, Brown
PD, Shih HA, Kirkpatrick J, Gaspar LE, Fiveash JB, Chiang V,
Knisely JP, Sperduto CM, Lin N and Mehta M: Summary report
on the graded prognostic assessment: an accurate and facile
diagnosis-specific tool to estimate survival for patients with
brain metastases. J Clin Oncol 30(4): 419-425, 2012. PMID:
22203767. DOI: 10.1200/JCO.2011.38.0527

76 Murciano-Goroff YR, Harada G and Drilon A: An ascendant
challenge: Central nervous system metastases in ALK+ lung
cancers. Clin Cancer Res 28(12): 2477-2479, 2022. PMID:
35394532. DOI: 10.1158/1078-0432.CCR-22-0341

77 Bergethon K, Shaw AT, Ou SH, Katayama R, Lovly CM,
McDonald NT, Massion PP, Siwak-Tapp C, Gonzalez A, Fang
R, Mark EJ, Batten JM, Chen H, Wilner KD, Kwak EL, Clark
JW, Carbone DP, Ji H, Engelman JA, Mino-Kenudson M, Pao
W and Iafrate AJ: ROS1 rearrangements define a unique
molecular class of lung cancers. J Clin Oncol 30(8): 863-870,
2012. PMID: 22215748. DOI: 10.1200/JCO.2011.35.6345

78 Shaw AT, Ou SH, Bang YJ, Camidge DR, Solomon BJ, Salgia R,
Riely GJ, Varella-Garcia M, Shapiro GI, Costa DB, Doebele RC, Le
LP, Zheng Z, Tan W, Stephenson P, Shreeve SM, Tye LM,
Christensen JG, Wilner KD, Clark JW and Iafrate AJ: Crizotinib in
ROS1-rearranged non-small-cell lung cancer. N Engl J Med 371(21):
1963-1971, 2014. PMID: 25264305. DOI:10.1056/NEJMoa1406766

79 Shaw AT, Solomon BJ, Chiari R, Riely GJ, Besse B, Soo RA, Kao
S, Lin CC, Bauer TM, Clancy JS, Thurm H, Martini JF, Peltz G,
Abbattista A, Li S and Ou SI: Lorlatinib in advanced ROS1-
positive non-small-cell lung cancer: a multicentre, open-label,
single-arm, phase 1-2 trial. Lancet Oncol 20(12): 1691-1701, 2019.
PMID: 31669155. DOI: 10.1016/S1470-2045(19)30655-2

ANTICANCER RESEARCH 43: 951-965 (2023)

964



80 Doebele RC, Drilon A, Paz-Ares L, Siena S, Shaw AT, Farago AF,
Blakely CM, Seto T, Cho BC, Tosi D, Besse B, Chawla SP,
Bazhenova L, Krauss JC, Chae YK, Barve M, Garrido-Laguna I,
Liu SV, Conkling P, John T, Fakih M, Sigal D, Loong HH,
Buchschacher GL Jr, Garrido P, Nieva J, Steuer C, Overbeck TR,
Bowles DW, Fox E, Riehl T, Chow-Maneval E, Simmons B, Cui
N, Johnson A, Eng S, Wilson TR, Demetri GD and trial
investigators: Entrectinib in patients with advanced or metastatic
NTRK fusion-positive solid tumours: integrated analysis of three
phase 1-2 trials. Lancet Oncol 21(2): 271-282, 2020. PMID:
31838007. DOI: 10.1016/S1470-2045(19)30691-6

81 Cai D, Hu C, Li L, Deng S, Yang J, Han-Zhang H and Li M: The
prevalence and prognostic value of KRAS co-mutation subtypes in
Chinese advanced non-small cell lung cancer patients. Cancer Med
9(1): 84-93, 2020. PMID: 31709742. DOI: 10.1002/cam4.2682

82 Reck M, Spira A, Besse B, Wolf J, Skoulidis F, Borghaei H, Goto
K, Park K, Griesinger F, Felip E, Boyer M, Barrios C, Goss G,
Yang H, Obiozor C and Ramalingam S: 1416TiP CodeBreak 200:
A phase III multicenter study of sotorasib (AMG 510), a
KRAS(G12C) inhibitor, versus docetaxel in patients with
previously treated advanced non-small cell lung cancer (NSCLC)
harboring KRAS p.G12C mutation. Annals of Oncology 31: S894-
S895, 2021. DOI: 10.1016/j.annonc.2020.08.1730

83 Skoulidis F, Li BT, Dy GK, Price TJ, Falchook GS, Wolf J, Italiano
A, Schuler M, Borghaei H, Barlesi F, Kato T, Curioni-Fontecedro A,
Sacher A, Spira A, Ramalingam SS, Takahashi T, Besse B, Anderson
A, Ang A, Tran Q, Mather O, Henary H, Ngarmchamnanrith G,
Friberg G, Velcheti V and Govindan R: Sotorasib for lung cancers
with KRAS p.G12C mutation. N Engl J Med 384(25): 2371-2381,
2021. PMID: 34096690. DOI: 10.1056/NEJMoa2103695

84 Frampton GM, Ali SM, Rosenzweig M, Chmielecki J, Lu X,
Bauer TM, Akimov M, Bufill JA, Lee C, Jentz D, Hoover R, Ou
SH, Salgia R, Brennan T, Chalmers ZR, Jaeger S, Huang A,
Elvin JA, Erlich R, Fichtenholtz A, Gowen KA, Greenbowe J,
Johnson A, Khaira D, McMahon C, Sanford EM, Roels S, White
J, Greshock J, Schlegel R, Lipson D, Yelensky R, Morosini D,
Ross JS, Collisson E, Peters M, Stephens PJ and Miller VA:
Activation of MET via diverse exon 14 splicing alterations
occurs in multiple tumor types and confers clinical sensitivity to
MET inhibitors. Cancer Discov 5(8): 850-859, 2015. PMID:
25971938. DOI: 10.1158/2159-8290.CD-15-0285

85 Paik PK, Drilon A, Fan PD, Yu H, Rekhtman N, Ginsberg MS,
Borsu L, Schultz N, Berger MF, Rudin CM and Ladanyi M:
Response to MET inhibitors in patients with stage IV lung
adenocarcinomas harboring MET mutations causing exon 14
skipping. Cancer Discov 5(8): 842-849, 2015. PMID: 25971939.
DOI: 10.1158/2159-8290.CD-14-1467

86 Wolf J, Seto T, Han JY, Reguart N, Garon EB, Groen HJM, Tan
DSW, Hida T, de Jonge M, Orlov SV, Smit EF, Souquet PJ,
Vansteenkiste J, Hochmair M, Felip E, Nishio M, Thomas M,
Ohashi K, Toyozawa R, Overbeck TR, de Marinis F, Kim TM,
Laack E, Robeva A, Le Mouhaer S, Waldron-Lynch M, Sankaran
B, Balbin OA, Cui X, Giovannini M, Akimov M, Heist RS and
GEOMETRY mono-1 Investigators: Capmatinib in met exon 14-
mutated or MET-amplified non-small-cell lung cancer. N Engl J
Med 383(10): 944-957, 2020. PMID: 32877583. DOI:
10.1056/NEJMoa2002787

87 Paik PK, Felip E, Veillon R, Sakai H, Cortot AB, Garassino MC,
Mazieres J, Viteri S, Senellart H, Van Meerbeeck J, Raskin J,
Reinmuth N, Conte P, Kowalski D, Cho BC, Patel JD, Horn L,

Griesinger F, Han JY, Kim YC, Chang GC, Tsai CL, Yang JC,
Chen YM, Smit EF, van der Wekken AJ, Kato T, Juraeva D,
Stroh C, Bruns R, Straub J, Johne A, Scheele J, Heymach JV and
Le X: Tepotinib in non-small-cell lung cancer with MET exon
14 skipping mutations. N Engl J Med 383(10): 931-943, 2020.
PMID: 32469185. DOI: 10.1056/NEJMoa2004407

88 Camidge DR, Otterson GA, Clark JW, Ignatius Ou SH, Weiss J,
Ades S, Shapiro GI, Socinski MA, Murphy DA, Conte U, Tang
Y, Wang SC, Wilner KD and Villaruz LC: Crizotinib in patients
with MET-amplified NSCLC. J Thorac Oncol 16(6): 1017-1029,
2021. PMID: 33676017. DOI: 10.1016/j.jtho.2021.02.010

89 Gautschi O, Milia J, Filleron T, Wolf J, Carbone DP, Owen D,
Camidge R, Narayanan V, Doebele RC, Besse B, Remon-Masip
J, Janne PA, Awad MM, Peled N, Byoung CC, Karp DD, Van
Den Heuvel M, Wakelee HA, Neal JW, Mok TSK, Yang JCH,
Ou SI, Pall G, Froesch P, Zalcman G, Gandara DR, Riess JW,
Velcheti V, Zeidler K, Diebold J, Früh M, Michels S, Monnet I,
Popat S, Rosell R, Karachaliou N, Rothschild SI, Shih JY, Warth
A, Muley T, Cabillic F, Mazières J and Drilon A: Targeting RET
in patients with RET-rearranged lung cancers: Results from the
global, multicenter RET registry. J Clin Oncol 35(13): 1403-
1410, 2017. PMID: 28447912. DOI: 10.1200/JCO.2016.70.9352

90 Ferrara R, Auger N, Auclin E and Besse B: Clinical and
translational implications of RET rearrangements in non-small
cell lung cancer. J Thorac Oncol 13(1): 27-45, 2018. PMID:
29128428. DOI: 10.1016/j.jtho.2017.10.021

91 Tsuta K, Kohno T, Yoshida A, Shimada Y, Asamura H, Furuta K
and Kushima R: RET-rearranged non-small-cell lung carcinoma:
a clinicopathological and molecular analysis. Br J Cancer 110(6):
1571-1578, 2014. PMID: 24504365. DOI: 10.1038/bjc.2014.36

92 Gainor JF, Curigliano G, Kim DW, Lee DH, Besse B, Baik CS,
Doebele RC, Cassier PA, Lopes G, Tan DSW, Garralda E, Paz-
Ares LG, Cho BC, Gadgeel SM, Thomas M, Liu SV, Taylor
MH, Mansfield AS, Zhu VW, Clifford C, Zhang H, Palmer M,
Green J, Turner CD and Subbiah V: Pralsetinib for RET fusion-
positive non-small-cell lung cancer (ARROW): a multi-cohort,
open-label, phase 1/2 study. Lancet Oncol 22(7): 959-969, 2021.
PMID: 34118197. DOI: 10.1016/S1470-2045(21)00247-3

93 Planchard D, Smit EF, Groen HJM, Mazieres J, Besse B,
Helland Å, Giannone V, D’Amelio AM Jr, Zhang P, Mookerjee
B and Johnson BE: Dabrafenib plus trametinib in patients with
previously untreated BRAF(V600E)-mutant metastatic non-
small-cell lung cancer: an open-label, phase 2 trial. Lancet Oncol
18(10): 1307-1316, 2017. PMID: 28919011. DOI: 10.1016/
S1470-2045(17)30679-4

94 Planchard D, Besse B, Groen HJM, Hashemi SMS, Mazieres J,
Kim TM, Quoix E, Souquet PJ, Barlesi F, Baik C, Villaruz LC,
Kelly RJ, Zhang S, Tan M, Gasal E, Santarpia L and Johnson
BE: Phase 2 study of dabrafenib plus trametinib in patients with
BRAF V600E-mutant metastatic NSCLC: Updated 5-year
survival rates and genomic analysis. J Thorac Oncol 17(1): 103-
115, 2022. PMID: 34455067. DOI: 10.1016/j.jtho.2021.08.011

95 Check JH, Check D, Poretta T and Wilson C: Palliative benefits
of oral mifepristone for the treatment of metastatic fibroblastic
osteosarcoma. Anticancer Res 41(4): 2111-2115, 2021. PMID:
33813421. DOI: 10.21873/anticanres.14982

Received December 19, 2022
Revised February 9, 2023

Accepted February 11, 2023

Check et al: 2022 Update on Medical Therapy for Lung Cancer (Review)

965




