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With the development of new molecular technologies, the 
landscape of cancer therapy is changing from unspecific, 
systemic “one strategy fits all” therapy towards a more 
personalized strategy. Antibody-drug conjugates (ADC) are 
precision cancer treatments that combines the potential of 
more or less tumor specific antigen targeted therapy with 
drugs that are already on label for treatment for cancer 
(e.g., irinotecan/SN-38), or drugs that are too toxic for 
normal anticancer use (as e.g., emtansine). By conjugating 
these drugs to antigen targeting antibodies, it is possible to 
reduce the plasma concentration of the anticancer drug and 
at the same time deliver a higher dose of the drug to the 
antigen expressing cancer cells (1-3). A successful example 
is the publication in April 2021 in the New England Journal 
of Medicine on the results from therapy with sacituzumab 
govitecan (Trodelvy) in relapsed or refractory metastatic 
Triple-Negative Breast Cancer (TNBC) patients (4). 

Sacituzumab govitecan is an ADC composed of a 
monoclonal antibody targeting the human trophoblast cell-
surface antigen 2 (Trop-2), which is expressed in more than 
90% of breast cancer cells but only scarcely in normal cells, 
coupled to SN-38 [a topoisomerase I (Top I) inhibitor] 
through a proprietary hydrolyzable linker (4). 

From 2013 to 2021 about 12 ADC’s including 

sacituzumab govitecan, have been approved in the treatment 
of hematological cancers, breast cancer, urothelial tumors 
and cervical cancer. In the beginning of 2022, more than 15 
ADC’s are in clinical phase II or III trials with indications 
such as hematological diseases, non-small and small cell 
lung cancer, prostate cancer, glioblastoma, mesothelioma, 
ovarian cancer and renal cell carcinoma and other (3).

The caveats of ADC therapy are related to the mode of 
action. The duality in the mode of action is also one of the 
limitations of the potential treatment indication. The tumor 
cells must have some degree of expression of the targeted 
antigen (as e.g., the more than 90% expression of Trop-2 
in breast cancer (4), and the cytotoxic conjugates must be 
active against the tumor type in question. One of the major 
quests is to find an antigen with increased expression on 
the tumor cells and minimal expression on normal healthy 
cells and targeting this with an antibody combined with 
a cytotoxic drug (or radioactive isotope, or another drug 
attracting for instance the immune cells) that will then 
mainly be released in the specific tumor cells. 

If the ADC targets and release its cytotoxic conjugate on 
vulnerable and essential normal cells (e.g., in the gut) the 
toxicity may be limiting the clinical use of the ADC. If the 
linking of the toxic drug conjugate to the antibody is weak 
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and results in release of the drug into the blood before the 
ADC has targeted the tumor cells, the systemic toxicity 
may be dose limiting and hamper efficacy. On the other 
hand, this may potentially also have a positive effect on the 
efficacy if the antigen distribution is scarce. In that case a 
weak linker may facilitate the deconjugation of the cytotoxic 
drug in the vicinity of the antigen-positive tumor cells and 
facilitate a bystander cell kill. 

The ADC sacituzumab govitecan was evaluated in a 
randomized phase III trial (ASCENT) treating late line 
patients with TNBC who had received two or more 
previous standard chemotherapy including a taxane (4). 
Therapy with sacituzumab govitecan was compared with 
standard chemo-monotherapy by physicians’ choice 
(eribulin, vinorelbine, capecitabine, or gemcitabine). The 
primary end point was progression-free survival among 
patients without brain metastases.

A total of 468 patients was enrolled in the study and  
235 patients received sacituzumab govitecan and 233 patients 
received chemotherapy. The benefit with sacituzumab 
govitecan was observed in all clinical and prespecified 
subgroups. All major efficacy parameters were improved: 
median progression free survival (PFS) was prolonged from 
1.7 to 5.6 months [HR 0.41 (0.32–0.52), P<0.001], median 
overall survival (OS) was prolonged from 6.7 to 12.1 months 
[HR 0.48 (0.38–0.59) P<0.001], and objective response rate 
(ORR) was increased from 5% to 35%. 

Although the key to tumor efficacy was targeting of the 
Top1 enzyme in the tumor cells, severe adverse events likely 
due to off target activity were more frequent in patients 
receiving sacituzumab govitecan with neutropenia (51% 
vs. 33%), diarrhea (10% vs. <1%), and febrile neutropenia 
(6% vs. 2%). Although there were 3 deaths owing to adverse 
events in each group, no deaths were considered to be 
related to sacituzumab govitecan treatment. Importantly, 
sacituzumab govitecan also improved quality of life (QoL) (5).

Recently the final data from the phase III ASCENT 
study was released with the final databased locked at Feb 
25, 2021 (6). The final data is in full alignment with the 
previously published observations. The results were that 
sacituzumab govitecan significantly improved median PFS 
(5.6 vs. 1.7 months; HR: 0.39; P<0.0001) and significantly 
improved median OS (12.1 vs. 6.7 months; HR: 0.48; 
P<0.0001). Even though treatment-related grade ≥3 adverse 
events with Sacituzumab govitecan were more frequent 
than in the chemotherapy comparator group [diarrhea 
(11% vs. 0.4%), neutropenia (52% vs. 33%), anemia (8% 
vs. 5%), and febrile neutropenia (6% vs. 2%)] a significant 

improvement was observed in the scores for all primary 
focus health-related QoL domains.

In an Editorial Commentary in this journal, Santi  
et al. raised the question whether sacituzumab govitecan 
is a classic ADC or rather has a function as a prodrug 
that releases SN-38 either in the vicinity of the tumor or 
systemically (7). The ADC drug targets the Trop-2 antigen, 
but the drug is efficient regardless of Trop-2 expression (7,8) 
indicating that the ADC may function as a slow-release 
delivery system of the Top1 inhibitor SN-38. 

The authors point out that “A knowledge of the mechanism 
of action of sacituzumab govitecan in Trop-2 low or absent 
tumors would facilitate further development of SN-38-based 
drugs or ADCs targeting Trop-2”. The hypothesis is that 
the internalization of sacituzumab govitecan may not be 
very efficient. It has been suggested that the hydrolytically 
labile linker allows time-dependent extracellular release 
of free drug in the tumor microenvironment and that 
sacituzumab govitecan releases a large amount of the SN-
38 cargo systemically (9), and thus is a drug with a targeted 
mechanism, however with limited target capacity. 

Thus, the question should be asked as to whether 
the antitumor effects of sacituzumab govitecan are due 
to a conventional ADC mechanism, a bystander effect, 
systemically released SN-38 or a combination thereof.

Pharmacokinetic properties

The serum pharmacokinetics of sacituzumab govitecan 
and SN-38 were evaluated in the ASCENT study in a 
population of metastatic TNBC patients who received 
i.v. sacituzumab govitecan as a single agent at a dose of  
10 mg/kg (4). The data showed marked differences 
in the PK of SN-38 in treatment with Sacituzumab 
govitecan compared to standard irinotecan 350 mg/m2 and 
trastuzumab deruxtecan (an ADC which targets HER2, and 
the Top1 targeting deruxtecan, is released intracellular and 
contains a strong linker) (Table 1).

In contrast to sacituzumab govitecan, trastuzumab 
deruxtecan undergoes intracellular cleavage by lysosomal 
enzymes to release deruxtecan and this points to a clear 
targeting on the HER2 antigen. Despite this deruxtecan 
cause appreciable rate of neutropenia and interstitial lung 
disease, and this may relate to the dispersity of the targeting 
with a tighter linker, compared to sacituzumab govitecan. At 
ASCO 2022 the DESTINY-Breast4 trial where trastuzumab  
deruxtecan targets HER2 antigen in patients with HER2 
low levels revealed an impressive increase of the median 
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survival of 6.4 months in patients with metastatic breast 
cancer. Among these patients, 14% developed grade 3 or 4 
neutropenia. This indicates that even intracellular cleavage, 
even at low levels of target antigen, releases substantial 
systemic levels of chemotherapy (15).

Indication landscape of ADC’s

Irinotecan as monotherapy for breast cancer have previously 
shown relatively low response rates between 10% and  
30% (16). Newer formulations of irinotecan with prolonged 
exposure are in the pipeline, but until now without 
convincing efficacy (17,18). 

The approvals of ADCs with Top1 inhibitors that target 
HER2 in HER2 positive breast cancer and the Trop-2 
antigen in TNBC is of great interest.

At the San Antonio Breast Cancer Symposium in 2021, 
DatoDXd, sacituzumab govitecan, trastuzumab deruxtecan 
(T-Dxd), ladiratuzumab vedotin and patritumab DXd were 
presented with targeting antigens as Trop-2, LIV1, HER2, 
HER3 PTK7 in breast cancer (3). Many of the new ADC’s 
exploit a Top1 inhibitor, often SN-38. 

Establishing more effective PK profiles in SN-38 
therapy

Top1 inhibitor-based treatments have become the reference 
therapy for both metastatic colorectal cancer (mCRC) and 
pancreatic cancer (19). Other indications are currently 
being investigated (20). 

Weakly bound Top1 ADCs have a broader indication 
based on a systemically increased concentration of SN-38 in 
the plasma, and a longer exposure of the tumor cells to the 
active cytotoxic drug SN-38. 

New conceptual approaches to the treatment of cancer 
with SN-38 has been developed in the past years with 
new treatment modalities showing acceptable toxicity and 

improved efficacy, e.g., Onivyde. 

Perspective

Cancer chemotherapy has developed from a systemic 
treatment that targets all cells, through targeted therapy 
in the form of ADC’s that target specific antigens on the 
cancer cells and are internalized in the cells where the 
payload is released, over new types of ADC’s with weaker 
linkers where the payload is released in the vicinity of the 
targeted cells and thus demonstrating bystander effect 
and having an impact on the PK of the payload (SN-38). 
Other mechanisms of changing the PK profile are found 
in liposome encased chemotherapy. It will be interesting to 
follow the effect on the PK and the relation to the clinical 
effect of the active drug in upcoming treatments with 
targeted and PK modulating mode of actions.
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Table 1 Cmax, AUC and T1/2 for Irinotecan, sacituzumab 
Govitecan and trastuzumab deruxtecan

Drug
Cmax 

(ng/mL)
AUC  

(ng*h/mL)
T½ 

(hours)

Irinotecan 350 mg i.v. (10) 56 451 13.8

Sacituzumab Govitecan (11) 90 2,730 19.7

Trastuzumab deruxtecan (12-14) 1 NA 168

AUC, area under the curve; NA, not available.

https://atm.amegroups.com/article/view/10.21037/atm-22-4581/coif
https://atm.amegroups.com/article/view/10.21037/atm-22-4581/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Stenvang et al. SN-38 coupled ADCsPage 4 of 4

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(21):1184 | https://dx.doi.org/10.21037/atm-22-4581

References

1. Tong JTW, Harris PWR, Brimble MA, et al. An Insight 
into FDA Approved Antibody-Drug Conjugates for 
Cancer Therapy. Molecules 2021;26:5847.

2. Drago JZ, Modi S, Chandarlapaty S. Unlocking the 
potential of antibody-drug conjugates for cancer therapy. 
Nat Rev Clin Oncol 2021;18:327-44.

3. Sheyi R, de la Torre BG, Albericio F. Linkers: An 
Assurance for Controlled Delivery of Antibody-Drug 
Conjugate. Pharmaceutics 2022;14:396.

4. Bardia A, Hurvitz SA, Tolaney SM, et al. Sacituzumab 
Govitecan in Metastatic Triple-Negative Breast Cancer. N 
Engl J Med 2021;384:1529-41.

5. Loibl S, Loirat D, Tolaney SM, et al. Health-related 
quality of life (HRQoL) in the ASCENT study of 
sacituzumab govitecan (SG) in metastatic triple-negative 
breast cancer (mTNBC). Ann Oncol 2021;32:S457-S515.

6. Bardia A, Tolaney SM, Loirat D, et al. Sacituzumab 
govitecan (SG) versus treatment of physician’s choice 
(TPC) in patients (pts) with previously treated, 
metastatic triple-negative breast cancer (mTNBC): Final 
results from the phase 3 ASCENT study. J Clin Oncol 
2022;40:abstr 1071.

7. Santi DV, Cabel L, Bidard FC. Does sacituzumab-
govitecan act as a conventional antibody drug conjugate 
(ADC), a prodrug of SN-38 or both? Ann Transl Med 
2021;9:1113.

8. Tagawa ST, Balar AV, Petrylak DP, et al. TROPHY-U-01: 
A Phase II Open-Label Study of Sacituzumab Govitecan 
in Patients With Metastatic Urothelial Carcinoma 
Progressing After Platinum-Based Chemotherapy and 
Checkpoint Inhibitors. J Clin Oncol 2021;39:2474-85.

9. Ocean AJ, Starodub AN, Bardia A, et al. Sacituzumab 
govitecan (IMMU-132), an anti-Trop-2-SN-38 
antibody-drug conjugate for the treatment of diverse 
epithelial cancers: Safety and pharmacokinetics. Cancer 
2017;123:3843-54.

10. Available online: www.medicines.org.uk/emc/

product/2213/smpc#gref
11. Available online: www.ema.europa.eu/en/documents/

product-information/trodelvy-epar-product-
information_en.pdf

12. Iwata TN, Ishii C, Ishida S, et al. A HER2-Targeting 
Antibody-Drug Conjugate, Trastuzumab Deruxtecan (DS-
8201a), Enhances Antitumor Immunity in a Mouse Model. 
Mol Cancer Ther 2018;17:1494-503.

13. Yin O, Xiong Y, Endo S, et al. Population 
Pharmacokinetics of Trastuzumab Deruxtecan in Patients 
With HER2-Positive Breast Cancer and Other Solid 
Tumors. Clin Pharmacol Ther 2021;109:1314-25.

14. Nakada T, Sugihara K, Jikoh T, et al. The Latest 
Research and Development into the Antibody-Drug 
Conjugate, [fam-] Trastuzumab Deruxtecan (DS-8201a), 
for HER2 Cancer Therapy. Chem Pharm Bull (Tokyo) 
2019;67:173-85.

15. Modi S, Jacot W, Yamashita T, et al. Trastuzumab 
Deruxtecan in Previously Treated HER2-Low Advanced 
Breast Cancer. N Engl J Med 2022;387:9-20.

16. Kümler I, Brünner N, Stenvang J, et al. A systematic 
review on topoisomerase 1 inhibition in the treatment 
of metastatic breast cancer. Breast Cancer Res Treat 
2013;138:347-58.

17. Kümler I, Sørensen PG, Palshof J, et al. Oral 
administration of irinotecan in patients with solid tumors: 
an open-label, phase I, dose escalating study evaluating 
safety, tolerability and pharmacokinetics. Cancer 
Chemother Pharmacol 2019;83:169-78.

18. Sachdev JC, Munster P, Northfelt DW, et al. Phase I study 
of liposomal irinotecan in patients with metastatic breast 
cancer: findings from the expansion phase. Breast Cancer 
Res Treat 2021;185:759-71.

19. Van Cutsem E, Cervantes A, Adam R, et al. ESMO 
consensus guidelines for the management of patients with 
metastatic colorectal cancer. Ann Oncol 2016;27:1386-422.

20. Bailly C. Irinotecan: 25 years of cancer treatment. 
Pharmacol Res 2019;148:104398.

Cite this article as: Stenvang J, Vestlev PM, Jensen BV, Pfeiffer P. 
Antibody-drug conjugates (ADCs) targeting trophoblast cell 
surface antigen 2 (Trop-2) and precision treatment of breast 
cancer. Ann Transl Med 2022;10(21):1184. doi: 10.21037/atm-22-
4581


