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Abstract 

Hypothesis:  Biological response modifiers (immunotherapy) in combination to chemotherapy are superior to that of 
chemotherapy in treatment of breast cancer (triple-negative/HER-2 ( +)), multiple myeloma, and non-small-cell lung 
cancer.

Methods:  This review article consists of a total of eighteen independent randomized controlled clinical trials ranging 
from phases one to three. Patients were randomly selected for immunomodulatory treatment or chemotherapy and 
assessed for a specific mutation expression that the immunomodulatory agent targets. Kaplan–Meier plots, swimmer 
plots, and bar graphs depict overall/progression-free survival, objective response, and clinical response rates. The data 
collected was assessed by using 95% confidence interval and a p value of 0.05. Patients were treated until disease 
progression.

Results:  Biological response modifiers (immunotherapy) resulted in significantly longer median progression-free 
survival in PD-L1-positive breast cancer (7.5 months compared to 5.0 months in control group), multiple myeloma 
(60.7% compared to 26.9% in the daratumumab and placebo groups, respectively), and in non-small-cell lung cancer 
(median progression-free survival was 10.3 months in the pembrolizumab group compared to 6.0 months in the 
chemotherapy group): higher complete responses in multiple myeloma (79% and 66% in the elotuzumab and control 
groups, respectively) and lower disease progression in PD-L1-positive non-small-cell lung cancer (62.1% of pembroli-
zumab versus 50.3% of chemotherapy patients had no disease progression at 6 months).

Conclusion:  Combination biological response modifiers (immunotherapy) and chemotherapy displayed benefit in 
overall/progression-free survival, response rate, duration of response, clinical benefit, and invasive disease-free survival 
in triple-negative/HER2-2( +) breast cancer, multiple myeloma, and non-small-cell lung cancer.
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Introduction
The Human Genome Project paved the means for cur-
rent/future implications with regard to cancer treatment. 
Scientists had the ability to map out the whole human 
genetic code and discovered that cells are composed of a 
huge number of genes. Chemotherapeutic elements have 
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been thoroughly utilized since the 1940s. They focus on 
rapidly dividing cells at certain phases in cellular repli-
cation, but do not differentiate between cancerous and 
healthy cells. This led to a spectrum of negative conse-
quences resulting in nausea, myelosuppression, and hair 
loss. Chemotherapeutic regimens have limits, because of 
the hereditary variability within cancer cells, which allow 
them to have resistance to treatment. In 1986, scientists 
proposed a far more efficacious program which may 
be utilized exclusively or perhaps in conjunction with 
chemotherapy to fight cancer cells, referred to as bio-
logical response modifier (will be referred to as immuno-
therapy in this paper). This uses monoclonal antibodies 
as well as immune checkpoint inhibitors to target cancer 
cells. Immunotherapy targets unique cellular signaling 
conveyed in cancer cells. The combination of immuno-
therapy to that of chemotherapy allows cancer cells to be 
selectively targeted in multiple cellular replicative stages, 
resulting in longer median progression-free/overall sur-
vival with regard to triple-negative/HER 2( +) breast can-
cer, multiple myeloma, and non-small-cell lung cancer.

Triple-negative breast cancer is actually a phrase used 
to explain a cancer which does not express progesterone/
estrogen receptors and under express a protein known as 
human epidermal growth factor receptor 2 (HER 2). This 
particular breast cancer is responsible for 10 to 15% of all 
the breast cancers and sadly tends to have a worse prog-
nosis. This is because of the reality that it expands and 
spreads faster compared to some other cancers and is a 
lot more apt to come back again after treatment with reg-
ular chemotherapy. Based on the National Cancer Insti-
tute, the 5-year survival rate for localized, regional, or 
distant staging results is 91%, 65%, and 11%, respectively 
[1]. Chemotherapy continues to be the very first-line sys-
temic treatment method, with international guidelines in 
support of utilizing single-agent anthracyclines or taxa-
nes. Triple-negative breast cancer is much more typical 
in younger African American females than in persons of 
ethnic groups and other races, and it is frequently con-
nected with visceral metastases. The median overall 
survival is roughly eighteen months or even less. Over-
all survival with this particular type of breast cancer has 
not changed in more than 20  years, demanding a more 
effective treatment protocol other than exercising tradi-
tional chemotherapeutic agents. VonMinckwitz et al. [2] 
(refer to evidence table in Supplementary information) 
proposed in a phase three study a more selective and 
effective therapy that targets vascular epidermal growth 
factor-A (VEGF-A) in combination to chemotherapy 
as opposed to using solely chemotherapy. In the triple-
negative subtype group, the aim of adding Bevacizumab 
was to observe if there was any increased clinical path-
ological benefit. In the study, standard chemotherapy 

treatments epirubicin, cyclophosphamide, and docetaxel 
were compared with epirubicin, cyclophosphamide, doc-
etaxel, and bevacizumab (a VEGF-A monoclonal anti-
body) in 663 metastatic triple-negative breast cancer 
patients, resulting in significant pathological complete 
responses. O’Shaughnessy et  al.  [3]  (refer to evidence 
table in Supplementary information) observed in a phase 
two study that, in pathological and clinical features, tri-
ple-negative breast cancer was similar to BRCA 1 breast 
cancer. In triple-negative breast cancer, BRCA 1 (homol-
ogous-recombination DNA repair protein) was found to 
undergo somatic mutation, resulting in defects in DNA 
repair. The aim of the study was to target poly-adenosine 
diphosphate-ribose polymerase 1 (PARP1) with a PARP 
1 inhibitor (iniparib) to prevent base excision repair in 
cancer cells. The combination of gemcitabine and carbo-
platin with iniparib (PARP 1 inhibitor) exhibited signifi-
cant cytotoxic and antiproliferative effects as compared 
to gemcitabine and carboplatin in the 123-patient sub-
group. Park et  al. [4] (refer to evidence table in Supple-
mentary information) discovered in a phase three trial 
that a tyrosine kinase inhibitor (neratinib) can be used 
to selectively inhibit ErbB and human epidermal growth 
factor receptor (HER 2 & HER 4), potentiating cytotoxic 
effects when given in combination to chemotherapy. The 
study also displayed activity of neratinib in patient sub-
groups that did not over express HER 2 & 4.

Multiple myeloma is a cancer of one’s plasma cells 
(antibody generating cells). Systemic therapy is com-
prised of chemotherapy (mephalan, cyclophosphamide, 
vincristine, etc.) as well as bone marrow transplant. Many 
individuals are treated with a blend of proteasome inhibi-
tors, immunomodulatory elements, and monoclonal 
antibodies to extend drug opposition. The 5-year survival 
for multiple myeloma from 2009 to 2015 for localized, 
distant, along with combined stages are 74%, 51%, and 
52%, respectively  [5]. Due to the restricted treatment 
options for patients who have relapsed or refractory mul-
tiple myeloma to conventional chemotherapy and protea-
some inhibition. A more innovative mode of treatment 
is essential for this incurable disease. In their preclinical 
data, Raje et  al. [6] (refer to evidence table in Supple-
mentary information) found that malignant cells express 
B cell malignant antigen (BCMA), which is a protein in 
the family of tumor necrosis factors. A chimeric antigen 
receptor T cell therapy (CAR-T) was developed using 
autologous T cells (bb2121) to target BCMA, result-
ing in complete tumor elimination and 100% survival 
in mouse models after receiving a single dose. A trial to 
treat patients who have been refractory to chemotherapy 
and proteasome inhibitors was performed in 2018. The 
study by Dimopoulos et  al. [7] (refer to evidence table 
in Supplementary information) focused on comparing 
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the combination of elotuzumab (monoclonal antibody 
targeting SLAMF7) with pomalidomide and dexametha-
sone in patients with relapsed and refractory multiple 
myeloma to that of pomalidomide and dexamethasone. 
By merging the immunotherapy agent with the chemo-
therapy regimen, specifically pomalidomide, they found a 
synergistic impact, leading to lower death rates. There is 
a subset of newly diagnosed multiple myeloma patients 
that were primarily treated with bortezomib (proteasome 
inhibitor), melphalan, and prednisone and are ineligible 
for autologous stem cell transplantation. Mateos et  al. 
[8] (refer to evidence table in Supplementary informa-
tion) contrasted the therapy described above with that of 
bortezomib, melphalan, prednisone, and daratumumab 
(human IgG kappa monoclonal antibody targeting 
CD38). This resulted in increased activity of cytotoxic T 
cells and a decrease in disease progression and death by 
60%.

Lung cancer (small cell as well as non-small-cell) is the 
second most typical cancer in both females and males. 
Around 13% of lung cancers are small cell, and 84% are 
non-small-cell. The 5-year survival rate of non-small-cell 
lung cancer from 2009 to 2015 for localized, regional, and 
distant staging was 61%, 35%, and 6%, respectively  [9]. 
Therapy depends on the driver mutation instead of the 
histologic subtype that may result in treatment resist-
ance as well as a small array of therapeutic choices (cyto-
toxic chemotherapy). The addition of immunotherapy 
to chemotherapy regimens can prove to be a first line 
standard of care once more literature matures. Docetaxel 
is used as a second-line therapy to treat non-squamous 
non-small cell lung cancer that targets DNA polymeriza-
tion in a non-selective manner, resulting in cessation of 
cell cycle replication. Non-small-cell lung cancer tumor 
cells express programmed death ligand-1 (PD-L1) and 
programmed death ligand-2 (PD-L2) which binds to pro-
grammed death receptor (PD-1) on activated T cells. This 
leads to weakening of T cell activation and allows the 
tumor cells to evade an immune response. Borghaei et al. 
[10] (refer to evidence table in Supplementary informa-
tion) compared using nivolumab (IgG4 PD-1 immune 
checkpoint inhibitor antibody) to docetaxel in non-squa-
mous non-small-cell lung cancer. It has been shown that 
non-small-cell lung cancer cells can express PD-L1with 
or without concomitant driver mutations. The patient 
subgroup with greater than 50% PD-L1 expression and 
no treatable driver mutation was primarily treated with 
platinum-based chemotherapy and pembrolizumab (PD-
L1 antibody), resulting in longer overall survival with 
the targeted therapy. Hellmann et  al. [11] (refer to evi-
dence table in Supplementary information) conducted 
a trial utilizing nivolumab (IgG4 PD-1 immune check-
point inhibitor antibody) with ipilimumab, which is an 

anti-cytotoxic lymphocyte antigen 4 antibody (CTLA-4 
antibody). This combination works by selectively inhib-
iting a pathway that would normally downplay an indi-
vidual’s immune system, resulting in cancer cell evasion 
from an immune response. The study found a significant 
increase in progression-free survival in the patient sub-
group treated with nivolumab and pembrolizumab that 
may lead one to think about the significance of a future 
trial of adding a chemotherapeutic agent to this effective 
treatment. Throughout this paper one will be enlightened 
that immunotherapy in conjunction with chemotherapy 
is better to that of chemotherapy in treatment of breast 
cancer (triple-negative/HER 2 ( +)), multiple myeloma, 
and non-small-cell lung cancer.

Methods
The articles were gathered via New England Journal of 
Medicine and American Cancer Society search engines. 
The main database used to gather findings in this litera-
ture review was from New England Journal of Medicine. 
One method of search strategy for obtaining breast can-
cer literature involved using keywords: (Breast) AND 
(cancer) AND (triple-negative) AND (HER 2-positive) 
(51 articles found). Another strategy involved using “tri-
ple-negative/ HER 2-positive breast cancer” (28 articles 
found). The filters used in all searches encompassed: past 
10  years (2010–2020), specialty (hematology/oncology), 
research articles, and most relevant. The study popula-
tion of interest were female patients with triple-negative 
with/without HER 2( +) breast cancer who had been 
treated with combination immunotherapy and chemo-
therapy. Other inclusion criteria in all searches dealt with 
obtaining original immunotherapy articles and previous/
on-going clinical trials. Criteria used in all searches to 
exclude articles from this paper included review articles, 
perspective articles, commentary articles, non-immu-
notherapy trials, and clinical cases. Keywords applied in 
New England Journal of Medicine search engine for mul-
tiple myeloma literature involved: (multiple myeloma) 
and (cancer) AND (immunotherapy) and (chemotherapy) 
(18 articles found). Another search strategy used was 
“multiple myeloma” (1424 articles found). The same fil-
ters were applied as previously mentioned (35 articles 
found). The study population of interest were individu-
als that had untreated or relapsed and refractory multiple 
myeloma to standard treatment. The inclusion and exclu-
sion criteria were the same as previously mentioned. 
Keywords applied in New England Journal of Medicine 
search engine for non-small-cell lung cancer literature 
involved: (non-small-cell) and (cancer) AND (immuno-
therapy) (49 articles found). Another search strategy used 
was “non-small-cell lung cancer” (317 articles found). 
The same filters were applied as previously mentioned 
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(52 articles found). The study population consisted of 
non-small-cell lung cancer patients that expressed a 
driver mutation and treated with combination immuno-
therapy and chemotherapy. One can refer to the Supple-
mentary information and locate “Evidence table,” which 
outlines the key findings of the eighteen articles that met 
these criteria.

Results
The application of nab-paclitaxel and atezolizumab in 
the advanced triple-negative breast cancer study (refer to 
clinical trials Table 1 in the “Results” section) was com-
prised of utilizing a humanized monoclonal antibody 
(atezolizumab) that binds to programmed death ligand 1 
(PD L1), resulting in enhanced overall survival and pro-
gression-free survival. Selection criteria could be seen in 
Additional file  1: Figure S1A. A total of 902 individuals 
(intention-to-treat) had been enrolled in more than 246 
sites in forty-one countries. There seemed to be a total 
of 451 people randomly assigned to each intention to 
treat group in Additional file  1: Table  S1A. The PD L1 
subgroup was comprised of a total of 369 individuals, 
which was symbolic of the intention-to-treat population 
[12]. The median length of treatment in the atezolizumab 
(treatment dose of 1980 ± 1303.1 mg/m2) and nab-pacli-
taxel groups were 24.1 as well as 22.1 weeks, respectively. 
The median length of treatment in the placebo-nab-
paclitaxel group (treatment dose of 1764.4 ± 1238.3 mg/
m2) was 22.1  weeks and 21.8  weeks in nab-paclitaxel 
group [12] (refer to evidence table in the Supplementary 
materials).

Additional file  1: Table  S2A signifies secondary effi-
cacy results. As seen in Additional file  1: Figure S2A, 
the overall median survival of the PD-L1 subgroup was 
25  months (atezolizumab-nab-paclitaxel group) and 
15.5  months (placebo-nab-paclitaxel group) represented 
in the Kaplan–Meier plots. In the intention-to-treat 
group, the speed of objective response was 56% in the 
atezolizumab population when compared to 45.9% in the 
placebo group. About 7.1% of individuals in the atezoli-
zumab group had a complete response to 1.1% of people 
taking placebo-nab-paclitaxel. The PD L1( +) subgroup 
response rate as well as complete response was 58.9% 
and 10.3% in the atezolizumab treated group compared 
to 42.6% and 1.1% in the placebo population. The median 
response duration for the population intended for treat-
ment was 7.4  months (atezolizumab-nab-paclitaxel 
group) and 5.6  months (placebo-nab-paclitaxel group). 
The median period of response was 8.5  months in the 
PD-L1 group (atezolizumab-nab-paclitaxel group) and 
5.5  months in the PD-L1 group (placebo-nab-paclitaxel 
group). Grade three or four adverse effects occurred 
more often in the atezolizumab-nab-paclitaxel group 

(48.7%) than in the placebo-nab-paclitaxel group (42.4%), 
with neutropenia, anemia, and diarrhea occurring more 
often in the two groups [12].

The application of sacituzumab govetican-hziy in 
refractory metastatic triple-negative breast cancer was 
comprised of utilizing a humanized anti-trophoblast cell 
surface antigen two (Trop 2) monoclonal antibody hRS7 
IgG1κ via the cleavable CL2A linker opposing human 
trophoblast cell surface antigen two (Trop 2), resulting in 
improved progression-free/overall survival (refer to clini-
cal trials Table  1 in the “Results” section). The median 
period of exposure was 5.1 months among the 108 indi-
viduals (average of 9.6 cycles). Neutropenia, anemia, and 
diarrhea were seen as adverse effects of grade three or 
four. Additional file 1: Figure S1B reveals the responses of 
108 people with metastatic triple-negative breast cancer 
being treated with sacituzumab govetican-hziy [13]. The 
response and complete response rates are 33.3% as well 
as 2.8%, respectively. Clinical benefit (including stable ill-
ness of 6 months) was 45.4%. Part B of Additional file 1: 
Figure S1B displays a swimmer plot comprising of dura-
bility and onset of the thirty-six individuals that had an 
objective response. The median time to response as well 
as duration of response was 2.0 months and 7.7 months 
(95% confidence interval [CI], 4.9 to 10.8). The response 
rate and median response period were 34.3% ([95 percent 
CI, 25.4 to 44.0]) and 9.1 months ([95% CI, 4.6 to 11.3]), 
respectively. Overall, age, onset of disease, and prior ther-
apy did not play a major role in response rates in patients. 
Part C of Additional file 1: Figure S1B shows progression-
free survival at 6 and 12 months were 41.9% and 15.1%. 
The median overall survival was 13  months (95% CI, 
11.2 to 13.7). At 6 and 12 months, the probability of sur-
vival was 78.5% and 58.3%, respectively. Additional file 1: 
Figure S2B illustrates the individuals being treated with 
sacituzumab govetican-hziy compared to individuals 
that had earlier anticancer therapy had a median length 
of treatment of 5.1 months compared to 2.5 months, that 
sheds light upon the clinical task, and absence of cross 
resistance with anti-body drug conjugate [13] (refer to 
evidence table in Supplementary information).

Because of the absence of effective standard treatment 
to control metastatic metaplastic triple-negative breast 
cancer a patient was provided enrollment in a clini-
cal chemo-immune trial. The Durvalumab conjunction 
with paclitaxel in therapy of chemo-refractory metastatic 
metaplastic breast cancer addressed utilizing a PD L1 
antibody in PD L1( +) individuals (refer to clinical trials 
Table  1 in the “Results” section). This particular study 
was comprised of a 49-year-old premenopausal female 
who received four cycles of capecitabine and confirmed 
disease that is progressive with an increase in num-
ber and size of pulmonary/mediastinal lymph nodes in 
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Additional file  1: Figure S3B component A. Additional 
file  1: Figure S3B established pelvic metastasis in the 
right iliac bone as well as femoral head [14]. The CT scan 
demonstrates total clearance of pulmonary/chest wall 
structure lesions and resolution of the associated soft tis-
sue part of the lytic bone in Additional file 1: Figure S2B 
component B. The bone scan indicates normalization of 
uptake within the right iliac bone in Additional file 1: Fig-
ure S3B (Al sayed., et al. 2019) (refer to evidence table in 
Supplementary information).

HER 2( +) breast cancer managed with adjuvant pertu-
zumab (binds to domain 2 of HER 2 receptor) and trastu-
zumab (binds to domain 4 of the HER 2 receptor) in HER 
2-positive breast cancer (refer to clinical trials Table 1 in 
the “Results” section) has proven benefit regarding inva-
sive-disease-free survival, that can be found in Additional 
file 1: Figure S1C. This study was comprised of a total of 
4805 individuals randomly selected, with 2400 individu-
als in the pertuzumab as well as 2405 individuals in the 
placebo. Disease incidents were lower in the pertuzumab 
group (7.1%) than in the placebo group (8.7%), as can be 
shown in Additional file 1: Figure S1C. A 3-year invasive-
disease-free survival was 94.1% in the pertuzumab group 
when compared to 93.2% in placebo group (95% confi-
dence interval [CI], 0.66 to 1.00; P = 0.045). Locoregional 
and distant recurrences in the pertuzumab as well as pla-
cebo groups had been 4.7% as well as 1.1% and 5.8% as 
well as 1.4%, respectively. The amount of invasive disease 
incidents was 3.6% in node-negative individuals in the 
pertuzumab group when compared to 3.2% in placebo. 
Node-positive demonstrated 9.2% in the pertuzumab 
group as well as 12.1% in placebo group had invasive dis-
ease incidents. Grade three or four diarrhea, anemia, or 
neutropenia were the most common adverse events in 
both groups, but diarrhea was more severe in the per-
tuzumab group (9.8%) than in the placebo group (3.7%) 
(Von Minckwitz et  al. 2018) (refer to evidence table in 
Supplementary information).

From 2011 to 2012, 646 individuals had been randomly 
selected in 168 diverse sites worldwide underwent rem-
edy with elotuzumab (monoclonal antibody which binds 
to SLAMF7) for relapsed or refractory multiple myeloma 
(refer to clinical trials Table  1 in the “Results” section). 
The rate of progression-free survival was 68% (95% con-
fidence interval [CI], 63 to 73) and 41% (95% CI, 35 to 47) 
in the elotuzumab group as opposed to 57% (95% CI, 51 
to 62) and 27% (95% CI, 22 to 33) in the control group 
at 1 and 2  years. Median progression-free survival was 
19.4  months (95% CI, 16.6 to 22.2) in the elotuzumab 
individuals as compared to 14.9  months (95% CI, 12.1 
to 17.2) in the control group, resulting in a 30% reduc-
tion in disease progression or death that can be viewed in 
Additional file 1: Figure S1D [15]. The elotuzumab group 

was shown to have a 32% relative risk reduction in pro-
gression-free survival and to have substantially increased 
progression-free survival in patients who were diagnosed 
for 3.5  years or longer. Compared to the control group, 
the independent review committee considered that there 
were less complete responses in the elotuzumab group. 
In contrast to 28% of the control, a partial or better 
response was seen in 33% of the elotuzumab group. The 
median survival was 26 months in the elotuzumab group 
as opposed to 17.3 months in the control group. Overall 
response rates were 79% (95% CI, 74 to 83) and 66% (95% 
CI, 60 to 71) in the elotuzumab as well as control group, 
respectively. Responses had been discovered to be longer 
in the elotuzumab group (21 months; 95% CI, 18 to 27) 
compared to control (17 months; 95% CI, 15 to 19). The 
median treatment period was 17  months (elotuzumab 
group) and 12 months (control group), respectively. Neu-
tropenia and lymphocytopenia of grades three or four 
were 34% and 77% in the elotuzumab group and 44% and 
49% in the control group [15] (refer to evidence table in 
Supplementary information).

The oral use of selinexor and dexamethasone for triple 
class refractory multiple myeloma (refer to clinical trials 
Table 1 in “Results” section) consisted of 122 individuals 
with progressive myeloma at time of enrollment. They 
had been treated with selinexor that selectively targets 
exoportin 1, resulting in a more efficacious response rate 
and overall/progression-free survival. A partial response 
or better was found in 26% (95% confidence interval [CI], 
19 to 35) of individuals, a minimum response or better 
was seen in 39% (95% CI, 31 to 49) of individuals, and 2% 
had a complete response. It took patients 4.1  weeks to 
obtain a median response. The median progression-free 
survival was 3.7 months (95% CI, 3.0 to 5.3), and median 
overall survival was 8.6 months (95% CI, 6.2 to 11.3) as 
seen in Additional file 1: Figure S1E. In individuals that 
had a minimal/partial response or better had a median 
overall survival of 15.6  months as seen in Additional 
file 1: Figure S1E. In 59%, 44%, and 22% of those treated 
with oral-selinexor, grade three or four thrombocytope-
nia, anemia, and neutropenia were observed, respectively. 
In the patient population with baseline thrombocytope-
nia, however, thrombocytopenia was more common [16] 
(refer to evidence table in Supplementary information).

A total of 498 individuals had been enrolled in the dara-
tumumab, bortezomib, and dexamethasone for multiple 
myeloma study (refer to clinical trials Table 1 in “Results” 
section). 251 individuals were randomly assigned to the 
daratumumab group and 247 to the control group. The 
median lines of treatment that individuals had just before 
the analysis was two. Daratumumab is a human IgGκ 
monoclonal antibody which targets CD38, resulting in 
improved progression-free survival. Progression-free 
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survival was 60.7% (95% confidence interval [CI], 51.2 
to 69.0) as compared to 26.9% (95% CI, 17.1 to 37.5) in 
the daratumumab as well as placebo groups, seen in 
Additional file 1: Figure S1F. In the daratumumab group, 
median progression-free survival was not reached (95% 
CI, 12.3 to non-estimated) and was achieved in the 
control group (7.2  months) (95% CI, 6.2 to 7.9). There 
seemed to be a 61.4% decline in death or disease pro-
gression in the daratumumab group than in the control 
as seen in Additional file 1: Figure S1F. After 12 months, 
65.4% (95% CI, 56.1 to 74.8) as opposed to 28.8% (95% 
CI, 17.8 to 39.8) were totally free from disease progres-
sion, displayed in Additional file  1: Figure S1F. Daratu-
mumab displayed a substantially higher overall response 
rate, partial response rate, and complete response rate of 
82.9% (P < 0.001), 59.2% (P < 0.001), and 19.2% (P = 0.001), 
compared to 63.2% (P < 0.001), 29.1% (P < 0.001), and 9% 
(P = 0.001) in the control group. In the daratumumab 
group, the median time and period of response were 
more favorable (0.9  months and 11.5  months) relative 
to the control group (1.6  months and 7.9  months). The 
12-month progression-free survival was 77.5% (dara-
tumumab group; 95% CI, 65.2 to 86.0) and 29.4% (dara-
tumumab group; 95% CI, 65.2 to 86.0) for patients who 
previously received one line of therapy prior to enroll-
ment in the study (control group; 95% CI, 12.5 to 48.7). 
Grade three or four adverse reactions were higher in the 
daratumumab group (76.1%) than in the control group 
(62.4%). These include thrombocytopenia (45.3% as com-
pared to 32.9%), anemia (14.4% as compared to 16%), and 
neutropenia (12.8% compared to 4.2%) [17] (refer to evi-
dence table in Supplementary information).

The application of rociletinib in the EGFR mutated 
non-small-cell lung cancer study (refer to clinical trials 
Table  1 in “Results” section) consisted of 130 people at 
ten global centers. The median number of previous treat-
ments were four. The EGFR T790M mutation could be 
selectively targeted by rociletinib (mutant selective cova-
lent inhibitor of EGFR with T790M mutation). Before 
patients were able to join the study, T790M expression 
had to be confirmed through tumor biopsy. Initially, 
patients in the rociletinib group received a starting dose 
of 150 mg once daily and subsequently received 900 mg 
twice daily, resulting in a continuous objective response 
in this study arm, as shown in Additional file  1: Figure 
S1G. Forty-six people with centrally confirmed T790M 
( +) tumors had a response rate of 59% (95% confidence 
interval [CI], 45 to 73) and disease control rate of 93%. 
The progression-free survival was 13.1  months (95% 
CI, 5.4 to 13.1). Response/disease control rates were 
29% (95% CI, 8 to 51) as well as 59% in individuals with 
T790M (-) core testing. The progression-free survival was 
5.6 months (95% CI, 1.3 to not reached) in the T790M (-) 

group. The most common grade three event was hyper-
glycemia, which was controlled by patients being admin-
istered hypoglycemic agents, as well as, tapering down 
the dose of rociletinib (48% of patients had a dose reduc-
tion) (Sequist., et al. 2015) (refer to evidence table in Sup-
plementary information).

The pembrolizumab versus chemotherapy for PD-
L1-positive non-small-cell lung cancer study (refer to 
clinical trials Table  1 in “Results” section) consisted of 
randomly selecting 154 individuals in the pembroli-
zumab group as well as 151 individuals in the chemo-
therapy group. This particular cancer has a mutation 
in programmed death ligand 1 and may be addressed 
with pembrolizumab (humanized monoclonal antibody 
against programmed death one (PD 1)). The number of 
median treatment cycles in the pembrolizumab group 
was substantially greater than in the chemotherapy 
group (10.5 vs 4 cycles). After disease progression, about 
43.7% of chemotherapy patients crossed into the pem-
brolizumab group and about 57.6% continued to receive 
pembrolizumab after the cut-off time. Median progres-
sion-free survival was 10.3  months (95% confidence 
interval [CI], 6.7 to not reached) in the pembrolizumab 
group compared to 6.0 months (95% CI, 4.2 to 6.2) in the 
chemotherapy group as seen in Additional file 1: Figure 
S1H. 62.1% (95% CI, 53.8 to 69.4) of pembrolizumab as 
opposed to 50.3% (95% CI, 41.9 to 58.2) of chemother-
apy individuals had no disease development at 6 months. 
Progression-free survival in all subgroups in the pem-
brolizumab arm was substantially longer. Of the patients 
treated with pembrolizumab, about 44.8% (95% CI, 
36.8 to 53.0) had an objective response rate, compared 
with 27.8% (95% CI, 20.8 to 35.7) in the chemotherapy 
group. While both groups had a median response time of 
2 months, the median response period was not reached 
in the pembrolizumab group and was 6.3 months in the 
chemotherapy arm. The overall survival in the pem-
brolizumab group was considerably longer than in the 
chemotherapy group, as shown in Additional file 1: Fig-
ure S2H. Adverse events such as diarrhea (14.3%), fatigue 
(10.4%), and pyrexia (10.4%) in the pembrolizumab group 
and anemia (44%), nausea (43.3%), and fatigue (28.7%) 
in the chemo group were experienced in about 73.4% of 
pembrolizumab patients and 90% of chemo patients [18] 
(refer to evidence table in Supplementary information).

The inclusion of durvalumab after chemoradiotherapy 
in stage III non-small-cell lung cancer resulted in a major 
advantage for individuals regardless of PD L1 expres-
sion. Durvalumab is a human IgG1 monoclonal antibody 
which targets PD L1, resulting in T cells destroying and 
recognizing tumor cells. 473 individuals were randomly 
selected to the durvalumab group, as well as 236 indi-
viduals were in the placebo (chemotherapy) group. The 
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durvalumab group had a median of twenty infusion 
cycles compared to only fourteen infusions in the pla-
cebo group. The progression-free survival rates of 12 and 
18 months in the durvalumab group were 55.9% (95% CI, 
51.0 to 60.4) and 44.2% (95% CI, 37.7 to 50.5) compared 
to 35.3% (95% CI, 29.0 to 41.7) and 27% (95% CI, 19.9 to 
34.5) in the placebo group. Median progression-free sur-
vival was 16.8 months (95% confidence interval [CI], 13.0 
to 18.1) in durvalumab group compared to 5.6  months 
(95% CI, 4.6 to 7.8) in placebo as seen in Additional file 1: 
Figure S1I. The median moment to death/distant metas-
tasis was 23.2  months (95% CI, 23.2 to not reached) as 
compared to 14.6  months (95% CI, 10.6 to 18.6) with 
placebo. In the durvalumab group (28.4%; P < 0.001), the 
objective response rates were more significant than in 
the placebo (16%; P < 0.001). In comparison to placebo, 
the durvalumab arm had a significantly greater rate of 
adverse effects (96.8 vs 94.9%). The most common grade 
three or four adverse effects were pneumonia (4.4% in 
durvalumab group compared to 3.8% in placebo) [19] 
(refer to evidence table in Supplementary information).

Discussion
Schmid et  al. [12] discovered that tumor infiltrating 
immune cells express programmed death ligand one (PD 
L1), which prevent anticancer immune response. A drug 
known as atezolizumab targets PD L1 to prevent inter-
action with B7-1 and pd-1 receptors (co-stimulatory 
cell surface protein), preventing more T cell suppres-
sion. Administering nab-paclitaxel and atezolizumab in 
advanced triple-negative breast cancer as first line treat-
ment led to a substantially longer progression-free sur-
vival than was observed in the placebo-nab-paclitaxel in 
the intention-to-treat and PD L1-positive tumor groups. 
The threshold for declaring a statistical edge for atezoli-
zumab-nab-paclitaxel in the intention-to-treat group in 
overall survival was not passed, and proper testing was 
not performed in PD L1( +) subgroup, resulting in an 
increase in median overall survival in the intention-to-
treat and PD L1( +) subgroups. A clinical benefit of PD 
L1( +) subgroups was found in median progression-free 
survival (7.5  months with atezolizumab-nab-paclitaxel 
vs. 5.0 months with placebo-nab-paclitaxel), overall sur-
vival (25.0  months atezolizumab vs. 15.5  months with 
placebo), and unbiased response rate (58.9% with atezoli-
zumab vs. 42.6% with placebo) in the atezolizumab group. 
The safety profile was in line with observations from 
other atezolizumab chemotherapy mixture trials, result-
ing in no new negative event observations. Confounding 
variables remained significantly small because of balanc-
ing the clinical features at baseline and post protocol 
therapies in the trial organizations. The PD L1( +) patient 
advantage with obtaining atezolizumab-nab-paclitaxel 

in this trial provides proof of the efficacy attained in this 
specific affected person subgroup, concerning immuno-
therapy. This study shows the potential of introducing 
immunotherapy to chemotherapy in terms of response 
rates and survival, which can serve as a more favorable 
standard of care option for qualifying triple-negative 
patients with breast cancer, even though the adverse 
hematological events (neutropenia and anemia) along 
with diarrhea were slightly higher. One can observe that 
the benefits outweigh the risks when it comes to achiev-
ing a clinical response to treatment. For future implica-
tions, it is crucial to take into account individuals PD L1 
expression in metastatic triple-negative breast cancer for 
therapy [12].

Bardia et al. [13] discovered that the Trop 2 transmem-
brane calcium signal transducer is over expressed in tri-
ple-negative breast cancer (85% of tumors). A stage 1/2 
individual team, multicenter trial required 108 individu-
als that received sacituzumab govitecan-hziy after receiv-
ing a minimum of two earlier anti-cancer treatments for 
metastatic triple-negative breast cancer. This antibody 
drug conjugate fuses a humanized monoclonal antibody 
which targets Trop two (human trophoblast cell surface 
antigen two) with SN 38 (topoisomerase 1 inhibitor), that 
is conjugated to an antibody by a cleavable linker. This 
allows for intracellular uptake of SN-38 and killing of 
adjacent cells via extracellular release of its contaminated 
metabolite. Among individuals that received a median 
number of three prior therapies before administra-
tion of sacituzumab govitecan-hziy had a response rate, 
median period of reaction, progression-free survival, 
and overall survival of 33.3%, 5.5  months, 7.7  months, 
and 13  months, respectively, in metastatic triple-nega-
tive breast cancer. The duration of therapy with sacitu-
zumab govitecn-hziy (5.1 months) was longer than with 
previous antitumor treatment (2.5  months) that further 
offers activity in individuals with hard-to-treat metastatic 
triple-negative breast cancer. The tiny patient popula-
tion led to large confidence intervals, and clinical results 
observed in subgroups are actually poor, which results 
to information interpretation to be seen with extreme 
caution. The high expression of Trop 2 is linked with a 
bad prognosis in triple-negative breast cancer and that 
suggests usage of sacituzumab care is actually a logical 
approach in this particular population. The cytotoxic ele-
ment of sacituzumab govitecan-hziy is SN 38 (irinotecan 
metabolite), that is a hundred to thousand times more 
cytotoxic than exclusively irinotecan (chemotherapy). 
The sacituzumab group had a much better side effect 
profile as opposed to the placebo group. Immediate com-
parison along with other chemotherapeutic agents could 
not be done because of the study is non-comparative 
design. The mechanism of action behind this treatment 
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when compared to solely chemotherapy clearly provides 
a new standard of care in Trop 2-positive individuals, due 
to the immunotherapy acting as a selective key to bind to 
the trop 2 protein on cancer cells, that allows a channel to 
open for chemotherapy to enter and destroy the patho-
logical cells. Similar adverse effects were more prominent 
in the sacituzumab group as seen in the Schmid et al. [12] 
study, which were neutropenia, anemia, and diarrhea. 
Future implications pertaining to Trop 2-targeted immu-
notherapy look very promising once more data is con-
ducted regarding lock and key mechanism of action with 
combination chemotherapy. The main endpoint was the 
response rate, since it is much less subject to bias than 
to progression-free survival in a single-group trial which 
has been utilized for accelerated approval in some other 
oncology trials [13].

Metaplastic breast cancer is a rare subtype of breast 
cancer with under a 20% response rate to systemic chem-
otherapy. Al Sayed et  al. [14] discovered expression of 
PD L1 on this particular cancer variant, which led them 
to carry out a clinical trial, that shown a total result in 
a patient with metaplastic breast cancer to paclitaxel 
durvalumab (anti-PD-L1 antibody) mixture. Metastatic 
metaplastic breast cancer is treated in the same fashion 
as triple-negative breast cancer but is actually regarded 
as to be chemo resistant with a poorer prognosis. This 
particular cancer has pathological functions of neoplastic 
epithelium changing into mesenchymal-like components, 
resulting in the upregulation of PD L1 expression which 
allows the evasion of cancer cells. This particular indi-
vidual achieved total response in bone, chest wall, lymph 
nodes, and lung after ten cycles with durvalumab. The 
information must be seen with caution because this is the 
very first case of paclitaxel and combination durvalumab 
to treat metastatic metaplastic breast cancer. Since there 
is no current cure and extremely low response rate to 
treatment, this case is even more important, because 
of the complete pathological response that was seen. 
The Schmid et  al. [12] study used atezolizumab (PD L1 
antibody), which can perchance open a door for future 
implications of considering trials that test whether there 
is any benefit of using a preferred combination immuno-
therapy/chemotherapy protocol over another regarding 
specific PD L1 ( +) tumors.

Human epidermal growth factor receptor 2 is conveyed 
in HER 2( +) breast cancer and has long been utilized as a 
target for immunotherapy. The Von Minckwitz et al. [20] 
study dealt with including pertuzumab (binds to domain 
2 of HER 2 receptor) to the present routine of adjuvant 
trastuzumab (binds to domain 4 of the HER 2 recep-
tor) as well as chemotherapy in epidermal growth factor 
receptor two (HER 2) breast cancer to induce antibody-
dependent cell-mediated cytotoxicity. Patients with HER 

2( +) breast cancer sought enhancement with trastu-
zumab and combination pertuzumab with chemotherapy. 
The median time of follow-up was 45.4  months, which 
might have been too short for a complete assessment of 
the impact size. Various other analyses for this study have 
as much as 10  years of follow-up, and also in 2.5  years, 
there will be another analysis. This trial was a big, ade-
quately powered, double blind, placebo-controlled phase 
3 trial. During the recruitment stage of the study process, 
amendments have been positioned in order to restrict 
individuals with node-negative illness as well as to boost 
the sample size, in order to yield an individual popula-
tion with nodal status distribution. The efficacy of vari-
ous other remedies remains unknown, due to the 1-year 
trial this particular study had; on-going studies are find-
ing if after 6 months of therapy with neoadjuvant pertu-
zumab will require treatment after surgery. A significant 
benefit in invasive-disease-free survival was seen in the 
pertuzumab group when compared to placebo as well as 
having a lower rate of disease recurrence (Von Minckwitz 
et al. 2018). This case can serve as an example for future 
implications of combining two or more immunotherapies 
with chemotherapy to achieve a potentially more effica-
cious response. One can question if similar approaches 
could be applied to the Schmid et  al. [12], Bardia et  al. 
[13], and Al Sayed et al. [14] studies with respect to their 
targeted modalities. Similar adverse events were present 
in this trial to that of the aforementioned ones, being 
neutropenia, anemia, and diarrhea.

The Lonial et al. [15] study discovered that more than 
95% of bone marrow myeloma cells express signaling 
lymphocytic activation molecule F7 (SLAMF7) cell sur-
face glycoprotein. In 2015, this stage three clinical trial 
was comprised of 321 individuals receiving mixture elo-
tuzumab (an immunostimulatory monoclonal antibody 
targeting signaling lymphocytic activation molecule F7 
(SLAMF7)) to lenalidomide as well as dexamethasone 
to treat individuals with relapsed or refractory multiple 
myeloma. Elotuzumab targets SLAMF7 glycoprotein 
that is conveyed on natural killer and myeloma cells. 
This results in initiating natural killer cells and mediat-
ing antibody-dependent cell-mediated cytotoxicity via 
the CD16 pathway. Combination elotuzumab, lena-
lidomide, and dexamethasone therapy for relapsed or 
refractory multiple myeloma led to an increase in pro-
gression-free and overall survival outcomes, compared 
to lenalidomide and dexamethasone treatment. SLAMF7 
was discovered to be primarily conveyed on plasma cells 
(normal or malignant), natural killer cells, along with 
other immune cells, but was not conveyed on other typi-
cal tissue. Elotuzumab works via two mechanisms, one 
being through antibody-dependent cell-mediated cyto-
toxicity. The other pathway is via an independent method 
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which does not involve Fc portion binding and immedi-
ate activation of CD16 (marker for antibody-dependent 
cell-mediated cytotoxicity)-deficient natural killer cells 
through SLAMF7 receptors. This led to a distant rela-
tive reduction of 30% in disease progression or death 
when compared with the control group. Follow-up for 
survival outcomes is on-going. The advantage to disease 
progression was established by several sensitivity analy-
ses. There seemed to be a thirteen-percentage point dif-
ference in the general response rate, but fewer entire 
responses in the elotuzumab group when compared with 
the control group. Alterations in lymphocyte and natu-
ral killer cellular trafficking could be represented by the 
lymphocytopenia which was found in the elotuzumab 
group. There was also no proof of autoimmunity, which 
could be connected with immunostimulatory agents. The 
clinical efficacy confirms the two-action usage of elotu-
zumab treatment in multiple myeloma. Future implica-
tions regarding combination SLAMF7-targeted therapy 
with chemotherapy look promising as it seems to be 
similar to the approaches taken in triple-negative breast 
cancer, by preventing downregulation of one’s immune 
response as well as potentiating the effects of the cyto-
toxic chemotherapy.

Chari et al. [16] discovered a nuclear exporter of tumor 
suppressor proteins (exportin 1) found to be overex-
pressed in multiple myeloma cells. A report involved 
treating 122 individuals with myeloma that are refrac-
tory to present therapeutics with Selinexor (exportin 1 
inhibitor). This resulted in nuclear accumulation as well 
as activation of tumor suppressor proteins, inhibition of 
nuclear component kappa beta, and decrease in onco-
protein messenger RNA (mRNA) interpretation, leading 
to apoptosis of malignant hematologic as well as sound 
tumor cells. The application of oral selinexor-dexameth-
asone for triple-class refractory multiple myeloma had 
26% of individuals with a partial effect or even better. All 
of these individuals had disease that is progressive, with 
21% having disease progression or maybe the disease of 
theirs could not be evaluated for a response. The effi-
cacy was constant among almost all subgroups that had a 
result and in individuals with high-risk cytogenetic abnor-
malities (53% of individuals). The individual population 
selected had a median of seven prior therapeutic regi-
mens, including a median of ten antimyeloma agents, that 
would be in line with the increasing population of indi-
viduals that have run out therapeutic choices and really 
desire treatment. The preclinical information of selinexor 
shown enhancement of IκB and that supports its synergy 
with sensitizing myeloma cells to anti CD38 monoclonal 
antibodies, proteasome inhibitors, and additivity with 
immunomodulatory treatments [16]. The unique selec-
tion of exportin 1 led to similar adverse events (anemia, 

thrombocytopenia, and neutropenia) to that of the Lonial 
et  al. [15] study (mainly neutropenia). This can act as a 
future implication that inhibition of SLAMF7 and expor-
tin 1 can potentiate hematological effects, but more 
importantly can potentially be used in combination with 
daratumumab (CD 38 monoclonal antibody) to maximize 
therapeutic benefit in myeloma patients.

Palumbo et  al. [17] demonstrated a benefit in over-
all survival and progression-free survival using dara-
tumumab with bortezomib, as well as dexamethasone 
for multiple myeloma. This stage three clinical trial was 
comprised of 498 multiple myeloma individuals cur-
rently being treated with daratumumab, that is a human 
IgG kappa monoclonal antibody which targets CD38, and 
that is highly conveyed in myeloma cells, inducing indi-
rect and direct antimyeloma activity. Among the affected 
person population suffering from relapsed or relapsed 
and refractory multiple myeloma had been discovered to 
have substantially longer progression-free survival and 
reduced risk of disease progression (61.4% lower) with 
combination therapy comprising of daratumumab, bort-
ezomib, and dexamethasone when compared to borte-
zomib and dexamethasone. The rates of a partial or good/
complete response doubled those of the control group. 
The daratumumab group maintained longer periods of ill-
ness remission because of its longer median duration of 
time and response of subsequent antimyeloma treatment 
when compared with the control group. A phase two 
study of daratumumab in conjunction with dexametha-
sone and bortezomib versus bortezomib and dexametha-
sone resulted in a longer median progression-free survival 
of 9.7  months as compared to 6.9  months [17]. Higher 
incidences of infusion-related reactions and thrombocy-
topenia had been observed in the daratumumab group. 
Since the information evaluation is ongoing, no analyses 
based on baseline cytogenetic capabilities were achiev-
able. The general survival benefit could not be evaluated 
in the daratumumab group due to the short follow-up 
period. Following the interim process, individuals in the 
control group had been permitted to get daratumumab, 
which would likely confound the last analysis of the over-
all survival. These results display an additive advantage 
of including daratumumab in conjunction with protea-
some inhibitors/immunomodulatory agents as well as 
dexamethasone to treat multiple myeloma. Combina-
tion of CD 38 antibody with chemotherapy and protea-
some inhibitor exhibited similar adverse effects to that 
of the SLAMF7 inhibition [15] and exportin 1 inhibi-
tion [16] that were thrombocytopenia and neutropenia. 
Future implications may want to test the effects of add-
ing an exportin 1 inhibitor to CD 38 monoclonal antibody 
and chemotherapy in relapsed and refractory myeloma 
patients to enhance CD 38 inhibition.
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Sequist et  al. [21] mentioned that epidermal growth 
factor (EGFR) T790M mutation is present in 50 to 60% 
of resistant instances that features a median survival of 
less than 2  years after the mutation. A phase 1/2 clini-
cal study comprising of 130 individuals had been treated 
with rociletinib in EGFR-mutated non-small-cell lung 
cancer. Rociletinib is a mutant selective covalent inhibi-
tor of typical EGFR mutations, like, exon nineteen dele-
tions, L858R, and T790M. There was sturdy tumor 
shrinkage in tumors conveying these activating muta-
tions. The application of rociletinib in individuals with 
EGFR-mutated non-small-cell lung cancer resulted in 
sustained tumor responses. This study population had 
received a median number of four therapies just before 
rociletinib. Rociletinib selectively targets mutated EGFR 
and EGFR T790M mutations, resulting in a 59% response 
rate as well as prolonged disease management. Although 
greatest efficacy was observed in the EGFR T790M 
group, the group without the mutation displayed an anti-
tumor response (29% response rate and median progres-
sion-free survival of 5.6 months). The proof of an EGFR 
T790M mutation could be affected by many variables, 
like, biological existence of T790M in some other tumors, 
precision of biopsy method in sampling the genuine tis-
sue attributes, and genotype sensitivity. The main limita-
tion of the analysis was the few individuals that have been 
treated with rociletinib. These outcomes of non-small-
cell lung cancer with driver mutations have found great 
advantage with tyrosine kinase inhibition [21]. Interest-
ingly, past therapeutics for non-small-cell lung cancer 
dealt with platinum-based chemotherapy, but treatment 
protocol has transitioned to identifying and treating 
driver mutations, which seems to be goal of any future 
implication. One would speculate that identifying muta-
tions via diagnostic screening serves a great benefit to 
this subgroup.

The Reck et  al. [18] scientific study shows that 23 to 
28% of non-small-cell lung cancer patients have a pro-
grammed death ligand 1 (PD L1) expression on a mini-
mum of 50% of tumor cells. This led to a stage three 
clinical trial comprising of 305 individuals that had been 
treated with pembrolizumab in PD L1( +) non-small-
cell lung cancer. Pembrolizumab is a selective human-
ized monoclonal antibody against PD L1, preventing 
PD 1 engaging with PD-L1/PD-L2. This led to improved 
median progression-free as well as overall survival. 
About 1/3rd of individuals with non-small-cell lung can-
cer has stage three locally complex illness at diagnosis. 
The pembrolizumab versus chemotherapy for PD L1( +) 
non-small-cell lung cancer resulted in an overall advan-
tage in response rate, longer period of reaction, lower 
frequency of therapy-related negative events, and longer 
general survival when administered pembrolizumab with 

a minimum of 50% PD L1 expression on tumor cells. This 
study stayed consistent with earlier trials consisting of 
individuals with untreated non-small-cell lung cancer 
and a PD L1 expression of a minimum of 50%. The previ-
ous trials are referred to this trial, KEYNOTE-010, KEY-
NOTE-001, KEYNOTE-042, and KEYNOTE 024 (trial 
related to this article) have resulted in pembrolizumab 
(humanized PD L1 antibody) simply being much more 
efficacious with respect to the abovementioned ben-
efits as compared to regular chemotherapy. The adverse 
effects of pembrolizumab (humanized PD L1 antibody) 
were surprisingly different than the PD L1 therapy in 
treatment of triple-negative breast cancer, which shows 
similar combination therapy has varying adverse effects 
with respect to the malady. Future implications can deal 
with using various PD L1 antibodies that are used in 
other cancer treatment, such as, atezolizumab for triple-
negative breast cancer, and observe if there is clinical 
benefit in non-small-cell lung cancer patients with/with-
out PD L1 expression.

Antonia et  al. [19] preclinical data recommended 
that radiotherapy and chemotherapy may enhance PD 
L1 expression in tumor cells in individuals with stage 
three non-small-cell lung cancer. This led to a stage 
three clinical trial comprising of 713 individuals receiv-
ing chemotherapy or combination durvalumab as well 
as chemotherapy for non-small-cell lung cancer. Dur-
valumab is a selective human IgG1 monoclonal anti-
body which blocks programmed death ligand 1 (PD L1) 
and CD80, resulting in T cells to wipe out tumor cells. 
Durvalumab combination with chemotherapy has dem-
onstrated a considerable advantage in progression-free 
survival (11  months longer) in non-small-cell lung can-
cer when compared to chemotherapy. The vast majority 
of the affected person population had a PD L1 expression 
of 25% or even less frequently and that the distinction in 
progression-free survival was found across all subgroups. 
Secondary endpoint, objective response rate was 12.4% 
higher in the durvalumab group than placebo. The dur-
valumab group had 72.8% of patient response at 12 and 
18 months as compared to 56.1% as well as 46.8% in the 
placebo. A favorable impact on metastase frequency was 
observed in the durvalumab group. This study, similar to 
the Reck et al. [18] trial-targeted PD L1, but had differ-
ent adverse reactions compared to each other, as well as 
the PD L1 antibody therapy in triple-negative breast can-
cer. The concept of using chemotherapy/radiotherapy can 
be similar to an extent to that of exportin 1 enhancing 
CD 38 expression in multiple myeloma [16], but instead 
PD L1 expression is amplified that can allow for a more 
effective response rate when using a PD L1 antibody-like 
durvalumab in non-small-cell lung cancer. Future impli-
cations can lead to observing which tumor markers are 
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amplified with chemotherapy use and then can be selec-
tively targeted with immunotherapy for a more signifi-
cant response.

Conclusion
In essence, one can determine that using immunotherapy 
in combination with chemotherapy is far superior to that 
of chemotherapy in respect to overall/progression-free 
survival, response rate, duration of response, clinical ben-
efit, and invasive-disease-free survival in triple-negative/
HER2 2( +) breast cancer, multiple myeloma, and non-
small-cell lung cancer.

Supplementary information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s43046-​022-​00159-8.

Additional file 1. 

Acknowledgements
Not applicable

Authors’ contributions
WM was a major contributor in the writing of the manuscript. Dr. HN oversaw 
the patient with the attending physician and contributed to the editing of the 
paper. A.A.C helped with the interpretation of the patient data. The authors 
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not pub-
licly available due to HIPAA but are available from the corresponding author 
on reasonable request, if permissible by patient.

Declarations

Ethics approval and consent to participate
No approval was needed as this report is a review article and dealt with no 
human participants or organizations to be approved by. Consent to partici-
pate: No consent was needed as this article did not concern using patients’ 
health information. Information was generated from previous randomized 
clinical trials.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Ross University School of Medicine, Miramar, USA. 2 Westside Regional Medi-
cal Center, Miramar, USA. 3 Fatima Jinnah Medical University, Lahore, Pakistan. 

Received: 25 January 2022   Accepted: 26 November 2022

References
	1.	 Lung Cancer Survival Rates | 5-Year Survival Rates for Lung Cancer. Ameri-

can Cancer Society. 2020. https://​www.​cancer.​org/​cancer/​lung-​cancer/​
detec​tion-​diagn​osis-​stagi​ng/​survi​val-​rates.​html

	2.	 Von Minckwitz G, Eidtmann H, Rezai M, Fasching PA, Tesch H, Eggemann 
H, ... and Untch M. Neoadjuvant chemotherapy and bevacizumab for 
HER2-negative breast cancer. New England J Med. 2012;366(4):299-309

	3.	 O’Shaughnessy J, Osborne C, Pippen JE, Yoffe M, Patt D, Rocha C, ... and 
Bradley C. Iniparib plus chemotherapy in metastatic triple-negative 
breast cancer. New England J Med. 2011;364(3):205-214

	4.	 Park JW, Liu MC, Yee D, Yau C, Van’t Veer LJ, Symmans WF, ... and Berry DA. 
Adaptive randomization of neratinib in early breast cancer. New England 
J Med. 2016;375(1):11-22

	5.	 Key Statistics for Multiple Myeloma. 2020. Retrieved December 04, 2020, 
from https://​www.​cancer.​org/​cancer/​multi​ple-​myelo​ma/​about/​key-​stati​
stics.​html

	6.	 Raje N, Berdeja J, Lin Y, Siegel D, Jagannath S, Madduri D, ... and 
Kochenderfer JN. Anti-BCMA CAR T-cell therapy bb2121 in 
relapsed or refractory multiple myeloma. New England J Med. 
2019;380(18):1726-1737

	7.	 Dimopoulos MA, Dytfeld D, Grosicki S, Moreau P, Takezako N, Hori M, ... 
and San-Miguel J. Elotuzumab plus pomalidomide and dexamethasone 
for multiple myeloma. New England J Med. 2018;379(19):1811-1822

	8.	 Mateos MV, Dimopoulos MA, Cavo M, Suzuki K, Jakubowiak A, Knop S, ... 
and San-Miguel J. Daratumumab plus bortezomib, melphalan, and pred-
nisone for untreated myeloma. New England J Med. 2018;378(6):518-528

	9.	 Triple-negative Breast Cancer|Details, Diagnosis, and Signs. American 
Cancer Society. 2020. https://​www.​cancer.​org/​cancer/​breast-​cancer/​
under​stand​ing-a-​breast-​cancer-​diagn​osis/​types-​of-​breast-​cancer/​triple-​
negat​ive.​html

	10.	 Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, ... and 
Brahmer JR. Nivolumab versus docetaxel in advanced nonsquamous 
non–small-cell lung cancer. New England J Med. 2015;373(17):1627-1639

	11.	 Hellmann MD, Ciuleanu TE, Pluzanski A, Lee JS, Otterson GA, Audigier-
Valette C, ... and Paz-Ares L. Nivolumab plus ipilimumab in lung 
cancer with a high tumor mutational burden. New England J Med. 
2018;378(22):2093-2104

	12.	 Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata H, ... and 
Henschel V. Atezolizumab and nab-paclitaxel in advanced triple-negative 
breast cancer. New England J Med. 2018;379(22):2108-2121

	13.	 Bardia A, Mayer IA, Vahdat LT, Tolaney SM, Isakoff SJ, Diamond JR, ... and 
Shah NC. Sacituzumab govitecan-hziy in refractory metastatic triple-
negative breast cancer. New England J Med. 2019;380(8):741-751

	14.	 Al Sayed AD, Elshenawy MA, Tulbah A, Al-Tweigeri T, Ghebeh H. 
Complete response of chemo-refractory metastatic metaplastic breast 
cancer to paclitaxel-immunotherapy combination. Am J Case Reports. 
2019;20:1630–5. https://​doi.​org/​10.​12659/​AJCR.​918770.

	15.	 Lonial S, Dimopoulos M, Palumbo A, White D, Grosicki S, Spicka I, ... and 
Belch A. Elotuzumab therapy for relapsed or refractory multiple myeloma. 
New England J Med. 2015;373(7):621-631

	16.	 Chari A, Vogl DT, Gavriatopoulou M, Nooka AK, Yee AJ, Huff CA, ... and 
Dimopoulos M. Oral selinexor–dexamethasone for triple-class refractory 
multiple myeloma. New England J Med. 2019;381(8):727-738

	17.	 Palumbo A, Chanan-Khan A, Weisel K, Nooka AK, Masszi T, Beksac M, ... 
and Mark TM. Daratumumab, bortezomib, and dexamethasone for multi-
ple myeloma. New England J Med. 2016;375(8):754-766

	18.	 Reck M, Rodríguez-Abreu D, Robinson AG, Hui R, Csőszi T, Fülöp A, ... and 
O’Brien M. Pembrolizumab versus chemotherapy for PD-L1–positive 
non–small-cell lung cancer. New England J Med. 2016;375(19):1823-1833

	19.	 Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, ... and Cho 
BC. Durvalumab after chemoradiotherapy in stage III non–small-cell lung 
cancer. New England J Med. 2017;377(20):1919-1929

	20.	 Von Minckwitz G, Procter M, De Azambuja E, Zardavas D, Benyunes M, 
Viale G, ... and Knott A. Adjuvant pertuzumab and trastuzumab in early 
HER2-positive breast cancer. New England J Med. 2017;377(2):122-131

	21.	 Sequist LV, Soria JC, Goldman JW, Wakelee HA, Gadgeel SM, Varga A, ... 
and Aisner DL. Rociletinib in EGFR-mutated non–small-cell lung cancer. 
New England J Med. 2015;372(18):1700-1709

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s43046-022-00159-8
https://doi.org/10.1186/s43046-022-00159-8
https://www.cancer.org/cancer/lung-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/lung-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/multiple-myeloma/about/key-statistics.html
https://www.cancer.org/cancer/multiple-myeloma/about/key-statistics.html
https://www.cancer.org/cancer/breast-cancer/understanding-a-breast-cancer-diagnosis/types-of-breast-cancer/triple-negative.html
https://www.cancer.org/cancer/breast-cancer/understanding-a-breast-cancer-diagnosis/types-of-breast-cancer/triple-negative.html
https://www.cancer.org/cancer/breast-cancer/understanding-a-breast-cancer-diagnosis/types-of-breast-cancer/triple-negative.html
https://doi.org/10.12659/AJCR.918770

	Combination of chemotherapeutic agents and biological response modifiers (immunotherapy) in triple-negativeHer2( +) breast cancer, multiple myeloma, and non-small-cell lung cancer
	Abstract 
	Hypothesis: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


